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TOWARD A CLEANER PRODUCTION
o produce without pollution is today more than just a civilized concept,
it is a mandate for the preservation of our society. To produce cleaner
means to conserve energy and natural resources, to reduce the use of
toxic substances, to invest in the evolution of products and production
processes towards a minimum of residues.
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The Third International Conference on Waste Management in the Chemical
and Petrochemical Industries will bring together technicians from around
the world to address the real, and often challenging questions regarding
waste minimization. With the support of the U.S. EPA, the Carl Duisberg
Foundation and the British Council, the Conference has been organized
in a manner to promote the sharing and exchange of technology.
Without the support of the State of Bahia Government, and the Industries
of the Camagari Petrochemical Complex it would not be possible to produce
an event of this magnitude. We will meet for 4 days with 500 professionals
from 33 different countries, which will participate in 80 presentations and
discussions oftechnical papers, including2 Specialty Courses, and an exhibition
of environmental protection equipment and services.
On behalfofthe Conference Organizing Committee, IAWQ - The International
Association on Water Quality and CETREL - Empresa de Protegao Ambiental I want to welcome you to the Third International Conference on
Waste Management in the Chemical and Petrochemical Industries.
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ALTERNATIVE STRATEGIES FOR MEETING
STRINGENT EFFLUENT GUIDELINES
W. Wesley Eckenfelder, D.Sc., Senior Technical Director, ECKENFELDER INC, 227 French
Landing Drive, Nashville, Tennessee 37228

ABSTRACT
Stringent effluent guidelines relating to volatile organic carbon (VOC), effluent toxicity and priority
pollutants require a reappraisal of design criteria for wastewater treatment plants in the chemical and
petrochemical industry. In the case of volatiles, the biodegradability of the VOC as well as the type of
aeration equipment needs to be considered. High temperatures in covered aeration basins can create serious
sludge settling problems. Priority pollutant removal requires careful consideration of adequate sludge age.
Temperature is particularly significant in reducing priority pollutants to acceptable levels.
The generation of non-degradable by-products, SMP, can create effluent toxicity problems.
require tertiary treatment with activated carbon.

This may

KEY WORDS
Priority pollutants, volatile organic carbon, aquatic toxicity reduction, activated sludge treatment of toxics,
nitrification of chemical wastewaters

INTRODUCTION
There have been dramatic changes in the treatment of chemical and petrochemical wastewaters over the past
several years. While in the 1970's primary emphasis was on BOD and suspended solids removal, recent
legislation in the United States and other industrialized nations now target volatile organic carbon, aquatic
toxicity and priority pollutants. In many cases stringent limitations on nitrogen are in place. The net effect
of these regulations is to place increased emphasis on waste minimization and source control. In many cases,
modifications to the biological treatment technology is required.
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VOLATILE ORGANIC CARBON (VOQ
Recent air pollution legislation in the United States severely restricts volatile emissions from wastewater
treatment plants. Particular emphasis is placed on benzene. Most of the more common volatiles or quite
biodegradable. However, as chlorine atoms on the compound increase the degradation rate decreases as
shown in Table 1. It therefore becomes important to restrict the discharge of nondegradable volatiles to the
wastewater treatment plant.
TABLE 1 Biodegradation rates fminiT) for selected VOCs

voc

Biodegradation Rate

Benzene
Chlorobenzene
Chloroform
1,2-dichlorobenzene
1,4-dichlorobenzene
Ethylbenzene
Toluene

0.45
0.26
0.0023
0.17
0.0031
0.41
0.17a
0.44
2,4,6-trichlorobenzene
0.0
1,3,5-trimethylbenzene
0.08
Xylene
0.23
aValues based on mixed liquors suspended solids of 2,000 mg/L.
Two factors which strongly influence the percentage of volatile stripped are the power level in the aeration
basin and the type of aeration equipment. As shown in Figure 1, doubling the power level from 100 hp/MG
to 200 hp/MG for diffused aeration will double the amount of benzene stripped, all other things being equal.
Of greater significance, however, is the type of aeration device. A mechanical surface aerator will result in a
five-fold increase in stripping over a diffused aerator. Obviously, if stripping is a significant issue, surface
aerators are not the equipment of choice.

30 --

10

Surface Aeration

Diffused Aeration

*♦

Power Level - hp/MG

Fig. 1. Stripping of benzene in the activated sludge process as related to power level
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In many plants in the United States, the volatiles issue has resulted in the necessity of covering the aeration
basins and capturing and treating the off-gas. This can be achieved with vapor phase carbon, combustion, or
in some cases a biofilter. One problem with covered basins is the increase in temperature in the basin.
Oxidation of one pound of COD will generate approximately 9,000 BTU of heat which is retained in the
basin. It has generally been found that at temperatures above 37°C the sludge disperses and settles very
poorly as shown in Figure 2. At one chemical plant in Alabama, the basin temperature rose to 38°C in June.
High dosages of polymer were required to retain the sludge in the clarifiers. Heat exchangers were
subsequently added to all hot streams to maintain the influent wastewater temperature at 30°C. Recent work
(Musterman, J. L. and Boero, V., 1993) has shown that an air recirculation system around the aeration basin
can reduce the volume of exhaust air by as much as 75 percent with minimal loss of oxygen transfer
efficiency.

Aeration Basin Temperature (°F)

Fig. 2. Effect of mixed liquor temperature on the zone settling velocity
of activated sludge for a chemical plant wastewater

PRIORITY POLLUTANTS
The organic chemical, plastics and synthetic fibers guidelines (OCPSF) apply to these industries presently in
the United States. If any industry discharge specific organic chemicals as identified on the priority pollutant
list they will be identified on the permit. For example, one chemical plant had a permit for phenol of a
monthly average concentration of 15 pg/L and a daily maximum of 25 pg/L. The effluent concentration of a
specific organic will be dictated by the sludge age. The required sludge age, in turn, will depend upon the
overall wastewater composition and the operating conditions in the wastewater treatment plant. A fed batch
reactor (FBR) technique was described by Watkins and Eckenfelder (1988) to determine the operating
parameters relating the required sludge age to effluent quality.
It should be noted that the required sludge age is not a constant, but will change as the wastewater
composition and process operating conditions change. It will, therefore, be necessary to develop a statistical
correlation over a suitable time period and design for a sludge age for compliance of acceptable statistical
occurrence, i.e., 95 percent of the time. The operating conditions in the wastewater treatment plant will
usually be quite different for compliance with a specific organic as opposed to BOD. For example, in one
chemical plant the required sludge age to meet an effluent BOD of 15 mg/L was 21 days. The required
sludge age to meet an effluent requirement of 20 pg/L of 2,4-dichlorophenol was 39 days.
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Temperature is also a significant factor when considering priority pollutants. The temperature coefficient, 6,
for BOD removal in a typical chemical plant effluent is 1.065. By contrast, the temperature coefficient for
phenol was found to be 1.1. For a 10 degree temperature difference, the rate of BOD removal would be
reduced by 187 percent, while the phenol removal rate would be reduced by 259 percent. The sludge age
required to reduce phenol to 15 pg/L at one chemical plant was 11 days at 20°C and must be increased to
47.5 days at 10°C. In one plant in Alabama with a strict phenol limit, it was necessary to inject steam into
the aeration basin to maintain the temperature in excess of 13°C.

AQUATIC TOXICITY
Within a short time, all permits in the United States, both municipal and industrial, will be required to meet
an acute and/or chronic bioassay. In many cases, this poses particular problems in the chemical industry.
Wastewaters from specific industrial processes can be classified as (Lankford and Eckenfelder, 1990):
(a)
(b)
(c)
(d)

biodegradable and nontoxic
nonbiodegradable and nontoxic
nonbiodegradable and toxic
biodegradable and toxic

Wastewaters under the (a) category can usually be directly treated in the biological plant without a problem.
This may not be true if SMP results in toxicity, which is discussed later.
Wastewaters in category (b) can be passed through the biological treatment plant with neither problems with
process performance nor effluent toxicity. However, if COD appears on the permit (which is the case in
most of the world except the United States and Canada), the presence of these wastewaters may increase the
COD to unacceptable levels.
Wastewaters in category (c) need to be removed and treated at the source. Available technologies include
chemical oxidation, granular carbon adsorption, wet air oxidation, and anaerobic treatment. In most cases,
the primary objective of source treatment is detoxification and enhanced biodegradability. Wastewaters in
category (d) can usually be directly treated in the biological treatment plant. Most of the identified toxic
organics are biodegradable and under appropriate operating conditions can be reduced to nontoxic levels.
Figure 3 shows the sludge age requirements to reduce nonylphenol to nontoxic levels. It should be noted
that in this case BOD removal was achieved with a sludge age of 4.5 days, while toxicity reduction to an
LC50 of 50 percent required 21 days. There have been cases where the oxidation by-products proved, to be
as or more toxic than the original compound. In these cases, the wastewater stream should be considered for
source treatment.
It has been found that during the degradation of organic compounds some nondegradable by-products of
high molecular weight are generated (Boero, et al., 1991, Fitter and Chudoba, 1990). These by-products
referred to as soluble microbial products (SMP) will appear in the effluent as COD, but not BOD and may
amount to 5 to 10 percent of the COD degraded in the process. It has been further found that some of the
SMP are toxic to aquatic species.
Chudoba (1985) found that the SMP were inhibitory to nitrifiers. It would appear, therefore, that in many
cases, toxicity is being generated in the biological process. Since this is a concentration related phenomena,
the problem becomes more severe with high strength wastewaters.
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Nonylphenyl - Mono and Dlethoxylate, mg/L

Fig. 3. Effect of SRT on toxicity reduction for nonyl phenolics
Since the generation of SMP occurs within the biological process source pretreatment is of little value. In
most cases in the United States, activated carbon, either as PAG or GAG, has been employed.
It is interesting to note that the high molecular weight SMP are strongly adsorbed on carbon. As can be seen
from GAG operation in Figure 4, that while the carbon exhausts with respect to TOC after 16 days operation,
breakthrough at two toxic units does not occur for 60 days. It is assumed that the strongly adsorbed toxic
SMP molecules are replacing weakly adsorbed non-toxic molecules on the carbon.
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NITRIFICATION

Nitrogen removal is becoming increasingly common in both municipal and industrial wastewater treatment
plants. Many industrial wastewaters, however, exhibit inhibition to nitrification. Blum and Speece (1990)
showed a close correlation between toxicity to nitrifiers and to Microtox and between Microtox and fathead
minnows. The conclusion drawn from these data is that toxicity to nitrification, in many cases, will correlate
with aquatic toxicity. Inhibition will substantially increase the sludge age required for nitrification to occur.
Figures shows the sludge age requirements for nitrification of a chemical wastewater. Where at a
temperature of 22°C, a three-day sludge age would be required to nitrify municipal wastewater, 24 days was
required in the case of the chemical wastewater. Various field studies have shown that the addition of
powdered activated carbon (PAC) in small dosages will greatly enhance the nitrification rate as shown in
Figure 6.
150 T
Temperature 22° - 24°C

125

100

Aerobic SRT/d

Fig. 5 Nitrification relative to the aerobic SRT for an organic chemicals wastewater

20'*

*

Carbon Dose (mg/L)

Figure 6. Effect of carbon dose on occurrence of nitrification (,Source: Lankford and Miller, 1988)
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THE COD ISSUE

In most countries, excluding the United States and Canada, both BOD and COD appear on the permit. In
many cases, the COD is twice the BOD. While this is reasonable for many wastewaters, i.e., food
processing, chemical and petrochemical plants will frequently have a high non-degradable organic content.
In addition, reaction by-products (SMP) will also contribute to the effluent COD. The only way to reduce
this COD is by employing activated carbon or, in some cases, chemical oxidation. The effluent COD can be
calculated (Eckenfelder, 1990):
CODnd

BOPs
f • 0.92

CODinf

BOPs

in which f

BODult
and

CODm , COD™ ♦

* SMP

The SMP may vary from 0.03 to 0.08 times the COD removed.
In many cases, the effluent COD can be as much as 10 to 20 times the effluent BOD.
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EXPERIENCE FROM MORE THAN
TWENTY YEARS OF OPERATION OF A

COMPREHENSIVE HAZARDOUS WASTE
MANAGEMENT SYSTEM
KOMMUNEKEMI/CHEMCONTROL
Niels K. Vestergaard
Chemcontrol A/S, Gladsaxevej 363
DK-2860 Soeborg, Denmark

ABSTRACT
Denmark started development of its national hazardous waste management system in 1971, and since the
system has been continuously developed as a result of technical and political changes.
This paper describes the development of this national registration, collection and treatment system for oiland chemical wastes, seen from an operator’s point of view.
Development in waste amount is presented and commented based on the corresponding political and legal
actions taken due to the increased environmental concern in the country.
Trends in development of alternative treatment and recycling facilities resulting from technological
developments and economical incentives are mentioned.
KEYWORDS
Central treatment facilities, collection, Danish system, hazardous waste, incineration, investment cost,
public owned facility, residual disposal, transfer station.
INTRODUCTION AND SYSTEM DEVELOPMENT PROCESS
The background for the initiation of The Danish System of Hazardous Waste Management shall be found
in the growing awareness of environment protection in Europe at the end of the sixties. The Danish
municipalities were facing serious problems in preventing the expanding industrial community from
uncontrolled discharge and disposal of hazardous waste.
The municipalities were operating a tar production plant, which originally was established to make use of
the tar residues from town gas plants, which used coal as raw material. This facility was asked to establish
a plant for hazardous waste incineration in 1970, however, in 1971 the municipalities decided to establish
a completely new company, Kommunekemi, which was founded as an incorporated company with all the
Danish municipalities as shareholders.
Already at the end of 1971, Kommunekemi was ready to receive and treat waste oils and solvents.
■J

Simultaneously with the first steps to establish Kommunekemi, the new Danish Environmental Protection
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Agency was drafting a legislation dealing with hazardous waste. The Danish Parliament approved the new
legislation in May 1972. Even before that, the first Danish Transfer Station for hazardous waste was
brought in operation in Copenhagen in January 1972.

COLLECTION
STATIONS

CENTRAL COLLECTION STATION/
TRANSFER STATION

(TREATMENT PLANT)

Fig.l. The Danish system for hazardous waste management.
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The transfer stations, which primarily are receiving hazardous waste from industries and farms, are operat
ed by the association of municipalities within a county. The smaller collection stations are located in each
Municipality, enabling the private households and the very small industries and workshops to get rid of
their waste in a very easy and safe way.
The build-up of the system with collection and transport is illustrated in Figures 1. and 2.

Fig.2. Location of the central
transfer stations and Kommunekemi.
(Together with transfer station FYN)

11

TREATMENT FACILITIES
The first treatment facilities for waste oil and solvent treatment were based on simple thermal treatment
and distillation techniques, which left Kommunekemi with residues that had to be stored until further
treatment was possible. This possibility emerged when it in 1973 was decided to invest in a rotary kiln
incinerator financed by an interest free loan from a fund administered by the municipalities. The loan was
at that time 80 million Danish Kroner (DKK), corresponding to 13 million USD if today’s exchange rate
is used.
The rotary kiln incinerator started operation in 1975, and at the same time it was necessary to establish
a residuals repository (secure landfill) for disposal of the ash and slag residues produced by the incinerator.
A suitable site, where the groundwater resources would remain unaffected, was found about 20 kilometres
south of the main treatment facilities.
In fact, 1975 was the first official year of operation, although the plant had been in operation already a few
years earlier.
The detoxification and neutralisation of acids and alkalies loaded with heavy metals are carried out in a
physical/chemical treatment plant with a capacity of 10,000 t/h. The filtercakes are disposed of at the
secure landfill.

1,000 Metric Tons

Fig.3. Amount of waste received by the national
hazardous waste management system in the period
1972 to 1992.
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Oil-water solutions are separated by thermal treatment. The raw oil is used as support fuel to the rotary
kilns.
The amounts of waste received by the system in the period 1972 to 1992 can be seen in Figure 3.
In 1975 Kommunekemi employed 35 staff members, a number that has increased to about 200 in 1992.
At the same time the amount of hazardous waste treated has grown from about 20,000 tons to more than
100,000 tons per year. The growth in revenue will be dealt with later in the paper.
A major expansion of Kommunekemi’s facilities took place in 1982, when the second rotary kiln
incinerator was commissioned, again financed by an interest free loan of 80 million DKK (13 million USD)
from the municipalities.
The latest major expansion was the third rotary kiln incinerator, brought into operation in 1989. This time
the financing was based on commercial conditions, because Kommunekemi in 1984 was instructed to
operate as a commercial facility, generating a healthy profit for financing future expansions. The
investment amounted to about 225 million DKK (36 million USD), which also included facilities for
production of electricity.
Simultaneously with the expansion and improvement of Kommunekemi’s facilities, the legislation was
improved by several amendments. In 1976 a new amendment regarding obligation to deliver hazardous
waste for safe disposal was issued, and more than 20,000 Danish industries were notified on which types
of waste was considered hazardous. Other amendments include stricter requirements for emissions and
effluents both from Kommunekemi and from other industries.
As it can be imagined, the formation of the Danish Hazardous Waste Management System would not have
been possible, or at least would have been much more difficult and time consuming, without the symbiotic
effect caused by the parallel development of the legislation and the handling and treatment facilities. In
other words, a good feed-back of ideas both from the legislators and the treatment facility helped a lot in
the implementation.
This feed-back is still working very well, and as an example, it can be mentioned that all the staff working
in the small collection stations and the larger transfer stations are being educated in basic chemistry and
safe waste handling procedures by Kommunekemi’s and Chemcontrol’s scientists. In the longer run efforts
are also being made to educate the future generations about environmental awareness. Schools and other
groups are invited on tours of the facilities, where they can see how carefully and safely the waste is
disposed of. Kommunekemi has during the recent years received more than 5,000 visitors per year.
Below you will find Kommunekemi’s Concept and Goals.
Kommunekemi’s Concept and Goals
Kommunekemi and the municipalities shall cooperate in solving Den
mark’s environmental problems, by handling and treating the hazardous
waste, for which the municipality, and its industries, have no proper
disposal method themselves.
Valuable components in the waste shall be recovered to the greatest
possible extent. However, not without providing a healthy economy for
Kommunekemi.
Kommunekemi shall convert the waste into useful and/or non-hazardous
materials, and shall take care of safe deposit of waste securing that the
environment is left unharmed.
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New technology shall be introduced if the safety, services, and economy
are improved by that. Such new technology may be introduced by
establishing subsidiaries, often with participation of relevant private
companies.
Kommunekemi shall be in the frontline in research and development,
and by that improve the result through export of technology and know
how through its subsidiary Chemcontrol A/S.

KOMMUNEKEMI A/S
(Treatment of hazardous wastes)
Shareholders
Federation of 271 Danish Municipalities
Municipality of Copenhagen
Municipality of Frederiksberg

: 82%

A 00%'

S.l

CHEMCONTROL A/S T\

/f(

Design of systems
for management of
Hazardous Waste.

DAWKElfl ApS
Company Specialising
in the handling of
Hazardous Waste.

Other Shareholders:

Other Shareholders:

I. Kruger AS
Nybory Kommune

K.K. MHJ0TEKNIK A/S

M SOIL RECOVERY A/S

Treatment of
Polluted Soil

Development and Production

of Equipment for Cleaning
of Soil and Off-Shore
Drilling Mud

Other Shareholders:
SObye & Lerche A/S
Tarco A/S
Ove Arktl Holding A/S
A/S Donfrogt
LHM Rubicon ApS

Other Shareholders:
Terra Nordic A/S

RENDAN A/S

Handling of
Wastes in general.
Other Shareholders:
Danish Municipalities

Fig. 4. Kommunekemi owners and relationships.
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OWNERSHIP OF KOMMUNEKEMI
As it from the very beginning was the municipalities that were facing the primary environmental problems
caused by the industries in their area, it was also natural for them to join efforts in solving those problems.
Denmark has 273 municipalities, and they are through the Association of Municipalities the only sharehold
ers in Kommunekemi. In a way this defines Kommunekemi as a public owned private company organized
as a limited company. However, as mentioned earlier on, the goal of the company is to provide treatment
services for all hazardous waste generated in Denmark, and at the same time provide a healthy business
for the shareholders and a profit for future expansions.
The Board of Directors of Kommunekemi has 11 members of which 7 members are appointed by the
shareholders (the Association of Municipalities), and 4 members are elected among Kommunekemi’s staff.
The Mayor of Nyborg, the town where Kommunekemi is situated, is participating in the board meetings,
however, without voting right, please refer to Fig. 8.

FINANCING AND OPERATING ECONOMICS
As indicated earlier on, the non-profit statute of Kommunekemi was changed in 1984, when the
shareholders (the municipalities) instructed the company to change to a profitable operation. This was felt
necessary as major new investments were expected due to increased waste streams and stricter emission
limits imposed on the plant.
At the same time the interest free long term loans from the municipalities had to be paid back, starting with
the one loan of 80 million DKK (13 million USD in 1985), however, it has not yet been planned to pay
back the remaining 80 million DKK.
The effect of this change can be seen while looking at Kommunekemi’s result of operation from the start
in 1972 to 1992. The total revenues, excl. financial revenues, the cost, and the result before tax are shown
in Figure 5.
From here it can be seen that Kommunekemi has managed to change the operation to be profitable as
required after 1983.
Kommunekemi was able to change the operation because of several factors of which the following should
be mentioned:
.
.
,
*

A more strict administration of waste treatment fees, including better checking of the
waste generators’ own information about weight of the waste.

*

A change in the mix of waste received, towards a more profitable type.

*

An intensive coverage in the news media about several scandals with hazardous waste
buried in former industrial premises and in abandoned landfills, which helped to increase
the amount of waste to be collected and treated.*

*

A better utilization of the existing treatment capacity by improving maintenance
procedures and other operation routines.
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Million DKK

Fig.5. Financial key figures.

If Kommunekemi was built today with up-to-date standard with three incinerators, physical/chemical treat
ment, waste oil treatment, storages, and the other facilities, the investment cost would probably be around
1 billion Danish kroner (160 million USD).
HANDLING- AND TREATMENT PROCESSES
Today the Integrated Danish Hazardous Waste Management System is operating successfully with a number
of equally important elements among which the following can be mentioned:
*

Registration of Waste Producers.

*

Collection, Transfer, and Transport.
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*

Reception and Categorization of Waste.

*

Treatment of Waste.

*

Final Disposal of Residues from'Treatment.

Registration of Waste Producers.
The municipalities are responsible for collection of information about waste producers in their district, and
the procedure is to send out declaration forms to the industries, which then in turn are obliged to fill out
the forms and return them to the municipality.
To assist the municipalities in the registration procedures, the Danish Environmental Protection Agency
has, in cooperation with Kommunekemi, worked out a comprehensive list of industry types with indications
of typical categories, of waste produced by such industries.
The registration procedure also helps the authorities to keep a record of the industries’ obedience with the
claimed waste production and the actual amount of waste sent for treatment.
Collection, Transfer, and Transport
As mentioned earlier on, the waste is collected either at one of the nearly 300 collection stations, or at one
of the transfer stations (cf. Fig.2). Usually the waste collected at the collection stations is sent to a transfer
stations before the final transport to the treatment centre at Kommunekemi.
At the transfer stations the waste declaration form, the so-called Manifest, is checked for conformity with
the requirements, i.e. weight, waste type if possible, packing type and labelling are checked. The
information in the manifest is entered into the on-line computer system, directly linked with the computers
at Kommunekemi. The information entered include consignment date and number, which means that
Kommunekemi’s specialized chemical engineers and scientists can start their waste evaluation even before
the waste is actually received at Kommunekemi.
The on-line registration system was developed by Kommunekemi’s research- and development department
(now part of Chemcontrol), and went into operation over the last few years. It has simplified the initial
waste handling procedures significantly, and helped in improving Kommunekemi’s safety and profitability.
Kommunekemi receives around 70,000 waste consignments every year from around 10,000 customers.
The 1992 transport mode of waste to Kommunekemi can be seen in Figure 6.
Reception and Categorization of Waste
The chemical engineers and scientists responsible for evaluating the manifest of the incoming waste are
highly skilled staff with several years of training in their important jobs. They are the persons who decide
whether it is necessary to make special analyses of the waste in order to select the correct storage and
treatment procedure. Because of the experience gained by the staff in the evaluation process, the treatment
route can often be decided without analyses which are then required only for invoicing purposes.
The waste is categorized according to eight main treatment procedures, however, the evaluation experts
also operate with a number of sub-categories, where theyfor example recommend that the waste is put in
a quarantine storage awaiting further evaluations, or certain pretreatment is assessed necessary. The sub
categories could also include information to the treatment plant personnel about maximum allowed incinera
tion rate, which is the case if the waste contains large amount of chlorine, fluorine, sulphur or other
compounds effecting the emission level from the incinerator.
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9 Vessels
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2639 Waggons
with Drums

28,400 t

1647 Tank
Waggons

34,800 t

3484 Trucks

39,650 1

Import

5,300 t

Total

108,800 t

NOTE 1

NOTE 2

NOTE 3

NOTE 4

Controlled wastewater
36,000 m5

Filter Dust, Slags
and Filter Cakes,
Including Internally
produced\ Waste for
Kllntholm,
32,200 t

Electricity 29,700 MWh
= 15,400 Households

District Heating
98,900 Gcal
= 3300 Households

Fig.6. The 1992 waste and what became of it.

Treatment of Waste
Since Kommunekemi is the only major hazardous waste treatment plant in Denmark, it is the core of the
so-called Danish System of Hazardous Waste Management, which also includes the aforementioned waste
collection and transfer system.
The main treatment processes at Kommunekemi are
*

Incineration in rotary kiln incinerators,

*

Physical/chemical treatment in batch reactors, and

*

Oil/water separation in heated stripping and separation vessels.

In addition there is
*

Laboratories,

*

Reception facilities,

*

Tank farms,

*

Drum storage buildings,
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Solid waste bunkers,
*

Electrical power plant,

*

District heating facilities, and

*

Workshops.

When Kommunekemi was planned it was also the intention to include solvent recovery treatment, however,
this was left to other specialized operators as the possibility of contamination of solvents by even small
amounts of undesired components makes it impossible by simple distillation or fractionation techniques to
recover pure fractions of solvents suitable for general resale to the industry.
This has meant that the main part of the recycling and recovery processes in Denmark is operated more
or less decentralised in minor private enterprises each specialised in their own niche.
Some of the more important alternative recovery and treatment systems in operation or planning today are:
*

A number of decentralised batch distillation companies working on contract for, e.g. paint
producing companies.

*

A number of waste oil collection companies. These companies have very different levels
of standard considering treatment of their product. Most common until now has been
simple settling and filtration before delivery to major power plants as fuel. Latest
development has been a company installing a 30,000 tpa "mini refinery" with complete
vacuum distillation for separation into water, gasoline, light fuel, base oil and bitumen.

*

A company specialised in handling of engine oil filters. The filters are separated into oil,
which ends by one of the oil collecting companies, scrap metal, which is recycled at a
steel work, and filter material to be incinerated.

Furthermore, a huge number of industries have established internal treatment systems or changed their
production principles to lower the amount of hazardous waste and hereby treatment fees.
This means that Kommunekemi, despite having the probably lowest average treatment fees in the world
for commercial treatment of hazardous waste, has had an important impact on Danish industries to
introduce cleaner technology, also by the imposed pricing of the different types of waste.
Our current estimates indicate that the peak value for generation of hazardous waste was found in the first
year(s) of the nineties, with a generation of around 125,000 tpa for commercial treatment, and that it over
the next 5-10 years is going to fall to a generation of approximately 80,000 tpa for commercial treatment.
Until the end of 1990, the incineration of hazardous waste took place in three rotary kiln incinerators
capable of incinerating liquid as well as solid hazardous waste. Each incinerator system consists of a
rotary kiln, a secondary combustion chamber, a waste heat boiler, and air pollution control equipment. The
oldest one, from 1975, has now been closed down due to obsolete flue gas cleaning.
The major difference between the three incinerator systems is the type of air pollution control equipment
used.
The oldest incinerator dating back to 1975, operated with a dry scrubber followed by an electrostatic pre
cipitator.
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The second incinerator from 1982 is equipped with a semi-dry scrubber followed by electrostatic precipita
tors.
Finally the newest incinerator, which was commissioned in 1989, is equipped with a semi-dry scrubber
followed by a baghouse filter.
The reason for the difference in air pollution control equipment installed in the three incinerator lines shall
be found in the introduction of stricter emission limits for particles, halogens, and sulphur. Due to this the
next incineration line, planned for starting operation in 1996, will be equipped with a wet scrubber air
pollution control system.
The total incineration capacity was 135,000 tons per year, corresponding to about 3x6 tons per hour with
a heat load of 3-4,000 kcal per kg. The hazardous waste destroyed include waste oil, sludges, spent
solvents, pharmaceutical waste, pesticides, among others. These wastes can be present as solids, sludges
or liquids, and can be available in bulk, in steel drums or in other forms of packaging.
The rotary kiln incineration system is extremely flexible to deviations from waste composition design val
ues, meaning that Kommunekemi’s kilns, which initially operated with a lot of liquids with high heating
value, still can do the job although the waste now contains more and more solids with a much lower
heating value.
Residues from the incinerators are removed by conveyors and finally disposed at the residuals repository
about 20 km from the main treatment plant. The fly-ash has caused some dust problems for the workers,
and Kommunekemi is presently introducing a briquette-casting system to eliminate this nuisance.
In addition to Kommunekemi’s own continuous control and monitoring of the emissions from the
incinerators (and from the other facilities), an independent laboratory twice a year conducts a
comprehensive monitoring programme, which in addition to Kommunekemi’s own observation is reported
to the authorities.
In the physical/chemical treatment plant inorganic acids and alkalies loaded with heavy metals, such as
chromium, zinc, nickel, cadmium, etc., and cyanides are detoxified by chemical oxidation or reduction
followed by neutralization, precipitation and filtration. This plant’s capacity is about 10,000 tons per year
when operating in one shift only.
The detoxification and neutralization processes are carried out by using other waste materials as the
reagents, however, some chemicals like for example lime and hypochlorite have to be purchased from out
side.
The residues from this facility are in the form of dry filtercakes composed of metal hydroxides and
gypsum, which are disposed of in the residuals repository. The filtrate from the filterpresses can be used
to produce lime-slurry for the semi-dry scrubbers in the incinerator trains.
This plant is, as all other facilities at Kommunekemi, equipped with extensive safety interlock systems in
order to eliminate the risk of mixing non-compatible wastes, as for example acids and cyanides, which
would produce lethal hydrogen cyanide gasses.
The waste oil separation facility separates about 30,000 tons per year of oil, water, and sludge by thermal
treatment of the raw waste oil. Light fractions are stripped off, condensed and mixed with other solvents
for incineration. Originally the recovered oil fraction was sold to outside consumers, but now all the oil
is used as support fuel for the incinerators, as the heating value of waste is declining.
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Final Disposal of Residues from Treatment
The source of drinking water in Denmark is primarily ground water, and that is why it was decided to
establish Kommunekemi’s Residuals Repository, or Secure landfill, at a site where the possibility of ground
water contamination by leaching was at a minimum. Such a site was identified about 20 km south of the
main treatment plant. The site is located on top of a very thick layer of lime stone, thereby providing a
barrier for leaching of acidified material to the underground. In addition to that, the ground water flow
below the site is downstream all drinking water intakes.
The residuals repository is furthermore provided with artificial bottom- and topliners to minimize the pro
duction of leachate. The leachate is monitored, and no increase in potential contaminants has so far been
observed. The leachate from the open part is pumped to a collection tank where it is analysed before it is
either discharged or brought to Kommunekemi for treatment.
A general mass balance for the waste can be seen in Figure 7.
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Fig.7. Mass balance for the waste flow
through the central treatment plant.
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KOMMUNEKEMI’S ORGANIZATION
As earlier reported, the number of employees at Kommunekemi is nearly 200. This number is only the
staff working at the treatment facilities, and does therefore not include the staff involved with collection
and transportation of waste, as these people are either employed by the municipalities or by private
contractors.
Figure 8 illustrates Kommunekemi’s organization, and includes the number of employees of different cate
gories.
In addition to that, it should be mentioned that Kommunekemi’s operation is monitored directly by the
Danish Environmental Protection Agency, which for a number of years has had an engineer stationed
permanently in the plant’s home town. However, due to lack of problems, the engineer has now been re
located to the Danish EPA in Copenhagen.

Shareholders:

Board:

Federation of 271 Danish Municipalities
Municipality of Copenhagen
^Municipality of Frederiksberg__________ ^

7 Board Members and 1 Observer
Politicians and Employees
y

.

^ 3 Directors ^
Managing Director
Financial Director
technical Directory

Management:

Department:

Executive Committee
3 Members
.

Inorganic

Incineration

Maintenance

•f

Engineering
20%

% of Staff

Fig.8. Kommunekemi organization.
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INTERNATIONAL RELATIONS
As Kommunekemi was the first truly integrated hazardous waste management system in the world, the
initiators of the system decided in 1979 to start a subsidiary company providing services within hazardous
waste management. This initiative provided the basis for starting Chemcontrol A/S, today an incorporated
company owned by Kommunekemi, I. Kruger (a major Danish contracting and engineering company
specializing in water supply and pollution control processes), and by the city of Nyborg (the city where
Kommunekemi is situated).
Hereby the gained operation experience has been made available for numerous feasibility studies for private
organizations, as well as for United Nations and World Bank projects, operational assistance for existing
hazardous waste treatment facilities, and assistance in drafting and implementing environmental acts in
several countries.
The international assistance has included design, construction, and commissioning of hazardous waste treat
ment plants within the field of incineration, wet air oxidation, physical/chemical treatment, residue stabi
lization, and residue disposal.
Today Kommunekemi is built up with a number of connected but partly independent operations including:
*

Training of staff for the collection system (subsidiary: Chemcontrol)

*

Operating of the National Hazardous Waste Treatment Centre of Denmark (parent
company)

*

Supplying all kinds of independent consulting and engineering service in relation to
planning, designing, building or operation of hazardous waste management systems
(subsidiary: Chemcontrol)

*

Operating other national or regional hazardous waste management systems on "Build and
Operate" contract, e.g. peninsula of Malaysia is to come (parent company, subsidiary:
Chemcontrol, and other partners including local).

*

Operating of contaminated soil treatment plants (subsidiary: KK Miljeteknik)

*

Producing and operating thermal soil remediation equipment (subsidiary; Soil Recovery)

It has, looking back on the past 20 years, been possible to build up and on commercial conditions operate
a national system with a relatively low treatment fee despite the demand from the authorities that
Kommunekemi is obliged to accept all kind of hazardous waste except radioactive waste and explosives.
Hospital waste is treated in a separate system.
Finally, it has to be mentioned that no waste producer in Denmark is obliged to give his waste to the
national system if he can find any other waste treatment plant who will treat his waste to the same
standard.
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STATUS AND DIRECTION OF WASTE MINIMIZATION
IN THE CHEMICAL AND PETROCHEMICAL INDUSTRIES
AJ. Englande, Jr., Ph.D., P.E.
Professor, Department of Environmental Health Sciences
Tulane School of Public Health and Tropical Medicine
1430 Tulane Avenue
New Orleans, Louisiana 70112 USA

ABSTRACT
This paper presents an evaluation of the status and direction of toxic/hazardous waste
reduction in the chemical and petrochemical industries from an international perspective.
Pertinent approaches, experiences and trends are described.
Industrial waste
management has evolved from an "end-of-pipe" treatment mentality to source reduction
as the preferred option.
It is generally agreed that the Chemical/Petrochemical
Industries generates more hazardous and toxic waste than any other industrial sector.
Also because of the large quantities of materials and energy used by these industries,
significant opportunities are available for waste reduction. In almost all cases costs
savings have resulted, many of which being significant. The importance of pollution
prevention by "clean technologies" instead of remediation, multi-media considerations and
the significance of product life-cycle assessment in pollution prevention programs is
stressed. Examples are provided which demonstrate, that a proactive approach by DOW,
E.I. DuPONT, AMOCO, 3M Corp., CD3A-GEIGY and others is now becoming the
norm.
From an international policy perspective important commonalities and differences in
strategy and efforts for toxics/hazardous waste management exist. Much can be learned
by the mistakes and solutions between cultures and countries. Much progress has been
made in protection of public health and the environment - but much remains to be done.
This paper is intended to provide a stimulus for discussion aimed at optimizing future
waste minimization activities in the chemical and petrochemical industries.
INTRODUCTION
Emphasis in protection of human health and the environment has shifted from concern
over acute affects towards chronic considerations. This fact is underscored by the recent
implementation of increasing stringent effluent limitations on toxics and suspected toxic
chemicals to levels at the parts per billion and parts per trillion range. Whole effluent
toxicity testing of effluent streams is also required by the regulatory authority of many
countries in an attempt to account for synergistic and chronic effects. Of ultimate
concern are the effects of low levels of contaminants over long periods of time on diverse
populations of all age and susceptibility groups. Over 63,000 chemicals are in general use
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exist good information on the environmental fate and health implications on perhaps one
hundred of these. Less is known concerning the impact of mixtures of these chemicals
on the environmental and public health.
Many difficulties in the identification, assessment and control of toxics and hazardous
waste exist. Hence^waste management has evolved from little regard to the overall
problem by basic "en'd-of-pipe" treatment towards pollution prevention practices at the
source as the most significant part of industrial waste management. It is generally agreed
that the Chemical Industry (Standard Industrial Classification, SIC, 28: Chemical and
Allied Products) generates more hazardous and toxic waste (> 50 percent) than any other
industrial sector. Also because of the large quantities of materials and energy used by
the chemical/petrochemical industries, significant opportunities are available for waste
reduction.
OBJECTIVE
The objective of this paper is to provide an evaluation of the status of hazardous waste
and toxics reduction practices from an international perspective indicating pertinent
current and future approaches in the chemical and petrochemical industries. While the
goal of reducing toxics released to the environment is common to all industries,
approaches will differ depending on the country and/or region. Environmental policies
that affect waste management are influenced by many factors relating to regional culture
and history which determines its values on real or perceived risk. Waste reduction
programs therefore will differ amongst countries. While primary focus is given to waste
reduction practices in the U.S. consideration of commonalities and differences in general
strategy and policy in other countries is also included in the objective.
DEFINITIONS
Hazardous waste reduction as used herein refers to in-plant process modifications that
reduce the volume or degree of hazard of waste generated as well as the reuse and
reclamation of hazardous residuals. Hazardous waste minimization means the reduction,
to the extent feasible, of any hazardous waste that is generated or subsequently treated,
stored, or disposed of. Therefore, waste reduction/minimization will be used herein
interchangeably. Source control is defined as any activity that reduces or eliminates the
generation of waste at the sources, normally by practice or process changes. This
includes changes in product, material inputs, technology and implementation of good
operating practices. Resource recovery involves direct reuse or recycling of materials or
processing a waste material such that valuables constituents are recovered and reused or
recycled. Waste reduction includes source reduction, on-site and off-site recycling and
waste exchange programs. Together these activities can save significant amounts of
money through more efficient use of valuable resources and reduced waste treatment and
disposal costs.
Waste reduction can reduce a generator’s hazardous-waste-related
financial liabilities and is also good polity.
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WASTE REDUCTION ACTIVITIES WITHIN THE U.S.
It is not the intent to review in detail the hazardous waste reduction activities occurring
in the U.S. by Congress, USEPA, Department of Defence, Department of Energy, the
individual states or industry. This information is summarized elsewhere [1]. Within the
context of this paper it is important to note, however, that managing hazardous industrial
waste continues to be an important national issue in the United States. In 1984 the
Hazardous and Solid Waste Amendments (HSWA) to the federal Resource Conservation
and Recovery act (RCRA) of 1976 made waste minimization (i.e., source reduction and
recycling) national policy. Congress stated that, wherever feasible, the generation of
hazardous waste is to be reduced or eliminated as expeditiously as possible. Whatever
waste which is generated, however, is to be treated, stored, or disposed of so as to
minimize the present and future threat to the environment. The US Congress recently
enacted the Pollution Prevention Act of 1990 which initially targets approximately twenty
chemicals for reduction with reporting requirements by industry to a Toxic Release
Inventory (TRI) for trading purposes. In complying with the above directives, billions of
dollars and great resources have been and will continue to be committed.
Underlying this investment is the adopted guide for hazardous waste management
options that specify the most desirable option as source control through process changes.
This priority is common to other countries and is illustrated in Table 1 which defines the
hierarchy of hazardous waste management options. Source reduction followed by recycle
are the options of choice with waste treatment and disposal least preferred. In the U.S.
as with many other countries added regulations, increasing treatment and disposal
expenses, and increased liability costs have stimulated the following:
1.
2.
3.

initiation of waste reduction audits; assess and select appropriate techniques;
implemented and monitor a waste reduction program
initiation of Research and Development (R&D) programs on non-waste and lowwaste technologies
expansion of recycling and recovery waste exchanges.
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Table 1. Waste Management Hierarchy

Source Reduction:
Waste Avoidance
Waste Abatement
Waste Recycling:
Waste Reuse
Waste Recovery
Waste Treatment:
Waste Disposal:

Don’t make it
If you have to make it, minimize its volume and
toxicity
See if you or someone else can use it
If it can’t be used as is, reclaim as much as possible
that is useful
Treat what can’t be reclaimed to render it safe
Dispose of residues to air, water or land

Industry has found that corporation commitment from top management is the most
essential component in a successful waste reduction program.
Experience has
demonstrated that waste reduction practice will result in increased operating efficiency,
lower expenses and decreased liability. Sound environmental and economical practice
results in responsible stewardship and good business management.
Waste reduction programs in the U.S. are generally built on several essential elements.
These include:
a corporate environmental policy supportive of waste reduction activities;
allocation of dedicated resources and support of senior management;
an organized system for recording waste generation and associated costs;
a means of tracking waste minimization project progress, barriers to
implementation, and program successes;
a training program for operators and other personnel;
participating in trade association efforts; and
a research and development program aimed at increasing process efficiency and
reducing waste generation with associated costs savings.
Waste reduction opportunities specific to the chemical and petrochemical industries have
been summarized by Peters et.al. [2] and include the following techniques used singly or
in combination:
•
•
•
•
•

Improvements in process selectivity and/or conversion
The ability to operate at lower temperatures and/or pressures
Processes requiring fewer steps
Products and/or catalysts with longer lives
The use of feedstocks having fewer inherent by-products
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•
•
•
•
•
•

More efficient equipment design
Innovative unit operations
'
Innovative process integration
New uses for otherwise valueless byproducts
The avoidance of heat degradation of reaction products
The elimination of leaks and fugitive emissions

Candidate alternatives for waste reduction and energy savings in the chemical industry
were classified by Peters et. al. for eleven major chemical companies in the U.S. as
having near-, mid-, and long-term impact. These are summarized by Table 2.
Table 2. Implementation of Various Waste Minimization
Alternatives in the Chemical Industry [2]
NEAR-TERM IMPACT 10-5 years')
Low-temperature processing
Control system surroundings
Recovery of process materials from waste streams
In-plant conversion of waste streams to clean fuels/feed
Avoidance of extraneous water streams being introduced to
chemical processes
Selective separation by membranes
Nylon-6 manufacture
Polyethylene terephthalate
Sulfur utilization
MID-TERM IMPACT 15-10 years’)
Steam pyrolysis of hydrocarbons
Vapor phase oxidation
Novel energy sources
Dehydrogenation
Formaldehyde
Carbon Dioxide
LONG-TERM IMPACT 110+ years’)
Animation
Ammonia
Methanol
Recyclable polymer systems
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Specific detailed examples of full-scale efforts by industry in the U.S. including the 3M
Company, E.I. duPont de Nemours & Co., Inc. and CIBA-GEIGY Corporation were
recently reported at the Chemical and Petrochemical Waste Treatment Session of the
International Association of Water Quality (IAWQ) Biennial Meeting held 24-30 May
1992 in Washington, D.C. [3],
Emphasis towards the shift in waste reduction is due in large part to ever-tightening
regulations on releases to the environment including the Organic Chemicals, Plastics, and
Synthetic Fibers (OCPSF) effluent guidelines recently propagated by the USEPA
Proactive waste minimization resulted in reduced loadings of greater than 50% for all
cases described with savings of $20 million US dollars for 3M Corp and over $7 million
US dollars for E.I. duPont. It is certain that process efficiency improvements will result
in lower emissions, lower cost of production, and quality enhancement. Secondary
benefits may include improvements in morale, reduced Industrial Hygiene exposures,
Public Relations advantages and perhaps the beginning of other beneficial changes.
The concept of product life-cycle assessment (LCA) and its application to pollution
prevention and product stewardship as described by Fava and Page [4] is a process used
to evaluate the environmental impact associated with a product through its life-cycle. It
is accomplished by identifying , and quantifying energy and material uses and
environmental releases. An assessment is then made to assess the impact of those
energy and material releases on the environment and to evaluate and implement
opportunities to achieve environmental improvements. Consideration is given to the
entire life-cycle of the product, process or activity, encompassing extracting and
processing of raw materials; manufacturing;, recycling; and final disposal. Benefits
experienced 'include solutions based on multimedia/issue perspective; a more holistic view
of products and waste management is necessary; and solutions and prevention of
environmental, health, safety and resource issues are directed to products as well as
towards facilities.
INTERNATIONAL POLICY PERSPECTIVES
A thorough treatment of international experiences with new technologies and practices
for waste minimization is being conducted at this Third International Conference on
Waste Management in the Chemical and Petrochemical Industries 20-23 October 1993 in
Salvador-BaKia-Brazil. The outcome of this conference will provide focus and direction
on the status and direction of waste minimization in the chemical and petrochemical
industries. The remainder of this paper will focus on policy perspectives of various
countries and/or regions with regards to toxics/hazardous waste management status and
practices.
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United Nations Initiatives
Some of the earliest initiatives in waste reduction came from international organizations.
The United Nations Economic Commission for Europe (ECE), a UN subsidiary
organization with headquarters in Geneva, sponsored the first International Conference
on Non-Waste Technology in Paris in 1976. In 1979 the ECE adopted a detailed
"Declaration on Low- and Non-Waste Technology and Reutilization and Recycling of
Wastes" which recommended action on both the national and international levels to
develop and promote low- and non-waste technologies.
Low- and non-waste technology philosophy promotes the do-it-cheaper with-less-energy
and with-less-waste concept in the manufacturing process rather than the end-of-pipe
abatement methods for protecting the environment. Emphasis is placed on both
technological modifications that lead to the creation of less waste through greater
physical efficiency of energy and materials use, and on those processes that convert waste
products from conventional processes into new secondary projects (by-products) that can
be reused.
Examples of activities include: design of products to minimize energy use and/or raw
materials, either during manufacture, use, or disposal/recovery; design and operation of
production processes to reduce energy and raw materials usage; design and location of
manufacturing plants to facilitate the reuse of waste materials and energy from one plant
by another; design and operation of waste handling processes to recover "residuals;"
design and operation of central "waste exchanges" to permit the wastes from one industry
to be converted into raw materials for another or the same industry and publication of
compendiums on various SIC groups including those relevant to the Chemical and
Petrochemical industries.
Congruent with ECE activities, the Governing Council of the United Nations
Environment Programme (UNEP) set forth a firm direction for UNEP and its Industry
and Environment Office (DEO) to serve as the brokers of a global information network
on clean production technologies (also called low- and non-waste technologies). The
United Nations Industrial Development Organization (UNIDO), Industrial Technology
Promotion Division, supports a plethora of .activities including conferences and
publications related to waste reduction. Many of these are with the International
Association for Clean Technology (I.A.C.T.).
Western Europe
To promote waste minimization European governments have not relied on regulatory
requirements to stimulate waste minimization but rather on economic measures. Their
efforts have mainly taken the form of grants or loans to fund research on new low-waste
technologies and tax incentives and disincentives to influence the actions of hazardous
waste generators. Grant and loan programs for clean technology R&D, which have not
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been widely used in the United States, are a particularly common feature of European
waste reduction efforts. Every West European country active in waste reduction has had
such a program in place at the national level for at least five years.
In Western Europe, much of the impetus for waste management comes from the efforts
of the European Economic Community, which has frequently characterized waste
minimization as a goal of member countries. The Third Environmental Action Program
of 1981 emphasized the inclusion of environmental protection into all aspects of
economic and social development. The program directed that the greatest emphasis be
placed on prevention of waste generation, on designing products to facilitate recycling,
and on waste management that progressively substitutes reuse for disposal.
The current EC program (1987-1992) emphasizes "clean technology" and clean product
measures; multimedia action in relation to waste; economic incentives and education; and
new regulatory measures. The EC does not prescribe technologies in a Best Available
Treatment approach. It encourages industries to develop their own codes of practice to
prevent waste at the development stage through training. In the United Kingdom, a Best
Practicible Environmental Option (BPEO) considers the code of practice, economics and
consensus to reach an outcome. This type of approach is common in Europe. There is
also often a sharing approach between Government and industry to solve the waste
problem jointly - through financial support in demonstration projects, and the European
Information Network on Environmental Technologies (NETT).
The EC also emphasizes that minimization must also occur in the environmental impact
of a product’s life cycle; from market placement, manufacture, use or final disposal. The
process therefore requires input from the manufacturers to the consumers. Labelling and
packaging are a key to the program. Product quality and ecologically benign uses of
products are also major program components. This approach is similar to the EC
directive on Seveso, for Chemical Manufacture and Safety, which deals also with land
use, construction and processes for the Chemical/Petrochemical industry. The permit
process must be holistic with consideration for the processes, emissions and potential risk
impact.
A comparison of US vs Western European Practices and approaches for waste
management have been summarized by Wassersug [5] and is presented in Table 3.
Striking differences between programs are apparent. As related to chemicals the
following points are significant:
1.
2.

European Industry does not feel the need for substantial liability insurance
coverages as does the US;
Land use planning is used more effectively for risk management and exposure to
environmental hazards; and
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Table 3.
vs Western European Practices and Approaches in Waste Management [5]
fundamental different relationships exist between government and industry
command and control regulatory approach (US) vs sharing of responsibility
more oriented to end of pipe control (US) vs elimination of waste streams; this
difference is becoming closer with strong pollution prevention programs in US
independent regulatory approach with formalized input (US) vs joint creative

regulatory development
extensive citizen participation (US) vs limited or no citizen participation
requirements
ability to have standing in appealing actions in judicial systems (US) vs limited
ability to have standing
highly procedurized requirements for waste site remediation including risk analysis
(US) vs limited remediation programs often based on technology
absolute liability for past waste management practices (US) vs limited or no
payment requirements, and little evidence of prioritization
developing recycling opportunities (US) vs significant historical approaches toward
recycling
limited involvement of government sector in private enterprise with a strict
regulatory and guidance approach vs government financed hazardous waste
incinerators and research and development support for waste reuse (Germany,
Netherlands)
acute or shorter term approaches (US) vs long term planning and priority setting
(Netherland National Environmental Policy Plan)
significant oversight or micro-management because of mistrust (US) vs limited
oversight of governmental operations by press or committees
centralized strong approach with penalties serving as disincentives (US) vs weak
and non-uniform enforcement of regulations
operation of hazardous waste treatment facilities by Regional Governments (HIMGermany) vs no government involvement
unlimited ability to transport hazardous waste beyond certain regional boundaries
(US) vs limited ability (Germany)
financial incentive and tax programs for waste minimization under consideration
(US) vs programs in place
no national collection treatment and disposal or technical support for hazardous
wastes (US) vs a national system (KOMMUNEKEMI-DENMARK)
highly structured national system of characterization, technology standards (US),
vs definition inconsistency, documentation, incomplete characterization
evolving cross media approach limited by law (US) vs significant treatment of
hazardous waste as part of total environmental approach (cross media transfer)
uniform legislation and national approaches for waste disposal (US) vs possible
creation of safe and cheap havens until harmonization results
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3.

Greater public concern and input into environmental legislation currently exist in
the U.S..

Central and Eastern Europe
The totalitarian disorder of Central and Eastern Europe (Bulgaria, Czech and Solvak
Republic, Hungary, Poland, Romania, Yugoslavia) has resulted in environmental chaos.
Hazardous waste disposal was virtually unregulated in many parts of the region during
the past 40 years. While it is clear that environmental risks are significant and many, the
depth of economic problems and other factors require that risks must be weighted
differently. The problem is further compounded by historical environmental abuses, low
environmental awareness and lack of adequate and reliable data.
In an effort to address current and emerging environmental concerns, nations of Central
and Eastern Europe, the EC, Canada and the US combined resources to form a center
called the Regional Environmental Center for Central and Eastern Europe. The Center
located in Budapest, Hungary commenced operations September, 1990 with a mission to
improve and protect environmental quality and public health in the Region. A major
thrust of the Centre is the encouragement of less reliance on pollution control in favour
of more cost-effective pollution prevention.
Specific problems and observations found typical of the Region as indicated by Wasersug
[5] include:
*
*
*
*
*
*

*
*
*

general mistrust based on history and experience;
highly questionable and limited, data;
risks may be perceived but may or may not be justified;
data sharing between appropriate groups is not common;
environmental issues are often concealed by the economic situation;
approaches to problems must be handled over a wide geographic area to be
efficient and to clearly define total body burden from all other relative
environmental impact;
Western neutral support where no personal benefit is to be achieved is extremely
useful in communicating risk;
risk assessment approaches have considerable merit internationally;
approaches to waste management and environmental options in the Region should
carefully evaluate other factors (e.g., energy efficiency, product marketability, etc.)
An environmental impact assessment over a broad area is most critical for dealing
with both remediation and future development.

Wassersug [5] concludes that significant changes must occur in three environmental policy
areas to effectively manage environmental risks in the region. First, an adequate and
quality controlled data base must be generated to effectively assess environmental
priorities. All options and risks must be considered, divided into short and long term
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priorities, in order to apply limited resources toward cost effective solutions; and most
importantly, to allow citizens to choose their environmental future. Citizen participation
must be given a real chance and must be institutionally anchored by mentality changes, a
very slow process. Further, where existing information is sufficient to identify immediate
threats, immediate response is necessary, especially where public health threats are
involved or where they can be avoided. Secondly, an environmental ethic must be
created and fostered which encourages an effective environmental approach when
constructing new "polluting potential" industries, and remediating past sins. This must be
supported by a strong and full-funded environmental enforcement effort. Third, the
approach in the Region must move away from the concept of media controls; for
example, air versus water pollution, and toward an integrated environmental management
approach that is both technical and legal.
Japan
Japan can probably be considered the world’s premiere recycling country. This is due to
its limited space and resources. The population of Japan is about half that of the United
States, but its land area is approximately that of California. Japan is also heavily
dependent on imported raw materials including 98.8% of its oil and 99% of its iron ore.
These factors combine to shape waste management policies in Japan and result in the
implementation of many creative and sophisticated techniques.
The importance and success of recycling in Japan may be attributable to :
1.
2.
3.
4.
5.
6.

a long history of recycling;
the country’s enormous reliance on imported primary raw materials;
the need to control pollutants from landfills and incinerators;
government support;
a wide-ranging public education program; and
social factors.

In Japan, the market is the driving force for waste reduction although much attention is
given to govemmental/legislative initiatives and to the public image of the firm.
Performance standards have not been required by legislation. Rather, the Japanese rely
on working out standards with firms at the local, or prefecture, level for the management
of wastes in the specific area. The environmental and health and welfare agencies at the
national level set general standards, but then work through the prefectures for specific
development and application of requirements.
The law makes firms responsible for whatever happens to their wastes. As in the United
States, firms are responsible for the disposition of wastes through transportation and
disposal. The Japanese make little use of litigation. Liability and insurance issues,
therefore, are not nearly as important as in the United States. On the other hand, there
is a state-financed victim compensation system for those who are injured through
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exposure to environmental contaminants. There exist far fewer personnel responsible for
enforcement in Japan than in the United States since there is a few stronger impetus in
the business culture for self-enforcement.
Japan does not use tax incentives for encouragement of waste handling practice. Such a
system was attempted, but abandoned due to excessive red tape for large firms and
technical complexities and management limitation for small firms. Financial assistance,
however, is available for environmental projects through loans from the federal and
prefectural levels.
In Japan, the Ministry of International Trade and Industry (MOT) plays an important
rale in providing subsidies, financial assistance, and advice; while local governments are
integrally involved in operating specific projects.
Recycling in Japan is also facilitated by "passive" waste exchanges in each prefecture.
These handle both solid and hazardous wastes and claim a 40-60% success rate in some
of the more industrialized areas.
US EPA Waste Minimization in Other Countries Study
Results of an EPA study focusing on government laws and programs affecting waste
minimization practices and requirements in other countries including Japan, Canada,
Germany, Sweden, the Netherlands and Denmark are summarized in Table 4 [6],
Different social milieus, infrastructures and geographical relationships, and business
patterns make some European and Japanese policies and practices difficult to apply
directly in the United States.
As in the United States, however, market factors are the principal force driving waste
minimization decisions. These include cost of materials, cost of disposal, and cost of
alternatives to disposal. Within the context of these market factors, the relative
importance of other influences, i.e., legislation; regulation and government administrative
activity; technical and financial support; and corporate public image vary from country to
country.
Commonalities in waste minimization strategy and efforts exist. All of the countries rely
on cooperative, voluntary efforts. All of them stress the importance of low-pollution
source reduction and recycling technologies, waste exchange, and information sharing.
As in the United States, these countries operate on a two tier system: states, provinces,
or prefectures deal directly with waste generators, while central governments provide
direction and support. All countries surveyed in an EPA study of foreign waste reduction
practices have rejected the notion of.mandatory performance standards. Several
countries have committed significant resources toward working with generators to reduce
waste volumes.
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TABLE 4. Waste Minimization Practices in Other Countries

JAPAN CANADA

GERMANY

SWEDEN

NETHER
LANDS

EETMARK

TAX INCENTIVES
Waste End Taxes
Tax Incentives

X

X

X
X

X

X

X
X

X

X

X

ECONOMICS
Price Support System for Recycling
Government Grant as Subsidies
Low Interest Loans

X
X

X

X
X

X
X
X

X
X
X

X

TECHNICAL ASSISTANCE

Information and Referral System
Site Consultation
Training Seminars

X
X

X

R&D ASSISTANCE
Technical Development Labs
Demonstration Projects
Industrial Research

X

X

X
X

X
X
X

X

X

X

PERMITS AND PLANS
National Waste Management Plans
Waste Reduction Agreements
Waste Reduction as a Part of Permits

X
X
X

WASTE EXCHANGE
Regional Waste Exchanges

X

X

X

X

X

PUBLIC INFORMATION
Focus on Corporate Image
Focus on Consumer Practices

X
X

Source: Foreign Practices in Hazardous Waste Minimisation (Medford, MA: Center for Environmental Management, Tufts
University, 1986).
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SUMMARY
This paper presents an evaluation of the status of toxic/hazardous waste reduction from
an international perspective. Pertinent approaches and experiences in the Chemical and
Petrochemical Industries are described. Industrial waste management has evolved from
an "end-of-pipe" treatment mentality to source reduction as the preferred option. In
almost all cases costs savings have resulted, many of which being significant. The
importance of pollution prevention by "clean technologies" instead of remediation, multimedia considerations and the importance of product life-cycle assessment in pollutions
prevention programs is stressed.
Significant strides have been made by international cooperation in toxic/hazardous waste
management during the last twenty years. Evaluation procedures have become more
complex due to a trend towards human health based standards for specific chemicals and
the initial development of a holistic risk based environmental approach to prioritize the
allocation of limited resources. No off-the-shelf answers exist and concerns may require
long-term solutions. The need for enhanced interaction and cooperation between
engineers, biologists, chemists and professionals from other disciplines to address these
very complex problems is therefore underscored. The relationship of these professionals
to policy makers and the general public is also critical for effective implementation of
recommendations.
From an international policy perspective important commonalities and differences in
strategy and efforts for toxics/hazardous waste management exist. Much can be learned
by the mistakes and solutions between cultures and countries. Much progress has been
made in protection of public health and the environment - but much remains to be done.
This paper is intended to provide a stimulus for discussion aimed at optimizing future
waste minimization activities.
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ABSTRACT

Industrial gases have a wide range of applications
environmental sector.

including

those

within the

Oxygen's versitility as an oxidant and as a combustion atmosphere provides clean
solutions to different industries like Pulp and Paper, Glass Manufacturing, chemical
processes such as VCM or EDC and Water/Wastewater Treatment. Oxygen
also
finds
excellent application for the regeneration of eutrophic surface waters where high
BOD loading demands extra available oxygen for life support.
When even stronger oxidizing properties are needed H202 and 03 act as supplements
to 02 or on their own to give the needed results.
With nitrogen's excellent cooling capacity, practical application is found in solvent
recapture enabling processes to meet emission standards while allowing solvent recycle
for reuse.
While gas applications continue to find their way into today's industrial
they can be considered as vehicles to future clean processes.

sector

INTRODUCTION
Growing environmental concern makes new processes and regulations demand solutions
to problems previously unheard of. L'AIR LIQUIDS is striving to aid in- the quest,
not only for solutions to present problems, but for innovative techniques eliminating
environmental dilemas altogether.
As part of this search, industrial gas technologies play an
important
role
in
implemeting clean technologies. Gases have the ability to provide high purity levels
for use in sensitive processes and have high oxidizing power allowing clean oxidation
without sacrificing strength. In addition, industrial gases, when handled properly,
are easily manipulated and safer to work with when compared with alternatives.
Some examples of techniques developed by L'AIR LIQUIDS which apply industrial gases
to clean processes are discussed here. Industrial gases are not, however, limited
to these examples. Many processes find industrial gases providing superior results

in numerous areas using similar principles as the applications presented in this
document.

OXIDANT SUBSTITUTION IN CHEMISTRY
Oxidation reactions in chemical processes are quite well established,
example, nitric oxide, permanganate, chlorine, as well as oxygen from air.

using

for

L'AIR LIQUIDS clean oxidants, i.e. 02, H202, and 03 can very often advantageously
substitute these reactants and thus reduce the amount of
pollutant
by-products
generated while improving, in some cases, the overall process productivity.
As illustration of such an improvement is given by the substitution of 02 for air
in VCM production, (see flowchart)

VCM production requires oxygen as one of the reactants in the oxychloration process.
Use of 02 instead of air eliminates large volumes of N2 which would otherwise require
purging. When the purge of N2 does take place (in the case where air is used to
provide 02) substantial hazardous emissions are released or costly purge gas treating
systems are required.
The process, using 02 instead of air, also applicable to EDC plants, allows conversion
from present day plants using air to plants which use oxygen enriched or total oxygen
atmospheres.
New acrylic acid and acrylonitrile plants may also take advantage of the principle
used here to lower emissions.

■■ i
EXAMPLE OF OXYCHLORINATION OF ETHYLENE WITH dXYGEN
Effluent = 2,000 m3/h
instead* of 214,000 m'/h
^
with air
Hydrochloric acid

Chlorine

02

Ethylene

Ethylene

<5 {55 tons/hourt
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SOLVENT RECAPTURE
Surprisingly simple in concept, solvent recapture is an innovative approach to solving
pollution abatement problems while still able to achieve strictly imposed emission
limitations to well below imposed regulations.
Basically the system involves the use of liquid nitrogen to cool vapors to cryogenic
temperatures, well below initial dew points of the mixture.
When
lowering
the
temperature of a multicomponent gas each component will successively condense as
the respective dew point of each component is reached.
Referred to as partial condensation, the principal
lower than the solvents being separated.

gas carrying the substantially

Upon ccoling, the polluting emissions are condensed. Afterwards liquified vapours
area separated and collected while the remaining nitrogen and air are returned safely
to the atmosphere. Solvents may then be recycled for reuse or discarded safely.
Using such a simple process not only cuts down on maintenance because of very few
moving parts but is more enonomical than conventional refrigeration and adsorber/
absorber beds (which must be regenerated or discarded causing further problems).
Other advantages of the solvent recapture process using N2 are:
-

No fear of contamination (as with H2S in adsorber/absorbers)
Avoids air pollution
Permits solvent recycle
Less mechanical parts therefore less maintenance
Closed system using N2 as carrier allows safety from explosions
Ability to deal with exhausts containing multiple compounds
When N2 is.already used in process, refrigeration potential may be captured rather
than N2 release to atmosphere
- Ability to operate on 24 hour basis
- Low capital costs and easy installation
- Modular units allow easy upgrading as needed

Typical solvent recapture applications are found in the:
-

Sovent Manufacturing Industry
Industries with Processes using Solvents
Petroleum Terminals and Tank Farms
Chemical Terminals and Tank Farms

Because every situation is different the cooling system is designed specifically
for
each application. This allows the system to acheive the best possible results in
every case.
GLASS INDUSTRY
A1black Process -

Lubrication

There are many processes by which hollow glass in manufactured. A!black is applied
to 'linear forming' machines which consist of a number of individual sections, thus
dubbed is machines.
Basically there are two kinds of moulds required to complete manufacture of glass
bottles:

- Preliminary mould where glass drops are supplied and bottle shapes profiled
- Finishing mould where the bottle's final form is given
It is with the preliminary mould that the Al.black process is applied.
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The Alblack process allows replacement of lubricant presently used in the IS mould,
thus allowing system automation.
Alblack
produces
carbon
black
deposits by
decomposition of gaseous 'pyrolytic' hydrocarbons. These are introduced to the mould
by injecting acetylene at very high speeds. Given all the proper conditions, i.e.
temperature and pressure, hydrocarbons decompose to particles referred to here as
carbon black.
Acetylene, being a hydrocarbon derivative, will do the same. This property is taken
advantage of to replace the primary mould lubricant with acetylene.
Decomposition of Hydrocarbons to Carbon Black Particles:
Hydrocarbons
Parafin
Nuclei
I
Particles

Aromatics

Heavy Hydrocarbons

Nuclei

Acetylene

Nuclei
I
Particles

Particles

Nuclei
I
Particles

Lubricant Properties for Alblack Process:
- very homogeneous
- slight thermal conductivity under pressure
- good compression resistance
The Alblack Process may also be applied to other industries where lubrication using
a hydrocarbon is required.
COMBUSTION
Emissions of particles and various chemical compounds in the air are more and more
under the attention of the industrial world. With combustion, particularly in the
glass industry, the following emissions are considered:
- particulates
- NOx
- S02
Oxygen use, through oxygen enrichment or
oxyburner
use,
will
influence
NOx
and particulate emissions favorably depending on proportions of oxygen substitution
regardless of inlet air temperature. S02 emissions depend on fuel used or on firing
agent however they are not affected by 02 enrichment. In addition, less C02 is formed
per energy unit transferred to the furnace with combustion using an oxygen enriched
atmosphere.
Other advantages of 02 combustion include up to fifty per cent reduction of dust
formation in foundries, higher achievable temperatures, up to forty per cent fuel
savings and up to fifty per cent melting time gained implying increased capacity.
Many reports give emissions in terms of concentration of NOx in fume gas. This cannot
be a true indicator of emission results because, while concentration may appear
lower, actual emissions may be higher where larger fume volumes, such as those using
air as combustion atmospheres, apply.
Oxycombustion produces less NOx than air combustion whatever the temperature of
the air. Typical industrial results from a test run with thirty per cent total fossil
fuel burned with 02 and the remaining senvety per cent burned 1n a preheated atmosphere
show NOx and particulate emissions reduced by sixty per cent.
These results are a good example of industy's ability to control emissions simply
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by controlling the combustion atmosphere with 02 enrichment.
PULP AND PAPER
The

Pulp

and

Paper

industry finds

many

applications for industrial

gases. Among

these, 02 has solidly established itself for use in the processes of delignification

and bleaching.
Both processes CEo and delignification) use oxygen to reduce use and emission of
chlorine compounds resulting in lower BOD, color and chemically bound chlorine loads
sent to wastewater treatment systems.
The Eo application is used to enhance the
alkaline
extraction
stage
before
the purification of cellulose process begins. Here, 0,5 per cent oxygen is added
to pulp produced in the first alkaline extraction stage. The application of 02 at
this stage allows:
- chemical and steam savings
- extra brightness for special paper grades
- elimination of one or more bleaching stages
Eo may also be applied after the first bleaching stage.
With oxygen delignification the oxygen is essentially used as an extraction agent
of
lignin in the bleaching process. Here it not only acts to remove the lignin from
the pulp but it also aids in - attacking the lignin at the same time. This binary
purpose helps decrease the required chlorination thereby reducing harmful emissions
and the amount of chlorinated compounds needed.
Other applications of 02 in the Pulp and Paper Industry, two of which result indirectly
in environmental advantages, include Oxygen Enrichment in lime kilns. Black Liquor
Oxidation and Wastewater treatment. While the first two processes translate only
indirectly into environmental interests they are, nevertheless, important.
Oxygen enrichment in lime kilns provide advantages such as decreased energy consumption
and reduced dusting recycle in addition to increased lime production Cup to 25%),
higher lime availability and decreased combustion emissions.
Black Liquor Oxidation is an effective and efficient way to decrease total reduced
sulfur emissions from a direct contact evaporator. It also translates to decreased
loading for the boiler and therefore energy savings. Wastewater treatment, especially
with periodic BOD overloadings, may also benefit from 02 injection while alkaline
wastewater requiring neutralization finds a clean solution with C02 injection.
Recently 03 and H202 find applications as stronger oxidants aiding or replacing
oxygen altogether in processes such as the Eo application mentioned earlier and
for deinking used/recycled newsprint resulting in higher bleaching grades upon their
use.
Sweden alone estimates 110 000 tonnes 02 consumption in Pulp and Paer during 1992.
Whith 03 and H202 helping out as strong oxidizers even higher bleaching quality
is achievable. On site 03 production is cheaper and much more efficient when pure
02 is used. L'AIR LIQUIDS is also, in association with AT0CHEM, the world's chief
producer of H202.
WATER AND WASTEWATER APPLICATIONS
With water quality standards coming under
regulations governing acceptable limits
a closer look at all water contents.

increased
in

scrutiny

in

recent

years

both water and wastewater are Forcing
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7

For water supplies, industrial and municipal standards require higher purities than
before while environmental concerns search for cheaner ways to achieve these standards.
[fluents, both industrial and municipal, must also meet more
limitations as our environment becomes an increasing concern.

strictly

Particular industrial applications available for all types of water needs:
APPLICATION

GAS

- Remineralization, water softening (potablewater)
- Neutralization of alkaline solutions
- Destruction of phenols, CN and spent caustic
(under pressure and temperature controls)
- Deodorization
- Biological Treatment
- Sterilization

C02
C02
02
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02
02
H202/03
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Deodorization and Biological Treatment of Wastewater
Wastewaters surcharged with organic materials or minerals constitute a favourable
medium for bacteria development and life, which are, for the most part, undesirable
(bad odors, corrosion of pipes, etc.). Oxigen injection in these efluents solves
these problems by stopping the formation of hydrogen sulfide (H2S) caused by anaerobic
conditions.
Oxygen application boosts wastewater plant capacity and can meet the oxygen demands
of fluctuating loads. Oxygen treatment is dramatically efficient when applied to
waste streams from tanneries, the food processing industry and municipal sewage.
The use of 02 keeps waste consuming bacteria fluorishing and helps oxidize chemicals.
Vidoxyl, Airoxyl and Bioxyl treatments are three examples of processes in place
using this principle.
Sterilization with Ozone
The use of ozone in water treatment is quite well documented. It's combined capacities
of sterilization, organic destruction and metal oxide precipitation define this
gas as a perfect agent for water ^stabilization. Further to this application, the
use of ozone can be envisioned for multiple water treatments such as the sterilization
and descaling of cooling waters, the reduction of cyanides in gold mill aqueous
effluents or metal surface treatment plant effluents, the precipitation of heavy
metals such as iron and manganese and the sterilization of the washing or conditioning
waters in food processing.
When combined with H202 or UV, it becomes an even more powerful oxidant which can
destroy many among the most toxic and resistant substances.
Remineralization or Softening of Potable Water
Water with a low mineral content, eg. run-off from granite or desalinated seawater,
often causes corrosion in distribution networks. This corrosiveness can be eliminated
by adding lime and C02.
Unlike corrosive water, water with a high calcium content leaves a precipitate deposit
of calcium salts. Softening is acheived by adding lime to precipitate the calcium
carbonate, then neutralizing with C02.
Neutralization of Alkaline Solutions
The use of C02 in the treatment of effluents presents numerous advantages over the
use of strong acids (HC1, H2S04). These advantages include safety, precision of
pH regulation, health of receiver medium (no salt formation), and simplicity of
installation.
This clean technology assures the best safety for personnel and installations..
Destruction of Phenols, Cyanide and Spent Caustic
spent
caustic from industry find
destruction using oxygen and sometimes H202 with the aid of a catalyst under controlled

Wastewaters containing phenols, cyanide and

conditions such as 10 bars, 110-110 °C and a pH of 10 throughout the process. The
use of 02 to detoxify industrial effluent
is easily implemented using standard
engineering operations so long as required operating parameters are respected.
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HONG KONG
CHEMICAL WASTE TREATMENT FACILITIES
A TECHNOLOGY OVERVIEW

SIUWANG CHU
ENVIROPACE LIMITED

ABSTRACT
The effective management of chemical and
industrial wastes represents one of the most
pressing environmental problems confronting

the Hong Kong community.

In 1990, the Hong

Kong
Government
contracted
Enviropace
Limited for the design, construction and
operation of a Chemical Waste Treatment
Facilities (CWTF). Stringent environmental
control standards and regulations were
established.
The
treatment
process
technology
and management proposed by
Enviropace,
and
the
environmentally
protective measures that are built into the
CWTF, are among the most "advanced and
innovative in the world. This CWTF Project
represents a major step forward in providing
a solution to a growing environmental
problem in the Territories.
Toxic and
hazardous materials that are presently
discharged directly into the surface and
coastal
waters
will
be
detoxified,
destroyed, immobilized, decontaminated and
then stabilized for final disposal.
The
treatment and_ disposal processes, their
integration and management are the subject
of discussion in this paper.

INTRODUCTION
Chemical wastes in Hong Kong arise as by-products of various
industrial manufacturing,
shipping and other port-related
activities. An earlier (1987) survey by the Government estimated
approximate 98,000 tonnes per year of toxic and hazardous wastes
were produced by some 10,000 waste generators (Figure 1).
The
majority of the generators operate small factories in multi-story
industrial buildings.
They do not have the waste management
experience, economic incentives, or processing space to treat
their
chemical
wastes.
Wastes
are
thus
discharged
indiscriminantly into the surface water drains.and the coastal

waters.
Public health and safety as well as environmental
integrity are seriously compromised.
The Hong Kong Government
has reacted to this problem by introducing comprehensive
regulatory controls on the transportation, storage, treatment and
disposal of these wastes.
The implementation of the chemical
waste management strategy includes the construction and operation
of the Chemical Waste Treatment Facilities (CWTF) to be located
on Tsing Yi Island. This will enable the manufacturing industry
to comply with the legislative control measures promulgated under
the Waste Disposal Ordinance (WDO) in 1992.
The contract for the design, construction and operation of the
CWTF was awarded to ENVIROPACE LIMITED, a subsidiary of Waste
Management International, INC. (70%), China International Trust
and Investment Corporation Hong Kong (Holdings) Limited (20%),
and Kin Ching Besser Limited (10%).
The " CWTF will provide
services for the collection, transporting, analytical testing,
process treatment and disposal for the chemical wastes generated
throughout Hong Kong. Enviropace will also provide equipment and
trained personnel for emergency response to chemical accidents
that may arise in Hong Kong.

FACILITY DESCRIPTION
The CWTF site is located on the south-east side of Tsing Yi
Island. The 2.5-hectre site is located in an area that has been
designated for industrial facilities and future infrastructure
projects. The closest residential estates, Mayfair Gardens and
the Technical College are 2 km from the CWTF.
The dynamic of the Hong Kong industries and their fast growing
pace lead to the generation of a wide range of chemical waste
streams with varying compositions. The uncertainty in the waste
make up as well as the quantities of the various waste types
inherently demand the CWTF to be designed for flexibility and
adaptability in both storage and treatment.
Several different
process technologies have been selected into the design of the
CWTF.
Some of the treatment processes are designed to handle
specific waste types while others are much more versatile and can
treat a wider range of waste types. When operated together, the
treatment systems represent a highly integrated treatment
facility capable of successfully treating the wide range of
chemical wastes generated in Hong Kong. Treatment processes to
be installed in the CWTF include:
*

separation of waste oils from water, and biological
treatment of the organically contaminated wastewaters
(Sequencing Batch Reactor, SBR);

*

high temperature incineration
coupled with energy recovery;

*

physica1/chemical

treatment

of

of

organic

wastes,

inorganic

aqueous

wastes, including reduction reaction, neutralization
of acids
metals;

and

alkalis
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and

precipitation

of

toxic

*

recovery of metal from waste etchant by-products;

*

final treatment of various wastewaters by evaporation

and catalytic oxidation, coupled with water recovery
(PO*WW*ER);
*

stabilization
of
sludges
and
containing toxic constituents.

process

residues,

The block flow diagram, Figure 2, shows the general flow into,
through and out of the facility, as well as the process
integration.

ENVIRONMENTAL POLLUTION CONTROL STANDARDS
The environmental program for the CWTF project started from its
inception and will be carried out throughout the operating life
of the facility.
A series of studies including the site
selection, the preliminary impact and risk evaluation (1987
Environmental Impact Study by ERL), and the final detailed
assessments
(1991
Environmental
Impact
Assessment/Hazard
Assessment by Dames & Moore) lay down the criteria for the design
and operation of the CWTF. As an integrated treatment facility,
the CWTF has been designed to treat chemical wastes such that all
discharges, including air emission, aqueous effluent and solid
residues, will meet the Environmental Control Limits established
by the Hong Kong Environmental Protection Department (EPD).
While monitoring for compliance with the standards is an
important component, Enviropace's philosophy is that the best
environmental protection derives from our constant concerns about
public health, worker safety and environmental pollution in every
part of
our plant operation.
Hence,
a comprehensive
environmental management and monitoring program, one consistent
with the Hong Kong regulatory requirements, is incorporated. All
wastes received at the CWTF will be logged, and where
appropriated, sampled to allow tracking through the plant and
ensure delivery to the correct storage and processing units. Air
emission from the incinerator, aqueous effluent to the foul
sewer, stabilized solid residues to the landfills, groundwater
at the site and ambient air around the facility will be monitored
throughout the life of the facility.
Information from the
monitoring program will be available to the Government for joint
assessment to ensure the environmental management procedures are
maintained and continuously improved where possible.
The Environmental Control Limits as established are consistent
with, if not more stringent than, most international standards.
These are tabulated in Tables 1, 2 and 3. In operation, the CWTF
discharges will be within all these maximum allowable limits.
Key parameters at the incineration stack will be monitored
continuously to ensure proper combustion and air pollutant
removal.
Continuous monitoring of pH, temperature and total
organic compounds in the effluent before discharge will assure
adequate wastewater treatment. Solid residues are tested before
landfilling to ensure toxic metal constituents do not leach in
the landfill environment.
Periodic testing of the discharges
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assure all control parameters are complied with. A preventative
maintenance program and emergency response plan will be
implemented to minimize accidental spillage and complete clean
up if it occurs. All storage and process areas are bunded and
protected with secondary containments.
The contained area
surface is then sealed with coating materials.
Quarterly
groundwater samples will be analyzed to assure facility operation
do not contaminate the site.
Ambient air quality with respect
to particulate, sulfur dioxide, nitrogen oxides and volatile
organic materials are measured semi-annually both on-site and
off-site.

PROCESS TECHNOLOGIES
The Hong Kong WDO mandates a "trip-ticket" (manifest) system for
the ease of tracking chemical wastes for their transportation,
treatment and final disposal.
While the majority of waste
generators are small factory operators, it is envisaged that
their waste streams, packaged in containers, will make up 70% of
all waste received at the CWTF. The balance of the waste streams
in large quantities will be collected in bulk tanker trucks.
Wastes from the shipping activities (MARPOL wastes) will be
collected in a barge. Enviropace will operate a transportation
fleet consists of 60 container trucks, 5 bulk tanker trucks, 3
skip lugger for stabilized residues, and 1 barge. All land-based
waste streams will be sampled and analyzed before reception.
"As-received" wastes are "fingerprinted" or analyzed to verify
its identity in accordance with the trip-ticket.
A bar-code
system will be incorporated to facilitate the identification
process. After the identification and verification, the wastes
can be decanted and transferred to the appropriate bulk storage
tanks for subsequent treatment in the process units.
OIL/WATER SEPARATION
Oily waters and organic contaminated wastewaters entering the
CWTF will go through a series of separation processes. Emulsion
breaking chemicals will be injected to persistent oil/water
mixtures, e.g. MARPOL waste, before entering the storage tank
where gravity separation is effected.
The water layer will
further be pumped through an API separator and Dissolved Air
Floatation (DAF) unit before the Sequencing Batch Reactor (SBR).
Recovered waste oils and sludges are sent to the incineration
system for thermal destruction. The organic water is treated in
the SBR reactor where activated sludge (micro-organism) will
metabolized the organic materials.
The water fraction is then
filtered through a dual media granular filter followed by carbon
absorbers for removal of suspended solids and any residual
organics. The treated effluent is discharged once it is verified
to meet the Environmental Control Limits in Table 2.
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INCINERATION/AIR POLLUTION CONTROL SYSTEM
The incineration system destroys a wide range of toxic,
hazardous, and non-hazardous wastes. The 13.8 Mw incinerator is
capable of burning liquid organics, aqueous wastes, pumpable
sludges,
containerized sludges and solids,
and shredded
containers. The incinerator utilizes the rotary kiln, secondary
combustion chamber, a waste heat boiler and the Air Pollution
Control (APC) system consisting of a spray dry absorber, carbon
injection venturi, fabric filter baghouse, I.D. fan and a 75m
stacks.
The rotary kiln/secondary combustion chamber design
effect a Destruction and Removal Efficiency (DRE) of 99.99% for
RCRA wastes and 99.9999% when burning wastes containing
polychlorinated biphenyls. A water-tube waste heat boiler cools
the combustion flue gas and generates steam in the process. The
cooled gas then enters the Spray Dry Absorber (SDA) where lime
slurry is injected for the removal of acidic gases such as
hydrochloric acid (HC1) and sulfuric acid (H2S04) .
A carbon
injection venturi will facilitate the addition of activated
carbon to remove excess hydrocarbons and dioxin/furan.
The

fabric filter baghouse will then remove the fine particulates, and
any residual toxic metals.
The clean flue gas is. then drawn
through the induced draft fan and exists to the atmosphere via
the stack. The air emission is constantly monitored to meet all
the Environmental Control Limits in Table 1.
Solid residues produced in the incineration system include bottom
ash from the kiln, fly ash from the waste heat boiler, and spray
dryer and baghouse solids from the APC system.
All solid
residues are transported to the stabilisation system for further
treatment prior to off-site disposal.
PHYSICAL-CHEMICAL TREATMENT
Inorganic wastewaters are treated in a multiple process system,
both conventionally and specially.
The physical-chemical
treatment provides the safe management of a broad range of wastes
comprising about 80% of the incoming waste streams.
Through
chemical reactions and pH adjustment, toxic metal pollutants are
precipitated out of the aqueous waste.
The precipitates are
further dewatered and stabilized for final disposal in the
landfills.
The "treated" water and filtrates are then further
"polished" in the PO*WW*ER process to produce a high quality
water for reuse.
The continuous neutralization (alkaline precipitation) system
treats the majority of inorganic waste solutions including waste
acids, alkalis, non-chelated etchants. Lime slurry or sulfuric
acid is added to the neutralization reactor where the pH is
adjusted to a range of 9-11 for precipitation of the heavy
metals. The precipitated solid is separated by gravity settling
in the thickener and then dewatered in filter presses.
A series of batch reactors pretreat difficult
prior to further treatment and disposal. These
include chelated materials, such as chelated
etchants, chelated ammonia-bearing solutions,
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inorganic wastes
difficult wastes
ferric chloride
nickel-, copper-

or zinc-bearing wastes, arsenic, sulphates and mercury. Chromium
waste solution is treated in a dedicated reactor where sodium
bisulfite is added for the reduction of hexavalent chromium.
A Waste Etchant Treatment System is specially designed for the
processing of spent ammonical copper etchants and spent cupric
chloride etchants from the printed circuit board industry. This
treatment reaction involves the addition of sodium hydroxide
solution at an elevated temperature for the recovery of copper
oxide and ammonia sulfate solution.
The wastewater is then
stripped to minimize residual ammonia concentration before
sending off to the PO*WW*ER unit.
PO*WW*ER
The
physical-chemical
treatment
system
produces
various
wastewater streams that require secondary or tertiary treating
before discharge.
This final polishing involves a proprietary
process known as PO*WW*ER. This innovative hazardous wastewater
treatment technology was originally developed to provide a single
solution to a wide range of treatment problems in conventional
wastewater treatment technologies. The process is applicable for
treating of both organic and inorganic wastewater streams to
produce a high quality effluent that can meet increasingly strict
discharge standards and chronic bioassays.
PO*WW*ER utilizes two conventional chemical process technologies
typical to the chemical and petroleum industries.
Evaporation
and catalytic oxidation are the two core processes.
The
wastewater is concentrated in an evaporator by boiling off most
of the water and volatile compounds, both organic and inorganic,
leaving a concentrated brine solution. Air or oxygen is added
to the vaporized fraction, and the mixture is forced through a
fluidized catalyst bed where the organic and inorganic compounds
are oxidized. The oxidized stream, comprised mainly of steam is
then condensed as product water. ' The condensed water is then
reuse as boiler feed water make-up and process feed water.
The concentrated brine containing the metallic salts can be
stabilized to below TCLP Toxicity characteristic limits using
conventional stabilization technology.
The oxidation catalyst
used is a proprietary, non-precious metal oxide catalyst on a
specific support.
It provides an oxidation efficiency up to
99.9% in converting the organic and inorganic contaminants into
non-toxic gases such as C02, steam, nitrogen, etc.
Typical
organic carbons concentration in the product water is below 20
ppm and the total dissolved solids is below 50 ppm. The product
water quality generally exceeds those of cooling tower and boiler
feed water make-ups.
STABILIZATION (CHEM-MATRIX™)

The proprietary CHEM-MATRIX™ process is designed to effectively
and efficiently treat the various solid and semi-solid residues,
produced from the other treatment processes, to meet the strict

Environmental Control Limits in Table 3.
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Stabilization is a

chemical treatment process to blend the waste and the reagents
at exact prescribed formulations. The reaction system is highly
heterogeneous and the physical/chemical characteristics of the
wastes vary widely.
The CWTF stabilization process consists of feed systems for
wastes and reagents, a mixer and discharge system.
The dry
reagents including binder, such as cements, kiln dust or other
pozzolanic materials, and the semi-solid or granular waste are

delivered to the mixer by conveyors.

Liquid waste and reagents

are fed by pumping. The batch mixer contains a high throughput,
high intensity, and high shear ribbon shaft-. Effective blending
of the different ingredients is achieved with predetermined and
well-controlled additives to waste ratio, mixing intensity and
residence time to produce a uniform mix. The stabilized material
is then discharged to containers directly from the mixer for
transporting to the landfills.

QUALITY CONTROL AND QUALITY ASSURANCE
The efficient operation and management of the overall activities
and services of the CWTF relies heavily on the laboratory
analytical program as well as a comprehensive distributed
database where information can be easily communicated.
This
assures
proper
treatment
decision,
operation
control,
environmental monitoring are in full compliance with the
regulatory and corporate policies.
LABORATORY
The CWTF laboratory provides services in the handling,
preparation and analysis of chemical waste samples.
Samples
handled by the laboratory are classified into four types:*

sales or pre-acceptance samples for identification,
characterization and treatment evaluation of a
particular waste material, pursuant to the operating
capabilities of the facility and prior to the receipt
of the material;

*

receiving samples for testing waste shipments in
support of the fingerprinting checks in the receiving
area and samples from deliveries in bulk tanker
trucks;

*

process samples to monitor the feed concentrations and
limits in order to insure proper operating conditions
of the different treatment units in the CWTF;

*

environmental monitoring samples to evaluate the
residual wastes, the effluent water, stabilized
residues, stack gases, ambient air, groundwater and
soil in order to insure effective treatment and
environmentally sound'operation.
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A Waste Analysis Plan (WAP) on quality control practices and
procedures will be implemented to ensure that precision and
accuracy are maintained throughout CWTF.
All analytical
instrumentation are evaluated through the use of instrument check
standard and calibration blanks.
Duplicate samples, typically
10% of each waste, and blank samples will be submitted on weekly
basis for cross checking.
COMPUTER SYSTEM
The CWTF's distributed database resides on a computer system
consisting of four computers,
Contractor Computer
(CCS),
Employer's Computer (ECS) , Laboratory Computer (LIMS) and Process
Control Computer (DCS) .
Each of the computers has its own
functionality and share portion of its database with the others,
for a common information base.
This structure allows each
computer to do its task most effectively and have the high level
of
system
availability/reliability
necessary
to
ensure
uninterrupted day-to-day controls of the CWTF functions.
The LIMS (Laboratory Information Management System) monitors the
day-to-day operation of the laboratory. Analytical results are
collected either automatically or manually into the LIMS for
transfer to the Contractor's Computer.
The DCS (Distributed
Computer System) provided the treatment process control function
and collection of environmental monitoring data from the
incineration stack and the effluent discharge.
Information is
fed into the CCS (Contractor's computer System) where reports on
environmental controls and operation controls are generated.
Other CCS functions includes:
*

waste tracking from collection, receipt, treatment to
disposal;

*

fee calculation for billing to client;

*

equipment maintenance schedule and inventory records;

*

staff training, health and safety records.

The CCS, LIMS and DCS are located on site. The ECS is located
at EPD's office and connected to the CCS through datalink. This
allows EPD to access information, collect reports, and monitor
the CWTF operation at a remote location.

SUMMARY
The Hong Kong Government's waste management strategy to
effectively control coastal water pollution and to introduce
stringent controls on chemical wastes requires the development
of centralized Chemical Waste Treatment Facilities.
This
development enables the implementation of other regulatory
control to assure chemical waste are proper managed, treated in
appropriate facilities, and disposed of in an environmentally
acceptable and safe manner. Enviropace Ltd believes the process
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technologies, the management policies and procedures incorporated
in the CWTF will meet the local demands for proper waste disposal

and satisfy the Government's objectives for "cradle to grave"
control of chemical wastes generated in Hong Kong. The CWTF will
alleviate the serious public health and environmental hazard
risks currently exist.
It will also prevent the further
environmental deterioration and enhance the attractions for
industrial and commercial investment in the Territories.
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ABSTRACT
Ontario Industries are required by law to meet strict new regulations under
the provinces MISA initiative (Municipal - Industrial Strategy for Abatement). The
petroleum - petrochemical area was selected as a leader in the development of new
environmental objectives, and monitoring and training programs.
Companies in Sarnia and other Canadian cities are installing control
equipment including various types of biological oxidation processes and other
updated systems.
Sarnia Industries have developed a unique environmental cooperative to
assure excellent air, water and soil quality in their area, and to provide a vehicle for
good public, government and industrial communications. Sarnia has become a world
leader in industrial environmental control systems and the approach toward zero
emissions.
KEYWORDS
Wastewater Treatment, Petrochemical Industries, Sarnia, Canada.

INTRODUCTION
In 1992-3 SENAI representatives visited Canada to study industrial
wastewater treatment processes. A major portion of the time was spent studying
industries in the Sarnia area and strategies to reduce pollution. The Brazilian visitors
examined the programs offered by Lambton College (Sarnia), visited all the large
industries, interviewed government and industrial personnel, and familiarized
themselves with strategies that have made Sarnia a community model for industrial
water quality control.

61

GOVERNMENT AUTHORITY AND MISA
The industries of Sarnia, Ontario have assumed a leading role as world
environmentalists and are assisting Canada to achieve the goals expressed in the
"Green Plan". This plan is a qualitative commitment by the Federal Government of
Canada to support initiatives involving environmental protection.
Canada's Government is structured so that federal authorities define the
standards that must be followed by the provices, and municipal governments must
follow provincial regulations. The main unit of federal legislation is the Canadian
Environmental Protection Act. Regarding the province of Ontario, the main acts
include the Environmental Protection Act of Ontario, the Ontario Water Resources
Act and the Environmental Assessment Act of Ontario. The main federal,
environmental agency is Environment Canada and the agency in Ontario is called
the Ontario Ministry of the Environment.
In 1986 the province of Ontario formulated an initiative called "MISA",
which stands for Municipal-Industrial Strategy for Abatement. MISA is a powerful
initiative regarding the abatement of aqueous pollutants and is much better defined
than the Green Plan. The purpose of MISA is to cut down on the quantity of
discharged industrial and municipal pollutants reaching the aqueous environment,
and eliminate toxic substances at their source. MISA is a binding regulation created
in a democratic manner through the inputs of government, public and industrial
representatives. The authority of MISA falls under Ontario's Environmental
Protection Act (EPA) and the Water Resources Act (OWRA).
The government of Ontario has grouped industries into categories and a
MISA program has been completed for several divisions. Some of the categories
include petroleum refining, industries that manufacture chemicals, industries
involved in metal refining, the pulp and paper industry, electrical power generation,
etc. Another separate, municipal sector involves the treatment of sewage. The
petroleum and petrochemical division was selected to pilot the MISA initiative since
these divisions were already far advanced along the goals of MISA.
Seven refineries and petrochemical plants in the Sarnia and Toronto areas
of Ontario were selected for the MISA pilot program. These plants included two
ESSO plants, one in Sarnia and one in Toronto, NOVACOR (Sarnia), two Toronto
PETROCANADA refineries, SHELL CANADA (Sarnia) and SUNCOR (Sarnia).
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The creation of MISA followed several phases. In the first phase technical
committees composed of industrial, government and civil personnel defined aqueous
pollutants and their sources. Sources included once-through cooling water, process
water effluents, storm water emergency overflow and landfarm leachate. Significant
testing parameters, in Table 1 included pH, ammonia, ammonium content, dissolved
organic carbon, total phosphorus, total suspended solids, volatile suspended solids,
phenolics content, sulfide concentration, 2,3,7,8 tetrachlorinated dibenzo-p-dioxin
(TCDD) and dibenzofuran (TCDF) concentrations, and the oil and grease content of
effluents. It will be observed that Ontario refineries can operate well within
provincial limits.

Table 1 : Performance Data for Seven Ontario Refinery-Petrochemical Complexes and
Loading Limits
Concentration Expressed in mg/L

TEST
Ammonia + Ammonium
DOC
Total P
TSS

vss
PbenoHcs
Sulfides
OH

It

Crease

2,3,7.8 TCDD
2,3,7.8 TCDP

I)...: Daily
W...: Weekly
Q...: Quarterly
____________ V

!l

Average for
Ontario
Refineries

w
w
w
w

1.7
1.3
0.48
27

T)
D

14
0.11

Ontario Loading Limits
Best
US
Ontario Max. Monthly Long
Limits
Refinery Daily Average Term
Average

15
35
*

0.3

*
0.01
7.0
1.0

*

5
20
1.0
23

33

18

0.004 0.045 0.015
0.3
0.2
0.004
7.5
16
1.8

2
12
0.37
15
12
0.011
0.1
5.0

6

*
*
10

*
0.100
0.10
5

w 0.084
2.5
w
-Not
Detectable- --------Not Measurable----Q
must range within 6.0 to 9.5 and be measured daily

______ ___ ti__ __ ...I... ..a

'f

71

... : Not Specified

The second phase of MISA involved the measurement and assessment of data,
and the setting of new discharge limits based on BATEA (the Best Available
Technology Economically Available). In the last phase strict procedures were defined
regarding flow measurement, sampling, analytical techniques, toxicity testing and the
format for reporting results to the Ontario Ministry of the Environment. At the
present time a monitoring program is in place and regulations have been set with the
enforcement authority falling under Ontario's EPA and OWRA. Failure to meet
these standards may result in fines and/or the imprisonment of company officials.
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PETROCHEMICAL INDUSTRIES IN SARNIA
Sarnia's industries are located inside and outside the city limits, and along
the shoreline of the St. Clair River. This river valley is called the "Chemical Valley".
The location of Sarnia in Canada, is shown in Figure 1.

Pacific

Atlantic
Ocean

[Ontario

USA
Sarnia

Port Huron
'•

ESSO

• NOVACOR
SUNOCO
• SHELL
\* ETHYL
[\
• DUPONT

HYDRO

• TERRA

USA

Canada,

Fig.l: Sarnia's Chemical Valley

There are three petroleum refineries in Sarnia and about a dozen major
chemical plants plus numerous smaller operations. The larger plants are summarized
in Table 2, and these companies are members of an environmental cooperative that
will be discussed later. The products produced by the companies of Sarnia include
petroleum products (LPG's, fuels, lubricants, etc), petrochemicals (solvents,

chemicals, resins), rubber products, chloralkali chemicals (caustic, chlorine,
chlorinated solvents), agrichemicals (ammonia, ammonium nitrate, urea, etc), and
many other substances. One of Canada's largest and most diverse chemical
operations occurs at Sarnia.
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Table 2: A Brief Description of

Major

Sarnia Chemical Plants

ESSO

Imperial OR Limited, a refinery-petrochemical complex,
Canada's largest petroleum research facility. Produces a
large variety of petroleum and petrochemical products.

POLYSAR

Polysar Rubber Corporation, a subsidary of Bayer AG, a
major world supplier of synthetic rubbers.

DOW

Dow Chemical Canada Limited, produces a wide range
of chemicals and resins.

CABOT

Cabot Canada Limited, produces carbon black.

NOVACOR

Noracor Chemical Canada Limited, produces hydrocarbons for
the manufacture of synthetic resins such as polyethylene and
styrene, and various petroleum and aromatic solvents.

SUNOCO

Sunoco Incorporated, produces petrochemical feedstocks
and fuels.

SHELL

SheU Canada Products Limited, a refinery-petrochemical
complex producing fuels, solvents, polypropylene and
isopropyl alcohol

ETHYL

Ethyl Canada Incorporated, produces fuel and lubricant
additives, antioxidants and catalysts.

DuPont

DuPont Canada Incorporated, produces polyethylene resins.

Ontario
Hydro

Ontario Hydro's Lambton Thermal Generating Station.

TERRA

Maximum capacity is 2000 MW.

Terra Industries Limited, produces ammonia, urea,
ammonium and nitrogen-type fertilizers.
_____________________________________________________________ V

INDUSTRIAL WASTEWATER CONTROL
Each major industry in Sarnia operates its own wastewater treatment facility
withdrawing and returning water to the St Clair River. Effluent treatments vary
from plant to plant depending on the nature of the processes involved. The usual
treatments involve pretreatments (stripping, pH control, oil-water separation and
equalization), biological oxidation, clarification, and at certain plants, filtration.
Sludge is disposed of by landfarming.

To Refinery—Petrochemical
Complex

Clair

Flow & Analytical
Monitoring

River

"Clean Cooling Hater
Holding Pond

011-Hater Separator
Potentially Oily Water

Storm Water

Oil Separator
Air Flotation
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Biox Treatment

Clarifledl
Effluent

Fig.2: Wastewater Treatment Facility, Shell Canada
Products Ltd.

The Shell Canada Products Ltd. facility is outlined in Figure 2. River water
is given minor pretreatment and pumped to the refinery-petrochemical complex. The
river water is clean, relatively soft and has a pH of about 8.0. Once-through cooling
water is discharged into a creek that leads back to the river, but if there is any
suspicion that process leakages are occurring, the effluents are subjected to oil-water
separation. The same is true for storm water run-off accumulation that may or may
not contain oil. Process water and ballast water effluents must be pretreated and
subjected to biological oxidation. The clarified effluent from biox treatment is routed
to a final separator and then discharged into the creek. The total effluent from the
refinery complex is continually monitored for flow and pollutant concentrations.
From this record the Ontario Ministry is assured that the operation is within MISA
limits. On occasion government officials check flow and analytical results. An oil
boom is located at the mouth of the creek in case of an emergency. Sludges are
thickened, dewatered and disposed of by landfarming.
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Pretreatments :
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• pH Adjustment
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• Equalization
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Flocculation—Clarification

Effluent Diacbarge

Fig.3: CETREL Wastewater Treatments

Figure 3 outlines the CETREL wastewater treatment operation where
p retreated effluents from the Carnahan chemical complex are mixed, subjected to
biological oxidation, and the effluent routed to the ocean where it is discharged five
kilometers off-shore at a depth of about 25 meters. The sludge remaining from
biological oxidation is subjected to aerobic digestion, dewatered and disposed of by
landfarming.

THE LAMBTON INDUSTRIAL SOCIETY
The industries of Sarnia have created an environmental cooperative called
the Lambton Industrial Society (LIS). This cooperative assures that provincial
effluent standards regarding water and air pollution are being met and alertresponse systems have been defined. Continuous water and air monitoring is carried
out at stations throughout the Chemical Valley. Test programs also include
biomonitoring using marine organisms, the benthic analyses of river sediments, the
measurement of specific toxins in water and air samples, and soil testing. The results
of LIS sponsored research is freely shared with the Ontario Ministry of the
Environment and the General Public. The cost of operating this cooperative is about
1.2 million (Canadian) dollars per year which is shared among the member
industries.
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Fig.4: Annual Loading to the St. Clair River
Data from the LIS, 1992

Figures 4 and 5 are from LIS data showing that effluent levels discharged to
the St Clair River have been reduced dramatically over the past seventeen years. In
Figure 4 the 1975 loading is made equivalent to "100" and the following years are
in comparison to this 1975 level. There has been about a hundred fold reduction in
aqueous emissions since 1975. As shown in Figure 5, there has been a significant
decrease in spills over the past six years and it is expected that this number will
further reduced after future abatement strategies are fully in effect
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Fig.5: Number of the River Incidents
Information from LIS and based on data from the Ontario Ministry of
the Environment

Biomonitoring programs carried out on fish in river water from upstream
and downstream of the industrial complex show no statistical differences regarding
breeding levels, egg survival and adult mortality. No histopathological differences
were found in fish from upstream vs downstream waters. River sediment is in an
environmentally healthy state except for an area about once-half kilometer long on
the Canadian side of the river in the City of Sarnia. This area is reported recovering.

ENVIRONMENTAL STRATEGIES FOR THE FUTURE
An interesting strategy is being developed by Dow Chemical Canada Ltd.
where work is underway to make spills discharged to the St. Clair River a thing of
the past. Everyday over nine hundred thousand cubic meters of water flows through
its Sarnia operations. The "River Separation Project" outlined in Figure 6 suggests
what the completed project should look like by the year 2000. Only treated water
and once-through cooling water will be discharged into the river.
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Fig.6: Dow's River Water Separation Concept

Sarnia industries are emphasizing an applied approach in achieving further
abatement. This includes more intensive operator training programs, better internal
communication systems and improved in-plant practices. Improved in-plant practices
involves better housekeeping, maintenance and emergency planning, improved line
and valve identifications, more frequent checks on instrumentation, more extensive
environmental auditing, and increased effluent monitoring. Older process equipment
will be modified to cut down on emissions and new installations are being designed
with abatement in mind. Tertiary treatments are receiving more attention including
activated carbon filtration, reverse osmosis for certain leachates, extended aeration,
etc. It must be emphasized that many older types of installations still exist in the
Valley that offer a real challenge to reducing emissions. It has been found that
common sense and knowledge are the key ingredients for immediate abatment
improvements.
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ABSTRACT
Over the past decade environment protection policies have placed increasing emphasis on waste
minimisation and cleaner production techniques. The Environment Protection Authority in Victoria,
Australia, has sought to encourage waste minimisation by establishing a Clean Technology Incentive
Scheme. This Scheme makes available secured interest-free loans of up to $100,000 to selected small
and medium-sized companies proposing to install proven yet innovative waste reducing technology.
Applications are evaluated by a Review Committee drawn from a diversity of backgrounds. The
technical feasibility, innovativeness, environmental benefits and financial soundness of proposals are
assessed and a short-list of potential loan recipients prepared. The managerial competence and financial
status of short-listed applicants is checked before loans are made. The Scheme was established in 1988
and since then 35 offers of loans have been made. Whilst the newness of the Scheme makes evaluation
of its long-term effectiveness premature, results to date are encouraging. Case studies of three
especially successful projects are presented.

KEYWORDS
clean technology; environment; incentives; industry; minimisation; policy; waste.

INTRODUCTION
Most of the world’s countries have by now established specific agencies with responsibility for
protecting the environment. In the State of Victoria, in Australia, the responsible agency is the
Environment Protection Authority (EPA), which came into existence in 1971. Up until around ten years
ago the policies of the EPA, like those of its counterparts elsewhere, were directed mainly towards
conventional "end-of-pipe" regulation and treatment. ' However by then it was becoming apparent to
environment protection agencies worldwide that "end-of-pipe" control by itself was inadequate and that
more needed to be done to limit the quantities of wastes produced by industry. In consequence, many
countries have since modified their environment protection policies to place progressively increasing
emphasis on waste minimisation and cleaner production techniques.
The way in which these policy shifts tend to manifest themselves in policy documents and actions is
well illustrated by Morse (1989), who discusses developments in attitudes to waste minimisation in the
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United States during the mid to late nineteen-eighties. The first stage in the development of a waste
minimisation policy would appear to be explicit recognition of the need to reduce waste quantities.
Morse (1989) illustrates this with a quote from "the Hazardous and Solid Waste Amendments of 1984",
which he reports as stating that:
"wherever feasible, the generation of hazardous wastes was to be reduced or eliminated as
expeditiously as possible".
The next stage involves the identification of measures to achieve waste minimisation; in this case the
example introduced by Morse (1989) is that of a 1988 Report to the United States Environmental
Protection Agency (USEPA) entitled "Future Risk: Research Strategies for the 1990’s". This is
reported as recommending
"that pollutants be reduced at the source through product design changes, manufacturing process
changes, material substitutions and recycling".
The logical next step is to develop policies designed to encourage and facilitate implementation of
changes like those identified above and thereby to achieve significant reductions in the amounts of waste
generated. In the United States this was accompanied by the establishment of a body, the Pollution
Prevention Office (PPO), with specific responsibility for implementing the following objectives (Morse,
1989):
•

Incorporate pollution prevention into USEPA policy, implementation and internal operations.

•

Support State and local programmes.

•

Supply the tools and mechanisms to prevent pollution.

•

Target opportunities and identify incentives and barriers.

•

Market pollution prevention as a new environmental ethic.

•

Develop reliable indicators to measure national progress.

•

Identify, prioritize and coordinate research to increase pollution prevention, and implement a
cooperative programme to conduct this research.

In Victoria, corresponding policy developments occurred, but without the creation of any additional
administering body. In April 1988 a Draft Waste Minimisation Policy was released for comment. This
was followed in 1990 by the formal gazetting of an Industrial Waste Management Policy (Waste
Minimisation) (Government of Victoria, 1990). Whilst the Policy statement covers much the same
ground as the mandate given to the PPO, the objectives are expressed differently. The primary
objective is given as being "to reduce potential hazards to human health and to the environment posed
by industrial wastes, by ensuring that the generation of such wastes is minimised" (Clause 15).
Secondary objectives (Clause 16) include the promotion of more efficient use of resources; reductions in
the need for waste treatment facilities, in overall waste disposal costs, and in inspection and enforcement
costs; and improvements in cost efficiency through reductions in waste disposal and raw material costs.
The final stage in the introduction of a waste minimisation program is its implementation and this is
recognised in the abovementioned 1990 Policy. This Policy incorporates a section setting out measures
to be taken to attain the policy objectives given above. These include the following clause (Clause 41):
"The Authority may provide financial assistance for industrial waste minimisation research and
development and for the installation of waste reducing technologies."
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In this clause is embodied recognition of the important role that financial inducements have to play in
achieving a high level of cooperation from industry in any waste minimisation program. However, the
form that such inducements should take and the industries at which they should be directed are far from
easy matters to resolve.
The result of the EPA’s deliberations on this matter was the setting up of a Clean Technology Incentive
Scheme (CTIS), which forms the subject of the remainder of this paper. The CTIS is administered by
the EPA and involves the provision of secured interest-free loans to selected small and medium-sized
industries proposing to invest in technologies designed to reduce or eliminate waste generation. The
loans are designed to cover up to 50% of capital expended directly on waste minimising technology;
they have an upper limit of $100,000 and are repayable in instalments over a ten year period. Awards
totalling around $500,000 have been made in each of the last four years.
The form of the incentives provided in the CTIS was determined in the first instance by the prevailing
economic situation and by financial pressures on the government of the day. These combined to make
recoverable loans the only acceptable form of financial inducement.
The restriction of the coverage of the Scheme to small and medium-sized companies is perhaps less easy
to understand, at least at first sight. The logic behind this step becomes clearer, however, if
consideration is given to the way in which environment protection policies and practices evolve. It is
perhaps inevitable that among the first targets of any newly formed environment protection agency are
the larger industrial plants, especially large chemical and petrochemical complexes. In a country that
has previously lacked effective environmental protection, such plants tend to be readily identifiable and
conspicuous point sources of substantial amounts of pollution, often of an unpleasant, hazardous or even
toxic nature.
With the establishment of an effective environment protection agency, marked changes in the attitudes
and operations of such industries usually ensue. Environmental specialists are hired, research and
development programs set up to look at specific environmental problems, and expertise gained in
pollution control. Awareness is also rapidly gained of the economic and public image benefits
associated with reducing waste generation. Because of their accrued experience and expertise, as well
as their size, these industries tend to have little trouble assembling the human and capital resources
needed for plant modifications and additions. This is especially true in the case of large multinational
organisations with their large and varied resources, as well as their concern to establish and preserve a
good global corporate image. In such circumstances incentives such as those employed in the CTIS
would be likely to have little effect on corporate decision-making, especially if the level of capital
investment envisaged were well in excess of the maximum loan the EPA could offer.
For smaller industries the position is often very different. Usually they have received comparatively
little individual attention from environment protection agencies and their level of environmental
awareness and concern are often correspondingly low. In addition they frequently lack the expertise,
manpower and access to capital available to larger companies, with the result that many waste
minimisation opportunities are not grasped. This is despite the fact that the changes that could be made
are frequently economically as well as environmentally advantageous. In such circumstances provision
of financial incentives to promote waste minimisation makes good sense, particularly as the sums of
money involved are much more likely to be significant to potential recipients.
A further consideration favouring the direction of incentives towards smaller industries is the importance
of small to medium-sized manufacturing industries to the Victorian economy. Taken together these
industries probably have much greater adverse impact on the Victorian environment than the larger
industries, yet their continued economic viability is also crucial. The CTIS provided the EPA with a
way of approaching the pollution problems of these smaller industries that is not solely punitive but
provides tangible encouragement to institute changes to reduce waste generation.
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DETAILED DESCRIPTION OF THE CTIS
Inception and Subsequent History
The background to the development of the Clean Technology Incentive Scheme is given in the previous
section. The Scheme was formally launched on 26th September, 1988, with advertisements appearing in
newspapers and trade and industry journals. The initial response was poor, with only 16 applications
for assistance being received by the end of February 1989. A second round-of advertisements was more
successful, increasing the number of applications to 57. These applications were reviewed as described
later and loans offered to 15 companies.
A similar approach has been followed in subsequent years except that a second round of advertisements
has not been necessary; as the Scheme has become more widely known, good numbers of applications
have been received and the technical merit of the proposals put forward has improved. Since the
inception of the Scheme, awards have been made to a total of 34 companies and the Scheme appears set
to continue, albeit under the new name "Cleaner Production Grants Scheme" as from 1993.
Eligibility and Assessment
Any company wishing to implement changes leading to waste reduction at a premises in Victoria is
eligible to apply to the CTIS for assistance. Applicants have to accept, however, that any loan can only
be put towards capital expenditure on new plant, equipment or processes directly linked to the
achievement of lower levels of waste generation.
At the time of introducing the Scheme, it was envisaged that preference would be given to
•

small to medium sized companies

•

companies installing technology for minimising production of the specific priority wastes listed
below:
arsenic and its compounds
cadmium and its compounds
chlorinated hydrocarbons
chlorofluorocarbons
genetically active wastes
lead and its compounds
mercury and its compounds
organophosphorus compounds
petroleum hydrocarbons
polychlorinated biphenyls

•

plants where there are clear prospects for major environmental improvements to be made

-

technologies suited for demonstrating to other companies that waste minimisation can be
financially viable as well as environmentally beneficial

•

plants where the changes it is proposed to make have broad applicability to other plants

•

changes that are likely to achieve early, tangible waste minimisation benefits

•

innovative ideas

To evaluate the applications made to the CTIS a Review Committee was established, with representation
drawn from a range of backgrounds, including government, research organisations and academia.
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Industry was not represented on the Committee, though its membership included people with past
industry experience. The Review Committee agreed on the following set of guidelines that applications
for support from the CTIS should be required to meet:
•

the proposal should be for the installation of proven technology that will reduce significantly the
volume (or strength) of waste generated and/or its associated environmental hazards

•

the proposal should not be for what might be described as end-of-pipe treatment, but should be
directed towards reducing the amount of waste generated ■

•

the proposal should not be for money to support research, development, marketing or
administrative activities

•

the improvements for which support is requested should be readily transferable to similar or
related industries

•

the proposal should not be seeking support for technology already in use in Victoria in the
industry concerned, i.e. there needs to be an innovative aspect

•

clearly identifiable environmental benefits should result from implementation of the proposal

•

the proposal should be cost-effective, i.e. have demonstrable cost benefits.

With the above guidelines in mind, each application is evaluated against a set of specific selection
criteria:
•

the extent of any toxicity or hazard associated with the production and subsequent disposal of the
wastes affected by the proposal

•

the environmental impacts associated with disposal of the wastes involved

•

the extent of reduction in waste volume to be realised by the proposed improvements

•

the expected effect on existing waste handling and treatment facilities

•

any improvements in working conditions or occupational health and safety benefits arising out of
proposed changes

•

potential economic advantages, including reductions in expenditure on raw materials or waste
disposal

•

the extent to which the technology to be introduced is applicable to other plants and industries,
and its suitability as a demonstration project to publicise the benefits of waste minimisation

•

the extent to which the technology to be introduced is novel in the context of Victorian industry

•

the size of the company

•

the record of the company in managing its environmental affairs. (The CTIS loans were not
instituted to help companies comply with previous EPA imposed pollution abatement
requirements.)

A preliminary evaluation is usually sufficient to eliminate a sizeable number of applications. The
remainder are then followed up by EPA staff in order to obtain more detailed technical information and
to obtain answers to any questions raised by the Review Committee. This usually involves site visits
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and extended interviews with staff of the companies involved.
applicants is drawn up.

Finally a ranked short-list of suitable

Financial Evaluation
To ensure that short-listed applicants have the ability to implement and execute their proposals,
assessments are made of their management practices and financial position. In the past this has involved
checks by an independent accounting firm of the intended loan recipient’s assets and liquidity as well as
verification that the intended recipient’s financial position is otherwise sound.
Loan Conditions
Subject to satisfactory management and financial status reports, a loan is awarded, subject to the
following conditions:
•

loans of more than $10,000 have to be secured by bank guarantee or a mortgage on property or
equipment

•

loans for less than $10,000 have to be secured at the discretion of the EPA

•

loans are to be repaid in forty quarterly instalments over a ten year period.

In addition all loan recipients are required to submit regular reports to the EPA in which details are
given of:
•

actual expenditure on installing the waste minimisation technology involved

•

the levels of waste reduction already achieved and those anticipated in the future

•

the cost effectiveness of the project

•

any unforeseen benefits or problems arising out of the project

EVALUATION OF THE CTIS
To date 25 companies have taken up loans under the CTIS, while offers have been made recently (May
1993) to a further nine. A striking feature of the successful proposals is their diversity, though this is to
some extent ensured by the requirement that proposals have an innovative aspect, at least in the context
of Victorian industry. The only large readily identifiable group of successful proposals is in the area of
organic solvent waste reduction. Even here, the technologies involved vary widely, ranging from better
in-process solvent recycling to complete displacement of solvent-based materials by water-based ones.
Because of the comparative newness of the CTIS, it is too early to evaluate its long-term impact on
waste minimisation in Victoria. However there have already been a number of notable successes
amongst the early loan recipients, with several setting examples which have been followed by others.
Good publicity has also been achieved for waste minimisation, with three winners being featured on the
Australian Broadcasting Commission’s television series "A Question of Survival". In addition, four
companies have provided detailed case study material for inclusion in the United Nations Environment
Program technology transfer data base (ICPIC).

CASE STUDIES
To illustrate the kinds of proposal supported by the EPA through the CTIS, case studies of three of the
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most successful projects are presented below.
Case Study 1:

Quality Heat Treatment Pty Ltd

The proposal advanced by this company was to use fluidised bed furnaces in place of the cyanide salt
baths conventionally used for heat treating metals. Although the fluidised bed technology was in use in
several overseas countries it had not then penetrated Victorian industry. It was estimated that 80-120

salt heat treatment baths were in use in the Melbourne area alone, with half of these using cyanide salts.
At least 15 tonnes of cyanide salt wastes were estimated to be being discarded annually in Victoria.
Replacement of cyanide salt baths by fluidised beds would eliminate these cyanide wastes without
creating any further wastes, other than the comparatively innocuous flue gases escaping from the fluid
bed surface. Occupational health and safety problems associated with the storage, use and transport of
cyanides and cyanide wastes would also be avoided. In addition the fluidised bed heat treatment system
had the capability to achieve more precise control than was possible in salt baths over temperatures
around metal pieces being subjected to heat treatment. Given these advantages, together with the
suitability of fluidised bed systems for small to medium-sized applications, prospects for widespread
substitution of cyanide salt systems by fluidised bed ones appeared excellent.
A plant based on the use of high technology fluidised bed furnaces was commissioned in 1990. The
equipment comprises two cylindrical FH69 fluidised beds (600 mm in diameter and 900 mm deep),
three FH25 cylindrical fluidised beds (200 mm in diameter and 500 mm deep) and a small component
nitriding furnace. Alumina is used as the solid medium in the beds, which are constructed of an alloy
that does not distort over the temperature ranges involved. Heating is achieved electrically or using gas;
temperatures achievable are 1110°C in the FH69 beds and 750°C, 950°C and 1122°C respectively in the
three FH25 beds.
The new plant is computer controlled and able to carry out surface treatments such as carburising,
nitriding and nitrocarbonising. The required atmosphere in the bed is achieved by using a fluidising gas
consisting of an appropriate combination of air, ammonia, nitrogen, LPG and other gases.
The fluidised bed systems developed by Quality Heat Treatment Pty Ltd have proved very successful.
As yet only limited penetration of the domestic market has been achieved but over 140 units have been
exported.
Case Study 2:

Gainsborough Hardware Industries Ltd

This company is a medium-sized company making door hardware products. At the time application was
made to the CTIS, the zinc based die cast components used in these products were being finished by
conventional electroplating sequences involving up to five separate plating stages. The electrolytes
involved contained various combinations of caustic alkalis, mineral acids, cyanides and metals such as
copper, nickel, chromium and gold. The spent electrolytes required various treatments, such as cyanide
destruction, prior to disposal; 1.5 megalitres of wastewater and 60 kilolitres of heavy metal containing
sludges were needing to be disposed of annually.
The company proposed replacing conventional electroplating techniques by an electrophoretic lacquering
system. The latter technique involves transfer of a coloured lacquer directly onto a clean metal surface
from an aqueous solution of resin mixes; the transfer is achieved by application of a high voltage
between the part to be lacquered and the solution. Lacquer hardness is in excess of that of a 4H pencil
and is suitable for a variety of applications.
It was envisaged that installation of an electrophoretic system would obviate the need for cyanide
destruction, substantially decrease water consumption and reduce the amounts of heavy metal sludge.
Levels of contaminants in the discharged water are reduced by means of ultrafiltration to remove
impurities and resin breakdown products.
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Since installation of the electrophoretic system, gold surface finishes formerly applied by electroplating
have been replaced by similarly coloured electrophoretic lacquers in 94% of applications. Brass and
copper colours are being added to the lacquer range and water usage has been more than halved. There
is strong potential to transfer the technology to other, related electroplating industries, the wastes from
which are an ongoing problem.
Case Study 3:

Wattyl (Victoria) Ltd

This branch of a large national company is of medium size and is involved in manufacturing automotive
paints. Waste solvents are generated when equipment is washed down between batches. In the past the
waslung solvents were used repeatedly until the solids content became too high. Initially, they were
then discarded and transported off-site for treatment; up to 50 kilolitres per annum were handled in this
way. Subsequently, dissatisfaction with the level of off-site treatment had led to the waste being
stockpiled on-site.
The proposal put forward by this company was for purchase and installation of an on-site solvent
distillation system to recover solvent for reuse. The system to be installed was expected to yield a
water-free product, something that off-site treaters of the discarded solvent had failed to achieve.
Whilst the technology was not particularly novel, it was expected that the reduction in the number of
transfer operations would reduce evaporation losses and the potential for further losses due to off-site
accidents and spills.
The distillation system was installed and proved capable of recovering nearly 100% of the waste
solvent. However this still left a residual sludge to be disposed of. More recently the system has been
modified to give only 90% recovery; the comparatively liquid residue remaining is now used as part of
the base for an undercoat paint formulation. The company has also looked closely at manufacturing and
equipment washing techniques, with the result that the number of solvents used in the plant has been
. reduced by two-thirds. Much of the equipment cleaning is now done using part mixes of future paint
batches and the resulting impure solvents stored according to colour group for later incorporation in
suitable paint batches. In effect, the system is now a complete closed loop recovery unit with no
significant waste discharge.

CONCLUSIONS
Over the past four years the Clean Technology Incentive Scheme has made available close to
$2,000,000 in loans to help promote waste minimisation and cleaner production technology. As the
loans are secured, the direct costs to the Victorian Government are comparatively small, comprising
only the interest foregone on the loans and the costs of administering the Scheme (estimated to be
$50,000 annually).
The level of interest in the Scheme, as evidenced by the number of applicants each year, and the
publicity generated by successful projects such as those described above, have contributed substantially
to promoting cleaner technologies in Victoria. An unexpected bonus has been the establishment of one
export-oriented industry earning substantial amounts of foreign exchange for the State. Overall it is felt
that the Scheme has been both an environmental and an economic success.
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ABSTRACT
Processes used in the treatment of a petroleum refinery wastewater
included initial API oil separator to be • followed by dissolved air
flotation and extended aeration system. The API oil separator removed
most of the settleable solids and oil. The residual oil varied from
around
680
mg/1
to
104
mg/1
was
further
treated. with, chemical
coagulation, flocculation and dissolved air flotation which remove more
than 80 % of the oil and grease. Mean COD after dissolved air flotation
was around 970 mg/1 and it was lowered to around 378 mg/1 using the
extended aeration biological system at 15-day HRT. The final effluent
COD/BOD ratio was high indicating the presence of a high percentage of
refractory organic compounds.
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The Southeast Asian region is a major oil producing area. Many refineries
have been built in the last few decades to meet demand for refined
petroleum products. Common refinery wastewaters include various caustic
solutions,
spent
sulfuric
acid
products
and
foul
waters.
These
wastewaters often contain high concentration levels of organic and
inorganic .compounds
.
The refinery in this study channels all its
wastewater through an API oil separator which removes more than 85 % of
the oil and grease present and at the same time removes close to 90 % of
the settleable solids. The effluent COD, BOD, oil and grease are still
higher than the effluent discharge standards into the receiving waters.
Further treatment of the wastewaters is necessary. During* the period
studied wastewater generation rate varied significantly from, around less
than 1 cu m/min to around 20 cu m/min. The existing treatment facility
after API oil separator includes chemical coagulation and flocculation,
dissolved air flotation and an aerated lagoon. This paper summaries
results of field and laboratory studies.
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MATERIALS AND METHODS
Daily monitoring of performances of the API oil separator, the chemical
coagulation and flocculation unit, the dissolved air flotation systems,
and the aerated lagoon systems was carried out over a year period.
Chemicals used for coagulation and flocculation included alum, lime and
polyelectrolite. The pressure used in the pressure chamber for dissolved
air flotation
varied from 8 to 12 bars. Detention time was 1 to 2
minutes
in
a
once
through
system
without
any
recycling
of
the
wastewaters.
Six turbine type surface aerators giving a theoretical
oxygen/COD ratio of around 2 were installed at the aerated lagoon. As
peak flow occurred only around 15 % of the time only 5 aerators were run
continuously with one serving as standby especially during maintenance.
Effluent of the the aerated lagoon discharged into a stabilization pond
before entering the sea. Laboratory activated sludge units were made of
glass containers with an effective volume of 20 1 each. Diffused air
systems were
used
in the laboratory scale studies. At least 1 mg/1
dissolved oxygen was maintained in the mixed liquor.
Seeds for the
laboratory activated sludge units were obtained from settle solids of the
aerated
lagoon.
The
mixed
liquor
suspended
solids
(MLSS)
were
maintained at around 3,000 mg/1 through daily wasting
and
recycling
solids from the reactors.
The mean cell residence times
(SRT)
were
determined by dividing the mean total volatile suspended solids in the
reactors by the mean daily suspended solids wasting rates. Steady state
conditions were assumed after three times the solid retention times.
Nutrient
content
was
maintained
at
around
100:5:1
with
nutrient
supplements, Whenever necessary, 'of ammonium salts and phosphoric acids.
Progress of the laboratory
test
runs was monitored by measurements of
pH, alkalinity, BOD, COD, TSS, N, P, oil and grease, metal, sulfide and
dissolved oxygen at
regular intervals in accordance with the Standard
Methods (1985).

RESULTS AND DISCUSSIONS
Effluent of the API unit showed an oil and grease content of over 550
mg/1. After chemical coagulation and flocculation and dissolved air
flotation treatment, the mean oil and grease concentration level was 145
mg/1, COD 970 mg/1, BOD 338 mg/1 and sulfide 2.72 mg/1 (Table 1). The
C0D/B0D ratio was 2.8 indicating that the wastewater could be treated by

Table 1. Characteristics of wastewaters, mg/1

Processes

Parameter

Influent
range

mean

range

mean

7,220

680- 104

550

API separator

Oil & Grease

12,830-840

Coag & Floe
+
Dis. air float

oil & grease
COD
BOD
sulfide
TKN
TP
Cd
Cr
Cu
Fe
Ni
Pb

680- 75
550
2,580-392
1,460
695- 48
549
186
8
42- 18
22
115
7
Not Determined
II
II
II
It
II
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Effluent

228- 26
145
1,288-731
970
511- 24
338
161.3
2.72
223.2
8.21
20.4
0.96
0.06ND
0.01
0.08ND
0.03
0.120.01
0.08
1.838.34
2.81
1.871.28
0.93
0.62ND
0.23

biological processes. • Benzene content was determined to be around 0.63
mg/1. There were significant amount of VOC which would be stripped off
into the air under aeration. The impact of- VOC on the ambient air is yet
to be evaluated. Parameters
such as metals and sulfide were, however,
observed to be at relatively low levels. Effluent from the dissolved air
floatation system entered the aerated lagoon.
It was noted that effluent
quality from preliminary treatment including API separator,
chemical
coagulation and flocculation and dissolved air flotation varied a great
deal. Unpredictable influent quality was one reason. The performance of
the dissolved air flotation system was less than designed expectation.
The length of the effluent pipe from the pressure chamber to the
flotation' tank inlet was more than 8 meters. Much of the dissolved air
was released from the wastewaters and they formed large air bubbles

before they entered the flotation tank. As a result much of the oil and
grease
were
not
significantly.

effectively

removed.

COD

and

BOD

also

varied

The performance of the aerated lagoon operating at a once
through system
without sludge recycling was less than desirable. Mean effluent COD
during the period of study at 30-day HRT was 177 mg/1, BOD 19 mg/1, oil
& grease 16 mg/1 and sulfide 0.43 mg/1 (Table 2) . Even after 5-day

Table 2

Parameters

Effluent characteristics of aerated lagoon, mg/1

Influent

Effluent
15-day HRT

COD
BOD
Oil & grease
Sulfide
Samples no.

970
336
145
2.72
256

378
38
47
0.82
76

20-day HRT
286
22
28
0.59
84

30-day HRT
177
19
16
0.43
42

detention at the stabilization pond COD, BOD, oil & grease and sulfide
levels did not change significantly. Performance of the treatment systems
was not acceptable. Major upgrading of the treatment system is underway
and conversion of the aerated lagoon to an activated sludge system is
among
the
changes.
Biokinetic
studies
using
the
laboratory
scale
activated sludge system and equations developed by Lawrence & McCarty
(1970) yielded the following biokinetic constants:
*

Kg, the half saturation constant = 128 mg/1 BOD;

*
*
*

k, maximum substrate utilization rate = 1.48 mg BOD /g VSS-d;
Y, yield coefficient = 0.68 g VSS/g BOD; and
kd, microbial decay coefficient, 0.03 day 1.

BOD values were based on 5-day incubation at 20 degrees Celsius. The
MLVSS concentrations level at the reactor were maintained at around 3,000
mg/1 with cell recycling. Laboratory scale
activated sludge studies
showed that at
20-day solid retention time, an effluent of around'- 200
mg/1 COD and 17 mg/1 BOD could be achieved. The COD to BOD ratio, was
around 10 indicating that much of the residual COD after biological
treatment were compounds that might be difficult to degrade using the
aerobic biological treatment systems.

CONCLUSION
Field studies of a refinery wastewater treatment systems were carried out
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over a year period. Treatment processes of the
system included API oil
separation,
chemical
coagulation
and
flocculation,
dissolved
air
flotation and extended aeration using an aerated lagoon. The API oil
separator ' removed most of the oil and grease, settleable solids and
produced an effluent of
550 mg/1 of oil and grease, 1,460 mg/1 COD and
549 mg/1 BOD. With chemical coagulation and flocculation to be followed
by dissolved air flotation, oil & grease was reduced to 145 mg/1, COD to
970 mg/1 and BOD to 330 mg/1. Effluent of dissolved air flotation was
treated by an once through aerated lagoon
system. Treated wastewaters
still contained 16 mg/1 of oil & grease, 177 mg/1 COD and 19 mg/1 BOD" at
30 day HRT. Treatment performance of the systems installed was not up to
expectation with treated effluent exceeding discharge standards a greater
part of the studied period. Major upgrading of the treatment facilities
was needed.
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ABSTRACT
The Puerto Cabello-Moron coastal area of Venezuela is an ideal location for industries
that require large land areas, water, marine transportation, minimum habitation, cooling
water and waste disposal options both on land and sea. However, mercury spills
between 1957 and 1976 has produced concern in the entire coastal zone from Puerto
Cabello to Chichiriviche (70 kilometers of coastline) and the National Park area.
MARNR, the Ministry of Environment and Renewable Natural Resources in Venezuela
requested Bechtel to evaluate the impact of the major industries in this area.
Bechtel’s investigation included chemical, biological and toxicity analysis of the rivers,
and key locations along the coast and the sea and industrial effluents. In addition, a
literature search was made of any previous work to assist in the evaluation and
recommendations for any necessary corrective action.
The investigation identified negative impacts due to the effluent discharge of the major
industries. Recommendations for wastewater management included installation of
wastewater stabilization lagoons for treatment and ocean outfalls for final effluent
disposal.

KEYWORDS: Puerto Cabello-Moron; assessment of impacts; major industries; paper
mill; petrochemical.

INTRODUCTION
As part of the feasibility study/conceptual design for the Occidental Coastal Region
Project, Bechtel was requested by Ministerio del Ambiente y de los Recursos Naturales
Renovables (MARNR) to make an assessment of the impacts of the wastewater

discharges from the major industries in the Puerto Cabello-Mor6n area. This area has
many small and medium-sized industries particularly in Puerto Cabello; but in the zone
that stretches from the oil refinery in the south to the paper mill in the north, there are

several major industries in operation.
The major industries considered in this report are not connected to any municipal
collection and treatment system; and they discharge large volumes of wastewater to the
terrestrial and marine environments. Bechtel made attempts to obtain information on
wastewater management practices from industries in the Puerto Cabello-Mor6n area by
way of questionnaires and visits to the plants. Some of the data from those surveys
are summarized in Table 1.
These major industries have been in operation since the 1950’s and are using
processes and technologies that are not as environmentally sensitive as the plants that
are being built today in the industrialized world. As a result, there have been
environmental impacts from the wastewater effluents from these industries.
A significant example of this impact is the cloro-soda plant that was in operation at the
petrochemical complex (I-2) between 1957 and 1976 to produce chlorine gas and
sodium hydroxide. The process used in the plant involved the use of liquid mercury
as a cathode in the electrolysis of sodium chloride. Unfortunately, the process was not
operated very safely and mercury was spilled on the floor during operations and was
not recycled to the process. Reports state that seven (7) tons to forty (40) tons of
mercury were discharged to an adjacent stream (Cano Alpargaton) during the years of
operation of the plant. There were three (3) reported deaths from this toxic
contamination. Two hundred workers from the plant were reported to have developed
illness from the mercury contamination. Some workers lost their teeth, others lost some
vision, others were disabled from working,- and others retired early because of poor
health. Analysis at that time by various study groups and investigators revealed
mercury above normal and safe concentrations in the working environment on adjacent
lands, water, in vegetation, fruit, coastal waters, marine sediments and aquatic life.
Since mercury is not readily oxidizable, it can persist for a long time in the coastal
environment.
Due to the action of northerly currents parallel to the coast, toxic water from Cano
Alpargaton was carried from Mor6n to the Morrocoy National Park. Analysis of samples
are reported to have shown high levels of mercury in plants, dams, oysters, lobsters,
and fish in this area (Ozaeta and Monaco, 1979). Samples of oysters and motiusks
taken along the shoreline of Golfo Triste, between Mor6n and Tucacas, showed
hazardous concentrations of mercury in their tissue, up to 2800 micrograms per iter
(Ozaeta and Monaco, 1979). Samples of local coconuts and lemon juice showed
concentrations of mercury of 18 micrograms per liter and 10 micrograms per iter
respectively. A study done on the Rio Yaracuy river basin (Parra, 1979) revealed up
to 3000 micrograms per liter of mercury in the muddy waters of Cano Alpargatdn.
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This paper summarizes Bechtel’s work in the assessment of impacts and the
development of recommendations to solve the problems and to reduce the
environmental impacts and risks.
Table 1 - Wastewater Characteristics of Major Industries - Discharges to the Receiving Bodies
INDUSTRY™

DATE OF
DATA

DISCHARGE
FLOW
L/DAY x 103

BOD5

COD

KG/DAY

KG/DAY

SUSPENDED
SOLIDS KG/DAY

PHOSPHORUS
TOTAL
KG/DAY

NtTROGEN
(TKN) KG/DAY

PH

M

June 1992

26438

24587

93379

27231

56

1296

7.9

M

January
1992

17261

9666

39838

11651

76

518

7.7

I-2

1992

11232

618

449

28080

9

I-5

1992

1700

121

838

901

114

8024

1 -2

l*7

1992

8176

469

1534

410

4.4

Not
Available

7.3

Not
Not
Available Available

™ Data obtained from other industries was incomplete

DESCRIPTION OF COASTAL AREA
The coastal areas to the north and west of the Puerto Cabello industrialized zone to the
National Park and Cuare Wildlife Refuge form the boundaries- of the study area. The
Golfo Triste is the main body of water within the industrial effluent impact area whose
currents have the potential of migrating north to the National Park and Cuare Wildlife
Refuge.
The annual average temperature in this region is between 26°C and 26.5°C, and the
predominant winds during the year come from the east-northeast with an annual
average velocity of 7.7 km/hr. The waves in the ocean also come predominantly from
the east-northeast with a maximum height of 1.2 meters and a period of 4 to 5
seconds. The tides are diurnal with an average range of 0.3 meter. The oceanic
currents in the Puerto Cabello-Moron region are of two types - away from the coast the
prevalent current is to the west, and near the coast there is a countercurrent to the
east. Further north, from Moron towards the National Park, the currents go towards the
north along the coast. There are occasional whirlpools in the south region of the Golfo
Triste.
The area to the south of the Golfo Triste, Puerto Cabello-Moron, is the nucleus of port
activities and industrial activities for this region. The majority of these industries
discharge to the municipal sewer system or to the rivers that flow to the sea, without
any wastewater treatment. This pollution contributes to the poor water quality in the
port area.
The area to the north of the Golfo Triste, the Costa Oriental Falcon, is primarily rural
and residential in nature, but is also the nucleus of tourism and recreation for the
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Occidental Coastal Region. This area has approximately 70 kilometers of beaches,
mangroves, and numerous cays in the National Park area and in Chichiriviche. The
Park contains mangroves, beaches, coral reefs, caves, wetlands and marshes that are
a natural habitat for many species of marine life and birds.
In addition to the recreational aspects of the region that borders the Golfo Triste, the
fish, shellfish, and mollusks that are caught in this area provide a source of food for the
residents and tourists in this part of Venezuela. Fishing is done both in the Golfo
Triste, near to the coast, and in the deep ocean waters.
MAJOR INDUSTRIES. RIVERS. AND DOMESTIC DISCHARGES
A short summary of the functions of each of the major industries is as follows:
H is a pulp and paper factory that produces several categories of paper, cardboard,
and cartons. The factory was built in the early 1950’s and has continued to operate
with expansions and modifications. Industrial wastewater from this factory is continuous.
The effluent that is produced at the plant is a combination of the paper mill and the
pulp plant effluent. Wastewater treatment is a series of anaerobic lagoons and sludge
lagoons. Final disposal of the effluent from these lagoons is by way of two cahos that
flow to the sea. Domestic wastewater is treated on-site in a circular carousel oxidation
disk.
is a petrochemical complex that produces ammonia, urea, sulfate of ammonia,
phosphoric acid, NPK and DAP fertilizer, sulfuric acid, and oleum. The factory was built
in the mid 1950’s and has expanded to include the manufacturing of other chemicals
in subsidiary companies, such as I-3 and l-4, that are located within the complex. The
industrial wastewater effluent from this complex is continuous. It leaves the plant in
three separate streams. Three concrete channels carry the effluents that discharge
directly to the sea. Except for two settling ponds on site, no wastewater treatment is
provided for the effluents. Domestic wastewater is treated by an activated sludge
treatment plant.
W is a factory that is part of the petrochemical complex I-2. This factory produces
polyphosphates from phosphoric rock for use in detergents. The industrial wastewater
from the process is intermittent. It is a slurry that contains primarily sulfates of calcium
and magnesium. This slurry goes untreated to a sludge holding pond in the wetlands
at the rear of the plant. Domestic wastewater is treated by a package treatment plant
that has clarification and disinfection before discharging to a canal that flows to the sea.
M is a factory that is part of the petrochemical complex of I-2. This factory produces
fluorocarbons for use as refrigerants and propellants. Industrial wastewater from this
facility is intermittent. A byproduct of this process is hydrochloric acid. The excess
acid is neutralized with calcite (CaC03) and sodium hydroxide prior to discharge to the
adjacent wetlands. Domestic wastewater is disposed of in septic tanks.
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L5 is a factory that produces ammunition, TNT, and other explosives. Industrial
wastewater from this factory is intermittent, 2 to 3 months in the year. It is discharged,
after neutralization, to a creek that flows to the sea. Domestic wastewater is discharged
into a series of two natural lagoons that overflows to the adjacent stream.
143 is a power plant that produces electricity for domestic and industrial use. Industrial
wastewater from this plant is minimal. It consists of domestic wastewater from
employees, wash down/neutralization wastewater from the plant, and cooling water
waste. The domestic wastewater is treated in a small package plant and the effluent
is discharged into the cooling water canal that flows to the sea. The plant wastewater
is neutralized and discharged into the cooling water canal also.
L7 is a refinery that processes crude oil to produce gasoline, distilled oil, and residual
combustibles for the domestic and export markets. Industrial wastewater from the
refinery is continuous. It is treated by oil separation, dissolved air flotation, clarification,
filtration and lagoons before discharging to the sea. Sludge is processed by vacuum
filtration and incineration. Domestic wastewater is treated by a package treatment plant
prior to discharge to the sea.
In addition to the industrial waste discharges, there are eight major rivers and three
domestic waste outfalls to the sea in the study area. Based on population projections
and the areas that are sewered and un-sewered in Puerto Cabello-Moron, estimates
were made of B.O.D., C.O.D., suspended solids (SS), Phosphorus (P) and Nitrogen (N).
This is tabulated in Table 2. These estimates indicate that the cpmbined domestic and
river pollution load to the sea is appreciably less than the combined industrial loads for
all the parameters. Even with fifty percent (50%) industrial wastewater treatment, the
industrial pollutants would remain in excess of the domestic pollutants that flow to the
Golfo Triste.
Table 2 - Comparison of Domestic and Industrial Discharges in Puerto Cabello-Moron
Pollutant Load in Kg/day

Parameter
Raw Domestic
Wastewater^

Raw Industrial
Wastewater^

Well-Treated
Industrial Wastewater

50% Industrial
Wastewater Treatment

B.O.D.

7,000

26,000

1,300

13,000

C.O.D.

15,000

97.000

4.800

49.000

SS

11,000

29,000

1,400

15,000

R

100

600

30

300

N

700

37.000

1,800

18,000

Estimated from available data
r'V Estimated from questionnaire data

STUDY PLAN RATIONALE. SAMPLING AND TESTING
Based on that objective, the study plan was divided into three steps as follows:
Step I: Examination of the dissolved oxygen profile of the Puerto Cabello Harbor, Golfo
Triste, Morrocoy National Park, Chichiriviche (coastal areas) within two kilometers of the
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shoreline to determine the general zone(s) of influence of inorganic and organic
pollution discharged to the sea along the defined coastal strip.
Step II: Examination of the water quality of major rivers, industrial effluents, marine
waters, and random sediment samples in the Golfo Triste to determine the source(s)
and level(s) of pollution at various selected locations near major industries, rivers, the
Golfo Triste, and the Puerto Cabello harbor. Liquid toxicity samples were tested with
small shrimp called Mysidopsis Bahia, in 1.3-hour tests, to determine toxicity to marine
invertebrate. Sediment samples were tested with the amphipod Ampelisca Abdita, in
10-day tests, to determine toxicity to benthic invertebrate.
Step III: Examination of the local mollusks at three locations in the study area to
assess the cumulative effects of toxics on locally sensitive marine species that are a
part of the food chain. Tissues from these mollusk samples were tested for levels of
cadmium, mercury, petroleum hydrocarbons, and PCB’s.
Variations in the
concentrations of toxics in the samples would give indication of the zones of
concentration of toxics in the area. To identify pollution contributors to the coast, three
categories of test sites were selected. Sea Water Sample Sites were selected at
various locations along the shore, with the last being downstream of all the rivers and
industry, in the Morrocoy National Park. Industrial Sample Sites were selected when
possible from the largest industries in the area in order to identify their individual
contribution to coastal pollution. Where access to the plant was not available, a sea
water sample near the discharge was taken. River Water Sample Sites were selected
to identify their contribution to coastal pollution as well as to the general river health.
EVALUATION OF ANALYTICAL WORK AND BACKGROUND INFORMATION
In addition to the physical evidence of pollution plumes in the sea, the dissolved oxygen
profile of the study area showed appreciable dissolved oxygen deficits in the refinery
and paper mill discharge areas. This is shown graphically in Figure 1. The distribution
of B.O.D. and C.O.D. over the study area is also shown graphically in Figure 2.
Considering that a healthy marine environment will produce more oxygen than is
needed to support the biological demand, this oxygen deficit is indicative of an
unusually high oxygen demand.
The liquid column, sediment and available marine life was analyzed for other indicators
of pollution. Their results are shown on Figure 3. Noteworthy is the elevated C.O.D.
and the great difference between B.O.D. and C.O.D. in the sea water approximately 250
meters offshore from the refinery. The B.O.D. measured 9 and the C.O.D. 140. Either
the B.O.D. was suppressed by a toxic substance or there was an unusual amount of
chemicals with a strong demand. The same analysis can be made at other locations
in the industrial area. The National Park area shows lower B.O.D.'s and C.O.D. s as
well as a lower" ratio. The variation of B.O.D. and C.O.D. in the major rivers in the study
area is shown in Figure 4. The River Moron shows the greatest contamination as
evidence that it is the receiving body for wastewater from the residents of Moron.
Results for the effluent toxicity of paper mill and petrochemical complex effluents are
shown graphically in Figures 5 and 6. All the petrochemical complex (I-2) effluent
samples showed high toxicity. The effluent sample of paper mill effluent (1-1) also
tested toxic. The liquid sample of the marine water approximately 250 meters offshore
from the refinery did not test toxic. Sediment toxicity tests were also performed. The
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FIGURE 2: SEAWATER QUALITY IN THE GOLFO TRISTE

FIGURE 1: DISSOLVED OXYGEN DEFICIENCY

COMPARISON OF BOD AND COD

POINTS WITHIN 1 KM FROM SHORE

FIGURE 4: WATER QUALITY VARIATION OF THE MAJOR RIVERS
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FIGURE 3 - RESULTS OF SAMPLING AND ANALYSIS

SEA WATER

TYPE OF ANALYSIS
A. B. C, D

SEA WATER
RIO SAN ESTEBAN
RIO GOAIGOAZA
RIO AGUAS CAUENTES
SEA WATER IN FRONT
OF 1-7

A, B,C

RIO SANCHON
RIO MORON
1-5 INDUSTRIAL
EFFLUENT

NOT PERFORMED

INDUSTRIAL
EFFLUENT
RIO URAMA
1-1 INDUSTRIAL
EFFLUENT
SEA WATER

A.B.C.D

RIO YARACUY
SEA WATER AT BEACH

30CA OE ARO;

RIO AROA
SEA WATER IN
MORROCOY NATIONAL
A, B, C. D
PARK
SITE: 17
POTEB'LE WATER"S"AMPLE"NOT INCLUDED
A - INDUSTRIAL EFFLUENT TESTING FOR TOXICTTY
8 - SEDIMENT SAMPLES FOR TOXICITY
C - PHYSICAL BACTERIOLOGIC AND CHEMICAL TESTING OF WATER
D - MOLLUSK AND FISH TESTING FOR TOXICS

AREA SURVEYED FOR DISSOLVED OXYGEN
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FIGURE 5 TOXICITY TEST RESULTS
OF SITES 10A, B, AND C
THREE EFFLUENTS FROM PETROCHEMICAL COMPLEX
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FIGURE 6: TOXICITY TEST RESULTS OF SITE 12
EFFLUENT FROM PAPER MILL
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lab report stated that one sample taken in the vicinity of the refinery discharge showed
moderate toxicity. In a subsequent discussion with testing personnel, they stated that
more testing would be required to properly evaluate toxicity at the refinery location.
Three samples of mollusks were analyzed for mercury, cadmium, PCB’s and total
hydrocarbons. This analysis showed the presence of an elevated concentration of
cadmium at site 1 and an elevated concentration of PCB’s at site 18. Consequently,
more analyses with the new testing method will be required to draw complete
conclusions from these results.
Researchers at the University of Simon Bolivar in Caracas, (INTECMAR) summarized

that there is extensive variation in the reported results for metal concentrations in the
sea water even for the same element with the same test methodology. The range of
concentration varies, in most cases, up to two orders of magnitude, making it very
difficult to define a typical or normal concentration for any element. Because of this it
is not easy to describe any area as contaminated. INTECMAR also summarized that
the places with the highest concentrations of hydrocarbons in sediments of the Golfo
Triste are the suburbs of Puerto Cabello and the area of El Palito. The first area has
large quantities of non-petroleum material, possibly originating from the sewers of the
city and the port area. The second area is clearly affected by petroleum in the
sediments.
CONCLUSIONS
Some general and some specific conclusions on the impact of major industries are as
follows:
• Industrial waste is visible in the Golfo Triste and is more evident in the areas that are
adjacent to the locations of the major industries along the coast.
• Increased C.O.D. levels in the Golfo Triste in the zone of the major industries confirms
the presence of industrial waste in the marine waters.
• The large difference between the B.O.D. and the C.O.D. is additional support to
confirm the presence of industrial waste in the marine waters despite considerable
dilution by the ocean.
• Some of the major rivers that flow to the sea are grossly polluted. All the rivers have
signs of fecal contamination which indicates that they contain domestic wastewater
discharges.
• The industrial effluents from the paper mill and the petrochemical complex show
toxicity.
• Dissolved oxygen is depressed in the Golfo Triste in the zone of the major industries
despite considerable industrial effluent dilution and oxygenation in the sea.

• There is evidence of industry in the Puerto Cabello-Morbn area impacting the port
area, and a potential for long-term impact to the National Park because of the northerly
direction of currents in the Golfo Triste.
• The current wastewater treatment practices for the industries in Puerto Cabello-Mor6n
are inadequate.
. The entire coastline of the Golfo Triste and the National Park area are vulnerable to
the effects of industrial pollution from treated or untreated discharges to the coast.
• Results from studies of coastal waters by the University of Simon Bolivar between
1980 and 1993 confirm that industrial waste can travel great distances up the coast.
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Mercury was detected in the sea, sediments, aquatic organisms and on land, vegetation
and in fruits. Mercury was also found in the Golfo Triste several kilometers out to sea.
. University of Simon Bolivar studies also showed depressed Dissolved Oxygen levels
in the Golfo Triste in the Puerto Cabello-Moron industrial zone.
. Contamination of the marine environment with toxic metals such as mercury results
in the long-term presence of these metals. The spill of mercury from the cloro-soda
plant at the petrochemical complex was stopped when the plant closed in 1976.
However mercury was still detected at high levels a decade beyond the closing of this
plant. Since mercury is not readily oxidizable, it can persist for a long time.
RECOMMENDATIONS AND TREATMENT CONSIDERATIONS
• All domestic and industrial wastewater should be collected and treated. However,
effluents must not be discharged directly to the shallow coastal waters for several
reasons - possibility of treatment plant failure and the impacts of toxics in industrial
discharges.
• An industrial waste monitoring program should be initiated and closely managed by
MARNR. Samples of each industry should be taken weekly and analyzed particularly
for toxics. Toxicity testing using living organisms should be done monthly. The existing
trimester sampling and analysis is of limited use.
• All wastewater effluents should be discharged through properly designed deep-sea
outfalls. The outfalls must diffuse the effluent to the point that it will not interfere with
the natural ecology. Outfall construction should be given first priority. If there are
insufficient funds to build the outfalls and all the plants to the secondary treatment level,
then primary treatment plants should be built. These would be less expensive to build
and less expensive to operate. Outfalls should be built to carry single or multiple plant
effluents safely out to sea (deep water) and be diluted to low levels by a proper diffuser
section.
• A review of the quantities of waste produced by the major industries shows that
although treatment is required at each industry, the quantity of waste produced at the
refinery, petrochemical complex and paper mill far outweigh the combined impact of the
remaining industries. Accordingly, studies must be concentrated our studies on the
impact of the above-mentioned three industries - 1-1, I-2 and I-7.
• The paper mill should consider adding nutrients to increase its treatment efficiency.
The petrochemical complex, which is adjacent, has a surplus of these nutrients in such
amounts that the wastewaters are toxic. The combining of these wastewaters could
serve a two-fold purpose, e.g., provide a nutrient source for the paper mill wastewater
treatment and reduce the level of nutrients in the wastewater from the petrochemical
complex. A further review of all the industries’ wastewater disposal needs may reveal
other combinations of wastewaters, either through outfall or treatment, that could be
beneficial.•
• Since there is considerable land available, and the climatic conditions are ideal, lagoon
treatment should be considered in meeting industry’s treatment goals.

95

Cost estimates for the improvements to industrial wastewater treatment processes in this
region are only approximate at this time. The costs should be in the range of $20 to
25 Million U. S. dollars.
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ABSTRACT
There is a growing concern about the problems of wastes elimination. We should consider our environment as
being borrowed from the future mankind and refrain from leaving the legacy of problems we are not able to
solve. The various oxidation techniques are suited for elimination of organic aqueous wastes. But, because of
the environmental drawbacks of incineration, liquid phase oxidation should be preferred. "Wet Air Oxidation"
(WAO) under temperature (200-325°C) and pressure (50-150 bar) is ideally suited to such liquid wastes and
various catalysts can be used in order to increase the efficiency without increasing temperature and pressure.
"Wet Peroxide Oxidation" (WPO) is a similar process which has been developed in our laboratory. A similar
oxidation efficiency is obtained when using hydrogen peroxide as the oxidizing agent instead of oxygen, at a
temperature of only 100 to 120°C. As opposed to "WAO" which is capital intensive, "WPO" needs limited,
capital but generates higher running costs. The paper reviews the major results obtained for both processes
and assess the field of interest of each of them. TOC removal efficiencies typically obtained range from 65 to
90% or more for numerous pollutants.

KEYWORDS
Catalysis, Hydrogen peroxide, Industrial wastes, Liquid phase, Oxidation, Oxygen, Temperature,
Wastewaters treatment.

INTRODUCTION
Because of the recent trends towards recycling of the industrial wastewaters and of the increasing severity of
regulations about waste disposal, it has become still more necessary to remove efficiently the polluting load of
the aqueous industrial wastes ; even though various methods are developed to minimize waste generation.
Four types of oxidative processes of treatment allow to get rid of the waste polluted with organic matters:
Chemical oxidation at ambient temperature using strong oxidizers (Dore, 1989, Masschelin,
1991 and Roques, 1990) like chlorine or ozone, well adapted to the low concentrations,
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Biological treatment, not suited for toxic waters nor for chemical oxygen demand (COD)
above about 10 g/1,
Incineration, appropriate for effluents having a COD greater than about 100 g/1, but
deserved by energy cost and corrosion problems,
And wet oxidation in the liquid phase, under high temperature and pressure. This process is
well adapted for COD loads ranging between 10 and 100 g/1 ; more, one can treat toxic
wates and energy recovery is feasible.
The basic idea of the wet air oxidation (WAO) process (Zimmerman and Diddams, 1960) is to enhance
contact between molecular oxygen and the organic matter to oxidize. Temperature conditions lead to convert
the organic matter to carbon dioxide and water. The liquid phase is maintained by a high pressure which also
increases the concentration of dissolved oxygen (Himmelblau, 1960) and then the oxidation rate. Typical
conditions are : 200 to 325°C for the temperature, 50 to 150 bar for the pressure and 1 hour for the residence
time. The process can treat any kind of wastes, produced by various branches of the industrial activity or by
the conventional treatment processes (physico-chemical, biological,...) as they produce a new waste, the
sludge, which is sometimes very cumbersome. WAO is one of the scarce processes that do not turn the
pollution from one form to another, but really makes it desappear.
This process was run under conditions that give an almost entire oxidation of the organic matter and that
allow to generate mechanical power (Chou and Verhoff, 1981) because the reaction releases energy. This
process was also used to treat biological sludges and night soil, but under milder conditions that give only a
limited COD reduction despite of an alteration of the molecules structures (biodegradability is frankly
improved). The general conclusion is that the WAO process is very efficient but only under severe
temperature conditions. However, in order to lower this contraint, one can intend to employ more efficient
oxidizers. The first idea we have developed was to use homogeneous catalysts in order to promote air
oxidation at a lower temperature. Another one was to use hydrogen peroxide instead of molecular oxygen.

LITERATURE SURVEY

The Conventional WAO Process
Fundamental studies allowed to know almost extensively the dependency of the oxidation rate on the various
operating parameters and the mechanism of oxidation (Foussard et al., 1980, Day et al., 1973). At about
250°C, quite all the compounds can be completely transformed but acetic and propionic acids. More, under
such conditions, the final product is not only carbon dioxide, but various carboxilic acids, mainly acetic
according to Pujol et al. (1980) and Imamura et al. (1988). Acetic acid needs the most extreme conditions
(320°C) to oxidize to carbon dioxide. The partial order with respect to the organic compound is usually 1 to
1.4. It is close to 0.4 with respect to dissolved oxygen (Foussard et al., 1989 and Willms et al. 1987) but
Taylor and Weygant (1974) and Joglekar et al. (1991) report an order equal to 1 which could be typical of an
oxygen transfer limitation or of an autocatalytic effect of phenolic compounds. The oxidation proceeds
according to a chain reaction mechanism (see figure 1) which points out the particular role of acetic acid :

/

O,
Organic compound •

■ Hydroperoxide

Alcohols -----------02

\ Ketones, aldehydes
Figure 1 : Simplified diagram for wet air oxidation
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-► C02, H^O
O,

t

■ Acetic acid

Catalysed Oxidation in the Liquid Phase
The importance of the free radicles in the hereon mechanism guides to search promoters for radicles
reactions, chiefly catalyts. For heterogeneously catalysed oxidation of phenol using copper oxide, the
mechanism appears clearly to involve free radicles with initiation on the catalytic surface. For homogeneous
catalysis, ions like Fe2+, Fe3*, Cu2+ associated with peroxides appear very promisefull (Chowdury and Ross,
1975). The temperature can be lowered down to 200°C and the rate of oxidation dependency on the oxygen
partial pressure is less marked. In every case, the mechanism is close of that for non catalysed oxidation as,
beside of carbon dioxide, acetic acid is also identified as a final product.

Hydrogen Peroxide as the Oxidizer
It exits stronger oxidizers than molecular oxygen, even using catalysts as hereon. The main one, known as the
Fenton's reagent (H202/Fe2+) has often been used at room temperature but much more seldom at higher
temperatures (Koubek, 1975 and Debellefontaine et al., 1992). Nevertheless, at 100°C, it is possible to
achieve destruction of phenol much more rapidly and completely than at room temperature. The total organic
carbon (TOC) reduction can exceed 80% (as opposed to 20% at room temperature) provided that the
oxidizer and catalyst (iron salts) are continuously fed and the pH hold to 3.5, because the kinetics of
decomposition of hydrogen peroxide depends clearly on the pH value.

OXYGEN TRANSFER DURING WAO
The overall wet air oxidation mechanism includes two steps. The second one is the chemical reaction between
the organic matter and dissolved oxygen. The first one (physical step) is the transfer of oxygen from the gas
phase to the liquid one. When designing a wet air oxidation reactor, one usually considers that oxygen
diffuses rapidly within the gas phase. The only transfer resistance is located at the gas-liquid interface (film
model). The 3 limiting cases hereafter can be observed :
Oxygen reacts within the film because of a rapid chemical reaction. In that way, the oxygen
transfer rate is enhanced.
Oxygen reacts within the bulk liquid where its concentration is close from 0. The overall
rate is equal to the physical step of oxygen transfer.
Oxygen concentration within the bulk liquid is equal to interface (or equilibrium)
concentration. The overall rate is the chemical step rate, which is low.
The actual conditions within an industrial reactor depend on its hydrodynamics. At the laboratory, only a high
mixing efficiency (corresponding to the third case) will allow to determine unbiased kinetic rates.

Solubility of Oxygen
On figure 2 hereafter, we have reported the dependency of the Henry's law constant H on the temperature.
One can see that, above 250°C, the solubility is greater than at room temperature. This must be pointed out as
many people simply believe that this solubility decreases as the temperature increases.

Oxygen Transfer at High Temperature
Because of the scarcity of data about oxygen transfer at high temperature, an experimental.study was
conducted using the sodium sulphite method. The Hatta's number value ensured an enhancement factor equal
to 1. For an agitated vessel, relationship [1] allows to determine the oxygen transfer capability K,.a at any
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/a

temperature T ranging from 20 to 240°C. If the oxygen transfer capability is known at a reference
temperature Tref, it is given through :
(K,a)T=(K,a>Tref exp [y (1/Trcf-1/T)]

[1]

One can see on figure 3 that the capabilities estimated throughout the relationship [1] agree very well with the
measured ones. The y value ranges from 2740 K (unruffled liquid surface) to 1530 K (gas bubbles dispersed
within the bulk liquid by an impeller). This model leads to similar results than the previous ones at room
temperature; but the former models cannot be used above 50°C.

103 K,.a estimated (s-1)
10J H (kPa m3/mol 02)

a Pray H. A etal.
O Zoss L M. et al.
• AFNOR - NFT 90 032
— Himmelblau
103. K,.a measured (s ')

Temperature (°C)

Figure 2 : Dependency of the Henry's law constant
for oxygen solubility on the temperature.

Figure 3 : Comparison between estimated
and measured oxygen transfer capabilities.

Oxygen Balance for a Batch Reactor
The actual concentration of oxygen within a completely mixed batch reactor is governed by the following set
of differential equations corresponding respectively with the oxygen balance for the liquid phase, the chemical
rate of oxidation and the oxygen balance for the gas phase :
d C, / d t + K,. (COD)p . (C,)” = K,.a . (C,* - C,)

[2]

Rc = -d(COD)/dt = Kr.(COD)p.(C,)v

[3]

(Vg.H/V,.R.T).d C,*/dt + K,.a. (C,* - C,) = K,.a. C,

[4]

This can be solved only by a numerical method (Range-Kutta-Merson) after specifying the initial conditions.
The evolution of the chemical rate of oxidation
the transfer rate of oxygen R„ the equilibrium
concentration Q* and the actual concentration of dissolved oxygen C, are presented on figure 4 for phenol
wet air oxidation. This typical result, obtained with the organic the most easy to oxidise brings one the
certainty that the chemical rate Rc is alvays observed under the usual experimental conditions but for a very
short (20 seconds) period where the steady state for oxygen transfer has to be established.

100

90

100

Time (s)

Figure 4 : Time evolution of the rates and oxygen concentrations when oxidizing phenol into a batch reactor.

Conditions : T = 180°C ; (COD)0 = 150 mol/m3 ; (Pq^o ~ 21 bar.

WET AIR OXIDATION STUDIES

Conventional Wet Air Oxidation

Several kind of wastes have been studied in a batch reactor for the dependency of the reaction rate on the
temperature, the oxygen partial pressure and the organic compound concentration. Let us mention the
following:
Biological sludges and paper-mill black liquors which are of industrial concern,
Various acidic wastes (waste 1, waste 2 and waste 3 on figure 5) from the pharmaceutical
and the phytosanitaiy industries,
Oxalic, acetic and formic acids which are significant intermediaries for oxidation of
industrial wastes.
All the results collected for a waste were analysed using a power function model and a numerical method for
parameters adjustment. Then, the relationships [3] hereon and [5] hereafter can describe the dependency on
the various parameters :
Kr = Kri).exp(-E/RT)

[5]

The table 1 summarizes the various parameters and, under a synthetic form, the figure 5 compares the
oxidability of various organics. This chart was established using results from the literature in addition of those
determined at the laboratory (underlined). Acetic acid indeed appears as the most refractory chemical.
Meantime, by increasing the temperature up to 310°C., all the compounds, including acetic acid, can be
oxidized over 90% within 1 hour.
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compound

K*

E

H

V

black liquor
formic acid
acetic acid
oxalic acid

3.36 10»
3.10 10®
5.60 1010

135
143
170
155/134

1
1.33
1
1/2

0.38
0.46
0.37
0.48/0.31

Table 1 : Kinetic parameters for conventional WAO.
Units of eneijy = kJ; time = s; concentration = mol/m3.

1 -j

03-=
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.
.
.
.
.
•
-

2-butanone,isobutonol,2-methyl-2-propanol
cyclopentonone
formic odd ( as sodium salt)
2-butanol
dve-works wastes
biological sludges. waste 3
waste 2
waste 1

0.7z
o

150-

. oxalic acid

5 0JB2
05-

+ Fe2+ 0.4 mol.m-3
o Fe2+ 4. 0 mol. m~3
» Fe2+ 40 mol. m~3

. biological sludges 1 TOD)
- n-butonol

ti 0.4_
S„.

• no catalyst
T # 502 K
Fba * 750 kPa

n-butyric acid

02 _
0.1-

0

acetone
propionic acid
___acetic acid (as sodium salt)

Figure 5 : Oxidability of various organic compounds
using WAO standard conditions : T = 260°C ;
P02 = 20 bar; residence time = 1 hour.

Figure 6 : Potassium oxalate WAO.
Effect of the catalyst concentration.

catalyst /
concentration
(mol / m3)
without
Cu2+/ 3.5
Co2+ / 1
Fe3+/2
Mn2+/ 3
Fe2+/4

mean
final yield
%
18
31
37
47
88
98

W.Kr,
1.0
2.5
2.9
3.6
13.1
33.5

10:.Kd
8.7
14.6
19.6
30.7
126.9
269.0

magnifying
ratio
1
2.1
2.6
3.6
13.8
32.2

Table 2 : Effect of various metallic salts as catalysts on potassium oxalate WAO.
Conditions : reaction time = 2.5 hour; T = 230°C ; PQ2 = 7.5 bar.
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Catalysed Wet Air Oxidation
Because of its industrial significance (Bayer process for alumina recovery) and because of its medium
situation on the chart figure 5, oxalic acid was selected as a test compound for catalysed oxidation. The noncatalysed experimentation pointed out that for high concentrations of oxalate, the partial order p was 2 and
changed down to 1 for lower concentrations (see table 1), a very similar result was indeed observed under
catalytic conditions. Table 2 summarizes the effect of various catalysts. One can see easily that the catalysts
have a marked influence for all the oxidation period and that ferrous salts are very efficient. Using the values
of table 1 (non catalysed oxidation) we easily computed that adding ferrous salts enabled to obtain at 230°C
(total pressure = 35 bar) a result expected only at 285°C without catalyst (total pressure = 75 bar). This gain
of more than 50°C for temperature and 40 bar pressure is drastic on the investment cost and on the operating
constraints. In addition, very similar conclusions were deducted from runs at various temperatures. As
indicated on figure 6 hereon, increasing the catalyst concentration can markedly increase the oxidation rate at
230°C. But an overloading of the catalyst will result in separation problems reducing the interest of such a
catalytic technique. So, it was advisable to develop substitution methods.

Hydrogen Peroxide Promoted Wet Air Oxidation
This technique is adapted from wet air oxidation and still uses molecular oxygen as the oxidizing agent. In the
meantime, hydrogen peroxide is added at a low dosage in order to promote the radicle reactions. The test
compound (phenol) was selected considering its frequent occurence within the wasteswaters of refineries,
steel works and chemical industries. This method was tested using a completely mixed batch reactor (stirred
autoclave). The cold reactor was loaded with a phenol and ferrous sulfate (10mg/l) solution at the convenient
pH value (3.5). After heating at the rated temperature, the run was started by injecting instantaneously a large
amount of oxygen (4 to 8 times the amount necessary). At the same time, a dosing pump was started and fed
continuously hydrogen peroxide within the reactor all along the run (90 minutes). The total amount injected
(Qj) was usually 10% of the amount necessary for a stoechiometric oxidation (QJ. The promoting effect of
hydrogen peroxide on molecular oxygen oxidation at 160°C is clearly evidenced on figure 7.

COD removal (%)

COD removal (%)

Oi IQ,

Time (mn)

Time (mn)

Figure 7: Effect of hydrogen peroxide during WAO
of phenol at 160°C. Qj = 0.1 Qc. (1 : no peroxide;
3 : with peroxide; 2 : calculated curve, addition
of the theoretical effect of peroxide to curve 1).
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Figure 8 : Dependency of phenol promoted oxidation
on the amount of hydrogen peroxide introduced.
Conditions :T = 160°C; Fe = 10 mg/1.

The initiating period is shortened and the COD removal efficiency is increased. TOC analysis showed similar
results (final removal increased form 76% up to 90%). Hydrogen peroxide obviously promotes molecular
oxygen oxidation as the oxidation efficiency actually observed (curve 3) is greater than expected by adding
the efficiencies of molecular oxygen and hydrogen peroxide if separated (curve 2). WAO promoted with
hydrogen peroxide gave after 90 minutes better oxidation efficiencies at 160°C than conventional WAO at
220°C, then turning into a medium pressure process a high pressure one.
The promoting effect of the peroxide is more marked at 160°C than above 200°C where a rapid
decomposition occurs ; dosages greater 15% do not significantly increase the efficiency and dosages as small
as 0.2% have already a significant effect (see figure 8). It can be concluded that this method is efficient for
reducing the capital cost of wet air oxidation, without increasing very much the running cost. Even now,
further investigations allow to conclude to the efficiency of this technique for various kind of wastes.
The same kind of oxidation intermediaries have been identified into the mixtures than during conventional
WAO. The oxidation sketch is as indicated on figure 9. Oxalic and formic acids usually oxidize before the end
of the runs but more drastic conditions would be necessary to oxidize acetic acid which is accountable for
most of the remaining COD and TOC.
02
Phenol---------------------- ► Peroxides---------- ► Dihydroxybenzens
Temperature
Pressure

BA, Fe”
Maleic acid
jr
^Oxalic acid-------- ► COz

1

Formic acid-------- ► C02
Acetic acid------------- C02
Figure 9 : Sketch diagram forH202 promoted WAO of phenolic compounds.

WET PEROXIDE OXIDATION

Main Characteristics of the Process
As opposed to WAO, which uses a gaseous oxidizing agent (molecular oxygen) and which is a 2 steps
process (transfer plus oxidation), wet peroxide oxidation (WPO) uses a liquid oxidizing agent (hydrogen
peroxide) which makes the transfer problems to be eliminated. This process is adapted from the classical
Fenton's reagent but it is run out under temperature (about 120°C) so that a very important TOC removal
efficiency can be obtained. Indeed, the TOC removal efficiencies for the usual Fenton's reagent are reported
to be smaller than 25% ; this usual method results only in a partial oxidation of the original pollutants.
Catalyst
HA ------------------------ ►OH0 --------------- ► 1/2 02 + B,0

Organic
compounds

Oxidized compounds
Carbon dioxide

Figure 10 : Sketch diagram for hydrogen peroxide oxidation (WPO).
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According to the diagram figure 10, the oxidation mechanism is the same than for the Fenton's reaction and
the OH° radicle is of main importance.This radicle can react either with an organic and then leads to an
oxidized organic form or reacts with itself and then leads to inactive molecular oxygen. Then, one
understands easily that the efficiency for organics oxidation will depend sharply on the concentration of OH°
radicles. The best results are obtained when all these radicles are trapped by the organic species. Then, the
peroxide concentration within the reactor must be kept at a value as low as possible in front of the organics
concentration. This results in a step by step addition of the peroxide, all along the run during a batch process,
all along the reactor during a continuous process. The WPO runs were conducted into a reactor similar to that
used for the WAO tests. It was batch loaded with the organic compound solution (0.5 to 25 g/1 COD) and
catalyst (10 to 100 mg/1 Fe++) at the convenient pH value (about 3.5). After heating at the rated temperature
(about 120°C), the run was started and hydrogen peroxide was continuously fed using a dosing pump. The
total pressure within the reactor was about 3 to 5 bar in order to avoid vaporization of the solution.

Phenol Treatment
At first, phenol was used as the test compound, as for promoted WAO. On figure 11, one can see the
oxidation results at two temperatures. The treatment at 70°C (too low temperature) results in phenol
elimination, but it results also in carboxylic acids accumulation and in a very limited TOC removal (40%).
Increasing the treatment temperature up to 140°C results in an almost comprehensive TOC removal because
of the oxidation of the carboxylic acids that appear during oxidation of the initial compound. Apparition of
carboxylic acids indicates that the oxidation sequence is the same than during WAO oxidation.
Concentration (mg/1)

•
□
o
o
A

A

Concentration (mg/1)

•
D
o
e
A
A

phenol
hydroquinon
pyrocathecol
oxalic add
formic add
TOC (mg C/I)

phenol
hydroquinon
pyrocathecol
oxalic add
formic add
TOC (mg C/I)

Time (mn)
Time (mn)

Figure 11 : WPO treatment of phenol. At 70°C, accumulation of carboxylic acids.
At 140°C, total elimination of TOC.

Chlorophenol Treatment
This process can be easily used to treat heteroatomic molecules including nitrogen, sulphur, phosphorus and
chlorine compounds. With nitrogen compounds, GC/MS analysis of the oxidized mixtures could not evidence
residual organic nitrogen, specially nitroso-compounds. One obtains only ammonia and nitrate. The results
obtained when oxidizing 3-chlorophenol are exemplified on figure 12. One can see that the original compound
is completely transformed and that free chlorine is obtained in a stoechiometric amount at the two
temperatures. But, at 90°C, the TOC reduction is limited to 60% instead of 92% at 120°C.
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103. Concentration (mol/1)

maximum

TOC (mg C/1)

• 3-chloro phenol
A chlorohydroquinon
0 chloride
©TOC
chloride

120 *C

\

Figure 12 : WPO treatment of 3-chlorophenoI. Effect of the reaction temperature on the TOC removal.

Treatment of Industrial Wastes and Development
The table 3 hereafter lists the main working conditions for the WPO process, which result from tests using
various wastes.
Parameter

Working range

Temperature (°C)

100-150

H202 Stoechiometry
•Reaction time (mn)
PH
Catalyst (mg/1)

1.1 - 1.5
10-60
2.5-4
10-100

Out of range effect
Side-decomposition increases
over 150°C.
Partial oxidation below 100°C.
Price of peroxide.
Partial oxidation below 10 mn.
Side-decomposition of peroxide.
Ineffective below 10 mg/1.

Table 3 : Main operating parameters for WPO process.
Before any industrial development, it was of importance to check whether the process will be able to treat
various classes of pollutants. Tests have been usually conducted under standard conditions (T = 120°C,
catalyst = 30 mg/1, treatment time = 1 hour, stoechiometric amount = 1.2). The results are evidenced in table
4 where the original compounds have been classified according to the TOC evolution during the test. As the
initial compound elimination and the COD reduction are obviously greater than TOC reduction, it can be
concluded that the process is very efficient for the treatment of most of the pollutants. A few compounds, like
perchlorocarbons, are refractory ; in addition, only aliphatic hydrocarbons and carboxylic acids appear to be
difficult to oxidize.
A full scale pilot plant was designed and constructed, using mainly standard equipments, it is pictured on
figure 13. It has a capacity of 5 cubic meters per hour. This unit is transportable (road trailer) and independent
(electric generator, boiler). It is composed of a 2-stages mixed reactor (glass coated by De Dietrich), of
various tanks (acidification, buffer,...) and of heat exchangers. The rated temperature is 125°C and the rated
pressure is 4 bar. The total construction cost was about 450 000 US$. This pilot plant was successfully
operated in Spain during the year 1992 for treating polluted waters (COD = 10 kg/m3) within an EEC
program for industrial sites reclamation.
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For this first demonstration, the total cost, including investment, running and peroxide supply was about:
Total price = 23 US$ / cubic meter + 7 USS / kg COD

[6]

This supposes that hydrogen peroxide (concentration 50%) is commercialy available at the price of 650 USS /
ton. Then, this process is favorably compared with WAO and specially with incineration because of its ability
to treat chlorinated compounds without gaseous release of chlorine.
TOC removal (%)
> 80%

> 60%

<35%
none

Original compound
Benzen, phenol, hydroquinon, resorcinol,
pyrocathecol, 4-chloro resorcinol,
chlorohydroquinon,nitrobenzen,
thiophen methanol, 4-chloro-phenol,....
Pyridin, toluen, 2 and 3-chlorophenols,
anilin, epichlorhydrin, maleic acid,
1 2-propan diol, 2-bis chloro ethyl ether.
Formic, acetic and oxalic acids, 1-butanol,
pentachlorophenol,....
Carbon tetrachloride.

Table 4 : TOC evolution during WPO treatment of various pollutants under standard conditions.
(T = 120°C, time = 1 hour, peroxide amount =1.2 stoechiometric amount).

Figure 13 : Trailer mounted industrial unit for WPO treatment of industrial organic liquid wastes.

CONCLUSION
During the past years, our laboratory has acquired a significant knowledge about the conventional WAO
process presented in the first part of this paper. It has a very good efficiency, as the COD reduction can easily
reach 95% for most of the wastes. However temperature and ensuing pressure constraints deserve the
industrial development of the process, because of the costs associated and the severity of the technology
required.
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Convinced that it urges that solutions are developed to overcome the environmental impacts of wastes
disposal (landfilling, ...), we are now focusing attention on modified oxidative techniques that allow to lower
these constraints and then facilitate industrial development of the process. Catalysis is promisefull as one can
save more than 50°C for temperature and more than 40 bar for pressure. Because of poisoning of supported
catalysts when oxidizing industrial wastes we believe rather in homogeneous catalysis as numerous organic
wastes yet contain metallic salts that can have a catalytic effect. Considering the Fenton's reagent potentiality
at ambient temperature, we have also developed an oxidative treatment method that bring together the
advantages of a strong oxidizer and of temperature. Despite of the cost of hydrogen peroxide, this process
(WPO) is at an economic advantage in front of incineration. It is currently operated with a full scale plant.
Various branches of the organic synthesis industry (pesticides, pharmacy,...) have not yet qualified methods to
prevent any harm to the environment from their wastes. We regard WAO as a promisefiill method for final
treatment of harmful! wastes, and we consider that catalysis and hydrogen peroxide oxidation are hopefull
ways to bring the liquid phase oxidation processes at everyday use.
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LIST OF SYMBOLS
C|
C|*
COD
E
H
K,.a'
K,
Krt
PG2
Qj
Qc
R
Rc
R,
T
Vg
V,

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

Actual concentration of dissolved oxygen
P02 / H; Equilibrium concentration of oxygen at the interface
Organics concentration, expressed as the chemical oxygen demand
Activation energy for the chemical reaction
Henry's law constant for oxygen solubility
Overall oxygen transfer coefficient
Chemical rate of oxidation constant
Pre-exponential factor for the chemical reaction rate
Oxygen partial pressure
Amount of peroxide actually injected
Amount of peroxide needed for a stoechiometric oxidation
Ideal gas constant
K,. (COD)!1. (Cj)v; Chemical rate of oxidation
K,.a. (C,* - C,) ; Oxygen transfer rate
Temperature
Gas phase volume
Liquid phase volume

Greek letters
y
p
v

=
=
=

Activation energy parameter for the K,.a dependency on the temperature
Partial order with respect to the organic compoud for the chemical rate
Partial order with respect to oxygen for the chemical rate

Subscripts
ref
0

=
=

Reference condition for the temperature
Initial condition
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Case Studies Illustrating In-Situ Remediation Methods for
Soil and Groundwater Contaminated with Petrochemicals
Robert A. Dixon, P.E., Lance A. Downs, and Brian P. Kier
EMCON Northwest Inc., Portland, Oregon

INTRODUCTION
Four case studies of successful in-situ remediations are summarized illustrating costeffective methods to remediate soil and groundwater contaminated with volatile and

non-volatile petrochemicals. The sites range from a single underground storage tank
(UST) at an auto dealer to acres of widespread contamination at a demolished industrial
site. Each site is in a different geologic environment with varying soil types and with
and without groundwater impact. The methods described include vadose zone vapor
extraction, high-vacuum vapor extraction combined with groundwater table depression,
air sparging with groundwater recovery and vapor extraction, and bioremediation of
saturated zone soils using inorganic nutrient and oxygen addition.
VADOSE ZONE VAPOR EXTRACTION
Background. A large auto dealer regularly used a UST to fuel lot vehicles for over
25 years. The UST was in back of the large showroom in a heavily trafficked area.
Upon removal of the old UST to install a new one that met the new environmental
regulations, soil contamination was found.
Site Geology. Site soils were a fine silt from the ground surface to 4 meters below
grade surface (bgs), medium to coarse sand from 4 to 11 meters bgs, and clayey silt
from 11 to 13 meters bgs. No groundwater was encountered.
Nature and Extent of Contamination. Gasoline contamination was present vertically
from 2 to 11 meters bgs. The horizontal extent was approximately a 34 meter diameter
circle with the UST at the center. Soil gasoline concentrations ranged from 500 to 4,000
mg/kg with the highest concentrations occurring at 7 to 11 meters bgs.
Special Circumstances. The new UST needed to be installed immediately back into
the contaminated excavation of the old UST. After installation of the new UST, the area
had to be paved over because vehicles would be parked in that area at all times. During
the removal of the old UST, approximately 50 cubic meters of contaminated soil had
been excavated and stockpiled, and needed to be remediated. The most highly
contaminated soil was at 7 to 11 meters bgs (too deep for economical excavation) directly
adjacent to the large showroom building.
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Chosen Technology and Design. Because of the volatility of gasoline and the depth
of soil contamination, vapor extraction was chosen as the most cost-effective mechanism
for site remediation. Due to the different soil types impacted with gasoline (silt from
ground surface to 4 meters bgs and medium to coarse sand from 4 to 11 meters bgs), two
schedule 40 polyvinyl chloride (PVC) vapor extraction wells were installed. One well
was installed to a depth of 11 meters bgs with a screened interval from 5 to 11 meters
bgs and the other to a depth of 3 meters with a screened interval from 1.5 to 3 meters
bgs. After the new UST was installed, the 50 cubic meters of excavated contaminated
soil were placed back in the excavation from 0.5 to 2 meters bgs for vapor extraction
treatment along with the undisturbed contaminated soil. The wells were plumbed to a
subsurface horizontal schedule 80 PVC vapor extraction line that was stubbed up adjacent
to the showroom building. Each wellhead was protected with a traffic-rated water-tight
vault box. The vapor extraction lines from each well were manifolded together but
separately valved for individual control. The manifold was connected to a 120 liter
moisture knockout drum with an air filter. Then the manifold was connected to a
3-horsepower (hp) blower capable of moving 3,681 liters per minute of air under a
vacuum of 84 millimeters of Mercury (mm-Hg). Air emissions were exhausted 7 meters
above ground surface. An observation well was installed outside the horizontal extent
of the contaminated zone to verify vacuum extraction influence beyond the limit of
contaminated soil.
System Operation and Maintenance. The system operated continuously for
1*A years. Monthly adjustments to the vacuum were applied to each well depending on
the current well-specific gasoline emissions concentrations. The moisture knockout drum
and filter were checked monthly and serviced approximately quarterly. Operational
reports were filed with the local environmental regulatory agency.
Results. After \'h years of operation, over 12,000 liters of gasoline had been removed
from the subsurface. Soil concentrations of gasoline had been reduced from more than
4,000 mg/kg to below the regulatory limit of 80 mg/kg. The environmental regulatory
agency issued a letter stating no further action was necessary and the system was
decommissioned.
HIGH-VACUUM VAPOR EXTRACTION COMBINED WITH GROUNDWATER
TABLE DEPRESSION
Background. A retail gas station was demolished to make way for highway access to
a new shopping center development. During the decommissioning of the USTs,
dispenser islands and piping, extensive gasoline and waste oil contamination were
encountered.
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Site Geology. Site soils were predominantly a silty clay with minor fine sand from
ground surface to at least 26 meters bgs. Groundwater occurs in a fine sandy silt layer
5 to 7 meters bgs. Below 7 meters bgs the tight clays have only minor moisture.
Nature and Extent of Contamination. Waste oil impacted soil occurred in a localized
area of the UST nest totaling approximately 10 cubic meters. Groundwater was not
impacted by the released waste oil. Gasoline contamination was present ih both the UST
nest and the dispenser island areas from a depth of 1 meter to 6 meters bgs. The
released gasoline, once reaching the groundwater, moved south and west across the site
creating an extensive smear zone between 4 and 6 meters bgs as groundwater fluctuated
seasonally. Gasoline concentrations in soil ranged from 300 mg/kg to 10,000 mg/kg.
Some groundwater monitoring wells yielded samples containing more than 10,000 mg/L
of benzene.
Special Circumstances. All subsurface remediation equipment in the new roadway
alignment had to be installed prior to roadway construction. Unobtrusive access to all
remediation system features had to be constructed in the roadway and sidewalks to allow
operation and maintenance for the projected 3-year life of the cleanup. Subsurface
remediation features had to satisfy all geotechnical requirements of the new roadway
construction specifications.
Chosen Technology and Design. The waste oil contaminated soil was excavated and
landfilled during excavation work to prepare the site for road construction since its
volume was small and easily accessed. After conducting a combined groundwater table
depression and high-vacuum vapor extraction source test, it was determined that the
expansive gasoline contaminated soil layer between 4 and 6 meters bgs could be cleaned
up most cost-effectively with this technology. A combination of two groundwater
recovery wells and one recovery trench were used to depress the groundwater. The two
recovery wells and the trenches were also designed to be used for high-vacuum vapor
extraction. Additionally, 11 monitoring wells were converted to vapor extraction wells.
All subsurface installations in the roadway, alignment were installed prior to roadway
completion. Flush-mounted access vaults to all system features in the roadway and
sidewalks were installed to allow system operation and maintenance after the roadway
was completed and fully operational. The wells and the trench were individually valved
and tied to a vapor extraction header which stubbed up outside the roadway. The header
was plumbed to a 120 liter moisture knockout drum and then to a rotary-lobe blower
capable of moving 8,495 liters of air under a vacuum of 186 mm-Hg. The groundwater
recovery wells and trench are pumped by electrically controlled submersible pumps.
They discharge directly to a low-profile dispersion aeration treatment (DAT) tank for
treatment prior to discharge to the sanitary sewer. Gasoline emissions from the vapor
extraction and DAT systems discharge at high velocity 4 meters above ground surface.
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System Operation and Maintenance. To enhance the hydraulic capacity of the site,
the recovery wells, and trench had vacuums of 112 to 168 mm-Hg applied to them. As
the groundwater table dropped, sufficient lengths of monitoring well screened intervals
were exposed allowing these wells to have high vacuums applied to them. The system
is monitored monthly. Adjustments to the vacuum applied to each well are made
depending on the depth of groundwater and well-specific gasoline emissions
concentrations. The moisture knockout drum, air filter, and DAT are checked monthly
and serviced quarterly. Operation and monitoring reports are filed quarterly with the
local environmental regulatory agency.
Results. The system has been operating for 1 year. The total estimated time for
cleanup to environmental regulatory concentrations for soil and groundwater is 3 years.
In the first year there was a 40 to 60 percent reduction in gasoline vapor concentrations
from the vapor extraction system (VES) and a similar reduction in gasoline constituents
in the groundwater.
AIR SPARGING WITH GROUNDWATER RECOVERY AND VAPOR
EXTRACTION
Background. During the decommissioning of five USTs and associated product piping
in 1989, extensive gasoline contamination was encountered. A heating oil UST and a
waste oil UST were removed at an unknown time prior to the gasoline UST removal.
Site Geology. Soils consist of interbedded layers of silt, sandy silts, and silty clays to
a depth of at least 11 meters bgs. Groundwater fluctuates between approximately 1.5 and
4.7 meters bgs.
Nature and Extent of Contamination. Non-aqueous phase-separated product is
present in several of the wells on the southern half of the site. The released gasoline,
once reaching the groundwater, moved north and northwest across the site and created
an extensive smear zone between 1.5 and 4.5 meters bgs as groundwater fluctuated
seasonally. Gasoline concentrations as high as 1,400 mg/kg were detected in soil
samples collected during well installation. Benzene and total benzene, toluene,
ethylbenzene, total xylenes (BTEX) concentrations have been detected at concentrations

up to 23,000 and 120,000 /tg/L, respectively, in groundwater samples collected during
quarterly monitoring. At least four groundwater wells have had measurable levels of
non-aqueous phase-separated product.
Chosen Technology and Design. A groundwater extraction and VES was operated
by another consultant during 1991. After conducting a combined groundwater pumping
test and VES source test, it was determined that the extensive gasoline contaminated soil
layer between 1.5 and 4.5 meters bgs could be cleaned up most cost-effectively with this
technology combined with air sparging. The existing groundwater/VES was retrofitted
with a oil/water separator and a DAT to treat petroleum-contaminated groundwater until
a full-scale system was installed. Recovered product was stored in a 1,893-liters above-
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ground storage tank. The interim system operated from August 1992 until March 1993
using one groundwater recovery well and two VES wells. To alleviate iron fouling of
the system, an acid-injection was installed. The acid was injected directly to the DAT
to lower the pH and prevent iron from precipitating from the dissolved phase to solid
oxidized phase.
The full-scale system was installed in July 1993 and is scheduled to be started in August
1993. The system will consist of four combined groundwater extraction/VES wells, nine
VES wells, and eleven air sparging wells. The air sparging wells are screened below the
petroleum-contaminated zone and will increase the volatilization of petroleumhydrocarbons from the dissolved to the vapor phase. These vapors will be captured by
VES wells. Six additional existing groundwater wells will be used for monitoring
purposes. A DAT will treat groundwater at a rate of up to 38 liters per minute. Treated
groundwater will be discharged to the sanitary sewer under a permit with the local
sewerage agency.
The VES wells are individually valved and plumbed to a vapor extraction header in the
treatment enclosure at the northwest comer of the site. The header was plumbed to a
120 liter moisture knockout drum and then to a 5 hp rotary positive displacement blower.
The blower is capable of moving 2.3 cubic meters per minute of air under a vacuum of
465 mm-Hg. The groundwater recovery wells are pumped by electrically controlled
V4 hp submersible pumps and discharged directly to the DAT. Gasoline emissions from
the vapor extraction and DAT systems discharge at high velocity 4 meters above ground
surface. The sparging wells are individually valved and tied to an air sparging header
in the treatment enclosure. The header was plumbed to a 5 hp rotary blower capable of
supplying air to the sparging wells at a rate of up to 1.9 cubic meters per minute at
517 mm-Hg.
System Operation and Maintenance. The system is monitored monthly and
adjustments to vacuum applied to each well are made according to the depth of
groundwater and well-specific gasoline emissions concentrations. The moisture knockout
drum, air filter, and DAT are checked monthly and serviced quarterly. Operational
reports are filed quarterly with the local environmental regulatory agency.
When the full-scale system is .running, similar operations and maintenance will occur.
Adjustments to the air sparging system will increase the flow to wells where groundwater
monitoring indicates the highest concentrations of BTEX. The emissions from the VES
will be monitored so as to not exceed the discharge limits set by the local environmental
regulatory agency. Monthly effluent samples will be collected from the DAT to ensure
the discharge requirements for the local sewerage agency are met.
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Results. Approximately 1,608 liters of non-aqueous phase-separated product have been
recovered from the subsurface through March 1993, when the system was shut down.
The interim groundwater treatment system had operated sporadically due to iron fouling
and the seasonal lowering of the groundwater table below the screened section of the
initial extraction well.
Air emission and quarterly groundwater monitoring results will be reviewed once the
full-scale system is operating to assess the effectiveness of the system.
BIOREMEDIATION OF VADOSE AND SATURATED ZONE SOILS USING
INORGANIC NUTRIENT AND OXYGEN ADDITION
Background. A major timber products company closed its sawmill and planer mill
complex which had been operating since the early 1940s. The site occupies
approximately 400 acres and is situated on alluvial sediments over shallow groundwater.
The sawmill was demolished in the spring of 1992 and the area is scheduled for
immediate redevelopment as early as 1994.
Historically, the mill had generated a variety of potential environmental contaminants
including pentachlorophenol, polychlorinated biphenyls, chlorinated and non-chlorinated
solvents, inks and paints, petroleum hydrocarbon fuels, oil, and grease. Sawmill
machinery, hydraulic lines, and conveyors required large quantities of oil and grease for
lubrication. Numerous releases occurred during operations ranging from small quantity
spills to large releases from hydraulic line ruptures. Additionally, two USTs were
located near the sawmill that had been used to fuel service vehicles. The USTs were
removed by the client prior to 1987. Site characterization was completed by January
1993. Remedial design was completed during the late spring 1993 which included an insitu pilot-test.
Site Geology. Site soils were predominantly a sandy gravel with occasional cobble and
minor amounts of silt and clay from ground surface to at least 7 meters bgs. An
uncemented fine to coarse gravel unit with occasional cobbles and some sand and silt
occurs from 7 to 15 meters bgs. A fine to coarse gravel unit with occasional cobbles and
some fine to coarse sand that is variably cemented with clay or silica matrix occurs from
15 to 30 meters bgs. Groundwater occurs shallow at 1 to 2 meters bgs as an unconfined
system in the first two units and semi-confined below the cemented unit at 15 meters bgs.
Annually groundwater fluctuates between 1 and 3 meters bgs. Both units have been
determined through slug and long duration pumping tests to be highly transmissive.
Nature and Extent of Contamination. Characterization data indicated that surface
soils extending below groundwater (3.5 meters bgs) were impacted with petroleum
hydrocarbon fuels and long chain hydrocarbons (waste oil, grease, and lubricants)
throughout the entire demolished sawmill area, including a former UST nest (diesel and
gasoline). The total volume of impacted soil was estimated at 23,000 cubic meters.
Groundwater quality data indicated impacts from non-aqueous phase-separated product,
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BTEX, and polynuclear aromatic hydrocarbons (PAHs). These contaminants were most
likely from the gasoline and diesel released. The released petroleum hydrocarbon fuels
and oil, once reaching the groundwater, moved across the site due to a relatively flat
gradient. The fluctuating groundwater created an extensive smear zone between 1 and
6 meters bgs. Petroleum hydrocarbon fuel concentrations in soil ranged from 150 mg/kg
to 20,000 mg/kg with long chain petroleum hydrocarbon concentrations ranging from
80 mg/kg to 200,000 mg/kg. Groundwater monitoring wells yielded samples containing
concentrations of benzene at 1,800 mg/L, total BTEX at 8,400 mg/L, and PAHs at
10,067 mg/L.
Upon completion of characterization activities, a pilot-test and bench-scale test were
conducted to determine the effectiveness of treating soil below and above ground using
bioremediation techniques. The pilot-test consisted of a groundwater depression and nonaqueous phase-separated petroleum hydrocarbon recovery trench system, DAT for
recovered groundwater treatment, ambient air and liquid 02 sparging wells, and a trench
for reinjection of treated groundwater that is amended with inorganic nutrients. The
bench-scale test evaluated the effectiveness and optimized the treatment of the long chain
petroleum hydrocarbons utilizing various ex-situ bioremediation techniques.
Special Circumstances. Due to re-development schedules, it was determined that
shallow soils would be excavated down to approximately 3 meters. The soils then would
be placed in a prepared treatment cell. Treatment of the soil placed in the cell will use
bioremediation techniques established by the bench-scale test. Depth of the excavation
was determined by the effectiveness of dewatering the site during the lowest groundwater
levels. Contaminated soil remaining inplace would be remediated by a full-scale in-situ
system similar to the pilot-test. All subsurface remediation equipment in the area of re
development had to be installed prior to construction. Unobtrusive access to all
remediation system features had to be situated out of any footprint of future structures
and accessible to allow operation and maintenance for the projected 3-year life of the
cleanup.
Chosen Technology and Design. Based on the results of the pilot-test and because
contamination was left inplace, a full-scale system similar to the pilot-test configuration
was installed. The full-scale system consists of three groundwater depression and
product recovery trenches, five injection trenches, and five to ten air sparging wells.
The full-scale system is currently being installed and is scheduled to be started in
September 1993. The three combined groundwater depression/product recovery trenches
are designed as a T-type configuration of horizontal and vertical screen which will use
a xh hp submersible pump capable of pumping 113 liters per minute of groundwater and
a selective product skimmer. The air sparging wells are designed to be screened below
the petroleum-contaminated zone at staggered depths. The sparging wells increase the
volatilization of petroleum-hydrocarbons and dissolved oxygen levels in the groundwater
and to promote degradation by microbiological activity. The sparging wells are
individually valved and tied to an air sparging header in the treatment enclosure. The
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header will be plumbed to a 15 hp rotary blower capable of supplying air to the sparging
wells at a rate of up to 1.9 cubic meters per minute at 517 mm-Hg. The injection
trenches are designed to provide necessary inorganic nutrients through the unsaturated
and saturated zone soil as well as highly oxygenated water.
A DAT will treat
groundwater at a rate of up to 227 liter per minute. A portion of the treated groundwater
will be re-injected with nutrients added through an automated mixing system with the
remainder discharged to the storm sewer under a permit with the local regulatory agency.
The entire system is monitored and run by a programmable logic control system (PLC),
giving the system the ability to communicate current status as well as system shut down.
The system is designed with intrinsic safety features such as automatic shut down for
failure of critical operations that might allow untreated groundwater to discharge.
System Operation and Maintenance. The system should be fully operational by WP
1993 and monitored monthly with adjustments to groundwater depression and nutrient
amendments. Operation and monitoring reports will be filed monthly with the local
environmental regulatory agency.
When the full-scale system is running, similar operation and maintenance will occur.
The addition of adjustments to the air sparging system will increase the flow to wells
where groundwater monitoring indicates the highest concentrations of BTEX. The
emissions from the VES will be monitored so as to not exceed the discharge limits set
by the local environmental regulatory agency. Monthly effluent samples will be collected
from the DAT to ensure the discharge requirements for the local sewerage agency are
met.
Results. Pilot-test results indicated that the system will be in operation for approximately
3 years. Excavation of the shallow soils in the area indicates a mix of recoverable
non-aqueous phase-separated product.
Conclusion. Numerous proven technologies exist to cost-effectively remediate
petrochemical contaminated soil and groundwater. Success is primarily determined by
using the proper combination of technologies for the site specific conditions.

Note: During the conference presentation figures were distributed illustrating the specific
remediation system configurations discussed in this paper.
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C02 PROCESS FOR pH CONTROL
OF ALKALINE WASTEWATER
IN CHEMICAL INDUSTRIES

Silvio da Silva Alvarenga
Alexandre Dumas Martins
Liquid Carbonic Industrias SA.
Rua guianas 80, Campos Eliseos - D.Caxias
Rio de Janeiro - RJ - CEP.25225-170 Tel - (021) 7761192 - Fax - (021) 7761958

ABSTRACT
This paper shows the utilization of C02 (Carbon Dioxide) in the pH control of industrial alkaline
effluent
In this article the concerned aspects are dealt with the technology of the process, describing the
equipments utilized, its designs and operational conditions which are necessary to obtain better
efficiency.
This article comprises the following aspects of the process:
-

Economy
Efficiency
Chemical Behaviour
Advantages of the Process
Security of the Process

It also compares the C02 process with H2S04 or HCL processes, presenting infomfadons about
comparative consumptions, Na2S04 reduction in biologycal treatment and precipitation control of
Na2S04 and N^CC, in high level Na content effluents.

INTRODUCTION
Carbon dioxide has been in use in many countries as a neutralizer of alkaline residual waters in
substitution of strong acids.
In Brazil, for economic resons, It has become necessary to develop techniques capable of affording
higher performances than can be obtained by the use of existing techniques.
Studies regarding reactions with C02in both gaseous and liquid phases, properties of solutions and the
alkaline compounds thereof, have revealed a specific high-performance technology (up to almost 100%)
with the use of C02.
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As regards alcalinity, due to the characteristics of caustic soda, it became necessary to adopt the system
of ejector-mixers. As for the alkalinity of lime, a technique inverting the suction pump position has
avoided build-up of crust caused by calcium salts. Practical results have shown these two methods to
be highly effective and that without its development the process could not have reached its present
stage.
It should be pointed out that the C02 process offers many advantages in comparison with other acids,
such as lower maintance cost, elimination of hazards in handling, ease of control, etc.

CARBON DIOXIDE AND ITS PROPERTIES
Carbon dioxide is a component of the atmosphere, in a proportion of 0.03%, and it makes part of the
natural metabolism of animals and plants, therefore it is not toxic and is even very much used in the
food industries. When in contact with water, it forms carbonic acid, of mild and efficient action, that
enables it to be used as a chemical reagent, where it will react with the alkaline components resulting
the neutralization phenomenon, without the incovenients presented by the other acids used for the same
purpose.
Carbon Dioxide Physical Properties
Property

Metric System

Formula
Molecular weight
Density of the solid
Density of the liquid
Density of the gas
Melting point
Boiling point
Triple point
Critical temperature
Critical pressure
Critical density
Specific heat of the gas
Specific heat of the liquid
Heating capacity ratio Cp/Cv
Latent melting heat (triple point)
Latent vaporization heat (Liquiflow)
Latente sublimation heat (dry ice)
Gas viscosity
Liquid viscosity
Gas thermal conductivity
Liquid thermal conductivity
Liquid surface tension
Solubility in water

C02
44.01
1,565 kg/l.(-79 C)
1.02 kg/l.(-17,8 C)
0,00198 kg/l.(0 C)
-56,6 C at 5,28 ktycm2 abs.
-78,5 C
56,6 C at 5,28 kh/cm2 abs.
+31 C
75 kg/cm2 abs.
0,464 kg/1. = g/cm2
0,1989 kcal/kg C(15,7 C)
0,53 kcal/kg C(-18,2 C)
1.3
47,2 kcal/kg(-56,6 C)
67,8 kcal/kg(-17,8 C)
136,7 kcal/kg(-79 C)
0,015 cp.(0 C)
0,14 cp.(-17,8 C)
0,000127 kcal.cm/cm2 (C.h)
0,00164 kcal.cm/cm2 (C.h)
8,23 dynes/cm (-17,8 C)
1,79 m3CO2gas/m3H20 (0 C)

ALKALINE INDUSTRIAL EFLUENTS:
Today a major concern of environment conservation agencies is with the control of environmental
pollution.
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Government agencies in various countries have required stricter controls with regard to sewage water
purification, more specifically of the pH index, which defines the neutrality of water, without which flora
and fauna at headwaters cannot survive.
The consequences of not treating sewage water are only too well known and show the importance of
adequate treatment.
In a industrial process water plays both direct and indirect role and is one of the chief raw-materials of
the production cycle. At this stage water undergoes contamination by various products, including
alkaline products such as caustic soda, lime, caustic potash, etc.
From this results a final caustic effluent, this therefore requires that corrective action be taken with
respect to pH control.
. :
Among the industries which operate under such conditions special mention should be made of the
textile, automotive, paper, soft-drink bottling, calcium carbide industries, etc.
The use of sulfuric acid as a neutralizing agent is standard practice and has been in use for a
considerable time, but it presents many problems.
Its agressive form promotes equiplment corrosion. During handling there is the danger of poisonous
fumes being inhaled and of irreversible bums.
The difficult control of the excessive acidity requires sophisticated short-lived equipment and effective
inspections if the effluent treatment plant is to function perfectly.
C02 process, which is easy to adapt and low-cost, does not present any of the shortcomings mentioned
earlier on.
Chemical Neutralization Reactions:
To allow a thorough appraisal of the different processes involved in treating industrial effluents below
are given the reactions involved in each.
Sulfuric Acid:
By using caustic soda as an alkaline component we have:
2 NaOH + H2S04 = Na^SO, + 2 H20
80g
98g
142g
36g
When lime is used as an alkaline component:
Ca(OH)2 + H2S04 = CaS04 + 2 H20
74g
98g
136g
36g
By means of calculations and acid concentration at 98%, it is safe to say that 1.23g of acid per l.Og of
soda and 1.32g of acid per l.Og of lime, respectively, are consumed.
Hydrochloric Acid:

^

With caustic soda as an alkaline component we have:
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NaOH + HC1 = NaCl + H20
40g
36.5g
58.5g
18g . When lime is used we have:
Ca(OH)2 + 2HCI = CaCl2 + 2 H20
74g
73g
lllg
36g
Here 0.91g of acid per l.Og of soda and 0.99g of acid per l.Og of lime, respectively, are consumed.
C02:
When soda is used as an alkaline compound we have:
2 NaOH + H20 + C02 = Na.CO; + 2H20
80g
44g
i
36g
Na2C03 + H20 + C02 = 2 NaHC03
44g
NaOH

+ C02 = NaHC03

For the entire reaction we have l.lg of C02 per l.Og of soda. It should be pointed out that this ratio
can be reduced to values of 0.6g of C02 per l.Og of soda, depending on the final pH desired.
With lime acting as an alkaline compound:
Ca(OH)2 + C02 + H20 = CaCO, + 2 H20
74g
44g
CaC03 + H20 + C02 = Ca(HC03)2
Ca(OH)2 + 2C02 = Ca(HC03)2
Here the reaction ranges from 0.6 to 0.8 and to reache the theoretical value (1.2g of C02 per l.Og of
soda), it woujd be necessary to go down the saturation pH, to solubilize the precipitate calcium
carbonate which is little soluble in water.

C02 PROCESS FOR WATER CONTAINING NaOH AS AN ALKALINE MEDIUM
Process Description
The technique for neutralizing the alkaline effluent by the "ejector-mixer system" is detailed in figures
la and lb.
Basically the process consists of recirculating the effluent through a pump with a discharge of around
3 kgf/cm2. Next the solution flows at high speed to the ejector, mixing with the C02 injected through
a distributor with micro-needles or perforated core at a pressure of around 60 Psig and flow
commensurate with the process requirements.
In this way the solution absorbs gas in diminute bubbles and at high turbulence in the expansion cone,
promoting instantaneous reaction with resulting drop in the pH index.
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The effluent runs over a line making up residence time. The neutralized effluent is returned to the tank
in a direction opposite that of its entry into it.
In this way a neutral regime and one which allows a better performance is set up, since the mixture
reduces the initial pH to be treaed by reaction of the acid salts formed.
A pH control system keeps the levels required for neutralization, sending signals to a solenoid in
accordance with the range established.
Thus the consumption of gas is always whithin stablished limits. A control panel acting as an interface
between the process and the control, is another important item since it is from it that all pumps, valves,
etc. are actuated.
The equipment used in the process for recirculating effluents (ejector-mixer) in order to neutralize jhe
alkalinity of soda, are listed below:
Pump:
Specified on the basis of the effluent flow rate, its pressure about 3 kgf/cm2.
Several kind of pumps can be used: Centrifugal, submergible, vertical, etc.
See in figures la and lb, differents types of installations.
Efector-mixer:
With this equipment, yields up to almost 100% has been obtained.
This equipment is specified on the basis of the flow of the water to be recirculated. It is divided into
three parts:
- convergent section
- straight seaction (figure 2)
- divergent section
pH Controller with sensor:
This controller emits a signal which is proporcionate to the sensor pulse, transmitting it to the control
panel.
The control panel in turn actuates the gas, pumps and controls according to the appropriate settings.
Control Panel:
It acts as an interface between the controller and the control elements (solenoid valves, pumps, etc.).
Control Components:
The solenoid valves act as the chief end control element, since on receiving the signal they allow C02
to flow into the system.
The signals are sent by the controller. The solenoid valves are specified according to the flow rate,
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tension and work pressure of the system.
Flowmeters:
Connected to a flow control valve, at a working pressure of 60 Psig. After the optimum working flow
has been determined this equipment hardly needs adjusting, except in special cases of due to some
irregularity.
Pressure Regulation Valve:
It is responsible for reducing the pressure in the tank (300 Psig) or in the manifold (1000 Psig) to the
working pressure which will be about 60 Psig.
Flow Regulation Valve (Needle Valve):
This valve is responsible for regulating the flow of C02 needed for neutralization.
Installation and Operation of the System:
The system operates either manually or automatically, actuating the solenoid valve for periods
proportionate to the sensor pulses. In the automatic system the pump is switched off when the solenoid
valve remains closed for a while (5 to 10 min) without receiving a signal to open. Circulation is then
kept only just enough to allow full equalization in the tank.
In the neutralization tank a baffle (see figures la and lb) should be fitted with the purpose to force the
counter-current of the alkaline effluent with the neutralized effluent.
The recirculation pump intake should be positioned as close as possible to the untreated water (high
pH) entry.

PROCESS OF C02 FOR EFFLUENT CONTAINING CALCIUM:
For the cases of effluents which contains calcium in a value possible of forming crust because of the
calcium carbonate formed by the reaction with C02, then has been developed a technique (process) to
avoid the formation of the carbonate within the system of recirculation (pump, ejector, line).
This tecnique consists basically in inverting the sucction of the pump that in the system of effluent with
alkalinity of sodium is in the entry of the tank of neutralization together with the effluent, to the exit
of the tank, the effluent returning to the entry of the tank of neutralization, resulting into a complete
reaction up to the calcium bicarbonate inside the tank, as shown in figure 3. Like calcium bicarbonate
is soluble no crust is formed in the system.
The pH in the sucction of the pump, in the exit of the tank is a little inferior to the pH of saturation
of the effluent that can be calculated in function of the quantity of calcium, temperature, solids amount
and total alkalinity, acording to some formules such as for example the Langelier Index, which we will
show.
II = pHreal - pHs
Where: pHs = pCa + pale + C
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• pCa - logarithmic factor of value of calcium hardness
• pale - logarithmic factor of value of total alkalinity
• C - logarithmic factor of total solids dissolved in water, in function of temperature
The values of pCa, pale and C are taken from graphs availables in the literature.
Langelier Index explanation:
• II > 0 - tendency that water presents to precipitate CaC03
• II < 0 - tendency that water presents to dissolve the CaC03 in solution
Dealing with the exit of the tank with the pH below the pH of saturation the formation of soluble
calcium bicarbonate is guaranted and therefore crust owing to carbonate is avoided.

CONSUMPTION OF C02
The consumption of C02 depends upon some factors, such as:
-

The
The
The
The

rate of flow of alkaline effluent
initial value of the pH, or alcalinity
final value of pH
efficiency of the process

The curve shown in figure 4 indicates the molar relations between the ion species in function of the pH.
For example, in the case of a neutralization with COj, with an efluent with NaOH until a final pH of
10 the alkalinity of the hydroxide would have been transformed in approximately 50% carbonate and
50% bicarbonate.
Wherein for the reaction of carbonate as it was shown previously the stoichometiy relation is of 44g of
C02 to 80g of NaOH, the consumption of C02 Would be inferior, because half of the initial NaOH
would be transformed in carbonate.
In the case of final pH of for example 8.3 the alkalinity of the hydroxide would have reacted with
bicarbonate with a stoichometiy relation of 88g of C02 to 80g of NaOH.
With this we can see the influence of the final pH in the relation of consumption of C02.
It is clear that so the initial pH as the effluent flow are also the determinant factors in the consumption
of C02, since those express the total alkaline charge that will be neutralized.
The efficiency shows us how much, of the added COz will react with the alkaline components.
Owing to the development of the technique of the ejector the efficiency of the systems for neutralization
with C02 are nowadays near 100% in various cases.

NA2S04 AND NA2C03 CONTROL FOR EFFLUENTS
WITH HIGH CONTENT OF SODIUM
In case of effluents with sodium hidroxide content over 500 g/h exist the possibility of precipitation of
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this sodium as sodium carbonate and sodium bicarbonate from the reaction with C02. These cause
incrustations problems in the piping because the effluent has a high sodium concentration.
The solubility limits for these salts correspond to an one concentration value that indicate formation of
solute precipitate. This value is function of temperature and solvent for example:
Na2C03 (H20 - 104°C) = 48,5
Na2C03 (H20 - 0°C) = 7,1
NaHCO, (H20 - 80°C) = 16,4
NaHCO, (H20 - 0°C) = 6,9

SOLUBILITY
LIMIT

About the sodium sulphate control in the effluent used on the treatment, it is better to use C02 for the
biological system in the neutralization stage. In order to avoid high sulphate concentration on the
biological treatment, that can provoke a displacement on the system caused by the sulphate reducers
bactepum formation. This can cause disequilibrium on the biological system and is necessary the use
of C02.

CONCLUSION
Owing to the technique developed for the injection and control of CO% the neutralization process with
C02 has shown various advantages, such as:
Low Initial Investment:
Being easy to adapt, C02 process does not require the complex equipment designed for handling strong
acids.
Better Operating Conditions:
The hazards of poisonous fumes, bums and other injuries consequent upon the handling of strong acids
are eliminated, dispensing with safety devices.
Economy in Maintenance:
The use of COz reduces maintenance costs, entailed by the corrosive effect of acids on equipment and

civil work. The final values of which are quite hign in total.
Ease of Control:
The ease of automating the system with injection of C02 dispenses with laborious and hazardous
dilutions of acids for perfectly adjusting pH.
Safety in Neutralization:
Ease of control and elimination of overacidity ensure perfect functioning of the treatment station.
Continuous Functioning:
The system adapted to C02 process possesses more flexibility for automatic correction of any
fluctuations in pH without requiring stoppages and eliminates the need for dispensing pumps.
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Overall Economy:
C02 process has been proven an economical process, considering the direct as much the indirect costs
of the treatment plant.
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WATER TREATMENT SYSTEM USING C02
FIGURE-2

130

CALCIUM NEUTRALIZATION SCHEMATIC DIAGRAM
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IN THE PETROLEUM INDUSTRY
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ABSTRACT
With the passage of the 1984 Hazardous and Solid Waste
Amendments to the Resource conservation and Recovery Act in
the United States, industries have become more interested in
their waste management practices. Particularly, the
petroleum industry, as a generator of hazardous waste, is
actively developing waste minimization and/or pollution
prevention programs to limit the quantity and toxicity of
waste generated to the extent economically feasible.
Considering the wide variety of general and technical
documents published by both private and public sectors on
waste minimization and/or pollution prevention in the
petroleum industry, there is a need to organize all of that
information into a system that will allow the identification
of practical and feasible strategies. The objective of this
thesis is to present a methodology to organize the collected
data into a bibliographic database. It allows data
processing and subsequent analysis to help identify
approaches and strategies for solving the existing hazardous
waste problems, understand the legal measures involved, and
determine the common practices used for waste minimization
and/or pollution prevention by the petroleum industry.
To meet the objectives of the research, the following steps
were planned: online searching of available databases,
collecting specialized documents, identifying key words to
study and classify the information, analyzing different
database management systems for application needs, building
a computerized bibliographic database, and structuring
information by processing the bibliographic database.
To determine the waste generated and the waste minimization
and/or pollution prevention strategies in the petroleum
industry, tne ruiictioirar' elements of that system were
identified as: industry function, function process, waste
generation, waste treatment, waste disposal, and waste
minimization/pollution prevention. These functional elements
represent the backbone of the problem-oriented system to
determine the waste minimization strategies.
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INTRODUCTION
Today's rapidly developing and changing technologies,
industrial products and practices frequently carry with them
the increased generation of residual materials (waste) that,
if improperly dealt with, can threaten both public health
and the environment.
Waste processing or so called, "end-of-pipe" technology
and/or land disposal were for many years the main approach
used for solving hazardous waste problems. As environmental
regulations have become more stringent, it has become
necessary to minimize or eliminate the generation of waste,
specifically hazardous waste, rather than processing it to
ensure environmentally acceptable disposal. However,
hazardous waste management (including processing and
disposal) must continue in those cases where elimination of
the waste cannot be achieved due to the nature of the
industrial process involved. (1)
with the passage of the 1984 Hazardous and solid Waste
Amendments to the Resource Conservation and Recovery Act in
the United States, higher levels of management became
increasingly concerned in their companies' waste management
practices. in the Amendments, the u.s. Congress stated:
"The Congress hereby declares it to be national policy of
the United States that, wherever feasible, the generation of
hazardous waste is to be reduced or eliminated as
expeditiously as possible. Waste that is nevertheless

generated should be treated, stored, or disposed of so as to
minimize the present and future threat to human health and
the environment". (2)
Later in 1990, attention to environmental protection
increased with the passage of the Pollution Prevention Act
stating national policy to be: "... that pollution should be
prevented or reduced at the source whenever feasible;
pollution that cannot be prevented should be recycled in"an
environmentally safe manner, whenever feasible; pollution
that cannot be prevented or recycled should be treated in an
environmentally safe manner whenever feasible; and disposal
or other release into the environment should be employed
only as a last resort and should be conducted in an
environmentally safe manner". (3)
The petroleum industry, as a generator of hazardous waste,
is actively developing waste minimization and/or pollution
prevention programs to limit the quantity and toxicity of
waste generated to the extent economically practical. There
are significant opportunities for the industry to reduce or
prevent pollution at the source through cost-effective
changes in exploration and production, refining and
marketing operations. such changes can offer substantial
savings in raw materials usage (other than crude oil),
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pollution control, and liability costs, as well as help
protect the environment and reduce risks to worker health
and safety. .
While there is a large body of general and technical
literature which describes waste minimization and/or
pollution prevention practices for the petroleum industry,
access is difficult for the typical engineer/manager. To be
useful, this information must be organized into a,system
which will allow the identification of practical and
feasible strategies. For this project, a set of procedures
for organizing this information is defined and then followed

to produce a desired output. The procedures include
acquisition and classification of information, development
of a computerized bibliographic database, and analysis of
information to define or determine waste minimization and /
or pollution prevention strategies in the petroleum
industry.
One of the objectives of this thesis project is to present a
methodology to organize collected data into a database which
will allow data processing and subsequent analysis to help
identify approaches and strategies for solving the existing
hazardous waste problems, and understand the legal measures
involved and the common practices on waste minimization
and/or pollution prevention in the industry. This is
achieved by designing a computerized bibliographic database
containing the acquired data, and using it to identify the
technologies needed to minimize the generation of waste in
this industry. The use of the database can benefit research
institutions, environmental regulatory agencies and the
petroleum industry, especially with regard to further study
of the field, and identification of the research and
development trends.
THEORETICAL FRAMEWORK
Regulatory Background - u.s. Federal Activities
Two years after passage of the 1984 HSWA, the United States
Environmental Protection Agency (U.S.EPA) detailed its
position on the subject in its 1986 Report to Congress: "EPA
still has much to learn about waste minimization and
recognizes that the cooperation of private and public waste
generators will be invaluable as it moves toward the
development of sound long term policy. It also believes,
however, that the incentives and trends within the hazardous
waste management system are unmistakable, and that the
program presented here comprises the most positive and
constructive steps that can be taken at this time.
Aggressive action in favor of waste minimization is clearly
needed, but a major new regulatory program, at least for the
present, does not seem desirable or feasible.n (4)
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On January 26, 1989, the EPA published a draft Pollution
Prevention Policy Statement in the Federal Register (54 FR
3845). While the Agency had previously been using source
reduction as a key element in some of its programs, this
Policy Statement clearly established source reduction as a
preferred option for organizations, facilities, and
individuals, in fact, the term "pollution prevention" was
officially used by the Agency for the first time in this
document. Previously, the term "waste minimization" had been
used to describe efforts associated with the hazardous waste
program, but the phrase substitution was made in order to
emphasize the applicability of a pollution prevention
approach to a wide range of programs. In addressing any
given environmental problem, pollution prevention is to be
considered the approach of first choice. (5)
In the fall of 1990 the U.S. Congress passed the pollution
Prevention Act of 1990. As stated in the Act, national
policy is: "The Congress hereby declares it to be the
national policy of the United States that pollution should
be prevented or reduced at the source whenever feasible;
pollution that cannot be prevented should be recycled in an
environmentally safe manner, whenever feasible; and disposal
or other release into the environment should be employed
only as a last resort and should be conducted in an
environmentally safe manner".
Then in February 1991, EPA issued a Pollution Prevention
Strategy (56 FR 7849) which clarifies its pollution
prevention position and the Agency's objectives in this
area. (6). The strategy is designed to serve two purposes:
1) to provide guidance and direction for efforts to
incorporate pollution prevention within EPA's existing
regulatory and non-regulatory programs, and 2) to set forth
a program that will achieve specific objectives in pollution
prevention within a reasonable time frame.
Regarding the first objective, U.S.EPA believes that in
order for pollution prevention to succeed, it must become a
key component of the Agency's primary mission of protecting
human health and the environment. To achieve this, the
Agency's goal is to incorporate pollution prevention into
every facet, including enforcement actions, regulations,
permits, and research and development. (7)
Environmental Terminology
It is important to introduce some environmental definitions
as they are used in the development of this study.
Hazardous Waste is defined as any solid, liquid or gaseous
waste, or combination of them, which because of its
quantity, concentration, or physical, chemical or biological
characteristics may cause any form of damage to human health
or the environment, when improperly managed.
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Pollution Prevention is defined as "the use of materials,
processes, or practices that reduce or eliminate the
creation of pollutants or waste at the source. It includes
practices that reduce the use of hazardous materials,
energy, water, or other resources and practices that protect
natural resources through conservation or more efficient
use." (8)
Waste Minimization is defined as the reduction, to the
extent feasible, of hazardous'waste that is generated or
subsequently treated, sorted, or disposed. It includes any
source reduction or recycling activity undertaken by a
generator that results in either (1) the reduction of the
total volume or quantity of hazardous waste, or (2) the
reduction of the toxicity of hazardous waste, or both, so
long as such reduction is consistent with the goal of
minimizing recent and future threats to human health and the
environment. (9)
Additionally, the u.s.EPA has adopted and encouraged the. use
of an integrated Waste Management Hierarchy to solve solid
waste generation and management problems. The hierarchy is
defined as a series of management options, namely source
reduction, recycling, treatment, and disposal, that can be
used to manage waste streams. The hierarchy concept implies
that the management options are ranked in order of
preference.
(10)
Source Reduction refers to the reduction or elimination of
waste generation at the source, usually within a process.
Source reduction measures can include types of treatment
processes, but they also include process modification,
feedstock substitutions or improvements in feedstock purity,
various housekeeping and management practices, increases in
the efficiency of machinery, and even recycling within a
process, source reduction implies any action that reduces
the amount of waste generated by a process. (11)
Recycling refers to the use or reuse of a waste as an
effective substitute.for a commercial product, or as an
ingredient or feedstock in an industrial process. It also
refers to the reclamation of useful constituent fractions
within a waste material or removal of contaminants from a
waste to allow it to be reused. Recycling implies use,
reuse, or reclamation of a waste either on-site or off-site
after it is generated by a particular process. (11)
Treatment/Processing refers to methods, techniques or
processes that are designed to change the physical,
chemical, or biological character of hazardous waste in
order to render the waste non-hazardous or less hazardous.
Treatment/processing implies actions that render waste safer
to transport, dispose, or stored. (11)
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Disposal refers to the discharge, deposit, injection,
dumping, spilling, leaking, or placing of any waste into or
on land or water. (11)
Petroleum Industry Profile
Petroleum has been considered, for many years and by many
countries, as one of the main natural sources of liquid
fuel. It is not a uniform material". In fact, its composition
can vary not only with the location and age of the oil field
but also with the depth of the individual well. On a
molecular basis, petroleum is a complex mixture of
hydrocarbons, organic compounds of sulfur, oxygen, and
nitrogen, as well as compounds containing metallic
constituents, particularly vanadium, nickel, iron, and
copper.
(12)
The petroleum industry is unique in nature, mature and
competitive in the world market. The principal business or
functions of the petroleum industry are Exploration and
Production (oil and gas extraction), Refining, and
Marketing.
The purpose of the exploration and production area of the
petroleum industry is to explore for, develop and produce
crude oil and gas resources from beneath the earth.
Petroleum exploration and production is achieved by
performing the following main steps or processes:
1. Geophysical Exploration: provides a means for
determining the location of sedimentary rocks.
2. Well Drilling: pulverizes the rock and earth,
gradually forming the hole.
3. Well Completion: involves insertion of a casing to
prepare a well for oil and gas production.
4. Well Production: involves propelling petroleum out
of the reservoir and into the well by using either gas or
water as the propulsive force.
Fuels produced from a well are seldom pure crude oil; in
fact, a variety of materials may be produced by oil wells in
addition to liquid and gaseous hydrocarbons. The natural gas
itself may contain impurities. The most common of these
impurities is hydrogen sulfide, which imparts a noticeable
odor to the gas. A few natural gases contain helium and this
element does, in fact, occur in commercial quantities in
certain gas fields. Nitrogen and carbon dioxide are also
found in some natural gases.
By far the most abundant extraneous material is water. Many
wells, especially during their declining years, produce vast
quantities of salt water, and disposing of it is both a
serious and expensive task. Finally, if the reservoir rock
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is an incoherent sand or poorly cemented sandstone, large
quantities of" sand are produced along with the oil and gas.
After crude oil is produced, it is prepared for
transportation. One of the first steps to be taken in the
preparation of crude oil is the removal of excessive
quantities of water. In fact, water contents from 0.5 % to
2.0 % have been specified as the maximum tolerable amount in
a crude oil that is to be moved by pipeline. Another
important step in crude oil preparation is blending crude
oils from several wells and thereby homogenizing the
feedstock to the refinery. (12)
Finally, after preparation, crude oil is transported to a
refinery by pipelines or tankers.
The refining area is the products manufacturing sector of
the business. Refining petroleum is a complex series of
steps by which the original crude material is eventually
converted into salable products with the desired qualities
and perhaps what is more important, in the amounts dictated
by the market needs. In fact, a refinery is essentially a
group of manufacturing plants which vary in number with the
variety of products produced; refinery processes must be
selected and products manufactured to give a balanced
operation - that is, crude oil must be converted into
product according to the rate of sale of each. (12).
Before processing, crude oil must go to a desalting unit to
remove water and solids present in the oil. Refinery
processes can be divided into three major types;
1. Separation: the division of the crude oil into
various streams (or fractions) depending on the
nature of the crude material. Separation processes
include atmospheric and vacuum distillation.
2. Conversion: the production of salable materials from
the crude oil is usually by skeletal alteration, or
even by alteration of the chemical type, of the
crude oil constituents. Among the main conversion
processes in a refinery are catalytic cracking and
alkylation.
3. Finishing/Treating: the purification of the various
product streams by a variety of processes which
essentially remove impurities from the product. The
most common impurities are sulfur compounds.
Finally, after the products are obtained from the different
refining process, they are stored and transported to
marketing facilities for sales. Petroleum products transport
can involve pipelines, oceangoing tankers, trucks, and rail
tank cars.
After petroleum production and refining is the marketing
area of the petroleum industry. The marketing function
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delivers the finished product to the customer. The public
most readily identifies the petroleum industry with its
service stations along roadways. But in fact, petroleum
products are distributed to either complex facilities or
retail outlets.
Marketing facilities are widespread and diverse with varying
degrees of complexity. They range from small gasoline
dispensing retail outlets to large, storage and distribution
terminals and more complex facilities including
manufacturing plants dedicated to grease compounding and oil
blending.
Basic Concepts of Information systems and Main Elements
of Database Structure
To provide the background knowledge in handling, organizing,
and processing information on hazardous waste minimization
in the petroleum industry, three major concepts were
studied. They were, first, the "information" concept to
understand what an information system is, second the "data"
concept to understand the basis of the analysis , and third
the "database" concept to understand how its design serves
the process of organizing information.
The term "information" is defined as "knowledge communicated
by others or obtained from investigation, study, or
instruction". (13). For the purposes of this thesis, an
"information system" is then defined as an organized or
methodically arranged set of information, subject to a
common plan or serving a common purpose. It is also the
objective of an information system, to support the user's
growing needs such as data control and application to solve
problems.
The term data is defined as information organized for
analysis and/or processing or used as the basis for a
decision. (13)
The term "database" can be defined as a selected set of data
relevant to a specific field of application, stored in some
common computer memory and organized in such a way that its
elements (data) may be used easily for different purposes.
It is a collection of interrelated data stored so that it
may be accessed by authorized users with simple userfriendly dialogues. The database structure is independent of
programs that use the data and a common control approach is
employed in adding, deleting or modifying the data. (1)
Data models specify how separate pieces of information are
related in a database. Information is broken down into data
structures. The most basic of these structures are files,
records and fields.
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The data storage for a database is accomplished by the use
of one or more files. A file is defined to be a collection
of similar records kept on secondary computer-storage
devices. Typical of secondary storage devices are disk
drives with magnetic disks. A record is defined as a
collection of related fields containing elemental data
items. A data item typically represents a value which is
part of a description of an object or an event. (14)
Finally, the "bibliographic database" is defined as a
selected set of data of documents or publications relevant
to the field of interest, stored and organized in such a way
that its elements may be used easily for different purposes.

RESEARCH METHODOLOGY
To organize information on hazardous waste minimization in
the petroleum industry in order to determine general
practices or strategies, the following steps have been
planned:
1. online search of available databases on different hosts.
2. Collection of specialized documents in waste minimization
and / or pollution prevention in the petroleum industry.
3. Identification of basic key words to study or classify
the information collected.
4. Analysis of different database management systems (DBMS)
for application needs.
5. Building a computerized bibliographic database on waste
minimization / pollution prevention in the petroleum
industry.
6. Analysis of information by processing the bibliographic
database to identify the most commonly used hazardous
waste minimization practices in the petroleum industry.
DEVELOPMENT OF SPECIALIZED COMPUTERIZED BIBLIOGRAPHIC
DATABASE
An essential part of this thesis project is to present the
methodology for building a specialized computerized
bibliographic database to identify, waste minimization and/or
pollution prevention in the petroleum industry. First, the
collection of representative data is presented. Then, the
selection of the software is discussed and finally the input
of data is described.
Acquisition of Data
Online search of available databases in different hosts was
the basic process used to acquire data. The analysis of the
subject content, coverage, emphasis and format of the online
accessible bibliographic databases resulted in the selection
of the following databases:
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*
*
*
*
*
*
*
*
*

Applied Science and Technology Index
Compendex Plus
Energy Science and Technology
ENERGYLINE
ENVIROLINE
National Technical Information Service (NTIS)
Pollution Abstracts
SCITECH Reference Plus
U.S. Patent index

Analysis and selection of Database software
To select the software for the development of the
specialized bibliographic database on waste minimization
and/or pollution prevention in the petroleum industry, the
following criteria were used: availability/accessibility;
relational capabilities; text management capabilities;
entering, manipulating and retrieving information
flexibility; and ease of learning.
Considering the above criteria, four (4) database management
systems (DBMS) were studied and analyzed: DBase III, DBase
IV, DATABASE, and ASKSAM.
ASKSAM was selected. It is a free format information
management environment.it is very powerful and flexible
because it can store both free form and structured
information. According to Software Consumer Reports ASKSAM
is described as a perfect product for managing textual
information bases.
Data input
once the software was selected and its applications studied,
the format or structure for data input of each document was
created. The fields considered for the format were the
following:
* Record No.: ___________________________________________________
* Author: ________________________________________________________
* Title:
_______________________________________________________
* Location: _____________________________________________________
* Source: ________________________________________________________
* Publisher: ____________________________________________________
* Publishing Year: _____________________________________________
* Document Type: _______________________________________________
* Document Class: ______________________________________________
* Secondary Source: ___________________________________________
* Language: _____________________________________________________
* Key Words: ____________________________________________________
The most important field for the analysis of the data
collected is "Key Words". This field will allow the
identification of hazardous waste generated by all the
functions of the petroleum industry, and the waste
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minimization and/or pollution prevention strategies in
practice by different companies or recommended by research
institutions.
Two hundred (200) documents were analyzed and their key
words defined and input into a bibliographic database. The

name assigned to the file was "WMPPPI", which stands for
Waste Minimization/Pollution Prevention in the Petroleum
Industry.
Identification of the Functional Elements of the
System
For the recognition of parameters and their relationships in
the determination of waste minimization and/or pollution
prevention strategies, approximately 50 documents were
first studied. These included journal articles, technical
reports, conference proceedings, books, etc., in the fields
of environmental science and petroleum technology with
special emphasis on waste minimization and/or pollution
prevention.
In an analysis of the first 50 primary documents, the
functional elements to determine the waste generated and the
waste minimization and/or pollution prevention strategies in
the petroleum industry were identified as:
* industry function: exploration & production, refining and
marketing.
* function process: types of processes by industry function.
* waste generation: types of waste generated by industry
function process.
* waste treatment: types of treatment or processing
technologies.
* waste disposal: disposal practices.
* waste minimization/pollution prevention: alternatives or
practices to minimize generation of waste.
Structuring Data Into systems
The functional elements represent the backbone of the
problem-oriented system to determine waste minimization
and/or pollution prevention strategies in the petroleum
industry.
In designing the system, the methods of problem-solving and
structuring of data into systems were applied.
The main steps towards solving a problem with the
information support include:
1. Problem definition.
2. "Informatization" of the problem, i.e. definition of
types of information needed for its solution.
3. Information collection and organization: use of available
information sources, in particular specialized scientific
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papers, patents, know-how offers and other industrial
information, market information, retrospective searches
in international databases, setting and optimizing
profiles for regular processing of these databases, and
organization of collected primary documents.
4. Analysis of information and definition of key parameters.
5. Study of selected parameters, their interactions and
definition of their hierarchy.
6. Structuring the information into systems, recognizing the
relationships and patterns through a combination of
information density and intuition. (1)
Key Words Analysis
Using the search and retrieval capabilities of the ASKSAM
database software, key words of the specialized
bibliographic database "WMPPPI" were retrieved to identify
their frequency, i.e. hypothetically the most common waste
and waste minimization practices in the petroleum industry.
Key words of the "WMPPPI" database were organized with
respect to industry function, waste generation, waste
minimization and/or pollution prevention practices, and
general interest.
RESULTS OF THE ANALYSIS OF INFORMATION
The analysis of the key words of the bibliographic database,
followed by the study of the documents containing the
information concerning waste minimization and/or pollution
prevention, allowed the identification of the most common
waste generated by each function of the petroleum industry,
as well as the waste minimization strategies.
Waste Generation in the Petroleum Industry
Based on the results of database processing, it can be seen
that a large variety of hazardous waste are generated by the
petroleum industry. The majority of waste is generated by
the exploration & production and refining functions.
Gas processing operations were not analyzed because these
types of facilities rarely generate any significant amount
of hazardous waste. Waste generated in gas processing is
substantially similar to those generated in the exploration
and production function.
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Waste Generation in Exploration and Production
From the analysis of the corresponding documents, it can be
concluded that the main wastes generated during the drilling
of oil and gas wells are drilling fluids or muds and
cuttings. The waste generated by production of oil and gas
includes water and oily sludges, other wastes such as used
oil, drums, and chemicals are contributed from both drilling
and production operations.
According to the analysis, transportation of crude oil from
the production fields to the refineries also generates
waste. Such waste includes tank bottom sludges from crude
oil storage tanks, pigging waste from pipeline cleaning,
solvent degreasers, used oil, and crude oil spills, if such
situation occurs.
Waste Generation in Refining

According to the document analysis, the refining sector of
the petroleum industry generates the predominant share of
hazardous waste. The main wastes generated are crude oil and
product tank bottoms, oily sludges, cooling tower sludge,
spent catalysts and other chemicals, heat exchanger
residues, coke fines, and wastewater.
Of these waste streams, the U.S.EPA has identified five as
listed hazardous wastes. These wastes include :
* Dissolved Air Flotation (daf) float (K048)
* Slop oil Emulsion Solids (K049)
* Heat Exchanger Bundle Cleaning solids (K050)
* API Separator Sludge (K051), and
* Leaded Gasoline Tank Bottoms (K052)
These wastes are generally referred to as K-wastes.
The basis for listing these five wastes centers on two metal
constituents, lead and hexavalent chromium. The lead mostly
comes from the use of tetraethyl lead as an octane booster
in gasoline. Hexavalent chromium finds its way into these
wastes in the blowdown from cooling towers that use
hexavalent chromium compounds as a corrosion inhibitor.
Waste Generation in Marketing

By processing the information related to the marketing
function of the petroleum industry, it is clearly seen that
due to the nature of the operations of this function, only
relatively small quantities of waste are generated. These
wastes are usually generated on an intermittent basis. They
include tank bottom sludge and water, separator sludge,
contaminated and off-specification product, used oil and
other lubricants, used batteries, used tires, spent
antifreeze, solvent degreasers, and used drums, among
others.
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Waste Minimization in the Petroleum Industry
The petroleum industry in the U.S.A. is strongly committed
to voluntary rather than mandatory waste minimization
programs. The 1984 RCRA amendments required the
implementation of voluntary waste minimization programs. in
many respects, the petroleum industry had already initiated
practices and process modifications to avoid the generation
of waste.
It is important to understand the obstacles encountered by
the petroleum industry in reducing the volumes of waste it
generates. Most source reduction methods are often unique to
specific products or production processes. Even so, these
methods can be grouped into four major categories as was
done in section 1429 of the Hazardous waste Reduction Act of
1987. These categories included: substitution of raw
materials; reformulation or redesign of products; equipment,
technology, process, or procedure modifications; and
improvement in management, training, inventory control,
materials handling, or other general operational phases of
industrial facilities.
With the exception of the last category, the analysis of
information showed that the extractive nature of the
petroleum industry raises significant obstacles, some of
which are impossible to overcome, to make significant
reductions. For these reasons, it is believed that the
petroleum industry emphasizes recycling, reuse practices,
and treatment technologies, in addition to source reduction.
Waste Minimization in Exploration & Production
The processing of information allowed the preparation of a
series of schemes which represent the current waste
minimization practices used in the exploration and
production function of the petroleum industry.
From the primary document analysis, it was determined that
the most common waste minimization practices in this
function are oil recycling from the previous treatment of
waste with oil content, well injection of produced water,
and material recovery from chemical waste reclamation.
Waste Minimization in Refining
It was found that most of the information on waste
minimization in the petroleum industry was related to
refining; probably because most of the waste is generated in
this function. From the analysis of the information, several
schematic representations were prepared to illustrate the
most common waste minimization practices applied in this
function of the industry. Those practices are: recycling of
oily sludges to petroleum cokers and cement manufacturing;
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waste segregation or separation to reduce, mostly,
wastewater generation; additives substitution, such as for
chromate based corrosion inhibitors in cooling water systems
and lead in gasoline treatment, to reduce the toxicity of
the waste; material recovery from chemical waste treatment;
oil recycling from treatment of waste with oil content; and
soil bioremediation when oil spills occur.
Waste Minimization in Marketing
The processing of information also allowed the preparation
of several schematic representations of the most common
waste minimization practices used in each process of the
marketing function in the petroleum industry.
It was determined from the analysis that waste segregation
or separation is an important strategy for waste
minimization at retail outlets and complex facilities. By
having a waste segregation or separation program, waste can
be recycled or reclaimed for material recovery.
Prevention of oil releases or product spills constitutes the
first significant step toward total waste minimization at
marketing facilities. Safeguarding against spills and leaks
is best handled through good housekeeping, maintenance, and
inventory control procedures.
CONCLUSIONS
The approach used in assessing of waste minimization
opportunities led to the following conclusions:
1. There are many opportunities for waste minimization in
each function of the petroleum industry, however, the
implementation of these opportunities is dependent upon
several factors, such as: plant location, raw material
composition, products composition, types of processes,
climate, and market.
2. Although there is not one single recipe to minimize
hazardous waste in the petroleum industry, the
methodology presented in this thesis can be used to
determine waste minimization practices or strategies in
any particular case.
3. The majority of waste generated by the petroleum industry
comes from the exploration & production and refining
functions.
4. Waste recycling and reuse are the most common waste
minimization practices in the petroleum industry.
5. Waste treatment/processing, or so called "end-of-pipe"
technology, is still necessary to apply for some waste
minimization practices in the petroleum industry.
6. This study can serve as a basis for further investigation
of the field and identification of the future research
and development trends.
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ABSTRACT
After a review of the energy consumption and pollutants emitted in the European community the author is making a

summary of the actual legislation and European directives, Best Available Technology for reducing Air pollution is
discussed. Original Air Quality monitoring networks realised by Environnement SA are described including results of
measurements done around Paris and others areas of France.

INTRODUCTION
The "greenhouse effect" is the natural phenomenon whereby several gases in the earth's atmosphere trap the infra-red
radiation emitted by the earth's surface. It is the greenhouse effect which is responsible for maintaining global
temperatures high enough to support life on earth. However, mankind has increased the level of naturally occurring
gases to such a critical level that this natural cycle is being disrupted. The result: global warming of the earth's climate
to potentially dangerous levels.
The effects of global warming for the world could be disastrous. Radical climate changes, rising sea levels
accompanied by large-scale flooding, and desertification in inland areas are all possible outcomes of long-term
pollutant emissions. The primary greenhouse gases emitted are carbon dioxide (COj, nitrogen oxide (NOx), sulphur
dioxide (SO2), volatile organic compounds (VOC), and carbon monoxide (CO). Carbon dioxide is the largest single
waste product in today's society and is believed to account for about half of the warming effect associated with
greenhouse emissions. The European Community emits 2,994 million tonnes of CO, annually (1990 figures), or 13 %
of the world's total carbon dioxide emissions. In addition, the level of emissions per EC inhabitant is twice as high as
the world average.

Accordingly, the European Community decided in October 1990 to stabilise global Community CO2 emissions at 1990
levels by the year 2000. Since 80 % of CO2 emissions worldwide arise from energy production, consumption, or
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transformation, the most effective method of achieving emission reductions is through the improvement of energy
efficiency, implementing new energy technologies in such sectors as the energy industry, industry, transport, and
buildings. The Thermie programme, lauched by the EC in 1990, promotes the more widespread use of these new energy
technologies which can reduce CO2 emissions.

Consequently, if the Community is to successfully reduce CO2 emissions, it oust do so by promoting"environmentally
friendly" technologies. In order to determine to what extent Best Available technologies (BATs for short) were in fact
environmentally friendly and their impact on the reduction of carbon dioxide and other emissions, it was necessary to
conduct a thorough evaluation of these technologies. This what the underlying rationale for the Directorate-General for

Energy's study entitled "Analysis of The Ecological Impact of Demonstration projects in the Field of Rational Use of
Energy - Development of Evaluation criteria", conducted by regio-Tec GmbH of Stamberg, Germany. In addition to
reducing emissions of C02, NOx, SO2, VOC and CO, BATs can substantially improve energy efficiency through the
reduction of primary energy consumption.

I - ENERGY CONSUMPTION AND POLLUTANTS EMITTED IN THE EC
1.1 - ENERGY CONSUMPTION IN THE EC
1.1.1 - Total Primary Energy Consumption
The EC energy market has changed fundamentally since the end of the Second World War. This shift is characterised
by an increase of other 100 % in primary energy consumption in the first three decades up to the early 1970s; the large
scale displacement of coal by oil and natural gas (for example, oil accounted for 10 % of European energy requirements
in the 1950s before increasing to 59 % in 1973); the emergence of nuclear energy power (accounting for 14 % of EC
energy production) ; and the oil crises of 1973 and 1979-1980. In the aftermath of these crises, the EC has attempted to
moderate energy consumption (to approximately 1,000 Mtoe per year) and reduce the dependence on imported oil.
(Fig-1)
Other

45%

Fig 1. - EC Energy consumption
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1.1.2 - Total EC Primary Energy Use by Sector
The energy industry consumes nearly 30 % of the ECs total energy supplies. This percentage is increasing over the
years as a result of higher electricity demands, which have outpaced the rate of economic growth in the Community.
Although accounting of 21 % of energy use, the industry sector will maintain relatively constant demands of EC
primary energy. A similar scenario is envisaged for the buildings sector (28 %), with reduced demand coming as a
result of a decline in space heating use. Transport, already consuming 22 % of EC energy, is expected to increase its
share of demand in the future due to an increase in the use of trucks and private vehicles. (Fig. 2)

1.2 - POLLUTANTS EMITTED IN THE EC
1.2.1 - Total EC Emissions of Five Pollutants
It is quite clear that carbon dioxide contributes the largest proportion of EC pollutant emissions. A total of 2,455 million
tonnes of CO2 are emitted each year by the Member States of the EC. Carbon dioxide, it should be remembered, is
thought to account for half of the warming effect associated with greenhouse gas emissions. However, the level of
carbon dioxide emissions should not obscure the fact that the EC emits a high amount of sulphur dioxide (12,2 million
tonnes), nitrogen oxide (10,4 million tonnes), volatile organic compounds (5,2 million tonnes), and carbon monoxide
(33 million tonnes). (Fig. 3)

Fig 3. - Total EC Emissions of Five Pollutants
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Further insight into the nature of pollutant emissions can be gained by examining the five pollutants and the
disaggregation of each into four different sectors.

1.2.2 - Total EC Emissions of Five Pollutants by Sector
EC carbon dioxide emissions are evenly distributed among the five different sectors. This contrasts with the volatile
organic compounds and carbon monoxide, whose emissions are concentrated most highly in the transport sector (87 %).
Likewise, the highest proportion of nitrogen oxide pollutants comes from the transport sector (57 %). Most of the EC's
sulphur dioxide emissions emanate from the energy industry sector (67 %). (Fig. 4 to 8).

Fig 6. EC Nitrogen oxide emissions
by sector

Fig 7. EC sulphur dioxide”'
emissions by sector"

II - STRUCTURE OF THE ADMINISTRATIVE ORGANIZATION
CONCERNING AIR QUALITY MONITORING IN FRANCE
Air quality monitoring in France is carried out by several approved networks. First measurements were carried out in
the end of the fifties. Monitoring networks can covered areas as large as a commune, a region or larger areas.

The Directions Regionales de l'Industrie. de la Recherche et de l'Environnement (DRIRE) are responsible for the local
air pollution policy. Monitoring results obtained can be taken into account, and constitute a technical framework for the
development of local regulation such as the implementation of special protection areas or of alert procedure.
At the national level, the environment ministry (DEPPR, Direction de l'Environnement industriel, sous direction de
l'air) is responsible for the air pollution reduction policy. The Air Quality Agency, presently Agence de l'environnement
et de la maitrise de l'energie (ADEME) can act as advising organization.

The Institut Frangais de l'Environnement (IFEN) recently created should be responsible of the collection of data
measured by networks and of the distribution of information concerning air quality.
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Il l - AIR QUALITY MONITORING NETWORKS
The first monitoring networks were erected in the fifties in the largest cities. The "laboratoires d'hygihne municipaux"
have managed networks in Paris, Lyon, Lille. From I960, APPA (Association pour la Prevention de la Pollution
Atmospherique) created 24 regional "comities" responsible for the development of air quality monitoring and for the
development of monitoring networks.

In the middle of seventies (Circular of 23/03/73) the environement ministry commits the coordination of the
implementation and management of air quality monitoring networks to regional departments of the industry ministry
DRIR.

The monitoring network management is the responsabilily of a tripartite association. The board of directors of these
associations must include representatives of local common ownerships, of administrative authorities and

of

industrialists to be subject to approval and financing of the environment ministry. Local nature protection associations
can also be represented but this is not obligatory, 27 approved networks are presently operated.

Only results of monitoring carried out in approved networks can be used to implement alert procedures in sites
influenced by well defined pollution or high pollution episodes.
Air quality monitoring is mostly carried out in urban and industrial agglomerations. Many cities are not included in
monitoring networks yet.
In approved networks, the monitoring station location strategy is on the responsabilily of local technical responsibles.
No national strategy has been developped yet. Monitor calibration is on the responsabilily of each network technical
responsible and its practical application depends on resources of this network. Up to now, only networks of eastern
regions have participated to intercalibration campaigns, organized by ASPA and INERIS.

Fig 9. - Fluid circuit of the calibration system from ASPA using MGC 101
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II.2 - AIRPARIF NETWORK
Since 1979, AIRPARIF, an association which brings together representatives from the government, local communities
and industry, has managed the authomated regional network for measurement of atmospheric pollution in lie de France
in cooperation with the Laboratory of Hygiene of the City of Paris and the Central Laboratory of the Police
Headquarters. At present, this network operates 82 measurement stations which supply the network centre, every 15
minutes, with over 150 measurements on 8 different pollution agents.

The network, now intended for monitoring sulphur and dust particle pollution from industrial sources, needs important
restructuring in order to achieve better control over automotive pollution, which is becoming more and more significant
in the Paris urban area as road traffic increases.

Moreover, as changing pollution patterns have come to affect the rural environment at the periphery of urban areas,
extending the area to be monitored to the outer limits of lie de France becomes essential. A major modernization plan
has therefore been established, to be carried out within the framework of a "contrat de plan" between the National and
Regional Governments, and financed in equal parts by the Conseil Regional

de l'lle de France and the French

Government over the 1989-1993 period.

II.3 - USING OF A MOBILE LABORATORY
In 1990, ENVIRONNEMENT SA has delivered the first mobile station for the air quality monitoring, Fig. 10.

Thanks tc. its mobility, this type of vehicule offers several possibilities :

- It is used for the air quality monitoring in areas where fixed measurements stations are not yet installed.
- It allows to validate stations already existing, by verifying their representativity towards the studied air quality.
- This vehicle measures while motiving to determine, for example, the exposure of drivers in automobile traffic.
- Studies can give subsequent elements of answers to questions asked by the local population, specially for the impact
of installations or industries.
- It is determinant for the installation area choice for a future station.
- Finally, it is a precious research tool allowing to open the knowing of the atmospheric pollution into the concerned

Fig 10. - Airparif Mobil Laboratory in Koweit City, March 91

154

The pollution arising from the ground or at low altitude due to the human activities are spread in the atmosphere
function of the meteorological conditions. The Paris area location is quite good to this natural dispersion thanks to a
major oceanic climate, with quite strong wind and big precipitations. All this contribute to a mixture and leach of the
atmosphere. The small relief favour the wind dispersion.

The level of pollution fluctuate with the season and differently for each pollutant (Fig. 11). For example, the sulphur
dioxide (SOz) produce by combustion and heating activities is weaker in summer. The nitrogen oxide (NOx) fluctuate
less because of the constancy of the car traffic in the year.The level of ozone, secondary pollutant formed by a high
radiance of sun is higher in summer.

Periodically, and more frequently in autumn and winter, some meteorological conditions are against the pollutant
dispersion : ho wind, no precipitations, phenomenon of "reverse temperature".
In such situations, that occured during 1 to 10 days, the level of pollution can be 5 to 10 times above average.

Monoxyde d'Azote. (NO)

Janv Fev Mara Avnl Mai Jutn juii Aoul Sect Oct Nov Dec

Ozone (03).

„anv Fev Mara Avnl Mai Juki Jwi Aout Sect Oct Nov Oec

Fig 11. - Monthly average levels in Paris Area between 1984 -1991
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ABSTRACT
BAYER A.G. in Germany developed the "HUMID OXIDATION PROCESS" to reduce SO% emissions
which was first implanted industrially in their factory at Uerdingen in 1981. From
that time the plant has operated successfully complying to German environmental law
requirements. The unit to be installed in TIBRAS consists of six reactors supplied
with activated carbon beds which will remove the SOg (0.11 volume percent) contained
in the residual gases (150.000 cubic meters per hour) produced in three rotary
calciner kilns. The SOg reacts with water in the carbon pores forming diluted sulfuric
acid. The activated carbon is fabricated from_rnVp_ from peatt- The "Weak Acid" of
approximately 10 to 15 per-cent H2SO4 concentration is reused in the titanium dioxide
pigment process. The project will be concluded by December 1993 and will start up in
January 1994. The realization of this investment of approximately US$ 8.500.000 (eight
and one half million dollars) will reduce TIBRAS SOg emissions by 50 (fifty) to 85
(eighty-five) per-cent in addition to eliminating two stacks.

KEYWORDS
Activated carbon bed; Humid Oxidation Process; SOg emission reduction; sulfuric
titanium dioxide.

acid;

INTRODUCTION

Towards the end of the decade of the nineteen sixties, the LURGI company (a German
Engineering Company located in Frankfurt) developed a process to separate S0g from
residue gases which eventually became known as the SULFACID PROCESS.
Using the experience gained from this process, the Bayer company
developed a
proprietary process that was first applied technicaly in 1981 at their plant in
Uerdingen - Germany. This plant operates satisfactorily up to this day and complies
with the German environmental law requirements. To distinguish this process from that
of LURGI, it was named the "HUMID OXIDATION PROCESS".
TIBRAS - Titlnio do Brasil S.A. is installing one of these units to treat residue
gases emitting from three calciners. The installation will be complete in December of
1993 and the unit will enter into operation in January of 1994.
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In addition to this unit at TIBRAS, another HUMID OXIDATION facility is presently
being planned for BAYER's titanium dioxide plant located at Antwerp, Belgium.

THE HUMID OXIDATION PROCESS

The existing situation at the TIBRAS plant is shown in Figure 1, top portion. Residue
gases loaded principally with fine dust, SOg and SO3 are emitted from the three rotary
calcining kilns. These gases pass through scrubbing towers to remove fine particles;
electrostatic filters (humid precipitators)
to remove SO3 by ionization in an
electrical field; and to the chimneys which contain separators for liquid drops.
The new project will gather together these gases and send them to the HUMID OXIDATION
unit, Figure 1, bottom portion. In this fashion three existing chimneys will be
eliminated being substituted by the unit's new single chimney. The new unit has six
horizontal reactors (with expansion possible to eight) of four meters in diameter and
eleven meters in length. Each reactor is packed with a bed of activated carbon 1.3
meters in height and a total volume of 320 cubic meters which criate a 40 mbar
pressure drop in the system.
Figure 2 demonstrates in a simplified manner the HUMID OXIDATION process:
The
raw
gases (1) enter the reactors at the top, pass through the activated carbon bed (A) and
leave eventually as purified gas (2). In addition from above, demineralized
water
is
added in parallel flow via ten nozzles (3). Diluted sulfuric acid
(10-15%)
which
is
formed in the activated carbon bed (4) descends to the respective receiver (B).

EQUIPMENT CONSTRUCTION DETAILS

Principal equipment is listed in Table 1 including the chimney and the ducts of 2,4
meters in the diameter. Each reactor has two manways for maintenance above and below
the active carbon bed to verify the physical state of the material, the suspending
beams etc. The grates that support the bed are made from special ceramic material
with a free passage volume of 59%. The scrubbing nozzles are easily adjustable to
guarantee that the entire bed area will be reached and that there
is
no
superpositioning of the quadratic spray cones. The ventilators are speed controled by
digital frequency inverters.
TABLE 1

THE PRINCIPAL EQUIPMENT

Equipment

Material

Supplier

Ducts and chimney

Fiberglass with DERAKANE
411/45 and 470/36

BURNER
(Brazil)

Acid and water pipelines

Fiberglass with DERAKANE
470/36

TECNIPLAS
(Brazil)

Reactors

Carbon steel with natural
rubber lining

NORDON
(Brazil)

Supporting grates

Special ceramic material
"RASCHIG-SUPER-GRID"

RASCHIG AG
(Germany)

Scrubbing nozzles

Polyvinyldiflouride

SCHLICK
(Germany)

Ventilators

Carbon steel with natural
rubber lining

TLT TURBOLUFTTECHNIK

(Germany)
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Fig.l. Simplificated flow chart of TIBRAS plant

159

RAW GAS

PURIFIED GAS
DEMINERALIZED WATER
WEAK SULFURIC ACID
(10-15% H2S04)
ACTIVATED CARBON BED REACTOR
WEAK ACID RECEIVER

Fig.2. The gas cleaning principle

CHEMICAL REACTION AND CATALYST

The activated carbon serves as a
equation:
S02 + l/202 + n-H20

catalyst

which

E—X—---

acts

according

to

the

H2S04.(n-l). H20

following

(1)

This overall reaction takes place in five steps:
1. 02 and S02 are absorbed on the aqueous surface film of the activated carbon
particles.
2. Both compounds are transported to the active centers inside the pores of the
catalyst.
3. The SO2 reacts according to the above equation forming sulfuric acid.
4. The sulfuric acid produced leaves the pores and migrates to the aqueous surface
film of the particles.
5. The acid is removed from the bed by washing with demineralized water which produces
a diluted solution ("Weak Acid").
For this reaction to actually occur, the activated
necessary chemical and physical properties, such as:
-

carbon

must

retain

important

High selectivity for the desired compound
Easy absorption after loading
Mechanical resistance to temperature oscillations
Chemical resistance to gases, water, steam, solvents, acids and alkalies
High receptivity to low gas concentrations

For the TIBRfiS unit various types of activated carbons
special types were provided by CARBOMAFRA, Brazil:
- ACTIVE 1100, 1300, 1500, 1600, 1700, 1802, 1900.
- ACTICARBO GH 10/20, GHX 10/20.
- BRASILAC BC—40, BC-50.
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were

tested.

For

example,

These charcoals are produced from:
- Coconut shell
- Pine wood
- Fir wood
In addition, tests were realized on various types of carbon prepared in Europe:
- Charcoal (vegetable)
- Slowly carbonized Lignite coke
Finally after completion of the test program the only activated carbon that worked
sufficiently well was encountered. This material is based upon peat coke with the
following principle specification:
- Supplier: NORIT, Holland
- Type: NORIT PK 0,5 - 1,2
- Efficiency: 1,8 - 2,1 kg SOg/hm3
The properties of the NORIT coke in comparison with the better known
shown in Table 2:
TABLE 2

Silica

Gel

are

PROPERTY COMPARISON

Property

Activated
carbon

Silica
Gel

Unit

Density
Apparent Density
Porosity
Specific Surface Area
Particle diameter

750-2100
300-500
50-75
600-1400
1-4

2100-2300
650-750
50-65
600

kg/m;?

m2/'g

2-8

mm

kg/ar3

It is evident that the density, and therefore the apparent density of the activated
carbon is less which signifies less expensive equipment. The porosity is almost equal,
and the particle size is determined in the manufacturing process. The surface area of
activated carbon can reach up to 1400 square meters per gram of material.

GAS COMPOSITION

The gas properties obtained, those necessary for the HUMID OXIDATION process
function correctly, along with the actual properties for TIBRAS case are given
Table 3.
TEBLE 3

Sulfur dioxide level
Oxygen Level
Temperature
Dust level
Dry flow rate
Humid flow rate
Sulfur dioxide charge
Degree of Purification

GAS PROPERTIES

Required

Tibras

Unit

0.1-2.0

0.11

%

5x teor SO
min > 5
50

15

20

20

-

75,000
146,000
250
90

161

70-73

vol
% vol

2C ,
mg/mJ
Nm3/h
m3 /h
kg/h
%

to
in

The SOg level of 0.11 volume percent is within the 0.1 to 2.0 volume percent limits.
Also the level of Og of 15 volume percent is above the minimum required of 5- volume
percent. The temperature will remain above 502C since the process will work with gases
between 70 and 7320 in temperature.
The dust level is less than 20 mg/m^. The normal gas flow is 75.000 Nm^/h and the
humid gas flow around 150.000 m^. The SOg level of 0.11 volume percent is apparently
low, however multiplying by the humid gas flow volume and transforming into mass
rate results in approximately 250 kg/h. This is a relatively large amount.

flow

And this is the problem! The HUMID OXIDATION unit is the first and only in Brazil,
using the latest technology. Due to the fact that large flow rates of gases will be
treated with low levels of SOg, signifies a difficult treatment process especially
with an expected efficiency level of recovery of 90%.

COSTS

This technology has its price. The costs
demonstrated in Table 4.

TABLE 4

applied to

this

project

are

respectively

INVESTMENT AND OPERATION COSTS

In 1000 US$

Item
Basic Engineering - BAYER
Detail Engineering - JAAKKO POYRY ENGENEERING

230
200

1.200

Civil Construction
Equipment
Piping
Instrumentation, Electrical

5.400
300
1.160
8.490
In 1000 US$/Year

Depreciation
Maintenance
Personnel
Utilitles-Electrical Energy
-Demineralized Water

777
85

0
273
132
1.267

RESULTS

The environmental effects that TIBRAS obtains with this investment are demonstrated in
Table 5.
The first two columns list the data defined by Resolution number 488/86 which permits
TIBRAS to emit SOg up to the limits indicated. The third column list values measured
in January of 1993. It is evident that the emissions were well below those permitted
due to the following reasons:
- Between 1987 and 1992 improvements were made to the boilers, precipitators and the
sulfuric acid unit II, which is a double catalysis process.
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- The sulfuric acid unit I, which is a normal catalysis process,
1991.
- The fuel oil used during this period was low sulfur type.

TABLE 5

Source

was

in

S02 EMISSION (KG/H)

Resolution 488/86
without
with
H.O
H.O

Measured
Jan 93

Goal
Jan 94
with H.O.

68
68

17
17

42

4

Calciner 02

42

4

Calciner 03

89

17

57

6

Calcination
Boilers
Sulfuric acid unit I
Sulfuric acid unit II
Sulfatation

225
149
109
33
4

51
140
33
4

141
35
24
4

14
35

TOTAL

511

288

204

77

Calciner 01

deactivated

-

24
4

The last column shows the outlook for 1994 when the HUMID OXIDATION unit enters into
operation. These values are based on the January 1993 measurements and therefore
represent the best hypothesis. Real values expected should be on order of 100 kg/h
total.
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FULL SCALE TREATMENT OF PHENOLIC
COKE COKING WASTE WATER
UNDER UNSTEADY CONDITIONS

Jan Suschka'M, Jacek Morel", StanislawMierzwiriski’and Ryszard Januszek”
* Institute for Ecology of Industrial Areas, 40-832 Katowice, ul.Kossutha 6, Poland
" Coke Plant PRZYJAZN, 42-523 Dabrowa Gomicza

ABSTRACT
Phenolic waste water from the largest coke coking plant in Poland is treated at a full technical scale. From
the very begining it became evident that very high qualitative variations in short and long periods are to
be expected. For this purpose, the biological treatment plant based on activated sludge is protected through
preliminary phycical-chemical treatment and the results are secured by a final chemical stage of treatment.
Nevertheless, improvements in the performance of the treatment plant have been found necessary to
introduce. The experience gained over the last five years has been discribed and developed improvements
have been presented] At the preliminary stage the importance and necessity of preparation was evaluated.
It was found essential to use dissolved air floatation, instead of a simple pressured air floatation system.
Even with an average relatively high retention in the aerations tanks, there was an uneven distribution of
load, dissolved oxygen concentration and oxygen uptake. Dissolved iron or highly dispossed hydroide
particulates in the over flow of the first chemical treatment stage has had a beneficial effect on activated
sludge floes. As a result not only the physical proposietes of the floes improved hat also the overall effect
of treatment.

Key words - biodegradation, coke waste, complex treatment, flotation, phenols

INTRODUCTION
Numerous scientists and engineers have investigated the possibility and effects of phenolic waste water
treatment, with the application of different physico-chemical and biological methods. Also full technical
scale treatment plants are in operation alover the world. Results of treatment are usually quite different,
depending on many factors. Problems and achivements based on full technical scale experiments at the
largest coke coking plant in Poland are an example of the variety of aspects of phenolic waste water
treatment.

THE TREATMENT PLANT.
A. multistage treatment plant was commisioned in the year 1987 for the largest in Poland coke coking plant.
The treatment plant was designed to handle 4 different streams of waste water, namely;
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- ammoniacal waste water
- process waste water
- sanitary sewage, and
- storm water.
The three first streams are treated separately at the preliminary physico-chemical stages, and together with
from the biological step begining. The storm water is treated at a completely separate treatment plant, and
becomes mixed only with the other stream of waste water before to the discharge to a small creek.
The ammoniacal waste waters in an amount of approximately 2000 m3/d are most heavily polluted with
phenols. Most of phenols are supposed to be removed in the benzol-soda extraction process. Only to
mention some of characteristic values, it was expected that the ammoniacal waste waters will contain in
average 900, 3500, 80, 250 and 60 mg/1 of phenols, COD, cyanides, thiocyanates and oils respectively.
The so called process waste waters in an average quantity of 2700 m3/d, comming from the process of dry
coke cooling, the benzol instalation, condensat treatment station and several other processes are expected
to be much less polluted than the aforementioned ammoniacal waste waters. Only the content of oils and
tars can be as high as 2000 mg/1 at maximum.
The sanitary sewage from the diverse sectors of the coke plant constitutes only about 5 % of the flow, i.e.
about 240 m3/d.
The ammoniacal and process waste waters mixed together and called then phenolic waste waters are treated
in a three stage treatment plant. The preliminary (first) stage of treatment consists of grades, grit chamber,
rapid mixing, flocculation and settling tanks for coagulation. The coagulation process is followed by
flotation. After the flotation units the waste waters are pumped to an equalization tank. The sanitary sewage
after separate treatment at grades, grit chamber and a settling tank is also brought to the equalization tank.
From the aforementioned equalization tank the waste waters are distributed to 6 longitudinal aeration tanks
of the activated sludge process. After stettling (sludge separation) waste waters are again treated chemically
in multifunctional reactors. The aeration tanks permit for at least 24 hr detention time in average, even with
one aeration tank out of use. To enrich in phosphor the phosphoric acid is added to the aeration tank
inflow.

THE QUALITY.VARIATION
The inflowing waste water to the full technical scale treatment plant of the average amount of about 4940
m3/d, is characterized with an extremely high variation of quality. With a change of flow and quality over
the five years of operation, there was and still is a high daily and hourly variation. In order to have an idea
about the waste water composition changes over a longer period of time, some characteristic data are given
in Table 1.
As it becomes evident from Table 1, there was an increase in waste "strengh". Between 1990 and 1992 the
concentration of phenols increased by a factor of 7.4. Simmilarly the values of COD increased, but the rate
was much smaller COD increased from 2363 to 5518 mg/1.
In order to demonstrate the daily variation in waste water quality a randomly selected set of values of
thiocyanates for the year 1990 and 1992 was presented in Fig. 1 an Fig. 2.
At the stage of the treatment plant design it has already been clear that there would be a quite high variation
of the waste water quality. To alleviate the impact on the biological step of treatment an equalization tank
was constructed after the preliminary stage of treatment and before the aeration tanks of the activated sludge
process.
The equalization tank was also meant to produce a common stream to the aeration tanks of
ammoniacal, process and sanitary waste waters.
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In reality the equalization tank has served only as an retenition tank, since there was no provision
made to fulfill the function that the name suggests. There have been no mixers nor baffles (for hydraulic
mixing and equalization) provided. Even more, due to imperfect construction of the overflow weirs, short
ircuiting (hydraulic) was observed.
Table 1
The contenf of characteristic pollutants in ammoniacal waste waters, in the year 1990 and 1992
Parameter

1990

1992

COD mean
st.dev.
min.
max.

2363
517,5
276
5331

5518
969,6
2200
8300

Phenol mean
st.dev.
min.
max.

131
105,7
18
578

973
276,9
109
1850

CN

mean
st.dev.
min.
max.

CNS

mean
st.dev.
min.
max.

355
77,9
152
931

552
135,9
114
1139

NH4

mean.
st.dev.
min.
max.

380
272,5
7
1847

335
260,8
31
193

4598

4615

Chlorides
mean

152
38,5
72
305

With a theoretical retention time of 8 hours, which in practice was extremely reduced, only an unsignificant
smoothing in the quality variation could be observed. (Fig. 3 to 5).
On the other hand, even with the short retention time a change in quality has occured. With a relatively
high waste water temperature, probably some chemical reactions have taken place. On top to the possible
chemical reactions provoked as a result of the contact between the three different waste water streams,
further oxidation and/or reduction reactions of ferrous salts overflowing from the proceeding process are
suspected.

THE IMPORTANCE OF PRELIMINARY TREATMENT.
According to the design of the full scale treatment plant the removal of flotable substances including tars
were assumed to be done in a simple pressured air flotation unit, after the process of chemical treatment.
The flotation was found useful!, especially in cases of discharge of high amounts of tars. Substantial
quantities of extractable compounds (grease and oils) are however still passing to the next stage of
treatment.
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Fig.5 Changes of cyanides
Addition of chemicals, in principle ferrous sulfate, results in coagulation and removal of some compounds
including coplexation of cyanides. The process of coagulation has to be performed at temperature of about
50 to 65 C. The high temperature imposes obviously difficulties and moderate results are obtained. In
order to get satisfactory results, high quantities of ferrous salts have to be added. From the investigations
made to optimize the dose of coagulant, aiming at eventual dose diminishing, it becomes evident that the
goal was almost impossible to reach.
From some of the coagulation tests a vague conclusion could be drawn that a leveling off of COD removal
rate somewhere between 20 and 25 % could be obtained at a Fe/COD rate of about 0.15, (Fig. 6). With
a COD between 5000 to 6000 mg/1 it means a dose of Fe of about 750 to 900 mg/1. Such extremely large
quantities of ferrous sulfate are not only associated with high costs of chemicals but also with very large
amounts (volumes) of sludge. About 0.270 to 0.300 m of sludge are produced for 1 m3 of trteated waste
water.
The found to be sufficient rate of 0.15 gFe/gCOD means as aforementioned, addition of large amounts of
ferrous sulfate. The rate is however far below that given by Lefebre and Legube (1993), as optimal dose,
equal to 2.0 gFe/gCOD at pH 5.5 given as the most appropriate.
At the full scale treatment plant in order to keep as low as possible the cost of treatment the amount of
added ferrous sulfate is only 20 to 30 % of the necessary dose. To upgrade at least to some extend the
effect of preliminary treatment a part of the surplus activated sludge is added to the coagulation process.
The activated sludge floes are meant to adsorb some of pollutants including oils and tars. In practice the
results are not satisfactory and the effects possible to obtain at optimum doses of chemicals are not attained.
The effects of COD and specifis compounds removal, like phenols or cyanides depend on pH in the
process of coagulation. Although the pH of crude waste water was usually above 8.5, addition of ferrous
sulfate resulted in pH lowering to about 6.2. The correction of pH by lime addition resulted in not
unanimous results. (Fig. 7). Although usually quite satisfactory results have been obtained at a pH of ab^ut
6.5 to 7.0, i.e. with none or very small amounts of lime, for practical application pH of about 8.5 was
selected.
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Fig.6 The effects of Fe/COD rate on COD removal

Fig.7 The effect of pH and COD removal
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The main reasonr, have been the remaining amounts of iron at lower pH. Only at pH above approximately
8.0 the content of remaining iron could be kept at reasonable low values.
Most probably the conclusion of pH addjustment to about 8.0, should be revised if the overall effect of the
treatment plant has to be considered. Littleton and Ren (1992) have suggested an innovative technique they
named Bioferric Process. According to that process, the activated sludge was enriched with ferric hydroxide
floes, creating a dense, strong absorptive and good settling sludge. The results of pilot and full scale
investigations (Littleton and Ren, 1992) demonstarted not only better results of BOD, COD and cyanide
removal as obtained by conventional activated sludge, but also that the bioferric process always remained
more stabile.
Keeping in mind the observations made by Littleton and Ren (1992), it would be an asset to maintain the
iron content in effluent from the coagulation step at a quite high level to enhance the process of biological
treatment. It is evident that the soluble form of Fe+2, while oxidized during aeration in the activated sludge
process will precipitate as Fe+3 and probable further improve the physical proper!ties of activated sludge
floes.
Although it was not designed to that effect, a part of iron from the stage of waste water coagulation,p asses
to the activated sludge and as a result the SVI is kept on relatively low values, between 35 and 42 cm3/g.
The SVI at our studies is thus even much lower as that of the bioferric sludge described by Littleton and
Ren (1992). Probably the very low SVI is connected also with the relatively high temperature in the
aeration tanks in the range of between 25 to 30°C.
Addition of ferrous sulfate at the first or last stage of waste water treatment creates also another, usually
not mentioned problem of water mineralization. Independently of the ferrous salt used, ferric chloride,
ferrous sulfate or other salts, as a result of addition of high amounts of Fe in the order of few hundred
g/m3, simultaneously there is an increase in chlorides or sulfates content. The ammoniacal waste water
already contain high amounts of chlorides and sulfates. As a result of mixing of the ammoniacal stream
with other waste waters the concentration of chlorides and sulfates decreases. Nevertheless the content of
chlorides and sulfates in the effluent, with those at present applied below optimum amounts of chemicals,
is on a relatively high level, varing in between 800 1300 g/m3 .
In our specific case there is practical no dilution with water of the receiver, and according to the existing
standards the discharged waste waters should contain 300 and
200 g/m3 of chlorides and sulfatgs respectively.
Discussing the most appropriate pH at the first step of chemical treatment, there are also some other factors
that should be kept in mind. One is the removal of cyanides as a function of pH. At lower pH between 6
to 7 the removal of cyanides was in the order of 30 % in comparision to 22 % at pH above 8.0.
On the other hand at pH below 8.0 usually a thin layer of oils and coagulat floes was formed on the surface
of the settling tank. That phenomenon was also one reason for investigation the possibility of Dissolved Air
Flotataion (DAF) application in conjunction with coagulation. Laboratory scale investigations have shown
a possibility to decrease the Fe/COD ratio by a factor of about two (the Fe/COD ratio could be lowered
to 0.75), obtaining the same level of COD removal as with coagulation (Fig.7). This means a tremendous
reduction of the chemicals dose required. In some experiments also with lower amounts of ferrous sulfate
added (lower Fe/COD rate), much higher COD removal in the order of 40 % could be obtained.
With the use of DAF also the addition of CaO could be avoided. At pH 6.5 to 7.0 even better results of
COD and cyanides removal have been obtained as compared to the results with pH correction to the level
of 8.5. The smaller floes at lower pH raised much easier and faster to the surface. However the
inconvinience is however the higher content of soluble iron which slowly oxidized precipitate in the
flotation unit or in the next step of treatment. This factor, as mentioned before could be beneficial to the
following activated sludge process.
The DAF process, simillar to the process of coagulation, resulted in a distinct removal of color. The deep
brown color of crude waste water changed to pale yellow or orange color, depending on pH. With much
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higher removal of suspended solids in the flotation process (after simple coagulation usually the amount of
remaining suspended solids was higher than of the treated waste water) the liquid after sludge separation
had a much better visual apperance to that after coagulation only.
After a relatively long period of investigations it was decided to introduce the DAF process in the full
technical scale, presently under construction. The process is intended to be optimized at the preliminary
period of operation.

THE ACTIVATED SLUDGE PROCESS.
The most important part in the phenolic waste water treatment plant is the activated sludge process. The
tanks have been designed as of longitudinal flow. With an average COD = 2950 g/m3 , and BOD = 940
g/m3 in the inflow to the aeration tanks and a sludge content of about 4.5 gMLSS/m3, the organic load
supposed to be in average 0.9 g/g.d and 0.16 g/g.d respectively.
In reality due to uneven distribution of inflowing waste water and sludge recirculation ther is a high
variation in load in the 5 parralel aeration tanks in operation. With the longitudinal flow there is, in
addition, a high load organic load at the beginning of the aeration tanks which decreases towards the end
of these tanks. As a result chacteristic changes of dissolved oxygen concentration along the aeration tanks
could be measured, as shown in Fig.8.

Numbers of the right (P) and
left (L) part of an aeration tank

Distance from the inlet (m)
Fig.8 Dissolved oxygen profile along the aeration tanks

Due to the uneven distribution of the inflowing waste water there was also a variation of pH in the five
aeration tanks in operation. The pH could be in one chamber e.g. 6.5, while in an another chamber the pH
was 7.5. Although it was a relatively high variation of pH values in the different aeration tanks, an overall
decrease in pH of about 0.5 was observed. The decrease of pH can not be solely atributed to the
decomposition of phenol and production of organic acids" (Lallai and Mura, 1989). There are many other
factors including partial nitrification of ammonia nitrogen.
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Although the organic load of the activated sludge was relatively high, the removal of ammonia nitrogen was
significant, in the order of 65 % from about 100 gNNH3/m3 to 35 gNNH3/m. Also the removal of
cyanides and thiocyanate of about 65 % was relatively high.
In general the effects of biological treatment of the coke waste waters can be considered as satisfactory in
spite of the hydraulic and operational difficulties encoutered.
However, at" this place, another observation has to be mentioned. There have been laboratory scale
experiments performed on the effects of waste waters aeration without addition of activated sludge or any
other seeds. The experiments were designed to asses the effects of preliminary aeration of waste water on
the consecutive stages of biological treatement with activated sludge. It was not however the intention to
discuss here in extend the results of these experiments. Solely only the effects of aeration on organic
compounds decomposition are presented. Fig. 9. shows gas chromatograms obtained from samples before
and after 13 and 22 hours of aeration. To some extend surprisingly after 24 hours of aeration a distinctive
decomposition was obtained. Some of the compounds could be stripped or volatalized. This phenomenon
was proved by measurements of VOC above the full scale treatment plant aeration tanks. The removal of
other compounds can not however be explained in such a way.

before oerotion

offer 13 hours

offer 22 hours

Fig. 9 Effects of aeration on the waste water composition

POLISHING OF WASTE WATER AFTER BIOLOGICAL TREATMENT.
As mentioned elsewhere, although the waste waters have passed three stages of treatment, including
biological treatment, the effluent has still shown high variation in quality. Such a situation was also
expected at the stage of the treatment plant design, and to smooth the effluent quality, including further
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removal of remaining pollutants an additional stage of chemical treatment was foreseen. The coagulation
is performed in a multifunctional tank, with the use of ferrous chloride and polyelectrolites. Because of the
aforementioned waste water quality variation, also the effects expressed as precentage of pollutants
reduction varied significantly. Cyanides e.g. have been removed in that process in the range of 8 to 85 %.
Investigations made to increase the efficience of treatment at this stage or substitute for more effective
chemicals, have shown that the improvements possible to obtain are not distinctive enough to make changes
in the existing process or procedure.
As an alternative and/or additional step of treatment sorption on coke dust was cosidered.

CONCLUSIONS.
Coke waste water treatment at full technical scale was associated with far more difficulties as it had been
expected at the stage of design.
Provisions made to equalize the flow and quality have certainly been not sufficient. At least in the specific
examined case, equalization should have to be done over a much longer period of time, i.e. more than for
8 hours. The equalization tank have to be also carefully designed with some sort of automization.
Operations at full technical scale have also shown that it was not always necessary to keep a stringed
technolgical regime derived from the proceeding pilot experiments. Specifically the overflow of some iron
salts from the first chemical treatement stage to the activated sludge tanks proved to be advantageous. What
was not unanimous, but probable also had a beneficial effect to the overall results of organic removal, and
also ammonia nitrogen, cyanides and thiocyanides, were the uneven hydraulic and organic load of the 5
''aeration tanks.
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SUBSTRATE UTILIZATION AND VSS RELATIONS IN ACTIVATED SLUDGE
PROCESSES
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Abstract
A new empirical substrate removal model for activated sludge in continuous flow stirred tank
reactor (CFSTR) and sequencing batch reactor (SBR) was developed in this study. This model
includes an exponential function of volatile suspended solids to express the active biomass which
is actually involved in substrate utilization. And it is of the form: dS/dt = -K’XvDS.The kinetic
constants K’ and n were estimated from batch tests, and the model was validated for CFSTR and
SBR systems. Results indicate that the proposed exponential model predicts more accurately
effluent COD in CFSTR and SBR systems than the first or zero order models.
Keywords
Activated sludge, active biomass, exponential function of VSS.

Introduction
In biological processes substrate utilization or removal depends on the active biomass present in
the reactor. Some sophisticated models of the activated sludge process incorporate active biomass
into substrate removal expressions (Henze et al., 1986). The Monod model (1949) and the first
order model (Eckenfelder, 1966) have been widely applied by practising process engineers to
express substrate utilization in'activated sludge treatment In both these models, the removal rate
is limited by substrate concentration in the reactor, and it is a first order function of biomass
concentration, which is commonly measured in terms of volatile suspended solids (VSS) as an
approximation of active biomass. Sometimes a zero order dependence on VSS for substrate
utilization is found to correlate the data well.
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However, VSS is an imperfect measure of active biomass because it includes dead biomass, inert
organics and other organic debris in addition to the active biomass. Nevertheless, environmental
engineers are not inclined to use the more sophisticated models because of the large amount of
data necessary to implement them or to conduct more elaborate and expensive analyses, such as
deoxyribo-nucleic acid (DNA) or adenosine triphosphate (ATP), to assess the quantity of active
biomass. Hence there is a need to develop a new approach which can represent active biomass
based on a simple and inexpensive test such as VSS determination.
For a given influent substrate concentration, the amount of active biomass present in the system
will be primarily controlled by the hydraulic retention time (HRT) and secondarily influenced by
the sludge age. Artificially concentrating the suspended solids in the reactor by recycle of
secondary clarifier underflow or other means will have a much more significant effect on the
concentration of components of VSS other than the active biomass. Goodman and Englande
(1974) unified the models of McKinney (1962) and Eckenfelder (1966) and proposed the use of
active biomass which is only a fraction of VSS. They also reported that biomass activity was
related to sludge age of the reactor, and it decreases as the sludge age increases. Agardy et al.
(1963) and Weddle and Jenkins (1971) made various measures of biomass activity in activated
sludge systems that provided the basis for the active mass concept in the Goodman and Englande
model.
Ironically Goodman and Englande did not incorporate active biomass into their substrate removal
model. Their substrate removal expression was first order with respect to substrate concentration
and zero order with respect to biomass. Their model provided a good fit to data from a number
of municipal wastewater treatment operations providing stable and good removals.
In this study, a new empirical model for substrate removal is proposed. It takes into consideration
the concept of the active biomass which is actually engaged in substrate utilization. In this new
model the active biomass will be represented by an exponential function of VSS (Xv“). Hence,
the complex measurement of the biomassi activity becomes unnecessary. This empirical
adjustment exhibits the desired behaviour based on analysis of more sophisticated models (Henze,
ct al., 1986; Goodman and Englande, 1974). As VSS (X,) increases, when n is less than 1, the
proposed mathematical,modification reduces , the magnitude of the increase in VSS in the
substrate removal equation. This results in system behaviour that exhibits the desired feature of
a relative decreasing influence of VSS on substrate removal as VSS concentration increases.
To validate the proposed model, laboratory experiments were conducted on activated sludge
processes using continuous flow stirred tank reactor (CFSTR) and sequencing batch reactor (SBR)
systems. The exponent parameter n and the modified rate constant K’ in the proposed model
were estimated from the substrate removal batch test analyses. The proposed model was tested
with test factors of sludge ages, substrate and biomass concentration over a broad range of
conditions to examine its consistency. Then, this model was used to predict the treatment
performance and to simulate the relative active biomass fractions in the mixed liquors from
CFSTR ahd SBR systems.
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Theoretical Considerations
The variation of active mass as a percent of VSS is shown as a function of sludge age in Fig.
1 (Goodman and Englande, 1974). Since the active biomass does not increase linearly with
increasing sludge age, a nonlinear function of X, must be derived in order to express the active
biomass concentration (XJ. An exponential function X,°, with n less than 1.0, will reduce the
magnitude of the biomass concentration, and likewise the active mass fraction (f) represented by
the ratio of X/TX* will decrease with increasing sludge age. Thus, the term Xvn has the potential
to represent the active biomass concentration. The equation expressing substrate removal as a first
order function of active biomass and a first order fraction of substrate is:
dS/dt = - KX,S
Where: K is rate constant (L/mg/h)
S is substrate concentration
t is time

(Eq. 1)

The proposed exponential model was derived on the basis of the first order substrate removal
equation expressed as:
dS/dt = - K'X/S
Where: K’ is a modified rate constant (L/mg/h)
n is a system parameter, 0 < n < 1.0

(Eq. 2)

Most modellers have used n=l in the above equation; however, n=0 is sometimes found to
correlate the data well. When n < 1.0, the value of parameter K’ in Eq. 1 will increase due to
the reduction in the magnitude of X,". Hence, it can be considered that K’ includes the rate
constant K (L/mg/h) and a factor a related to the active mass quantity, i.e., K’= Ka. The product
of aXv” and the ratio of aX/TX, represent the active biomass and the active fraction (f) of VSS
in the treatment system, respectively. If the active fraction is known by measuring the biomass
activity, then a can be calculated from:
a = fxyx/.

(Eq.3)

In addition to the simulated active biomass fraction as a function of sludge age from Goodman
and Englande’s model (1974), Fig. 1 also shows measured active mass fraction based on data
from Weddle and Jenkins (1971). Typical rate constants and other parameters were used to obtain
the Goodman" and Englande simulation. For an n value of 0.6 and a value of 19.5 the ratio of
aXv7Xv is within 1 percent of the fraction XJX, for sludge ages ranging from 5 to 30 days.
Clearly, this indicates that the simulation of active mass and its fraction using the exponential
model is a promising technique to accurately predict active fraction for activated sludge.
Materials and Methods
The model was tested on laboratory scale activated sludge systems. Three CFSTR and three SBR
were studied. The reactors were each operated at three different sludge ages (5, 10 and 15 days)
and three influent concentrations (250, 500, 1000 mg COD/L). In all, nine different operating

179

conditions were tested. The synthetic substrate used in this experiment was made of protein (1.5
g COD/g protein) and polyvinyl alcohol (2.3 g COD/g PVA). The protein and the PVA
contributed 90% and 10% of soluble COD in the influent, respectively. The protein source was
a vegetable health food extract PVA is a difficult-to-degrade substrate. Air diffusers were used
to provide aerobic and completely mixed conditions in the reactors. Dissolved oxygen was
maintained above 2.0 mg/L, and the pH was buffered between 6.5 and 7.5 by adding a solution
of saturated sodium carbonate to the feed at a volumetric ratio of 1/1000. The operating
temperature for the six reactors was 20 ± 1°C.

ciicuiuro vuuts
Data, Weddle and
Jenkins

Sludge Age (Days)

Figure 1. Relationship between active mass and sludge age
The reactors were seeded with activated sludge taken from a conventional secondary wastewater
treatment plant Seeding material was acclimatized to the synthetic substrate by gradually
increasing the influent wastewater flow rate over a period of three weeks. When the daily
fluctuations of COD in the treated effluent and the VSS in the mixed liquor were less than 15%,
steady statg conditions were considered to exist. The following analyses were conducted on a
daily basis throughout the experimental period: COD of the influent, soluble COD of the treated
effluent, and total suspended (TSS) and VSS in the mixed liquor as well as the treated effluent.
In addition to the analyses made on the reactors at steady state conditions, mixed liquor was
withdrawn from each of the CFSTR and SBR reactors and subjected to extensive batch substrate
removal kinetic tests. The structure of the tests was as follows.
A mixed liquor sample was withdrawn from the reactor and divided into three aliquots. One of
the aliquots was diluted, and the other aliquots were allowed to settle. For the two aliquots that
were settled, a prescribed amount of supernatant was removed. After the addition of a
concentrated solution of the same substrate being fed to the reactors, the concentrations of VSS
in the three aliquots were 0.5XV, 1XV and 2XV, respectively where Xv was the concentration of
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VSS in the mixed liquor in the reactor. After the addition of substrate, aeration was initiated and
the concentration of soluble COD in the aliquots was monitored over time. Checks of the VSS
concentration were also made.
Over a period of days at steady state conditions mixed liquor samples were taken and
concentrated and diluted as described above and a complete battery of tests was performed where
each of the VSS dilutions were subjected to initial substrate COD concentrations of 250,500*and
1,000 mg/L. The duration of the substrate removal test was 8 hours. A total of 81 batch tests
were conducted with sludge taken from the CFSTRs and a limited number of 36 batch tests were
performed using sludge from the SBRs. These tests were performed along with the substrate
removal analyses on the steady state reactors to evaluate the consistency and accuracy of
substrate removal models over a broad range of operating conditions.
The HRT in the aeration compartment of the CFSTRs was always maintained at 8 hours. The
detention time in the settling compartment of the CFSTRs was 1.78 hours. SBR operation was
based on the same total volume as in each of the CFSTR. And the SBR system being comprised

of three identical reactors operated through the same cycle of fill, react, settle and draw periods.
The SBR and CFSTR systems were also assumed to be treating waste at the same influent
flowrate. The equations to determine the duration of each phase are presented below.
The HRT of CFSTR is calculated from:
(Eq. 4)

Where: T*. is hydraulic retention time of CFSTR (h).
Vc aeration basin volume of CFSTR (L).
Q flow rate (L/h)
For SBR system consisting of n reactors, the total volume is:
nVb = V. + V«

(Eq. 5)

Where: Vb is total volume of the SBR reactor.
is settling tank volume of CFSTR (L).
Thus, the volume of CFSTR can be calculated as:
(Eq. 6)
The effective volume of one SBR reactor is equal to the total volume of one SBR reactor minus
its initial volume. Thus, the flow rate during fill period of SBR is computed as:

(Eq. 7)

<3=

Where: V, is initial volume of SBR (L)
tf fill time (h)
Substituting Eqs. 6 and 7 into Eq. 4 yields:

L ds

(Eq. 8)

Tfc = hydraulic detention time of SBR in one cycle (h)
The HRT of the SBR system consisting of three reactors in one cycle was computed as 8.1 hours
and it is equivalent to HRT in the CFSTR system.
Using the above equations the time distributions for each phase in the a single SBR were: 2
hours for fill, 3 hours for react, 45 minutes to settle and 15 minutes to draw. Therefore each
SBR was operated on a schedule of 4 cycles per day. Aeration was started at the beginning of
the fill period and terminated at the beginning of the settle period. Pumping and aeration were
controlled by an automatic timer.
Results
The steady state operating conditions for the CFSTR and SBR systems are summarized in Tables
1 and 2.
Table 1. Operating Parameters for CFSTR Reactors

Reactor SF
No. mgCOD/L

CFSTR1
CFSTR2
CFSTR3
CFSTR1
CFSTR2
CFSTR3
CFSTR1
CFSTR2
CFSTR3

223
223
223
472
472
472
96 9
969
969

Se
X^
X^
Tx
mgCOD/L mgVSS/L mgVSS/L d

40
42
54
65
69
74
197
179
203

1435
942
635
2600
2067
1293
4577
4244
2990

39
46
36
44
29
73
90
61
37
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13.2
8.6
4.6
13.8
9.6
4.6
13.6
9.5
4.7

Td
d

0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33

F/M
d"1

0.50
0.72
1.06
0.55
0.69
1.11
0.64
0.69
0.98

Table 2. Operating Parameters for SBR Reactors

Reactor

s„
mg/L

SBR1
SBR2
SBR3
SBR1
SBR2
SBR3
SBR1
SBR2
SBR3

234
234
234
414
414
414
924
924
924

Se
mg/L
35
37
47
43
45
58
107
124
127

Xv.
mg/L
1113
762
549
1584
1283
873
3167
2884
2139

T*
d
13
9
4
13
9
4
13
9
4

Td
d
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33

F/M

d-1
0.65
0.95
1.33
0.68
0.98
1.44
0.88
0.97
1.31

CFSTR Batch Test Results
Five of the CFSTR batch tests failed for various reasons. For the remaining 76 tests the
parameters K’ and n were estimated by minimizing the standard fitting error between the
observed substrate concentrations (Sobi) and the fitted values (Sci) for each run. The standard
fitting error for one trial was computed by Eq.9. The average standard fitting error was calculated
from Eq. 10.

(soU-Sd)2

(Eq. 9)

(N-1)

(Eq. 10)

In all batch runs, the substrate decayed, from the initial value to a relatively constant value that
was higher than the effluent soluble COD for the reactor from which the mixed liquor VSS
(MLVSS) was taken. The average residual COD after 8 hours of aeration were 60, 90 and 250
mg/L when the MLVSS was exposed to 250, 500 and 1,000 mg/L initial COD, respectively,
regardless of the dilution of concentration of the VSS in the batch test. Therefore the substrate
removal equation fitted to the batch test results was modified to:
^=-K'X"(S-Sd)
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(Eq. 11)

This equation integrates to:
Sd=SdHS0-Sd)e<-K%nt)

(Eq. 12)

The batch tests were grouped according to the dilution factor (approximately 27 runs for each
dilution factor) applied in the tests. The artificial dilution or concentration applied to the MLVSS
was used to compare models for consistency with respect to factors such as surface area and
diffusion limitations which will be discussed elsewhere. The simplistic models presented here do
not explicitly address these factors.
The n values were chosen to range from 0 to 1 with an increment of 0.1. Starting with an n
value of 1, the K’ value that gave the minimum average error (Eq. 10) for the 27 runs was found.
This K’ value was then used for each n value to calculate the average errors. Then for an n value
of 0.1, the K’ value that produced the minimum average error for the 27 runs was found. This
K’ value was also applied to each of the other n values to compute the average errors for the 27
runs. This procedure was repeated and produced an error matrix. The lowest errors occured along
the diagonal of this matrix as a result of the procedure. It is observed from this results that n
values in the range of 0.0 to 0.3 provided the lowest average errors over all 27 conditions.
Similar results were obtained for the 0.5X, and 2XV concentrations.
SBR Batch Test Results
Similarly to die CFSTR batch tests there was a residual substrate concentration remaining at the
end of the SBR batch tests. For initial substrate concentrations of 250, 500 and 1,000 mg/L the
average residual soluble COD concentrations were 100, 130 and 200 mg/L, respectively,
regardless of the dilution factor for MLVSS. Therefore the substrate removal equation was Eq.
11.
The same procedure described above was applied for estimating K’ values at given n values. It
is observed that n values from 0.0 to 0.50 provided the best results.
CFSTR and SBR System Results
For the CFSTR system values of n were tested for the K’ values that provided the lowest fitting
error. Eq. 2 was used as the substrate removal model. A value of 0.1 was found to be the
optimum. Table 3 shows results of the effluent soluble COD predictions for n values of 1.0, 0.1
and 0.0. The latter two values also provided the best results in the CFSTR batch tests.
In the SBR system, the substrate removal model was also Eq. 2. The resulting differential
equation for substrate removal that applies during the fill period is:
(Eq. 13)

where:

R^ = - K’XV”S
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Table 3. Predicted Effluent COD for CFSTR Systems

Sp

T,
d

mg/L

(1)

(2)

Se

Xv

mg/L

mg/L

(3)

(4)

s,'
n- 1.0
K' 0.0002
(5)

Se'

Se'

Se'

0.1
0.15
(6)

0.1
0.24
(7)

0.0
0.36
(8)

13.5
9.2
4.6

223
223
223

40.2
46.3
61.3

1435
942
635

68
89
109

61
63
65

44
46
48

57
57
57

13.5
9.2
4.6

472
472
472

65.5
69.4
73.7

2600
2067
1293

89
108
151

124
126
130

90
92
97

122
122
122

13.5
9.2
4.6

969
969
969-

198
180
203

4577
4244
2990

110
122
164

227
245
252

177
179
184

249
249
249

46.6

16.7

45.

Error

54.0

This equation was solved by the Runge-Kutta technique. The kinetic parameters were varied to
find optimum values. Again an n value of 0.1 gave the best predictions of effluent COD. Table
4. Results for the best K’ values at n values of 1.0 and 0.0 are also included in this table.
Table 4. Predicted Effluent COD for SBR System
T,
d

Se

Xv

sF
mg/L

mg/L

mg/L

(1)

(2)

(3)

(4)

13
9
4

234
234
234

35.2
37.0
47.4

1113
763
549

13
9
4

424
424
424

43.2
45.0
58.8

13
9
4

924
924
924

107.1
124.0
127 .2

Se'

Se'

Se'

Se'

0.1
0.22
(6)

0.1
0.215
(7)

0.0
0.44
(8)

51
79
. 105

33
35'
37

34
36
40

33
33
33

1584
1283
762

52
75
. 144

55
57
63

60
62
68

62
62
62

3167
2884
2139

57
79
195

105
107
114

115
117
124

135
135
135

50.03

10.02

9.28

14.3

Error
Where: Sc observed COD concentration
Sc’ predicted COD concentration

n 1.0
K' 0.0003
(5)
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Discussion
Influent substrate concentration will vary in full-scale systems and target sludge ages will vary
and the target sludge age will not always be achieved. A versatile model is required to describe
the range of operating conditions.
The batch test conditions were different from the systems receiving flow on a continuous or
semi-continuous basis and thus a slightly modified form of the substrate removal equation had
to be applied to the batch tests. However, the dependence of substrate removal on VSS
concentration was shown to be best described by the exponential model in all cases. The best n
value for SBR batch tests and the SBR semi-continuous flow system was 0.1 and the best K’
values were very close between the two systems. The similarity between the batch test and SBR
semi-continuous flow system conditions would be expected to produce similar results.
The CFSTR best n values were also the same as for the SBR system. However, the best K’
values varied from the batch to the continuous flow systems. This questions the validity of
applying batch results to continuous flow CFSTR systems.
The important point is that an exponential model best correlated the data in all circumstances.
Lower n values in the range of 0.0 to 0.4 provided acceptable results for any configuration. The
most commonly used first order model with respect to VSS performed very poorly in predicting
effluent COD concentrations. A zero order model is a much better choice.
The results obtained in this study are not surprising considering the predictions of more
sophisticated models and measurements made on active biomass in activated sludge systems.
Improvement in effluent quality predictions is made with essentially no additional effort. No
changes in data gathering are required to implement the model. VSS balances are not affected
by the modified substrate removal expression. The model proposed here is an expedient tool for
consultants and researchers.
Conclusions
1.

A substrate removal expression with VSS concentration raised to a power between 0.0
and 0.3 provided the best prediction of effluent COD concentrations over a broad range
of operating conditions for CFSTR and SBR systems. An value of 0.1 was optimal in all
cases.

2.

Batch kinetic studies were in close agreement with continuous flow and semi-continuous
flow systems with respect to the n value. The rate constant variation from batch studies
of CFSTR systems showed a significant difference compared to the continuous flow
system. Using batch kinetic constants for continuous flow systems is questionable.
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ABSTRACT
The use of an inoculation technique to enhance rates of in-situ biodegradation of toxic organic contaminants by
increasing subsurface populations of specific microorganisms is described. An external biologically active
carbon (BAG) adsorber is demonstrated to be an efficient reactor system for collection, acclimation and
enrichment of microorganisms for the inoculation process. Empty-bed B AC contact times of approximately
40 seconds are shown to be sufficient for complete degradation of monoaromatic hydrocarbons, the
subsurface contaminants used to test the technique, and for continuous production of an effluent stream of
specific microorganisms for inoculation. The ability of the inoculation technique to rapidly increase the
population of such microbes in the soil matrix to above lfl5 cells/g of soil is shown to result in immediate insitu degradation of the target hydrocarbons at concentrations ranging from 25 pg/1 to 9 mg/1.
KEYWORDS
Bioremediation, biological activated carbon, inoculation, monoaromatic hydrocarbon, groundwater, gasoline
spills.
—
INTRODUCTION
Leaks from underground storage tanks and other intentional releases of petroleum products have caused
serious contamination of the subsurface environment According to EPA's Office of Toxic Substances, 30 to
40% of the estimated 800,000 motor fuel storage tanks in the United States are leaking. Among compounds
of main concern are benzene, toluene, ethylbenzene and xylene (BTEX compounds), common monoaromatic
constituents of gasoline and other hydrocarbon fuels, which are considered toxic or carcinogenic (EPA,
1981). Due to their high octanol-water partitioning coefficients (Howard et al., 1990), these compounds are
reasonably soluble in water and frequently found in groundwater.
In Brazil, concerns related to potential groundwater contaminantion by gasoline spills is increasing specially in
the city of Sao Paulo where the number of service gas stations is aproximately 2,500 (Oliveira et al., 1990).
In this country, ethanol is added to gasoline in proportions up to 22% by volume. In case of a spill, this may
threat even more groundwater quality, since ethanol mixed with hydrocarbons and water has a potential
cosolvent effect, thus increasing the concentration of hydrocarbons in water (Groves, 1988).
A number of treatments are available for removing organic contaminants from groundwater and subsurface
soil systems. Such processes, which include adsorption by activated carbon, air stripping, chemical
oxidation, and biological degradation can be implemented to control the movement of plumes, treat
groundwater, decontaminate soil, or some combination of these objectives. Applications of the most versatile
technology, adsorption by activated carbon, are often marked by high associated costs for carbon regeneration
and replacement. On the other hand, the most cost effective transformation process, in-situ biological
degradation, is often limited by difficulties in the transport of nutrients or electron acceptors and the control of
conditions for acclimation and contaminant degradation in the subsurface. Combined treatment processes have
been devised to circumvent the problems associated with each of these individual approaches. In most
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combined systems, contaminated groundwater is withdrawn, treated in an above-ground biologically active
carbon (BAG) adsorption system and discharged to a stream or used to recharge the aquifer. The
disadvantages of such techniques relate largely to the fact that extensive amounts of groundwater must be
removed and processed. Long periods of time and high costs are commonly associated with the use of
"pump-and-treat" schemes for remediation of contaminated sites.
The present study has been designed to assess the viability of inoculation techniques in contaminated aquifer
materials. An adaptation developed by Weber and Corseuil, 1991 of a system proposed by McCarty, 1985 for
generation of microorganisms was employed for preparation of microbes for inoculation. The system uses
biologically-active granular activated carbon reactors in low-volume pumping schemes for collection,
acclimation and enrichment of indigenous microorganisms for subsequent reintroduction to the subsurface.
This system may have advantages over a conventional bioremediation process which is based on supply of
nutrients and electron acceptor to optimize the growth of microbes already present in the aquifer material. Due
to the adsorption characteristics of activated carbon, more hydrophobic organic contaminantes are retained in
the BAG reactors for periods much longer than the hydraulic residence times of those reactors. These reactors
may therefore facilitate selection of specific microbes capable of degrading target contaminants because these
materials are selectively retained in the reactor and more readily available for microbial utilization.
The efficacy of the technique was tested initially in soil columns operated under dynamic conditions, using
benzene, toluene and xylene, common monoaromatic constituents of gasoline and other hydrocarbon fuels as
target compounds. The present study further explores- factors that affect application of the inoculation
technique, including reactor behaviour in the presence of electron donors (hydrocarbons) and electron acceptor
(oxygen) and minimum masses of specific microorganisms required to enhance biodegradation.
EXPERIMENTAL METHODS
Laboratory experiments were conducted using BAG reactors containing granular activated carbon (GAG;
Filtrasorb F-400) and bench-scale subsurface microcosms containing aquifer sand obtained from a natural gas
production facility in Kalkaska, MI. Soil samples brought to the laboratory were collected from a noncontaminated area of the gas plant facility, and refrigerated at 6°C. Analysis of the Kalkaska subsurface soil
revealed a composition of 99.8% sand and 0.2% silt and clay and an organic carbon of 0.07%.
Benzene, toluene and xylene (BTX), were used as individual substrates in various experiments. Benzene was
obtained from EM Science (Cherry Hill, N.J.), toluene from J.C. Baker Inc. (Phillipsburg, N.J.) and oxylene and p-xylene from Aldrich Company, Inc. (Milwaukee, WI). A synthetic background solution
containing nutrients provided adequate environmental conditions for microbial growth. Nitrate was used as
the only source of nitrogen to avoid growth of nitrifiers.
The BAG reactors consisted of 1,6-cm ID glass columns containing 1 gram of 30x40 (US standard sieve size)
granular activated carbon (GAG), which corresponded to a packed GAG depth of approximately 1 cm. The
microorganisms used to seed the GAG were obtained from columns of Kalkaska sand which had been
previously fed on a continuous basis for 10 days with aqueous solutions of benzene, toluene or ortho+para
xylene as sole carbon sources. One-ml samples of the viable cells (107 cells/ml) were collected and passed
through 0.2-pm pore-size membrane filters (Gelman Co., Ann Arbor, MI). The microorganisms were then
recovered with 1 ml of 0.01-N phosphate buffer solution and used to inoculate the BAG reactor. A period of
at least 12 hours was allowed for microorganisms to attach to the carbon particles before the start of an
experiment. The synthetic groundwater and stock solutions of BTX compounds, prepared in headspace-free
glass cylinders and mixed for at least 12 hours before use, were fed to the system using separate Rabbit-HP
solvent delivery systems (Rainin Inst. Co., Woburn, MA). The BAG systems were operated in up-flow mode
to avoid potential air-binding problems. Tests were conducted at empty bed contact times (EBCTs) of 40 and
60 seconds.
The soil column reactors, consisting of 2.54-cm I.D. glass columns, were also operated in upflow mode. A
charge of 50 grams of sand was used in each experiment, packed to a depth of approximately 6.1 cm.
Solutions containing desired concentrations of the target compounds were prepared in a headspace-free glass
cylinder, as previously described, and delivered via a peristaltic pump Miniplus 2 (Gilson Medical Electronics,
S.A., France). All tubing was of viton or stainless steel to minimize adsorption onto tubing surfaces.
Materials were autoclaved before use, and samples were collected with gas-tight syringes and analyzed
immediately to prevent losses due to biodegradation or volatilization. Experiments were done at room
temperature (22"C), and an interstitial velocity of 2 m/day, which is in the range of forced groundwater
movement typical for in-situ remediation programs. Seeding of the soil bed was done by passing the effluent
from the BAG reactor, after steady state had been achieved, through the aquifer material for 15 hours. Two
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columns were inoculated in parallel to determine the initial mass of adapted microorganisms attached onto the
soil, one of the columns was then taken apart and the microorganisms attached to the soil at the bottom and the
top of the column were enumerated. The BAG effluent was stripped continuously with air during the
inoculation period to prevent hydrocarbon contamination of the soil columns.
The BTX compounds were analyzed either by gas chromatography preceded by separation in a purge-and-trap
device (Environchem model 810A, Environchem, Inc, Kemblesville, PA) or by head-space analysis (on an
HP 5890 GC equipped with a head space analyzer model HP 19395A (Hewlett-Packard, Avondale, PA). The
BTX compounds were separated isothermally at 75°C and detected with a flame ionization detector. BTX
external standards were prepared routinely for checking of the standard calibration curves. Dissolved oxygen
was measured using an oxygen meter (YSI model 5300 Biological Oxygen Monitor, Yellow Spring, OH)
equipped with a micro flow-through system.
Standard plate counts were used to quantify the number of microorganisms detached from the BAG reactor and
released to the soil columns. Dilutions were made in a potassium phosphate buffer containing 0.5 mg/1 of
Tween 80 (ICN Nutritional Biochemicals, Irvine, Ca) as an antidumping agent (Chang and Rittmann, 1987).
Appropriate dilutions were applied to 0.5 % tryptone (Difco Laboratories, Detroit, MI), nutrient, agar (BBL
Microbiology Systems, Cockeysville, MD) (TNA) plates according to Standard Methods. Plates were
cultured at 30°C and colonies were counted after three days. Enumeration of the bacteria attached onto the soil
was done by shaking lOg of soil in 100 ml of a sterile 0.1%-sodium pyrophosphate solution for 20 minutes
(Wilson et al, 1983). The extracted microorganisms were then quantified by standard plate count methods
(Standard Methods, 1989).
RESULTS
The BAG system was tested using short empty bed contact times (EBCT) to verify the feasibility of employing
small reactors for growth and enrichment of specific microbes for subsequent inoculation of subsurface
systems. Initially the system was investigated under extreme conditions, i.e., high and low concentrations of
electron donor (hydrocarbon) and electron acceptor (oxygen). As illustred in Figure 1, results show the
eficiency of two diferent experiments performed with BAG reactors fed with 10 mg/1 toluene - 8.7 mg/1 D.O.,
and 0.095 mg/1 benzene - 0.7 mg/1 D.O, each reactor previously inoculated respectively with toluene and
benzene degraders and operated with an EBCT of 40 seconds. In the experiment with toluene, a plateau of
50% degradation was reached after 10,000 bed volumes (4.6 days) because of limiting electron acceptor
conditions. Aproximately 80% degradation was achieved at substrate steady-state (10,000 bed volumes) in the
experiment with benzene. Plate count measurements at these levels indicated that an average 6x106 and 10^
cells/ml were being detached respectively from the BAG reactors fed with toluene and benzene, providing a
continuous source of specific microbes for inoculation purposes.

Benzene
Toluene
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Bed volumes
Fig. I. Substrate breakthrough patterns in the BAG reactor system.
— Benzene: Cq= 0.095 mg/1; D.O.inf= 0.7 mg/1; EBCT=40 seconds
— Toluene: Cq= 10 mg/1; D.O.inf= 8.7 mg/1; EBCT= 40 seconds
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Other BAG experiments were also used to assess the efficiency of such small reactors with respect .to
contaminant removal. This is an important consideration from the point of view that regulations in the United
States prohibit reintroduction of contaminated groundwater to aquifers, no matter how small the return flow or
its purpose as a bacterial inoculum. Removals in excess of 99% were obtained with an EBCT of 40 seconds
in a BAG reactor fed with 2.6 mg/1 benzene influent previously seeded with benzene degraders. At steadystate, aproximately 5xl06 cells/ml were continuosly sloughed from the carbon bed, supplying a continuous
feed of aproximately 1 mg/1 biomass of specific microbes to the contaminated aquifer system. Complete
substrate removal was observed with an EBCT of 60 seconds in a new experiment where a concentration of
3.0 mg/1 ortho + para xylene was fed to a BAG reactor which had been previously inoculated with xylene
degraders (Figure 2).
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Fig. 2. Substrate breakthrough patterns in the BAG reactor system
— Benzene: Cq= 0.095 mg/1; D.O.inf= 0.7 mg/1; EBCT=40 seconds
— Toluene: Cq= 10 mg/1; D.O.inf= 8.7 mg/1; EBCT= 40 seconds
To set the background for determination of the effect of inoculation on rates of biodegradation in natural
soils, studies of the degradation capability of the indigenous microbial population of the Kalkaska soil were
performed using benzene, toluene and xylene as sole substrates and oxygen as the sole electron acceptor. The
results were then compared with experiments in which adapted microorganisms grown in BAG systems were
injected into the aquifer material. Figures 3 shows the results of studies with benzene for a system containing
only the indigenous microbial populations of the Kalkaska soil and another to which benzene degraders
sloughed form the BAG reactor were injected into the sand for 15 hours before introduction of the contaminant
stream. These experiments were performed at high concentrations of substrate (9 mg/1), room temperature,
and at an interstitial velocity of 2 m/day. The dissolved oxygen concentration in the synthetic groundwater
solution fed to the column was maintained at a level between 7.0 and 8.0 mg/1. Even under these highly
favorable conditions, it took approximately 10 days for the indigenous microorganisms to utilize all of the
oxygen supplied, after which biodegradation ceased due to the absence of a sufficient residual concentration of
electron acceptor.
However, in the soil column inoculated with microorganisms, complete utilization of all of the oxygen
being supplied continuously was accomplished within only 10 hourr, thereby constraining further benzene
degradation. Microbial counts on the soil of the inoculated column indicated that 5xl0& and 3x10^
microorganisms were attached per gram of soil near the bottom (influent end) and the top (effluent end) of the
column, respectively. The total indigenous population attached to the Kalkaska sand was determined to be
approximately 10^ microbes/g. The inoculation thus represented a two-order of magnitude increase in total
numbers of microbes in the soil, all of which increase was comprised by specifically adapted organisms.
An additional study was performed for xylene at the same conditions previously described for benzene.
Complete oxygen consumption occurred in 5 days in the presence of the indigenous microorganisms and in 30
hours in the inoculated system. (Corseuil, 1992). Because the number of microorganisms sloughed from the
1-minute EBCT BAG reactor fed with ortho+para xylene was smaller than that for the benzene system, the
initial numbers of xylene degraders attached onto the sand near the influent and effluent ends of the column
were also smaller, 4x10$ and 3x10$ microbes/g, respectively. For this reason, the number of specific

192

microbes initially present in the soil was approximately one order of magnitude smaller than in the experiment
inoculated with benzene degraders.
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Fig. 3. Substrate breakthrough patterns for benzene (Cq= 9 mg/1) in Kalkaska
sand columns contaning indigenous and inoculated populations of microorganisms
The experiments described above were repeated at low hydrocarbon concentrations to investigate if
microorganisms isolated from systems of high contaminant concentration could be able to degrade organic
pollutant(s) at the significantly lower concentrations normally found in natural waters, soil and sediments.
Benzene and o-xylene at 25 pg/1 were first fed as sole carbon sources to two non-augmented sand columns to
test the capability of indigenous microorganisms to degrade trace levels of these hydrocarbons. Under these
conditions, the indigenous populations were able to completely degrade benzene and o-xylene only after 12
and 7 days, respectively. Conversely, immediate and complete degradation was observed in otherwise
identical experiments with soil columns which previously had been inoculated with benzene and xylene
degraders sloughed from BAG reactors. The concentrations of benzene and o-xylene in the effluents of the
inoculated sand columns were below 1 pg/1 from the veiy onset of the experiments.
SUMARY AND DISCUSSION
The results of this work suggest that the inoculation of contaminated subsurface systems with specific
microorganisms may be an efficient way of speeding in-situ bioremediation. A successful method for
collection and enrichment of microorganisms for subsequent injection into the aquifer material also has been
demonstrated.
Differences in the degradation rates of benzene and xylene in unaugmented and inoculated laboratory soil
columns were observed to be significant. It is expected that such differences may be even more pronounced in
field situations, in that the laboratory studies presented here were performed under optimal conditions. Other
environmental conditions and constraints, such as low groundwater temperatures, low levels of dissolved
oxygen, and the presence of growth inhibitors are likely to have major adverse impacts on the growth rates of
indigenous soil microorganisms in the absence of augmentation by inoculation. With respected to dissolved
oxygen levels, half-lives of the hydrocarbons investigated in this work have been observed to increase from 510 days to 60 days at concentrations between 100 and 200 pg/1 in Kalkaska soil as the dissolved oxygen
concentration is reduced from above 2 mg/1 to approximately 1 mg/1 (Chiang et al, 1989). Moreover, in-situ
biodegradation by unaugmented indigenous microorganisms is probably site specific. The same compounds
used here, benzene and toluene, for example, were found, over a four-month period of observation, not to be
utilized by indigenous microorganisms under aerobic conditions in samples from one jet-fuel contaminated site
(Aelionetal, 1991).
The results of experiments with indigenous and inoculated microorganisms in the presence of high
hydrocarbon concentrations illustrate the importance of inoculum size in enhancing rates of biodegradation. At
high benzene concentrations, an adapted population of 4x10^ microorganisms/g of soil was shown to
completely use all available electron acceptor after only 10 hours. Attainment of this same level of activity
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required 10 days when indigenous microorganisms were not augmented by inoculation. At high xylene
concentrations, an order of magnitude less attached biomass (4xlQ5/g) took 30 hours to reach maximum
degradation; still much faster than the five-day period required in unaugmented soil columns containing only
indigenous populations.
The immediate and complete degradation of low concentrations of hydrocarbons observed in inoculated soil
columns suggests that rapid mineralization can occur even at low concentrations if the density of adapted
microorganisms is increased, in these case to above 10^ cells/g of soil. Similar results have been reported
from studies of inoculum sizes required for mineralization of p-nitrophenol in lake water (Ramadan et al,
1990), for which an initial density of about 10^ cells/ml was needed to prevent microbial elimination by
protozoan grazing or failure to survive because of nutrient deficiencies. Benzene and xylene degraders isolated
from high-concentration experiments did not experience any difficulty in degrading these same hydrocarbons
at concentrations as low as 25 pg/1.
The advantages of stimulating the growth of microorganisms on activated carbon to extend the service life of
carbon beds have been recognized for some time (Weber et al, 1970; 1973). The utilization of sorbing and
desorbing substrates in GAC systems yields higher levels of biodegradation and higher specific growth rates
than possible in other non-adsorbing or weakly adsorbing media, such as sand (Li and DiGiano, 1983). The
results of the present study demonstrate that this BAG concept can be extended to the development of an
effective technique for concomitant contaminant destruction and enrichment of specific microorganisms for
subsequent inoculation of subsurface systems. The finding that empty-bed BAG reactor contact times of less
than one minute are sufficient for microorganisms to complete degrade monoaromatic hydrocarbons of the type
tested indicate that remarkably small reactor systems can be employed in implementing die technique.
Applications ofThe inoculation technique described here should also be advantageous in situations in which the
target contaminant is mixed with less toxic and usually more soluble chemicals. For instance, gasoline is
mixed with ethanol in Brazil. In case of a spill, ethanol and other hydrocarbons such as the BTX compounds
would be the first groundwater contaminants. During natural degradation, ethanol will exert oxygen demand
and will compete with the more toxic components of gasoline for oxygen, the best electron acceptor for
biodegradation of hydrocarbons. Inoculation of specific microbes grown in the BAG reactors could
circumvent this problem. The monoaromatic hydrocarbons adsorb much more strongly to activated carbon
than ethanol. As explained before, the BTX compounds would then be retained in the reactor and more readily
available for microbial utilization.
The BAG reactor inoculation technique was presented in this study in the context of subsurface systems. It is
conceivable that the approach might also be applied effectively to enhance degradation of contaminants
contained in the sediments of streams, rivers, lakes and harbors.
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ABSTRACT
In the coke-oven activated sludge plants one of the greatest problems of
malfunction is due to inffluent variability. The composition and/or
concentration variations of the inffluent substrate, that can make an
unstable system, occur in function of the pollutant load. Nevertheless, the
knowledge of the kinetic biodegradation of the coke-oven effluent
represents the limiting factor to develop an effective biological
treatment. Studies have been done to compare the behavior of the phenol and
thiocyanate's biodegradation in pure solutions and in coke effluent. Batch
pilot scale experiments were made for determining the validity of MONOD
and HALDANE models. The model constants are dependent on the relation
between specific substrate and biomass ratios. A computational model of the
biological treatment, taking into account this factor, has been then
elaborated and validated from continuous pilot scale experiments.
Tour reactors arrangements differing in their numbers, unity volume and
feed distribution have been used. The new model was calibrated by comparing
^its predictions with the pilot experiment's results. The utiTization-of-

tEis model by systematic simulations allows to compare multiple
configurations of the elementary reactors considering the yield and process
stability.
KEYWORDS
Activated Sludge, Biodegradation,
Thiocyanate.

Coke-oven effluent, Phenol,
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Stability,

INTRODUCTION
Effluents from coal-coking process used by the steel industry, contain high
levels of phenols, thiocyanate, free and fixed ammonia, cyanide, sulfides
and sulfates. The composition and concentration of such effluent can vary
considerably in function of the type of coal used and process differences.
Phenols and thiocyanate represent the major influences, greater than 80%
of the total Chemical Oxygen Demand(COD). The biodegradation
process of
phenols and thiocyanates is influenced by chemical and physical factors.
Bennet(l960) showed that if the temperature and pH increase, the efficiency
of the phenols oxidation decrease. Fannin et al.(1981) studied the
inhibition of the bacterial growth responsible for the phenol oxidation.
Holladay(1978) showed that auxiliary chemicals may increase the phenol
degradation rates.
About the kinetic models of phenol biodegradation, the literature emphasis
is done to the non-toxic models, especially the MONOD model (Shimizu et
al., 1973; Yang and Humphrey, 1975; Neufeld and Valkinac, 1979, Beltrame
et al., (1979,1980). For other authors, emphasis is in the HALDANE' s model
utilization (Pawlowsky and Howell, 1973; Szetela and Winnicki, 1981; Sokol
and Howell, 1981; Rozich et al., 1983). A great number of others kinetic
models are used to represent the phenol biodegradation.
The results of several phenol kinetic studies have shown
conflicting
conclusions about the inhibitions factors. In the case of thiocyanate's
degradation a few number of papers exist, but their conclusions are
conflicting with the results for the phenol.

In the

first part of this

investigation,

we

studied the phenol

and

thiocyanate biodegradation when pure substances and in coke effluent under
different initial concentrations for the same mixed culture in a batch
reactor.

MATERIALS AND METHODS
Experimental Procedures
The batch reactor volume was 4 liters. Sufficient compressed air was
supplied to maintain dissolved oxygen concentration of 3 mg/1. The
temperature was approximately 25°C. Complete mixing was obtained. An
activated sludge was developed using a initial inoculum from a coke-oven
treatment plant.
Three experiments are represented in this paper with the following initial
conditions:
TRIAL
A
B
C

PHENOL
mg/1

THIOCYANATE
mg/1

80
200
400

70
120
200
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BIOMASS
mg/1
3300
3300
3300

Analysis
Biological solid concentrations were measured using ,the membrane filter
technique (pore size 0.45pm). Effluent quality was evaluated by Chemical
Oxygen Demand (COD), phenol and thiocyanates by spectrophotometric methods.

RESULTS
The Figure 1 and Figure 2 show the decreasing in phenol and thiocyanate
concentration for the experiments described above.

tttt.f Pc= 200 mg/I fA)
80 mg/1
"
* Pdw 400 mg/I

time (h)
Figure 1 - Phenol biodegradation for three initial
conditions.

SCN0- 80 mg/I

SCNe- 200 mg/l

time (h)
Figure 2 - Thiocyanate biodegradation for two
initial conditions.
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The Figure 3 show the increasing in biomass
experiments represented in the Figures 1 and 2.,

~*000-

concentration

for

the

+++++ B

2 3500

3000

time (h)
Figure 3 - Biomass evolution for the experiments
with phenol and thiocyanate.
Inspection of the data in these figures suggested that:
- Phehol and thiocyanate are degradated simultaneously but at
different rates.
- The phenol degradation rate is greater than
thiocyanate.

the rate of

MODELLING
The Monod model consists of a function of
surrounding the organism, that is:

P=IW

the

substrate

concentration

E

H
- specific growth rate (T-1)
/i„, - maximum specific growth rate (T"1)
K,
- constant of Michaelis-Menten (ML-3)
E
- substrate concentration - (ML-3)
The kinetic constants are obtained using a Lineweaver-Burk graphic type,
reporting l//i versus 1/E. (E=P for the phenol and S for the thiocyanate)
Results in Table I are listed for each experiment represented above. For
the same biomass origin and at the same level of initial concentration the
Monod model present differents values for its kinetics constants.
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TABLE I - Kinetics constants for these experiments.

Thiocyanate

Phenol
Trial

K.

M*ax

fi-,

K.

1.5E-4
8.3E-4

60
120

water solutions

1
2

5.3E-3
4.2E-2

270
180
coke-oven effluent

A
B
C

1.06E-1
4.2E-2
3.4E-2

285
220
110

8.8E-4

180

nd
nd

nd
nd

The differences in the values of kinetic constants were a problem for
others investigators and it was very difficult to simulate large scale
industrial treatment plants.
Me try to establish a new model and
considerations, for a transient state:

for

that we

made

the

following

- The kinetic parameters are dependent of the initial state of the
biomass.
- The microorganisms are always in acclimatation.
The representation of 1/p versus X/P take into account the two hypothesis.
The Figure
effluent.

4

represents

this

situation

for

the

phenol

in

coke-

DOODOA

***** B

.lio"' ' iio"

260

260

360

'' isio ''

41S0

X/P (mg biomass/mg phenol)
Figure 4 - Representation of the specific growth
rate as function of biomass and phenol ratios.
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oven

The straight line obtained we can write by:

— -L+M. ~
U

p

where,

L=

M=

1

K„
.X

We can see in this model the influence of the inhibition caused by:
- a high concentration in phenol (P) and a low
concentration in microorganisms (X)
- the initial value of the microorganism activity
represented by L at the initial conditions.
Results of
effluent.

TABLE IX

are

listed for each

experiment with the coke-oven

TABLE II - Kinetics constant for the phenol.

Trial
A
'B
C

L

M

A*sax

24
20.4
21.3

0.96
0.75
1.49

0.04
0.049
0.047

K.
0.04.X
0.037.X
0.07.X

We can see that the values of K,, Michaelis-Menten constant, depend on the
initial conditions and it is a time dependent parameter.
Perhaps
not change largely for the different initial conditions, its
dependence is function of the initial state of the microorganisms, and in
our case they are the same origin and presented the same value of
The thiocyanate biodegradation represented in the Figure 2 shown that exist
a dependence on the phenol concentration because the rate presents
different slopes in its presence or absence. Besides the two hypothesis
used in the phenol biodegradation model, the effect of the limiting
substrate will be considered.
The representation of 1/jt versus P/S take into account these two hypothesis
and the limiting substrate.
The Figure 5 represents this situation, for the thiocyanate in coke-oven
effluent.
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***** A

oaaoa C

P/S (mg. phenol/mg thiocyanate)

Figure 5 - Representation of the specific growth
rate as function of phenol and thiocyanate
ratios.
The straight line obtained can be written by:

We can conclude for this model:
- it's a zero order degradation rates at concentration in phenol (P)
equal to zero, verified by some investigators.
- the .inhibition by the increasing in thiocyanate concentration.
- the initial value of the microorganisms activity represented by A
at initial conditions.
Results of TABLE III are listed for each experiment with the coke oven
effluent.

TABLE XXI - Kinetics constant for
the thiocyanate.

Trial
A
B
C

R

Q

1.6E-4
1.6E-3
7.3E-4

3.IE-2
9.7E-3
1.7E-2

The combination of the two individual models results that the specific
growth
rate
as
function
of
the
phenol,
biomass
and
thiocyanate
concentrations, represented by:

(I2- (0.413.^1) .|l-0.019.-^l=0

The validity of this equation is for positive values of P,S and X.
If P=0 or S=0 the equation remains identical to the equation developed
before.
This model was tested in continuous pilot scale experiments.
Five reactor arrangements differing in their numbers, unity volume and feed
distribution have been used.
The Figures 6 and 7 represents the values obtained experimentally at
steady state in all reactors and their comparison with the simulation by
using the model established.

200:
150:
c

100:

reactor
Figure 6 - Experimental and simulated values for the
phenol in a five reactors configuration.
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reactor

Figure 7 - Experimental and simulated values for the
thiocyanate in a five reactors configuration.
The good agreement between simulated and experimental values
stimulates the usage of this model for an industrial scale-up.
Sidmar -Belgium)

(Usine

STABILITY
The variation in composition and/or concentration of the coke-oven effluent,
cause problems in the system's stability.
The manipulated variables to maintain the equilibrium in the yield values
are basically represented by the dilution and recycle rates. We have been
represented the yield as function of recycle rates and the ISO-DILUTION
RATES were determinated. This technique allows the determination of the
stability when is applied a shock in phenol or thiocyanate concentration,
for different reactor configurations.
The Figures 8 and 9 represent the results of this technique for the
following configurations:
a) Four reactors in series with total volume of 20 liters with fed and
recycle in the first reactor.
b) Four reactors in series with total volume of 20 liters with feed
equally distributed along the three reactors and recycle at the first
reactor.
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time (h)
Figure 8 - Thiocyanate concentration into four
reactors in series with feed and recycle
in the first reactor.

time (h)
Figure 9 - Thiocyanate concentration into four reactors
in series with feed equally distributed along
the first three reactors and recycle at the first
reactor.
These figures show that the feed distribution has a good response to the
shock and are more stable than when the feed is applied in the first
reactor. This is according to the industrial tests made by the SIDMAR
KOOKSFABRIKEN in BELGIUM.
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CONCLUSIONS
The importance of the determination of the relationship among the
concentrations of thiocyanate, phenol and biomass can be useful for the
establishment of good reactors configuration considering the yield and
stability.
The knowledge of the interactions among the variables is very important for
the scale-up and reasonable the concordance between experimental and
simulated values is good.
The determination of the kinetic constants with respect the two formulated
hypothesis can be an useful power for determination of the phenomenological
behavior of the process.
The results obtained by simulation indicate that the model can be used for
a high concentration levels.
Problems caused by the biomass settling and auto flocculation have not been
studied and more researches are necessary to determine their influence in
the yield and stability system performance.
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ABSTRACT
An algorithim was developed to solve simultaneously a system of
ordinary
differential
equations
governing the initial dilution and
to
solve
a
partial
differential equation governing the far field dilution.
In
the
first
case the numerical solution was compared with the classical
model
RSB. The basics softwares used were Turbo Pascal, Mathcad and Surfer,
in
order to show in a graphic way the influence of the main variables in the
dilution process, bi and tridimensionaly. The esperimental comparison for
the modeling is done by using the data obtained for the ocean outfall
of
CETREL - Empresa de Protecao Ambiental - Camacari-Ba.
KEYWORDS
Ocean
outfalls,
simulation.

initial

dilution,

far

field

dilution,

mathematical

INTRODUCTION
The mathematical simulation of ocean outfalls in order to monitoring
the
environmental impacts is a complex task. The difficulties involved
arise
from the differents phenomena characterizing the dilution process. In the
case
of the initial dilution process, the concentration distribution
of
the
pollutant
and
the
velocity
profile
are
obtained
by
solving
simultaneously
a
system of six ordinary differential
equations.
These
equations
are
based
in
the similitude of
the
density
and
velocity
gaussian profiles throughout the plume formed by the jet in the
stagnant
environment, (Morton et al, 1956), (Fan, 1967), (Fan and Brooks, 1969).
The
main
differential
equations
are:
mass
conservation;
momentum
conservation
in both directions, horizontal and vertical;
buoyancy
and
geometric.
This
set
of equations were solved by
using
the
numerical
method
of
Runge-Kutta
based,
in truncated
Taylor
series.
The
main
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phenomena
involved are the momentum of the jet in the diffuser exit
and
the buoyancy in the stagnant environment
On
the
other hand, the classical equations of (Roberts
et
al,
1,989a,
1989b, 1989c) knowmn as RBS equations were solved for comparison.
In
the
case
of the far field dilution, it
was
solved
the
classical
diffusion
equation
presented
initialy
by
(Roberts,
1923)
and
used
successfuly by (Rouville et al, 1980)
The solution of this equation
was
compared
with
the semi empirical one obtained by (Roberts,
1979)
with
good aggreement mainly with respect to to the depth.
In
all
these
equations there are a
set
of
experimental
parameteres
obtained
from
field
monitoring
that
are
useful
to
calibrate
the
mathematical model
The data used in this work was gent 1 ely furnished by CETREL - Empresa
de
Protecao Ambiental - Camacari-Ba.
The combination of the to process the initial and far field dilution give
the
expected concentration levels in order to satisfy the
environmental
protection conditions defined by law
It
is
very
important to mention that in this
particular
case,
i.e ,
CETREL, the effluent is treated in a huge Effluent Treatment Plant with a
high efficient biological reactor, in such way that the ocean outfall was
the best solution to recuperate the estuarine river that formely received
all
this
pollutant load. Recentelly (Roberts, 1992) made
a
very
good
paper in which the out falls problems were elegantly discussed.
ANALYSIS
The Initial Dilution
Pet erministic
approach To solve the initial dilution problem
the
basic
soft ware
used were: Turbopasc al, Matchcad, Surfer and Grapher in such
a
way
that
the
velocity
fiel d
of
the
effluent
jet,
the
dillution
distributi on,
the
width and the density difference varaition
with
the
axes x and z are determined on ly velocity field and dilution distribution
are showed in this work.
The main a ssumptions based in this classical continuum mechanics approach
are: the f luids are incompress ible, the density and velocity profile
are
similar
f rom
following
a
Gaussian
law,
the
a
section
to the next
environmen t
is stagnant and t he eventual stratification is not
affected
by
the
e ffluent and density variations are neglected
in
the
momentum
equations
The system of differential equation used is given by:
Mass conservation
the jet

2g)f

du
ds

This equation gives the velocity

Af

distribution

in

2wx
sin 0

U

(1)

b

2

II

width
- Momentum in the horizontal direction x - This equation gives the
variation of the" jet .
db
b
. 2
(2 )
—5 9 A
---- > sin 0
IT
fo
ds
in
the
vertical direction z
This
equation
Moment urn
gives
the
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variation

of

the

ang 1 e *tret"ween

d0

X

the

jet

direction

and

the

horizontal

(3)

cos 0

Sg

axis.

ds
Buoyancy equation - This equation gives the variation of
difference between the environmental and the jet

1 +A2

dA f

the

density

d fa

(4)

___— sin 0 -----

A

ds

dz

Geometric Equations - these equations gives the interrelation
the independent variable and the coordinate system

The

dx
---ds

= cos 0

dz
---ds

= sin 0

concentration

is

between

(5)

(6)

given

by

Co = (1

+

A,2

> //V^

This

ordinary

differential
equation (ODE) system was solved by using the
Runge
Kutta
method
based on a truncated Taylor series . To obtain this solution
two
programs were done based on Turbo Pascal and Surfer (Diluicao) and
Turbo
Pascal and Mat head (Polumar)
The erneirlca1 approach On the other hand, (Roberts gt al., 1989a)
showed
that
for the modified current Froude number, F = Lr /b (= 0,1,
dilution
is
not
affected
by the current velocity i . e. , U
=
0,
the
governing
equation for initial dilution is given by b2/3

Sm =

0.97------q N

(7)

in which•
B is the total

source buoyance per unit

B = Go'
Go'

diffuser lenghth given by:

q

(8)

is the modified acceleration from due to gravity given by:
g

(Pa - fo>
(?)

q is the rate of flow per unit diffuser length given by:
Q

(10)
L
N is the buoyancy frequency given by:

1/2
f -g
N =

I

d

1
(11)

--dz J

This
set
of
equation was solved by
using
the
density
environmental
profile,
obtained directly from experiments in the neighbourhood of
the
diffuser, or from the salinity or temperature profile, by considering
in
the
last
case
a
linear
variation of
the
density
with
respect
to
temperature (Rouvile et al., 1980)
For
each
point
the
derivative
value
of
the
d1/dz
was
determined
numerically in order to obtain the buoyancy frequency profile. From these
results
by using equation 7 the initial dilution profile was
determined
and compared with the deterministic approach
THE FAR FIELD DILUTION
The
deterministic approach In the case of steady state discharge,
0
of
the
ocean
out fall,
the
dilution
process
is
governed
by
turbulent
diffusion
The
anal itial solution of the general difusion
equation
by
consedering
the
infinite medium, with average current
velocity
Uc
in
direction
of
x - axis is given by (Rouville et al
A
gaussian
1980)
type of solution

C( x,y,z)
4 . x.Ky - Kz

I
I -

Uc Y

UcZ2 1

L

4Kyx

4Kzx

(12)

I

in
wich
Ky
e Kz respectively the horizontal
and
vertical
dispersion
coefficients,
are
the
most important
experimental
parameters
to
be
determined in order to calibrate the mathematical model
There are several empirical equations for Ky and Kz gives the formulas.
Ky = 0,0115

Uc

(13)

Kz = 0,0033 Uc

(14)

where
Uc is the velocity of the superficial layer and h is the depth
of
the diffuser
The values of Ky e Kz may be determined experimentaly by using Rodamine B
at
a
know
flow
rate during say 5 hours,
and
solving
the
diffusion
equation in order compare the concent rat ion distribution (Mena, 1988)
The empirical approach The empirical solution for the subsequent
process was obtained by (Roberts., 1979) and is given by:

Uc

C.Uc

2,6

.1/2

r
exp

Sq

q

I

L

x
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x
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dilution

(15)

1
In

this equation the dilution S = --- where C is the concentration of
a
•C
given pollutant and F is the modified current Froude number given by F
=
Uc /B.
The
anal itical solution, equation (12) is compared with the solution
of
the empirical equation (15)
QUANTITATIVE RESULTS
The
quantitative results were obtained by using the data of
CETREL.
order to be conservative the maximum discharge was used, Table 1.
Initial

In

Dilution

Deterministic approach From the data showed in Table 1 the ODE system was
solved
numerically and the results is presented in a matrix form,
table
2. From these results it's possible to construct the bidimensional plots:

dilution

versus

horizontal distance from the diffuser

Fig.1,

dilution

versus depth Fig.2, (both generated by the program MCAD/NOVADIL. POL)
and
the
tridimensional
plots
in which the jet
velocity
field
Fig.3
and
dilution distribution, Fig. 4 are shown. The last graphics were generated
by the Program SURFERZDILUICSO.
The
simulation program created may determine very easily the
effect
of
the
main parameters on the dilution. For example: the influence
of
the
flow rate, show that the high is the flow rate the less is the
dilution;
the influence of the diffuser depth, show that the increase of the
depth
increases the dilution; the influence of the angle 0 between the jet axis
and the botton of the ocean, show that the high is this angle the less is
the dilution, etc.
Empirical approach In this case it was shown that the ftBS solution
gives
a
reasonable result when compared with the solution of the
ODE
system.
The dilution profile has a different shape Fig. 5, when compared with.the
deterministic approach, but the superficial dilution shows an error
less
than 16% in most cases studied
The program used to obtain this graph
is
called MCAD/DILRDB.POL
Far Field Dilution
Deterministic approach The solution of the partial differential
equation
(12)
for
y = 0, i.e. by considering only the dilution
process
in
the
vertical
and in the current direction, is obtained in order
to
compare
the results with those produced by the solution of the equation (15).
It
was developed a program called MCAD/EMSUB.POL.
The
solution
of
the
equation (12) may be presented
in
the
form
of
bidimensional
plot,
concentration versus
horizontal
distance
instead
dilution,
because
the values of concentration are very small.
Fig.
6.
This
figure
shows
the comparison between the
anal itical
and
Roberts
solutions. After 7m from the diffuser in vertical direction both solution
were
pratical1y
comeidente and the concentration were
very
small.The
values used for the dispersion coefficients are suggest in literature and
suggested
by
are Kz = 0,6 m/s
and Ky = 0,022 m/s
The first one was
(Mena, 1988).
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Empirical
Approach
The solution of the equation (15)
for
the
Froude
number F = 12,26 was .obtained by running the MCAD/ENSUB.POL program which
produces
the figure 7 showing for several depths, how the
concentration
varies
with
the
horizontal
distance, and the
figure
8
showing
the
variation
of
the
concentration with depth for several
points
in
the
horizontal distance. Finally the same program produces the tridimensional
figures
9 and 10 showing the Roberts and the anal itical solutions,
both
presenting similar profiles
CONCLUSIONS
The
use of empirical equation for the determination os initial
and
far
field
dilution are very useful because whithout the use of computers
it
is possible to obtain at a first aproximation reasonable results. In
all
the cases studied the comparison Detween the deterministic models may
be
used
easily in a personal computer in order to determine the
influences
os most important parameters.
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NOTATION
b = width of the jet exiting the diffuser
B = total source buoyancy flux per unit diffuser length
c = concentration, 1/S
d = port diameter
F = Froude number for the current
g = acceleration of gravity
h = the depth of the diffuser
Ky,Kz = horizontal and vertical dispersion coefficients
L = diffuser length
N = buoyance frequency

q = total source discharge per unit diffuser length
0 = total source discharge
S = independent variable
Sm = minimum initial dilution
U = jet exit velocity
Uc = ambient current speed
x, y,z = coordinates
0 = the angle between the jet and the horizontal
P = ambient density
Pa = ambient density at the level of the ports
Po = effluent density
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TABLE 1
Jet initial velocity

u

(m/s)

Angle between the jet and horizontal

=

© =

line
(Kg/m3)

Effluent density
Integration step

2.24
30°

=

1 103

dS :

=

0.001

Diffuser depth

(m>

h

=

25

Port diameter

(m>

d

=

0.1

Ambiental density

(Kg/m3)

a

=

1.025 10

06

:=

parameter

oi.

parameter

A

0.082

A : = 1.16

TABLE - 2

PROGRAM : POLUMAR
U
b
0.27068
6.68094
1.51951
0.15871
0.26994
6.73648
1.52007
0.15653
0.26951
6.79201
1.52063
0.15440
0.26849
6.84755
1.52117
0.15231
0.26778
6.90309
1.52171
0.15027
0.26707
6.95863
1.52223
0.14827
0.26637
7.01418
1.52275
0.14632
0.26568
7.06972
1.52325
0.14440
0.26499
7.12527
1.52375
0.14253
O.26431
7.18082
1.52424
0.14069
0.26364
7.23637
1.52471
0.13889
0.26297
7.29193
1.52518
0.13713
0.26232
7.34748
1.52565
0.13540
0.26166
7.40304
1.52610
0.13371
0.26102
7.45860
1.52655
0.13205
O.26038
7.51416
1.52698
0.13043
O.25975
7.56972
1.52741
0.12883
0.25912
7.62529
1.52784
0.12727
NAl DO PROGRAMA - APERTAR ENTRA
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X

5.28866
5.29885
5.30894
5.31891
5.32878
5.33854
5.34820
5.35775
5.36721
5.37656
5.38582
5.39499
5.40406
5.41304
5.42194
5.43074
5.43946
5.44809

Z

21.56842
21.76816
21.96790
22.16765
22.36741
22.56717
22.76694
22.96671
23.16649
23.36627
23.56605
23.76584
23.96564
24,16544
24.36524
24.56504
24.76485
24.96467

DILUTION

157,52189
159.71501
161.92029
164.13769
166.36717
168.60870
170.86226
173,12760
175.40530
177.69472
179.99604
182.30921
184.63423
186.97104
189.31962
191.67995
194.05199
196.43571

0

EMISS

6

0

(i,4)

Fig

EMISS

3Q
U,5)

Fig

l - Dilution versus

2 - Dilution versus depth

'horizontal distance

Fig 3 - Velocity Field U =•U tx,z)
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Fig

Fig

4 - Dilution distribution S * 8 (k,j)

5 - Roberts solution

C

,C
(l.l)

Fig

Fig

6 - Anal itical and Roberts solution
- Far Field

,C
(1,2)

(1,3)

7 - Far field "solution - Roberts
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TECHNOLOGICAL AND CONSTRUCTIVE
ASPECTS OF THE INSTALLATION OF
IMPERMEABILIZING MEMBRANES.

Fernando L. Teigeiro.
SIGSA S.A.
San Martin 575 4 "C". (1004) Cap. Fed. ARGENTINA.

ABSTRACT
Selection of the adequate lining systems for each specific application
requires a knowledge of materials,
installation techniques
and
availability of design alternatives.
Performance
of
materials and their interaction
in
composite
multilayered applications and dessication cracking of the clay layers
underneath geomembranes are studied.
The design needs to meet all of the needs of the user/owner. The
lining system must be practical, constructable and functional. The
quality assurance function, therefore, should start at the design
stage. The design should be reviewed for constructability by material
supplier and/or installer as a checking function to ensure problems
won't arise during construction. This participation contributes to the
successful construction of the lining system and helps ensure that the
intent of the design is met.
KEYWORDS x
Geosynthetics ;composite;leachate;leakage;lining system
INTRODUCTION
Synthetic
liners (geomembranes ), composite liners (formed
by
associating a geomembrane with " a clay layer) or double liners
(comprising of two liners with a leakage collection
and detection
layer between the two liners) are required to protect ground water
from contamination.( See Fig 5 )
Properly designed and constructed lining systems will protect ground
water from leachate.
In order to function properly, lining systems require:
- Design by experienced engineers considering type of waste (solid,
sludge,
liquid)
, methods of disposition, classification of the
chemicals and selection of liners.
- Installation by experienced contractors.
- Comprehensive quality assurance.
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DURABILITY
"How long will liners last and retain their barrier properties?"
This is a very important question in waste containment, especially
considering the many different environmental actions which can have an
impact liners (see Figure 2 ). Clay liners are known to lose much of
their barrier properties due to chemical action, weathering,
root
growth and the difficulties of proper installation. Durability may
also affect synthetic liners.
Synthetic liners' durability may also be affected by degradation over
time by heat , light , radiation or chemical attack.
Therefore tests should be carried out for an adequate selection of the
materials/ composites to be used :
1. Thermal - oxidative degradation.
2. Ultraviolet light degradation.
3. Chemical degradation / compatibility (including ozone attack)
4. Environmental stress cracking.
5. Biological degradation (plant and animal effects)
6. Mechanical stress.

ENVIRONMENTAL ACTIONS ON LINER
Ozone Degradation
/— UV Degradation
Thermal Stress Crack
Environmental Stress Crack

- Landfill
Thermal Stress—' X/'
Mlcrooganisms __ /
(Biological} Attack

Chemical Attack

FIG. 2
If clay is a component of a lining system in a containment pond ,
stability and nondegradability in the long term should be studied.
Stability and nondegradability should be verified as follows :
1. Permeability.
Long-term behavior through tests of percolation
with different aggresive liquids in order to investigate evidence on
ion exchange processes observing changes in the permeability values.
2. Integrity and stability . Strength characteristics change due to
degradation of structural rigidity.
3. Availability on site.
SELECTION OF THE LINING SYSTEM
Any containment must be designed as a system.The different
of a composite liner are :
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components

1) GEOMEMBRANE :
Serving exclusively as a barrier to the migration of solids,
liquids or gases. There are numerous aspects to the design in a waste
containment system.Selection of a particular geomembrane resin and/or
compound is based on :
* Durability.
* Mechanical Properties.
* Thickness.
* Wide sheet.
* Durability. Major considerations
weathering (see table bellow).

are

chemical

resistance

DURABILITY PROPERTIES

TEST METHOD

Chemical resistance
Environment stress crack
Thermal stability oxidative
Induction time
Resistance to soil burial
Low temperature brittleness
Ozone degradation
UV resistance
Weathering

EPA 9090 (1985)
ASTM D1693
ASTM D3895
DSC
ASTM D3083
ASTM 0746
XENOTEST
ASTM D 1603
ASTM G 7

* Mechanical Properties (see table) allow us
geomembrane
materials in order to design-by
traditional factor-of safety concept.(FS).

and

to evaluate
the
function using
a

FS = Allowable (test) Value
Required (Design) Value
The allowable strength is either yield strength for high density
polyethylene geomembranes, the fabric break strength for reinforced
geomembranes
or an allowable strength at a given strain
for*
nonreinforced flexible geomembranes (See Fig 3).
MECHANICAL PROPERTIES

TEST METHOD

Tensible properties (Tensible strength
and elongation at yield / break).
Tear resistance.
Puncture resistance.
Impact

ASTM 0638 Type IV
ASTM D1004 Die C
FTMS 101/Method 2065
ASTM

*Thickness. Criteria to be used to make final decision on thickness
includes : selection of geomembrane resin and /or compound based on
durability , mechanical properties and panel dimensions according to
design requirements.
Once material has been selected , in order to decide on thickness it
is important to consider : ( see table # 3 )
THICKNESS DESIGN

CONSIDERATIONS

Chemical attack
Soil
settlements (allowable
tensile strength and elongation)
puncture resistance.
Dynamic stress

Chemical to be stored
Differential settlements,
landfill settlements,pipe
failures.
During
manipulation ,
puncturing during ins
tallation and on service.
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Hit

* Wide sheet . More seams mean more potential failures. From study of
on service lined landfills and surface impoundments it was found that
88%
of the flaws were in the seams or around
details
and
appurtenances.In order to detect damage and improve control over
leakage on the geomembranes the following non destructive control
systems should/could be used :
1- Visual inspection. Geomembrane should be cleaned previously . This
must be done at least twice.
2- Use of white surfaced geomembranes with a typically 0,125 mm thick
UV stabilized white layer. Fully integrated in layered form with
standard carbon black stabilized material ,they make holes, slits,
score marks, punctures and other installation related damage much more
visible than usual and thus more easily detected and repaired.
Significant abrasion or gouging is made visually detectable as black
marks against the white background surface.(see Fig 3)

3- Use of an electric field which covers the entire surface of the
lined landfill or surface impoundment, consisting of copper wires
connected
to monitoring equipment that reads electrical
field
variations. Disadvantage : High cost.
4- Smoke and detectable gas injected under the liner at a slight
positive pressure.
5- Use of an electrically conductive geomembrane. It is a leak
detection
system
using spark testable
geomembranes.
A
thin
electrically conductive carbon black layer is added to a HOPE ( high
density polyethylene) liner . It's installed with the electrically
conductive layer on the bottom and standard nonconductive layer on the
top. The spark test equipment may be connected directly to the
conductive layer by the use of clamps or through an earth ground.
A
•wide (2-6 feet) brass brush is passed over the liner surface and any
pinhole will cause a spark that triggers an alarm.(see Fig 4)
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2) GEOTEXTILES: Multifaceted use as filters above geonets
and
geocomposite drains. As a filter the geotextile must provide for
adequate flow for upstream particle retention and for protection
against clogging. The high sediment content in most leachates leads to
particle clogging and the high microorganism content leads
to
biological clogging.
When the geotextile filter is used to span the apertures of a geonet
or a drainage geocomposite a reinforcement action is required.
3) GEONETS :
Drainage of liquids and gases is often needed in geomembrane-lined
facilities.Traditionally granular materials (sand, gravel) and pipes
have been used , but they have drawback.
Synthetic
drainage layers such as plastic geonets
have
been
succesfully used in place of traditional drainage systems.
Geonets consist of two sets of parallel extruded polymer strands

intersecting

at

a constant angle (generally between

602

and

902).

Strands of one set lie on top of strands of the other set
and the
two sets are bonded at the intersection. The two sets of the strands
create two sets of channels wich can convey liquid or gases.( See Fig

5 )

FIG. 5

Drainage properties:Two related properties of geonets govern their
performance when they are used for drainage : transmissivity and
conductivity.
The transmissivity of a net related to a given fluid may be calculated
as follows:
0 = (Q/B)/i
Where: 0 = transmissivity of the geonet related to the considered
fluid (m2/s); Q= rate of discharge of the considered fluid (m3/s);
B= considered width of the net (m); Q/B = rate of discharge per unit
width; and i= gradient (dimensionless).
Mechanical Properties: The most important mechanical property to
cqngjder when a net is used for drainage is its compressibility. Other
important mechanical properties are tensile strength and flexibility.
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Plastic nets can withstand large elongations (40 to 100% at break in
the tensile test mentioned above). As a result they can deform without
breaking
when the. supporting soil deforms due to
settlement,
instability, wave action, etc. Even after large deformations, a net
remains continous and keeps providing drainage, which might not be the
case with traditional drainage materials.When the supporting soil
deforms, nets do not damage the geomembrane in contact, because these
two materials have similar flexibilities.
Durability. Similar to the HOPE membranes of material.
Leakage Detection Layer materials: Used as leachate collection system
(in landfill or hazardous solid waste deposit) and leakage detection
system (surface impoundment and solid waste deposits when double liner
used), Materials used:
- Sand, gravel
- Geonet or synthetic drainage materials.
For the in -plane conveyance of leachate and surface water in
geocomposite drains.
TABLE 4

- LEAKAGE DETECTION SYSTEMS

Performance criteria
Material

Requirement

Leak detection time
Head

< one day
< 0,3 m (1ft)

Minimum Design Requirements
Sand

Hydraulic conductivity
Thickness of layer
Slope

1 x 10
0,3 m
3%

Geonet

Hydraulic transmissivity
Slope
Compression strength

5 x 10-4 m2/s
2%
Crushing resistance.

-2

mts

TABLE 5 - LEACHATE COLLECTION LAYER
Perfomance criteria
Leachage collection layer
Avoid particle clogging of layer

< 0,3 m
Use of geotextile

Minimum Design Requirements
Sand
Geonet

Hydraulic Conductivity
Slope
Thickness
Hydraulic transmissivity
Slope
Adequate compression strength
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1 x 10-4 m/s
2%

0,3 m
3 x 10 -5 m2/s
2%
Crushing resistance.

PERFORMANCE OF COMPOSITE LINERS
Low hydraulic conductivity barriers of compacted clay and geomembranes

are

widely

used

in combination with each other

to

form

hydraulic

barriers in environmental projects.
The behavior of clay liners covered with a black liner (geomembrane)
exposed to direct sunlight were studied and dessication cracking due
moisture loss was observed.
Moisture is not lost from the bottom of the clay to the subgrade or
foundation layer . It condenses on the backside of the liner and runs
to low spots where it will collect and potentially increase the clay
moisture content.As a consequence we get areas of cracking and
softening due to loss or gain in moisture.
Clear ex. of this process is the increase of clay moisture at the foot
of the slope due to the draining downhill of the moisture condensed
on the backside of the liner on side slopes..
The above mentioned cover section with only a liner does not really
represent a typical cover section but does represent a typical
composite side- slope liner section above mentioned.
This effect should be considered in empty ponds for liquid containment
exposed to weathering for long periods and solid waste deposits with
protective soil cover partially / entirely missing.
Soil cover over the geocomposite definitely acts to insulate the clay
and also to dampen the daily fluctuations in temperature between
morning and afternoon and additionally to weigh down the liner cover
and keep it in contact with the clay.
Some type of design measures useful to minimize moisture loss and to
reduce the impact of dessication cracking on clay liner are :
- Placing of colored (white reflective) synthetic liner to reflect the
sunlight and reduce surface temperatures.
- Use of geonets (or synthetic drainage systems) placed in between
synthetic liners. ( Has proved a reliable insulating behavior).
- Use of textured membrane on the slopes
covered with soil. * A
textured material allows a steeper slope design
avoiding the
sliding of the cover soil.
- Slopes with cover soil supported by geogrids or geotextiles.
- Replacing the clay by a geosynthetic bentonite / clay composite
liner ( see Fig 6 ) underneath the geomenbrane.These composites are
made by attaching sodium bentonite to a synthetic liner
or
geotextiles using nontoxic adhesives. Synthetic liner (
HOPE) /
sodium bentonite clay composite ) has emerged as the state of-theart in liner construction because of synergism between their barrier
mechanisms.
Sodium bentonite can absorb nearly five times its weight in water and
can swell up to 15 times its dry volume.
Compacted clay liners are usually specified to be at least three feet
thick with a hydraulic conductivity of less than 1x10 -7 cm/seg.
By combining a bentonite hydraulic conductivity of 3.77 x 10 -10
cm/seg , with an HOPE ( high density polyethylene ) geomembrane that
has an effective hydraulic conductivity of 2.77 x 10 -13 cm.seg ,a
composite liner system
can be utilized in place of some of the
compacted clay liner systems that are required by design.
The factory-manufactured bentonite / HOPE composite liner holds
certain benefits over a compacted clay liner. They are listed in table
6.
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Setf SeaSng Composite Gecmembrene

CLAY UNER

COMPOSITE UNER
Primary

-Synthetic
Uner

II M II

Y

Ciay Uner

Bentonite layer
(Gundseal)

Area ot Seepage Area cl Entire Uner

Worst Case: Area ot Seepage «<
Area ot Entire Uner

TABLE

6

In situ
Clay Layer
Tppe of material

Homogeneity
Purity
Hydraulic
conductivity
Volume of layer
Cost
Weathering
Roots growing
Settlements
Permeability
Equivalences thick
ness for equal flows

Variable
(Usually locally
Available)

Manufactured
clay layer
High grade of
Bentonite.

Variable
Variable

Constant
Constant

Variable
Large (to allow
above mentioned)
Variable
Affected
Affected
Affected
3.0 x10 -10 cm/seg

Constant
Small

1m

Defined
Not affected
Not affected
Affected
1x10 -7cm/seg
0.32 m

INTERACTION:
Not only the behavior and characteristic of each component in a
composite liner should be studied. We should consider the containment
system as a whole including the interaction among the various
components. Some examples :
- Friction at each interface in multilayered cross-sections. When
friction forces above and below a particular component are not equal,
stress difference must be carried by a particular component in
tension.
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- Settlement due to a flushed pipe. The perforated pipe used in
leachate removal systems at the bottom of landfills must sustain the
applied pressures of the overlaying waste material. If pipe' s
strength
is
overpassed, pipe collapses
producing
settlement
underneath the geosynthetic materials. This generates localized stress

in these materials.
- Compaction of soils on top of synthetic layers. When design includes
compacted clay over synthetic liners, the positioning of the clay
implies : * trucks's load
* material sliding through slopes
* laborers with shovels
* compacting equipment
As a consequence of the above mentioned we observe high stress over
the liner and high risk of damages difficult to detect and control
because they are underneath a soil layer. This means big areas of clay
layer should be removed if a damage is produced on the geomembrane/
synthetic layer with high cost repairs.
Using geomembrane (HOPE) / Bentonite composite liner these potential
problems can be avoided and it results in a much faster , economical
and easier installation technique.

SEAMING x

Rthis represents a very important step in
followingseaming techniques are available :
TABLE

7

-

system

performance.

The

SEAMING TECHNIQUES

THERMAL
* Hot Air
* Hot Wedge
* Vulcanizing Adhesive

CHEMICAL
* Cement
* Solvent
* Contact Adhesives

EXTRUSION
* Flat Weld

MECHANICAL
* Tape

Solvent seams use a brushed liquid solvent between the two geomembrane
sheets to be joined, followed by pressure to make contact,Too much
solvent will weaken the adjoining geomembrane, and too litle solvent
will result in a weak seam. Therefore great care is required in
providing the proper amount of solvent in respect to the particular
type and thickness of geomembrane.
Contact adhesives have the widest applicability to all geomembrane
types. The solution is applied to both mating surfaces by brush or
roller. After reaching the proper degree of tackiness, the two sheets
are placed on top of one another, followed by roller pressure. The
adhesive forms the bond and is an additional element in the system.
Tapes and mechanical seams where complete watertightness is not
necessary. Singlesided tapes can be applied over the edge of the seam,
while double-sided tapes can be used between sheets to be joined.
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Hot air uses a machine consisting of a resistance heater, a blower,
and temperature controls to blow air between two sheets to actually
melt the
opposing surfaces. Immediately after themelting of the
surfaces,
pressure by rollers is applied. For some devices this
last
aspect is automated in that pressure is applied by counter-rotating
knurled rollers.
Hot wedge
welder
offers a number of important
advantages over
traditional seaming methods.It consists of an electrically heated
resistance element in the shape of a blade that is passed between the
two sheets to be sealed. The heated sheets are then fed between a set
of pressure rollers, creating a dual track seam.
Hot wedge
welderautomatically adjusts the rollergap and wedge
position to accommodate different sheet thicknesses. An air blower,
mounted on the welder, directs a stream of air ahead of the path of
the wedge to blow away dust particles. This air can be heated to dry
or preheat the sheet during extreme welding conditions from 20 mil (
0.5 mm) to 140 mil (3.5 mm) at speeds of up to 15 feet per minute,
(see Fig 7 ).
Extrusion (or fusion) welding is used exclusively on polyethylene.
This system creates a weld that is completely homogeneous with the
liner material being joined.( see Fig 7 )
TYPICAL WEDGE WELD DETAIL
(not to scale)

WELD ™c«s
—
'

wedge weld wzvoid for

AIR PRESSURE TESTING

TYPICAL EXTRUSION WELD DETAIL
(not to scale)

Wedge WefcfSystem w& be the primary seaming method.
Extrusion Weld System torpatches, penetration, repairs and detaSs.

FIG. 7

SEAMS' QUALITY CONTROL j.
Difficulty in seaming on site is due to a number of reasons: air
pockets, wind-blown dirt in the areas to be seamed, moisture and
dampness in the subgrade beneath the seam, ambient temperature
variations during seaming, uncomfortably high (and sometimes low)
temperatures for careful work and expansion and/or contraction of
geomembranes during seaming.
TABLE

8

-

NON-DESTRUCTIVE TESTING METHODS
Visual
Vacuum

Air Pressure
Ultrasonic
Air Lance

230

The air lance method uses a jet of air at pressure coming through an
orifice. It is directed beneath the upper edge of the overlapped seam
to detect unbonded areas. When such an area is located, the air passes
through, causing an inflammation and fluttering in the localized area.
This method works best on relatively flexible geomembranes, but works
only if the
defect is open at the front edge of the seam, where the

air jet is directed.
Air pressure
testing. By air pressure testing of the gap between the
dual wedge
weld tracks on all welds.The gap is pressurized by air
injected through a needle inserted into the gap between weld tracks.
Possible leaks are indicated by a loss of pressure over 5 minutes
after the gap has been pressurized by a hand pump ' and sealed by a
valve ( see Fig 8 ). Very long sections of seam (up to 500 ft.) can
be quickly tested for leaks, resulting in very efficient installation
quality control. Note : after a seam has passed a pressure test,
pressure is released at the seam end opposite the pump/gauge assembly.
This ensures that the seam is continuous and has been 100% tested.
Vacuum box testing. To perform this test, a soap solution is sprayed
on top of the seam. Then a rectangular flexiglass-faced vacuum box is
placed on the seam and a 5 psi vacuum is pulled in the box. When the
seam leaks it shows bubbles thereby reducing the vacuum. This is due
to air entering from beneath the liner and passing through the
unbonded zone.

SEAM AIR PRESSURE TEST
FOR HOT HEDGE HELD
OPPOSITE 00 OF saw
SOLED BY 1 HOT im
VELD—-

•STEEL BIB
HOB MIT

LIB BEETLEIE0P8ENE 6LSXETSTEEL VJ

(2) VICE BBC LUMPS
VELOED TO STEEL BLfl

FIG. 8
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NEUTRALISATION OF ACID WATER IN THE CHEMICAL INDUSTRY WITH LIMESTONE

P du Plessis and J P Maree
Division of Water Technology, CSIR, P O Box 395, Pretoria, 0001, South Africa

ABSTRACT

The replacement of lime with limestone for the neutralisation of acid water was investigated through
batch and semi-continuous studies. A fluidised-bed reactor with multiple stages of increasing diameters
is preferred for the limestone neutralisation process as it allows fluidisation of the bigger particles but
also prevents washout of the smaller particles in the case where ungraded particle size limestone is
used. It was determined that the rate of neutralisation is influenced by the particle size of limestone
and the type of metal in solution. Sulphate is removed as gypsum to the level where the water is
saturated with calcium sulphate, while C02 is produced as a by-product.

KEY WORDS
Acid water; limestone; lime; heavy metal removal; neutralisation; sulphate removal.

INTRODUCTION
Acid mine waters contain high concentrations of dissolved heavy metals and sulphate, and can have pH
values as low as 2,5. These conditions may prohibit discharge of untreated acid mine waters into public
streams, as they have a detrimental effect on aquatic plant and fish life. Acid mine water drainage also
causes ground water pollution. Traditionally, acid mine water is neutralised by treatment with lime
resulting in concomitant precipitation of iron, aluminium and other hydroxides. Treatment with lime
requires a short reaction period due to its high solubility (0,15%) but due to the large volumes of water
normally treated this way, substantial expenses may be incurred.
Calcium carbonate provides an alternative means of neutralising acid water. Its main advantage over
lime is its lower price (delivered at a price of approximately R98/t compared to R250/t for lime) (Van
Baalen, 1992) and the production of smaller sludge volumes (Henzen and Pieterse, 1978). Relative to
hydrated lime, even high quality limestone requires a long reaction period to treat acid water. Despite
the long retention time required for neutralisation with limestone, the low cost of this material has
encouraged its use in several large-scale applications. At Falconbridge Nickel Mines Ltd in Ontario,
Canada, large and variable flows of acid mine water (pH 3,0) were successfully neutralised for several
years by mixing the stream with a limestone slurry in an open weir discharging to a large dam (Rivett,
1973). At the Rochester and Pittsburgh Coal Co.’s Lucerne 3A mine (Coal Age, 1969), acid mine
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water containing iron was continuously treated in a revolving drum charged with limestone chips. The
treated water was fully neutralised and all iron was removed. A drawback of the above systems is that
CaC03 is used inefficiently - a large portion being washed out with the treated effluent stream.
An alternative more efficient means of neutralisation with limestone is the fluidised bed process
(Clayton et at., 1990; Maree, et al., 1992). It was shown in these studies that:
*

The rate of CaCO, neutralisation is directly related to the dosage of CaC03 and its surface
areas. During semi-continuous fluidised bed studies, CaCO, in the limestone is completely
utilised when the particle size is greater than 0,150 mm.

*

Iron(III) has no influence on the rate of acid water neutralisation, while Iron(III) and
aluminium(III) are effectively removed during CaC03 neutralisation. The rate of CaC03
neutralisation is dramatically retarded by the presence of iron(II) in solution.

*

Partial sulphate removal is achieved during CaC03 neutralisation as a result of CaS04
crystallisation. If magnesium is present in the water, it co-precipitates with the CaS04.

The aim of this study was to further develop the fluidised bed process by investigating the following
specific aspects of CaC03 neutralisation:
*
*
*
*

Effect of contact time on the efficiency of neutralisation.
Effect of type of cation on required contact time.
Effect of Fe(II)-oxidation on required contact time.
Quality of water before and after neutralisation.

MATERIALS AND METHODS
Investigation of the above parameters was carried out using batch and semi-continuous fluidised bed
tests. The acid solutions used during the study were prepared from sulphuric acid, ferrous sulphate,
ferric sulphate and aluminium sulphate, hyrogen peroxide and tap water. Raw limestone obtained from
Pretoria Portland Cement (PPC) (PPC sinterstone) was used in the neutralisation studies. The PPC
sinterstone was screened and graded into various size fractions.
The feasibility of the process was examined using the laboratory-scale equipment illustrated in Figure 1.
The former was used for particle size studies and the latter for all the other studies.
The plant illustrated in Figure 1 consisted of a two-stage vertical perspex reactor to fluidise the calcium
carbonate particles and a settler to separate the produced iron hydroxide and calcium sulphate sludges
from the water. The tube has a bottom section with a diameter of 32 mm and a length of 135 mm and
a top section with a diameter of 69 mm and a length of 392 mm. The empty volume of the fluidised
bed reactor and settler were respectively 1,6 and 10,0 (. The water in the system was recycled with
a pneumatic pump at a rate of 2,8 (/min to fluidise the calcium carbonate particles. The upflow
velocity of the water through the bottom and top part of the tube was 213 and 46 m/h respectively.
The bed was expanded from its static height of 100 mm to a height of 120 mm at which point the bed
was fluidised. For the continuous studies, acid water was fed to the system at a rate of 100 m£/min.
The hydraulic retention time of the water in the fluidised-bed reactor was 16 min and in the settler
104 min. In most experiments 600 g of limestone was put in the fluidised-bed reactor. In its fluidised
state the limestone particles filled a volume of 0,45 (. From the volume filled by the limestone
particles and the total volume of water in the system, it is calculated that the limestone was in contact
with the acid water for 4,5 min.
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Batch Tests
Batch tests were employed to study the effect of contact time, type of cation, and effect of iron(II)
oxidation on the neutralisation of acid water with limestone. The behaviour of the various parameters,
namely pH, sulphate, calcium, acidity and the metal iron(II), iron(III) or aluminium(III)) were also
studied. After the addition of the acid solution to the fluidised bed reactor and settler, limestone of
specific particle size range was added to the fluidised bed reactor.. Samples were taken regularly and
analysed for pH, calcium, magnesium, iron(II), iron(III) and acidity (APHA, 1985).

Semi-continuous Tests
Semi-continuous tests were carried out to determine the effects of particle size and contact time on the
efficiency of limestone neutralisation. The feasibility of the process on a semi-continuous basis was
examined by feeding acid water to the system. The treated effluent was sampled at regular intervals
and analysed for acidity, calcium, magnesium and pH. The dry mass and carbonate content of the
residual solids (after treatment) were determined to execute a carbonate balance on the system.
Analytical
The limestone was analysed for its calcium, magnesium and alkalinity content by dissolving it in a
stoichiometrically excessive amount of hydrochloric acid. Calcium and magnesium were determined
with EDTA, while the alkalinity content was determined by titrating the excess of hydrochloric acid
with sodium hydroxide.

Fluidised bed

CaC03

Untreated
water

Figure 1.

I

Feed
pump

o
Recycle
pump

u

Treated
water

Flow diagram of uniform fluidised-bed reactor and settler.
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RESULTS AND DISCUSSION

Effect of contact time
Figures 2 and 3 show the efficiency of CaC03 utilisation when acid water, containing 4 000 mgIt
acidity and 582 mg/f Fe(lII), is neutralised with limestone in the two-stage fluidised-bed reactor. An
amount of 600 g of limestone with a particle size of 0,600 to 1,400 mm was put in contact with the
acid water. The YI-axis indicates the amount of CaC03 utilised in the process and the Y2-axis the time
that the limestone particles were in contact with the acid water. The X-axis indicates the load of acid
that was passed through the reactor. The amounts of CaCO, that were fed initially are indicated by the
horizontal lines. In the case of Figure 2, 540 g (as 100% CaC03) was fed, and in case of Figure 3,
180 g. The CaC03-content in the limestone was 90%. The contact time decreased with time (therefore
also with the load at which acid was fed to the system) because of dissolution of the limestone in the
acid water. The lines indicated by: square-signs represent the experimental relationship between
limestone utilised and acidity neutralised (experimental lines), plus-signs represent the theoretical case
should limestone have been utilised in stoichiometric quantities equal to the amount of acid that was
fed to the system (theoretical lines) and triangle-signs show the total amount of CaC03 that was
available at the beginning of the experiment. By comparing the experimental and theoretical lines of
Figure 2 (where 540 g CaCO, was initially available to provide a contact time of 4,5 min.) with that
of Figure 3 (where 180 g CaCO, was initially available to provide a contact time of 1,5 min.), the
following observations are made:
*
*
*

*

It is clear that the longer the contact time, the closer the experimental and theoretical lines are
to one another.
The closer the two lines are to one another, the bigger is the fraction of the acid content that
is neutralised in the water.
In the case of Figure 2, where 540 g CaC03 was available, the experimental and theoretical
lines are close to one another up to the point where 300 g acidity (as CaC03) was fed to the
reactor, and 300 g of limestone was still left in the reactor. The corresponding contact time
at this point was 3 min. After this point, the experimental and theoretical lines divert from one
another due to the shortened contact period between the limestone particles and the acid water.
In the case of Figure 3, where only 180 g of limestone was in contact with acid water, the
corresponding contact period was only 1,5 min and the experimental and theoretical lines divert
from the beginning due to the short contact period of less than 3 min.
One of the benefits of the fluidised-bed process is that limestone is completely utilised. This
is shown by the results summmarised in Table 1.

TABLE 1 : EFFICIENCY OF CaC03-UTILISATION IN THE FLUIDISED-BED REACTOR
Parameter

Value

Contact period (min)
CaCO, feed (g)
Acidity neutralised (g)
Utilisation (%)

4,5
540
543
101

A test, similar to the one that is reported in Figure 2 on Fe(III)-rich water, was carried out on a Fe(II)rich water. The contact time between the limestone particles and the acid water was also 4,5 min
(Figure 4). The acidity of the feed water was again 4 000 mg/f , while 600 g of limestone with a
particle size of 0,600 to 1,400 mm, was used. It is noticed that the experimental and theoretical lines
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divert from the beginning of the experiment. This is because iron(D) remains in solution during
neutralisation, and contributes to acidity and is also responsible for the relatively low pH of 4. The
residual acidity content in Figure 4 varied around 2 000 mg/f. This is much higher than observed with
iron(III)-rich water, where the residual acidity value was less than 200 mg/f. Acidity associated with
iron(II)-rich water can be removed by oxidising iron(H) to iron(m) prior to neutralisation.
Contact time (min)

Acid removed (g CaC03)
640 g CaCOS was led

—Acid feed
—I—Acid-remove df
-B- Contact time

Acid feed (kg CaC03)
Figure 2.

Neutralisation of Fe(IH)-rich water in a fluidised-bed reactor under semi-continuous
conditions with a contact period of 4,5 min.
Acid removed

(a

CaCOS)

Contact time (min)

180 g CaCOS was fed

—Acid feed
Acid removed

Acid feed (kg CaCOS)
Figure 3.

Neutralisation of Fe(III)-rich water in a fluidised-bed reactor under semi-continuous
conditions with a contact period of 1,5 min.

The above-mentioned results demonstrate the relationship between the contact period (between limestone
particles and the acid water) required for complete utilisation of the limestone and the quality of the
water. It indicates that in the case of Fe(III)-rich water, the required contact period is in the order of
three minutes.
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Acidity (g/l CaCOS)

Acid (g CaC03)

Acid feed
Acid removed
Acidity feed
Acidity treatej

Acid feed (kg CaCOS)
Figure 4.

Neutralisation of Fe(II)-rich water in a fluidised-bed reactor under semi-continuous
conditions with a contact period of 4,5 min.

Effect of various cations
Comparative rate of neutralisation. Maree et al. (1992) showed that waters containing H2S04, H2S04
and Fe(III) and H2S04 and Fe(II) behaved differently when neutralised with limestone. This behaviour
was re-investigated in this study under batch conditions for waters containing 4 000 mgII acidity and
582 mg/f metal (Fe(II),'Fe(III) or Al(lII) (all as Fe)). The waters were neutralised with 600 g of
limestone with a particle size of 0,600 to 1,400 mm. Figure 5 shows how differently the ions Fe(III),
Fe(II) and Al(III) behave during limestone neutralisation in a*fluidised-bed reactor. The contact period
required for complete neutralisation was 2 min in the case of Fe(III), 8 min in the case of Fe(II) and
30 min in the case of A1(III). Although the neutralisation of Fe(II) and A1(III) solutions are slower than
that of Fe(IH), it is encouraging to learn that the dissolution of limestone still takes place in the
fluidised-bed' reactor, and that it is not masked, which would have prevented the completion of the
reaction. The.formation of solid intermediate products, such as gypsum and ferric hydroxide, are
possibly responsible for the difference in the neutralisation rate.
Explanation for different rates of neutralisation in the case of various cations. In order to explain the
difference in the behaviour between solutions containing various cations (A1(III), Fe(II) and Fe(III)),
it'is necessary to evaluate the behaviour of all the ions (calcium, acidity, sulphate, iron(II) and
aluminium(III)) present in solution during the neutralisation reaction. The results are shown in Figures
6, 7 and 8 for A1(III), Fe(II) and Fe(IH) respectively.
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Acidity (g/l CaCOS)
Metal
—— Fe(H)

-AI(HI)

-5k- Fe(lll)

Contact time (min)

Figure 5.

Neutralisation of acid water containing different metals in a fluidised-bed reactor under
batch conditions.

Acidity, Ca, 804 & Al (g/l)

Parameter
—^■—Acidity -5k- S04

Contact time (min)

Figure 6.

Behaviour of various parameters during neutralisation of Al(III)-rich water under batch
conditions.
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Acidity, Ca & S04 (g/l)

pH

Parameter
Acidity

Contact time (min)
Figure 7.

Behaviour of various parameters during neutralisation of Fe(II)-rich water under batch
conditions.
Acidity, da & SQ4 (g/l)

pH

Parameter
Acidity

Contact time (min)
Figure 8.

Behaviour of various parameters during neutralisation of Fe(III)-rich water under batch
conditions.

The rate of neutralisation with limestone is influenced by the type of metal ion in solution, as is shown
by the following obeservations from Figures 6, 7 and 8:
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In the case" of Fe(III) and Al(III), the calcium concentration increases to its maximum after a
short contact time of only 1,29 min (2 280 mg/f CaC03 for Fe(IlI) and 3 060 mg/C CaC03 for
Al(III)), while in the case of Fe(Il), the maximum concentration was achieved after only
5,8 min. It can therefore be concluded that the Fe(II)-specie has an inhibiting effect on the rate
of limestone dissolution. A possible explanation for this inhibiting effect could be the
formation of solid intermediate complexes which retard the rate of limestone dissolution.
The rate of acidity removal is restricted, by the rate at which the metal is removed from
solution. In the case of Fe(III), acidity is removed very fast as Fe(III) precipitates completely
at pH 3 as Fe(OH)3, and does not form complexes which remain temporarily in solution. Only
gypsum (CaS04.2H20) crystallised out upon completion of neutralisation (equation 1). The
individual ion species in gypsum does not have an influencing effect on the acidity of the water
like the Al(III) and Fe(II) containing complexes do.
Ca2+ + SO,2" + 2H20 -> CaS04.2H20
(crystallisation of gypsum)

.......................................................................... (1)

In the case of Fe(II) and Al(III), soluble metal-sulphate complexes form which precipitate
slowly from solution. It is also noticed that shortly after CaC03 has been dosed, the increase
in the calcium concentration is stoichiometrically higher than the decrease in the acidity value
for A1(III) (Figure 6) and Fe(II)-rich waters (Figure 7). This is due to the formation of
complexes which keep the carbonate ion in solution instead of losing it as CQrgas. It is
noticed in Figures 6 and 7 that complete acidity removal was achieved only after A1(III) and
Fe(II) were removed completely.
An aluminium-calcium-sulphate complex is possibly formed in the case of Al(III). Figure 6
shows that the pH-value remains low at pH 4,4 due to the buffer effect caused by the
aluminium complex in solution. Over the contact period, 2,1 to 15,8 min, when the pH
increased to 5,6, it is calulated that 3 155 mg/f S04 (as CaC03), 1 454 mg/f A1 (as CaC03)
and 1 470 mg/f Ca (as CaC03) were removed from solution due to crystallisation of an
inorganic complex. From the above-mentioned figures, it is calculated that the formula of the
complex is Al2Ca3(S04)6. The crystallisation reaction can be represented by the following
equation:
A!2(S04)3 + 3CaSO„ + 3H20 -> Al2Ca3(SO„)6

................................................................. (2)

The sulphate value of 1 216 mg/f (as S04) in the neutralised water is influenced by the
solubility of the complex, Al2Ca3(S04)6. This sulphate value is less than the 2 000 mg/f of S04
in solution which is normally achieved from calcium sulphate crystallisation. Christoe (1976)
also stated that sulphate can be removed from industrial effluents through precipitation by
means of inorganic complexes.
In the case of Fe(ll) (Figure 7), 2 400 mg/f S04 (as CaC03), 780 mg/f Ca (as CaC03) and
788 mg/f Fe (as CaC03) were removed during phase 2 (contact period 7,91 to 46,7 min). As
from a stoichiometric point of view, more sulphate than calcium was removed, it is assumed
that, similar to the case of AI(III), a calcium-iron-sulphate complex crystallised out. It still
needs to be determined whether the iron in the complex is in the II or III state.

Effect of chemical pre-treatment.
The effect of Fe(III) on the rate of neutralisation was investigated in a series of experiments when it
was produced in different ways. Figure 9 shows the rate of neutralisation for the following solutions:
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582 mg/1 Fe(III) diluted from commercially available ferric sulphate.
582 mgII Fe(II) oxidised with the equivalent amount of hydrogen peroxide.
582 mgII Fe(II) oxidised with three times the equivalent amount of hydrogen peroxide.

Figure 9 shows that there is no difference in the rate of neutralisation. As long as the iron remains in
the III state, the neutralisation rate remains fast. In practice, iron (II) in acid water needs to be
oxidised to iron (III). It is expected that biological oxidation of Fe(II) to Fe(III) would be more costeffective than chemical oxidation with e.g. hydrogen peroxide. A third possibility would be to have
a longer contact time in the fluidised-bed reactor in order to cope with the slower neutralisation rate
of Fe(II)-solutions.
The possibility of accelerating the rate of neutralisation of Fe(II)-rich solutions by aerating the fluidisedbed reactor (in order to oxidise Fe(II) to Fe(III)) was also investigated. Figure 10 shows that aeration
has no effect on the neutralisation rate of Fe(II)-rich solutions. This is at least the case for the short
contact period that was used in the fluidised-bed reactor in this particular experiment. From theoretical
considerations it was expected that aeration would not have had any effect as Fe(II) can not be oxidised
chemically at a fast rate to Fe(III) at pH values lower than 7.

Acidity (g/l CaCOS)

Parameter
— FeOlMOO mg/I H202
-4- Fe(ll)*300 mg/I H202
Fe(lll)*0 mg/I H202

Contact time (min)

Figure 9.

Neutralisation of Fe(III)-rich water in a fluidised-bed reactor under batch conditions for
Fe(III) produced in different ways.

Water quality

The quality of untreated and treated water under continuous conditions is shown in Table 2. Acidity
is removed from 7,4 to 0,15 g/l due to the dissolution of limestone, and sulphate from 8,00 to 1,95 gII
due to crystallisation of gypsum. The calcium content in the treated water was 1,00 gII (as CaC03)
after dissolution of calcium carbonate and crystallisation of gypsum. The pH increases from 1,9 to 5,5.
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Acidity (g/l CaC03)

Parameter
----- Fe(ll)
Fe(ll) ♦ 02

Contact time (min)
Figure 10. Neutralisation of Fe(II)-rich water in a fluidised-bed reactor under batch conditions in the
absence and presence of aeration.

TABLE 2 : CHEMICAL COMPOSITION OF UNTREATED AND TREATED WATER DURING
CONTINUOUS TREATMENT
Parameter
Acidity (gIt CaC03)
Sulphate (g/l S04)
Calcium (g/l CaC03)
pH

Untreated

Treated

7,40
8,00
0,00
1,90

0,15
1,95
1,00
5,50

CONCLUSIONS
Technical
1.

2.

3.

A fluidised-bed reactor with multiple stages of increasing diameters is preferred for the
limestone neutralisation process as it allows fluidisation of the bigger particles but also prevents
washout of the smaller particles in the case where ungraded particle size limestone is used.
The rate of neutralisation decreases in the sequence: Fe(III) > Fe(II) > Al(III). The contact
time required to achieve complete neutralisation is as follows for different metal ions: Fe(III) 2 mins; Fe(II) - 8 mins and A1(III) - 30 mins. The formation of inorganic complexes is
responsible for slower neutralisation rates in the case of water containing A1(III) and Fe(II).
The rate of neutralisation of Fe(II)-rich water can be accelerated by oxidising the Fe(II) with
hydrogen peroxide to Fe(III). Aeration of Fe(II)-rich water has no effect on the rate of
neutralisation.
The limestone neutralisation process improves the quality of the water by completely removing
free and Fe(III)-associated acid. Sulphate is removed until the point where the water is
saturated with calcium sulphate. The level to which the pH of acid water is increased depends
on the metals that will remain in solution during neutralisation.
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General

The study showed that acid water can be neutralised effectively with limestone in a fluidised-bed
reactor. The comparative advantages associated with the use of limestone under practical conditions,
compared to other alkalis such as lime, sodium hydroxide or sodium carbonate, are the following:
more cost-effective; no accurate control of dosage is required, as limestone does not dissolve at pHvalues greater than 7; sludge of a higher density is produced in the case of iron(III)-rich waters; it is
save to handle; and it is easy to store.
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Figure 1.

Flow diagram of uniform fluidised-bed reactor and settler.

Figure 2.

Neutralisation of Fe(III)-rich water in a fluidised-bed reactor under semi-continuous
conditions with a contact period of 4,5 min.

Figure 3.

Neutralisation of Fe(III)-rich water in a fluidised-bed reactor under semi-continuous
conditions with a contact period of 1,5 min.

Figure 4.

Neutralisation of Fe(II)-rich water in a fluidised-bed reactor under semi-continuous
conditions with a contact period of 4,5 min.

Figure 5.

Neutralisation of acid water containing different metals in a fluidised-bed reactor under
batch conditions.

Figure 6.

Behaviour of various parameters during neutralisation of Al(in)-rich water under batch
conditions.

Figure 7.

Behaviour of various parameters during neutralisation of Fe(II)-rich water under batch
conditions.

Figure 8.

Behaviour of various parameters during neutralisation of Fe(ni)-rich water under batch
conditions.

Figure 9.

Neutralisation of Fe(III)-rich water in a fluidised-bed reactor under batch conditions for
Fegll) produced in different ways.

Figure 10.

Neutralisation of Fe(II)-rich water in a fluidised-bed reactor under batch conditions in
the absence and presence of aeration.
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TABLE 1 : EFFICIENCY OF CaCOrUTlLISATION IN THE FLUIDISED-BED REACTOR
Parameter

Value

Contact period (min)
CaC03 feed (g)
Acidity neutralised (g)
Utilisation (%)

4,5
540
543
101

TABLE 2 : CHEMICAL COMPOSITION OF UNTREATED AND TREATED WATER DURING
CONTINUOUS TREATMENT
Parameter
Acidity (g/E CaC03)
Sulphate (g/E S04)
Calcium (g/E CaC03)
pH

Untreated

Treated

7,40
8,00
0,00
1,90

0,15
1.95
1,00
5,50
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Ca2+ + SO;- + 2H20 --> CaS04.2H20
(crystallisation of gypsum)

.......................................................................... (1)

AI2(S04)j + 3CaS04 + 3H20 -> Al2Ca3(S04)6
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..................................................................(2)

WASTE MINIMIZATION IN A METAL-FINISHING INDUSTRY: A PILOT PROJECT

M.F. Dahab and D. Montag
University of Nebraska-Linc'oln, Lincoln, NE 68688-0531 USA

ABSTRACT
In this paper, the preliminary findings of an industrial pollution prevention program at a manufacturing
facility in the midwestem United States are presented. The facility is engaged in the production of fabricated
metal products for farm and industrial use. The facility performs many operations including electroplating,
conversion coating, cleaning, machining, grinding, impact deformation, shearing, welding, sand blasting,
hot-dip galvanizing, painting, assembly and testing. Many of these processes result in the production of a
variety of pollutants (gaseous, solid, and liquid) that must be disposed of in some fashion. For example, the
hot-dip galvanizing process results in the production of acids and rinse water, both of which must be treated
as hazardous substances containing heavy metals (e.g., zinc and iron) in addition to being highly corrosive.
The painting processes result in the production of used industrial cleaners, acids, solvents,'and chemicals
used in the cleaning and de-greasing of metal components. Preliminary analyses indicate that most of the
recommended operational and process modifications are fairly simple to implement with very short pay-back
periods.

KEYWORDS
Galvanizing, Metal Finishing, Painting, Pollution Prevention, Waste Minimization.

INTRODUCTION
Pollution prevention refers to all activities leading to source reduction of any wastes generated, stored,
treated, or disposed of by a given establishment (e.g. small quantity generator). Generally, a pollution
prevention program is an organized, comprehensive, and continual effort to systematically reduce waste
generation. By reducing the generation of wastes, industrial facilities can save money on raw material
purchases, material handling fees, disposal fees, and other operating costs. In addition, potential
environmental liabilities can be reduced and worker/public health and safety can be enhanced. Hazardous
waste generators also can benefit from any improvements in the general quality of the environment as well
as an enhanced public image resulting from their involvement in pollution prevention activities [OTA, 1986,
1987; U.S.EPA, 1988; University of Tennessee, 1990; Wentz, 1989].
This project described in this paper is intended to develop an industrial pollution prevention and
minimization pilot project. The goal of the project is to demonstrate that through proper management and
operating practices, the total pollution produced by an industrial operation can be reduced significantly. The
ultimate goal of this pollution prevention program is to improve the net worth of the industry by lowering
expenditures on pollution control measures and minimizing the burden of government regulations. An aging
industrial facility in the midwestem U.S. was identified as a suitable site for the implementation of the
project.
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The manufacturing facility is engaged largely in the production of fabricated metal products for farm and
industrial uses. The facility is located in a predominantly agricultural area. The plant site is a 40-hectare
area on which several buildings are located. The largest of these buildings is a 75,000 m2 manufacturing
facility and a 3,900 m2 office complex. Because of the nature of its manufacturing, the facility is licensed
as a hazardous waste generator.
In its various manufacturing processes, the facility performs many operations including electroplating,
conversion coating, cleaning, machining, grinding, impact deformation, shearing, welding, sand blasting,
hot-dip coating, painting, assembly and testing. Many of these processes result in the production of a variety
of pollutants (gaseous, solid, and liquid) that have to be disposed of in some fashion depending on their
nature. For example, the hot-dip galvanizing process results in the production of rinse water, which must
•be treated as a hazardous substance containing heavy metals (e.g., zinc and iron). The painting processes
result in the production of used industrial cleaners, acids, hexavalent chromium, solvents, and chemicals
used in,the cleaning and de-greasing of metal components.
All process wastewaters produced at this facility are treated in accordance with stipulations of the discharge
permit. The wastewater is treated by lime and polymer addition and pH adjustment before discharge. In the
past, waste disposal at this facility resulted in potential problems to both surface and ground water resources
in the area. The waste disposal systems at the facility constitute a major expense. The management at the
facility recognized that continued economic viability depended on reducing pollution control expenses and
lowering or eliminating the burden of regulation the company must endure.

PROCEDURES AND METHODS
The waste stream evaluation process followed procedures outlined by the U.S. Environmental Protection
Agency (U.S. EPA, 1988). Accordingly, a work plan for the pollution prevention assessment program was
developed. The work plan consisted of several tasks which are summarized as follows:
1. A detailed assessment and evaluation of current practices in the areas identified above along with
a detailed characterization of all wastes (gaseous, liquid, and solid) produced at this facility.
2. Identification and delineation of all possible pollution prevention and minimization opportunities.
3. Economic and technical evaluation of all waste prevention and minimization alternatives including
short- as well as long-term impacts of these alternatives.
4. Recommendation to the manufacturing facility for implementation based on economic priority in
terms of greatest benefit and shortest pay-back periods.
5. Providing technical assistance, where appropriate, during the process of implementation of the
recommended alternatives.
6. Review of the results and impacts on waste prevention after the implementation of the alternatives.
In developing the pilot project at the industrial facility, emphasis was placed on areas where the impact on
reducing the total pollutant load produced by this facility is greatest. These areas are the electroplating, hotdip galvanizing and the painting lines as well as the tube-mill production area. As pointed out above, these
areas produce the bulk of the wastes with the greatest toxicity and hazard, and consequently any
improvements in these areas should result in the greatest impacts. In developing a work plan, a multi-media
approach was emphasized in developing pollution prevention and minimization strategies affecting all
operations and processes. This paper provides a summary of activities completed to date, and essentially
covers Tasks 1 through 4, as identified above.
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PLANT OPERATIONS
Galvanizing
The galvanizing process at the facility is a five-step procedure consisting of pickling, rinsing, prefluxing,
galvanizing, and final rinsing. The pickling step prepares work for galvanizing by removing oxides from
the steel surface using a 10% sulfuric acid solution at a temperature of 70°C. The work pieces are dipped
in the pickling acid for varying lengths of time, and then taken away to be rinsed.
After pickling, work pieces are rinsed to remove the acid. The preferred rinsing method is to dip work
pieces in the rinse tank, which is filled with unheated municipal water. The rinse water is agitated by
moving the work pieces back and forth in the rinse tank.
After the first rinsing, work pieces are placed in the preflux tank, which is a crucial step in the "dry kettle"
galvanizing process. The work is coated with flux chemicals (ZnCl2 and NH3C1) prior to entering the zinc
kettle. The preflux tank is kept at 70°C. Normally, the preflux solution should be allowed to dry thoroughly
before proceeding with galvanizing.
Galvanizing is accomplished by immersing steel in a tank filled with molten zinc for 2 to 3 minutes.
Livestock fencing, the majority of the steel galvanized at this plant, uses the wet kettle galvanizing method.
This means that a flux layer is floated on top of the galvanizing kettle. A flux layer covers the kettle, and
work pieces pass through it as they enter and leave the kettle. For galvanizing other materials such as
building components, the kettle flux layer is skimmed to the side and not used.
The work pieces are cooled by rinsing them in a second rinse booth located jiext to the galvanizing kettle.
This final rinse is needed to cool the work to below 200°C, which stops the possible growth of a brittle
zinc-steel alloy layer. Cooling also makes it easier for operators to handle the work pieces.
Pollution Prevention in the Galvanizing Process
Pollution prevention efforts in the galvanizing area were concentrated on reducing the volume and metal
content of rinse water since this is the principal medium through which metal is lost. Volume reductions
can be accomplished by installing additional galvanizing equipment. Metal content reductions are possible
by either discontinuing use of the kettle flux, or switching to a different kettle flux.
Rinse Water Use. The galvanizer at this plant uses about 210 m3 of rinse water per day. Flow through the
first rinse booth was measured during the waste stream assessment period at 1,200 liters per minute. Freshly
galvanized pieces are cooled in the second rinse booth. Flow through this booth nowadays is estimated at
approximately 1,200 liters per minute, a reduction in flow which is due to recent modifications after the
assessment was completed.
Rinsing in a rinse tank, instead of a rinse booth, after galvanizing is the most important step in decreasing
galvanizing water use. Use of rinse tanks after pickling is also important. The rinse booths could be replaced
by rinse tanks linked in a counter-current flow arrangement. The benefit of such a system is that it allows
water to be reused several times before it is discharged to the drain, in addition to the fact that work pieces
are always rinsed using the cleanest water as they leave the process line.
A rinse test was conducted to verify the usefulness of the rinse tank concept. This test successfully
demonstrated the feasibility of continuous-flow rinsing. Based on the results of the rinse test, a continuous
rinse water flow rate of 24 liters per minute will remove pickling acid adequately for two rinse tanks in
series. This flow rate will adequately cool the work, preventing the water temperature from rising high
enough as to pose a worker safety problem. The proposed system would use about 35 m3 of water (or less)
per day. This represents a savings of about 83%.
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The cost of the proposed galvanizing equipment changes is estimated at about $70,000, and ventilation
system improvements required to remove pickling solution vapors from the proposed pickling tank location
would cost $25,000. Due to the expense of the suggested galvanizing changes, phased installation was
recommended. The estimated payback period on"the suggested modifications is about 10 months.
Galvanizing Chemistry. Fencing currently is being fluxed twice: once in the preflux tank, and a second time
as it enters the kettle. For galvanizing of objects other than fence panels (such as building parts), the kettle
flux is skimmed to the side and is not used. The kettle flux is 98% ZnCl2 and contains a small amount of
KC1. Kettle flux adds significantly to the metal content of galvanizing rinse water, so discontinuing the use
of kettle flux would enhance pollution prevention.
Prefluxing is crucial in dry kettle galvanizing. To obtain good fluxing, proper concentrations of ZnCl2 and
NH4C1 must be maintained, and iron and sulfate concentrations must be minimized. Frequent sampling is
required.
In the preflux chemistry, two terms (i.e., degrees Baume (°Be), and Ammonium Chloride Number (ACN))
are important to the operation of the system. The °Be is a unit of density which is directly related to the
ZnCl2 concentration. Optimum density ranges from 12 to 15 °Be (1.09 g/mL to 1.12 g/mL), measured at
20°C. The ACN of a preflux is the ratio of the NH4C1 concentration divided by the concentration of all
other components in solution. An optimum ACN value is difficult to ascertain. In U.S. practice,
recommended values range from 1.17, used by most galvanizers, to 1.8 recommended by Cook (1982).
Sjoukes (1990), a galvanizing expert from the Netherlands, recommends ACN values of 1.75 to 2.5. The
plant currently collects samples of the preflux solution for detailed analysis, including ACN, three or four
times a year. More frequent ACN determinations (at least monthly) are needed for galvanizing strictly by
the "dry kettle" method. This becomes more important if the kettle flux continues to be used after installing
the recommended counter-current flow rinse system. This is because zinc chloride will be dragged into the
preflux from the post-pickling rinse. The rate of zinc chloride drag-in will be established by a test to be
conducted in July of 1993 at the plant. In-house testing also was recommended for faster data acquisition.
Additionally, a recommendation was made to the facility to switch from the zinc chloride preflux to a
mixture of zinc chloride and ammonium chloride, or ammonium chloride alone. This recommendation was
based on the work of Sjoukes (1990). This would probably produce better results by enhancing product
quality, since the proposed counter-current flow system (with fresh water being added at the final rinse tank)
would not complicate preflux chemistry.
Another problem associated the galvanizing operation was a layer of oil floating on the surface of the acid
bath. This was not surprising since there was no cleaning stage prior to pickling. The oil problem could be
minimized by installing a skimmer system to remove the oil layer periodically. A better alternative that is
currently being investigated is reducing the amount of oil being left on the work pieces at the fabricating
step.

Painting
The painting operation at the facility is a sequential system consisting of washing, etching, oven drying,
spray painting, and oven curing. The paints used at the facility are of the traditional solvent-based variety
which contain volatile organic compounds (VOC’s). In 1992, the painting operation was estimated to have
emitted about 37,500 kg of xylene, and 11,000 kg of toluene. Xylene and toluene are defined as hazardous
under the 1990 Clean Air Act (CAA), and will be regulated strictly in the near future. Reducing emissions
of these VOC’s should receive a high priority.
Two major types of paint are in use at the plant. One is a solvent-based paint, which is used for painting
gates, and the other is a silicone polyester paint used for painting building panels. In 1992, 74% of paint
used by the automatic paint line was used in painting farm gates. In addition, large quantities of a mixture
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of several aromatic solvents are used for purposes such as cleaning paint supply piping. About 2,200 liters
of this solvent are consumed each month.
Painting Alternatives. The only practical way to significantly reduce VOC emissions is to change paint
materials. There are several possible materials and alternative painting methods to consider.
One choice is to use water-based paint for gates, which accounts for over 74% of the plant’s paint use. If
water-based paints are applied electrostatically, a high transfer efficiency can be obtained. Installation of
new spray equipment is the only facility change that will be required, and therefore, the investment should
be relatively small. Consequently, testing of water-based painting "alternatives was recommended for
immediate consideration.
Another method to reduce VOC emissions from painting gates, and also to eliminate chromic acid etching
of galvanized building panels, is to switch to an autophoretic painting process. This process involves dipping
metal to be painted into tanks filled with paint. Immersion is required because the coating is deposited by
a chemical reaction between the paint and the metal which takes several minutes to occur. The autophoretic
process resembles electrocoating, except that no electric current is required. Metal painted by this process
reportedly has withstood salt spray tests of up to 3,000 hours without coating failure (Finishers
Management, March, 1992). The paint reportedly exhibits a high degree of hardness and good resistance
to chalking from ultraviolet light exposure. An autophoretic system to coat gates was estimated to cost about
$300,000. A detailed analysis of this painting method would be required. A serious drawback of this
painting method is that color varies with the dissolved iron concentration in the paint, which increases
slowly due to contact of the paint with the steel being painted. Another drawback is the fact that a separate
paint tank is needed for each desired color.
A third alternative for painting is to consider the use of powder coating. Agricultural gates are ideally suited
for powder coating because they are made in only two colors. Transfer efficiency is not an issue in this
method because overspray is captured and blended with fresh powder for reuse. Powder coating would
entirely eliminate volatile organics from the paints used for farm gates. An industrial supply contractor
estimated that powder coating could be added to the existing paint line at this plant for as little as about
$40,000. However, installation costs were estimated to be much higher than this estimate because the
automatic paint line is quite old, and therefore must be replaced entirely. A new paint line was estimated
to cost about $200,000.
Pollution prevention in the painting area at this plant will not be offset by savings in terms of reduced waste
disposal costs at the present time. However, the Clean Air Act requirements will soon demand that action
be taken. Estimates of the installation costs for various painting alternatives are shown in Table 1.
TABLE 1 SUMMARY OF COSTS OF PAINTING ALTERNATIVES AT THE PLANT
OPTION

COST
$25,000

Water-based Spray Painting
Autophoretic Coating

$300,000

Powder coating

$200,000

Tubing Manufacture
A tube mill is used at the manufacturing facility to form metal pipe from coils of sheet steel. The plant
makes the tubing for all its gates, and for sale to other companies. The major tube mill components include
the coil unwinder, the feeder, the initial cold rolls, the welder, the re-galvanizer, the final cold rblls, the
metering cutter, and the coolant distribution system.
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A water-based fluid coolant is used by plant for lubrication and cooling of the tube mill. About 800 liters
of coolant (195 gallons) per month are consumed at a cost of about $800. The coolant flows from its
application points into sumps below the components. The sumps, in tom, drain by gravity to a large
collection tank. The collection tank contains an oil removal system, consisting of a plastic tube pulled
through the liquid coolant. Floating oil adheres to the polyethylene tube, and is removed by a scraper. The
oil removal system is not able to remove oil fast enough.
The oil in the coolant originates from grease leaking out of the tube mill gearboxes. Over the years, oil and
grease leaks have covered the tube mill and the surrounding area. Grease combines with the metal filings
created when excess metal is scraped off the fresh welds, and together they make a black substance that fills
the bottom of the sumps in about a month. The mill is occasionally shut down while operators scoop out
all the grease. About two-thirds of the coolant is lost each time the sumps are cleaned, and this is the only
time coolant is discharged from the system.
Recommended Tube Mill Changes. Recommendations for the tube mill area at this plant are mostly
concerned with changes which would minimize grease contamination of the coolant. The old oil removal
system needs to be replaced and an efficient oil removal system, which should allow the coolant to be used
for several times its current life. A suitable new oil removal unit was estimated to cost $2,500. The payback
period was estimated at less than six months assuming that the coolant’s useable life is only doubled.
Beyond that, the actual payback period could be even shorter.
There is also a problem with the coolant turning rancid. Coolant rancidity usually is controlled by adding
one of several possible biocides. If rancidity problems continue after an improved oil removal system is
installed, a new biocide may be needed.
It should be possible to prevent gearbox leakage, or at least reduce leakage from falling into the sumps
through regular maintenance. Also, preventing metal filings from falling into the sump below the weld
scraper would keep them from combining with the grease. It was strongly recommend that the entire area
be shutdown for a short period of time for a thorough cleaning. This would vastly improve the operation
of the system. The cleaning should include all equipment, floor grates, and the return trough.

DISCUSSION AND CONCLUSIONS
In this paper, the preliminary" results of an extensive pollution prevention program at a metals fabricating
and finishing facility are reported. The plant is a large, fairly aged, facility located in the midwestem U.S.
The principal operations involved at this facility include electroplating, conversion coating, cleaning,
machining, grinding, impact deformation, shearing, welding, sand blasting, hot-dip galvanizing, painting,
assembly and testing of various metallic components that are being made. The discussion in this paper
centered on three principal divisions that produce the bulk of wastes at this facility: galvanizing, painting,
and tube manufacturing. The electroplating process, though a significant waste producer at this plant, is not
discussed in this paper as the study has not progressed sufficiently to warrant reporting at this time.
The study is an extensive and systematic waste stream assessment and evaluation. One of the major
constraints was the fact the facility was fairly old and not very profitable. Consequently, all of the
recommendations for process and operational modifications resulting from the waste stream assessment had
to meet critical economic payback periods.
The operations and processes at this facility result in the production of large quantities of wastewater with
significant concentrations of metals that require expensive treatment. The wastewater is treated by lime and
polymer addition and pH adjustment before discharge.
The principal modification to the galvanizing process centered on dramatic reductions in the amount of
wastewater produced in this process while improving product quality. As indicated, it was apparent that
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rinse water use could be reduced by as much as 83 percent of what the process was using prior to the waste
stream assessment. The process modifications were estimated to have a payback period of about 10 months.
Product quality should improve with the suggested improvements in process chemistry.
Pollution prevention in the painting line was concentrated on reducing VOC emissions which soon will be
regulated under the Clean Air Act of 1990. The costs of proposed modifications probably could not be
justified in terms of savings in waste reductions. Installation expenses will have ter be recovered through
adjustments in the pricing of products. The modifications are well justified in terms of expected regulatory
requirements.
The tube mill system is associated with excessive coolant loss as well as rancidity. The proposed changes
are expected to significantly reduce coolant loss with an estimated payback of about six months by installing
a better oil and grease removal system.
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AN INNOVATIVE EVAPORATIVE APPROACH
FOR
WASTEWATER TREATMENT
SIUWANG CHU
ENVIROPACE LIMITED

INTRODUCTION
In August, 1987, Chemical Waste Management, Inc. (CWM) initiated
a program to develop a new hazardous waste technology known as
PO*WW*ER™. This technology utilizes evaporation and catalytic
oxidation process to treat wastewater laden with organics and
inorganics. It has been demonstrated the technology can provide
a high quality, clean water effluent that meets strict discharge
standards while remaining competitive with alterative disposal
methods.
The initial goal of the program was to develop a treatment
technology for hazardous wastewaters that is competitive with
deepwell disposal rates. The program focused on the wastewater
treatment needs of CWM sites. These sites tend to handle large
volumes of wastewater which contain complex mixtures of inorganic
salts and metals plus volatile and nonvolatile organics.
Conventional treatment technologies are generally not cost
effective for these streams and are limited in their ability to
purify these complex hazardous wastewaters to meet the strict
discharge standards.

PROCESS DESCRIPTION
PO*WW*ER™
utilizes
two
conventional
chemical
process
technologies in a new and patented system arrangement (Figure 1).
Evaporation and catalytic oxidation are the core processes of the
The waste is concentrated in an evaporator by
technology.
boiling off most of the water and volatile organic and inorganic
compounds.
Oxygen, usually as air, is added to this vapor
fraction and then this mixture is forced through a fluidized
catalyst bed where the volatile organic and inorganic compounds
are oxidized. The vapor stream, composed mainly of water vapor,
is then condensed.
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Evaporation allows separation of organics and inorganics to be
accomplished in one stage. The process is nonspecific; that is,
all volatile material is vaporized to some degree (depending on
the relative volatility of each compound and the mixture
present). This non-specificity leads to contamination when the
water vapor is condensed, and has been the main drawback to
evaporation technology within the waste treatment industry. The
PO*WW*ER™ technology uses this lack of specificity as an
advantage for the complete treatment of wastewaters by treating
the vapor fraction.
A simplified flowsheet of the PO*WW*ER™ process is presented in
Figure 1.
The evaporator consists of three main pieces of
equipment: a shell and tube heat exchanger, a vapor body, and a
recirculation pump.
Wastewater feed enters the evaporator and
is mixed into a recirculating brine.
The brine is pumped from
the vapor body, through the tube side of the heat exchanger, and
back to the vapor body where the mixture boils. Mist particles
from the boiling action in the vapor body are removed from the
vapor stream in the entrainment separator located at the top of
Concentrated brine is removed from the system
the evaporator.
through batch or continuous purging.
Steam condensing on the shell side of the heat exchanger is the
heat source to drive this separation process.
Normally the
combined pressure drops of the oxidizer, scrubber, and condenser
are insignificant and, as a result, only low pressure steam is
required to drive the process.
This steam can be waste steam
from a chemical production facility.
The vapor from the entrainment separator then passes into the
catalytic oxidation system. Volatile compounds are oxidized to
prevent contamination of the product water.
In the PO*WW*ER™
process, the catalytic oxidizer consists of three main pieces of
equipment: the recuperative heat exchanger, the reactor heater,
and catalytic reactor. The recuperative heat exchanger recovers
a process heat while the reactor heater is a fuel powered heating
element. These two heaters work together to bring the vapot to
oxidation temperature.
The vapor is mixed with oxidation air
prior to entering the recuperative heat exchanger.
Once at
oxidation temperature, the air/vapor mixture is contacted with
a non-precious metal catalyst in a fluidized or ebulated bed,
where oxidation takes place.
Typically, the oxidation process
is exothermic and produces water vapor and carbon dioxide.
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In many cases, halogenated organics will be present in the vapor
stream which produces acid gases (HC1, HF, etc.) during v
oxidation. These acid gases are removed in a wet or dry scrubber v
system located down stream of the oxidizer (a caustic wet
scrubber is shown on the flow diagram).
The vapor stream now
contains only water vapor and non-condensible gases (CQ,, N,,
etc.).
Final separation occurs in the condenser where non
condensibles are separated and vented from the clean product
water. The condensed water meets stringent discharge standards chronic bioassay.
It can be reused as cooling tower make-up,
boiler feed water make-up, process feed water or it can be
discharged.
The design of the PO*WW*ER™ process is based on treating the
required volume of wastewater with minimum down time. Due to the
complex nature of most wastewaters, such as leachate from a
landfill, an extremely liberal design approach is applied. When
the waste stream composition and flowrate are fairly constant,
however, a more specific design can be instituted. This type of
wastewater stream is typical of chemical production facilities.
Vapor/liquid separation in the PO*WW*ER™ process occurs in the
evaporator. Brine at the boiling point is drawn from the vapor
body and pumped by the recirculation pump into the tube side of
the recirculation heat exchanger.
Steam condensing on the
outside of the tubes raises the temperature of the circulating
brine by about 1.5 to 2.5°C. The brine then returns to the vapor
body and flash boils, reducing the temperature back to the
boiling point of the solution.
When the wastewater feed has a
variable composition, the physical properties (boiling point
elevation, specific gravity, heat capacity, etc.) will change
with concentration requiring control scheme with the ability to
compensate.
The concentrated brine remaining in the recirculation loop of the
evaporator is batch or continuously discharged to maintain the
solid concentration.
Depending on the chemical composition of
the wastewater feed stream, the brine concentration will be
maintained between 50 and 60% total soids.
Salts and polymers
can create fouling problems in the evaporator if the brine
concentration is allowed to vary greatly.
The vapor body is designed to allow for disengagement of the
liquid droplets entrained in the vapor.
By increasing the
diameter of the vapor body, the linear velocity of the vapor
decreases, reducing the size of entrained droplets.
By
maintaining a minimum height above the solution, any momentum
imparted to the droplet through splashing will not lead to direct
carryover of solution.
Entrainment separators located at the
vapor body vapor outlet can also help in removing entrained
droplets.

259

The recirculation loop heat exchanger and the circulation loop
are designed to maintain a high circulating solution velocity.
This will help to clean the circulating loop and heater tubes as
the system is operated. In salt producing environments, erosion
can reduce the life of the evaporator system and a regular
inspection schedule is called for.
In the oxidizer, special attention has been paid to the choice
of catalyst.
The catalyst used in the PO*WW*ER™ process is a
proprietary metal oxide catalyst.
As a non-precious metal
catalyst, it is not as expensive or limited in versatility as a
precious metal catalyst.
The chemical composition of the
catalyst substrate and fabrication method employed produces a
catalyst able to withstand the effects of water vapor, fouling,
activity suppression and poisoning normally found in precious
metal catalysts.
Therefore, change-out of the catalyst is not
required, only make-up.

DEMONSTRATION RUN RESULTS
The PO*WW*ER™ process is practical because it combines a very
effective wastewazer volume reduction with the production of a
high-quality water. Extensive pilot testing has established high
heat transfer coefficient and oxidation efficiency. An alternate
energy savings design has been developed to handle those
applications where energy costs are high.
Pilot plant results have proven that the PO*WW*ER™ process is
effective for treatment of wastewaters containing salts, metals,
and volatile organics and inorganics. Some of the results are:
•

High concentration ratios are achievable (up to 100:1)
- Leachates were concentrated from 0.5 - 2 wt%
dissolved solids to a slurry containing >60wt% total
solids.

•

High heat transfer coefficients were maintained.
Steady-state
heat
transfer
coefficients
were
relatively high and were maintained throughout the
duration of the tests.

•

High catalytic oxidation efficiencies were attained.
TOC oxidation efficiencies up to 99.9% and specific
compound oxidation efficiencies of >99.99% have been
achieved.
Results for a spiked leachate are shown in
Table 1.
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•

Product water quality was high.
Data showed that
priority pollutants had been oxidized to below 30 ppb
and, in most cases, to below detectable limits. Total
Dissolved Solids in the product water was below 50
ppm.
Acute toxicity tests were successful at 100%
product water.

•

Concentrated brine was successfully stabilized.
All
metals in the resulting brine were stabilized to below
characteristic
limits
using
conventional
EPT
stabilization technology.
Results for a typical
landfill leachate are shown in Table 2.

TREATMENT COSTS
The costs associated with treating wastewater streams are as
variable as the types of wastewater streams in need of treatment.
Typical deepwell rates, for example, range from a low end of
US$5-8 per cubic meter for a large system to US$100 per cubic
meter for a low capacity system.
For simple wastewater streams
having one or two pollutants, relatively low cost conventional
wastewater treatment technologies, such as metal precipitation
or biological treatment, will suffice.
But as the treatment
parameters increase for a single stream, e.g., combining metals
precipitation with organic oxidation and carbon polishing, the
treatment cost becomes prohibitive without a treatment system
such as P0*WW*ER™.
In addition, through efforts to further
reduce treatment costs, an alternate energy saving design of the
P0*WW*ER™ process has been developed that significantly reduces
energy costs.
For a typical 10 m3/hr po*WW*ERIM process, the installed costs
will range from US$3 to US$6 million depending on the metallurgy
of the evaporator, site requirements, requirements of the
scrubber, etc.
Utility costs for the same size unit will
generally range between US$8 to US$13 per cubic meter.
These
costs are generalized due to the fact that the treatment cost for
any specific site is a function of many different factors and pro
forma must be completed for each site separately.
The P0*WW*ER™ process is applicable to all streams which would
be amenable to an e -aporation process and where clean, pure water
is the desired product.
With PO*WW*ER™'s organic oxidation
capabilities, the technology is ideal for wastewaters which
contain only organics or a mixture of organics with inorganics
(salts and metals). These include volume reduction applications
where organic levels are substantially high for simple stripping
operations. Likewise, wastewaters which contain both high levels
of inorganics and low levels of organics are ideal compounds for
P0*WW*ER™
treatment
because
the
conventional
treatment
alternatives are not as economical due to the number of
operations required.

FIGURE 1
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TABLE 1
ORGANIC REMOVAL DATA
PO*WW*ER SPIKING STUDIES
(all units ppm)

Pollutant Parameter

Feed

Product

Methanol

142

<5

Acetone

112

<1

Methyl Ethyl Ketone

102

<1

Methylene Chloride

43

<5

Trichloroethylene

48

<5

Chlorobenzene

143

<1

Toluene

154

<1
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TABLE 2
TYPICAL RESULTS ON LAKE CHARLES LEACHATE
(all units ppm)
Pollutant Parameter
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Total Solids
Arsenic
Barium
Boron
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Nickel
Silver
Tin
Zinc
Ammonia
Oil and Grease
TOC

Less than 0.1% lost to vent

Feed
25,000
15
0.13
1.2
1.18
0.15
0.5
3
0.8
0.12
< 0.003
0.8
< 0.06
0.3
1.0
100
90
1,250'

Brine

Product

600,000
600
5
50
7
6
20
120
35
5
0.03
30
0.3
7
40
7
4,000
50,000

40
< 0.09
0.07
1.0
< 0.02
< 0.05
< 0.3
< 0.5
< 0.09
< 0.02
< 0.003
< 0.05
< 0.06
< 0.3
< 0.4
<5
ND
6

Control
Limit

2
5
5
0.1
1
2
10
2
5
0.05
2
2
5
2
20

APPROACHES AND PRACTICES RELATED TO HAZARDOUS
WASTE MANAGEMENT, PROCESSING AND FINAL DISPOSAL
IN GERMANY AND BRAZIL
J.A.L. Passos, F.A. Pereira and S. Tomich
CETREL - Environmental Protection Company,
Camagari Petrochemical Complex - Bahia - Brazil

ABSTRACT
A general overview about the actual management and processing of hazardous waste in Germany and
Brazil is presented in this paper. Emphasis has been given to the new technologies and practices adopted
in both countries, with a comparison of the legislation, standards and natural trends. The case studies of
two large industrial hazardous waste sites are described in detail: ZVSMM - Zweckverband Sondermull
Entsorgung Mittelfranken at Schwabach in Germany and CETREL Industrial Landfill and Incineration
Unit at Camagari - Brazil.
KEYWORDS
Hazardous waste, new technologies and practices; landfill; incineration; standards; legislation; case
studies: CETREL and ZVSMM.
THE PROBLEM AND GENERAL STRATEGIES IN GERMANY
The generation of hazardous solid waste in Europe has increased considerably in Europe due to the rapid
expansion of various industrial activities. Recently, many problems of pollution of soil and groundwater
have been detected as a consequence of inadequate landfill disposal facilities. This problem added to
intensive agriculture has the potential of polluting within a period of 50 years an estimated area of 20,000
- 150,000Km2 of the European groundwater system. Therefore, a very conscious and careful assessment
is required to establish an appropriate alternative for final disposal of any kind of hazardous solid waste.
In Germany the generation of hazardous waste is 7 million tons/year and two different situations can be
described as follows: the great industrial companies such as Bayer, BASF and others are capable of
solving the problem by themselves since they own and operate facilities of a high technical standard to
treat and dispose of the hazardous waste produced within their factories.
The situation of smaller and medium sized industrial firms is totally different, since they do not have
financial and technical resources like the multinational chemical and petrochemical companies. Therefore,
the hazardous waste disposal systems of those small companies have different levels, varying from state to
state in Germany. The situation has changed considerably since 1991 as Germany has enacted on a federal
level a new law called TA - Abfall (Technical Regulation for Hazardous Waste) which sets definite
standards for procedure and technical equipment for hazardous waste treatment (Amsoneit, 1991).
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In Germany today it is nearly impossible to build new technical installations whether they be landfill sites,
incineration units or physical-chemical treatment plants, because of a fundamental lack of acceptance on
the sides of the public and authorities. License procedures of 5-10 years for incineration and landfill sites
are required at present in Germany. For this reason, avoidance and recycling have priority to any kind of
disposal, followed by reuse, when it is possible, and finally by thermal treatment (e.g. incineration) and
landfilling.
THE SITUATION IN BRAZIL
Hazardous waste management in Brazil is a particularly difficult task to accomplish, since the country has
an enormous area, and does not have resources to cover the high investment costs and the sophisticated
technology involved in the installation of modem industrial landfill systems and incineration units.
Due to the concentrated nature of Brazilian industrialization, most of the hazardous waste generated within
the country is found at a small number of places. The metropolitan regions of the cities of Sao Paulo, Rio
de Janeiro, Porto Alegre, Belo Horizonte, Curitiba, Salvador and Maceio concentrate about 80% of all the
hazardous waste generated in Brazil.
Due to the lack of precise information, it becomes almost impossible to quantify the annual generation of
hazardous waste in Brazil. However, based on some publications of CETESB-Sao Paulo, SITEL-Rio
Grande do Sul, CETREL - Bahia and others, it is possible to get a general idea about the main continuous
generators in the country (Table 1).
The lack of a sufficient number of adequate facilities for hazardous waste treatment and disposal in Brazil
is a reality. In fact, a large portion of Sao Paulo's hazardous waste production is not properly disposed of,
a situation that is not so different from other states in the country. However, there are some good
hazardous waste systems owned by the private sector, particulary the chemical and petrochemical
complexes: Camagari-Bahia, Triunfo-Rio Grande do Sul and Cinal-Alagoas.
Concerning the group of small and medium-sized continuous generators, which may produce 5-10
tons/year of hazardous waste, the situation is rather confusing, since they are spread all over Brazil.
Despite the lower individual quantities of waste involved, this situation can pose significant environmental
impact due to improper location of the facilities, unskilled personnel and the great number of facilities.
Among typical generators of this group are the owners of PCB-filled transformers, laboratories, small
solvent and paint users, metal plating facilities, electronic parts industries etc. (Sampaio, 1990).
TABLE 1 - Large Continuous Generators in Brazil
States
Hazardous Waste
Generation (tons/year)
Sao Paulo
Rio de Janeiro, Rio Grande
do Sul, Parand and Santa
Catarina
Bahia
Northeastern States
Other States

820,000

440,000
120,000
240,000
180,000

Total

1,800,000

Percent (%)

(1)

(2)

(1) 376,000 tons/year generated in the Metropolitan Region of Sao Paulo.
(2) 80,000 tons/year from the Camaqari Petrochemical Complex
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45,5

24,5
6,7
13,3
10,0
100

LANDFILLING
The main requirement for a safe and reliable long-term industrial landfill is its isolation from the
underground and the atmosphere. The multibarrier system has to contain the following elements:
•

Geological and Hydrological Conditions of the Site

In most countries there are standards for minimum thickness and maximum permeability for the natural
underground barrier of a hazardous waste site. It is preferable to have a low permeability underground and
a watertable not too deep beneath the landfill. Under these conditions, wastewater losses can be easily
identified and monitored (Colombi, 1990).
•

Artificial Barriers

Both plastic and mineral liners can be used. For plastic liners, high density polyethylene situated directly
on top of the mineral liner is clearly the domimant material in use. The use of PVC liners is not
recommended.
Mineral liners are made of natural clays enriched by bentonite and can give good and controllable results.
Liners based on concrete are not recommended (Colombi, 1990).
•

Drainage System

A drainage system consisting of an area filter of gravel material of definite grain size combined with tubes
statically designed is recommended.
•

Barriers Between Waste and Atmosphere

Such barriers have the following function: keeping the rain water off the hazardous waste; confining the
migration of gas and wastewater; serving as substratum for site recultivation, and inhibiting long term
erosion of the landfill surface.
•

The Wastewater System

It is very important that the waste is not submerged, but drained rather over the entire lifetime of the
landfill. Depending on the characteristics of the wastewater generated by the industrial landfill, it may
become necessary to treat it in a biological or physical-chemical facility. (Colombi, 1990)
•

Dumped Waste Material

Strict criteria are given for material that is allowed to be landfilled: sufficient physical stability; low water
solubility; no (or hardly any) organics; low concentrations of environmentally toxic elements, such as
heavy metals.
•

Groundwater Wells

The wells have to be located upstream and downstream to ensure that the liner system is working
properly, avoiding possible contamination of the groundwater.
THERMAL TREATMENT
Like most countries, Germany and Brazil are tightening up their environmental legislation, particularly
with respect to hazardous solid waste disposed of in the soil, because of failures in the technical barriers
which can allow toxic substances to pollute the groundwater.
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In the near future, it is expected that the disposal of water containing organic compounds or those that are
reactive to the soil will not be possible. This means that the organic waste presently being directly
disposed of in landfill has to be incinerated. (F. Lima, 1991)

The hazardous waste that can no longer be landfilled has to be thermally treated in such a manner that the
organic compounds are reduced to their mineral constituents, mainly C02, water vapour and inorganic
solids (slag and ashes).
The rotary kiln postcombustion chamber has been established all over the world as the standard equipment
for hazardous waste incineration. The system can be described as:
•

The rotary kiln, a steel tube (diameter 3-4m, length 10-12m) with heat resistant refractory lining inside
for combustion of solid and pasty material. The waste is incinerated with excess air and residence time
of 1/2 - 1 hour.

•

The post combustion chamber is directly connected to the rotary kiln. The main function of the post
combustion chamber is to guarantee the complete thermal destruction of the combustion gases coming
from the rotary kiln. Time, turbulence and temperature are the preconditions for a good incineration.

Normally the flue gases are treated under turbulent flow conditions at temperatures higher than 1,000°C
with a residence time of at least 2 seconds. Destruction efficiencies equal to 99.9999% or even higher
than this value can be achieved if the incineration unit is very well designed and operated.
CASE STUDIES
•

General Description

A better comparison between the German and Brazilian approaches and practices related to hazardous
waste management, processing and final disposal, can be made from the successful experiences of two
companies: CETREL - Environmental Protection Company of the Camagari Petrochemical Complex in
Brazil and ZVSMM - Zweckverband Sondermull Entsorgung Mittelfranken at Schwabach in Germany.
Both Companies provide adequate treatment of liquid effluents and hazardous waste (liquid and solid) as
can be seen in tables 2 and 3.
•

Hazardous Waste Management

Landfilling
Every year CETREL and ZVSMM receive at their industrial landfill sites about 70,000 tons and 85,000
tons of hazardous solid waste, respectively. Table 4 shows the sources of hazardous waste.

268

Table 2: CETREL and ZVSMM: General Characteristics of the Companies

Main Activities
Company

Type of
Company

Foundation

No. of
Employees

Location

Liquid
Effluents
Treatment

Harzardous
Solid Waste
Disposal

Incineration

No. of Industries Attended

CETREL

Private

1978

180

Camagarf: 50 Km from
Salvador (pop 3,0
million)

Biological

Landfilling
and
Landfarming

(1)
Liquid
Waste

200

Schwabach: 17 Km
from Nuremberg (pop
400,000)

Landfilling

Solid,
Liquid and
Pasty Waste

60 large and medium-sized
Organic Chemical Plants
from the Camagarf
Petrochemical Complex
More than 6,000 small and
medium sized industries
from the Mittelfranken
Region

ZVSMM

Estate

1968

Biological
and
PhysicalChemical

Source: CETREL and ZVSMM: 1992
Note (1): CETREL is building a new Incinerator for Hazardous Solid Waste

Table 3: CETREL and ZVSMM Treatment Facilities
Wastewater Treatment Plants
(Nominal Capacity)
Company

Biological
(Activated Sludge)

CETREL

150,000 m3/day;
120 tons of BOD/day;
360 tons of COD/day

ZVSMM

66,000 tons/year;
200 tons of BOD/year;
600 tons of COD/year

PhysicalChemical

36,000
tons/year

Hazardous Solid Waste Disposal Sites
(Amount Disposed of)
Landfilling

Landfarming

Inceneration Unit

69,000
tons/year

1,000 tons/year

(1) 1 Liquid waste
Incinerator capacity:
10,000 tons/year

85,000
tons/year

1 Incinerator for solid,
liquid and pasty waste
capacity: 30,000 tons/year

Source: CETREL and ZVSMM: 1992
Note (1): CETREL's new Hazardous Solid Waste Incinerator will have a capacity of 13,000 tons/year .

Table 4 - Source of Hazardous Solid Waste

Quantities Received (tons/year)
CETREL
ZVSMM

Type of Residuals

Slag and ashes from the Incineration Unit
Sulphur Pasty Waste
Metallurgical Waste (Inorganic)
Temporary Storage
Special Residues
Residues from the Physical-Chemical
Treatment Plant
Accident with Oil and Residues mixed
with Sandy Materials
Oily Waste (Landfarm System)

1,500
700
60,000
6,000
800

6,000
55,000

1,000

10,000
-

Total

70,000

85,000

(1)
10,000
4,000

-

Source: CETREL and ZVSMM - 1991
Note (1) The Temporary Storage Installations of CETREL keep annually about 6,000 tons of organic hazardous
solid waste which are not allowed to be landfilled. This waste will be burnt by 1995 in a rotary kiln incinerator.

The technical construction of CETREL and ZVSMM landfills is based fundamentally upon avoiding the
leachate, (originating from the waste degradation), to reach the groundwater, and consequently to prevent
its contamination. These units can be described as isolated trenches, with impermeable linings, internal
and external drainage systems, each trench being designated for a group of residuals compatible with each
other. Table 5 shows the characteristics of the impermeabilizing systems of CETREL and ZVSMM
industrial landfills.
Table 5 - Characteristics of the Impermeabilizing Systems

Parameter
Clay Permeability of the Site
Clay Thickness
Plastic Liner
• Type
• Thickness
Drainage System
• Type
• Tube Material
• Tube Diameter

CETREL

ZVSMM

< 10"7 cm/sec
> 1.0 m

< 10-8 cm/sec
> 1.5 m

HOPE
> 2.0 mm

HOPE
> 2.5 mm

Gravel (8-16 mm)
PVC (1)
0 300 mm

Gravel (8-16 mm)
HOPE
0 300 mm

Source: CETREL and ZVSMM - 1993
Note (1) - From 1994 CETREL will use tube of HOPE - High Density Polyethylene.
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FIG.l- CETREL INDUSTRIAL LANDFILL
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FIG.2- ZVSMM- INDUSTRIAL LANDFILL
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Figures 1 and 2 show the technical barriers of CETREL and ZVSMM industrial landfills, respectively.

Landfill Legislation
At a Federal level, Germany established in 1991 the "TA-Abfall" - Technical Regulation for Hazardous
Waste, which gives the maximum limits of pollutants present in the leachate generated by hazardous solid
waste disposed of in landfills. In Brazil, also at the Federal level, a detailed classifying code was
published in 1987 - NBR 10,004 - Brazilian Standards Association.
Tables 6 and 7 show the German and Brazilian Regulations for hazardous waste disposal in industrial
landfills.
Table 6 - TA-ABFALL (1991) Germany: Standards for Hazardous Waste Disposal
Parameter

Limits

Shearing Strength
Axial Deformation
Uniaxial Compressive Strength
Loss of Ignition
Extractable Lipophilic Substances
PH
Conductivity
TOC
Phenol
Arsenic
Lead
Cadmium
Chomium - VI
Copper
Nickel
Mercury
Zinc
Fluoride
Ammonium
Chloride
Cyanide
Sulphate
Nitrite
AOx
Solubility

> 25 KN/m2
<20 %
> 50 KN/m2
< 10 W - %
<4W- %
4-13
< 100,000 pS/cm
< 200 mg/L
< 100 mg/L
< 1 mg/L
< 2 mg/L
< 0.5 mg/L
< 0.5 mg/L
<10 mg/L
< 2 mg/L
< 0.1 mg/L
<10 mg/L
< 50 mg/L
< 1,000 mg/L
< 10,000 mg/L
< 1 mg/L
< 5,000 mg/L
< 30 mg/L
< 3 mg/L
< 10 W - %
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Table 7 - NBR - 10,004 - ABNT (1987); Hazardous Waste Disposal in Industrial Landfills
Pollutant

Solubility Test

Arsenic
Barium
Cadmium
Chromium
Lead
Cyanide
Phenol
Mercury
Nitrate (N)
Selenium
Silver
Aldrin and Dieldrin
Endrin
Benzene
Bcnzo-a-Pirene
Lindane
Metoxiclor
Toxaphcne
2,4 D
2,4,5-TP (Silvcx)
2,4,5 - Trichlorophcnol
2,4,6 - Trichlorophcnol
Carbon-Tetrachloride
Clordanc
Chlorobenzene
Chloroform
o-CrcsoI
m-Cresol
p-Crcsol
Crcsol
J,4 - Dichlorobenzene
2,4 - Dinitrotoluene
Heptachlor
Hcxachlorobenzene
Hexachloroethane
Hexachlorobutadiene
1,1 Dichlorocthanc
1,2 Dichloroethane
Trichloroethylene
Tctrachlorocthylene
Nitrobenzene
Mctil-etil-ketone
Pentachlorophenol
Piridin
Vinil Chloride
Aluminium
Chloride
Copper
Total Hardness (CaCOg)
Manganese
Total Dissolved Solids
Sulphates
Zinc
Total Fe
Trihalomethane
DDT

Leachate Maximum Concentration
(me/L)
0.05
1.0
0.005
0.05
0.05
0.1
0.001
0.001
10.0
0.01
0.05
0.00003
0.0002
0.01
0.00001
0.003
0.03
0.005
0.1
.

0.01
0.03
0.0003
.
.
-

.
0.0001
0.00001
.
.

0.0003
0.01
0.03
0.01
.

0.01
.
.

0.2
250
1.0
500
0.1
1,000
400
5.0
0.3
0.1
0.001

Toxicity Characteristic
Determination
Maximum Concentration
(me/L)
5.0
100
1.0
5.0
5.0
0.1
1.0
*5.0
-

0.02
0.5
-

0.4
10
0.5
10
1.0
400
2.0
0.5
0.03
100
6.0
200
200
200
200
7.5
0.13
0.008
0.13
3.0
0.5
0.7
0.5
0.5
0.7
2.0
200
100
5.0
0.2
.
.
-

.
_
.

-

The list of hazardous waste not allowed at CETREL landfill, in accordance with the State of Bahia
legislation, is described below.
. Liquid residuals; pasty or solid residuals which segregate a liquid phase;
. Non-packed
odors;

powder

residues or residues generating emissions of volatile compounds or strong

. Residues with more than 10 percent in weight of water-soluble solids;

. Flammable or reactive residues, according to the Environmental Council of the State of Bahia
(CEPRAM), Articles 7 and 9;
. Radioactive residues;
. Toxics hazardous waste to be incinerated, in compliance with the law, and in any case containing:
Organic solvents over 5 percent in weight
Halogenated organic solvents over 1 percent in weight
. Residues with organic-matter content higher than:
10 percent of volatiles referred to dry weight determined by calcination;
5 percent matter extracted by means of N-hexane
. Metal finishing residues containing more than 5 ppm of cyanide or 20 ppm of hexavalent chromium;
. Residues containing more than 1 percent of mercury;
. Residues which generate a leachate, according to the standards of ABNT - NBR 10,004, not
compatible with the receiving standards of the liquid effluents for centralized treatment.
INCINERATION
The legislations concerning the hazardous solid waste incineration in Brazil, in the EEC Countries and
Germany is shown in Table 8, in comparison with the B.A.T. (Best Available Technology).
Table 8 - Hazardous Solid Waste Incineration; Flow Maximum Emission (mg/Nm3)
Germany (2)
Pollutant
Brazil (1)
EEC (3)
B.A.T
1992
1992
1987
1990
Particulate Material
HCl
HF
SO2
NO,
Organic Compounds
CO
Dioxin/Furan
Cadmium
Arsenic
Antimony
Mercury

50
30
5
200
400

10
10
1

5
5
I

1

50
200
10

25

< 8
< 100
< 2

-

< -I
< 2

70

-

-

0.1 ng/m3

0.28
1.4
7

1.1

5
50
0.1 ng/m3
0.05
0.05

-

-

-

0.05

0.05

-

-

-

< 0.03 ng/m3
-

Note : (1) - NBR - 1265 - ABNT
(2) - 17 Bim Schv - Germany Federal Air Emission (1990)
(3) - EEC Standards COM (92) - SYN 406 (1992)
B.A.T - Best Available Technology

CETREL and ZVSMM are companies with large experience concerning the incineration of hazardous
waste. They own modem installations which are capable of burning annually more than 40,000 tons of
waste generated by different kinds of industries. Table 9 shows the details of the technical facilities.
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Table 9 - Hazardous Waste Incineration Systems: CETREL and ZVSMM.
Main Characteristics

Type
Capacity
Temperature

Oxigcn Content
Residence Time
Efficiency
•
Destruction and Removal
•
Combustion
Flow Gas Maximum Emission
•
•
•
•
•
•

HC1
HF
S02
NO,
CO
Cl,

CETREL Liquid Waste
Incinerator

CETREL Solid Waste
Incinerator (1) - (Design)

ZVSMM Incinerator (Solid,
Liquid and Pasty Waste)

Static Liquid Injection

Rotary Kiln

10,000 tons/year
1,200°C

13,000 tons/year
1,250°C

12 %
Furnace: 4 sec.
Afterburner: 2 sec.

11 %
4.5 sec.

Rotary Kiln Post-Combustion Chamber
30,000 tons/year
Kiln: 900-1,200°C;
Port-Combustion Chamber: 1.100
- 1,200°C
9-12%
Kiln:45 min;
Post-Combustion Chamber: 4 sec.

99.9999 %

99.9999 %

99.99 %

99.99 %

'

30
5.5
220
450
70
10

30
5
100
400

10(2)
1(2)
50©
200(2)

99.9999

%

-

10

-

Note : (1) - CETREL Solid Waste Incinerator will start its operation by the end of 1995.
(2) - Germany Federal Air Emission (1990).

CONCLUSIONS
As it can be seen in the previous chapters, CETREL and ZVSMM are dealing correctly with hazardous
waste, in compliance with the Brazilian and German legislations. Both companies own modem and
.advanced installations which manage and process adequately many kinds of hazardous waste, be they
solid, liquid or pasty ones. The waste containing a significant amount of organic compounds or those that
are reactive to the soil are thermally treated in large incinerators. The other residues (mainly inorganic)
are disposed of in a safe manner in industrial landfills, together with the slags and ashes generated by the
incineration units.
Facing the problem with realism and following the best available technology in the world for landfilling
and thermal treatment, CETREL and ZVSMM prove that state-of-the-art hazardous waste management,
processing and final disposal is an achievable task.
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ABSTRACT
Industrial alcohol
production
in Brazil
is based on
fermentation of sugar cane juice. After centrifugation and distillation,
azeotropic alcohol is obtained along with four side streams:\ (1) bagasse,
the solid—part of the cane plant, (T) "yeastr; grown during the
fermentation, (3) carbon dioxide released during the fermentation and (4)
waste water called vinasse composed of the bottom fraction of the
distillation and wash waters. (The profitability of alcohol distilleries
^p-an-hp- imprnvpri by a rarvre rational
nf tup
stream products.U'l'ne
solid products have a diversified application potential. By applying
anaerobic digestion to vinasse, methane can be produced at a proportion
of 100 kgCH, per m3 of produced alcohol. Full scale application has shown
anaerobic digestion to be technically and economically feasible and the
digested waste water can be used for irrigation, whereas the produced
solids can be applied as soil conditioners.
f'An' alternative for improved energy production is to abandon alcohol
\ fermentation and apply anaerobic digestion directly to the vegetal energy
source. In that case the useful energy production is much higher and can
be obtained using much simpler equipment. More importantly, the source
for energy production would no longer be restricted to cane: Other crops,
notably those produced in the drier hinterland of North East Brazil
(cassava, sweet potatoes), could also be used for this purpose.
KEY WORDS.
energy production, bagasse, vinasse, methane production, UASB reactor
INTRODUCTION
PROALCOOL is alcohol production program instituted by the Brazilian
government, with the aim of producing ethyl alcohol to substitute oil
derivatives. Initially the main reason for this program was to decrease
the nation's dependence on oil imports, but over the years the reduction
of air pollution, due to the use of alcohol instead of petrol in car
motors, has become an important factor. Alcohol is produced by
fermentation of sugar cane juice and the present production rate is
around 13 billion litres per annum.
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Figure 1 gives a typical production flow sheet of an alcohol distillery.
Although presently some alcohol distilleries have a production capacity
of more than 1 million l.d'1, a typical medium size distillery (MSD)
produces around 120.000 l.d"1 for about 6 months per year, so that some
24.000 m3 of alcohol are produced annually, for which 360.000 t of cane
are required. For a productivity of 72 t.ha"1a"1 (which is about the
national average), the required area of cane fields is about 5.000 ha.
From the flow sheet in Fig 1 it can be noted that, along with the alcohol
production, there is a release of several side streams. Sugar is
separated from the cane by mechanical pressing and extraction leaving a
solid composed essentially of vegetal fibres, called bagasse. The juice
with the dissolved sugar is pumped to the fermentation tanks, where it
is mixed with yeast and sulphuric acid is added to reduce the pH value
to 2,5 to 3 and thus inhibit the development of side reactions, which to
a certain extent will still take place. During the fermentation there is
a release of carbon dioxide and yeast grows as a solid phase, suspended
in the fermenting wine. After fermentation and separation of the yeast,
the produced alcohol is separated from the liquid phase by distillation,
leading to a top fraction composed of azeotropic alcohol and a bottom
fraction, composed of a waste water, called bottom slops, stillage or
vinasse.
A top quality yeast allows production of a wine with 8 per cent of
alcohol by volume after fermentation, which sets a minimum al
cohol/wastewater ratio of 0,08/1 = 1/12 1 alcohol/1 waste water. In
practice the percentage in fermented wine generally is distinctly lower
due to the relatively low yeast quality. Moreover generally also cane and
plant washwaters will be added to the bottom slops (vinasse). Hence, the
more realistic ratio to be used in practice is 1/20.
From own
experimental
determinations,
using vinasse
from four different
distilleries with an alcohol/waste water ratio varying between 15 and 25
1/1, an inversely proportional relation was found between the organic
pollution strength of the vinasse and the amount produced. Consequently,
the total amount of organic pollutants per m3 of alcohol produced is
independent of the alcohol/waste water ratio. A value of about 500
kgCOD.m"3C2H50H was determied for the organic material in vinasse. Table
1 provides typical figures for the composition of vinasse for a
alcohol/vinasse volumetric ratio of 1/20.
It is interesting to note that the actual useful energy production at an
MSD only comprises a small fraction of the total energy production
potentials of sugar cane. As shown in Fig 3, only 38 per cent of the
energy content of the cane actually is converted into automotive energy,
alcohol, while 12 per cent is discharged as wastewater (vinasse) and 50
per cent remains in bagasse. In practice approximately half of the
bagasse (consequently 25 per cent of the energy content of cane!), is
burnt at the distillery to satisfy its energy requirements. Consequently
to date the energy balance of most alcohol production plants in Brazil
certainly can not be designated as favourable.
Presently, at most distilleries none of the by products is valorized.
Excess bagasse is used to some extent for paper production and, although
rarely, as a soil conditioner, cattle fodder or a (pelletized) solid
energy source. Vinasse is sometimes applied for irrigation and
fertilization of cane fields right after a harvest, especially where
topography is favourable. In the extensive but mountainous producing
regions of the North East, more often it is stored in "evaporation
lagoons" or it is infiltrated into the soil, for which in a rotation
scheme part of the cultivated land (about 5 per cent) must be sacrificed.
Another still common practice is discharging vinasse in surface waters,
which obviously causes a dramatic deterioration of the water resources.
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PURIFICATION
COMPRESSION

FERMEN
TATION

dried
solids

H2S04

5000 t/a
500 t/a
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60.000 t/a

bagasse
600 Va

Fig 1 : Flow sheet of the production of alcohol at a medium size
distillery(MSD).
Table 1:

Principal vinasse characteristics(Raw vinasse from direct
juice fermentation and an alcohol/vinasse production ratio of
1:20)

Value

Parameter (unit)

20
12
25
120
12
3,5
5
0,4
0,2
0,8
0,5 .
90

Flow (1/1 of alcohol)
B0D(g.l-3)
C0D(g.l'3)
Settleable solids (ml.I"3)
Settleable solids(gTSS.l-3)
pH (-)
Volatile Fatty Acids(gHAC.I'3)
TKN (gN.l'1)
Phosphate (gP.I"1)
Potassium (gK.l"3)
Calcium (gCaC03.l-3
Temperature (°C)

It has to be concluded, that vinasse, despite its high, potentially
useful energy content, in practice it still has a negative economic value
and a very negative impact on the environment.
The organic pollution load of an MSD can be estimated from the data in
Table 1. During the 200 day yearly harvest period, a MSD produces some
24.000 m3 of alcohol, consequently
480.000 m3 of vinasse at a total
organic pollution load of 12.000 t COD.a"1. This is equivalent to 300,000
population equivalents, taking 110 gCOD.d'3 for 1 P.E. This amount is
released in a six month period. For the actual production level of 13
million m3 alcohol, the pollution load of this industrial activity is
equivalent to 160.000.000 inhabitants, more than the actual population
of- the country! Regarding the nature of the pollutants present in
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vinasse, i.e. its very high biodegradability and its relatively high
content of biodegradable suspended proteins (up to 3 g.l"1, or 30 % of
the suspended matter), and considering the very large amount of vinasse
produced, methods should be developed and/or implemented as quickly as
possible to valorize this potential resource and combat pollution at the
same time.
VINASSE TREATMENT
The typical vinasse composition of Table 1 shows the principal
undesirable characteristics of this waste water: (1) High temperature,
(2) High concentrations of organic matter and suspended (settleable)
solids, (3) low pH and (4) relatively high nutrient (N & P) concen
trations. Vinasse treatment is necessary to correct these characteristics
in such a way, that the final effluent has a composition in accordance
with environmental laws, so that discharge is possible without causing
a negative environmental impact. Alternatively, the vinasse character
istics may be adjusted in such a way, that the wastewater can be used for
irrigation of the cane fields.
In Fig. 2 different processes for the correction of undesirable
characteristics are presented schematically. By applying the treatment
processes, sub products are obtained, leading to valorization of vinasse
and hence increase of the profitability of the alcohol distilleries. The
following methods are available:
a.
Solid/liquid separation methods can be applied to produce a
protein-rich animal fodder or an organic fertilizer from the solid
fraction present in the vinasse. The technical feasibility to
produce proteic cattle fodder by spray drying from settled vinasse
slurries, as well as solid fertilizer by sun drying of the settled
solids has been demonstrated in full scale applications. With
respect to the latter use, practical results have shown that
applying the settled solids and the digested vinasse on the cane
fields, result in a significant increase of the productivity:
Yearly applications of 2t.ha-1 at Estreliana distillery at Ribeirao
Pe led to a productivity increase of the cane fields of over 25 per
cent. The production potential of 5000 t.a"1 at an MSD is sufficient
for 2500 ha, i.e. for half of the cane field area of 5000 ha.
b.
High rate anaerobic wastewater treatment systems, by which soluble
and poorly settleable organic pollutants are converted into biogas
and - for a minor part - into a settleable and stable bacterial
sludge. The technical feasibility of anaerobic treatment in UASB
reactors has been well established, both for treating the mainly
soluble part of the vinasse, and - if economically attractive also for the raw vinasse. Currently more than a dozen UASB reactors
have been installed at distilleries. These plants are operating
quite satisfactorily, viz. at COD removal efficiencies exceeding 90
per cent, at organic space loads of 20 kg COD.m'3.d"1 and more. If
it is assumed that 80 per cento of the organic matter in vinasse is
converted into methane and knowing that stoichiometrically 1 kg of
methane is produced by digesting 4 kg of COD, the production
potential from 12.000 tCOD.a-1 is 0,8*12.000/4 = 2400 tCH^a"1
c.
The treated effluent is substantially free from biodegradable
material and can be used for unrestricted irrigation, and to some
extent, for fertilization of the fields, by making use of the
nutrients dissolved in vinasse. The alkalinity of the treated
effluent may substitute lime stone applications that are necessary
ion many regions to correct the pH of the soil. Application of more
than 1000 m3.ha‘1 has been shown to be technically feasible but
usually not more than 600 m3.ha"1 is applied. Hence with the digested
vinasse production of 480.000 m3.a~l an area of 480.000/600 = 800 ha
(some 20 per cent of the cultivated area) can be irrigated. At an
application rate of 600 m3.a"1 the nutrient load is 240kgN.ha-1 .a'1,
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120 kgP.ha"1.a"1 and 480 kgK.ha"1.a"1, which is more than the normally
applied fertiliser load. In so far as alkalinity is concerned, when
no recirculation of the effluent is applied, the required
alkalinity is about 2500-3000 ppm CaC03. Now, again assuming 600
nr’.a”1, the alkalinity addition is 1,5 to 1,8 tCaC03.ha"1.a"1, which
is about equivalent to the required lime stone addition to the soil
in many regions in North East Brazil. So the alkalinity added
during the digestion is fully used, first to raise the pH in the
digester and later to maintain an optimal pH value in the soil of
the cane fields.
From the above figures it follows that the proportion of vinasse
methane/m3 alcohol amounts to 2400 t/24.000 m3 = 100 kgCH,.m"3 or 2400
t/19,000 kg = 126 kgCH,/t C3H,OH. As the combustion heats of alcohol and
methane are 7.140 and 13.270 kCal/kg respectively, the net amount of
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Direct juice digestion

Fig 3:

Direct cane digestion

Different options for energy conversion from energy crops (The
numbers refer to percentage of the total energy content of the
cane)

energy that can be produced from vinasse in the form of CH„ amounts to
23 %
of the energy content of the alcohol. It is concluded that the
useful energy production from sugar cane juice can be increased by 23 per
cent by applying anaerobic wastewater treatment. The division of the
total cane energy over the different fraction is shown graphically in Fig
3a and 3b for systems without and with vinasse treatment respectively.
The produced biogas can be used profitably in the alcohol production
process, i.e. :
as a substitute fuel for transporting the cane to the distillery
instead of diesel oil, with current consumption amounting to 1
million litre.a-1 for an MSD. It is well established that automotive
methane, produced from biogas by C02 absorption followed by
compression (200 to 250 atm), can substitute up to 80 per cent of
the normal fuel in diesel engines. For the substitution of 800.000
l.a'1 of diesel one would need 600 t.a"1 of methane, about 1/4 of the
production potential.
as a substitute of bagasse for steam and electricity generation,
thereby increasing the excess bagasse production. In case of using
methane as a fuel for the distillery truck fleet, still roughly 75
% of the biogas produced from vinasse, would still be available for
this purpose.
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Instead of the above uses, the vinasse-biogas could be employed for
the generation of electricity, an option that is becoming
increasingly important in Brazil, as there will arise a serious
shortage of electricity production capacity in the near future, due
to the fact that few investments have been - made over the last
decade. Assuming that the production of alcohol remains at 13
million m3.a-1, the total methane production potential from vinasse
can be estimated at 110*13*10® kg CH4.a_1 or 4.000tCH,.d-1, which is
equivalent to 40.000 barrels of oil.d"1. Assuming a
(very
conservative) conversion efficiency of 35 per cent, the useful
electric power output can be estimated at 900 MW, the production
capacity of a large power station. Of course it is possible to
couple electricity generation to steam production at the distillery
and thus achieve a more efficient use of the produced methane.

The profitability of vinasse treatment depends directly on the
possibility of utilisation of the subproducts. Thus, for example, if cane
fields are available for irrigation, anaerobic digestion will be the only
biological treatment step: The costly post treatment can be avoided and
the nutrients in the vinasse are fully used for production of sugar cane.
Also, if bagasse is not available (for example when mplasses is
fermented), the biogas may be very valuable as an energy source for the
operations leading to the production of alcohol. In most cases the
application of vinasse treatment with the consequential generation of
useful subproducts is economically attractive with periods of recovery
of investments in the range of 3 to 6 years. However, the treatment of
vinasse cannot be evaluated solely in terms of cost/benefit calculations.
The treatment of vinasse is necessary to avoid the degradation of surface
waters and as such must be implemented even in cases where the pay back
period is longer, due to the impossibility of valorization of one or more
of the subproducts.
DIRECT METHANE PRODUCTION FROM SUGAR CANE.
In addition to the use of anaerobic digestion for environmental
protection, it has an enormous potential for energy production, as can
be seen from the following. Instead of applying alcohol fermentation,
cane juice could be digested directly for the production of methane. In
that case alcohol fermentation, centrifugation and distillation are not
necessary and the consumption of high grade energy, associated with these
processes is avoided. The useful energy output in that case would be
equivalent to that of an MSD with vinasse treatment. The conversion into
automotive energy (i.e. methane) would amount to about 48 per cent of the
total energy present in cane, equal to the conversion efficiency for the
case of alcohol production with vinasse treatment, but the need for
bagasse combustion would be much less, as energy would only be needed for
the juice extraction process. Figure 3c shows schematically the relevant
numbers relative to direct digestion of sugar can juice.
A further reduction of investment and operational costs and an increase
of energy output could be obtained by submitting not only the juice, but
also the bagasse to anaerobic digestion, as indicated in Fig 3d. In that
case the very expensive machinery for juice extraction would not be
necessary and could be substituted by much cheaper cutting machines to
produce small stalks that could be submitted to digestion. If it is
assumed that 25 per cent of the bagasse is converted into methane, which
is a very conservative figure for a plant with a low lignin content like
cane, then the conversion efficiency of energy in cane to would increase
to 60 per cent of the energy content in cane, an increase by 60 per cent
compared to 38 per cent of the actual situation. All the produced methane
could be converted into an automotive fuel by purification and
compression.
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A very important additional
advantage of
substituting alcohol
fermentation by anaerobic digestion is that other energy crops can be
used, like those producing starch, for example cassava and sweet
potatoes. Anaerobic digestion can easily transform the starch into
methane, whereas alcohol digestion can only be applied to some soluble
sugars. Thus, it would be possible to produce these far less demanding
raw materials for methane production in regions, where actually
agricultural activity is low (notably arid areas). In this way the
excellent agricultural lands, actually used for energy production, could
be used for other purposes, such as human food production.
The energy produced by anaerobic digestion differs in one important
aspect from the fossil energy sources like coal, oil and natural gas: The
carbon dioxide released during combustion has been withdrawn previously
from the atmosphere, due to photosynthesis by the plants. Thus, energy
production by anaerobic digestion of biomass does not lead to a net
increase of the carbon dioxide concentration in the atmosphere.
CONCLUSIONS
1-

2-

94-

Vinasse is a waste water with characteristics such, that treatment
is required before discharge in surface waters may be considered.
The principal undesirable characteristics are (1) high suspended
solids and organic matter concentrations (2) high temperature, (3)
low pH and (4) moderately high nutrient concentrations.
Vinasse treatment leads to the generation of two side streams: (1)
the settleable solids may be used as cattle fodder or as an organic
fertiliser and (2) biogas, produced by anaerobic digestion of the
soluble organic matter, may either be used directly as an energy
source, or it may be processed to be converted into a substitute
for automotive fuels.
The treated vinasse can conveniently be used for irrigation, thus
opening the possibility to use the dissolved nutrients for cane
production.
The economical attractiveness of vinasse treatment depends on
factors such as the possibility of using the products generated in
the treatment processes and topography of the cultivated land. In
most, cases the pay back time of the investment is short: 3 to 6
years. At any rate vinasse treatment must be applied to protect the
surface waters against organic pollution.

284

ENVIRONMENTAL PROTECTION AS A PART OF

THE CZECH REPUBLIC PRIVATIZATION PLAN
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Denver, CO 80202, USA.

ABSTRACT
The Czech Republic vies with its neighbors as one of the most polluted countries in the
world. These conditions arose not as a result of deliberate policy choices, but were inherent
in the command economy. The total investment needed to achieve acceptable environmental
standards has been estimated by the World Bank at more than US $50 billion. It has been
suggested that external public and private funding, especially through government incentives
to private investment, could shorten the time span for meeting environmental regulations as
well as facilitate access to Western technologies. In response to this suggestion, the Czech
Ministry for Privatization has developed and implemented a requirement that every facility
sold in the privatization program must complete an environmental audit. This audit report
must detail the current problems at the facility and include an outline for the improvements
necessary to meet current or upcoming environmental regulations. The audit report is
submitted to the Ministry for the Environment for review, comment, and/or approval.
From January 1992 through May 1993, Jim Scherer, former Regional Administrator of the
U.S. Environmental Protection Agency (U.S. EPA) Region vm, worked with the Czech
Ministry of the Environment (the Ministry) as a Senior Advisor. In an effort to use the
privatization program as a funding source for implementing environmental controls, Mr.
Scherer helped to develop a plan to expand the inspector’s role in the audit process. He
identified the need for technical experts from the U.S. EPA to assist Czech Republic
inspectors in evaluating environmental audits as part of privatization. With this assistance,
the Ministry could give worthwhile recommendations to the Ministry for Privatization to
include in their negotiating stance. A total of seven facilities in the "second wave" of
privatization were selected by the Ministry and the Ministry for Privatization to be inspected.
While conducting the inspections, the problem of poor raw material handling and waste
management was evident at most of the facilities. Attempts to discuss these concepts with
the inspectors, consultants, and facility managers was unsuccessful. In support of pollution
prevention concepts, the facilities with poor waste management are having a difficult time
finding investors for privatization compared to one facility that demonstrated good waste
management that has 12 outside investors bidding for a share in their company.
If the recommendations outlined in the environmental audit reports are implemented during
privatization, the majority of the past and current environmental problems will be addressed.
For future protection of the environment, and to prevent the site from becoming re
contaminated, it is essential that waste management be incorporated into facility management.
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The U.S. EPA, under the direction of Jim Scherer, is attempting to support this effort by
developing and presenting a training course for consultants, industry managers and
government inspectors in the Czech Republic on the concepts of pollution prevention. The
potential long-term environmental payback for this effort is worth the small investment
necessary by the EPA. In addition, this effort could demonstrate if pollution prevention can
be successfully incorporated into an environmental regulatory program during its
formulation.

KEYWORDS
Czech Republic; environmental audits; environmental protection; pollution prevention;
privatization; U.S. EPA; waste minimization.

INTRODUCTION
From January 1992 through May, 1993 Jim Scherer, former Regional Administrator of the
U.S. EPA Region VIE office, worked with the Ministry as a Senior Advisor. In an effort to
use the privatization program as a funding source for implementing environmental controls,
Mr. Scherer developed a plan to expand the role of inspectors for the Ministry in the audit
process. He identified the need for technical experts from the U.S. EPA to assist the Czech
Republic inspectors in evaluating environmental audits as part of privatization. With this
assistance, the Ministry could gain experience in providing recommendations to the Ministry
for Privatization on environmental protection and restoration issues to include in their
negotiation stance.
The plan was for the Director of the Inspectorate for the Ministry to put together a team with
at least one member from the Air, Water and Waste Divisions who spoke English. The team
.would identify 10 to 20 facilities that were to be offered to foreign investors through the
privatization process and that had environmental problems. The inspectors, along with the
EPA technical advisor, would go to those regions and meet with the Regional Inspectorate to
review the self-audit report against data held by the regions. A facility tour would most
likely be conducted.
The U.S. EPA technical advisor would try to find low-cost waste minimization investments
on up to higher cost control equipment that could be used to correct the environmental
problem. The team would make recommendations for the kind of investment that makes
sense to stop pollution into the future. There would also be an identification if past
environmental damages warrant the Ministry for Privatization to demand a more in-depth
assessment from the foreign investor to set a baseline between past and future and to do a
risk assessment so the government can determine what they must cleanup and what can be
contained.
BACKGROUND
The Czech Ministry for the Environment was formed in 1900 from units in the former
Ministries of Interior and Environment, Forest and Water Management, and Agriculture. In
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Slovakia, a similar process resulted in the Commission on Environment. These evolved to
form the Federal Committee on the Environment that split-when the two counties separated
in January, 1993. The Federal Committee was primarily responsible for coordination
activities rather than execution of programs. The Ministry assumed this role once the
Republics became independent on January 1, 1993. The Ministry also plays the major role
in formulation and implementation of environmental policies and programs. District and
municipal governments within the Republic retain certain environmental powers. Thus,
republic,- district, local area and municipal agencies may enforce republic environmental law
and may impose penalties on violators of all applicable laws.
The Czech Inspectorate is a separate regulatory body under the direction of the Ministry. It
is composed of five divisions, Air, Water, Waste Management, Forest, and Nature. The ■
central office for each is located in Prague. There are seven Regional Inspectorates for Air
and eleven for Water. The Waste Management Division was created at the end of 1991.
Prior to this time the Water Division controlled solid waste only when it resulted in
contamination of water.and ground water. Now there are seven Regional Waste Management
Inspectorates. All Inspectorate offices work independent of each other, conduct inspections
in the same way, and share reports. Most inspectors hold a technical degree and receive onthe-job training from experienced inspectors.
The role of the Inspectorate is to conduct inspections at regulated facilities to assure
compliance with environmental laws. Facilities that have poor environmental records are
inspected one to three times per month. The Inspectorate also inspects a facility in response
to public complaints and must respond within thirty days. If a facility is in non-compliance
the Inspectorate prepares an order detailing the violation and sets a fine. The fee structure
for fines are outlined in the law and can be up to 10 million Kcs (US $360,000). The fines
are divided one-half to the State fund for the environment and one-half to the municipality
where the violation occurred.
In addition to the Inspectorate associated with the Ministry and the Regional Inspectorates,
local control is maintained by the County Council. This regulatory body controls local
landfills and incinerators and is responsible for approval of Waste Management Program Plan
under The Waste Act, No. 238. Cooperation between the Inspectorates and the County
Council is strained due to the requirement that fifty percent of the fines collected by the

Inspectorate goes to the municipality where the violation occurred, but the County Council
inspectors can collect the entire fine for an enforcement action they initiate.
The Waste Act, No. 238 provides the general framework for waste handling, management
and disposal. Under this act waste producers must minimize and/or recycle the waste .
produced, ensure that waste handling does not endanger public health and the environment,
provide for proper segregation, storage and disposal of waste, maintain records on waste
generated, treated, stored and disposed of, and prepare the Waste Management Program
Plan. This plan must specify the waste generator, a brief description of production processes
and fundamental problems of waste management, summaries of the production locations and
waste information, and the facilities for disposal and associated costs.
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FACILITY INSPECTIONS
A total of seven facilities in the second wave of privatization were selected by the Ministry
and the Ministry for Privatization to be inspected. They included five chemical
manufacturing plants, and two iron foundries. Two facilities which illustrate how
environmental and financial policies effects privatization efforts are presented here.

FACILITY A:
Facility Description: This facility employs 1,000 people in the production of specialty
chemicals. It is divided into three main divisions, First, the manufacturing of specialty
organic chemicals. This division has the capability of manufacturing over 2,000 specialty
chemicals. The demand for production rate of these chemicals has decreased significantly.
This decrease resulted in elimination of the diverse waste stream associated with this division
and has resulted in environmental benefits. Second, the production of medical drugs; and
third, the production of diagnostic test tits and strips. As a result of this diverse production,
over 8,000 different chemical raw materials are brought onto the facility. The quantity of
this material ranges from one to ten kilograms of an individual substance. The most widely
used substances are organic solvents and acids such as methanol, toluene, hydrochloric add,
and halogenated solvents.
This facility was built in 1965 as a pilot research plant. From 1984 to 1986 a laboratory
chemical plant and a diagnostic plant were added along with reconstruction of the
warehouses. Construction of an immunology division was initiated in 1992. Most
environmental problems at the facility are linked to the fact that it was built as a pilot plant.
As production increased, pilot plant equipment which was designed and installed without
proper environmental controls, has been used in full scale production.
Water Issues: All wastewaters from chemical production are piped to a neutralization basin
which reduces acidity levels. Currently these waters are mixed with normal sewage and
contaminated groundwater and pumped into the municipal wastewater treatment system. At
the time of the inspection, the facility was not meeting permitted limits for BOD,. The
Waste Management Investment Plan for this facility includes the construction of a biological
treatment plant. The design includes a sedimentation tank, bioreactor with aeration, and
recycling of activated sludge. The maximum cost of this project is estimated to be 110 Kcs
(US $4 million). The facility is also considering the co-investing with other facilities in an
upgraded municipal biological treatment plant as a more cost effective alternative to
construction of their own treatment plant.
Solid Waste Issues: Sludges from the wastewater neutralization basin are currently stored on
site along with chemical solid waste. The on-site storage capacity will soon reach capacity
and the facility is trying to find a long-term solution to this problem. Glass, paper and other
spent raw materials are sold to a local recycling business. Some combustible wastes are used
by the local municipal incinerator for heat recovery benefit. Combustible waste matter which
is not accepted by the municipal authorities is transported to incinerators located 70 and 250
kilometers from the facility. The bulk of the remaining non-hazardous combustible waste
materials are transported to a nearby municipal waste collection site. As part of the facility’s
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Waste Management Investment Plan it is envisioned that the facility will co-invest with other
local factories in a central incineration plant.
Air Issues: There are three areas of significance regarding air pollution emissions: 1) power
is generated using natural gas, which replaced the heavy oil used in the past; 2) solvent
emissions, primarily acetone and toluene, from specialty chemical production; and 3)
emissions from laboratory chemical production, which are currently controlled by active
carbon filters and scrubbers. Historically, Facility A has not been viewed as an asset to the
surrounding community due to their air emissions.

Environmental Audit Process:
In response to community concerns about air quality, an environmental audit was completed
in June, 1991. At the time the audit was being conducted, there was no regulations on how
to conduct such an audit. To comply with the privatization requirements, additional study
was conducted and amendments to this audit have been made. An estimated 150,000 Kcs
(US $5.36 million) would be needed for environmental clean-up and compliance.
In 1993 the facility discovered that a faulty underground piping system and poor raw material
handling at the delivery site had resulted in contamination of the groundwater by halogenated
compounds, chlorides, ferric ammonium and solvents from production of specialty chemicals.
In addition, contaminated groundwater from an abandoned off-site waste disposal area flows
across the facility’s property and mixes with on-site contamination. Current Czech law
require a facility to be responsible for on-site contamination only and nothing is being done
at this time to address the off-site contamination.
The piping system has been replaced and a new material handling and storage area has been
developed. A consultant firm was hired to develop and implement a groundwater pumping
system. The contaminated groundwater is used to dilute the existing production wastewater
to effect better treatment and discharged to the municipal wastewater treatment plant.

Privatization Plans:
The facility is looking for an outside investor through the privatization process. Investors are
concerned about the liabilities associated with the groundwater contamination, especially
since off-site contamination is complicating the clean-up efforts.
Although the facility has moved its raw material storage area due to soil contamination, poor
material handling practices are continuing. It is likely that the new raw material handling
area will become contaminated. The facility would benefit by implementing pollution
prevention and waste minimization techniques, but the current management staff is not
familiar with these principles. This approach could also reduce the amount of waste that
needs treatment, thus lowering the total cost of implementing the waste management
investment plan.
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FACILITY B:
Facility Description: Facility B is a pharmaceutical enterprise founded in 1895. The facility
specializes in active substances and final medicine forms production, cosmetic and beverage
ingredients for markets in the Czech Republic, France, Germany, and the United States. The
facility uses technologies to extract active substances from natural plants for these countries,
who then formulate them into a final product. In addition, the facility also produces
pharmaceuticals in final form for Russia and the Czech Republic. Currently they employ
1,250 people, but plan to decrease this number to 900 by 1994. This decrease is due to a
reduced Czech market for their products.
This facility has a management structure which places the Director for the Environmental
Protection directly under the Managing Director and as an equal with the Directors for
Technical Services, Finance, Management and Research. The Managing Director noted that
the facility decided to take a serious approach to environmental protection ten years ago.
Although this approach initially met with resistance from within the company, it has been
successful in meeting its environmental goals. This was the most environmentally advanced
facility inspected during this project and is a model example for implementing pollution
prevention principles.
Water Issues: The wastewater in the plant is divided into three categories:
Industrial and flushed wastewater which is biologically cleanable is sent to the
activated sludge wastewater treatment plant. The WWTP was constructed in
1985 and has an average BOD3 reduction of 95%.
Toxic wastewater is liquidated in the incineration plant. This waste stream is
composed of an emulsion of water and organic dissolvers which cannot be
removed by biological treatment. This waste stream averages 17 cubic meters
per day and is pumped from storage tanks to a central tank with a 250 cubic
meter volume. The incinerator is fueled with heavy oil and reaches a
temperature of 900° C.
Cooling water is mixed with uncontaminated rainwater and discharged to the
river. Rainwater is collected and analyzed prior to discharge and all permit
limits are met. A portion of the cooling water is recirculated.
Storage tanks which contain organic chemicals, oil, and flammable liquids are diked to
prevent possible escape of liquids.
Solid Waste Issues: Solid waste material in production is collected, separated, stored and
liquidated according to government standards. The facility produces 7,000 tons/year solid
waste, delivers 85% of this to recycling companies, incinerates 9% of the waste and disposes
of 8% in a landfill. The largest portion of the recycled waste represents compressed sludge
from the wastewater treatment plant (over 73 %) which is composted. He material which is
incinerated is composed of house-hold type waste without plastics, chlorine flour and
technological wastes. Glass, PVC, ash and building ruins are landfilled. The facility
currently cannot dispose of its transformer oil contaminated with PCB and stores this on-site.
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Air Issues: The major air pollution concern for this facility is emissions from several
incinerators (municipal waste, liquid waste, and plastics). Although the total emission of
particulate matter, S02 and NOx from the entire plant are less than 145,000 kilograms per
year (including power generation using natural gas), the company will need to either
construct a new incinerator or retrofit the municipal waste incinerator with a scrubber to
meet new environmental requirements by 1998.
Privatization Plans
This facility is part of the second wave of privatization. It is interested in receiving a 40%
investment from a foreign country. The facility was initially contacted by 20 to 30 investors,
and is currently negotiating with 8 to 12 investors interested in the 40% share. They have
hired an investment firm from the United States to assist with investment negotiations.
This facility represents an example of how a good environmental policy which includes
pollution prevention can provide economic payback for a facility.

RECOMMENDATIONS AND CONCLUSIONS
The audit process for privatization was near the end of its cycle at the time of this project
(October, 1992). The environmental problems and solutions identified in the environmental
self-audit reports reviewed were technically sound. The Ministry for Privatization should
base their decisions to set aside money for environmental controls and clean-up based on the
recommendations outlined in these audit reposts. It is difficult to assess the total cost for
remedial action and environmental restoration at this time since disposal sites and/or
incinerators for hazardous material disposal are not always available.
Specific language for development of a comprehensive Waste Management Investment Plan
that outlines the environmental investment agreement should be included in the privatization
contract. This will add support for The Waste Act, No. 238 which requires each facility to
develop and submit a Waste Management Investment Plan to the County council for review
and approval.
If the recommendations outlined in the environmental audit reposts are implemented during
privatization, many of the past and current environmental problems could be addressed. For
future protection of the environment, to protect the site from becoming recontaminated, it is
essential that pollution prevention and waste minimization be incorporated into facility
management. In order to achieve this goal, the inspectors, consultants, and industry
management need training on waste management and pollution prevention.
It is evident from the two facility examples described in this paper that:
1)

The concepts of pollution prevention and waste minimization can be
incorporated into a facility’s environmental approach under the current
regulatory structure of the Czech Republic. Commitment to this approach
must come from top management.
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2)

Sound environmental management has an economic benefit during the
privatization process in the Czech Republic.

The U.S. EPA is continuing to work with the government of the Czech Republic by
providing policy advice and technical assistance.
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ABSTRACT
This report reviews and summarizes the performance of biological treatment process
followed by state-of-the-art advanced treatment for the removal of organic compounds
in petroleum tank draw waters. A pilot unit was first tested in Helena, Alabama.
Subsequently, two other installations in Baton Rouge, Louisina and Collins, Mississipi,
were started. Trickling filter and the extended aeration modification of activated sludge
were selected as the biological processes. Activated carbon, ozonization and ultraviolet
radiation, chemical oxidation with chlorine and physical/chemical treatment were also
tested for polishing the effluent from the biological process. Biological treatment
performance at each facility has achieved design standards since start up with 100%
removal of volatile organics (BETX) and 97% removal of non-volatile organics (BOD).
KEYWORDS
American Petruleum Institute; total organic carbon; trickling filter; activated sludge;
activated carbon; ozonization.
INTRODUCTION
Achieving cost effective environmental compliance is a primary goal for many corporate
environmental engineers. Increasingly innovative strategies and technologies are required
to achieve this goal. A sound waste management strategy for petroleum storage facilities
involved in the treatment or disposal of tank draw waters can result in considerable cost
efficiency. Commonly used oil/water separators will not meet today’s stringent

environmental standards for the discharge of tank draw waters. Consequently, facilities
are left with only two choices: to upgrade existing on-site treatment facilities or transport
these wastewaters off site for disposal.
An American Petroleum Institute (API) sponsored study (Borey, et al., 1989) evaluated
several technologies for the treatment of petroleum contaminated wastewaters; air
stripping, physical/chemical treatment systems and biological treatment systems. The
study concluded the best technology for treating these wastewaters was a biological
system. The biological systems evaluated, however, were limited to bench scale models.
A subsequent API sponsored study (Klock, et. al, 1991) evaluated pilot scale biological
treatment systems. This study analyzed the effectiveness of the sequencing batch reactor
(SBR) and rotating biological contactor (RBC) systems for the treatment of petroleumcontaminated wastewater at a marketing terminal in Houston, Texas. The primary source
of the wastewater was tank draw water. Extensive analytical data was collected during
a 24-week period. Both the SBR and RBC biological processes consistently achieved
excellent removal efficiencies for both volatile and non-volatile organic pollutants (100%
and 97%, respectively). Additionally, both systems demonstrated excellent toxicity
removal. Operational attention required about one hour per day.
The qualitative biochemical reaction for the stabilization of organic matter by a
biological treatment system may be expressed as follows:
Inert Matter + Organic Matter + Oxygen + Nutrients + Microorganism
-> New Microorganisms + Carbon Dioxide + Water + Additional Inert
Matter (Albertson, et. al., 1977)
Organic matter represents the contaminants in the wastewater and its removal is
accomplished by the metabolic reactions of microorganisms.
There are two basic types of biological treatment processes - activated sludge and
biological filters. Activated sludge is a suspension of microorganisms in a wastewater.
The microorganisms are aerated in a tank to promote aerobic conditions. Wastewater
flows into the tank to contact the microorganisms for treatment. Biological filters
involve a process in which microorganisms (evidenced as a slime growth) are attached
to a solid object such as plastic media. Wastewater is treated as it flows across the
media. Both processes are similar in that both depend on microbial metabolic reactions
to remove organic pollutants from wastewater.
Plantation Pipe Line Company staff initiated an engineering study in the spring of 1991
to identify a cost-effective waste management strategy associated with tank draw waters.
The study was completed in June 1991 and recommended the installation of biological
wastewater treatment plants at three major pipeline facilities. The study determined the
biological wastewater treatment option could generate considerable cost savings
compared to the alternative of off-site disposal of tank draw water.
The initial wastewater treatment facility was installed in Helena, Alabama in the fall of
1991 as a pilot plant, and based on the results obtained, additional treatment systems
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were installed in Baton Rouge, Louisiana in September 1992 and in Collins, Mississipi
(in progress).
DESCRIPTION OF THE TREATMENT PROCESS
Influent wastewater is separated froth the free, product in a oil/water separator and then
mixed and aerated in an equalization tank where nutrients and bacteria are fed and water
is heated to maintain a preset desired temperature. Water is pumped from the
equalization tank to a trickling filter. In the trickling filter aerobic bacteria grow
attached to a large surface of plastic media" to assimilate the dissolved organics, and
convert the organic pollutants by a natural process of biostabilization.

Pretreated wastewater is then pumped from the trickling filter to a splitter box so that
the operator can control the operation of the plant by returning the flow to the
equalization tank (recirculation) and directing the flow (partially or totally) forward to
the aeration tank.
The aeration tank is designed so that the microbiological population in the endogenous
growth phase will oxidize the biological matter. This results in little biomass being
produced. This is a completely mixed process operated at a long hydraulic retention
time and a high sludge age. Since all the substrate that is removed is channeled into
energy metabolism and oxidized, the extended aeration process maximizes the total
oxygen requirement per unit of substrate removed per unit time.
Solids settle in the clarifier hopper and are removed from the clarifier with an air lift
pump for recycle back to the activated sludge compartment or to the digester for wasting
(Fedottof et al., 1991).
The effluent from the secondary clarifier is pumped through a tertiary filter and activated
carbon canister at a fixed pumping rate. The water is then stored in an effluent holding
tank before discharge.
Due to the high operating cost of activated carbon, alternate state-of-the-art technologies
for the oxidation of total organic compounds (ozonization, ultraviolet radiation, chemical
oxidation, etc) were also studied.
Excess biological growth from both the trickling filter and activated sludge can be sent
to an aerobic digester for final disposal of solids. The excessive organic mass is
oxidized and reduced to a minimum volume by a minimum of 16 days of prolonged
constant aeration. During this period the micro-organisms do not receive any food and
eventually they enter into an endogenous- phase, in which they consume their own cell
material leaving only their empty shells.
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CASE STUDIES
Helena and Baton Rouge Wastewater Treatment Plants. Each of Plantation Pipe Line’s
wastewater treatment systems are packaged plants. They were installed and operational
within one week of delivery to the job sites. The wastewater treatment plants were
supplied and installed by Envirosystems Supply, Inc. (ESSI) of Hollywood, Florida.
Design of the systems was a joint effort between ESSI and Plantation. There is not
enough data at present to evaluate the performance of the treatment plant at Collins,
Misssissipi.
Wastewater Characterization. The wastewater treatment plants were designed to treat
tank draw water with reserve capacity provided to treat tank cleaning sludge filtrate.
Plantation’s tank draw water is a low volume, high strength wastewater. The pollutions!
organic strength of the tank draw water is considerably greater than typical domestic
sewage. An analytical characterization of Plantation’s tank draw water is provided in
Table 1:
TABLE 1 - WASTEWATER CHARACTERIZATION
PPM BOD
PPM TOC
PPM COD
PPM Oil/Grease
PPM S.S.
PPB BTEX
PPB Lead
pH

1.000 - 6.500
500 - 6,500
3.000 - 20,000
50 - 2,000
50 - 250
85,000
20 - 150

6

10

-

Design Criteria. Influent and effluent design parameters for the wastewater treatment
plants are provided in Tables 2 and 3:
TABLE 2 - DESIGN PARAMETERS-INFLUENT
Parameters
Flow
BOD
TOC
BTEX
Lead
TSS
Total Nitrogen

Baton Rouge

Helena

1,500 GPD
6,500 PPM
3,500 PPM

200 GPD
3,000 PPM
2,000 PPM

45,000 PPB
150 PPB

45,000 PPB
150 PPB

250 PPM
200 PPM

250 PPM
200 PPM
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TABLE 3 - DESIGN PARAMETERS-EFFLUENT
Parameters
BOD
TOC
BTEX
Lead
TSS

Helena and Baton Rouge
30 PPM
50 PPM
250 PPB
50PPB
45 PPB

Conventional biological process design equations were utilized in sizing the trickling
filter and activated sludge treatment units. The trickling filters were designed for a
loading rate ranging from 30 lb. BOD/1,000 Ft.3 to 150 lb. BOD/1,000 Ft3, with a
wetting rate ranging from 0.6 to 1.0 gpm/sq.ft. and a 30:1 recirculation ratio. A 75%80% BOD removal was assumed at this rate. Activated sludge units were designed for
a .05 to .10 F/M ratio. A compressed air diffuser system was designed to provide 1.8
pounds of oxygen per pound of BOD. Two 25-gallon activated carbon canisters were
installed in Helena. The Baton Rouge wastewater treatment plant utilized two 350gallon carbon canisters. It was anticipated the activated carbon would be required to
remove residual biorefractory ■ compounds not readily removed by biological processes.
These compounds would primarily be represented by TOC, COD, and Oil/Grease.
Wastewater Treatment Plant Start Up. Approximately 1,500 gallons and 600 gallons of
petroleum refinery activated sludge were used to expedite the start up of the Baton
Rouge and Helena treatment systems, respectively. Acclimation to the refinery activated
sludge was rapid, as evidenced by 95% BOD removal after approximately one week of
operation at Helena. The Baton Rouge wastewater treatment plant was achieving 94%
BOD removal three weeks into start up. BOD removal is a key parameter for evaluating
the effectiveness of a biological treatment system. The BOD removal of more than 98%
at Helena and Baton Rouge is considered excellent. The start up of the Helena treatment
system was unusually successful with virtually no operational or performance problems
encountered. Conversely, despite the excellent BOD removal at Baton Rouge, numerous
operational and performance problems have been encountered with the start up.
Preliminary data indicated the Baton Rouge activated carbon units were not removing
the residual biorefractory compounds as effectively as anticipated. It was expected the
activated carbon units at Baton Rouge would remove greater than 90% of the residual
biorefractory compounds. However, actual performance during the first six months of
operation has ranged from 30% to 80% removal. The poor activated carbon performance
is likely due to short circuiting and/ or poor adsorptive capacity for the residual
compounds. A small (38 inches long, eight inches high and eight inches wide) ultra
violet light/ozone unit was utilized on a trial basis to remove the residual compounds.
However, this unit typically removed less than 30% of the residual compounds and was
likely undersized for our application. Further testing conducted by an independent
consultant show that the remaining organic compounds were very difficult oxidize.
Activated carbon proved to be an effective but expensive alternative.
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Excessive and persistent foaming was experienced during the start up of the Baton
Rouge treatment system. Foam flowed into the final effluent holding tank and
deteriorated effluent quality. Additionally, the foam flowed over the sides of the
treatment system, which required frequent cleaning. Typically, reducing the air supply
to the activated sludge unit will control a foaming problem. However, this action was
inadequate at Baton Rouge. Therefore, a defoaming chemical was utilized which was
effective at controlling the foam with no deleterious effect.
Cartridge filters were used at Baton Rouge to remove suspended solids prior to activated
carbon treatment. These filters provided satisfactory performance at Helena, requiring
replacements after three months service. However, the cartridge filters at Baton Rouge
blinded within 24 hours service. Therefore, the cartridge filters were subsequently
replaced with a backwash filter at Baton Rouge.
PERFORMANCE DATA
Helena Performance Analysis. As indicated by Figures 1 and 2, biological removal
efficiencies were about 100% for volatile organics and 97% for nonvolatile organics
(BOD removal). As expected, the biological removal of biorefiactory compounds (as
measured by TOC and COD) was less than BOD removal. The activated carbon
enhanced the bio-treated effluent by removing residual amounts of TOC and COD.
Nevertheless, the TOC and COD activated carbon removal efficiencies were lower than
expected. This indicated the two, 25-gallon activated carbon units at Helena were
undersized. This factor was accounted for in the design of the Baton Rouge treatment
system. It should be noted that the bio-treated effluent exhibited a brown color.
However, much of this color was removed by the activated carbon prior to discharge.
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Figure 1. TOC removals 11/22/92 through 01/30/93
Plantation Pipeline- Helena
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Figure 2. BOD-5 removals 11/22/92 through 01/30/93
Plantation Pipeline- Helena
Baton Rouge Performance Analysis. Generally excellent biological removal efficiencies
for volatile organics and nonvolatile organics (BOD) at Baton Rouge have been observed
since start up. However, as discussed earlier, the removal of the biorefractory
compounds (as measured by TOC and COD) by the activated carbon was below design
expectations. This has resulted in persistently exceeding discharge permit limitations for
TOC and COD. Therefore, at the writing of this paper, a treatability study utilizing an
outside consultant is underway. The purpose of the treatability study is to identify an
appropriate technology for removing the residual biorefractory compounds.
Operational Requirements.Each of Plantation’s wastewater treatment plants are operated
by facility personnel who had no prior experience operating biological treatment systems.
A check list of operational functions has been developed for the operator. The operator
time requirement is typically about one hour per day at Helena an about two hours per
day at Baton Rouge.

CONCLUSIONS
Plantation Pipe Line Company’s experiences with biological wastewater treatment plants
has demonstrated these systems can cost effectively remove volatile organics and
nonvolatile organics (BOD) from tank draw waters. However, the biologically treated
effluent may need to be polished by activated carbon or chemical oxidation if applicable
permit conditions include stringent TOC, COD or oil/grease standards. Further,
treatability testing is recommended prior to design if stringent TOC. COD, or oil/grease
standards are applicable. Operational attention requirements for the biological systems
are minimal (typically about one to two hours per day).
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ABSTRACT
The U.S. Environmental Protection Agency (EPA) estimates that a third of the emissions into the atmosphere in
some industrial plants is due to Fugitive Emissions. It defines Fugitive Emissions as the diffuse release of
volatile organic compounds (VOC) or hydrocarbons into the atmosphere, through pumps, valves, connections,
open-ended lines, compressors, etc., establishing emission patterns and monitoring frequency. COPENE
Petroquimica do Nordeste S/A has been implanting a program of fugitive emissions adapted to the reality,
tiying to promote a continuous improvement in its employees' working conditions and in environmental
protection. This paper presents the methodology for the elaboration of this program and the conclusions of
some surveys which were already completed.

KEY-WORDS
Atmospheric emissions, fugitive emissions, leakage, monitoring, pumps, valves and connections.

INTRODUCTION
COPENE's fugitive emission program started with a group for reducing the losses, who approached several
kinds of fugitive emission problems, such as sealing, measuring and sampling of tanks, loads, loading of trucks,
collection of field samples, discharge of samples in the laboratory, equipment and line drainage, as well as
emissions from pieces of equipment.
The EPA estimates that the emissions originating from equipment leaks answer for about a third of the total
emission of organic substances, originating from the chemical industries. Besides that, as they are eliminated
next to the ground, their impact is from 10 to 40 times stronger than if they were eliminated through chimneys
(U.S. Federal Register - 1991).
This paper deals with the control of the last Fugitive Emission mentioned . The monitored hydrocarbons are
non-methane (in the C2 through C6 range) and they are generally photochemical reactive, that is, they are pre
cursors to oxidants, (ozone) (Wallace, M -1979).
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"Fugitive Emissions” is one of the conditioning factors from the Environmental State Council - CEPRAM
(Resolution no. 620/92 Article 5II (1) regarding the Expansion of Camagari Petrochemical Complex.
Since there are no specific regulations in Brasil, the EPA patterns were adopted, according to the table below:
Table 1 - Patterns of Fugitive Emissions of Total Hydrocarbons (ppm)
phase"
period
average type
seal

gasket

flange

phase I
(1 year)
limit
max. 10000

max. 10000

max. 500
> 0,5% flow
< 0,5% flow

frequency
a month

quarterly

annual
every
two
years

phase II
(1 year and a half)
limit
max. 500

max. 500

max. 500
> 0,5% flow
< 0,5% flow

frequency
a month

phase III
(up to the new modification)
limit
max. 2000
M semester 1000
<10% or 3 flow
(the least)
> 10% or 3 flow
(the most)

max. 500
above 2% flow
1 to 2% flow
0,5 to 1% flow
below 0,5% flow
max. 500
annual
>1% flow
every two < 0,5% flow
years

frequency

a month
a month
Improvement
quality
program

quarterly

< 0,4% flow

month
quarterly
semestral
annual
annual
every
years
every
years

two

four

Observation: The sampling collector should be placed 1 cm away from the source, at most.
Owing to the dearth of practical information regarding the matter, three strategic surveys for the Fugitive
Emission characterization were carried out at COPENE, before the elaboration of a control plan.

FUGITIVE EMISSION CHARACTERIZATION

Introduction
First of all it was necessary to perform a fugitive emission surveillance in the operational areas, concerning
several kinds of equipment and their behavior regarding the product they are operating with, as well as the
identification of the most critical points. Then it was possible to establish a plan of action which would suit the
company's reality.
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Resources
Human - An Environmental Control Analyst "from COPENE to plan and coordinate the Fugitive Emission
monitoring program in Flanges, Gaskets and Seals. An expert in Industrial Safety from JAAKKO POYRY (JPE)/ WESTON, to perform the measurements; an operator from the area to follow up and show the JPE
expert the localization and conditions of the pieces of equipment in the areas.
Instrumental. An Organic- vapor Analyser with a reading range from 0 to 10.000 ppm of hydrocarbons
(methane, for instance) belonging to JPE.

Methodology
Measuring sheets were developed with the complete scheme of the several types of equipment (see example in
Attachment -1), besides the code for the localization of the points in the areas (Attachment II). After the
identification of the points with a bail-point metal marker in the P & fs and in the areas, the measurements
were performed in the flanges, gaskets, water towers, seals and drains of all the equipment, once the access
was not dangerous for the technician and/or the chromatographer, such as climbing ladders, scaffolds, narrow
paths between heated equipment, etc. The EPA 21 (EPA340/1-91-008-1991) method was used in the surveys.

Pilot Plant-1 Survey (Butadiene-1,3)
Objectives. To measure the work to be done for the implantation of the FE program; to characterize the
Fugitive Emission by process equipment. Identify the points with the highest incidence of pattern violation;
estimate the total number of points in the plant and points without access, besides developing a monitoring
procedure.
Criteria of Choice. The main reason for the choice of the Butadiene plant is that it was the only one to present
an exposure problem to chemical agents concerning the employees,
identified by the Industrial Hygiene
Program. Some characteristics reinforced the choice of this area:
a) typical area, that is, it is similar to most of the plant areas in type and quantities of equipment; b) compact
area simplifying the surveys by the proximity of the equipment.
Results: The most important observation in these surveys was that the pump is the most problematic piece of
equipment regarding Fugitive Emissions, once it presented the highest violation indices, reaching 51% of the
total, followed by the Vessel and Control Valve (16% of violation each) Exchanger (8,5%) and Tower (8%).
The filter did not present Fugitive Emissions higher than the pattern.
The major contributors by kind of measurement were:
Water tower - Control Valve (100%)
Drain Pump (80%)
Flange Pump (48%)
Gasket Pump (42%)
Seal
Pump (100%)
The most critical points were also identified. At the end of this chapter, there is a list for comparison of the
results of the Pilot plant-2 surveys.
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Surveys of the Pumps
Objectives - To identify areas and/or critical groups of areas. To trace the kind of equipment responsible for
51% of the violations in the pilot plant-1. To apply the classification of the areas in Homogeneous Production
Groups - HPg/s (similar procedure adopted for the Homogeneous Exposition Groups HEG from the Industrial
Hygiene Surveys), according to the load and final products, and the evaluation of the results.
Results: Areas with similar products presented approximate violation indices, thus reinforcing the classification
of these areas as most critical HGP. Only two areas were atypical. Both of them presented violation levels
much higher than the other areas in their respective groups. However, in these two cases, the number of samples
(pumps) was very small, which may have caused distortion.
The areas and the most critical GHQ's were identified, allowing the priority of control actions. Besides that, it
was also observed that the plants which operate with volatile liquid products presented leakage indices much
higher than the gas operating ones.
Although the violation percentages have been different amongst the Hg's, the most critical measuring types were
the same for all the groups, that is: Seal, Drain and Gasket

Pilot Plant-2 Surveys (Aromatic Pyrolysis Fuel)
Objectives. To characterize the Fugitive Emissions of a plant operating with liquids, identifying its equipment
and critical points and adding data for the elaboration of COPENE's Fugitive Emission Program, after
comparing the results of this surveys with the ones in the pilot plant-1.
Results. The critical pieces of equipment were the same as in pilot plant 1, changing only the critical points of
these pieces of equipment and their contribution percentages for the violation index in the areas involved, thus:

Violation by Type of Equipment Plot Riant 1

Control Valve
16%
Tower
8%
Pump
52%

Exchanger
8%
Vessel
16%

Graph 1
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Violation by Type of Equipment Pilot Plant 2
Vessel
Filler

Control Valve
47%

Exchanger
2%

Graph 2
Observation : A piece of equipment consists of the inlet and outlet valves, including the instruments
(pressure indicator, check-valves, etc.).
The most violating types of measurement were the seal, gasket and drain, changing only the leaking indices in
each area. Flange and water tower had violation indices much lower in both areap.

Victiicn IVTipe cf Measuenent - Plot Pfert 1
WaterTower

3%

Graph 3
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\Aiation by Type of MeasLiBrrent-Pilot Plant 2

WaterTower Range

2%

12%

The violation indices in the seal and gasket in pilot plant-2 were much higher than the ones in pilot-1. In spite of
that, the critical points were basically the same. See Table:
Table 2 - Pilot Plant 1

Table 3 Pilot Plant 2

Critical Points Violation (%)
LC + LG (ai + as)
PGg
PMg + BJg + BBg
GAD
GAs
PGd
VCg
FYfy

Critical Points Violation (%)

10
8
8
5
5
5
5
5

PMg + BJg + BBg
VCg
GAs
BM + BJ + BB(fin + fi)
CVd
PGg
VCgd
GAd
LC + LG (ai + as)

28
15
8
7
3
3
3
2
2

Observation: For the identification of the points above see codes in Attachment-!!

COPENE'S FUGITIVE EMISSION PROGRAM- PCEF
Conclusions: A program to monitor and control COPENE's Fugitive Emissions was developed with the results
obtained in the characterization, which will be described as follows:
The Surveys of the Pumps confirmed the classification of the areas in Homogeneous Production Groups (HPG),
since the plants that operate with similar products have similar behavior. This simplifies equipment and material
specification, since the study of an area can extend to the whole HGP where it belongs.
Based on the data of the Pilot Plant Surveys it was proved that by controlling the Fugitive Emissions in the
Pumps (the whole set), in the Control Valve Gaskets and its respective Locking Device, and in the Needle
Valve of the Indicators and Level Controllers, only 40% of the existing points in the operational areas were
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monitored. However, about 70% of the leaking points in these areas were covered, which makes the program
more economical and effective. '
Graph 5

Measured Violated Points Pilot Plant 1

Measured Violated Points Pilot Plant 2

1%

Others

23%
Graph 6
The surveys of the critical points will be performed in a first phase (according to the paragraph above), ranking
the most critical ones and calculating COPENE's violating indices.
A Program Management System was developed and it is being programmed. It will be directly connected with
the Operation to speed up the process between identification of the leakage/repair.
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ATTACHMENT I
FUGITIVE EMISSION MEASURING BULLETIN - PUMPS

EF‘__d

CVfm

EF-__gd
EF-__d

BMfm
.

BMg

EF-—d ^rO FYfm .

CVfm
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ATTACHMENT D
POSITIONING CODE FOR FUGITIVE EMISSION POINTSBM-Upstream Gate Valve
BMfin
BMfj
BMC
BMg

LG or LC - Level Indicator or Control

flange upstream of the BM
flange downstream of the BM
BM Water tower
BM gasket

LG or LCgs
LG or LCas
LG or LCgi
LG or LCai
LGorLCgd
LG or LCd

BJ - Downstream G V
BJfin
BJfj

flange upstream of the BJ
flange downstream of the BJ

PG

- Pressure Indicator

BJgd

BJ gasket drain

PGg

Bjd

Bj drain

PGr
PGgd
PGd

BB - By-pass G V
BBfk
BBfj
BBc
BBg

flange upstream of the BB
flange downstream of the BB
BB water tower
BB gasket

VC

superior gasket
superior needle valve
inferior gasket
inferior needle valve
drain gasket
LG or LC drain

PG gasket
manometer thread
PG drain gasket
PG drain

- Control Valve

Observation: The Tags on- these valves should
include this code in order to gather the different kinds
of control valves in a single group.

CV - Check Valve
Cvfrn
CVfj
CVgd
CVd

VCfm
VCfj
VCfb
VCg
VCc
VCgd
VCd

flange, upstream the CV
flange downstream of the CV
gasket from CV drain
CV drain

FY -Y Filter
FYfm
FYfj
FYgd
FYd
FYfy

flange upstream of the FY
flange downstream of he FY
gasket of the FY drain
FY drain
Y flange from FY

VS

- Safety Valve
VSg
VSal

EF

flange upstream of the VC
flange downstream of the VC
flange on the VC base
VC gasket
VC water tower
VC gasket drain
VC drain

VS gasket
VS Relief

- Special Cases

GA - Pump
GAfin
GAfj
GAsl
GAs2
GAgd
GAd

flange upstream of the GA
flange downstream of the GA
1st GA seal
2nd GA seal
GA drain gasket
GA drain

GAgl

1st gasket of the alternative A

GAg2

2nd gasket of the alternative A

Points in the inlet or outlet lines from equipment
products (identified with metal marker)
Examples:
EF-1
EF-2
EF-2A
EF-2Afin

EF-2Afj
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ABSTRACT

This paper presents preliminary results of an ongoing laboratory study to evaluate the
feasibility of psychrophilic anaerobic digestion in sequencing batch reactors (SBR) for stabilizing,
deodorizing and adding value to swine manure. Six 32 L SBRs intermittently fed and operated at
20°C with fill, react and settling periods of 30, 30 and 2 days, respectively have been running
since December, 1992. Preliminary results show that the process is feasible. Digestion produced
an odourless effluent. Chemical oxygen demand reductions varied from 60 to 74%. Total nitrogen
concentrations were unchanged and the ammonia nitrogen increased by about 60%. Biogas
production varied from 0.86 to 1.04 L/g volatile solids added and it had a methane content of about
75%.
INTRODUCTION
There is a growing public concern with the environmental impact, of animal manures.
Animal manure produces strong odours, encourages fly breeding, introduces weed problems, and
pollutes air, soil and water. The Canadian Agricultural Service Coordination Committee CASCC
(1991) and Canadian Agricultural Research Council CARC (1991), recommended further research
that would allow farmers to adopt sustainable and environmentally sound agricultural practices
where animal manure is integrated into the overall production systems. In a National Workshop on
Land Application of Animal Manure, CARC (1991) recommended that processes be developed to
stabilize, deodorize and add value to animal manure.
At the present time there is no economical,' stable, easy-to-use and operate process to
stabilize, deodorize, add value to, or recover energy from animal liquid manure. Systems
experimented with in the past concentrated mainly on energy production and little consideration
was given to odour, pollution potential reduction and increase in fertilizer value. Also, these
systems were expensive to build and operate, difficult to control and labour intensive.
Psychrophilic anaerobic digestion (PAD) at temperatures ranging between 5 to 25°C makes
more sense than the anaerobic processes previously studied for animal manures under Canada's
climatic conditions. The previous anaerobic processes, operated at mesophilic (35°C) and
thermophilic (60°C) temperatures, required large amounts of energy to heat the animal manures to
maintain the digesters at these temperatures. In a full-scale anaerobic digester for cattle manure in
southern Ontario, more energy was required to run the digester in winter months than the energy
generated in the biogas produced. With PAD the operational cost would be substantially lower
because animal manures do not need to be heated and also the process should be more stable
because of the presence of a larger variety of bacteria.
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BACKGROUND
O'Rourke (1968) found that cellulose and nitrogenous material from municipal wastewater
can be anaerobically degraded at temperatures less than 20°C. For hydraulic residence time (HRT)
of 60 days, when the temperature was decreased from 20°C to 15°C, methane was still produced,
but its rate of production was substantially reduced from 360 to 120 ml/g chemical oxygen demand
(COD). Volatile solids (VS) were reduced by 80 and 50% at temperatures of 20°C and 15°C,
respectively. At 20°C, and given a hydraulic residence time (HRT) of 15 days, the COD reduction
is 90% of the reduction achieved at a mesophilic temperature of 35°C. Therefore, anaerobic
digestion in the upper range of psychrophilic temperature compares well with mesophilic anaerobic
digestion. O'Rourke (1968) did not recommend anaerobic digestion below 20°C. However, he
was only interested in optimizing methane production.
Cullimore et al. (1985) conducted laboratory studies on the influence of temperature
between 4 and 40°C on biogas production from swine manure obtained from a lagoon. They found
that the biogas production decreased linearly to zero when the temperature decreased from 26°C to
somewhere between 0 and 8°C. Their most interesting finding was that the minimum temperature
at which biogas was produced was 8.5°C in the first year, and decreased to 4.6°C in the second
year. This indicates that the biomass adaptation to low temperature conditions is a very slow, but
continuous, process. Chandler et al. (1983) successfully used PAD in a lagoon containing swine
manure. The slurry temperature varied between 11 and 20°C without affecting digestion stability.
The biogas produced at 11°C was 0.13 m^/m^-day, which represented 42% of the biogas
production rate at 20°C. The start-up phase took a month. No information was given concerning
the start-up procedure.
Balsari and Bozza (1988) investigated biogas recovery from a pig slurry lagoon. The pig
slurry had a low total solids (TS) content (0.65%). The temperature at the bottom ranged from
8.5°C in winter to 22°C in summer with corresponding biogas yields of 0.15 and 0.23 m^/m^-day,
respectively and a high CH4 content of 70 to 75%. The process was found to be stable and
economical. In Canada, swine slurry TS content ranges from 1 to 8%. This process may be
economical if it could work at higher concentrations of total suspended solids (TSS). Zeeman et al.
(1988) studied PAD of dairy cattle and pig manures. They focused their effort on start-up
procedures of batch, fed batch and completely stirred tank reactors (CSTR) digesters for
temperatures ranging between 5°C and 20°C. They found that no methane was produced at
temperatures below 20°C unless temperature-adapted seed material was used. When inoculum was
used, batch and fed batch digesters could be started at temperatures as low as 5°C. For the CSTR
reactor, the start-up time was 175 days when the temperature was 20°C with an HRT of 30 days.
Based on their results it appears that hydrolysis is the rate limiting step at temperatures above 15°C
and volatile acids (VA) utilization is the rate limiting step when the temperature is below 15°C.
More research is required to verify this.
Most research to date on PAD of animal manure concentrated on optimization of biogas
production. The limited number of studies indicates a large variation in PAD process performance
and they also give little consideration to odour reduction, manure stabilization and increase in
availability of crop nutrients. Previous research conducted on PAD was carried out in batch,
completely mixed and accumulation reactors. Utilization of anaerobic SBR process (ASBR) is very
recent and therefore only limited amount of research has been performed on this process.
Therefore more research is required to determine the feasibility of PAD of swine manure in SBRs.
One advantage of SBR when compared to anaerobic processes previously studied is that
settling of biomass occurs under ideal conditions. With ASBRs the food:microorganism (F:M)
ratio is high after the filling period and low just prior the settling period. Dague et al. (1992)
indicated that the these operating conditions result in efficient bioflocculation and solids separation.
They also reported that partial pressure of CO2 is maintained in the ASBR during the settling
period. As a result, no significant quantity of CO% is transferred to the head space. Therefore,
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this eliminates the suspension of particulates in the supernatant that usually occurs when CO2 is
transferred to the head space.
Another practical important feature of SBR is that it does not interfere with regular farm
operations. It can be loaded during normal manure removal operations and the farmer does not
have to deal daily with digester effluent. In an ASBR digester, effluent needs to be handled once
every one or two months, depending on the operating conditions.
OBJECTIVES
This study will determine the actual feasibility of PAD of swine manure for typical
Canadian farm operations such as temperature,' organic loading rates, swine diets, etc.
The
suitability of PAD will be based on the following criteria: process stability, ease of.operation, cost,
COD reduction, nutrient recovery and mineralization and odour reduction. If PAD in SBR is
found suitable to treat animal manure, a dynamic model will be developed. The model kinetic
parameters will be determined experimentally and design specifications and control strategies will
be recommended for both small and large-scale farm operations.
This paper reports preliminary results obtained during the first experimental runs with the
ASBR digesters.
MATERIALS AND METHODS
Laboratory Scale Reactors
Fig. 1 shows a schematic diagram of the laboratory scale SBRs used in this study. Each
lexan reactor had a height of 1000 mm, a sludge zone of 6 L, total volume and working volume of
32.5 L and 20.5 L, respectively. Locations of influent and effluent lines as well as gas lines are
shown. Reactor mixing was achieved by biogas recirculation. Biogas production was measured by
a wet cup gas meter. Digesters were located in a chamber where the temperature was maintained at
20°C.
TABLE 1: COMPOSITION OF SWINE MANURE
CONSTITUENT
Total Solids,
Volatile Solids, %
Soluble COD,
Total COD,
Total Nitrogen, g/L as
Ammonia Nitrogen,
pH
Alkalinity,
Acetic Acid,
Propionic Acid,
Butyric Acid,

CONCENTRATION

%

4.8
3.0
39
84

g/L
g/L
N
g/L as N

7.5
5.6
7.3
14000
4500
1600
1700

mg CaCOg/L
mg/L
mg/L
mg/L

Swine Manure Characteristics
The swine manure used in this study was collected at a commercial swine operation. Table
1 gives a detailed composition of the swine manure after its collection. At the time of collection
the manure was 4 days old. The manure was screened to remove particles larger than 3.5 mm
prior to feed preparation. In order to reduce experimental variation, a volume of manure large
enough to carry out all the experiments was collected, screened and stored in a freezer. Manure
feed samples were heated to the digester operating design temperature prior to feeding.
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OPERATING CONDITIONS
The experiments were conducted at a temperature of 20°C. Six SBR units were operated.
In preliminary runs not discussed here, ammonia or some other constituent in the high strength
waste appeared to inhibit anaerobic metabolism.- Therefore in this first set of runs the feed was
diluted as shown in Table 2.
Manure is generally removed from the swine barn once or twice a week. In some
operations it is removed daily. In this study the manure was fed to the digester three times a week.
At the form, the fill cycle should not be more than a month in order to limit the volume of the
SBR. The react time should be long enough to produce almost odourless effluent with good
fertilizer value and reduced pollution potential. The initial operating sequence for fill, react and
settling periods is given in Table 2.
TABLE 2
OPERATING PARAMETERS AND SEQUENCES
FEED
SBR DILUTION* CYCLE
FILL REACT
SETTLE
LOADING
DRAW IDLE RATE
NO. FACTOR
LENGTH
(DAY) (DAY)
(DAY)
(DAY)
g VS/L-D
7
62
30
30
62
8
30
30
2
62
9
30
30
2
10
62
30
30
11
3
62
30
30
12
62
3
30
30
* Swine manure was diluted with water to reduce its strength

2
0.42
0.42
2
0.42
2
0.42
2
2
0.42
2
0.42
and prevent ammonia toxicity.

START-UP PROCEDURE
The digesters were initially started using 6 L of anaerobic sludge obtained from a dairy processing
wastewater treatment plant. Table 3 gives the anaerobic sludge characteristics. A low loading rate
of 0.42 g VS/L-d was used for the initial runs to adapt the anaerobic sludge to swine manure.
Monitoring and Sampling
Biogas production-was monitored daily and the biogas composition weekly. The feed and
digester mixed liquor were analyzed every week for soluble and total COD, solids contents (TS,
VS, fixed solids, TSS, fixed suspended solids), ammonia and total nitrogen, VA concentration, pH
and alkalinity. The analytical procedures used to determine the above parameters were carried out
according to standard methods (APHA, 1989).
Gas composition and VA concentrations were determined by gas chromatography.
Results and Discussion
Digesters 7 and 12 experienced failure after only two weeks of operation. Their biogas
production was very low compared to the other digesters. Digester 7 and 12 were found to leak
considerable amounts of air. Their contents were removed and the reactors were sent for repair.
Therefore, results for digesters 7 and 12 are not reported. Data collected during February and
March, 1993 for digesters 8, 9, 10 and 11 are reported in Tables 4 to 7 and Figs. 2 to 4.
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TABLE 3
ANAEROBIC SLUDGE CHARACTERISTICS
CONCENTRATION
CONSTITUENT
11
5.6
10
73
1.3

TS
%
%
VS
Soluble COD,
g/L
Total COD,
g/L
g/L as N
Ammonia Nitrogen,
Total Nitrogen, g/L as N
pH
mg CaCOg/L
Alkalinity,
Operating temperature, °C

7.9
7.3
14000
35

Fig. 2 gives the cumulative biogas production as a function of time and Table 4 gives the
biogas production as a function of VS added to the digesters. At the end of the fill period biogas
production ranged from 0.66 to 0.77 L gas/g VS added. The production increased further by about
30% to 0.84 to 1.04 L gas/g VS added at the end of the react period. Fig. 2 and Table 4 show that
for the same organic loading rate the dilution of manure did not affect biogas production during the
fill period. But during the react period, an increase in dilution of swine manure increased the
biogas production by up to 20%. The higher dilution had a beneficial effect on the reduction of
inhibitory substance concentrations. At the end of the react period the methane production ranged
from 0.63 to 0.78 L/g VS added.
Methane production obtained in this study was substantially higher than methane
production from swine manure obtained by digestion at 35°C. Kroecker et al. (1979) obtained
methane production of 0.45 L CH^/g VS added for a loading rate of 2.5 kg VS/m^-day and
Hashimoto (1983) obtained 0.42 L CH^/g VS added for a loading rate of 2.5 kg VS/m^-day. The
large biogas production with a high CH4 content indicated good process stability.
TABLE 4
Digester
No.

8
9
10
11

BIOGAS PRODUCTION AND COMPOSITION
Bioeas Production CL CH^/e VS added)
End of react Methane Fraction
Feed
End of fill
Dilution
Period
Period
%
Factor

2
2
3

0.66
0.62
0.70
0.77

0.86
0.95
0.93
1.04

72
76
73
77

Table 5 gives a summary of the analytical results for the digesters' influent and effluents
(supernatants). The COD content of the supernatant was 40 to 70% lower than the COD content of
the swine manure fed to the digester. This indicates that the swine manure were partly stabilized.
The VA reduction ranged from 60 to 97%. The digester effluent was almost odourless.
Table 6 gives the system COD removal based on methane production. COD reduction
ranged from 60 to 74% and it increased with an increase in manure dilution. Table 7 presents the
results on nitrogen mass balance. The average mass of ammonia-nitrogen increased by about 6%
while the average mass of total nitrogen did not change. Nitrogen was conserved and its
mineralized fraction slightly increased. The sludge had good settling characteristics. There was a
clear demarcation between the sludge and supernatant zone at the end of the settling period.
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6

TABLE 5
DIGESTER
NO.
8

9

10

11

INFLUENT-EFFLUENT ANALYSES
RAW
PARAMETERS
MANURE

TREATED
EFFLUENT

%
REMOVED

PH

7.2

7.59

-

Alkalinity
VS (g/L)
COD (g/L)
TKN (g/L)
NH3-N (g/L)
VA (g/L)

14000
30
84
7.5
5.6
10.2

6670
14.9
25.2
3.72
2.17
1.6

50
70
50
61
84

pH
Alkalinity
-VS (g/L)
COD (g/L)
TKN (g/L)
NH3-N (g/L)
VA (g/L)

7.2
14000
15
42
3.8
2.8.
5.1

7.72
7670
12.2
21.4
3.29
1.87
0.4

—
19
49
13
33
92

PH
Alkalinity
VS (g/L)
COD (g/L)
TKN (g/L)
NH3-N (g/L)

7.2
14000
15
42
3.8
2.8

7.58
7300
8.2
14.2
2.61
1.77

—

VA (g/L)

5.1

2.0

60

PH
Alkalinity

7.2
14000

7.70
5000

—

VS (g/L)
COD (g/L)
TKN
NH3-N
VA (g/L)

10
28
2.5
1.9
3.4

5.0
16.6
1.92
1.33
0.1

50
40
23
30
97

—

—

—
45
66
42
36

—

Fig. 3 shows that the concentration of acetic acid increased with time. This accumulation
indicates that hydrolysis and acidification are taking place. It could also indicate that methane
formation is inhibited. During the react period when no feed was added to the digesters, the acetic
acid concentration still increased. Therefore it is more probable that the increase in acetic acid was
due to methane formers inhibition. The effect was more pronounced for the reactors with a lower
feed dilution.
Supernatant was removed from digesters 8 and 9 and the experiment was repeated. For the
second run the methane production decreased by about 80% and the acetic acid concentration in
digesters 8 and 9 increased steadily to 5000 mg/L (Fig. 4). Results from the second run clearly
indicates that the methane formation was inhibited. These digesters were working very well
initially and had completely failed after a couple of months of operation. The reason for this is that
the glue used to assemble the lex an digester, started to react with the digester contents. The glue
cracked and expanded. The digesters lost their gas tightness and the obligate anaerobic methane
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producers were inhibited by the presence of oxygen.
To confirm "that the glue was causing toxicity, a set of jar tests were with the feed at
conditions in the reactors. These tests showed that methane production remained stable and acetic
acid concentrations did decrease after some time in the react phase. Therefore further bench-scale
test are required with new reactors made without the glue.
TABLE 6
Digester
No.

COD REMOVAL BASED ON METHANE PRODUCTION
Feed
Methane
COD
Dilution
Produced
Removed*
Factor
(L) "
(g)
97
113
106
121

—
33.8
8
2
39.5
9
37.2
2
10
42.3
11
3
* Methane COD = 2.86 g/L CH4 at 25°C and 1 atm.
** COD removed % = (COD removed/COD fed)*100.

TABLE 7
Digester
No.

NITROGEN MASS BALANCE
Increase in
NH3-N
%

Increase in
TKN
%

COD
Removed**
(%)

60
69
65
74

Increase in
NH3-N/TKN
%

8
9
10
11

Ave = 6

Ave = 0

Ave = 6

CONCLUSION
Preliminary data on anaerobic digestion at 20°C and low organic loading rate in SBR showed good
potential to stabilize, deodorize and increase fertilizer value of animal manure. The digester
effluents were almost odourless when compared to the raw manure. Also, the SBR was efficient in
retaining the biomass. It provided good solids-liquid separation. It appears necessary to dilute the
swine manure
influent by a factor near 2 to avoid inhibition problems for PAD at 20°C. COD removals near
70% can be attained by the process operated at a cycle time and conditions that are suitable for a
typical farm operation.
Process instability occurred during the preliminary run mainly because of technical
problems with the digesters fabrication. This experiment will be repeated and further investigation
will consider higher organic rate, lower temperatures and changes in animal diet.
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THE RISK CONTROL OF MERCURY IN THE CHLORINE-SODA
INDUSTRIES

BRAZILIAN ASSOCIATION OF CHLORINE ALKALIS INDUSTRIES AND
DERIVATES - ABICLOR
ABICLOR, Rua Sahara n2 566, conj. 71/3 - Higienopolis - CEP 01239-100 SAG PAULO - SP - BRAZIL - Fax: (Oil) 231-5993

ABSTRACT

This paper has the aim to show as the chlor alkalis industries of Brazil, have been working with the
problems of mercury in its processing and the care with this use in order to protect the environment.
The document will approach the mercury, its presence in the nature, and the handle with care; a short
description of processing production, the products results, chlorine, caustic and hydrogen, and the
treatment given for the products, the wastes and subsequent modifications.
About the relation above, mercury and products, will describe the way of the Brazilian industries do the
environmental management, the final disposal of the wastes, including the technologies of treatment and
recuperation of the products. This analyze, will be approached for liquid and solid waste and the emissions.
In the case of the liquid effluents, will be considered the technologies treatments and mercury recuperation,
the system treatment of waste water and the neutralization of chemical wastes. The same development will
be given including the mercury recuperation in the solid waste and the treatment of emissions streams.
We will considerate the historical evolution of the system of treatment of waste, the environmental
management in this kind of industries. This environmental management will considerate superficial and
underground waters, the solid wastes and the atmosphere emissions. Its evolution will permit to show the
environment quality and the biological control in the physical indicators and its corresponding in the
environmental investments.
As attached and it will be great value for all the studious in the subject will be prepared summary of State
and Federal Regulations.

KEYWORDS
Alkalis; chlorine; caustic soda; effluents; environment; mercury; recoveration process; waste
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INTRODUCTION
The mercury is one of the elements that men use in a lot of products and activities.
One of these uses is in the chlorine-soda industry, that has as a technological process the mercury cathode
cells utilizations.
Annually, in Brazil, the mercury destinated to this industry is 7,6%. The world level is 23,7%.
Since 1892, mercury has being used in the chlorine-soda process. Nowadays, others two processes are
being used: diaphragm and membranes. The mercury process is responsible for 60% of caustic soda
produced in Europe, 16% in United States and 23% in Brazil.
The mercury risks control in the chlorine-soda industries, particularly, in Brazil, is the reason of this
presentation. Mercury uses needs special care, so that its toxic characteristic do not provoke environment
and health damages to the people who handle it.
To control these risks the chlorine-soda industries developed management and anti-pollution treatment. In
this last decade it is estimated that about 58 million dollars were applied in the development.
The work's presentation.plan is divided into three parts: a mercury overview; a specific discussion of
treatment technologies and finally, mercury management aspects in chlorine-soda industry.

GENERAL ASPECTS OF THE MERCURY
In the environment the source of mercury is the cinnabar basically constituted, by mercury sulfide (HgS).
The cinnabar is found in few countries: approximately 80% are found in Spain, Italy, Yugoslavia, the ex.
Soviet Union, United States, China and Mexico.
Every year, in occidental countries, the use of mercury in metallic form or combined with other substances
reaches 7.000 tons.. These uses include dental amalgams and many others industries like; electrical,
electronics, chlorine-soda and chemicals industries, explosive and gold mining.
In 1989, Brazil applied 340 tons, of mercury, approximately, as in table below:
TABLE 1 - BRAZIL: MERCURY CONSUMPTION - 1989

TONS
168
80
34
26
10
9
9
4
340

SECTORS
MINING
DEALERS
PAINT/VARNISH
SODA/CHLORINE
PHARMACEUTICAL
LAMPS
CHEMCALS
DENTAL AMALGAMS
TOTAL
SOURCE: CETEMCNPq
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49,4
23,5
10,0
7,6
2,9
2,7
2,7
1,2
100,0

In addition to the mercury removed from cinnabar and used by men as raw material, mercury is also
present in petroleum, coal, fossils fuels and minerals. Major efforts are necessary to control 500 tons, of
mercury that is released to the environment annually, when man extracts, processes and utilizes mercury
from the nature.
It is possible to find mercury in all environmental grounds, air and water. The volcanoes, hot springs and
other geothermal sites, reach from 50 thousands to 150 thousands of metallic mercury annually according
to the World Health Organization (WHO).
Only a small part of mercury in the global environmental is attributed to human's activities. However, in the
workplace and environment where mercury is. used as raw material or product, the impact can be more

significant, when appropriate control measures are not taken in their uses and applications. Generally,
intoxication and its symptoms depend on the abnormal exposure and the form that mercury is presented:
metallic, ionic, organic or inorganic..

PRODUCTION, TREATMENT AND RECOVERY TECHNOLOGIES
Among the eletrochemicals decomposition processes, in aqueous solution, the most known is the
electrolysis of aqueous solution of sodium chloride that produces chlorine, hydrogen and caustic soda. The
raw material to produce chlorine-soda comes from salines (common salt) or mineral salt (subsoil mines)
and the chlorine production, soda and hydrogen occurs in the electrolytic cells.
The mercury cells are formed by two essentials parts: an electrolyzer and one decomposer as shown in the
figure 1.
The products are obtained through a solution ofNaCl, on the average 290 g/1 and 80 °C, that is distributed
in several parallels cells in the electrolyser, the brine aqueous solution is electrolyzed using titanium anode
and mercury cathode. The energy is supplied in a continuous current.
The gas chlorine is released in the anode and the metallic sodium is deposited in the cathode surface, which
is dissolved to form liquid amalgam. The amalgam flows to the decomposer where water is added to form
sodium hydroxide 50%. After being resaturated the depleted brine that leaves the electrolyzer feeds the
electrolyzer again. The main reactions that occurs in this process are:

ELECTROLYZER
Anode : Cl’------> 1/2 + CI2 e"
Cathode: Na+ + xHg + e~---- > NaHgx
DECOMPOSER
Anode : NaHgx-----> Na+ + xHg + e"
Cathode: H2O + e-------- > 1/2 H2 + OHTotal
: NaHgx + H2O----- > NaOh + 1/2 H2 + Hgx
Figure 1
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The mercury recovered from the bottom of the decomposer, returns to the electrolyzer with the aid of a
pump. In this way, mercury works in a closed circuit.
In this process it is necessary to avoid the losses of mercury that can occur when the products leave the
cells to the ambient.

Figure 2 DECOMPOSER

The technologies of chlorine-soda based in mercury cathodes cells aim to have the body cell-decomposer
as stagnant as possible avoiding Hg losses by evaporation or leakage, and recover the Hg that, eventually,
was in the products that leave the cells.

CAUSTIC SODA
The caustic soda produced in the electrolytics cells decomposer carries the mercury. On the average this
value among the seven industries that use the process of mercury cells and cathodes is 1,2 ppm.
To reduce this loss the caustic soda is cooled and filtered by using activated coal as a filtration bed. A final
product is obtained with contents that vary from 0,02 to 0,1 mg/Kg, according to the process. The
evolution in this recovering technology appoints that, in 1982, the Hg removed from the least efficient
plant reached 66,7%. In 1992, all plants removed at least 99,0% of Hg.

HYDROGEN

The hydrogen contained in the decomposer is moist and has mercury vapors. The largest part of this
mercury is removed through successives coolers and condensation, helped by coolers systems.
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The final removal of mercury is made in coal beds impregnated with sulfur, in series. The hydrogen in the
entrance of the first bed is about 5,6 mg Hg/m^ of H2 , and in the exit of the second bed 0,02 mg Hg/np
QfH2.
After a period of time, the beds may be changed because they become saturated, and create a solid waste
of mercury plus coal. This dangerous wastes undergo a treatment which permit to recover the mercury in
the metallic form.

CHLORINE
The chlorine do not receive a specific treatment concerning the mercury removal due to the low
concentration of chlorine as a final product.

LIQUIDS EFFLUENTS
The liquids effluents that contain mercury in the chlorine-soda plants are collected and treated to avoid
pollution. These are the origin of these effluents:
Water wastes originated from the equipments and pavements in the departments that have contact with
Hg;
Hydrogen treatment unit condensations;
Water refrigeration that can be Hg contaminated;
Purge effluents, eventual samples and leakages in the hydrogen, brine, caustic soda and chlorine treatment
sectors.
Possible pluvial waters that may be Hg contaminated.
The employed treatments consist in liquid effluents recycling, the mercury retention by insolubility in the
form HgS and in the mercury retention in ionic form.
The losses are insignificant when one of the three methods above is used. The mercury removal effluents
efficiency is in the order of99,97%. Graphic 1 shows the performance results reached in 1984 and 1992 by
two companies.

RECYCLING
This technique consists in collecting possible effluents to be reintroduced in the initial cell-decomposer
system: the examples are the hydrogen circuit condensates, brine samples and non-treated caustic soda.
It is necessary to use two specific treatments to recycle the liquid effluents, when it can not be made in a
general way.
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TREATMENTS
The treatment units are made of tanks that collect waters, brine and leakage products not recovered. In
these tanks the first system purification is processed. The liquids are kept in alkaline pH, aiming the
precipitation of suspension material, mercury and sediment compounds. The purification by decantation
causes mud at the bottom of the tank, that is frequently removed and transferred to the mercury distillation
unit.
The clear pumps, floating in the environmental temperature, are handled under an automatic flow control
in the treatment unit. This unit has a chemical and physics process that are combined with the purpose to
associate the most important processes of mercury purification, so that the advantages of each one are
added to obtain a global efficiency of99,98%.
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Graphic 1 . Max. and Min. medium values among the producers (pg Hg/1)

INSOLUBILITY IN THE HgS FORM
The ionic mercury insolubility and the effluent filtration occurs through HgS retention in a press filter, that
receives a pre-layer of soil with silicium that acts as a filtration aid.

IONIC FORM
The chemical process includes the not-soluble ionic mercury reduction to metallic form using hydrazine,
that precipitates and it is easily absorbed by the carbon.
However because of the high costs of hydrazine, the sodium sulfite is used to reduce the free chlorine.
Hydrazine is utilized only to reduce ionic mercury to metallic form. The addition of hydrazine is
automatically controlled through a redox controller indicator that can maintain the minimum required
excess, according to the water ionic mercury content.
After the chemical process, the non-reduced ionic and metallic mercury retention physics process is
started including two stages: carbon filtration and resin retention.
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The carbon filtration absorbs all metallic mercury. When the precoat is saturated it is removed and
transferred to the mercury destilation unit. During the filter cleaning and replacement period, all water
remains stored in the available tanks.
The efficiency of this process that joins mercury reduction and filtration is approximately 97%. Due to the
efficiency of this processs it is used exclusively by some plants.
The second step of the physics process corresponds to pass water by a cationic resin, where the remaining
mercury is efficiently reduced (99,98%). The resin has a macroporous structure in a poliesthirene matrix
and presents excellent affinity characteristics and a large fixing degree of mercury, besides a fixing capacity
not affected by the chloride content.
In relation to the brine impurities, it is necessary to consider that the brine enters in the electrolytic cells
where part of the salt is transformed into sodium and chlorine amalgam. The brine that leaves the cell

receives the necessary salt amount to the concentration and return to the cell, working in this way in a
closed circuit.
It's necessary to perform chemical reactions to eliminate the salt impurities added to the brine. In these
reactions, the undesirable substances are precipitated: calcium, iron and magnesium.

SOLID WASTES
The contaminated mercury solid wastes treatment originated from caustic soda demercurization, wastes
waters and brine mud, has the finality to recover the mercury, transforming the adequate wastes to be
discarded with no damages to the environment.
The most used process in Brazil consists in an oven with trays, where the waste is prepared and heated in
an average temperature of450 °C, remaining a sufficient time to vaporize the mercury. Lately the mercury
is condensed through refrigeration, recovered in metallic form and recycled to the mercury cells
compartment.
After the retort process, the mercurial wastes presents very low levels of mercury, even though the wastes
are enclosed in a capsule to make blocks that will be used into the plant. These blocks are analyzed and
should present lixiviation values in order of 10 ppb, ten times less than the legislation limit which is 100
ppb. During all the heating process or retorting cooler, the mercury wastes vapors are aspirated to the
abatement tower.
It is important to emphasize that all solid wastes, mercurial or not, have an appropriate destination,
specially by the recycling which allows to minimize the generation of sources wastes.
The heating and vaporization process occurs in a vertical metallic oven, heated by electrical resistances.

GASEOUS RELEASES
In the electrolytics cells the vapors of water with mercury are aspirated to the mercurial gases treatment
system, where occurs the cooler and/or Hg absorption in water solution or recycled chlorinated brine to
the main system.
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The water vapors plus mercury from the cells/head-board and the mercurial wastes retort process are
through one absorption tower that utilize chlorinated brine (14 ppm of Cl%), when mercury chloride
(HgiCli) formation occurs. It returns with the brine to the electrolysis where the ionic mercury is reduced
to metallic form in the electrolyzer cathode.
It is also performed an air mercury monitoring in many points, outside and inside the mercury cells
compartments. The mercury concentration registered in the air is an average of 0,009 mg/nP less than the
legislation 0,04 mg/nv* allowed. As an example, graphic 2 presents the mercury measurement in a
ABICLOR's associate chlorine-soda plant, which is has an excellent result.

MERCURY FACICR -19844 992

YEAR
Graphic 2. - Representative sector companies data

EVOLUTION SYSTEMS IN CONTROL AND TREATMENT
Mercury loss reduction technologies used in Brazil, constitute an essential part of management, but not
the only element to control mercury in the chlorine-soda industries.
The objective of this management is work respecting the higher quality pattern of the workers health and
the environment. It includes many strategies that became known before the specific legislation established
in 1976. It was only in 1984 that the first real result of the claims issued by the chlorine-soda segment
appeared. In this year it was created the Pollution Control Program, in Cubatao, Sao Paulo, in which were
registered 320 polluting sources. The region producing plants were reported only in three sources because
the others had already been controlled.
The Environment Internal Commissions creation is also a pioneer attitude. Their attribution are the
promotion of workers and community consiousness. At least one company has this commission since
1970, even before the First Environmental Globe Conference (1972).
In 1985, another pioneer activity in the environmental area was established to create a program to show
how an industry works. The Open Plant Program is a direct line with the community, during 24 hours per
day, 365 days per year.
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In addition to the mentioned and adopted measures by almost all plants, it is also possible to select
additional mitigating measures that had to be implanted aiming to control and to minimize the mercury
effects to the environmental. These measures were out of the original project. It must be detached the brine
areas impermeability, not-contaminated pluvial effluents formation - the cells header vapors and mercury
basin exhaustion. In a plant occurred the total replacement of the used raw material - common salt - for
evaporated salt to reduce significantly the mercury contaminated brine mud generation.

ENVIRONMENTAL MANAGEMENT
All chlorine-soda plants keep very similar management program as a result of ABICLOR's efforts to
change experiences among these industries. In brief it can be presented the following common programs to
the environmental consciousness and maintenance:
To establish clear procedures to the execution of mercury handling areas maintenance;
To minimize the cells overture and its components to realize maintenance services;
To establish severe criterion to the Hg collected from eventuals spills or leaks;
To make all professionals conscious of the toxicity and cares with the mercury handling; and
Appropriate Individual Protection Equipment and to make that all professionals be conscious of its
corrected use.
These are the following rules in case of surface waters, groundwaters, solid wastes and atmospheric
releases:
Daily monitoring of all currents of liquid effluents treated for discard according to the actual legislation;
Monitoring of all implanted wells water and controlling of all parameters from the raw materials and
products handling;
Monitoring ofthe mercury contents of the treated wastes, taking notes and controlling its final fate; and
Environmental monitoring in the cells compartment, brine and treatment unit, aiming to control the
emission in the actual legislation established levels.
In relation to the worker's health accompaniment, the control is started with the biological monitoring
realized by urine mercury levels determination. The workers were divided into homogeneous groups of
potential risks and a control group. This monitoring allow to apply criterion to move them from the
exposure area, when biological limits are exceeded.

The graphics below present the sector's result.
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CAUSTIC SODA SECTOR - URINE TESTS REALIZED
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WASTE MINIMIZATION IN A
PETROCHEMICAL COMPANY
Marcelo Anan
Oxiteno SA. Ind. & Com., Av. Brigadeiro Luis Antonio 1343 - 7thfloor
•ZIP 01350-900, Sao Paulo, Sao Paulo, Brazil.

ABSTRACT
A better way to manage industrial effluents consists in reducing its generation and treating them when elimination
or minimiration of that emission is economically unachievable.
This paper intends to show the modifications adopted in a petrochemical plant to adequate and to reduce the
generation of industrial effluent
The regional legislation at Sao Paulo. State - Law n° 997/76, art 19A establishes the standards for disposal of the
State waste water treatment system. Our goal, however, is to try to eliminate tire source ofthe wastes itself.
Therefore, the following measures were implemented:
- modify process whenever possible;
- install facilities that can reduce emissions;
- orient and train operational personal
This presentation will focus on the first two topics.
Some process modifications are:
a) an installation of one evaporator that recovers products and raw-materials from residual water. Promotes the
steam grid optimization and consequently reduces the content and amount of industrial liquid effluent;
b) optimization of one entire unit that produces solvent This attitude provided a significant improvement in the
waste water quality.
The facilities that we will present are:
a) collecting systems that recover the products from equipment low points;

b) other applications.
KEYWORDS
Controlling emissions; facilities; minimization; optimization; process modifications.
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INTRODUCTION

Oxiteno is a petrochemical company that produces ethylene oxide and derivatives like ethylene glycols, glycol
ethers, ethanolamines and alcohols/ether acetates. The main applications of these products are in the manufacture
of fibers/polymers (glycols), paint solvents (ethers/acetates) and brake fluids (gtycols/ethers).
Our process plants, like any petrochemical plant, always have liquid purges: purge to eliminate water formed in
reaction; purge to remove by-products in cycle waters; drain water or condensate used in auxiliary equipment; and
others. Chemical and petrochemical plants are large consumers and dischargers of water.
The standard for disposal of the industrial liquid effluents in the State waste water treatment system is ordered by
Sao Paulo State Law n° 997/1976, art 19A that regiment:
- pH values between 6.0 and 10.0;
- temperature under 40 °C;
- sedimentable material under 20 mL/L;
- hexane soluble compounds (oil & grease) under 150 mg/L;
- phenol under 5 mg/L;
- cyanide under 0.2 mg/L;
- fluoride under 10 mg/L;
- sulfur as S042" under 1,000 mg/L and S2" under 1 mg/L;
- soluble iron under 15 mg/L;
- heavy metals (as AS, Cd, Pb, Cr, Cu, Hg, Ag, Se) under 1.5 mg/L.
This Law also establishes that whenever a sewer public system is available, the effluents of any source of pollution
must be thrown in it
In attention to environmental concerns, since 1990, Oxiteno studies ways to reuse water and to reduce or to
eliminate the generation/emission of the liquid effluent in the industrial unit of Maua, Sao Paulo.
We will describe some solutions found illustrating our efforts in this area.
The improvements achieved can be illustrated by results in the industrial effluent through environmental
engineering.

Flow rate (m^/h)
Organic composition (% weight)

Before
modifications
48.5
2.5

Current
position
25.0
0.15

This philosophy is being implemented to other operational units of the company.

PROCESS MODIFICATIONS
Process modification technology depends on the specific process, and the size of the effect that each action will
have on waste minimization will vaty from process to process.
We always need to verify and to analyse peculiarities of each process. The first approach is to study the process as
a whole to visualize the global situation. The next step consists of examinating the individual sources of waste in
detail So it becomes necessaiy to evaluate the reaction stage, the separation and recycle systems and the utility
systems. Finally, whenever possible, action should be taken to reduce or eliminate the source of the waste. The
application of those actions wifi promote recovering of products and raw-material, minimization of by-products
generation, reduction of consumption of fresh water, energy saving, etc.
Next, some examples adopted on this company are listed.

330

Recovering products and energy saving
Analysing the etoxilation unit, we perceived two purge streams where product was lost. The first stream consists
of water used to wash the vapours of tire top of one distillation column, while the second stream is the purge to
remove salts in the main cycle water after an ion exchange unit Both streams were thrown to effluent.
Now, one evaporator (El) is installed to recover-the products from those streams. The concentrated current is
then recycled to the purification equipment of the unit A small portion of those purge streams, about 10 % of that
two purges, is keeped in this purification section to eliminate the'by-products formed in the reaction.
The new evaporator also promotes the energy optimization of the unit The water contained in these purges after
evaporation, are used as steam in the distillation column instead of using live steam from steam grid system.

FIG. 1 Example of recovering product and saving energy in one unit
We reduced about 3.0 m3Zh of organic liquid effluent and recovered of 100 ton/year of the product. Also,
the3.0 ton/h of water was used as steam generated on this new evaporator.
Process optimization
The process considered is an esterification unit The study showed the need for the implementation of a control
strategy for the unit and the debottlenecking of two equipment (one stripping column (C2) and one water/organic
separator drum (FI)).
The purge stream eliminates the water formed in tire main reaction. If temperature was not controled in the first
column (Cl) of the unit, products and raw-materials to liquid effluent would be lost
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The above mentioned equipment was changed to improve the nominal capacity of the unit, but the capacity
limitation also contributed to increase the effluent-contents.
hi order to avoid the use of live steam, a reboiler (El) was installed in the stripping column (C2) to reduce the
total flow rate of the liquid purge of this unit
All implementations promoted improvement in the quality and quantity of the liquid effluent of this unit The flow
rate was reduced from 1.0 m3/h to 0.4 m3/h and the organic contents from 10 % weight to 100 ppm.

CONDENSERS

REFLUX
DRUU

COLUMN
REBOILER

REACTOR

FIG. 2 Example of process optimization
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FACILITIES
In both batch and continuous processes, equipments need to be cleaned in order to prevent contamination of new
product or to liberate the equipment to make the necessary maintenance.
Materials used for cleaning the equipment often cannot be reused or recycled, however process operations can be
improved to diminish the quantity of contaminants in these cleaning procedures.
Collecting system
In this example, the unit produces solvents in continuous process but due to the diversification of the solvents they
operate in campaigns by definite times.
In each campaign change, the inventories of the equipments are sent to reprocessing tanks.
The low points of the equipment were drained as effluent. After one accurate study low point collecting system
was implemented. Now, these products are sent to a collector drum and so recycled to the reprocessing tank.
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FROU SOLVENT I
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>
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0

ATU

>
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FIG. 3 Example of low point collecting system

333

>

ttY

PNEUUAT1C
OIAPHRAGU
PUUP

VENT

>

*

The analysis demonstrated that the volumes in the low points of lines and equipments are about 2000 liters. After
the installation of the collecting system, organic products are no longer discharged on the liquid effluent system,
we improved both process operations in campaigns changeovers and the industrial hygiene/environment
conditions to the operational workers.

Other facilities studied
To improve process operations and effluent quality, we are testing and implementing other ideas with good
results.
Cleaning equipment. We are testing to wash equipments like drums, vessels, tanks, reactors with medium pressure
rotating spraying systems. Some preliminary results showed that we can reduce tire total quantity of water
necessary to clean equipments with the actual procedures. This will promote the reduction of water used, the
elimination of solvent necessary to clean the equipment, increase the productivity of tire unite and improve the
treatment of the residual waste water.
Regeneration procedures of ion-exchange units. Ion-exchange units have special features referred on each
process. Features like operational conditions, resin ages, process quality, run time, etc. So, from time to time, we
need to look at the operational features and improve regeneration's procedures. We can vary the amount of the
regenerate compounds to adequate at each situation, vary the amount of water to rinse the resin and so on. So far,
good results were achieved.
Cooling tower blow-down. Cooling towers are larger consumers of water in petrochemical plants. This blow
down depends of raw water quality. We will improve the quality of the circulating water by installation of one side
stream filter that will reduce the amount of suspended solids on the water. This will reduce considerably the blow
down values and will diminish the consumption of chemical reagents.
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ABSTRACT
Industrial and municipal wastewater treatment plants must find new technologies to condition and process
sludge due to new sludge disposal regulations. Although sludge is often stabilized by anaerobic digesters,
it has the potential for further digestion and additional gas production. In addition, heavy metals that
accumulate in sludges limit the sludge disposal alternatives. A two-year study conducted at City College of
New York evaluated the effect of rapid-thermal conditioning (RTC) on sludge biodegradability and metal
solubilization. Thermal conditioning took place in a rapid thermal conditioning reactor (RTCR), where
sludge was mixed with steam at the bottom of the reactor. Operating temperatures reached as high as 220°C,
and hydraulic retention times varied from 10 seconds to 30 seconds. This thermal method solubilized as
much as 60% of solids and improved the ultimate biodegradability from 50% to 100%. Metal solubilization
reached as high as 50% for pH-unmodified sludge, and as high as 90% for acidified sludge. After
dewatering, the metal concentrations in the sludge cake depended on the associated level of solids
solubilization. Metal concentrations in the sludge cake increased for metals that solubilized less than the
solids.

KEYWORDS
Biodegradation; industrial wastewater; metal solubilization; methane production; rapid thermal conditioning
reactor; sludge conditioning; sludge disposal.

INTRODUCTION
Most industrial and municipal treatment plants use clarifiers to remove and concentrate suspended solids into
a slurry called sludge. The two sources of sludge in municipal plants are the primary settling clarifiers, and
the secondary clarifiers located downstream the biological process. For primary sludge, volatile solids range
from 60% to 80% of total solids; whereas for biological sludge, volatile solids range from 80% to 88%
(Metcalf and Eddy, 1991; USEPA, 1979). The combined primary and secondary sludges are usually
stabilized in anaerobic digesters designed to destroy approximately 50% to 55% of the volatile solids.
However, the digested sludge still has the capacity for further digestion and production of additional methane
gas.
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In addition to containing organic substances, sludges contain heavy., metals and other potentially toxic
substances that may interfere with sludge treatment and disposal alternatives. Heavy metals are common
components of industrial and sewage sludge because they are removed from dilute wastewaters at a high
degree of efficiency. Industries such as petroleum refining, electroplating, steel production, chemicals
manufacturing, and paint production are major contributors (Hayes et al, 1979). The heavy metals considered
in this study were cadmium (Cd), lead (Pb), mercury (Hg), copper (Cu), zinc (Zn), nickel (Ni), and
chromium (Cr).
This paper presents the findings of a two-year research project that evaluated how rapid thermal conditioning
(RTC), a new technology, could improve sludge treatment and disposal alternatives. The RTC evaluation
was based on (1) anaerobic biological treatment enhancement, (2) additional methane gas recovery, (3)
sludge volume reduction, and (4) heavy metals solubilization and removal.
Thermal conditioning of sludge took place in a Rapid Thermal Conditioning Reactor (RTCR) that was built
specifically for this project (Figure 1). The sludge was mixed with various ratios of steam introduced at the
bottom of the RTCR to achieve temperatures up to 220°C. The hydraulic retention time for sludge in the
RTCR could be varied from 10 seconds to 180 seconds, hence the term rapid thermal conditioning. The
results presented in this report were obtained at 10 seconds and 30 seconds of HRT. Preconditioning the
sludge to pH1.5 for metal solubilization was achieved by adding HC1 to the sludge storage tank.

City Water

mp

RAPID THERMAL CONDITIONING PROCESS

Fig. 1 Diagram of rapid thermal conditioning reactor

METHODS AND EXPERIMENTS
Rapid Thermal Conditioning
Rapid thermal conditioning was first used by McFarland et al. (1982) to hydrolyze com stover into glucose.
Hydrolysis took place in a steam-injection plug-flow rapid thermal conditioning reactor. The RTCR operated
from 6 seconds to 21 seconds with temperatures reaching up to 245°C.
Garzon-Lopez (1987) used RTC to improve partially digested sludge (PDS) biodegradation, which increased
methane production. The retention times varied from 1 second to 30 seconds, and the temperatures varied
from 160°C to 260°C. For autohydrolysis (no pH adjustment), a conditioning temperature of 200°C and a
HRT of 10 seconds yielded the maximum biodegradability improvement. Acid hydrolysis yielded low
biodegradability improvement.
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The RTCR used in this study was similar to the one used by Garzon-Lopez. The reactor was capable of
handling sludges with up to 8% solids, pressures up to 30 atm, and temperatures up to 220°C. PDS was
placed in a 200 L storage tank equipped with an agitator. A Moyno type, 12-stage progressing cavity pump
rated at 900 psia was used to feed the PDS through the RTCR. The steam required for heating the PDS was
generated by a 3.6 hp high-pressure steam boiler manufactured by Lattner Boiler Co., Cedar Rapids, Iowa.
The boiler could have operated at a maximum pressure of 900 psia, but for safety purposes it was operated
at approximately 800 psia.
A steam pressure control system was designed for a source pressure of 900 psia, a temperature of 288°C,
and flowrates of 20 to 100 lbs/hr. The steam control system consisted of an electronic gauge pressure
transmitter with a 10 foot silicon fluid-filled capillary tube between the seal and the transmitter (for heat
dissipation), an electronic PID controller, a current to pneumatic converter, and a pneumatic control valve.
The heart of the system was three identical reactors Rl, R2, and R3 (Figure 1) which provided flexibility

to operate the system at three different HRTs at identical flowrates and reaction temperatures. In addition,
the three reactors could operate at an HRT range of 10 seconds to 180 seconds instead of the one reactor
range of 10 seconds to 60 seconds. HRTs were changed by adjusting the sludge feed flowrate and by using
one, two, or three reactors in series. As shown on Figure 1, two or three reactors could be operated by
opening and closing some valves. The reactors were constructed of a 31-inch length 304 SS tubing with
0.120 inch wall thickness and 1-inch internal diameter.
Steam from the high pressure boiler was combined with the sludge in a centrifugal mixer at the base of Rl.
Steam provided rapid heating to the sludge up to the predetermined reaction temperatures. Reaction
temperatures were monitored by thermocouples that were placed at each end of the reactors. Reaction was
terminated when the sludge was forced through a pressure let-down valve which also allowed the streamsludge mixture to cool down. Treated sludge was cooled to room temperature by a heat exchanger and was
then collected for chemical and biological analysis.

Metals Solubilization
Acid extraction has been considered for metal solubilization. Scott and Horlings (1975) used sulfuric acid
to acidify anaerobically digested sludge to pH1.5 for 15 minutes. The results showed that iron, chromium,
copper, and zinc were extracted by 100%, 54%, 26%, and 73%, respectively. Martinkat and Yapijakis
(1991) showed that the solubilization of copper, chromium, and lead exceeded 40%, 40%, and 50%,
respectively, at pH1.5 and acidification times between 10 hours and 17 hours.
McNulty et al. (1977) used hot acid-treatment to solubilize metals from thickened activated sludge. Metal
solubilization took place at 95°C, with pH from 2.0 to 3.5, and contact times between 10 minutes and 60
minutes. Zinc and nickel solubilized by 91% and 36%, respectively. Chromium, cadmium, and lead,
however, showed low solubilizations.
An extensive literature review showed that only the solubilization of metals was evaluated. Metal
concentrations in the cake, once the sludge was dewatered, was not considered. It was implied that when
metals were solubilized, metal concentrations in the resulting cake should have decreased. However, this
expectation may not be true for all metals since acidic conditions can cause the solubilization of solids.
Therefore, this study also evaluated the metal concentrations that remained in the sludge cake after
centrifugation.
Metal solubilization was evaluated using the RTC process on both sludge at unmodified pH and sludge
modified to pH1.5 by the addition of HC1. Treated samples were centrifuged at 3,000 rpm for 10 minutes.
Centrate and cake were analyzed for metals and solids. Since centrifugation is used to dewater sludges in
New York City (NYC), centrate metals and non-filtered metals were used as soluble metals.
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Biodegradation Evaluation
Changes in biodegradation were evaluated by the Biochemical Methane Potential test (BMP), and the
Anaerobic Toxicity Assay test (ATA). BMP (Owens et al., 1979) is the anaerobic counterpart of the aerobic
Biochemical Oxygen Demand test, where a sample with seed is incubated in septum-sealed 160-mL serum
bottles incubated at 35 °C (mesophilic) for 60 days. The long incubation time is needed to observe potential
acclimation trends. Gas production is measured daily during the first few days and at prolonged intervals
thereafter. Cumulative gas production is then plotted as a function of incubation time. The ATA test (Stuckey
et al., .1980) was performed along with the BMP test to evaluate end-product anaerobic toxicity. To conduct
this test, a known amount of acetic acid (of known methane potential) was added to some of the incubated
serum bottles. Gas production from the serum bottles was measured manometrically and various calculations
were evaluated on a computer. Calculations included the following:
1) Accumulated Gas Production (AGP), mL gas: This calculation included the total gas
produced from each serum bottle. The gas was periodically analyzed by a gas chromatograph to confirm the
production of methane gas.
2) Specific Gas Production (SGP), mL gas/g COD feed: The feed was either sludge which
served as the baseline, or thermally conditioned sludge. The accumulated gas production (AGP) of the
samples that contained unconditioned sludge (seed) was subtracted from the AGP of the samples that
contained thermally conditioned sludge and seed and feed to determine the AGP of the feed. The gas
production was divided by the substrate COD in each serum bottle to determine the specific gas production
(SGP). Thus, for control or the untreated sludge (seed):
SGP, = AGPs/S,
where "S" is substrate COD and subscript "s" is seed.
For thermally conditioned sludge (feed):
SGPf = (AGPs+f - AGPJ/Sf
where subscript "f" is feed.
‘3) Gas Production Improvement (GPI), % of control:
GPI = (SGP, - SGPs)T00/SGPs
The tests demonstrated that gas production improvement (GPI) varied with incubation time, suggesting an
overall improvement in gas production and kinetic rates. Therefore, the GPI at any one time interval during
the incubation period could not be used by itself for comparison purposes. The BMP test uses a 60-days
comparison time. Most of the samples had a maximum GPI at the first incubation time (first gas reading
after incubation, usually within one day). The GPI then decreased exponentially to an asymptotic value. For
this reason, the following four incubation times were used to compare the GPI: initial incubation (within oneday); 15-days incubation (typical hydraulic retention time of digesters, Metcalf and Eddy, 1991); 60-days
incubation (BMP test); and infinite time (ultimate biodegradation improvement).
Analytical Methods
All analysis of conventional pollutants were performed according to Standard Methods (1992) at City College
of New York. Analysis of heavy metals were performed by NYC Department of Environmental Protection
laboratory using Environmental Protection Agency (EPA) approved methods.
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RESULTS AND DISCUSSION
Heavy Metals
Anaerobic digested sludges for this study were taken from two NYC water pollution control plants, Wards
Island (WI) and Newtown Creek (NC). WI treats mostly municipal wastewater while NC treats wastewater
with significant contributions from industries. Table 1 lists the average 1989-1990 metal concentrations for
the two plants. The NC metal concentrations were much higher because of the industrial discharges.
TABLE 1 METAL CONCENTRATIONS IN ANAEROBICALLY DIGESTED SLUDGE
(APRIL 1989 - MARCH 1990)
Plant

Zn

Ni

Cr

Cu

Cd

Pb

Wards Island

958

34

227

1,354

12

269

1,735

125

835

1,858

33

532

Newtown Creek

I

•

Notes:
1. Concentration in mg/kg Dry Solids
2. Ref. Hazen and Sawyer, and Stone & Webster (1990)

WI sludge was thermally conditioned at 220°C for 10 seconds at both unmodified pH (=pH7.3) and pH1.5.
Figure 2 shows the metal solubilization results. The data showed that heating the sludge to 220°C without
modifying the pH increased solubilization by 30% to 55%, with copper solubilizing the most. All metals,
except copper, showed higher solubilizations when sludge was only acid-treated. Zinc showed the largest
solubilization of 87%. Copper was solubilized only 4% atpHl.5, indicating that pH adjustment by itself will
not remove it from the sludge. But when the acid-treated sludge was thermally conditioned to 220°C for 10
seconds, all metal solubilities, except copper and lead, did not show any significant solubilizations over the
room temperature results. Copper was solubilized by 37%, which was lower than the 54% solubilization
obtained at thermal conditioning and unmodified pH. Lead was solubilized by 67 %, which was almost twice
the solubilization obtained during the other conditions. Therefore, RTC greatly improved metal solubilization
both with or without pH adjustment.
Solubilization, however, does not mean that metal concentrations will decrease in the cake when sludge is
dewatered. A very important observation made during the study was that both metals and solids were
solubilized. Metals in the cake either decreased or increased depending on how much solids were solubilized
in relation to the solubilization of metals.

I
i
!
'
I
j

Figure 2 also compares solids solubilization to metals solubilization. Solids were solubilized by 53% when
the pH-unmodified sludge was thermally conditioned at 220°C. Solubilization dropped to 40% at pH1.5
without thermal conditioning, and increased to 60% when the temperature was raised to 220°C. Figure 3
shows the effect that solids solubilization had on the metals that remained on the sludge cake after
centrifugation. During the thermal conditioning of the pH-unmodified sludge, the copper concentration in
the cake decreased slightly from 2,500 mg/kg to 2,300 mg/kg; all other metal concentrations increased,
Similar results were obtained at pH1.5; only the zinc concentration in the sludge" cake decreased from 1,700
mg/kg to 230 mg/kg. Some of the other metals decreased slightly or increased, depending on how much they

solubilized compared to solids solubilization. The same effect was obtained when acid-treated sludge was
thermally-conditioned at 220°C.
These previous results were confirmed by similar tests performed on NC sludge. Sludge was thermally
conditioned at 220°C and unmodified pH, and at 165°C and pH1.5. RTC hydraulic retention times (HRT)
of 10 seconds and 30 seconds were evaluated during this run. The longer HRT (Figure 4) showed no
improvement on metal solubilizations at both unmodified pH and pH1.5. Similar results were obtained for
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FIGURE 2

Fig. 2 Metals and solids solubilization (TS) results from WI. Copper showed highest solubilization at
220°C and unmodified pH

FIGURES

10000

pH1.5; 220 oC
pH1.5; Room T
pH=Unm;220oC
Baseline
Heavy Metals

Fig. 3 Cake metal concentrations from WI. Most of the metals cannot be removed from sludge,
because of high solids solubilization.

cake metal concentrations (Figure 5). Therefore, subsequent results were compared using the RTC at 10
seconds HRT.
Figure 6 shows the NC metal solubilizations at the various treatment conditions. These results are similar
to the WI results, which ranged from 25% (nickel) to 48% (copper) at unmodified pH and 220°C. AtpHl.5
and without RTC, all metals, except for copper, showed high solubilizations. Only 4% of copper was
solubilized (similar to WI). RTC at 165°C had no significant metal solubilization improvement and copper
solubilization was even decreased to 2%. Cake metal concentrations (Figure 7) increased for some metals
and decreased for other metals at all conditions. Therefore, solubilization by itself does not ensure that
metals will be removed from sludge.
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FIGURE 4

Fig. 4 Metals solubilization results at 30 seconds of RTC are comparable to 10 seconds.

FIGURES

I

Fig. 5 Cake metal concentrations at 30 seconds of RTC are comparable to 10 seconds.
Both the WI and NC results were contrary to the literature results, where it was implied that once metals
are solubilized they are removed and, therefore, a cleaner sludge cake will be produced. This may be valid
for inorganic sludge, such as sludge from metal hydroxide precipitation, but is not valid for organic sludges.
Metal concentrations from organic sludges could be removed but only when their solubilization rates exceed
the solubilization rates of the sludge solids.
Biodegradation
Partially digested sludge (PDS) collected from WI was thermally conditioned from 100°C to 220°C at 10
seconds HRT. Specific gas production (SGP) data was fitted by using the following two-term exponential
equation:
SGP = G,(l-et") + G2(l-ek2‘)
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FIGURE 6
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Fig. 6 Metals solubilization from NC. Copper showed highest solubilization at 220°C and unmodified
pH, but low at pH1.5.

where the first exponential component represents the fast term of the equation, and the second component
represents the slow term. Therefore,
G,
kl
G2
k2
t

=
=
=
=
=

max. SGP of fast term, mL Gas/g COD
rate of fast term, 1/d
max. GPI of slow term, mL Gas/g COD
rate of slow term, 1/d
incubation time, days

FIGURE 7

S/ / pH15;16SoC
/ pH1.5; Room T
pH=Unm; 220 oC
Baseline
Heavy Metals

Fig. 7 Cake metal concentrations from NC. Only zinc can be effectively removed from sludge at low
pH.

This form of the equation has also been applied and used successfully in modeling BOD with wastes that
appear to be mixtures of readily and slowly biodegradable organics, such as wastes from pulp and paper
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industries. The excellent fit of the two-term equation to the SGP data is shown on Figure 8, where seed is
compared to the sludge that was thermally conditioned at 220°C. The GPI value, calculated from SGPs of
Figure 8, compared favorably to the results of the two-term equation. Because of the excellent fitness of the
model to the data, all subsequent results were compared using the two-term equation.
FIGURES
137(1-«xp(-1.09l) )+ 93 (1»qxp (-Q.038t))

49(1-«*p(-0.617l)) + 115(1-axp (-0.0371))

1

SGP ol SEED

Days After Incubation

Fig. 8 Fitness of the two-term equation to SGP and GPI data. Data was collected at 220°C.

Figure 9 shows the average GPI results over various experiment days. The GPIs starts with maximum values
at time t=0 and then drop exponentially to asymptotic values. The highest GPI at the beginning of the
incubation period clearly shows the improvement to the biodegradation kinetics, and the GPI at infinite time
shows the improvement to the ultimate biodegradation. The greater the conditioned temperature the greater
the kinetics improvement and the greater the ultimate biodegradation. Therefore, as much as 50% to 100%
of additional biodegradation could be obtained from thermally conditioning sludge at 220°C, resulting in less
sludge for disposal.
In addition, the kinetic rates improvement indicates that biodegradation could take place in shorter times than
the 15 days to 20 days currently used by conventional anaerobic digesters.

CONCLUSIONS
The Rapid Thermal Conditioning Reactor, built at City College of New York, was successfully tested using
digested sludge. The reactor was run for over two years without any major problems. Rapid thermal
conditioning temperatures reached as high as 220°C, and reactor HRTs were as low as 10 seconds.
Thermal conditioning greatly affected metal solubilization, where copper at unmodified pH showed the
maximum solubilization of 55% (WI) and 48% (NC). At the same conditions, nickel was the least soluble
with solubilizations of 26% (WI) and 25% (NC). At acidic conditions, however, copper was the least soluble
metal for both plants. Zinc was the most soluble for WI, and cadmium was the most soluble for NC.
Therefore, the choice of the pretreatment condition on metal solubilization depends on the type of metals
present in sludge as well as the sludge type, i.e. sludge from municipal wastewater will behave differently
than sludge from industrial wastewater.
Solids were also solubilized during thermal conditioning. Solubilizations reached 50% (unmodified pH and
220°C) and 60% (pH1.5 and 220°C). When solids were solubilized more than metals, the metal
concentration in the sludge cake increased; metals can only be removed from sludge when their
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FIGURE 9
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Fig. 9 Average GPI results from 100°C to 220°C. Results demonstrate kinetics and biodegradability
improvement.
solubilizations exceed the solids solubilization. The high solids solubilization, however, will greatly decrease
the sludge volume for disposal by the same ratio; disposal costs will decrease by 50% for sludge RTC at
220°C and unmodified pH.
The ultimate biodegradability of sludge increased when conditioning temperatures were increased. At 220°C
the improvement reached over 50%. Kinetic removal rates were also improved when conditioning
temperatures were increased, indicating that further sludge anaerobic biodegradation could be feasible at
short hydraulic retention times. Biodegradation improvement will increase methane by at least 50% over the
control, and will further reduce the sludge volume for disposal.
Therefore, RTC can be used to condition biological sludges, solubilize metals, enhance biodegradation,
produce additional methane gas, decrease sludge production, and decrease sludge disposal costs.
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POLLUTION PREVENTION AND WASTE
MINIMIZATION PROGRAM IN THE ALUMINIUM
INDUSTRY - ALUMAR'S EXPERIENCE
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ABSTRACT
Pollution Prevention and the Waste Minimization Techniques emerge as the most effective managerial tools
for shifting to Total Quality Environmental Management.
This paper presents the steps required for structuring and starting a Waste Minimization Program, and
integrating it into the plant's operational procedures. The process starts with the inclusion of waste
minimization objectives into the Company's Environmental Policy, and receiving management commitment. It
continues with the design of the structure required for implementing such a program, as well as the ways for
assessing and auditing the continuos improvements and effectiveness of its application.
A method is presented on how to form Waste Minimization Teams, their composition and the way they have
to work. The practical steps required to obtain the commitment of managerial and operational people, set up
measurable goals and methods to maitain the program are emphisized.
Two case studies present the application tools used at ALUMAR's Aluminium Integrated Port, Refinery and
Smelter Complex, currently producing 1 million metric tons/year of Alumina and 350 thousand metric tons
per year of Aluminium.
The first case study is related to the source reduction of fluoride emissions from the aluminium smelting
process through the improvement of operational procedures and commitment to the goals of pollution
prevention and minimization. Also, presented in this case is clean technology used for gas treatment, through
dry scrubbers. This technique avoids the cross media pollution generation, and recycles the fluorides into the
production process. As good as the pollution prevention is, greater is the economical benefits on saving raw
materials and cutting treatment costs.
The second case study presented is related to the Bauxite Residue Management. This process involves steps
required for planning the disposal and recycling of raw materials back into to the process, as well as land
reclamation and plans for future uses of the rehabilitated disposal areas.

KEYWORDS
Waste minimization; pollution prevention; recycle; source reductionjdeployment; operational plan;
management commitment; fluoride; bauxite residue.
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INTRODUCTION
Pollution Prevention and Waste Minimization focuses on reducing pollution at the source by using sound
environmental industrial process and practices. Pollution Prevention initiatives often mean more efficient
industial processes, thus making them more economically competitive. The best way to clean up the
environment is to prevent environmental deterioration in the first place.
To turn those principles into reality, Alumar has adopted an Environmental Policy and Implementation Plan,
which states the "Operating Management" will utilize quality tools, waste minimization techniques and energy
conservation practices to reduce resource utilization, waste and environmental impacts.
As the first step to the implementation of such principles it is necessary to achieve top management
commitment, the second step involves, converting those principles into an operational plan, by translating and
incorporating the principles into production goals and practical operational procedures and practices.
A formal "Waste Minimization Program" should be integrated into the plant operational plan. This way, is
established for the program in, a structured way, as well as the steps required for getting it started and
keeping it working in the continous improvement track.
The main goal is to internalize the concept that waste minimization should be practiced at all stages of the
industrial cycle and by all the plant's personnel, focusing on avoiding the production of waste rather than only
on the end-of-the-pipe control of emissions or discharges.

THE ALUMAR COMPLEX
Venture. The Consorcio de Aluminio do Maranhao - Alumar, is the venture between Alcoa Aluminio S.A,
and Billinton Metals S.A as well as the participation of Alcan Aluminio do Brasil S.A in the refinery only.
Alumar is one of the world's biggest aluminium complexes, with investments in the amount of US$ 1,6 billion
dollars, 10% of this is applied to environmental protection and control systems.
Alomar's Refinery is responsible for the production of 1 million-ton of alumina per year, and the Smelter
operation produces 350 thousand tons of primary aluminium a year.
Alumar, in operation since 1984 is located , in the area of the Distrito Industrial of Sao Luis, the capital city
of the state of Maranhao. Alumar is operated with strict environmental respect standards, these are observed
as part of an important element of the corporate philosophy.
The Refinery. The refinery is where the alumina is extracted from the bauxite. The approximately one million
annual tons of alumina is principally used in the production of primary aluminium. Any surplus is then
exported to other consumer markets.
The bauxite is sent to the refinery on conveyor belts and is refined through a computer-controlled
hydrometallurgic process, known as the Bayer process. These computers ensure the efficiency of the
equipment and process, therby avoinding any adverse effects on the environment (See Fig. 1).
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During this process, the bauxite is mixed with the caustic soda solution and then ground to a paste. It is then
transported to the digesters, where the paste is heated in high-pressure vessels in order to dissolve the
alumina. Impurities are separated through- sedimentation and filtration,-and in this way the bauxite residue is
removed. The alumina is then precipitated in a trihydrated form, with the hydrate being calcinated at 1000°C
to obtain calcined alumina.
This alumina, now a fine, white powder, is ready to be marketed or to undergo smelting in order to be
transformed into aluminium.

i_

oo

_

Fig. 1. The Bayer Process

The Smelting. ALUMAR's smelting system basically comprises the following divisions: Electrode (green
anodes, anode baking, redding room), Potrooms and Ingot Plant. In the potrooms where the smelting cells
are located, 350 thousand tons of aluminium is produced per year.
The production process consists of the electrolytic decomposition of alumina in a molten bath, through which
a continuous electric current passes. This bath is composed of cryolite and fluorides, in which the pre-baked
carbon anodes - the negative electrodes - react with oxygen released from the decomposition of alumina. The
liquid aluminium resulting from this electrolysis is deposited on the cathode lining - the positive electrode that is also made up mostly of carbon-based material (See Fig. 2).
The aluminium produced daily is pumped by suction into crucibles and taken to the ingot plant area. The
ingots are then sold and transformed into a wide range of aluminium products.

WASTE MINIMIZATION PROGRAM
Alumar adopted The Eight Steps Minimization Process, in the implementation of their Waste minimization
Program. This process is derived from a structured quality tool for problem solving, that guides you through
the practical steps for understanding and put into use the methodology and tools.
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The first initiative is to break down the operation into process or activity areas, and form Waste Minimization
Teams for each one of these areas. These teams should be composed of people who know the facility, process
or procedures - production, engineering process, operational people and environmental personnel. A leader
should be designated for each Waste Minimization Team. This is someone who should know the process and
can also act as a facilitator. As soon as the team is established, it is necessary to set Waste Minimization Goals
to be achieved over a specified period of time. These goals should be measurable and easy to understand by
the team members.

INOOT PLANT

CARBON LINING
(CATHODE)

TO FABRICATION"

Fig. 2. The Smelter Production Process

In the following items we describe the eight steps taken during the implementation course of the Waste
Minimization Program (See Fig. 3).
The Eight Steps Minimization Program
Collect and Compile Data. The goal of this step is to define the opportunities for reduction and waste
minimization. To achieve this goal it is necessary to have an understanding of the process and plant operation
in a way that make it easy to obtain a complete inventory of generated residues, and opportunities for
indentifying reduction and waste minimization. Information gathered here is also necessary for a later
selection of these opportunities.
The answers to the questions below are very important at this step of the process.
1. What are the air, water, and waste streams generated by the process or plant ?
2. What is the production rate associated with the volume or weight of waste being produced ?
3. Which streams are classified as hazardous and which are not ?
4. What process flowchart look like ?
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5. What are the input material used that generate the waste streams of a particular process or plant area ?
6. What are the work and housekeeping practices which may contribute to waste generation ?
7. Are recyclable wastes mixed with other process wastes ?

Fig. 3. Eight Step Waste Minimization Process

Prioritize and Select Waste Minimization Options. Priorities must be given in this step to opportunities for
reduction and waste minimization, developing goals of measurable minimization and developing a valid
measurement system
This step must evaluate the long-term minimization possibilities of all residues generated due to the plant
operation. Budget limitations and the workforce available for the job provide better opportunities for
reduction and waste minimization. The residues and opportunities selected should, therfore, present the
main problem of the plant related to the generation of residues.
Below are some considerations concerning the residues to be evaluated that should be given priority:
- Compliance with current and future regulations.
- Costs of waste management (treatment and disposal).
- Potential environmental and safety liability.
- Quantity of waste.
- Harzadous properties of the waste (including toxity, flammability, corrosiveness, reactivity).
- Minimization potential.
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- Potential recovery of valuable by-product.
- Available budget for the waste minimization assessment program and projects.
Identify Causes of Waste Generation. The objective of this step is to determine the causes of the residue
generation selected for minimization, to obtain a full understanding of the effects of the causes of residues
generation and how these causes have the influence of the minimization expectation to be achieved.
In general, the waste minimization causes may occur in the raw materials, project and process of the
equipment maintenance, operational process conditions (temperature, pressure, flow rate), working
procedures and housekeeping practice. The main and most specific cause in each one of these categories can
be better determined by those individuals directly engaged to the process and should include a detailed of the
process.
Identify Approaches for Minimizing Waste. In this step a list of alternative solutions should be generated
for the causes of selected waste generation.
From the environmental point of view it is desirable that waste minimization be made by the reduction at the
source. Thus, choosing options that could achieve this way of minimization ,and those related to the residue
reuse and recycling. The options for the residue treatment should be considered only after the exhausting all
acceptable minimization options (See Fig. 4).

Waste Minimization Techniques

Recycling

* Return to original process
* Raw material substitute foe

* Product substitution
* Product conssnrMlon
Change In product

Input Material Changes
purification

as a by-product

Technology Changes
Process Changes
Equipment, piping, or
layout changes
* Changes In operational

Good Operating Practices
* Procedural Measures
* Loss prevention
* Management practices
* Waste stream segregation
* Material handling Improve* Product scheduling

Fig. 4. Waste Minimization Techniques
Talking with the personnel from the process production area that generates the specific residue can result in a
better minimization plan.
Hence, the study groups for waste minimization should include personnel engaged to the process, reduction,
or the job site ofthe generator areas.
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EvaJute Technical and Economic Feasibility and Select Options. The main objective of this step is to
assess the economical and technical feasibility of the proposed actions for waste minimization and selection of
the most viable ones. Also, the knowledge of the involved risks, expected costs, necessary resources, waste
minimization expectation, barriers imposed on minimization and possible "side effects" of each alternative.
• Technical Evaluation. The technical assessment determines the proposed actions for the minimization of
residues which effectively could be applied on a case-by-case situation. Therefore, the possible restrictions
to the product or quality of the production process must be evaluated. Some restrictions may result in the
elimination of one option due to capital or operational costs.
• Economical Evaluation. Every plant or processing sector uses its own criteria for the selection of actions
to be implemented. In some cases, like changes in operational procedures, work practice and housekeeping
improvements, an action can be implemented either with little or no investment. A balance must also be
made between the gains provided by the implementation of the action and the required worktime for the
analysis of the technical and economical feasibility.
The economical assessment should be taken by steps. In the first one, there is the comparison between the
direct costs and benefits (capital, costs and operational outputs). If the benefits compensate the costs, then the
option is feasible. On the contrary, it is necessary to step into a second step which includes the indirect costs
and benefits. If, however, both costs and benefits do not compensate the costs, there should be the analysis of
less tangible costs and benefits such as environmental liability, employees and public relationships as well as
the corporation's image.
Trying The Action's Effectiveness. In some cases the necessary actions for the waste minimization are
related to equipment, raw material or changes in the process, making it impossible to conclude the economical
and technical feasibility studies. So, the accomplishment of lab tests or through a pilot plant can reveal new
and unexpected problems and "side" effects. The execution of these kinds of experiments may’not only set up
the technical and economical feasibility but also show the possibility of improvements.
At the end of the sixth step there should be either assurance that the action is effective or the understanding of
the reason why it does not pay to insist on this step.
Implement Procedures and/or Modify The Process. In this step the knowledge acquired so far is used to
improve the situation and benefit from the opportunity of minimizing the residue. It must be observed if the
action to be implemented gives the expected results.
The implementation of the action plan represents the relationship among all the things that must be done in
order to assure a smooth transition to the new process. It is important at this point to define, the best way to
set up the communication among the people involved, the people required to be properly trained and, the
operational procedures that may be modified or new standardized procedures issued.
The action involving capital expenditures or additional operation or maintenance costs, specially when the
available resources are limited, should be reviewed regarding among other things:
• What the market and competitions is doing ?
• How to implement the action, fitting it to the global business plan of the company and the corporate
environmental policy?
Evaluate Performance. After the implementation of the action towards the waste minimization, it is
necessary to continously assess its effectiveness. It may be necessary to implement improvements for those
options showing signs of not achieving the performance expectations.
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In the waste minimization process, the most significant and successful indicator is the residue reduction itself.
This reduction can be shown in weight, volume percentage reduction or relationship between generated
residue and produced material. Another important indicator is that the revenues gotten by the residue
generation reduction be enough to afford and even to go beyond the expenditures forseen for the setting up of
the project.

EXAMPLES OF ALUMAR'S WASTE MINIMIZATION
INITIATIVES
The initial phase of the process consisted of developing a full inventory of the Industrial Wastes generated at
Alumar, including their quantitative and qualitative characterization, conveyance methods, handling, storage
and disposal, as well as possible recycling ways and/or utilization in other process.
After the above mentioned survey there was a selection for waste minimization as well as the gathering of
work teams related to the generator areas of the selected wastes. The opportunities selection process aimed at
waste minimization is shown in Figure 5.
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Fig. 5. Waste Stream Matrix

Case 1: Fluoride Emission Reduction. Alumar Smelter has a current production capacity of 350.000 tpy
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and comprises 608 pots in the three potlines, an Electrode Plant with three baking furnaces and an Ingot
Plant. The start-up of Potline I (204 pots), Potline II (250 pots) and Potline m (154 pots) ocurred in 1984,
1986 and 1990, respectively. A dry scrubber system'consisting of 53 A-398 reactors treats the exhausted
gases released from potrooms. The Carbon Baking furnaces have no gas scrubbers installed.
The legal limit for total fluoride emissions established for Alumar is 1.25 kgF/Al, as an yearly average which
incorporates Potrooms, A-398 reactors and Carbon Baking sources.
/
Untill 1990, the emission level was often above the established standard, reaching its worst result in 1989:
1.32 FgF/Al, as yearly average. This was caused by operations and processes deficiencies as well as by an
ineffective environmental control system. An aggravating factor for this situation was the use of the DensePhase technology in Line II Alumina Feeding System, instead of the Air-slide process used in the other lines.
Damages to the surrounding vegetation, poor housekeeping of the operational areas, drainage system
contamination and deterioration of the air-ambient quality were the major resulting factors (See Fig. 6).
kgAAl

AVERAGE 1990:1.28 (UNE1+2)
AVERAGE 1991:0.69 (UNE 1*2*9)
AVERAGE 1992: 0A4 (UNE 1*2*3)
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Fig. 6. Smelter - Air Emissions (Total Fluoride - Lines 1+2+3)

Following a through analysis of the effects of fluorides on the vegetation along with the major causes for the
high-level emissions, an action plan was put into effect in order to assure absolute compliance with both
Alumar Environmental Policy and legal requirements, among these actions, we point out:
1. Strategy for a progressive reduction of total fluoride emissions in Potrooms, A-398 reactors and baking
furnaces untill its practical limit, by using the existing technology, through the following actions (See Fig.
7):•
• Establishment of a clear and commited procedures related to area housekeeping, pots hooding placement,
butts and bumofis cleaning, bath and reacted alumina leakage, draft balance and roof monitor sampling;
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Fig. 7. S5o Luis Performance Management Model (Environmental)

. • Measurable audit processes to evaluate pots hooding placement and housekeeping of the operational areas,
improvement of communication, feedback on results and consequences
• Operational training and environmental education of hourly personnel, with emphasis on strict adherence
to standard oprating practices, responsibilities and compan/s values;
2. Effective communication process relating to the company's objectives and the Operational Plan deployment
to all employees, including clear definition of objectives and enablers for each area of the plant (See Fig.
8).
3. Commitment and total integration between the Operational and the Environmental areas concerning the
identification of opportunities for improvement through the Quality tools (8 steps, Critical Process, ICCs
and QIP teams).
4. Operational areas' leadership and involvement in the environmental management process, along with
management commitment to objectives, feedback, recognition and consequences.
5. Retrofit to air-slide in Line n Alumina Feeding System.
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Fig. 8. Alumar Deployment Process
The main achievement resulted from these measures was the progressive decrease of total fluoride emission
from 1.28 KgF/Al (900 Kg/day) in 1990 to 0.54 KgF/Al (500 Kg/day) in 1992, despite production capacity
increases from 250.000 tpy to 350.000 tpy.
The major benefits were:
♦ Significant air-quality improvement with minimum damages on local vegetation (See Fig. 9);
♦ Emissions levels 45% below the legal standards;
♦ Approximate cost saving of $200,000/year and no capital investment for installation of carbon baking
scrubbers (See Fig. 10);
♦ Vegetation protection by reaching the 400 Kg/day recommended limit for gaseous fluoride emissions;
♦ Minimization of long-term liabilities by avoiding vegetation demage;
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Fig. 9. Fluoride In Vegetation (Babagu)

♦ Strong line-management leadership and commitment;
♦ Higher awareness from employees and local community;
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Fig. 10. Alumar Smelter - Fluoride Emission Balance (1992)

358

♦ Demonstration of good citizenship and credibility with local/national environmental agencies.
Bauxite Residue Management

♦ Current Disposal Practice. The bauxite residue ,the refinery's principal residue, requires special care since
it still contains caustic soda. It is disposed of into deposit lakes specially built for this purpose. The double
coating of compacted clay and PVC lining, built following strict technical standards doubly guarantee the
impermeability of these lakes and the protection of the soil and underground water. Additionally, two
drainage systems, one on the surface and one at the bottom of the deposit lake, collect and recycle the
remaining caustic soda water, thus ensuring the combination of raw material economy and environmental
protection. The amount of generated residue is 733,000 tons/year (See Fig. 11).
CAUSTIC SOLUTION
SURFACE DRAINAGE
(RETURNED TO PROCESS)

UNDERDRAIN SYSTEM

SAND

SEALING WITH CLAY AND PVC LINER

Fig. 11. Bauxite Residue Lake
Some alumina refineries use Dry Disposal technology for the residue disposal. This kind of disposal involves
the thickening of the residues of up to nearly 50% of the solids, which are then taken to the disposal areas. At
this point the residue undergoes an increase of solids concentration due to two-factor combining: botom
drainage and drying by solar exposure.
♦ The Approach and Methodology Adoptedfor The Bauxite Residue Management. The process called
"Bauxite Residue Disposal Technology" was considered as a critcal one by the generator area (Refinery).
Thus, with the aim of promoting the rehabilitation of the Alomar's first bauxite residue lake a study of the
legal, economical and technical feasibility for the alternatives of residue-reusage was completed by a multi
disciplinary exchange group between Alumar and Alcoa Australia (See Fig. 12). Each group developed its
own study based upon the technology usage (wet or dry) and concentrated their efforts on three main
areas:
♦ Area 1. Environment (surface rehabilitation, recovery of the degraded areas, reusage alternatives);
♦ Area 2. Process (hydro balance, soda recovery for the process, alternative technology studies for residue
neutralization, assessment of impacts in the production process caused by impurities);
♦ Area 3. Civil engineering (lakes construction).
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Fig. 12. Criteria to Evaluate Performance

In the first phase of evaluation of the studies developed by Alumar and Alcoa of Australia, the Wet
Technology was selected for the construction of the lake number 3 of Alumar.
In order to acheive the objectives of the group to the area 1 the action plans were defined to include; the
recovery of the Alumar residues lake, reabilitation of the areas of material loans for the construction of that
lake and alternative use studies, such as: ground conditioner, construction material and use in ceramics.

CONCLUSION

From Alomar's practical experience, it is clear that the Environmental Management using pollution prevention
and waste minimization as the guiding principles is the only way we have for achieving the environmental
goals of reducing environmental impacts of our operations, at a continuous and sustainable rate.
A Pollution Prevention Waste Minimization Program sholud be established on a voluntary basis by the
industry to continuously reduce waste generation. The main advantages of the strategy are:
♦ Promotion of a more efficient use in conservation of resources, particularly non-renewable resources;
♦ Reduction in the need and in the size of the waste treatment facilities and so, the overall waste disposal
costs;
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♦ Improvements in cost efficiency within industry through reduced waste disposal and raw material costs;
♦ Reduced liability related to wastes handling, treatment and disposal;
♦ Cleaner and safer working conditions.
Protection of the environment, reducing potential hazards to human health and to the environment posed by
the wastes is just one major benefit of pollution prevention/waste minimization.
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ABSTRACT
The cement industry may present a high emission of SOx, NOx and C02 in the exhaust gases
at the rotary kiln. The degree of emission depends on the fuel used and the characteris
tics of the clinker production process. The production of clinker consumes a great
quantity of heat that is obtained from the combustion of different fuels, such as: fuel
oil, coal, charcoal, natural gas, and coke; furthermore, industrial and urban wastes begin
recently to be used. This paper presents a study on the control of the mechanisms that
induce the formation of the pollutants cited above to leave of use somep fuels and the
methods for reduction of degree of emissions. New technologies are discussed, which are
available for the control of high concentrations of NOx at the kiln exhaust gases (500
to 1500 ppm/Nm3 of gas) and also for the reabsorption of the SOx. It is presented yet
considerations about the use of waste-derived fuels in the cement industry.
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INTRODUCTION
The cement industry is characterized by intensive use of thermal and electric energy. The
energetic efficiency of the cement factories can alternate from one to another according
to raw mix, type of productive process, characteristics of the equipments, fuel burned,
level of automation, etc, (Cardoso and Direitinho, 1992).
The cement is a product obtained from the grinding of a mixture of clinker, gypsum and
additions, that in presence of water, initializes hidratation reactions wich take to its
hardening. The clinker is the main product utilized for make to cement, produced from the
burning of a finely ground mixture of lime, clay, sand and iron ore, in temperature aroud
1450°C. Basically the clinker can be produced by means of two processes, i.e., wet process
and dry process. The difference between both process are in way of grinding of the raw
mix, homogenizing and type of kiln utilized. In the wet process, water is added during
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grinding of materials, producing the raw mix as a slurry (water content 30 to 40%)', which
is homogenized in great slurry tank and later introduced in the rotary kiln, where the
water must be evaporated, causing a greater consumption of the thermal energy. In the dry
process, the raw mix obtained in grinding must have maximum umidity of 1%, been its
homogenizing is obtained in great silos, normally with the use of compressed air. The
homogenized charge is feed in the rotary kiln, where it will be submitted to preheating,
calcination, sinterization and cooling. The grinding process of the raw mix or slurry,
as well as the cement, spend more then 70% of all electric energy used in a cement plant
(Fonseca et al., 1990). Beyond the wet process initially cited, there are two intermediary
processes, the semi-wet process, in which the umidity of slurry is reduced to around 17
to 22%, and the semi-dry process, where the umidity of slurry must stay between 11 and
14%. The high energy consumption due to vaporization of water in the rotary kiln, makes
the dry process the most used in the present, in exception the India, Great Britain, USA,
etc. (Kreisberg and Schonbach, 1984).

PRODUCTIVE PROCESS
The production of clinker can be obtained through various types of process, such as: wet
process in long rotary kiln (Fig. 1), dry process with long rotary kiln, dry process with
suspension preheater (Fig. 2), and dry process in kilns with preheating and precalciner
systems (Fig. 3). The characteristics of these processes related to specific consumption
of heat and respective outlet temperatures of gases, are presented in Table 1.

Figura 1 - Scheme of long wet process rotary kiln with
clinker grate cooler.

Figure 2 - Scheme of the rotary kiln with
suspension preheater of four stage and
clinker grate cooler.

Figure 3 - Scheme of the rotary kiln with
precalciner system and air tertiary duct,

Table 1 - Characteristics of Operation to Production Process Clinker.
Process
Wet
Dry
Dry
Dry

in long kiln
in long kiln
with preheater
with precalciner

Specific Consumption
[kJ/kg clinker]
1400-1200
950-1100
860
750

Exhaust Gases
Temperature [°C]
180-260
550-760
330-380
300-360

Source: CEMIG (1992).
The refractory and fuel consumption as well as the formation of the pollutants are linked
directly to type of used kiln. As will be shown later the characteristics of these
processes related to the emission of SOx, NOx, and C02, Fig. 4 present informations about
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these various productive processes, in Brazil and E. E.Community, showing the different
profile of utilization between the producers (Cardoso and Direitinho, 1992).

THE UTILIZATION OF FUEL IN CEMENT INDUSTRY
Nowadays, the cement industry utilizes basically fuel oil, mineral coal' and charcoal in
the burners of rotary kilns, as well as another types of energetics, however in minor
proportion, such as: petroleum coke, wood residue, tyre scrapings, charcoal fines, bagasse
of cane, rice peel, industrial waste and even urban and domestic refuse (Kirsch, 1992),
some of them also used in the brazilian. cement industry (SNIC, 1992) ♦ The brazilian
profile of the use of energetics in cement industry between 1987 to 1991, is presented
in Fig. 5.
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The portland cement clinker is obtained when the materials reach temperatures around
1450°C, in a gaseous oxidant atmosphere in the inner of kiln, where a maximum flame
temperature occur between 1600 and 2000°C, because the major part of the heat transfered
to material is by radiation. In all the inner extension of the rotary kiln, the gas
combustion stays in temperatures above 1200°C. Another favourable circunstances to the
maintenance of a high temperature of the gases in kiln are: high wall temperatures in the
inner of kiln, stability and uniformity of the kiln operation (Kirsch, 1992). Then, the
fuels used must have some indispensable requirements to the maintenance of these basic
characteristics of burning and quality of the clinker done. The Table 2 presents results
of the chemical composition analyses for four fuels actually used in the cement industry,
which will be evaluated later in relation to the formation of pollutants in the productive
process burned together with other ones with upper calorific content, when they dont
attend the necessary requirements of burning in the kiln burner.
Table 2 - Chemical Composition Analyse of the Fuels.
Fuel

C[%]

H[%}

S[%]

N(%]

0[%]

Ash

Mineral Coal
Natural Gas
Urban Waste
Fuel Oil

63.9
75,4
29.8
86.0

3.6
23.4
4.0
10.3

4.6
0.1
0.1
3.7

1.8
1.1
0.4
0.0

0.9
0.0
25.7
0.0

24.9
0.0
20.0
0.1

Value Calorific
[kJ/kg]
25390.
516Q0.
12600.
39600.

FORMATION AND CONTROL OF THE SOX EMISSIONS
Due to increasing preoccupation with the protection of environment, the study about
emissions of sulfhur oxides (SOx) in cement rotary kilns is becoming important, mainly
due to real tendency for using of fuels with low calorific content and high tenor of
sulphur in many cases. The formation of these oxides in this process arises of the

sulphate and sulphite presence in the material used in the slurry or raw mix preparation,
and also due to use of fuels with high tenor of sulphur.
From the thermodynamic point of view, the sulphur dioxide (502) has a strong tendency to
react with oxigen in the air to originate 503, according to Eg. (1):
2S02 + 02 = 2S03

(1)

however, in no catalized conditions the reaction is considered negligible. Nevertheless,
if S03 is formed it reacts so rapidly with the vapour present in atmosphere forming
sulphuric acid in aqueous state (Seinfeld, 1986). The sulphur compounds, present in
material, wich can originate of SOx are:
Sulphates -

CaS04.2H20
CaS04
MgS04.2H20
BaS04

Sulphites

FeS2
PbS
ZnS

The sulphites can be oxidized in kiln to S02, as a example, from the pyrite reaction in
a range varying between 400 to 600*0 in the preheater or in the preheating zone in the
long kilns according to Eg. (2). The sulphates also can react initially forming S03 and
later S02, as follows in the Eg. (3):
4FeS2 + 1102 = 2Fe203 + 8S02

(2)

CaS04 = CaO + S02 + 1/202

(3)

In presence of carbon, the anhydrite can also become sulphur dioxide in a range of
temperature situated between 900 and 1000*0 according to:
40aS04 + 20 = 4CaO + 2002 + 4502

( 4)

In the combustion practicaly all the sulphur present in the fuel will be oxidized to
gaseous S02. Then, by oxidation or dissociation one has the formation of the sulphur
dioxide in the process of clinker burning. Nevertheless, the presence of alkalis in the
raw mix or slurry composition in the form of Na20 and K20, as well as in the ash of some
fuels, contributes to 502 formation due to great affinity between them. In this manner,
the evaporated alkalis in the clinguerization zone of kiln, absorb S02 forming alkaline
sulphates during oxidation. If there is excess of 502 after reaction with alkalis, there
will be the reaction of that with the CaO from CaC03 calcination and with the proper
calcium carbonate originating to the calcium sulphates. These sulphates are incorporated
by clinker and can modify their characteristics and quality. However, the alkaline calcium
sulphates are formed in a preferential way, and are more resistant to dissociation than
calcium sulphates. The reactions for the sulphate formation are (Goldmann, 1981):
Na20 +
K20 +
CaO +
CaC03+

502
S02
502
S02

+
+
+
+

1/202
1/202
1/202
1/202

=
=
=
=

Na2S04
K2S04
CaS04
CaS04 + C02

(5)
(6)
(7)
(8)

These reactions are influenced by temperature, composition of chemical species, and
pressure which in the cement plants is around the atmosphere pressure. Based in the
chemical equilibrium relationships, it is verified that until the temperature of 1868 K
(1595*) at 1 atm, the reaction of the anhydrite formation is spontaneous and stable as
well as more it is the tenor of the free oxigen present in the gases (Kreft, 1990).
Nevertheless these reactions suffer the influence of the size of the solid particles,
according to Devismes (1990), where in a temperature around 1300°C the particles of CaO
must have a Blaine value surface areas in the range between 0.3 and 1 m2/g, so that
absorption can be realized efficiently.
Wet Process in Long Rotary Kiln
According to the materials used in the grinding of the slurry, the conditions in the
burning zone of the wet rotary kiln, and the inner circulation of gases, about 30 to 80%
of the sulphur compounds in the slurry are. decomposited in the burning zone, forming 502,
that together with S02 formed in the burning of fuel, can be emitted in around 40 to 60%
to atmosphere by stack. In these systems, considering the inner circulation, evaporation
and absorption of alkalis rate, around 30% from inlet sulphur with slurry, will be emitted
by stack, as gases S02 (Nielsen and Jepsen, 199Q).
Because of the major specific consumption of heat in the wet process in rotary kiln, the
502 emissions are much more dependent of the sulphur content in fuel than in the slurry.
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Dry Process - Suspension Preheater Kiln
In the preheater inferior steps, where the raw mix reachs temperatures above 800°C it is
initialized the process of CaC03 partial calcination. The released CaO from calcination
in these steps, in suspension, can absorb the 502 yet present in the exhaust gases of
kiln, forming CaS04. By this way, almost all the S02 formed in the kiln .is absorbed by the
raw mix and again introduced in the kiln. Nevertheless from 30 to 50% of formed S02 from
present sulphites in the raw mix abandon the preheater. In the case of exhaust gases
circulation by the mill, only 15 to 40% of S02 formed from raw mix compounds will be
emitted by stack (Nielsen, 1991).

Dry Process - Precalciner System Rotary Kiln
In the precalciner one can burn until around 60% of necessary fuel for the process,
generating an elevated level of calcination (until 90% approximatly), creating ideal
conditions for absorption of the S02 from the kiln due to high content of free CaO, low
granulometry of CaO, solid phase in suspension in a temperature between 900 and 1000°C
(Nielsen and Jepsen, 1990). When the raw mix has high tenor of pyrite it can be necessary
to inject CaO in the gas stream, in the upper steps of preheater, in an adequated
proportion according to necessity of reduction of S02. Also the gases passing through mill
can reduce additionally the S02 emissions according to experimental results verified in
3 installations with precalciner system, wich are presented in Fig. 6 (Nielsen, 1991).
As this process consumes half of heat that would be necessary to wet process, allied to
great absorption of S02 by CaO, one can utilizes fuels with more high sulphur content than
other processes.
Comparision between productives processes
Based on experimental data, it was established theoretical standards of formation and
absorption of S02, in three distinct processes, such as wet process, dry process with
preheater and dry process with precalciner, operating with four different types of fuels
presented in Table 2, and which results are presented in Fig. 7.

INLET AND EMISSION OF 802 IN PROCESS
S02 tkg/t of clinker]

802 [kg/ton of clinker]

Min. Cotl
KILN 1

KILN 2

1 ToUl FormilIon-802

E23 Ernie, without mill

Fuel Oil

Natur&I Qas

FUEL

KILN 3
■ inlet wet Proceee
Em,#. Wet Process

ES Ernie, with mill

Fig. 6 - Degree of S02 absorption in three
different installations with precalciner
systems. Source: Nielsen (1991).

lolet Pnh. Kiln
CO Ernie. Prehester
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Inlet Pneelelner
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Fig. 7- S02 absorption in different
processes using various types of fuels,
based in present work.

FORMATION AND CONTROL OF THE N0X EMISSIONS
The nitrogen oxid, NO, is formed during the combustion, where there*is thermal formation
of NO from atmospheric nitrogen and atomic oxigen at gas temperatures above 1600eC, as
well as there is the formation of NO from fuel nitrogen, which may takes place even on
very low temperatures. The percentage of N02 is generally minor than 10% of NOx emitted
by an exhaust system in a rotary kiln (Kreft and Schutte, 1986). The factors that
determines the NO concentration in the combustion gases in the kiln are: the flame
temperature, the type of flame, the excess air ratio and the residence time of the gas
and material in the burning zone at high temperature.
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Kilns without Fuel Secuqdary Burning
Dry process long, wet process and dry process with suspension preheater kiln have in
common the fact that its emissions of NO are determined exclusively by the burning zone
kiln conditions. The kiln gases when abandoning this region suffer a drop of temperature
to the level in which than inicialize the slow decomposition of NO. Despite the
consumption of the kilns in the wet process stays between 1.5 to 2 times more than other
processes the great gas volume combined with the retention of these, permites a reduction
of NOx to equivalent levels of a dry process long kiln or a kiln with preheater.

Precalciner Kiln System - Secundary Burning
In the kilns with precalciners the burning of fuels occur in two points, such as, in the
rotary kiln main burner and in the precalciner (secundary burning). In the calciner one
can burn at temperatures around 1000*0, aproximately 60% of necessary fuel to process,
with supply of combustion air through an external, air duct. Whit this, the NO thermal
formation in the secundary burning is reduced. However, there will be a contribution to
the increase of NOx emissions, by forming NO from fuel. Results of measurements cited by
Nielsen (1991), of NOx emissions in rotary kilns installations are presented in Fig. 8?
this installation has a precalciner with supply of tertiary air and a preheater of four
stages, whose results confirm the reduction of emissions with the stablishment of stable
operation system.
One can reduces yet the NO formation in precalciner, through the stepped combustion, that
let the conversion of part of NO in N2, because first burning is done with an excess air
ratio of 0.9. The results of the comparision between the various process is presented in
Fig. 9. In the rotary kiln, the use of recirculation from exhaust gas reduces the flame
temperature and consequently reduces the NO formation, that also can be done with a raw
mix injection in the burning zone of kiln. The kiln with planetary cooler have an
atmosphere of burning zone loaded of powder clinker, that reduces the flame temperature
and consequently the formation of NOx. A non-catalytic reduction based on selective
reaction of NO in the kiln exhaust gases of precalciner using NH3 has been tested by many
producers, however this reaction takes place preferentially at temperatures around of
950eC, and must be used in the future, according to future NOx emission standards (Locher,
1989).
NO (ppm)

NOx [kg/ton o( clinker]

2000
1600
1000
600

0

Wet Process Kiln

S. Preheater Kiln

Precalciner Kiln

PROCESS
TIME (mini

■ MltvCoalTI E3n«t. QmT1 ffl U.W11UTI B3 Foal 0I1T1
S UlruCoal T2 (X3 KitOuTS 623 U. Wait* T2 (53 Fuel Oil T2

NOx 0«mr. in Calc.

Fig. 8 - Emission variation of NO in a
precalciner rotary kiln with by-pass
20% of gases.

Fig. 9 - NO formation in variou process
and different types of fuels.

C02 EMISSIONS
C02 which is a product of fuel combustion, is assigned as one of the greenhouse gases, and
in the last 140 years its concentration in atmosphere has increased from about 60 to 350
ppm. The C02 emissions in the clinker production are related to C02 from the burning of
fuels, as well as CQ2 due to CaC03 calcination. In acquiescence with the productive
process and the type of fuel used, one can verify different levels of C02 emissions. The
survey of CQ2 emissions to various process,is presented in Fig. 10. With possibility of
burning waste-derived fuels in rotary kilns, in the case that its heating value is
appropriated and when no harmful materials can be formed to injure kiln operation and the
environment, it can be seen as a more logical solution if compared to its disposal in
special sites, characterized by high costs and great space requirementes, as well as the
destruction of the environment in its vicinity (Rose and Kupper, 1992).

368

In addition to reducing the emission load there are other positive environmental aspects,
such as, the reduction in the volume of refuse, thereby extending the useful life of the
volume available for waste disposal, the complete utilization of the energy in the burning
process, avoidance of ash and slag by incorporating them in the
clinker.
Production of C02 in various process
C02 [kg/kg of clinker]

Natural Gas
I Wet Process

X//A

Urban Waste

Sfreheater Kiln

Fuel Oil

Precalclner Kiln

Fig. 10 - C02 emissons in various process
and types of fuels.
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With the increasing use of fuels with low calorific content and high tgnor of sulphur,
the wet process and dry process with long kiln can exhibit high levels of S02 emission,
as well as high energy consumption nowadays. In the systems with preheaters and
precalciners the use of materials with high degree of sulphites can lead to elevated
emissions of 502, demanding treatment of gases in upper stages of preheater. However,
these systems appear as a technological alternative for the use of alternative fuels in
the cement production.
Despite of no exhibit deep differences respect to the level of NO emission between various
processes, the precalciner system and suspension preheater rotary kiln with automatic
control system can have its specific heat consumption reduced, with reduction in emission
of pollutants. The use of multiple-way or low-NOx burners, allied to a stepped combustion
in the region of secondary burning, can contribute to a reduction until 50% in the NOx
emissions. With the real increasing tendency for using alternative fuels, the studies of
energy conservation must also consider the level of emissions due to alternations in
process, according to importance of energetic consumption in the sector.
Through the utilization o f secundary materials in cement production it is possible, for
example, to save primary source of fuel, reduce the waste disposal pressure on the
community and on industry, and conserve natural raw material sources. However, the object
of cement plant is still, as it always has been the production of cement, but if there
would be technics conditions and no increase of pollutants emissions these can become
great industrials incinerators.
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LONG TERM EFFECTS OF PETROCHEMICAL
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ABSTRACT
A microplot experiment to study the effects of several application rates of excess activated sludge generated
by the SITEIVCORSAN (the integrated wastewater treatment plant of the southern Brazilian petrochemical
complex) on plants, soil and leached water was started in 1985. Sludge was applied for six years. Ryegrass
(Lolium multiflorum Lam.) and pangola grass (Digitaria decumbens Stent) were grown in winter and summer
seasons respectively. Plants dry matter and mineral content were determined. Sludge increased plant growth
due to its nitrogen and phosphorus contribution, even though the decomposition rate in soil is low. Plant
zinc, cadmium and nickel content increased with sludge application, while liming decreased the amounts
of these metals taken up by plants.

KEYWORDS
Heavy metals; land treatment; microplot experiment; petrochemical wastes; sludge disposal

INTRODUCTION
The liquid effluents generated by the industries operating the petrochemical complex in south Brazil and
suitable for biological treatment are sent to SITED (Sistema Integrado de Tratamento de Efluentes Lfquidos)
for treatment and disposal. Excess activated sludge is disposed of by injection on land (sludge farm) as
described by Simon el at. (1985). According to the project (Nolan, 1982), sludge was disposed of at the rate
of 24t (dry matter)/ha/year, at about one application every two months.
Although the sludge farm is routinely monitored to comply with the specific state legislation for this
operation, a long term (six year) microplot experiment was started in 1985 to study in detail the effects' of
several rates of sludge application (up to six times the project rate) on soil, plants and leached water. The
first year results were published by Tedesco et al. (1988).

MATERIALS AND METHODS
The microplots were 300 mm diameter PVC cylinders with 42.3 liters capacity, filled with an acidic sandy
loam soil (pH 5.4) collected near the sludge farm, in three layers 20 cm deep, potted in the same order as
in the field. The soil layers were separated by a nylon mesh and the microplots had a 5 cm gravel layer in
the bottom, with a side drain to collect excess rain water. Soil characteristics were described previously by
Tedesco et al. (1988).
In the first two years, two plant species were cultivated in summer and two in winter seasons. Total sludge
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at the rates of 20 and 40 t (dry matter)/ha/year (divided in five applications) and 72 t (dry matter)/ha/year
(in three applications) was added. Inorganic supplements (N, P, K, lime) and micronutrients (Zn, Cu, B,
Mo) were applied to 4 plots.. Four plots remained untreated as controls.
From the third to the sixth years, ryegrass (Lolium multiflorum Lam) was cultivated in winter and pangola
grass (Digitaria decumbens Stent) in summer. The 20 and 401 (dry matter)/ha/year sludge application rates
were maintained and the 721 increased to 1201 (dry matter)/ha/year (all divided in five applications). Total
sludge applied in furrows in the soil top layer was therefore 120, 240 and 6721 (dry matter)/ha in six years,
on an area basis (0.0707 cm2/microplot). In the third year lime (2.5 t/ha) was added in the upper soil layer
in all treatments with 120 and 2401 (dry matter) sludge/ha and also in the mineral supplemented microplot.
One treatment with 642 t sludge/ha was limed with 5.0 t/ha and the other was left unlimed.
From the third year on some microplots were treated with sludge enriched with heavy metal salts (Cu, Zn,
Pb, Cd and Ni). Only the results obtained in the treatment with 401 (dry matter)/ha/year sludge application
enriched with CuS04.5H20, ZnO, PbCl2, CdCl2.H20 and Ni-acetate are shown. In this treatment, the sum
of the metals applied (contained in the sludge and the amount added as salts) was, in kg/ha/year, 12 for Cu,
30 for Zn, 15 for Pb, 0.15 for Cd and 3 for Ni. These quantities are the yearly application limits adopted
by the Council of European Communities (CEC, 1986), for a ten year period.
Except for the controls), all microplots were fertilized with adequate amounts of nitrogen, phosphorus and
potassium. From the third year on, microplots with sludge applications did not have phosphorus fertilization.
Plant dry matter was evaluated and N, P, K, Ca and Mg were determined in the H2S04 extract (Kjeldahl
digestion, with catalyst) and Na, Cu, Zn, Fe, Mn, Cd, Ni, Pb and Cr in the HNO,-HC104 digest. Analytical
details are given by Tedesco et al. (1985).
The dry matter results were tested by the analysis of variance F-test and the minimum significant difference
(P < 0,05) determined.

TABLE 1 - AVERAGE SLUDGE CHARACTERISTICS
Parameter”
pH

Parameter

Value””
7.1

Value

Iron - g/lOOg

1.89
488

Organic carbon - g/lOOg

48.6

Manganese - mg/kg

Nitrogen (total) - g/lOOg

2.25

Copper - mg/kg

C/N ratio

21.6

Zinc - mg/kg

708

Phosphorus - g/lOOg

1.02

Boron - mg/kg

27

Potassium - g/lOOg

0.27

Lead - mg/kg

Calcium - g/lOOg

0.49

Chromium - mg/kg

Magnesium - g/lOOg

0.12

Nickel - mg/kg

Sulphur - g/lOOg

0.56

Cadmium - mg/kg

3.3

Sodium - g/lOOg

0.71

Mercury - mg/kg

3.8

' Methods according to Tedesco et al. (1985). Results on dry basis, except for pH.
" Average of 30 samples (five samples/year).
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50

51
158
67

RESULTS AND DISCUSSION
Macronutrients (N, P, K, Ca, Mg and S), micronutrients (B, Fe, Mn, Cu and Zn), heavy metals (Cr, Cd,
Ni and Pb) and Na were determined in the plant tissue. Only copper, zinc and heavy metal data will be
discussed below. Complete results can be found in the yearly project reports.
Sludge characteristics
Average sludge analysis for the experimental period is shown in Table 1. The nitrogen and phosphorus
contents could afford good crop' growth depending.on the amount of sludge added to the soil and the
decomposition rate. This rate was determined with respirometric flasks as being 4.9% in about one year
(Tedesco et al, 1991). This is well below the estimated project value of 20% (Nolan, 1982). High
molecular weight hydrocarbons from the oil may account for this. Nitrogen fertilization was therefore
needed for maximum crop growth, due to the higher amounts of this nutrient taken up by plants. Apart from
an increase in P, Zn and Na contents, sludge composition remained fairly stable during the experimental
period.
Dry matter yield
It can be seen that plant growth was favoured by sludge at the higher rates applied (Table 2). At the lower
rate, only the summer growth grass (pangola) seems to benefit, probably due to an increase in sludge
decomposition rate in this period. Liming also increased plant growth, probably for the same reason. On
the average, metal addition did not affect plant growth.

TABLE 2 - DRY MATTER YIELD (AVERAGE OF FOUR REPLICATES)
.
Treatment

..
YearPlant ----------------------------------------------------------------------------------- Average
1
2
3
4
5
6* **
•g/microplot

1 - Blank

R
P

27.4
71.6

10.9
53.8

8.4
33.7

8.5
49.6

8.5
36.2

8.2
23.8

12.0
45.6

2 - Mineral am.

R
P

67.0
161.2

59.8
111.9

36.6
73.5

28.3
94.7

53.9
79.3

38.5
45.7

47.3
94.4

3 - Sludge 120t

R
P

36.8
96.9

32.8
110.8

45.3
97.2

54.0
140.7

53.5
150.0

60.4
79.8

47.1
112.6

4 - Sludge 120t+M

R
P

-

-

-

-

46.7
90.6

57.2
127.3

60.0
139.7

56.6
70.2

55.0
106.9

5 - Sludge 240t

R
P

41.4
117.6

42.2
131.5

54.6
130.3

75.4
161.0

65.3
184.9

77.2
124.3

59.3
141.6

6 - Sludge 672t

R
P

42.8
151.2

71.8
217.3

76.8
154.8

102.8
282.9

101.8
307.5

124.6
194.8

101.5
235.0

7 - Sludge 672t-Ca

R
P

-

-

-

-

69.2
161.7

102.0
253.7

94.8
278.5

133.1
181.3

85.6
207.3

R
P

7.4
33.4

12.1
26.4

9.6
31.9

13.7
29.1

13.5
61.6

18.3
25.4

12.4
34.6

MSD***

* Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
" R means ryegrass (winter) and P pangola grass (summer).
** Minimum significant difference for P<0.05.
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Heavy metals
Copper and zinc. Plant copper content was not affected by either sludge or metal addition. Values ranged
in the year averages from 5 to 8 mg/kg (data not shown). Zinc content increased with sludge application.
In the sixth year, the contents were 101 and 233 mg/kg for ryegrass and pangola, respectively, for the 240
t (dry matter)/ha sludge applied. These values are generally found in contaminated areas (Kabata-Pendias
and Pendias, 1984). Due to the low zinc toxicity, toxic levels are probably in the range of several thousands
mg/kg. British legislation allows a limit disposal of 560 kg Zn/ha for pasture lands (DoE/NWC, 1981). In
the 240 t (dry matter)/ha disposal rate 169.9 kg Zn/ha were applied in six years. If the zinc content in the
sludge were maintained at 922 mg/kg (average of 1990/91), it would take another 20 years to reach the limit
disposal value. European community legislation is however more restrictive, allowing 30 kg Zn/ha/year,
for a 10 years period (CEC, 1986). Specific state legislation for the sludge farm allows a disposal limit of
500 kg Zn/ha. Plant zinc content increased also with sludge Zn enrichment. Soil liming is also recommended
to decrease Zn absorption by plants (Table 3).
Cadmium. Plant cadmium content increased with sludge application. The values determined in the sixth year
for the 240 t (dry matter)/ha sludge applied were 201 and 315 /ig/kg for ryegrass and pangola, respectively.
These values are below the potential toxic level of about 1000 fig/kg (Kabata-Pendias and Pendias, 1984),
but deserve some attention. At this sludge application rate 0.79 kg Cd/ha were added to the soil in six years.
British legislation allows a maximum of 5.0 kg/ha (DoE/NWC, 1981). It would take another 32 years to
reach this maximum, maintaining the actual conditions. CEC legislation is again more restrictive (1.5 kg
Cd/ha, in 10 years period). Specific legislation for the sludge farm allows application of 5 kg/ha for the life
of the site. Plant cadmium content increased with metal addition and decrease in soil pH.

TABLE 3 - PLANT ZINC CONTENT (AVERAGE OF FOUR REPLICATES)

Treatment

Year
Plant -----------------------------------------------------------------------------------Average
1
2
3
4
5
6
•mg/kg

1 - Blank

R
P

33
40

54
56

40
54

40
53

50
46

36
61

42
52

2 - Mineral am.

R
P

32
33

35
54

29
42

27
38

31
38

28
48

30
42

3 - Sludge 120t

R
P

34
74

56
104

43
76

47
124

64
146

77
230

53
126

4 - Sludge 120t+M

R
P

-

-

-

-

51
94

63
183

101
232

130
318

86
207

5 - Sludge 240t

"R
P

36
104

71
146

62
102

67
143

82
176

101
233

70
151

6 - Sludge 672t

R
P

42
122

91
179

77
128

79
172

104
183

114
297

93
195

7 - Sludge 672t-Ca

R
P

-

-

-

-

128
280

158
236

158
240

191
394

128
242

* Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
' R means ryegrass (winter) and P pangola grass (summer).
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TABLE 4 - PLANT CADMIUM CONTENT (AVERAGE OF FOUR REPLICATES)
.
Treatment

..
Year
Plant ----------------------------------------------------------------------------------- Average
1
2
3
4
5
6
•/tg/kg

1 - Blank

R
P

25
61

21
95

226
192

259
218

102
66

110
294

124
154

2 - Mineral am.

R
P

23
35

27
60

326
138

184
235

64
72

70
169

116
118

3 - Sludge 120t

R
P

34
82

69
180

338
243

309
350

129
110

178
433

176
233

4 - Sludge 120t+M

R
P

-

-

-

-

449
1131

1422
1672

490
788

2960
7245

1330
2709

5 - Sludge 240t

R
P

57
64

77
170

357
254

370
424

172
127

201
315

206
226

6 - Sludge 672t

R
P

57
97

102
150

413
350

517
362

190
172

263
384

257
253

7 - Sludge 672t-Ca

R
P

-

-

-

-

590
424

814
607

197
182

268
412

467
406

* Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
” R means ryegrass (winter) and P pangola grass (summer).

TABLE 5 - PLANT NICKEL CONTENT (AVERAGE OF FOUR REPLICATES)

Treatment

Year
Plant ----------------------------------------------------------------------------------- Average
1
2
3
4
5
6
•mg/kg

1 - Blank

R
P

3.00
4.00

1.75
0.95

0.99
1.69

1.69
2.60

1.17
0.94

1.22
1.49

1.64
1.95

2 - Mineral am.

R
P

4.40
4.70

1.78
1.10

0.98
1.27

1.03
1.59

0.21
0.89

0.88
0.96

1.55
1.75

3 - Sludge 120t

R
P

4.60
4.10

1.93
1.34

1.42
2.29

1.70
1.95

1.71
0.90

1.67
1.74

2.17
2.05

4 - Sludge 120t+M

R
P

-

-

-

-

1.36
2.05

1.64
6.02

4.00
2.93

5.78
4.27

3.20
3.82.

5 - Sludge 240t

R
P

3.80
4.60

1.88
1.75

1.40
2.18

1.63
1.60

2.67
1.43

2.70
1.67

2.35
2.20

6 - Sludge 672t

R
P

5.00
1.60

2.21
1.90

1.55
2.63

1.48
2.24

1.01
1.10

3.03
2.18

2.38
1.94

7 - Sludge 672t-Ca

R
P

-

-

-

-

1.84
3.00

2.87
2.52

3.67
2.08

3.24
2.67

2.91
2.57

* Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
" R means ryegrass (winter) and P pangola grass (summer).
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Nickel. Plant nickel content is shown in Table 5. Average values ranged from 1.55 to 2.91 mg/kg for
ryegrass and 1.75 to 2.57 mg/kg for pangola grass in the microplots with only sludge added. These values
are in the range usually found in plants (Kabata-Pendias and Pendias, 1984). Plant nickel content did not
increase linearly with sludge application. At the higher rate the concentration was similar to the one
determined for the 240 t (dry matter)/ha rate. Absorption increased for the nonlimed microplot, as well as
with metal addition.
Chromium and lead. Plant chromium content was not affected by sludge application (Table 6). The values
obtained are usually found in plants. This metal is absorbed only in small quantities when applied with
organic matter (Teixeira, .1981). The translocation to plant tops is also low. Liming did not affect
absorption. Plant lead content is shown in Table 7. Sludge application had no definite effect on plant lead
absorption. The values determined varied from 1.30 mg/kg to 2.91 mg/kg, on the average, and are
considered non toxic (Kabata-Pendias and Pendias, 1984). A small increase in concentration was observed
in the non-limed microplot.
Metal recovery
The amounts of metals added by the sludge in the six years experiment period have been calculated, as well
as the total removed by the plant tops. After subtraction of the amounts taken up in the mineral
supplemented microplot, the balance was calculated as a percentage of the total added. The results are
shown in Table 8. It can be seen that zinc was taken up at about 10% of the total added, copper at about
4% and cadmium ranging from 6.6% to 2.0%. Nickel and lead were taken up in quantities near 1% and
chromium even less. Therefore these metals accumulate therefore in soil. The removal of plant tops at the
sludge farm can then be questioned.

TABLE 6 - PLANT CHROMIUM CONTENT (AVERAGE OF FOUR REPLICATES)
•

.
Treatment

..
Year
Plant ----------------------------------------------------------------------------------- Average
1
2
3
4
5
6
■mg/kg

1 - Blank

R
P

4.10
3.90

1.71
1.34

0.53
0.49

1.19
4.15

1.66
1.63

1.89
0.76

1.85
2.04

2 - Mineral am.

R
P

4.10
3.60

1.87
1.34

0.94
0.87

0.99
3.57

1.00
1.48

1.60
0.72

1.75
1.93

3 - Sludge 120t

R
P

4.90
3.20

1.66
1.60

0.83
1.03

1.11
3.92

1.09
1.30

1.28
0.81

1.81
1.98

4 - Sludge 120H-M

R
P

-

-

-

-

0.98
0.98

1.14
3.65

1.06
1.89

1.19
0.86

1.09
1.84

5 - Sludge 240t

R
P

4.00
3.60

1.11
1.48

1.26
1.18

1.27
3.08

1.54
0.98

1.23
0.75

1.74
1.84

6 - Sludge 672t

R
P

6.40
1.50

2.08
1.75

0.93
1.03

0.88
2.57

0.99
1.24

1.31
0.81

2.10
1.48

7 - Sludge 672t-Ca

R
P

-

-

-

-

0.94
1.01

1.21
3.20

1.18
1.10

1.10
0.54

1.11
1.46

* Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
" R means ryegrass (winter) and P pangola grass (summer).

376

CONCLUSIONS
The experiment showed that sludge iiicreased plant growth at high application rates (over 40 t (dry
matter)/ha/year). Plant zinc, cadmium and nickel contents increased with sludge application, while copper,
chromium and lead were not affected at rates lower than 120 t (dry matter)/ha/year sludge application.
Liming decreased plant zinc, cadmium, nickel and lead absorption.

TABLE 7 - PLANT LEAD CONTENT (AVERAGE OF FOUR REPLICATES)
Year
Treatment*

Plant"

1

2

3

4

5

6

------- mg/kg 1 - Blank

R
P

1.56
0.61

1.13
1.45

0.98
1.83

4.17
5.03

0.60
0.75

0.82
0.79

1.54
1.74

2 - Mineral am.

R
?

1.24
0.50

1.07
1.20

1.06
1.98

3.46
3.33

0.69
0.63

0.92
0.88

1.41
1.42

3 - Sludge 120t

R
P

0.40
0.59

0.84
1.65

1.06
2.84

3.42
3.91

0.97
1.13

1.12
1.02

1.30
1.86

4 - Sludge 120t+M

R
P

_

-

-

-

1.43
3.47

3.61
3.82

0.97
1.17

1.05
0.99

1.77
2.36

5 - Sludge 240t

R
P

0.87
0.69

1.16
1.27

1.38
3.19

3.93
3.73

1.27
1.19

1.14
1.05

1.63
1.85

6 - Sludge 672t

R
P

0.79
0.70

1.63
1.90

1.74
4.30

3.60
3.61

1.37
1.41

1.44
1.34

1.76
2.21

7 - Sludge 672t-Ca

R
P

-

-

-

-

1.95
4.67

3.86
3.99

1.37
1.66

1.58
1.31

2.19
2.91

* Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
" R means ryegrass (winter) and P pangola grass (summer).

TABLE 8 - PERCENT RECOVERY OF METALS IN PLANT TOPS IN SIX YEARS.
Sludge added
t/ha

Cu

Zn

Cd

Ni

Cr

Pb

120

3.9

11.3

6.6

0.3

< 0.1

1.4

240

4.6

10.2

2.0

0.8

0.1

1.4

672

4.0

7.4

2.0

0.8

0.2

1.2

672-Ca

4.0

9.9

2.6

1.0

0.2

1.2
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THE SEWAGE WORKS MANAGER - AN INDUSTRIALISTS FRIEND OR FOE
DR PETER MATTHEWS, DIRECTOR OF WATER SERVICES, ANGLIAN WATER SERVICES
LIMITED (UK)

INTRODUCTION

Most industrial processes produce liquid waste.

The disposal of that waste can cause

environmental problems usually in the water environment.

Control of this pollution is

vital. The ecological assets must be protected and very importantly, as water is essential
to our lives, public health issues must be top of our agenda of action.

Stopping water

pollution is a more effective contribution to good health than any medicare programme
although this is not meant in any way to diminish the contribution of medicine, doctors
themselves recognise the supreme importance of water hygiene and quality.

Most countries have been pursuing investment programmes for the collection of
wastewater particularly from domestic premises and their centralised treatment. This may
also involve the collection of industrial waste water, although this is not always the case.

There are cycles of political and public interaction which dictate the degrees and rates of
progress.

Public and political perception and demand creates environmental imperatives

and objectives. Failure to meet these, results in pressure for action. Such objectives have
to be transformed into discharge standards. Again failure to meet those standards results
in pressure, often in regulation, for remedy. This requires investment which causes tax6s
and commodity prices to rise and this may not be popular with politicians and the public. A
balanced judgement has to be made on the basis of cost benefit analysis within the ability
of the prevailing economy

The paper seeks to describe the balance of the services provided by a sewage works
manager. The utility organisation for whom the manager works will have many different
kinds of organisation throughout the world. Although the working practices may differ, the
fundamental principles are the same.

To demonstrate these posints, the experiences and

practices in one of the private regional English Water Companies, Anglian Water, are used
in this paper.

OPTIONS FOR ACTION

A utility and its managers play a crucial role in providing services to domestic and
industrial customers. They might be a "Cinderella" service ignored in preference to other
public activities or unpopular because of rising costs. Either way their role is increasingly
centre-stage within our communities.

1

For domestic wastewater the service options, beyond the sample concepts of dealing with
human waste such as night soil management and pit latrines, are principally

a)

store the sewage in holding tanks and remove it regularly by tanker to central
receiving/treatment facilities,

b)

septic tanks or similar units serving one or a few properties which are desludged
regularly and the liquors tankered to central receiving/treatment facilities,

c)

very small full treatment units such as package activated sludge serving one or more
domestic properties which are also desludged regularly. In this case the effluents can
be discharged direct to the water envii onment unlike septic tanks from which liquors
usually permeate through soakaways into the ground,

d)

construction of local sewer systems which may be served initially sooner or later by
small local communal treatment works,

e)

connection of those local sewer systems to a trunk sewer, the destination of which is
a large regional treatment works which will be provided initially or later.

The selection of options may be dictated by geography.

For instance a remote farm is

likely to have a septic tank but an urban householder is likely to be connected to a regional
treatment works. However, for historical and economic reasons the service received by an
individual urban householder may progress from (a) (b) (c) to (d) and then (e)

Where then does an industrial wastewater fit into this framework? Beyond the basic option
of just letting the effluent discharge unmanaged, the options are.

a)

treat on site and discharge direct to the aquatic environment.

b)

discharge untreated or partially treated to the public sewerage system

c)

treat off-site in combination with other industrial effluents often also providing a
service to local domestic properties which may being benefits in treatment.
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All of these treatment activities may be carried out by the companies themselves or by
franchise holders.

One example of a contracted service is CETREL in Bahia in Brazil

which is a treatment company established by several industrial companies to provide a
common service; another is ALPHEUS a subsidiary of Anglian Water in Eastern England
which provides a contract franchise service to manufacturing Companies. There are often
advantages for industrialists to avoid the burdens of dealing with wastewater which may
not be compatible with their core skills. They will be prepared to pay a premium for these
burdens to be removed.

The legal circumstances of the discharge arrangement will vary

according to the statutory regime of each country. In the case of ALPHEUS, the contract
between it and the waste producer is in civil law with the discharger retaining criminal
liability for breach of the discharge licence (consent). Of course failure to comply with the
consent would be a breach of contract resulting in civil fiscal penalties and/or contract

termination.
The decision on which option to adopt will generally depend on cost and this will include on
site costs and pollution control charges imposed by the regulators or utility providing the
sewage treatment service. When a discharge is made to the environment the standards will
be much more demanding and experience has shown that for smaller sized companies with
unexceptional effluents and access to sewage treatment works, using the utility system is
the most effective option.

There are numerous exceptions to this, but this paper is

focussed on the issues of dealing with individual effluents in admixture with sewage.

THE UTILITY MANAGERS RESPONSIBILITIES

Reasons for controlling effluent:

The sewerage and sewage works manager is concerned that the maintenance and operations
of the assets and service are protected.

An industrial effluent can affect the fabric of the sewers and sewage treatment works, the
safety of workers in confined spaces in the system, pumping, the efficiency of the
biological treatment processes, the treatment of sludge and the disposal of the effluent and
sludge. The quality must therefore, be controlled and defined strictly and clearly in legally
binding licences.
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The utility for which the manager works also usually has a duty to receive industrial
effluents in the sewerage as discussed earlier and to provide a treatment service
particularly for organic waste. Whether or not the local plant manager is vested with the
control of industrial effluents by the utility depends very much on the structure of the
utility and will be discussed later.

Philosophies for setting limits

The overall environmental control philosophies may influence the attitudes adopted for
control of industrial effluents. There are two basic philosophies. The first is that in which
environmental objectives and criteria are set and the quality of contributions to the

environment (such as sludge and effluent) are regulated taking account of available
capacity; this gives local emission standards. The second is that in which uniform minimum
standards are set.

Sometimes these approaches can be combined and to non expert

industrialists can be confusingly complex.

A good example is the application of European

legislation principally through quality Directives.

Directives come in three types

(a)

Defining the acceptable quality of environmental waters for specified uses e.g.
bathing, shellfisheries, freshwater fisheries.

(b)

Defining the permissible quality of discharges e.g. urban waste waters, sewage sludge
in agriculture.

(c)

Defining the control of prescribed dangerous substances in the aquatic environment
e.g. Cadmium.

This may be achieved by environmental objectives (and hence local

emission standards) or uniform discharge standards which may be linked to
manufacturing output.

The distinctions are not that simple.

For instance, the

discharge standards in urban waste water treatment vary with the size of works and
the nature of the receiving water; the agricultural use of sewage sludge criteria
involve limits on the presence of metals in soil (which are quality objectives), the
criteria for prescribed substances in water allow quality objectives and uniform
standards for the most toxic substances such as cadmium and set European limits, but
allow Member States to set national standards based on quality objectives for less
toxic substances such as zinc.
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In determining the conditions applied to the licence issued to the discharger, all of the
potential effects must be taken into account. Where there are no external restrictions, the
needs of a particular sewerage catchment should dominate. So it is possible for the licence
for a discharge in the catchment to be based on one set of needs, whereas, a very similar
discharge in another catchment might have its-terms expressed in different terms based on

different needs.

For instance, one licence could be based on the need to protect the

sewers, whereas, another could be based on the protection of sludge disposal.

The actual

terms of the consent will of course depend on many factors such as the size of the
discharge in relation to the capacity of the sewer, of the sewage treatment works, of the
sludge treatment facilities, of the river receiving the treated effluent and of the
environmental location receiving the sludge. In setting the limits the contribution of other
effluents will have to be taken into account in one way or another.

Even those limits which are susceptible to being set to reflect local circumstances may be
actually set on a uniform basis in a works catchment or even an operational region. This
may be for convenience of operation or comprehension by industrialists using the system.
It may even effect a

precautionary principle.

In some countries minimum standards for

key substances may be defined regionally or nationally. This may be expressed as a set of
minimum standards for an effluent from an industry or process.

This approach also has

attraction in terms of simplicity of administration.

In the UK the most persistent toxic substances are prescribed which means that special
attention has to be applied to control of their disposal.

The administration will

be

discussed in more detail later but the privatised water companies are responsible for
licencing the discharges to sewers but must refer an application by an industrialist to
discharge prescribed substances to sewers to a central government pollution inspectorate
(HMIP). This body sets the minimum standard in the licence for the discharge, the water
company may make it more, but not less, restrictive.

Where a industrialist wants to

develop a new facility for a prescribed process utilising prescribed substances then he must
apply to HMIP for an integrated pollution control licence.
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The conditions in the authorisation set detailed limits and operating standards covering
emissions to all medica and includes the requirement Best Available Techniques Not
Entailing Excessive Costs (BATNEEC) shall be used to prevent or, if this is not practicable,
to minimise the environmental pollution liable to be caused by releases from a process
having regard to the best practicable environmental option (BPEO) available. All emissions
from a process must be rendered harmless to the environment. This assures the objectives
set out in the Environment Protection Act 1990 are met.

BATNEEC in relation to the

release of prescribed substances to a given medium is invariably process specific.

HMIP are also empowered to set conditions in an authorisation for other substances which
may cause harm to the environment, if considered appropriate.

These may include, for

example, such parameters as pH, conductivity, suspended solids, COD, oil and grease, and
sulphate. In doing so, HMIP will have particular regard to the disposal route and the views
of the relevant statutory consultees. Full consideration is given to the views of the water
company providing sewerage and sewage treatment services. The company, in commenting
will take into account the specific needs of the receiving sewer, the impact on sewage
treatment works processes, and its own statutory obligations with respect to the discharge
of treated sewage effluent and disposal of sewage sludge. In effect, HMIP will be advised
as to what may be considered harmless in any given instance.

The company has an

important role to play in this respect.

The duty to secure compliance with the conditions of an authorisation rests firmly on the
operator of the process and does not extend to those subsequently receiving process
releases such as the sewage works manager. Indeed, the Environment Protection Act 1990
states that "the person responsible for the process must use BATNEEC".
guidance notes on the best processes.

HMIP provides

So the sewage works manager may have a rather

complex relationship with the industrialist, involving external regulators.

RECEPTION OF ORGANIC LOADS AT SEWAGE TREATMENT WORKS AND TREATMENT
SERVICES

Some limits, such as pH, are almost independent of capacity and these are discussed later
Others depend very much on capacity. An outstanding example is organic load measured as
COD or BOD.
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The allocation of load is one of the more difficult challenges for the sewage works
manager. Should the manager restrict current loads and leave capacity for other industrial
demands in the future?
current discharges.

If so, then this may place an unneccessary restriction on the

Alternatively, should the manager utilise all currently available

capacity and impose future restrictions on current discharges as new ones connect at the
system - which may be unpopular. Even if the former course of action is adopted sooner or
later full capacity is achieved and the latter approach has to be adopted. So the question
has to be faced - at what point does the manager refuse the discharger permission to
discharge to the system - apparently becoming a foe and not a friend to industrialists.

When the issue is organic load and its impact is on treatment capacity, there may be an
opportunity for the industrialists to make a contribution towards the capital cost of
providing additional treatment capacity.

This can take several forms; it can be the

financing costs of advanced investment, or the total cost of the additional investment.
These will be issues to be resolved in terms of the relationship to treatment charges (there
are discussed later).. There may also be problems because the contribution may cause the
plant to incur associated capital expenditure which might distort, utility investment
programmes. In other words it is quite likely that the plant will not, or even could not, be
extended just for the capacity paid for any of the capital contribution.

The treatment service must be paid for. Reference was made earlier to the possibility of
the industrialist making a capital contribution to provision of sufficient treatment
capacity.

However, in general the sewage treatment utility will provide assets to the

community at large.

Domestic customers will be charged on the basis of water

consumption or size of property for the sewage service but industrialists may be charged
for the discharge of industrial effluent to sewers.

In England and Wales this charge is

based on the conveyance and treatment of the effluent in admixture with sewage (this
includes the disposal of additional sludge). The charge therefore takes account of volume,
strength, as measured by COD, (in the past this has also included ammonical and organic
nitrogen) and solids.
strength of sewage.

It is calculated by reference to the unit costs of treating standard
The question is also often posed about the presence of toxic

substances in the industrial effect and the costs incurred by the sewage treatment
mananger is dealing with them. For instance if sludge disposal is made more difficult and
expensive should the cost be passed to the industrialist? Practical experience says no!
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The polluter pays principle is often cited in these cases but this is questionable. Should it
be that the potential polluter pays to avoid pollution or that the polluter pays for clean
up?

In any way it is better that the quality of the effluent is restricted up to maximum

permissible loads or concentrations of relevant substances.
permissible amounts is the service provided.

The reception of such

The industrialists may then be involved in

improved process husbandry or pre treatment of waste. This where contract services or
consultants have roles to play.

The charging formula in England and Wales is defined typically in the discharge licence (see
appendix for Anglian Water) and the sewage unit costs notified annually.

MONITORING
The effluents must be sampled and analysed regularly by the utility to check compliance
with the licnece.

The analytical data may also be used to generate the charge.

industrialist may receive a bill monthly or quarterly or half yearly.

The

There is a minimum

charge for low volume low strength effluents.

The sampling and analysis must, therefore, be right, or to be more precise, representative
of the effluent. It may be better to have occasional 24 hour composite samples rather than
occasional spot samples because of manufacturing and processing cycles.

The analytical

data must harmonize with flow data. There must be a facility for abnormal samples to be
rejected from the cost calculations. So the charge must be seen as fair. An unfair charge
is certainly one way of making foes rather than friends.

ADMINISTRATION
The most important point to make is that the utility managers must have an attitude that
they are providing a service to industry. Industrialists must be treated as customers rather
than as a nuisance which have to be coped with.
together rather than an adversarial relationship.
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There should be attitude of working

This attitude is made easier if the utility and the local sewage treatment works manager in
particular is responsible for the sewers serving a treatment works, and in particular the
industrial effluents discharging into them. This generates a feeling of local responsibility.
This may concern the environmental regulators because of the need to keep overall
integrated control of the most toxic and persistent substances and the way to overcome
this is to have the facility to refer those discharges of particular concern to the regulators
to obtain their contribution to the control processes. Such a system was described earlier
for integrated pollution control in the UK. It can also be frustrating for industrialists to
deal with a multiplicity of regulators.
minimised.

Co-operation is maximised when bureaucracy is

In England and Wales, most environmental regulators are being combined into

one Environmental Protective Agency over the coming months.

As stated earlier it is very important to have a clearly expressed licence (or consent) and
an example of those issued by Anglian Water Services, is given in the appendix.

One of the advantages in operating a large utility is that many works and major works are
managed in the same operation and hence the industrial dischargers deal with a large
organisation. It is very important in those circumstances for the local manager to maintain
friendly relations with industrialists using the system and that the organisation does not get
remote.

Nevertheless, the manager can be supported by services which would not be

possible in a single works operation.

For instance, the manager has the support of

centralised scientific, legal and financial services and can draw on the investment facilities
for such items as instrumentation which can give early warning of changes in pH, load,
oxygen demand and so on.

In Anglian Water, local sewage works managers are responsible for the inspection and
sampling of industrial effluents because this gives some local perception of what
contributions are being made to their works. The managers are responsible for negotiation
of discharge consents.

However, the analyses are completed by separate central

laboratories, the consents are approved by a central quality department and any legal
action against or by industrialists involves central quality and legal departments.

Charges

for treatment are sent out from the finance department in conjunction with the quality
department.

Nevertheless, the "sharp end" for queries still remains with the operational

trade effluent inspectors. In the complexity of this system, a network computer system is
a great boon.
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LEGAL SANCTIONS

The utility and the local sewage works manager are themselves under legal constraints
regarding a wide range of legislation but in particular in relation to the environment and
health and safety, they can suffer prosecution for failures. In turn similar legal sanctions
apply to industrialist discharging to sewers, there will usually be some form of criminal law
supporting the discharge licence. Breach of the discharge licence renders the industrialist
liable for prosecution with fines or even prison as the penalties. In the case of England and
Wales prosecutions are brought by the water companies under the public health and water
legislation which govern the issue of consents by water companies.

It is an offence to

discharge industrial effluent to sewer without consent and then to be in breach of that
consent.

The water companies do not like to take prosecutions and will generally take a

sympathetic view of industrialists problems if action is being taken to remedy problems.
Genuine accidents do not usually form the basis of prosecutions.

However, repeated

"accidents", say on a Friday afternoon, or negligence,, or inaction to remedy will lead to
prosecution.

Water companies are under a duty to provide proper sewerage and sewage treatment to all
customers including industrialists and cannot refuse to accept on effluent per soe unless
there are very good reasons.

Any dispute about refusal or the imposition of limits or

charges can be made the subject of an appeal by the industrialist to an independent
organisation - the Office of Water Services. That office will give a judgement on whether
the industrialist has a fair grievance and whether or not the Water Company must charge.

If co-operation fails the water company may be obliged to take a prosecution and when it
does so it can only use samples taken in a prescribed manner. The sample must be split
three ways.

One for the water company, one for the industrialist and one retained for

independent analysis if necessary. The purpose of this procedure, which is used elsewhere
in English law, is to ensure fairness and avoid dispute on the analysis.

Water companies may also enter legal agreements with industrialists but rarely do, if at all
these days.

The redress under these circumstances may be under civil law and may be

difficult and protracted.

If agreements are used they will cover the capital contribution

and not the licence to discharge.

There is an interesting difference in the IPO consents issued by HMIP.

Failure to comply

with the terms of the consents leads to an enforcement notice; failure to comply with the
terms of a notice is an offence.

This gives greater legal structure to the "period of

understanding" for an industrialist to solve problems.
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Sometimes an industrialist may look to the utility to provide assistance in resolving
problems. This has difficulties when the utility is also the regulator. This dilemma may be
overcome by the utility providing a list of known reliable consultants but even that can
cause some problems and must be dealt with carefully. An alternative is for the utility to
set up an entirely different entity to give process advice which does not have any direct
connection with regulation. An example is ALPHEUS in the Anglian Water Group.

There is a trend throughout the world for greater public accountability and "transparency"
of conduct in environmental affairs.

The environmental water regulator in England and

Wales, the National Rivers Authority seeks public views on the issue of consents for the

discharge of sewage and industrial effluents to environmental waters. The consents and
monitoring data are kept available to the public in registers. Water companies do not have
to consult the public or make monitoring data available because the impact of the
discharge is very much a matter between the utility and industrialist, but the consents are
available on register. In both registers, the industrialists may invoke confidentiality.

CONTROL NEEDS

This paper does not seek to review in detail the limits which may be applied.

Some

examples are given below.

*

pH: to avoid acid corrosion of the sewer particularly at the lateral joint and scaling
by alkaline discharges; to protect treatment processes.

*

Sulphate:

to avoid concrete attack, particularly at the lateral joint and minimise

sulphide production.

*

Solvents: to avoid explosive and toxic atmospheres particularly in sewers; to protect
treatment processes (chlorinated solvents are particularly toxic to sludge digestion)

*

Oil:

to avoid scum formation in sewers and treatment works (this can coat pump

electrodes and hence cause flooding); to protect treatment processes; to avoid sludge
being unacceptable for disposal

*

Solids: to avoid sewer blockage; to avoid overload of sedimentation processes
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if

*

Heavy metals:

to protect sewage and sludge treatment; to ensure that effluent and

sludges are suitable for disposal

*

Persistent organic compounds: to protect sewage and sludge treatment; to ensure in
particular, that effluents and sludges are suitable for disposal.

*

Organic load: to ensure that the capacity of the system is not exceeded

*

Volume: this influences all the quality criteria with the exception of uniform values
such pH, sulphate and an upper limit for oil etc, but also needs restriction to avoid
exceedance of the hydraulic capacity of the system.

*

Temperature:

to avoid problems with sewer maintainance; to protect treatment

processes
The nature of the limits may vary not just from determinand to determinand but place to
place.

This may be maximum or average or percentile values.

There may be more than

one type for a determinand (eg. flow or organic load can be restricted on a 24 hour basis
and on an instantaneous basis).

In some cases it may be appropriate to restrict the load

discharged and this may be achieved as a direct expression or by a combination of flow and
concentrations - it all depends on local circumstances.

It is important that the utility keeps up to date with the latest information on the impact
of substances on the environment and on processes. In this way the limits are always being
set on a robust basis. It is also important that once a licence or consent is issued that the
industrialist can expect a period of stability say two years before limits are altered unless
there is an over-riding need for a shorter term change.

Whatever the basis of the limits, it is essential that the industrialist understands them and
their practical implications.

A customer friendly utility must be prepared to explain the

reasons for a need to set particular limits either individually to the industrialists or in a
group forum. It is vital that the sewage works manager, as the front line representative of
the utility, has good communication skills if he is to remain a friend rather than a foe to
the industrialists.
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CONCLUSION

For many industrialists the best solution to the problem of effluent disposal is discharge to
public sewers. This will usually still involve good process husbandry and some form of pre

treatment. A factory manager must decide what to to do with surface water drainage.
This may add extra load and volume to the combined discharge will increase in utility
charges but if it is discharged to environmental water the quality restrictions may incur
treatment costs (even in a well run factory surface waters are often slightly
contaminated). Some separation of the drainage systems in a factory are often helpful. So
in the final analysis the factory manager must complete his environmental task at
minimum cost!

The key to the answer of the question posed in the title is that in with a well run utility and
a responsible industrialist, there should be no adversity and co-operation is maintained.
Both organisations should share a vision and goals of environmental protection.

Indeed in

England and Wales general co-operation goes even further. As water companies are truly
private companies they are eligible to join the Confederation of British Industry, in which
British industry co-operates to provide common views. Environmental protection is clearly
a crucial area of co-operation.

Some water companies such as Anglian Water have joined

the CBI - so the key word is more than friends - allies!
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ABSTRACT
In 1972, the Congress of the United States of America passed major legislation called the Clean Water
Act, which required all wastewater discharges to meet minimal standards. The Clean Water Act
promoted efficiency and cost effectiveness
The Gulf Coast Waste Disposal Authority was created in 1969 by the Legislature of the State of Texas
to, among other things, own and operate wastewater disposal systems which would be protective of
public health, "terrestrial and aquatic life, the operation of existing industries and the economic
development of the state".
Since enactment of the Clean Water Act, other pieces of legislation, rulings by courts of law, and rules
established by the U.S. Environmental Protection Agency have thwarted many efforts to operate
efficient and cost-effective wastewater treatment facilities. This paper will discuss several of the laws
and rules that have discouraged efficiency and cost effectiveness.

KEYWORDS
Cost effective; disposal; efficiency; legislation; regulations.

INTRODUCTION
Since its inception in 1969, Gulf Coast Waste Disposal Authority (GCA) has been attempting to
protect and improve the environment. The staff has sought this goal while working within the
provisions of the enabling legislation that created and defined GCA. And of course we must comply
with state and federal regulations which control all waste management operations. In this discussion,
the authors will attempt to show that quite often new or expanded regulations aimed at improving a
situation may actually interfere with effective and efficient treatment and disposal systems and, in some
cases, result in lowering overall environmental conditions.
Gulf Coast Waste Disposal Authority (GCA) was created in 1969 by an act (Chapter 409, Acts, 1969)
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of the legislative body of the State of Texas. The creation of GCA was a political reaction in response
to known environmental problems in the Houston Ship Channel and Galveston Bay. During the 1960s,
the Houston Ship Channel was often described as the "most polluted stream in the United States".
While creating GCA as a political subdivision and giving it broad powers and responsibilities, the
legislation did not provide funding to carry out any of the responsibilities described in the legislation.
GCA’s enabling act did provide for the collection of taxes within its area of jurisdiction; however,
voter approval for this taxation was required. When a special election was called to ^ request the
powers of taxation, the measure was defeated. Following this defeat, GCA’s Board of Directors
decided it should concentrate on section 3.14 of the enabling legislation, which provides for the
ownership and operation of waste disposal systems.
With the powers to own and operate waste disposal systems and the ability to finance projects with

tax-exempt bonds, GCA began contracting with industries to provide centralized wastewater treatment
facilities.
In section 1.02, Findings and Declaration of Policy, of the enabling legislation, GCA was directed to
provide "coordinated facilities for waste disposal" and to establish policy that would "maintain the
quality of waters in the state consistent with . . . operating of existing industries, and the economic
development of the state".
Between 1971 and 1976, GCA constructed two wastewater treatment facilities specifically designed
to treat industrial wastes, and purchased two other existing treatment facilities designed for treating
industrial wastes. The two existing facilities purchased by GCA were expanded to provide treatment
to other industrial and municipal dischargers whose wastes were compatible. By operating these
facilities in an efficient manner, GCA was fulfilling part of the provisions of its enabling legislation.
In 1972, the U.S. Congress passed the Clean Water Act (CWA) (PL 92-500, 1972). The goal of the
CWA was to provide for fishable and swimmable waters throughout the United States. This was to
be achieved by the establishment of regulations that control the discharge of pollutants to receiving
streams.
Included in the CWA is a provision that encourages regional treatment of wastes. Section 103(c)
states, "To the extent practicable, waste treatment management shall be on an areawide basis and
provide control or treatment of all point and nonpoint sources of pollution". This provision further
provided grant monies for the construction of such treatment plants.
The language in the CWA seemed to be consistent with the language used by the State of Texas in the
creation of GCA.
Section 307(b)(1) of the CWA requires the establishment of pretreatment standards for industrial
wastes that are discharged to publicly owned treatment works (POTWs). Section 307(b)(1) provides
that pretreatment standards "... shall be established to prevent the discharge of any pollutant through
treatment works (as defined in section 212 of this Act) which are publicly owned, which pollutant
interferes with, passes through, or otherwise is incompatible with such works. If, in the case of any
toxic pollutant under subsection a) of this section introduced by a source into a publicly owned
treatment works, the treatment of such works removes all or any part of such toxic pollutant and the
discharge from such works does not violate that effluent limitation or standard which would be

applicable to such toxic pollutant if it were discharged by such source other than through a publicly
owned treatment works, and does not prevent sludge use or disposal by such works in accordance with
section 405 of this Act, then the pretreatment requirements for the sources actually discharging such
toxic pollutant into such publicly owned treatment worlcS may be revised by the owner or operator of
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such works to reflect the removal of such toxic pollutant by such works".
Inasmuch as GCA was created as a political subdivision, it is a public body; therefore, facilities that
GCA owns are "publicly owned". The U.S. Environmental Protection Agency (EPA) permitted

GCA’s facilities as industrial wastewater dischargers. In 1980, GCA and EPA entered into a consent
agreement (U.S. District Court, Southern District of Texas, 1981). In the consent agreement, EPA
agreed to recognize GCA’s facilities as POTWs [paragraph VII(a)] (but would continue to issue an
industrial type permit). GCA agreed that its POTWs would be "subject to the general pretreatment
regulations" (paragraph VIII(a).
Using the "removal credits" provision of CWA, section 307(b)(1), which allowed a POTW to revise
pretreatment limits to reflect the removal of pollutants by the POTW, GCA continued to provide the
same efficient and effective treatment for its industrial dischargers.
In 1986, the Third Circuit Court of Appeals ruled that the removal credits provision of CWA, section
307(b)(1), was invalid until EPA promulgated comprehensive sludge disposal regulations that would
insure a treatment process was not simply transferring toxic materials from the water phase to the solid
phase and would end up as an environmental problem where sludge disposal occurred (U.S. Court of
Appeals, 1986).
Because the court invalidated removal credits, industrial dischargers were required to meet categorical
pretreatment limits, which are established by EPA, regardless of the effectiveness of the POTW to
which it is discharged. This had a tremendous impact upon GCA’s operations, beginning in 1988.
In 1987, EPA promulgated the effluent discharge limits and pretreatment limits for the organic
chemicals plastics and synthetic fibers category of industries (OCPSF) (USEPA, OCPSF, 1987). In
establishing the OCPSF pretreatment limits and discharge limits, EPA assumed that some 64 toxic
materials commonly found in OCPSF waste streams would pass through the typical POTW untreated.
Therefore, EPA’s pretreatment limits and effluent standards for direct discharge were equal. EPA also
determined that biological treatment could achieve the removals required for meeting pretreatment and
the direct discharge limits.
In GCA’s case, the wastewater treatment facilities are designed to treat the specific industrial wastes
received and to achieve the same removals an industry would be required to achieve before discharge
to a receiving stream. When fully implemented, the OCPSF industries discharging to GCA must treat
their wastes to direct discharge standard before they can discharge to a POTW, even though the
technology they use for achieving pretreatment is exactly the same as the technology used by GCA
for treatment.
Faced with the loss of the ability to utilize removal credits, GCA and a major industry at one of its
four industrial wastewater facilities agreed it would be absurd for GCA to require the industry to
pretreat its waste before discharging to GCA’s POTW when that industry could use the same facility
to treat its waste and discharge it as a direct discharger without any additional treatment requirements.
GCA sold the POTW to the industry in 1989, thus allowing the industry to continue with the same
treatment without the imposition of pretreatment requirements. Selling this facility to an industry
removed that facility from consideration as a site to treat additional wastestreams ... the loss of a
potential regional treatment plant.
In the remaining three GCA industrial facilities, it was not feasible for any one industry to purchase
the facility due to mixture types of wastes or percentage share of use by individual industries. In
order for GCA to continue fulfilling the requirements in its enabling legislation, a major change in the
federal legislation would be required.
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In 1992, GCA obtained special legislation through the U.S. Congress to eliminate the categorical
pretreatment requirements, provided certain conditions are met. Public Law 102-389, 106 Stat. 1601
(U.S. Congress, PL 102-389, 1992) provides:
"Notwithstanding section 307(b)(1) of the Federal Water Pollution Control Act, the
following limitation to the Gulf Coast Waste Disposal Authority on applicability of
pretreatment standards shall apply:
(a) If the conditions of subsection (b) are met, the pretreatment standards promulgated
pursuant to section 307(b)(1) of the Federal Water Pollution Control Act shall not apply
with respect to any treatment works operated by Gulf Coast Waste Disposal Authority and
industrial users of such works.
(b) Subsection (a) shall only be in effect with respect to a treatment works if (1) the mass removal of pollutants by such works is equivalent to the removal which would
be achieved if the industrial users of such works discharged such pollutants into waters of
the United States other than through a publicly owned treatment works and such discharges
complied with applicable effluent limitations; and
(2) the Gulf Coast Waste Disposal Authority has, and is in compliance with, a permit
issued under section 402 of the Federal Water Pollution Control Act containing sludge
quality numerical limitations for each of the pollutants for which such limitations are
established and which would otherwise be required to be treated under the pretreatment
standards established under section 307(b) of such Act (or where numerical limitations are
not available, a design, equipment, management practice, operational standard, or
combination thereof for each such pollutant) developed in accordance with the applicable
requirements of section 405(d) of such Act."
By implementing this special provision, GCA is again in a position to provide total treatment
for its industrial users when wastes are compatible with the wastewater treatment processes
utilized at GCA’s POTWs.
Another piece of legislation that has had a major impact upon GCA’s operations is the Resource
Conservation and Recovery Act (RCRA) (U.S. Congress, PL 94-580, 1976), which includes
requirements for solid and hazardous wastes. The major impact of RCRA upon GCA’s
operations has been the mixture rule. The mixture rule states that when a hazardous waste is
mixed with a nonhazardous waste, the entire mixture is then considered a hazardous waste even
if the resulting reaction renders the mixture conclusively nonhazardous. In the operation of
GCA’s facilities, GCA had been utilizing an acidic industrial waste to disinfect a municipal
waste stream before it was treated in the POTW. With the ruling that mixtures of
characteristically hazardous waste, in our case low pH, were mixed with the nonhazardous
municipal waste stream, the mixture could not be treated in a POTW not permitted for treating
hazardous waste. At the same time, the acidic industrial waste can be neutralized and treated,
and the municipal waste can be disinfected with acid and treated. This ruling has cost GCA and
its users for the unnecessary use of chemicals for disinfection and neutralization, and has done
nothing to improve the environment.

CONCLUSION
We would say in conclusion that the courts and the regulators are not, in our opinion, purposely
setting out to create counter productive requirements. These regulations are put forth with the
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best possible intent ... to provide for clean air and clean water ... to prevent those few who
would pollute-for-profit from getting by with poor environmental practices. The problem is we long ago accomplished the easy tasks. We have largely done those things with the big, the
quick and the visible payoff.
Now we are working on ever more complex concerns; even smaller pieces of the eco-puzzle.
Incongruously, the numbers ... the measurements ... are hugely smaller. Who would have
thought'ten years ago we would be discussing, containment concentrations parts per quadrillion.
Also, in the United States and around the world, those of us in waste management must deal
with more than waste: we must deal just as effectively with the fear and mistrust of the public.
It is this political environment which often drives our attempts at environmental management.
We recognize that many regulatory decisions today are made, not with research science, but with
political science.
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DEVELOPMENT OF A USER-FRIENDLY INTELLIGENT
SPECTROSCOPIC COMPUTER SYSTEM
A CASE STUDY:
DESIGN OF A CONTINUOUS MONITORING COMPUTER
SYSTEM

Carl L. McCauley, Michael J. Czemiawski, Robert H. Kagann, and Orman A. Simpson
MDA Scientific, Inc.
3000 Northwoods Parkway, Suite 185
Norcross, Georgia 30071

Most computer software packages currently available for chemical analysis of FUR. data are
"expert-user" systems. They require an understanding of spectroscopy to properly convert the field
measurement data obtained by a FTIR unit into an absorbance spectrum, which will be analyzed to
determine the concentrations of gaseous pollutants. Our goal is to design software that is "intelligent"
and user-friendly. This software would require only minimal non-technical input into a menu-based
system. Our study examines the design and development of a continuous monitor that will calculate
concentration levels in real-time without user interaction for at least a three month perio’d. We will
discuss the details of the software development and the associated problems and solutions. Topics of
concern include automatic background generation, signal-to-noise ratio, FTIR unit on-line/off-line
status, automatic selection of the best regions to analyze in, and providing a creditable audit trail.
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INTRODUCTION
Since the introduction of the Fourier Transform Infrared Remote Sensor (FTIR-RS) in the early
1970s, analysis of the spectra has always been accomplished at a later time. At first, spectroscopists
used computers to examine the spectra. They could identify which compounds were present and

determine the concentrations using Beer's Law. Recent algorithms, most notably the Classical Least
Squares algorithm1, have allowed computers to determine the concentration levels automatically.
However, all of the possible compounds that might be contained in the absorbance spectrum must be
identified. Research is currently being conducted to determine all unknown compounds in the spectrum,
but these methods have problems with false positive and false negative readings. Determining the
method of generating a background spectrum (producing an absorbance spectrum requires both a single
beam data spectrum and a single-beam background reference spectrum) has also presented numerous
problems2. Even with these advances in computer software, highly trained users (although not
necessarily spectroscopists) are still required to use these programs to determine the concentration levels
of gaseous compounds.
With the recent amendments to the Clean Air Act3, there is an urgent need for computer software
to determine and monitor chemicals in real-time and with little training and maintenance requirements.
On the basis of the requirements of the Clean Air Act, the F1IR remote sensor may emerge as a leading
instrument for monitoring the chemicals required by this act. Therefore, major advances need to be
made in computer software. Some of the requirements of this new generation of software, and the
problems surrounding the implementation of these requirements, will be addressed in this paper. The
development of a FTIR continuous monitor computer system will be used as a ;ase study to illustrate
how these software requirements can be met
EXPERT-USER COMPUTER SYSTEMS
Most of the available FTIR software in the market today can be classified as "expert-user"
computer systems. This means that a highly trained user, usually a spectroscopist, is required to operate
the software at all times. In addition, most of the analysis is usually done off-line, i.e., performed at a
later time. The spectroscopist will usually take a measurement of the open-path single-beam spectrum.
After the spectrum has been collected, the spectroscopist will then create an absorbance spectrum and
analyze it for chemicals using a pre-determined method (such as classical least squares). This step can
now be performed within a couple of minutes. While this is much faster than other conventional means
such as Gas Chromatography Mass Spectroscopy (GCMS), which may require up to a week to return
the concentration results, this step requires the FTIR system to be off-line. During this time, open air

measurements can not usually be collected. Therefore, a gas plume could possibly pass through the path
of the FTIR and not be detected. Also, this method requires that a user be present to perform the
analysis and solve any problems that may arise.
While these methods will provide the most accurate results, most clients cannot afford to have a
full-time analyst attend the system. Usually technicians are assigned to monitor FTIR-RS systems.
Technicians can be trained to operate the system but problems often occur requiring solutions beyond
their training. Inaccurate readings may appear (false positive) or results may not be determined even
though there are chemicals in the spectrum (false negative). Therefore, it is often necessary for a
spectroscopist to provide assistance while using the expert-user system if accuracy is important
Having a trained-user at all times presents a major problem. Obviously, trying to provide
operating personal twenty-four hours a day will present both a cost and time problem. Therefore, it is
extremely difficult and expensive to try to provide an "almost" real-time 24-hour chemical monitor.
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The preceding discussions have presented some of the problems associated with expert-user
systems. However, expert-user systems also have many advantages. These systems allow a
spectroscopist or highly trained user to examine the spectral characteristics contained in the FUR data.
Spectra may be manipulated both graphically and numerically. This can often lead to determination of
unknown chemical compounds in the spectra.
While the current generation of "expert-user" software has come a long way from the early days
of the FITR, there is much room for improvement, both in terms of the user-interface and determining
spectral features and characteristics.
USER-FRIENDLY "INTELLIGENT" COMPUTER SYSTEMS

Perhaps the most immediate change in FITR computer software needs to made in the area of the
user-interface. By providing an easy-to-use interface, personnel costs and requirements could be greatly
reduced. However, accomplishing this function requires that the software be able to handle more
responsibility. The software must be able to determine and handle any errors that arise. It must also be
able to handle more of the spectral examination functions. This includes determining chemicals and
chemical concentrations accurately with little or no error in the results. These requirements are detailed
in the following paragraphs.
The first requirement is to provide an easy-to-use interface. The general movement in the
computer industry is towards a graphical user interface (GUI). This type of user-interface is provided
by the Macintosh4. With the introduction of Windows 3.0s, MS-DOS6 has also quickly moved toward
this type of interface. In addition, most of the high-power workstations currently have some form of
GUI available. GUI's do not depend on memorizing commands to accomplish specific tasks. Instead,
tasks can usually be accomplished with icons or from a menu and are typically more "intuitive" than
command-based languages. By providing an easy-to-use interface, the training requirements can be
significantly reduced.
The second requirement is to efficiently handle system failures. If a failure occurs, the computer
program should determine what is wrong and either correct the problem or inform the user exactly what
to do. This is often extremely difficult to accomplish. The programmer must first determine all of the
possible error conditions and then determine how to correct each of the problems. If a user is not
always present, then the computer must be able to handle the situation on its own. Fatal errors (i.e.,
errors that will cause the computer system to stop running) should be avoided at all costs in an
unattended system.
The third requirement is to be able to perform more spectral examination and manipulation
functions. Basically, this involves taking the methods of a spectroscopist and programming the
computer to perform this way, which is a difficult task. Computers must have an algorithm in order to
function correctly. However, many of the tasks that spectroscopists perform are not easily transformed
into an algorithm. Often, each chemical has specific requirements. Some algorithms currently exist
such as the Classical Least Squares; however, new algorithms will need to be developed before a
computer program can handle all of the tasks of the analyst
The computer system must also be able to adapt to changing conditions. Temperature changes
can result in differences in the spectral data. Rain and fog will often degrade the spectral-characteristics
of the spectra. This results in higher minimal detectable limits since the signal-to-noise ratio is reduced.
The software should be able to adapt to these conditions without user intervention.
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CASE STUDY: A CONTINUOUS MONITOR
We will examine the development of a FUR continuous monitor in this paper. Problems and
solutions that were encountered will be presented.
The purpose of the continuous monitor is to obtain concentrations for a number of chemical
gases in real-time and without user-interaction for up to a three month period. Once the continuous
monitor is started, the only time human interaction will be required is when an alarm condition occurs.
The system will automatically alert the user when this condition occurs.
This implies that the computer system must be able to perform all analysis without human
interaction, collect a new spectrum while the last spectrum is being analyzed, and be able to handle all
error conditions that may arise.
We are defining "real-time" as collecting a spectrum, collecting the next spectrum while
simultaneously analyzing the previous spectrum, etc. as illustrated by figure 1.
/Collect initial,
'spectrum and /
set n=0 /

'Collect next
Print or store
results

FIGURE 1: Flowchart for real-time analysis
The design of this program will be used to examine some of the problems and solutions of
implementing user-friendly "intelligent" software. The purpose is to determine the best direction for
future developments in FITR computer software using the continuous monitor to serve as a basic
building block for this goal.
IMPLEMENTATION ISSUES

We will now discuss the problems that came up during the design of the continuous monitor.
The problems will be placed into the following sections: Initialization, User-Interface, User
Notification, Audit Trails, and Error Handling. Solutions to these problems will also be provided. Due
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to the limitations of technology, some of the solutions have not yet been determined. In this case, both
the present method and the ideal solution will be presented.

Initialization
The first step in any computer program should be the initialization process. This will include
initializing any hardware as well as obtaining needed information from the user. During this step, it is
assumed that an operator will be available in case an error occurs.
To allow the most flexibility, the user should be able to change any parameters in the computer
program. This includes everything from minor details such as screen colors to major details such as
alarm notification methods. For ease of use, most of these values should have defaults. The most
common method is to use a parameter file to store these values. This method is used by Windows 3.0
(*.ini files) among many other programs.
In the ideal continuous monitor, the user would not have to change any parameters. However,
current algorithms, such as the classical least squares and partial least squares, need to know information
such as compounds to analyze and regions of analysis. In our program, this information is stored in a
"script" file. This method allows an experienced spectroscopist to set up a script file for a particular
client based on their needs. After this file is set up, no additional fine tuning is necessary by the user.
Ideally, the continuous monitor should be able to determine all unknown compounds in the spectra.
This is one of hottest research projects today and is expected to become a reality in the next few years.
Another problem that occurs with today's algorithms is the need for a background reference.
The background reference is necessary to create an absorbance spectrum. This spectrum is currently
obtained by collecting an upwind spectrum, a zero-path spectrum, or by generating a'synthetic
spectrum2. Research is currently being conducted on determining other methods of obtaining
background reference spectra. The problem with background reference spectra is that weather
conditions change frequently. This results in lower signal-to-noise values and will also degrade the
absorbance spectra over a period of weeks. A current solution to this problem is to scale the
background reference to match the intensity of the current single beam spectrum. This helps solve, the
problem, but does not eliminate it However, solutions to this problem are expected to be found in the
near future.
User Interface
In designing the continuous monitor user-interface, we had to decide how mubh data to present
to the user, what kind of utilities to provide to the user, and how the screen should be structured.
As mentioned earlier, software is generally moving toward a graphical user interface. Therefore,
we allowed the user to use either a mouse or a keyboard to access all of the functions and tools using
menus and icons.
We decided that in the case of the continuous monitor, the user wanted to know the
concentration value, the 3 sigma value, and to be alerted when any alarms were activated (we provided
two alarms for each compound). It is very important to realize what information the user needs.
Placing too much information on the screen will make the data hard to read. Information should be
logically placed on the screen and easy to read at a glance.
Identifying the tools a user will need is a difficult step. Users will always think of different
ways to present the information that they want to see. Therefore, the tools you provide should be
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flexible. Some of the basic tools include utilities for backing up data to a floppy drive or tape unit,
cleaning up the hard disk, viewing spectral information, calculating concentrations, and viewing and
manipulating the concentration data. Default values should be provided for every field to assist the
casual user.
User Notification
As mentioned earlier, the continuous monitor is designed to operate without user-interaction.
However, user notification will be necessary when certain conditions occur such as a concentration level
being exceeded or when the hard disk is full. Therefore, a system must be in place to notify the user.
If a condition occurs, the continuous monitor will flash a message on the screen that should
attract the attention of any personnel in the vicinity. In addition, external alarm output leads are
provided which can be connected to an alarm system (such as a horn) or to the client's central computer
system. By connecting the continuous monitor to a client's central computer, the information produced
by the continuous monitor can be integrated into the client's central alarm system. This option could be
a vital step toward client's acceptance of an FTIR system.
Audit Trails

Perhaps the most important part of any FTIR computer system is providing a creditable audit
trail. This means saving concentration data and/or spectral data. If the FTIR computer system sounds
an alarm and a client’s plant is temporarily shut down, a lot of money will be lost. Therefore, the cause
of the alarm must be proved and documented. The Environmental Protection Agency (EPA) is
currently determining what type of data is necessary to meet the requirements of the Clean Air Act
amendments. This information should be available soon.
Spectral data can take massive amounts of computer storage space. Spectral files generally
average about 32K bytes of disk space. If a new spectrum is being collected every 20 seconds, this will
fill up a hard disk quickly. Deciding how to reduce this amount of data can be an important design
decision. One way to reduce disk space is to co-add spectral data that does not contain important
spectral information into one file. Another way to save disk space was to save only spectral data that
meets specified criteria (i.e., a high alarm concentration limit is exceeded). Since most spectra will not
contain any important features, this can significantly reduce hard disk requirements.
Some users may desire the concentration data to be saved but not the spectra. Therefore, we
allow the user to independently select when to save the concentration data and when to save the spectral
data. For the continuous monitor to run continuously with out user intervention for a three month period
would require that only concentration data be saved. The client must make the decision of what
information to save.
The programmer must also provide tools so that the user may reconstruct information from
saved spectra and extract concentration information from the massive amounts of data. Again, these
tools must be flexible so that the user may extract only the information they need. A tool should be
provided so that the user can examine the spectral data and recalculate the concentration values for
verification of the data. False positive and false negative readings may occur but at least the user will
be able to determine why these readings occurred.
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Error Handling

One of the hardest tasks that a programmer faces is how to deal with error conditions. Not only
must the programmer determine all of the possible sources of any errors, he must also determine how to
handle them.
Often, a program will stop running when an error occurs. Since one of the requirements of the
continuous monitor is to run continuously without human interaction, "fatal" errors cannot occur. Since
a user will .be on hand when the program is first started, fatal errors are allowed to occur during startup.
Errors that occur once the system is operating properly will not cause the computer program to
terminate. Error conditions are stored into a database for future reference.
Some of the error conditions that were encountered in the development of the continuous
monitor were running out of memory, filling up the hard disk, beam block of the FTIR remote sensor,
power failure, and FTIR remote sensor failure. Although some of these errors would prevent the
computer from calculating concentrations, the computer program will continue to operate and recover
from these errors if conditions changed. For example, if the FTIR remote sensor went off-line, the
computer would stop calculating concentrations and sound an alarm. If the FTIR remote sensor then
went back on-line, the computer would detect this change and start calculating concentrations again.
Fault tolerance is also an important part of the FTIR system. If a power failure occurs, then both the
FTIR remote sensor and computer system should be able to fully recover without user interaction.
CONCLUSION

As industries start to incorporate the FTIR-RS technology into their plants, the requirement that
technicians control the FITR system will become a necessity. Therefore, new spectroscopic algorithms
will need to be developed which will allow computers the ability to perform accurate and reliable
analysis on the spectra without human-interaction. The continuous monitor discussed in this paper
presented some of the problems and solutions associated with this requirement
The problems that still need to be addressed in further detail for the continuous monitor program
include: background generation, analyzing for unknown compounds, elimination of false positives and
negatives, and data storage requirements. Some of these solutions will be available later this year, such
as background generation and data storage requirements. However, other solutions may take years to
develop since they require advancements in technology (i.e., faster computational speed) and "smarter"
algorithms.
The main goal that needs to be addressed in spectroscopic software is the user-interface.
Programmers have always designed spectroscopic software to be used by highly trained users. As the
transformation to a user-friendly "intelligent" computer system evolves from the expert user systems
currently available, the programmer must create software that will assist the system operator through all
the procedures currently performed by a spectroscopist. When this is achieved, the FTIR-RS will
emerge as the leading instrument for environmental monitoring of gases.
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HYDROCHLORIC ACID RECYCLING FROM
CHLORINATED HYDROCARBONS
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M. Schaub
SULZER CHEMTECH LTD, P.O.Box 65, CH-8404 Winterthur, Switzerland

ABSTRACT

Chlorinated hydrocarbons present a major ecological hazard since most of them are only poorly
biodegradable. Incineration is an economical process for their destruction, however the usually recovered
sodium or calcium chlorides do not present a value and their disposal may even be very costly. Recovery of
hydrochloric acid may therefore present an economical solution, mainly where large quantities of highly
chlorinated compounds can be processed.

1. INTRODUCTION

Chlorinated compounds, particularly chlorinated hydrocarbons are ecologically of major concern, since
most of them are only poorly biodegradable and some of them are toxic for human beings and animals.
Ecologically, their destruction or recycling is therefore of great importance.
Separation of different compounds from mixtures and/or waste is difficult, expensive or simply impossible.
Thus incineration is a valid alternative for the destruction of such compounds.
The formed HC1 must be recovered, as it is a major contributor to acid rain problems. Usually, HC1 is
scrubbed using lime or soda, and thus a by product (CaClg or NaCl) with no or little value is produce^,
since it is very difficult to make products similar in quality compared with the raw product. Alternatively,
hydrochloric acid may be recovered, which does present a certain value.
In Europe, particularly Germany, hydrochloric acid recycling is used even in municipal waste incinerators,
where only small amounts of HC1 are recovered (3000-6000t/y), however there is the advantage, that no
off streams are generated, and the product presents a certain value.
Economically, these installations are not interesting, however also in this field, large scale plants,
specifically taylored to hydrochloric acid recycling, may be economical.
On the other hand, economics can not only be considered from the point of view of plant economy, but the
entire waste management cycle must be considered, which may influence the economics drastically, e.g.
lack of disposal sites, cost of disposal, recycling laws ["Wiederverwertungsgebot"], or even shortage of
hydrochloric acid at a specific site.
Sulzer Chemtech Ltd designes and builds complete plants and processing stages for evaporation and
crystallization, in the field of environmental industry also for the concentration of dilute waste acids like
hydrochloric acid that became more and more important in recent years.
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Sulzer-Escher Wyss Evaporation-Systems, together with Andriz-Ruthner, Austria, have built a MgO
sintering plant for the Teutschenthal factory in Germany. This factory was equipped with a treatment plant
for
waste
hydrochloric
acid
which
also
produces
calcium
chloride
prills.
In order to reduce the amount of waste and to recycle the reusable substances the combustion of
chlorinated hydrocarbons in industrial or communal plants increases rapidly.
This paper shall evaluate the technical possibilities for acid recycling, taking into accout the economical
aspects of the recovery process only, since other aspects are not generally valid, but have to be taylored to
specific countries and locations.

2.

REQUIREMENTS ON RECOVERED ACID

As shown in the following table the requirements for the recycled HC1 are very stringent especially
considering the undefined composition of such wastes in most of the cases, either of industrial or municipal
waste.
The difference between the requirements of main users of HC1 (e g. in Germany) for hydrochloric acid
from waste combustion plants is not significant, thus it can be summarized as follows:

TABLE 1: HCL QUALITY REQUIREMENTS FOR RECYCLED ACID

clear, colorless to faint yellow
30-31 weight p.c.
69 - 70 weight p.c.
<10
mg/1
<10
mg/1
<1
mg/1
< 10
mg/1
< 10
mg/1
<5
mg/1
<5
mg/1
<1
mg/1
<0.1
mg/1
<1
mg/1
<1
ngTE/1
<1
mg/1
<5
mg/1

appearance:
Hydrochloride: (HC1)
Water:
(H20)
Sulfate:
(as S04)
Nitrate:
(NOS)
Ammonia:
(NH4)
Fluorine:
(F-)
Bromine:
(Br.-)
Iodine:
(J-)
Chlorine:
(02)
Iron:
(asFe)
Heavy metals:
(per metal ion)
Organic Cl-combinations:
(as C1-)
Dioxines/furanes:
AOX:
TOC:

3.

COMPOSITION OF WASTE AND FLUE GAS

Highly chlorinated wastes may be liquid,solid or pasty. They usually consist of at least 20% (by weight) of
chlorine, their chlorine concentration may however be as high as 70%.
Typically they have relatively low stochiometric oxygen demand for complete incineration, since the
chlorine consumes some of the hydrogen of the compound, and oxygen is mainly needed to convert the
remaining carbon. This allows to run such incineration processes at moderate excess oxygen levels, and
usually there is no or only little auxiliary fuel required to run the incineration.
While incineration may be considered hazardeous because of side reactions (PCDD/PCDF formation),
present incinerators for highly chlorinated wastes do not show increased values for such products
compared with low chlorine operation.
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In usual wastes, all kinds of impurities are also present. These consist of non chlorinated organics, all kinds
of inorganics including other halogens, and, unfortunately, also heavy metals, which for example are (or
were) also used as softeners in PVC. Organics are of course incinerated, while parts of the inorganics are
fluidised as fly ash.
The other halogenes are mainly fluorine (e.g. contained in refrigerants or plastics like PTEE) and bromine
(e.g. used as flame retarder in plastics or in halones).
The flue gas may thus contain fairly high concentrations of HC1 (3.5% is a typical concentration). At this
concentration however it must be considered, that the Deacon equilibrium
2 HC1 +1/2 02 <=> Cl2 + H20

{1}

even at the usual incineration tmperature of 1200°C leads to important amounts of Cl2 at the typical water
vapour concentration of 5 to 10% and excess oxygen of 7 to 9%. This is on one hand important for the
waste heat boiler, where high temperature corrosion must be considered. On the other hand, Cl2 will partly
be contained in the recovered HC1 and it also must be eliminated nearly completely in the flue gas scrubber,
since allowed emission levels are usually very low. (5 mg/Nm^ [5,6]).

4.

HC1 SCRUBBING

HC1 scrubbing is an old technology, which has been applied in many hydrochloric acid production plants.
Usually it is done with external cooling, in order to allow for the production of commercial grade acid
(31-35%).
Flue gas from waste incinerators usually is cooled to typically 250°C using a waste heat boiler. At this
temperature, dust removal is made, which in the case of acid recovery is of major importance, since all the
impurities removed at this stage cannot enter the raw acid.
For this reason,typical particulate concentrations shall be below lOmg/Nm^, which ask either for a fabric
type filter (bag house) or a 3 chamber electrostatic precipitator.
The next stage of scrubbing then will be quenching to scrubbing temperature. External cooling would be
very costly, since large amounts of inert gas would have to be cooled.
Thus usual technology (block diaagram see figure 1) uses adiabatic conditions, which limit the field of
operation somewhat. Heat removal is by evaporation of water only, thus the water vapour content in the
scrubbed gas is determined by the inlet temperature, the amount of acid removed (excess heat of acid
absorption) and the inlet water vapour concentration. Thus there is already one limiting factor given, which
determines the maximum achievable concentration of raw acid. As an example (figure 2), it is assumed,
that the water vapour concentration after scrubbing will be 25%, and the pressure typically is slightly
below atmospheric. These conditions determine the scrubbing temperature and therefore - implied - also
the maximum acid concentration at a given inlet HC1 concentration.
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' Tire 1: Block diagram of acid scrubbing.
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Figure 2: HC1 vapour pressure above hydrochloric acid depending on temperature at water'vapotlr
pressure of .24 atm (derived from [1]).
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Impurities
Of the impurities, most of them will partly be contained in the raw acid. SO3 will enter into the raw acid
quantitativly as well as the not removed part of the heavy metals like mercury and cadmium. Fluorine will
only partly be dissolved in the raw acid [5], as well as the other halogenes, however the solubility of Clg,
Brg and I2 is high enough to cause measures to be taken in the upstream of the add recovery step.

5. ACID RECOVERY
Figure 3: Typical block diagram for hydrochloric acid recycling
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The raw acid usually enters into the recovery plant with a concentration between 8 and 20 weight-% of
HCI from the HCl-scrubbing step in the gas purification part.
On the whole the recovery plant consists of four process stages:
- HCl-rectification
- HCI - absorption
- CaCI2-concentration
- purge system-

-

; 5.1 HCl-Rectification

The stored raw acid is pumped through an external heat exchanger to the rectification column. In the heat
exchanger the raw acid is warmed up as high as possible by condensate.
In the HCl-rectification a brine solution is used in order to shift the azeotrope. Several components (brines)
might be used to shift the azeotrope, however a CaC12-solution is preferred for reasons of safety and not
adding an alien component to the system.
Before entering the column the raw add is mixed up with concentrated CaC12 which is fed from the
CaC12-concentration stage. The column is indirectly heated by live steam in the bottom by means of a
forced-circulation evaporator.
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The raw acid and the CaC12-soIution trickle well spreaded over specially structured packings. On this way
the water is absorbed by the brine that flows down and the HC1 is distilled and leaves the column on the
top with a concentration of more than 90%. Depending on the concentration of HC1 (below 12%) in the
raw acid an enrichment section is additionally required.
A part of the HCl-gas is condensed in a water-cooled condenser and used as reflux. The uncondensed HC1gas stream flows to the following process step, the HF-removal unit and the HCl-absorption.
Most of the impurities in the raw acid like heavy metals, sulfate and dust are concentrated in the CaC12solution at the bottom of the column and do not influence the composition of the gaseous HC1. This is also
an important reason for using CaC12-solution as a brine compared for example with sulfuric acid, which
would fulfil the drying requirements, too.

5.2 HCl-Absorption
The uncondensed HCl-gas leaves the condenser and flows through a HF-removal unit which is needed to
remove the carried over HF which has not been fixed in the brine.
The HF-removal unit is a process of physical absorption using special trays and packings and does not
need any supplementary chemicals. HF is removed and can be drawn off the system as a separate, higher
concentrated HF-stream for other purposes or can be neutralized in the purge system.
Usually the HCl-gas is condensed and absorbed in a falling film unit with deionized water (also a slightly
concentrated HC1 is conceivable). The heat of solution is carried off by cooling water.
The result of the process is a 31%, commercial grade hydrochloric acid. If there are some organic
impurities expected, a special activated-charcoal-filter-system may be added to remove them in order to
achieve a product acid of commercial quality. Eventually still present elemental halogens can be reduced by
adding some additive.
Venting of the absorption stage is realized by drawing the vents through a wash column where they are
washed by a small amount of deionized water, which is used after also as absorption water. The vents are
drawn off and sent to the vacuum station in the evaporation plant.

5.3 CaC12-Concentration
To shift the azeotrope of HC1, to bind the vast majority of the impurities contained in the raw acid and to
absorb the water, concentrated CaC12-solution is used in the rectification column.
Depending on the concentration of HC1, the brine is diluted before it is pumped from the sump of the
column to the reconcentration stage. In a forced-circulation evaporator the absorbed water and residual
HC1 are stripped off the brine as vapor by indirect heating with live steam, then the vapor is condensed by
cooling water and condensate, slightly contaminated with HC1, is collected in a vessel and transferred to a
storage tank, which serves also as wash water tank. In a next step the vapor condensate is recycled to the
absorption process in the flue gas purification. The concentrated CaC12-solution is recycled to the HC1rectification column.
The vents of condenser flow through a small secondary condenser and are washed together with the vents
of the absorber in a small column, where remaining HC1 is scrubbed by alkaline water. The washed vents
are drawn off the system by a vacuum water-ring pump and sent to the atmosphere.
Alkalisation of water is done by addition of Ca(OH)2 to the washer cycle.
The live-steam condensate returns to the condensate collector in the rectification stage and is used for
heating of the fed raw acid.
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5.4 Purge System
The raw acid (especially in the case of industrial waste combustion) is contaminated by a various amount
of dissolved and solid impurities. Most of them (with the exception of the halogens) remain in the brine. To
prevent the CaC12-solution from a high concentration of impurities, these impurities have to be drawn off
the system by a 3-steps-batch process.
Therefore a constant part of circulating brine is branched off to the purge system. With the help of lime the
pH of the purge solution is increased and the dissolved metals are transformed into metal hydroxids and
Ca-chloride, and eventual ammonia is stripped out of the solution.
The Me(OH)x can be filtered together with solid impurities (gypsum, dust, Ca-fluoride) in a multiple-tube
filter system.
Naturally the amount of received sludge depends on the figure of impurities in the raw acid. The purified
CaC12-solution is recycled into the main stream of brine.
So the sludge, that contains approximately 30 weight p.c. solid, 30 weight p.c. CaCl2 and 40 weight p.c.
water, has to be conditioned (e g. with cement) to be dumped or has to be treated for getting a higher
concentration by means of a thin-film evaporator.
The NH4 stripped out is drawn off and sent back to the flue gas purification after the scrubber unit.
If the sludge doesn't contain volatile substances depending on the composition of waste, under special
conditions the sludge can be returned to the combustion.

5.5 Process Options
If it is necessary to get a pure 99%-HCl-gas desired as a basic material for the reuse e.g. in a VCproduction-line, the remaining quantity of pollutants has to be less than in the case of the technical grade
liquid hydrochloric acid that contains 31% of HC1 and is used in several industrial applications. It demands
a specific selection of raw material before incineration to mark off the range and composition of impurities.
In the case of high chlorinated waste the concentration of HC1 in the raw acid is up to 20 weight p.c. and
the feed can be up to 20.000 kg/h (per train).
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Figure 4: Typical block diagram for recovery of pure HC1 gas
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In the case of a raw acid polluted with bromine and iodine a stripping stage is applied in order to separate
these halogens as Br2 and 12 (dissolved in water) before the raw acid enters the rectification column.

6.

ECONOMICAL CONSIDERATIONS

The economics of such a plant are influenced by many factors, some of them are mentioned below:
- the cost of alternative use, destruction or dumping
- the amount of incinerated waste
- the heating value of the waste
- the concentration of HC1 in the flue gas or the raw acid.
- the composition and amount of impurities
- the size of the plant
- the type of construction materials
- the degree of current generation and/or heat recoveryalso for various further
processes in a chemical network
- the costs of the utilities (essentially live steam, cooling water, electrical energy,
Ca(OH)2)
- the proceeds of product(s)
- the cost for dumping of sludge
Evaluation of the economics of a specific plant cannot be generally described, however some qualitative
assumptions can be made:
1. The most important factor on operating and installation cost is the concentration of the raw acid: the
lower the concentration, the larger the plant and the energy consumption2
2. Impurities lead eventually to additional process steps (e g. HF, HBr, HI, Br2,12 removal) and lower the
HC1 yield since the addition of Ca(OH)2 leads to HC1 consumption, and furthermore, increases the amount
of water added to the brine, which leads to increased steam consumption for evaporation of this water.

37

In smaller plants, impurities will effect the HC1 yield drastically, as in larger plants the yield will be in the
range of >98%, in smaller plants the yield may drop as low as 75%.
The HC1 lost because of impurities is approx. 4 to 5 times the amount of the impurities itself) i.e. 1 kg of
impurities leads to a loss of approx. 5 kg of HC1.
3. It is of advantage, if the acid does not need to fulfil most stringent quality requirements
Considering today's installation, e.g. recovery plants from municipal waste incinerators, where the raw acid
concentation is only between 8 and 12%, the cost per ton of recovered acid is significantly higher than the
cost for incineration of 1 ton of hazardeous waste.
In a study, where the recovery of approx. lOO'OOOt/y of HC1 from highly chlorinated wastes was evaluated,
the cost will significantly drop into a range, where the proceeds from the recovered acid and eventual
power or steam production will make up for the usual cost of hazardeous waste incineration.
When incinerating specific wastes not containing any other halogenes than chlorine in designated plants,
the HC1 yield will be very high (>99%), and no liquid effluents nor sludges to be dumped are expected.
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ABSTRACT
The PETREX Passive Soil Gas Technique - applied successfully to
environmental projects for 10 years - is the ideal primary investigative
tool for soil and groundwater contaminations, since it is rapid, easy to
apply and covers large areas. It is
more sensitive and cost effective
than other methods (e.g. active soil gas techniques). Passive collectors
combined with high-resolution mass spectrometry permit direct and
reliable identification of over 9,000 volatile (VOC's) and semi-volatile
organic compounds (SVOC's). PETREX is capable of providing comprehensive
problem delineation during the initial stages of the site investigation,
allowing for greater cost effectiveness in the planning of remediation
programs and in the selection of appropriate monitoring well locations
and
other methodologies which
may be
needed
to
complete
the
environmental evaluation.
PETREX therefore finds wide use in the
investigation of contaminants,
in the determination of pollution
sources, as well as in audits connected to real estate transactions.
This paper describes a case-study developed in Brazil, showing PETREX'5
usefullness and its correlation with soil and groundwater contamination
plumes established from traditional direct sampling methods.

KEYWORDS
GC/MS analysis
passive soil-gas
soil/groundwater contamination.

sampling

site

assessment

INTRODUCTION
The technical difficulties and high costs involved in establishing soil
and groundwater contamination plume boundaries with traditional direct
sampling methods (drilling and installation of monitoring wells), has
led scientists and engineers to use soil-gas sampling techniques as an
indirect method for preliminary assessment of potentially polluted
sites; and as a
means
for pre-planning detailed direct assessment
(i.e., monitoring wells placement, soil and groundwater sampling and
analysis etc.) and remedial measures.
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The main objective of a soil-gas survey is to detect and identify the
volatile
and
semi-volatile
organic
compounds
that
diffuse
from
underground
pollution
plumes
to
the
surface.
Its
criterious
interpretation allows to achieve the following:
(i)
(ii)

Pollution sources definition;
Identification of main contaminants present; and

(iii) Preliminary mapping of groundwater pollution plumes, and hence,
the definition of optimal locations for monitoring wells.
Soil-gas investigations can be divided into two categories, according to
the sampling techniques employed: active and passive methods. Active
methods involve pumping soil vapors out of the unsaturated zone, which
can then be directly analysed on site by portable gas-chromatographs; be
adsorbed in trapping devices (e.g.: active charcoal or other sorbents)
or stored in plastic bags (TPFE, Polyethylene) for off-site chemical
analysis at commercial laboratories.
Active methods usually give quantitative values in /ig/m3, but as soil
air volumes and dillution effects with surface air are not known under
routine conditions, these "absolute" values can be regarded in fact, as
semi quantitative.
Although they have shown useful results, such methods are in general
time-consuming and large short-term concentration variations may arise
due to the breaking of the soil chemical equilibrium during pumping, and
because of rapidly changing climatic (e.g. temperature, borometric
pressure) and site specific conditions (e.g. moisture/clay content,
geological heterogeneity, depth to water table etc.).
In Brazil, HIRATA and CLEARY (1990)
have reported,
for instance,
concentration variations for chloroform of 50 %
and 90 %
at two
locations separated 3 and 5 m from a third measuring point. KERFOOT et
al (1986), in DEVITT et al (1987) also reported halogenated organic
compounds concentration variations (42 %
relative standard deviation)
at adjacent sampling points, without constant pattern.
Passive methods, on the other hand, do not pump the soil gases but
rather allow the or'ganic volatiles /semi-volatiles to naturally migrate
to the collector and establish a chemical equilibrium with activated
charcoal in situ, latter being then transferred to the laboratory for
chemical analysis.
Although absolute concentrations cannot be determined directly, since
vapour volumes are not measured, such methods have the advantage of not
disturbing the soil gases equilibrium and averaging out (integrating)
concentration
flunctuations
produced
by
environmental
conditions
(EINHORN et al,
1991).
In this case,
relative,
semi-quantitative
concentrations are defined and mapped, which can successfully and
reliably reach soil-gas sampling's objectives.
It is not intended for this paper to compare active versus passive
methods; detailed comparisons can be found in DEVITT et al (1987) or
SMITH et al (1990).
This paper's main objetives are to describe the methodology and present
the results of a case study developed in Brazil, using a US-patented
passive soil gas sampling technique - the PETREX method.
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PETREX, developed in the United States of America by NERI - Northeast
Reserarch Xnstitut Inc - has been widely used during the last 10 years
in various countries and
since
1991 is utilised in Brazil by CSDGEOKLOCK Eng. Ambiental Ltda. PETREX samplers were successfully used for
various purposes and for detecting a large number of different chemical
compounds: e.g.: detection and mapping of chlorinated organics (HAILEY
et al, 1985) mainly trichloroethylene (TCB) and 1,1,1 trichloroethane
(TCA); landfill pollution to groundwater by chlorinated and aromatic
compounds; multiple pollution sources differentiation (COWHER et al,
1986) at a US-EPA funded project; characterization of sites contaminated
with unknowns,
complex mixtures/semi-volatile organic
compounds
(VIELLENAVE & HICKEY, 1990); mapping zones of contaminated groundwater
discharge to surface water (VROBLESKY et al, 1991) at a US-Geological
Survey project, the samplers being placed into river bottom sediments;
mapping and differentiation of gasoline (free and dissolved phases) and
diesel leaks from gas stations (EINHORN et al, 1991).
In Brazil, the method was already used in four states of the country,

for real estate transfer transactions of chemical companies, gas station
leakage evaluation, landfarming of oily wastes from petroleum refineries
audits, uncontrolled industrial waste dump pollution assessment,
industrial internal audits for eventual leakage of chlorinated organics
to soil/groundwater.

METHODOLOGY
PETREX Passive Sampler: preparation and installation
The PETREX passive soil gas collator (Figure 1) is composed of 2
ferromagnetic wires, with activated carbon coated to the tip (1 cm),
protected in a sealed glass tube. Wires are then cleaned by heating to
358°C in a high vacuum system and packed under an inert atmosphere in the
airtight tubes.
One collector out of every thirty is checked for cleanliness by mass
spectrometry. If clean, the group of thirty collectors is approved for
release into the field. Two or more travel blanks are inclused with each
shipment. Travel blanks accompany the field samplers until analysis
unopened .
Each collector is typically placed in a shallow hole, 30 - 45 cm deep,
within a protective container. The collector is left in the gound from
1 to 15 days, then retrieved and sealed in this glass container for
transportation back to the laboratory for analysis.
The PETREX soil gas sampling technigue is adaptable to
conditions commonly encountered within survey areas.
typically include concrete, asphalt, grass, gravel and
installation methods are routinely utilized to adapt
conditions.
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Figure V. PETREX SOIL GAS COLLECTOR
After EINHORN et ol (1991)

The first method utilizes a coring shovel or manual auger
(diameter
= 1,5 - 2,0 inches) for sampler installations in grass or otherwise
loosely consolidated soils.
PETREX soil gas samplers are placed (open end down) at the bottom of
each core hole. The samplers are then backfilled in each core hole with
an aluminum foil plug and the original excavated soil. To complete
installation, sample locations are marked with ribbon flagging and a
numbered pin flag, as well as entered into a field notebook and plotted
on a field map.
The second method utilizes an electric rotary hammer, equipped with an
18 inch by 1.5 inch diameter drill bit, for sample installations under
concrete, asphalt, or consolidated subsurfaces.
PETREX soil gas samplers are placed at the bottom of each drill hole.
For retrieval purposes, a heat-cleaned galvanized steel wire is attached
to each sampler. Aluminum foil is used to plug each hole to aproximately
two inches below grade. Then each hole is capped to grade with hydraulic
cement. The hydraulic cement also serves as a seal to the surface air.
To complete sample installation, sample locations are marked with paint
(where applicable), entered into a field notebook, and plotted on a
field map.
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PETREX soil gas samplers
are retrieved following a time period
sufficient to allow for diffusion of soil gas from within the subsurface
environment of a survey area to have equilibrated with the installed
PETREX samplers. This time integration period is determined for each
PETREX soil gas survey based on time calibration data and past

experience.
Retrieval
operations
are
dependent on
subsurface
routinely consist of the following two methods:

conditions

and

The first method applies to grass covered or loosely consolidated soil
conditions. A trowel is utilized to expose the backfilled samplers; then
with a pair of tongs, the samplers are brought to the surface. At the
surface, the samplers are cleaned, sealed, and labeled. Following
retrieval, all debris area gathered and the core hole is backfilled with
original material.
The second method applies to concrete, asphalt, or other consolidated
surface conditions. A rock hammer or chisel is utilized to remove the
hydraulic cement seal and expose the sampler. By means of the pre
attached retrieval wire the sampler is removed and than cleaned, sealed,
and labeled.
The passive collectors are normally placed in a grid pattern throughout
the survey area. The spacing density may be based on statistical
evaluation from prior knowledge of the site, or determined by geologic
and hydrogeologic consideration. This integrative collection method
overcomes variations in geology, time, and atmospheric conditions that
produce substantial deviations when using active methods.

Chemical Analysis
The collectors are retrieved from the field and returned to the
laboratory for analysis by Curie-point desorption directly into the*ion
source of an interfaced quadrupole mass spectrometer (Py/MS) (Figure 2).
During each analysis the desorbed VOC's and SVOC's are normally analyzed
in the mass range of 30 to 240. The information obtained during the
analysis process is stored in the computer as a composite of the
VOC/SVOC compounds collected at each sample location. The data is
downloaded onto a grafics workstation where the information is processed
using a variety of chemometric techniques. The computer techniques
permit fingerprinting of a wide variety of VOC/SVOC mixtures.
Compounds
identification
is
based
on molecular weight,
compound
fragmentation,
and
isotope distribution,
as applicable.
Each VOC
exhibits a unique mass spectral signature. NERI maintains a large
library of spectra for individual compounds, accessible by computer!.'in
addition,
the company maintains a large library of commonly used
chemical mixtures;
e.g.,
gasolines,
diesels,
industrial oils and
solvents, coatings, plastics, pesticides etc. These are used to assist
in both compound and mixture identifications.
— Indicator peaks, indicative of the-compound and away from interference
by
other
compounds,
are
selected
for
data
intepretation
and
presentation; and mapping.
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Figure 2 : SCHEMATIC DIAGRAM OF THE CURIE POINT DESORPTION MASS SPECTROMETRY SYSTEM
After Einhorn et al (1991).

A routine fingerprint analysis is performed on one wire taken from the
collector. Where necessary, because of the complexity of the pollutants,
the second wire is analysed using TD/GC/MS or TD/GC/MS/MS procedures.
The use of GC for separation of coeluting species whose mass spectra are
obtained during the elution process facilitates identification of
unknowns. The use of GC retention indices coupled with the employment of
authentic standards greatly enhances and confirms the mass spectral
identification of unkowns (VILLENAVE & HICKEY, 1990). Table 1 shows some
examples of detectable compounds, using the PETREX method.
Aromatics

All hydrocarbons from C0 (Benzene) to C,2 (Ce Alkil Benzene)
E.g.: Benzene, Toluene, Ethylbenzene, Xylenes etc.

Alkanes
(alipratics/Paraffins)

All compounds from C4 (Butane) to Cl6 Pentadecanes plus C2 (Ethane)
E.g.: Pentanes, Hexanes, Heptanes, Cyclopropane etc.

Volatile Halogenated Compounds

Vinyl Chloride, Chloroform, Carbon tetrachloride, Chloroethane,
Dicloroethanes, Trichloroethanes, Tetrachloroethanes, Dichloropropanes,
Dichloroethylenes. Trichloroethylene, Tetrachloroethylene, Freons etc.

Semi Volatile Organics

Hexachloroethane, Hexachlorobutadiene, Dichlorobenzene, Trichlorobenzene,
Tetrachlorobenzene, Phenol, Naphtalene, Chlorophenols, Nitrobenzene,
Nitrotoluene etc.

Sulphur Compounds

H2S, CS2, S02 etc.

Olefins

All alkenes from C, (propylene) to C1S (pentadecane)
E.g.: Ethylene, Propylene, Butenes, Pentenes etc.

Mixtures

Gasolines, diesel fuels, jet fuels, aviation gasoline, lubricants (light
oils to grease), creosote.

Others

MEK, butanone, aldehydes etc.
Tabela 1: Compounds detectable by PETREX method, after Kupferschmid (1992).
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Method QA/QC
Approximately ten percent of the total PETREX survey samplers contain
three collector wires. The first collector wire, a QC collector wire, is
used by the operator to test the mass spectrometer's operating
conditions prior to survey analysis. Some of these quality control (QC)
collectors are also used to check the machine's sensitivity during and
after survey analysis. In addition, the QC collector may be used to
compare the reproducibility of the detected VOCs. Within every survey
sampler, two or more collector wires should have adsorbed identical
compounds. Like compounds on separate collectors relate an acceptable
quality assurance (QA) during the survey's analysis. The second wire is
analyzed by Thermal Desorption/Mass Spectrometry (TD/MS) . The third wire
is retained for analysis by Thermal Desorption-Gas Chromatography/Mass
Spectrometry (TD-GC/MS) if warranted by the initial TD/MS analysis of
the second wire.
In addition, two PETREX samplers, each containing a single collector
wire, are included with each PETREX soil gas survey as Qa/QC travel
blanks. These blanks are analyzed with the survey samplers to indicate
whether there may have been contamination introduced to the survey
samplers prior to installation or during shipment. If compounds other
than normal atmospherics (i.e., cc2, H2o, N2 and Ar) are detected on the
blanks, the blank subtraction may be performed on the survey's data set.
This process, an initial step to data interpretation, involves the
correction of ion flux values of the detected blank contaminants from
the entire survey's data set. The resulting ion flux values are provided
on the relative flux maps.

Interpretation of Soil Gas Data
Soil gas data (including PETREX) reflect volatile organics collected at
a point in the near surface. The source of these volatile organics may
be in the stratigraphic column or in groundwater below the collection
point. Thus, the organics can derive from surface spills, deposition, or
migration into the deeper vadose zone, and/or from groundwater. The soil
gas survey reveals the areal extent of contamination and is the optimum
guide in identifying areas in order to develop a vertical profile,
including the drilling of soil borings and monitoring wells.
Soil gas data are always semi-quantitative in that multiple sources in
soil and/or groundwater cannot be differentiated. However, the higher
ion
fluxes
are
representative
of
higher
concentrations
in
the
subsurface, assuming that geologic conditions are relatively consistent.

CASE-STUDY: INDUSTRIAL SITE

Site history and objectives of soil gas surveys
An electronic
industry,
located in Sao Paulo
State,
SB Brazil,
contracted a PETREX soil-gas survey (PETREX Method) for site assessment
of its plant, as part of internal enviromental programmes.

The objectives were:
(i) To detect and identify organic compounds present;
(ii)
(iii)

To identify pollution sources;
To map the aereal distribution of the contaminants and migration
pathways.

Main potential pollution sources and PETREX samplers locations are shown
in Figure 3. Principal contaminants suspected were 1,1,1 Trichloroethane
(Tea) (used as degreasing agent), waste fuels, lubricants, kerosene and
PCB markers (dichlorobenzene, trichlorobenzene, tetrachlorobenzene).

Hydrogeologial Setting and Survey Design
The plant is placed on the recharge area of an important regional permocarboniferous,
multi-layered
sandstone-mudstone
(clays)
aquifer,
intensily used regionally (about 30 wells in a 3 Km radius from the
center of the plant).
Seventy samplers were placed 50 m apart, around the suspected pollution
sources (Figure 3) . Samplers were installed in two days, using a 2"
hand-auger, 30 - 40 cm deep, remaining in the soil for 2 weeks, after
which they were sent to NERI's laboratories in the D.S. for MS analysis
and further GC/MS analysis at selected points (6 samples) for means of
confirmation.
Groundwater level on the site varied from 5 to 20 m deep, with a radial
flow pattern from the centre of the plant to its boundaries. Seepage
velocity was calculated as 14 to 28 m/a.

Results and Discussion
The main compounds detected in soil gas were 1,1,1 Trichloroethane
(TCA), Freon 113 and Freon 11, in terms of relative concentrations and
aereal distribution.
In
addition,
several
other
compounds
were
determined:
aromatics
(Benzene, Toluene, Xylenes/Ethylbenzene, C4 and C5 alkyl Benzenes);
Tetrachloroethylene (PCS) and Trichloroethylene (TCE). Minor compounds
like Dichloroethylene, Chloromethane, Furancarboxaldehyde, Phenol and
2-Metoxy Phenol were found in specific samples.
Results of ion counts response were plotted in the form of contour maps
for the main compounds
(Figures 5 and
6),
showing the relative
concentrations._
Typical mass spectra obtained are shown in figure 4.
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Monitoring wells were then drilled on PETREX anomalies and sampled for
GC/MS analysis (USEPA methods 524.2 and 608).
Figure 5 (TCA distribution) shows good correlation to groundwater
concentrations. Main pollution sources of this compound was a previously
known abandoned site of laboratory effluents infiltration to the soil;
other sources however, not suspected of the beginning, also contributed
to the ground pollution: industrial yard drainage discharge at the
northeast corner of the property, fire training pits and leaks in the
deionized water unit (in the main building). The ancient treated
effluents infiltration area, regarded as a potential source, was proven
to be of minor significance.
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The only point with poor correlation between groundwater and soil gas
TCA responses occurred close to the deionized water unit. This could be
explained after discovering of a recent rupture in the pipe system. As
TCA is a minor contaminant of the process ’water, its contamination
remained so far restricted to the soil (unsaturated zone).
The main contaminant of this source - Freon 113 and Freon 11 - used as
cooling agents - showed however good correlation, confirming its
presence in the both soil gas and groundwater (see Figure 6).
Future monitoring wells and groundwater sampling showed that lateral
boundaries of groundwater plumes were very similar to those found in
soil gases by PETREX.
CONCLUSION
The PETREX passive soil gas sampling technique has long proven to be a
rapid, reliable and economical way of improving site assessment methods.
The case study in Brazil reported in this paper confirmed the utility of
the method, allowing pollution source identification, VOC detection and
mapping of the contamination plume boundaries.
Good correlation of PETREX responses to groundwater concentration was
achieved, even under stratified aquifer conditions and despite a
relatively deep water table (about 20m).

ACKNOWLEDGEMENT
The authors are grateful to Dr. Ernesto Moeri for technical comments,
Mrs. Hilda Trigoso for text revision, Mrs. Claudia Dias and Dimas
Fuentes for typing and drawings.

REFERENCES
COWHER, D., FORD, K., SMITH, R. and NIKKEL, M. (1986). Soil Gas Plume
Identification Survey South Adams Country, Colorado. Presented
at HAZTECH International, 15 pp.
DEVITT, D.A., EVANS, A.B., JURY, W.A., STARKS, T.H., EKLOND, B.A., and
DHOLSAR, A. (1987). Soil Gas Sensing for Detection and Mapping
of Volatile Organics, USEPA Report no. EPA/600/8-97/036, USEPA, Las Vegas, NV.
EINHORN, N.I., MOORE, G.D., VIEILLENAVE, J.H., and HICKEY, J.C. (1991).
Advancies in Determining Soil Contaminants. Soils, July-August, pp
40-43.
KUPFERSCHMID,
C.
(1992).
Erkundung
von
Boden-und
Gundwasserverschmutzungen Mittels der PETREX Bodengas-Technik
Methodik und Fallbeispiele. Bull. Ver. Schweiz. Petrol. Geol. u. - Ing., Vol. 59
(135), pp. 63-71.

51

HIRATA,,

R.C.A. and CLEARY, R.W. (1990). The use of Soil-Gas Sampling
in
the Study of Groundwater Pollution by Volatile Solvents
(VOC): The Example of the Porto Feliz (Sao Paulo, Brazil) Case.
In International Seminar of Pollution, Protection and Control of Groundwater. Pre-prints: pp 205216. IAWPRC-ABAS-ABES. Porto Alegre, Brazil.

HALLEY, M.J., BATH, W.W., BONGERS, L.H. (1985). A Case History: Surface
Static Collection and Analysis of Chlorinated Hydrocarbons from
Contaminated Groundwater. Presented at the NWWA/API Conference
Petroleum Hydrocarbons and Organic Chemical in Groundwater: Prevention, Detection, Restoration.
November 13-15, Houston, Texas, pp 1-10.
SMITH,

B., HICKEY, J.C., and McCULLEN, R.E.
(1990). Comparison of
Active Versus Soil Gas Techniques at a Chemical Manufacturing
Facility in Central New Jersey. Proc. of Can. Inst. Hyg. Meeting, Calgary
(In Press).

VIELLENAVE,
J.H.
and HICKEY, J.C.
(1991). Use of High Resolution
Passive Soil Gas Analysis to Characterize Sites Contaminated
with Unknowns, Complex Mixtures, and Semi-Volatile Compounds.
Sampling and Monitoring, Proc. 11th National Conf. Superfund 90,
Published
by
Hazardous Materials control Research Institute, Silver Spring,
Md., pp 340-7.
VOORHEES, K.J., HICKEY, J.C. and KLUSMAN, R.W.
(1984). Analysis of
Groundwater Contamination by a Near Surface Trapping/Mass
Spectrometry Technique. Anal. Chem. 56 (13) , pp 2604-7.
VROBLESKY, D.A., LORAH, M.M. and TRIMBLE, S.P. (1991). "Mapping Zones
of Contaminted Ground-Water Discharge Using Creek-BottomSediment Vapor Samplers, Aberdeen Proving Ground, Maryland.
Groundwater, 29(1), pp 6-12.

52
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ABSTRACT
Malaysia's expanding industries are expected to generate over 460,000 cubic meter of toxic and hazardous
waste in the year 2000. Waste is at present temporarily stored in factory premises, but ultimately needs to be
disposed of in properly regulated sites to avoid adverse impact on the environment. A master plan for
disposal sites in Peninsular Malaysia is envisaged and in preparation for it, a study is being carried out to
locate suitable sites. Site options have been reduced from 175 to 10 using a ranking and weighting process.
An approach to site selection procedure adopted in the study is highlighted, leading to the siting of
prospective sites in the State of Johor for the southern region of the Peninsular. While site assessment has
been based on the experience of the more developed countries, the locally available Department of
Environment guidelines are given priority considerations, in particular with regard to groundwater protection
and transportation costs.
KEYWORDS
Groundwater protection; secure landfill; siting; toxic and hazardous waste.
INTRODUCTION
Malaysia's peaking economic growth is attracting new industries to the country. Over 460,000 cubic meter of
potentially toxic and hazardous waste would be created by chemical plants, petroleum refineries and
manufacturing industries in the year 2000. In the absence of disposal facilities, present regulatory
requirement has been to allow temporary storage of waste in factory premises where the waste is generated.
But, on-site space is running out as more waste is produced. To meet the demands of rapid change, regulation
enforcement and increasing environmental awareness, it becomes necessary therefore to establish permanent
disposal landfill sites in suitable locations nation-wide. While encouraging socio-economic growth for
improved living conditions, waste generation should be given proper regulatory surveillance and control so
as not to threaten health and safety, contaminate vital groundwater and surface water supplies, or disrupt the
environment.
Waste volume has increased many-folds over relatively short time periods. In 1987, some 380,000 cubic
meter of waste was generated by industries scattered all over Peninsular Malaysia. Their regional locations
and percentage distributions are as follows: Northern Region: Perak 7.6%, Penang 20.6%; Southern Region:
Johore 8.6%; Central Region: Selangor 31.4%, Klang Valley, in the Federal Territory 12.3%; Eastern Region:
Kemaman in Terengganu 11% and the remaining 3.8% comes from Melaka, Negeri Sembilan, Kelantan,
Kedah, Pahang and Perils (Dames and Moore Report, 1988). Waste generation in the near future is projected
as follows (Kruger International et al., 1992): 351,000 tonnes (1993); 365,675 tonnes (1994); 380,930 tonnes
(1995) and 467,516 tonnes (2000).
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Prior to the inception of the regulation for scheduled waste and prescribed premises (Department of
Environment (DOE) Report, 1989), many waste generators were complacent with their "wait-and-see"
attitude and illegal dumping was rampantly practised. Controversies recently arised in 1991 when illegal
shipment of foreign toxic and hazardous waste landed in Tanjung Remis in the State of Perak. This incidence
has prompted the government to expediate the search for disposal sites. This paper attempts to help
accelerate this task while highlighting an approach taken to site selection that leads to prospective sites in the
State of Johor for the southern region of Peninsular Malaysia.
STUDY AREA & OBJECTIVES
Altogether, a total of 91 potential sites in Peninsular Malaysia were previously investigated from 1981 to
1991. The study, however, has not been credible as it lacked a reliable selection procedure, and as a result no
final selection was possible. Following it, this more comprehensive study has been attempted as groundwork
for the proposed development of toxic and hazardous waste disposal sites master plan for Peninsular
Malaysia. From this study, it is proposed that two sites will be identified and their suitability examined in
more detail before eventual submission to the decision makers. The whole study area (Fig.l) covers about
131,235 sq. km of principal industrial areas in the north, south, east and the central region of Peninsular
Malaysia.
SELECTION TECHNIQUE
It is recognised that an ideal site is one that can allay public fears of possible contamination to soil,
groundwater supplies, public health and environmental degradation. With this being the guiding principle,
site selection has proceeded based on the locally available DOE guidelines (DOE Report 1984)/Which
disfavour conditions that can threaten surface water and groundwater supplies and endangered species. In
addition, the experience of the more developed countries, the European Communities, particularly Denmark
(Kruger International et al., 1992), and others including Canada (Wentz, 1989), Australia (Ground et al.,
1992) and the United States (Wood et al., 1984) is sought as baseline reference for the study.
Selection Criteria
A secure landfill site should be ideally one which is deep and has low permeability clay surroundings with no
aquifers to contaminate. For close compliance, the following criteria have been considered: (i) proximity of
site in relation to the waste generator and industrial estate (ii) technical suitability of site with regard to
geology and hydro-geology, (iii) land availability and environmental suitability, (iv) site accessibilty
(location of major roads to site), and (v) availability of natural clay deposit within the proximity of site. It is
therefore clear that in our study, focus is given to selection criteria entailing groundwater protection and
transportation costs.
Assessment Data. This is obtained from various government departments such as the Department of
Environment, Agriculture, Survey, Water Supply, Public Works, Irrigation & Drainage, Town Planning,
Geological Survey, etc.. These data cover a wide range of fields, including reserved forests, flood prone
areas, swampy areas/wetlands, historical sites, groundwater aquifers, reserved catchment areas, catchment
areas with water intake locations, topography, surface soils, geological and land use data.
Assessment Technique
A 4-level assessment technique (Fig.2) is adopted after a careful examination of the guidelines available. The
philosophical approach to this technique has been to narrow down all possible sites to the best few with
different criteria being applied at each level of assessment. This way ensures that when sites become more
selective and specific as the degree of selection difficulty increases down the levels, the scope of study then
becomes smaller, driving time and cost to the minimum. There are other ways of going about the assessment,
but generally, selection is customarily considered satisfactory when the siting technique adopted produces
the highest scores in major areas of concern: the environment, socio-economy, public attitude, health and
safety, and economy (Wood et al., 1984).
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The technique adopted in the study is pictorially depicted in Fig.3 and is briefly described below:
Level I. This is a preliminary screening for roughing out areas of no interest without much analysis being
required. It is straightforward, requiring only one or more criteria to be met using regional maps of scales 1
in 4,000,000/1,000,000/500,000/190,080 and 253,440. This small scale allows quick and easy transfer of
information on water systems, geology, soils, habitat, forestry and historical resources. Thus, areas identified
as flood-prone, swampy, historical, reserved forest, water catchment, wildlife and developed (agricultural &
residential), are excluded.
Level II. This further examines feasible disposal areas mainly from the hydro-geological point of view using
regional maps of scale 1 in 500,000. It identifies and excludes areas having potentially excellent aquifers
(i.e., those with groundwater production exceeding 4000 gallons per hour per well), steep land ( with slope
exceeding 22°, or elevation more than 330 meter above mean sea level), sinking area (limestone), and faults
area (geologically and hydro-geologically), and subjects1 the remaining areas to further screening using
weighted factors such as low permeability, stable geological formation, poor aquifers (i.e., those with
groundwater production less than 2500 gallons per hour per well) and ease for monitoring. Information on
groundwater production and soil lithology is obtained from regional hydro-geological maps. Some examples
of the east-west cross-sections are given in Fig.4.
Level III. This involves choosing specific areas using local maps of scales 1 in 63,360 and 50,000. More
detailed evaluation is then carried out to locate specifically prefered sites using 1 in 25,000/10,000 site maps.
The individual site assessment is based on more detailed site characteristics (such as land use, accessibility,
soil type, population, river function, topography, proximity from sensitive areas, aesthetic impact, distance
from industrial estate and land ownership) which need be then field-evaluated through conduct of site visits
and preliminary geological surveys. Central to this level of assessment has been the consideration of
transportation costs which can be substantial.
LevelIV. This is a political process, a final step in which decision makers select the particular site or sites.
Overlay Technique
An overlay mapping technique, commonly used in land use planning, is used to arrive at propective site
areas. This is done by placing map sheet over base map (of various scales ranging from 1 in 200,000 to
50,000) that shows the basic river systems, transportation routes, town centres and industrial sites. Then,
empty or blank spaces would be obtained on the overlay, representing constraint-free areas (where
prospective disposal sites could be located) which are shown against constraint areas in colour settings. All
mapping and overlaying work is facilitated using autoCAD on 486 PC.
Ranking and Weighting Process
This is introduced in the siting process to ease out difficulties that arise during evaluation. Basically a
systematic approach to analysis of alternatives, the process considers issues of magnitude by taking into
account the relative importance, or significance of each evaluation factor and its impact. Different factors are
therefore given different marks: 3 points for good factor, 2 for medium and 1 for poor. Each category of
factor has four sub-grades which carry, respectively 5 marks for good grade, 3 for moderate, 1 for fair and 0
for very poor, or none availability at a particular site. The process of assigning scores has been performed
using autoCAD on 486 PC.
j
SITE SELECTION FOR THE SOUTHERN REGION
The southern region, as shown in Fig.l, covers a study area of approximately 20,000 sq. km, which includes
the whole of the State of Johor and part of Melaka. Site assessment is mostly focused on Johor and one very
important criterion to meet is that the site should be within about 50 km of waste generation'as has been
specified in a previous study (Abd. Rahman, N. and Weng, N.M., 1992). Screening analysis has been
performed up to assessment level III, reducing the number of sites from 175 to 10 following compliance of
level II selection criteria. We have now progressively moved to site characterisation study and preliminary
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geological survey which have been recently completed. In the present time, three sites (two in Kulai (SJ1 and
SJ2), and one in Pulai (SJ3) as shown in Fig.5), all in the District of Johor Bahru in Johor have attained the
highest scores. Among these sites, one will be chosen by the decision makers and will undergo a more
detailed site suitability study.
RESULTS OF SITE SELECTION
The following results are obtained from the study: (i) A site in Northern Perak would be suitably located to
serve the northern region covering the states of Perils, Kedah, Penang and Perak (ii) A site would be located
in Kemaman in Terengganu to serve the east coast region covering Terengganu itself, Kelantan and Pahang,
(iii) A site would be located in Johor Bahru to serve Johor and part of Melaka in the south, and possibly
Singapore (iv) There would be a site suitably placed in the central region, possibly in Port Dickson in Negeri
Sembilan, to serve Selangor, the Klang Valley, Melaka and Negeri Sembilan itself.
CONCLUSIONS
Considering major aspects of selection criteria constraints and site options available, it is concluded that
Johor Bahru offers the most favourable sites for the disposal of toxic and hazardous waste for the southern
region of Peninsular Malaysia. It is suggested that a well-represented expert panel be formed to assist the
decision makers to decide on the final site. However, it would be ideal to subject the assessment to public
opinion and responses before the choice is made. Thus, an approach to site selection procedure is
demonstrated.
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Source Pollution Control Program at the Camagari
Petrochemical Complex: Overall and Individual
Improvements.
P. A. Freire, D. B. Neto, D. M. Carvalho
CETREL S.A.- Empresa de Protegao Ambiental
Via Atlantica Km 9 Polo Petroquimico de Camagari
42810-000 Camagari Bahia Brasil

Abstract
Along with the technical progress experienced by the Camagari Petochemical Complex in the last few
years, new policies, following new worldwide trends, in pollution control and prevention became
mandatory.
The knowledge acquired from recent development and research has helped CETREL-Empresa de Protegao
Ambiental S.A. and the State of Bahia EPA (CRA) to develop and implement new programs for the
environmental protection of the entire Camagari Petrochemical Complex area.
Among these strategies the Source Pollution Control Program (SPCP) has been playing a very important
role in industrial pollution prevention.
In addition to other measures taken by CETREL to reduce pollutant emissions, the implementation of an
incineration unit for organic chlorinated liquid residues has also proven to be a very efficient treatment. It
not only avoids problems for CETREL's centralized activated sludge plant, but it also reduces
dramatically the emission of volatile chlorinated hydrocarbons into the environment.

Keywords
Individual improvements; partnership program; pollution prevention; source pollution control.

Introduction
Environmental protection at the Camagari Petrochemical Complex (Polo) has always been considered a
priority since its conception. In order to avoid the undesirable situation experienced by the Cubatao
industrial area (southeast Brazil), environmental guidelines have been established to preserve the quality of
life in the area.
In the late seventies the design, installation and operation of a modem centralized activated sludge plant,
with a 1,500,000 population equivalent capacity , was undoubtedly the primary attempt to deal with the
industrial pollution and the first and most successful ecological experiment in Brazil.
Since the begining of its operation, production of organic chemicals and petrochemicals has greatly
increased and new industries have been installed so that Polo, with its fifty two operating industries, is
considered the largest petrochemical complex in the country today.
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TABLE 1 MAIN PETROCHEMICAL COMPLEXES IN BRAZIL
Name

State/Region

Capuava
Camagan
Triunfo

Sao Paulo/Southeast
Bahia/Northeast
Rio Grande do Sul/South

Period of
Installation
1965-1970
1978-1985
1982-1987

Nr. of Existing
Indust.Units
40
52
8

A second and significant effort related to environmental control in the area took place in the early eighties
as the construction of a large industrial landfill capable of processing and disposing of both the hazardous
solid wastes already generated at the industrial sites, and a new generation of residues. In the following
years, improvements in the environmental legislation became more frequent as production at Polo
continued to increase.
The year of 1989 is considered a landmark in the environmental history of Polo. By that time, Polo's
environmental impact studies and assessment were concluded. A wide range of information was then
available revealing not only the existing problems but the environmental limitations related to future
development as well.
The studies came to the conclusion that no overall enlargement of the industrial area could be carried out
unless special measures were taken. The receiving body couldn't receive any increse in the pollution load.
It was already overloaded.
Since an enlargement of the production was mandatory a new State resolution (CEPRAM 218/89) was
published establishing the environmental requirements for the mantioned enlargement to be carried out.
Within CEPRAM 218/89 fifteen requirements were designated to CETREL.
Among them was the introduction of a tertiary treatment, as part of the CTP, which would be responsible
for placing CETREL's treated effluent within the new emissions standards.
After a series of studies it was concluded that the introduction of a tertiary treatment at the Centralized
Treatment Plant (CTP) was not feasible since the introduction of the polishing lagoons would generate
new sources of pollution such as bad odor release, groundwater contamination, mosquito and fly
proliferation and so on. On the other hand the use of activated carbon was not recomended becouse its
extremely high cost would not be affordable for either the state government (at that time CETREL was a
state- owned company) or the industries at Polo. The alternative was then follow one of the most recent
trends in the industrial pollution prevention and control worldwide: The Source Pollution Control Program
(SPCP).
Firstly, only liquid effluents and solid residues storage systems were considered.
The program was conceived to reduce by 30%, in a period of five years, the pollutant load of Polo.
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TABLE 2 INDUSTRIAL PRODUCTION AND GENERATION OF HAZARDOUS WASTES AT
POLO (1000tons/year)

Industry

Production

Petrochemicals and Basic Chemicals

2,958.0

Petrochemicals and Intermediate
Chemicals
Polimers
Fine Chemicals
Metalurgy(copper)

602.0
807.0
250.0
180

Organic Wastes
Solid
3.7

Liquid

1.7

6.0

4.6

4.0

Inorganic
Wastes
Solid
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In 1991 CETREL's SPCP took its first steps by forming a group to study and list of the PP in Polo's area.
Based on theoretical studies they came up with a list of twelve volatile and sixteen semi-volatile PPs that
should be watched carefully.
TABLE 3 LIST OF PRIORITY POLLUTANTS PRIMARILY STUDIED AT POLO AND CETREL’S
TREATED EFFLUENT OCEANIC EMISSION STANDARDS.
Volatile/Emission Standard
ppm
Acrylonitrile
Benzene
Dichlorometane
Chlorobenzene
Chloroform
1,2-Dichloroethane
1,2-Dichloethene(Cis/Trans)
Ethylbenzene
Tetrachloromethane
Tetrachloroethene
Toluene
1,1,1-Trichloroethane

0.24
0.14
0.05
0.05
1.00

0.05
1.00
0.11
1.00

0.05
0.08
0.05

Semi-Volatile/Emission Standards
ppm
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
1,2-Dichlorobenzene
1,4-Dichlorobenzene
Bis(2-chloroisopropyl)ether
Phenanthrene
Phenols
Fluoranthene
Fluorene
Bis(2-ethylhexyl)phtalate
Naphtalene
4-Nitrophenol
Pyrene

0.06
0.06
0.06
0.06
0.05
0.05
0.05
0.06
0.10

0.07
0.06
0.28
0.06
0.10

0.07

Considering Polo's size, a group of seven companies was selected so that the program could first be
carried out in the most critical sites.
Audits were conducted and six month later the first diagnoses were released. Dicussions and negotiations
were then conducted. At the same time ten other industries were studied by the program.
The SPCP is a very dynamic program. It considers environmental improvement in the industry as an
ongoing process in constant pursuit of excellence.
The State of Bahia environmental legislation has improved and in 1992 CEPRAM 619/92 resolution
(CETREL's operation license) stated new requirements.Standards for priority pollutants discharge into the
ocean and a revision of the SPCP which from that time on was to be a CETREL/CRA cooperation
program were established. Thus expanding its scope to source pollution control of solid residues, air and
groundwater pollution.
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At the same time,Polo's expansion operation license was promulgated (resolution CEPRAM 620/92)-. It is
actually an improvement over CEPRAM 218/92 and it is valid for five years.
Work methodology
The US EPA statement that one of its four priority themes is pollution prevention and that treatment and
disposal of wastes is not enough; (pollutants must be prevented from being generated in first place)
reflects exactly the prevalent thought of the people working in the SPCP at CETREL. Railly (1990) adds;
"We have learned the inherent limitations of treating and burying wastes. A problem solved in one part of
the environment may become a new problem in another part. We must curtail pollution closer to its point
of origin so that it is not transferred from place to place. We must consider the full range of preservation
options, from greater energy efficiency to stronger incentives for producing less harmful substances to
expanded recycling to natural resources conservation ".
CETREL, through its SPCP, has conducted its efforts towards the pollution prevention philosophy as
defined by the US EPA, which promotes the integration of the environmental protection concept into the
production processes (demanding more time, research and investments). Yet immedite environmental
difficulties must be mitigated through such short-term measures as the improvement of existing end-ofpipe treatments together with operational procedure changes and engineering solutions.
The SPCP is actually a partnership program between CETREL, CRA and the companies at Polo.
Problems and their solutions are exaustively discussed. It is considered that the residues generators hold
the greatest amount of information about them, so they are able to find the best way to solve their own
environmental difficulties. The effort from both sides has brought very good results in detecting and
solving Polo's environmental problems.This mutual cooperation program consolidates the philosophy of
hazardous waste reduction at the source. It is one of the guidelines for a better environment in the future.
Besides all technical aspects, human factors can not be and indeed are not left aside. Source Pollution
Control philosophy and practices have led companies to develop their own policies on environmental
preservation and education and have opened information chanels between corporations, employees and
comunity. It is well known today that without everyone's commitment no pollution control program can
be entirely successful.
The US EPA waste minimization assessment procedure is the methodology on which CETREL's SPCP
has based its work procedures for Polo.
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FIG 1 THE US EPA WASTE MINIMIZATION ASSESSMENT PROCEDURE
The recognized need to minimize waste

PLANNING AND ORGANIZATION
* Get management commitment
* Set overall assessment program goals
* Organize assessment program task force
Assessment organization
and commitment to proccd

^

f

ASSESSMENT PHASE
* Collect process and facility data

* Priorize and select assessment targets
* Select people for assessment teams
* Review data and inspect site

* Screen ens select options for further study

Select new
assessment targets
and rcavaluatc
previous options

Assessment report of
FEASIBILITY ANALYSIS PHASE
* Technical evaluation
* Economic evaluation
* Select options for implementation
Mnal Report, including
recommended options ’
IMPLEMENTATION

* Justify projects and obtain funding
* Installation (equipament)
* Implementation (procedure)
* Evaluate performance

Repeat the process

Successfully implemented
waste minimization projects

As can be seen by looking through the diagram, some positives caracteristics are clearly present. Among
its many good qualities is the fact that the procedure allows for a broad mutual cooperation in addition to
periodic asssessment which represents a major element in the identification of new oportunities for
reducing wastes. It makes the SPCP dynamic and permanent.
The central focus is to make clear that the continuous assessment in pollution control leads to the ever
increasing understanding of production processes, continuously generating new possibilities for hazardous
wastes minimization.

Overall and individual improvements

By 1990, when SPCP was conceived, companies were already aware that the environmental preservation
was everyone's responsability and that a clean environment will never de achieved without the sum of
individual efforts.

Therefore,it was obvious that internal efforts in every organization should be carried out fiercely.
The industrial comunity change in attitude and its response to the new environmental claims was good and
sometimes stricter than legislation.
Corporation policies for environmental conservation were established and funds for investments were
provided.
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As part of the individual efforts CETKEL invested US$ 125,000,000 in several new environmental
projects in the following fields:
1 - Organic Liquid Effluents Centralized Treatment Plant
In order to achieve the proposed 95% efficiency in the CTP, measured in BOD, an expantion was
carried out based on the best and most effective aerobic processes presently used worldwide:
a- construction of a new equalization pond provided with floating mixers which prevent the formation
of aerosols;
b- implementation of a volatile removal unit designed to remove, by means of desorption, in a
controlled way, specific volatile pollutants including the prioritary pollutants;
c- a hydraulic residence time of 30 hours and an 18 day biomass life cycle are project parameters which
are considered very favorable since they are 4 and 6 times, respectively, greater than those normaly
used in sewage treatment;
d- the biological reactor feed rate is low (0,5 Kg BOD/Kg VSS.day) and a highly oxidative
environment is promoted inside of it by an increase from prior 55 CV/ton BOD.day to today’s 80
CV/BOD.day. The new surface aerators with their "Oxi Cap" covers prevent aerosol related odor
release contributing, therefore, to the minimization of atmospheric pollution;
e- new settlers with double diametral removal bridges and with conic bottom promote more efficient
activated sludge handling.
f- CTP capacity doubling from 1,500,000 to 3,000,000 population equivalent;
e- the submarine outfall is another improvement implemented by CETREL and, in the end, a very
important conquest for the whole comunity, since it will enable the recovery of Rio Jacufpe, the former
receiving body for Polo's liquid effluents.
Table 4 CETREL'S SUBMARINE OUTFALL CARACTERISTICS
Project flowrate
On land section
Submarine section
Difusors section length
Difusors number
Difusors diameter
Effluent dilution factor

3.0 m3/sec.
11.0 Km long
4.8 Km long; 1,340.0 mm diameter
504.0 m
182
100.0 mm
1:150

The high dilution being carried out at 25m deep together with the coast paralleled oceanic streams
ensure that the plume will neither come to the surface nor reach the beaches. In addition permanent

monitoring controls the marine environment quality throughout the submarine outfall influence area.
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Today CETREL's CIP for industial effluents can be included among the biggest in the world.
Table 5 CETREL's CTP CAPACITIES
3,000,000 people

Population equivalent
Effluent flow rate

BOD5

148.500 m3/h
119,700 Kg/day

COD
SS

375,260 Kg/day
54.500 Kg/day

Table 6 CETREL'S OPERATING UNITS PROCESSING CAPACITIES
12,375

2h retention Time
1,660 m3
61,440 m3; 675 HP
178,700 m3; 9,250 HP
6 units 33m diam. ; 6 units 38m diam
3 units 27m diam. ; 2 units 14m diam
16,270 m3 ; 1.480HP
31 ha; 200ton/ha. year

Emergency ponds
Volatile removal unit
Equalization pond
Aeration tanks
Clarifiers
Sludge thickeners
Aerobic digesters
Sludge farms

Table 7 CTPs IN PETROCHEMICAL COMPLEXES IN THE WORLD

Complex
Bayport
Camacari
BASF
Polosul
Union
Carbide
DSM

Localization
Houston/USA
Bahia/Brazil
Ludwigshafen
/Germany
Triunfo/Brazil
Seadrift/USA
Heleen/Holand

BOD
Kg/day
20,400
119,000
375,000

COD
Kg/day

Flowrate
m3/day

52
325

Popul.
Equiv.
500,000
3,000,000
6,000,000

366,800
790,000

13,200
148,500
660,000

8

200,000

-

300,000

6,375
12,250

16,700
25,885

18,750
15,320

50

1,500,000

134,900

108,000

Nr. of
Indust.
20

2- Solid Residues
CETREL's effort on solid wastes management improvement has produced forth substantial waste
disposal reduction, through measures such as the implementation (start-up in 1995) of a new
solid/liquid incinarator with a 13,000 ton/year incinerating capacity.
In the meantime hazardous solid wastes, that cannot be disposed of in CETREL's landfill are stored at a
new temporary environmentally friendly storage area specially constructed for this purpose and licensed
by the State of Bahia EPA.
Progressive deactivation of the oil landfarm is another proactive initiative to reduce the
soil/groundwater contamination. Not to mention Polo's solid waste generation reduction by Source
Control practices which also include non-hazardous solid wastes.
By 1995 a 15,800 tons/year reduction on hazardous solid waste disposal is expected.
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Table 8 PROCESSING/FATE OF HAZARDOUS SOLID WASTES AT CETREL
Processing Unit

Disposal of/Incineration
(tons/year)
1992
1993
1995
7,000
2,000
2,000 (1)
5,000
70,000
70,000
50,000 (2)

Organic Landfill
Temporary Storage
Inorganic Residues Landfill
Oil Landfarm
Solid Wastes Incinerator
Total

1,000

1,000

-

-

200
10,000

78,000

78,000

62,200

1 Ashes not included
2 Reduction through source control practices

3 - Air Monitoring Network
CETREL's experience in dealing with environmental protection issues in Polo's area has led COFIC,
Polo's representation, to grant CETREL the task of implementing and administrating their Air
Monitoring Network for Polo's influence area, including the nearby towns and communities.
The Network is entirely financed by Polo's companies at an estimated cost of US$ 2 million. It was
conceived and designed to establish the planning and control of the air pollution and its monitoring. It
will also be a data source for studies on pollution's effect on human health, on materials and on fauna
and flora. Besides assessing the air quality, through comparison of the obtained results with the
legislated standards, it will be a powerful tool in the diagnoses of air pollution sources and in the
assessment of the adopted control measures' effectiveness, mainly through source pollution control
practices.
The project itself was developed based on the best method presently availble which is the mathematical
modeling of pollutants as SO2, NOx, CO, O3, PM and hydrocarbons (priority pollutants included).
The network is composed of four "complete" and four "simple" stationary stations, located according
to the mathematical modeling results, and a Fl'JLk (Fourier Transform Infrared) mobil unit.

Table 9 POLO'S ATMOSPHERIC POLLUTANT EMISSIONS

Total Emissions (tons/year)
Nr.of Companies Responsible for
90% of the Emissions

PM
4,390
6

CETREL 1991 data
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SO?
46,765
5

CO
21,300
5

HC
20,896
5

NO
11,176
4

TABLE 10 POLO'S AIR MONITORING NETWORK STATIONS
Station it
1
2

3
4
5
6

7
8

Type
Complete
Simple
Simple
Simple
Complete
Simple
Complete
Complete

Monitored Pollutants
SO2, NOx, CO, MP and HC
SO2 , PM, and HC
SO2, and HC
SO2, and HC
SO2, NOx, O3, PM and HC
SO2, HC, and NOx
SO2, PM, and HC
SO?, NOx, CO, O2, PM and HC

Remarks:
1 The four "complete" stations will also monitor meteorological

parameters such as wind speed and direction, precipitation, luminosity
etc.
2- S02=Sulphur dioxide, NOx=Nitrogen Oxides, CO=Oxygen
Monoxid,
03=Ozone,
PM=Particulate
Matter
and
HC=Hydrocarbons

The FHR, a remote sensor, is the first equipment of his kind to be operated in South America and is
one of the fifteen existing in the world. Based on the infrared spectroscopy technology with the broad
use of computing aids, it is the best available sensor for the detection and trecking of hydrocarbons. It
is capable of monitoring up to 138 different hydrocarbons at a maximum distance of 650 m .
Other modem devices such as the PID (Photo Ionization Detection) hydrocarbons monitor, with its
instant results capability, and the HI-VOL, for particulate matter, are also part of the network.
With the implementation of this project, other very important studies can be carried out. The
biomonitoring for assessing the physiological changes or population distribution differences shown by
organisms or group of organisms when exposed to certain pollutants, and Polo's area corrosion studies,
will be entirely feasible using data from the network.

4- Groundwater Monitoring
Since Polo is located on a sedimentary basin and the State of Bahia's most important aquifer, the CRA
has decided to establish policies and practices for the protection of this liquid treasure. CETREL, on
the same administrative basis as the air monitoring network, was given responsibility.
A massive monitoring program for DNAPL and LNAPL detection and assessment of the water table,
in the Sao Sebastiao aquifer and intermediate levels, has given the exact picture of our groundwater
conditions. Thus protective measures in the source pollution control field and the establishment of
policies on rational and adequate groundwater use can be carried out.

The interaction of the SPCP with these special programs, enables a holistic approach to environmental
matters. Pollution causes and effects in air, water and soil are today considered at Polo to be a multimedia issue and solutions should stop or reduce polution, instead of transfering it from one compartment
to another.
The beginning of operation of CETREL's cromatography laboratory, in July 1992, allowed greater
flexibility in detecting and tracking PP's in the liquid effluent streams, in groundwater and in the
receiving body.
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On Polo's side many improvements have already taken place. Starting with the change in attitude and the
consequent commitment to the environmental cause. Environmental policies and practices, process
modifications, introduction of new and more efficient treatment technologies, increase in effluent quality
monitoring and programs for residue generation reduction are the first steps forward , in a short term
perspective, to control and mitigate our present polution problems. In a longer term, as said before,
CETREL/CRA SPCP's final objective is to reduce or eliminate waste generation effectively at the source
which can achieved mainly by the adoption of ever cleaner technologies.
CETREL, the CRA and companies at Polo are aware that only cleaner technologies, together with
education and commitment, will lead us to the solution of our environmental problems in a more efficient
and economical way.
CETREL's experience in burning highly chlorinated wastes.
In order to cope with the difficulties of treating hazardous organic chlorinated wastes, (included PCB's
and pesticides) generated by the petrochemical and fine chamicals companies at Polo, CETREL has
implemented and operates, since, 1991 a 10,000 tons/year liquids incinerator. It has contributed to reduce
Polo's environmental difficulties since the liquid chlorinated residues could not be treated, efficiently, at
CETREL's centralized treatment plant due to its high concentration and toxity. Therefore, they had to be
either on site stored , which contributed to increase the risk of groundwater contamination, or sent to
other countries to be incinerated. This meant that pollution was being transfered from place to place.
The incinerator is a down fired furnace, with a cooling sistem followed by acid and alkaline washings.
The liquid effluents generated pass through neutralization and solids sedimentation systems before being
discharged into CETREL's centralized treatment plant's non-contaminated liquid effluent net. The solid
residue is disposed of at CETREL's landfill.
Emissions are monitored by an on line continues analizer for 0%, CO%, NOx and HC1 connected to an
interlock system which shuts the plant down in the event the concentrations of the control parameters go
out of the specifications.
TABLE 11 DATA ON INCINERATOR UNIT
Nominal Capacity
Maximum Capacity
Nominal Operation Temperature
Maximum Operation Temperature
Residence Time in the Furnace
Residence Time in the afterburner
Destruction and Removal Efficiency
Combustion Efficiency

10,000 tons/year
11,000 tons/year

1,250 °C
1,450 °C
4 seconds
2 seconds
99.9999%
99.99%

In late 1991 burning tests were carried out following US EPA procedures. The following results were
achieved.
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TABLE 12 INCINERATION PERFORMANCE / EMISSIONS LEVELS.

STANDARD

Dust 180mg/Nm3
HC130mg/Nm3
HF 5.5mg/Nm3
HCN NE
CI2 10mg/Nm3
NOy 450mg/Nm3

AT 110%
CAPACITY
CONCENTRATION
mg/Nm3

PCB'S
CONCENTRATION
mg/Nm3

24.90
21.30
0.40

17.63
4.70
0.30

0.10

0.10

ND
166.30

ND
65.00

NE=Not established
ND=Not detected

The distruction and removal efficiency test (DRE), produced the following numbers.

TABLE 13 DRE TEST RESULTS

Without Blank
With Blank

CCU
99.9974
99.9981

C9H4CI
99.9999
99.9999

PCB
99.9999
99.9999

CETREL's SPCP future perspectives
The Source Pollution Control Program at the Camagari Petrochemical Complex is part of a new
environmental approach and consciousness. The need for source pollution control has been recognized by
the entire industrial community at Polo as been one of the most powerful ways for solving our present
environmental difficulties and its acceptance has increased greatly.
CETREL's SPCP future perspectives are good based on the fact that Polo's reponse and proactivity to this
new challenge has been very positive and the need for ever cleaner processes has been widely and deeply
understood.
The individual improvements already achived by CETRE1, the State of Bahia EPA and Polo provides a
good projection for the future, leading to the belief that the desired overall improvement will only be
feasible with the sum of the individual efforts of every part of the society.
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WASTEWATER TREATMENT AND INTEGRATED
ENVIRONMENTAL PROTECTION AT THE BASF AG IN
LUDWIGSHAFEN, GERMANY
U.J. Strotmann and W. Weisbrodt
BASF Aktiengesellschaft, Wastewater Technology, W-67056Ludwigshafen, Germany

ABSTRACT
A large chemical complex like BASF AG in Ludwigshafen has a high demand of process and cooling
water. Therefore, water protection and wastewater treatment are predominant tasks. With the help of a
dual sewage system for the separate discharge of cooling water and process water an efficient wastewater management is made possible. The cooling water is continuously suspervised for contaminations
and directly discharged into the river Rhine whereas the process water is treated in a central wastewater
treatment plant. The daily amount of wastewater treated is up to 600,000 m3. The BOD5 removal is
about 98 % and the TOC and COD removal about 88 %. For wastewater management is closely
connected to waste minimization several examples for waste minimization processes are discussed.
Furthermore, also important topics of environmental safety of the products produced at BASF AG are
presented.
KEYWORDS
Environmental safety; integrated environmental protection; waste minimization; waste reduction;
wastewater treatment
INTRODUCTION
The chemical production complex of BASF AG in Ludwigshafen has an area of about 7 km^ and is one
of the largest integrated chemical complexes in the world. About 50,000 people are working in over
300 production plants.
Every day BASF AG takes about 3.5 million m3 of water from the river Rhine. About 3 million m3 of
this water is cooling water whereas the remainder is used as process water which has to be treated be-
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fore being discharged into the Rhine. Out of this reason the protection of this water from severe conta
mination is an important task.
As BASF AG in Ludwigshafen produces more than 6,000 chemical products for sale the minimization
of waste during the production process is another important field which BASF is engaged in.
Furthermore, not only the production process is of importance but also the environmental fate of the
end products. Therefore, BASF AG is also interested in the environmental behaviour of its products.
For wastewater treatment is closely connected to waste minimization problems and also topics of en
vironmental safety these fields are discussed in conjunction in this contribution.

WATER PROTECTION AC1T1VITIES
The dual sewage system
For BASF AG in Ludwigshafen is one of the largest chemical complexes worldwide it has a high de
mand of process and cooling water. A dual sewage system for the separate discharge of cooling water
and contaminated process water is an essential prerequisite for an efficient wastewater management.
The total length of the sewage system is about 85 km. The separation of the wastewater into contami
nated and not contaminated wastewater occurs in the single production plants. The wastewater from
each production plant passes a control point before it is finally discharged into the central sewage
system. At each control point the flow rate is gauged and a sample can be taken by a mobile sampling
apparatus. In this way a supervision of the different production plants is enabled.
Furthermore, measuring stations at all cooling water outfalls continuously record the amount of water,
the content of organic carbon, the temperature and the pH of the effluent. The data are transmitted to a
monitoring centre which is manned twenty-four hours a day and recorded there. Water samples are
taken continously, stored, analyzed and assessed in about 130,000 individual analyses per year.
Both chemical summary parameters as total organic carbon (TOC), biochemical oxygen demand in five
days (BOD5), chemical oxygen demand (COD), adsorbable organically bound halogen (AOX) and
biological/ecological parameters as inhibition of bacterial activity, biodegradability and toxicity to fish
are determined. Individual substances are recorded by trace element analysis methods.
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Operation of the central wastewater treatment plant
The daily amount of wastewater treated in the biological wastewater treatment plant is up to 600,000
m^ per day. The TOC content of the wastewater is ranging between 300 to 400 mg/1, whereas the
BOD5 is about 400 to 500 mg/1. The COD content ranges between 900 to 1100 mg/1.
Before entering the wastewater treatment plant the wastewater is neutralized by direct addition of lime

to the wastewater stream. Then the wastewater is directly pumped to the wastewater treatment plant
which is about 3.5 km away. In the treatment plant the wastewater passes through fine sreens into four
sedimentation tanks. Due to the short retention time only sand and the coarser settleable solids are se
parated. Thus the fine solids are carried to the aeration basins where they form the basis for a well,
settling activated sludge (Engelhard! et al., 1984).
The five aeration basins with a total volume of 300,000 m3 act as oxidation ditches using the carouselsystem. The required oxygen for the microbial oxidation of the organic carbon is introduced by 110
surface aerators with a total output of 15,000 kW. A special feature of the aeration stage is a limited
zone at the inlet of the carousel which acts as a denitrification zone where nitrate of the wastewater is
used as a terminal electron acceptor and thus reduced to molecular nitrogen. The operation parameters
of the process are summarized in Table 1.

TABLE 1 OPERATION PARAMETERS OF THE AERATION BASINS OF THE BASF
WASTEWATER TREATMENT PLANT (AVERAGE DATA)

Parameter

Content

Unit

Hydraulic residence time

12

h

(MLSS)

4-5

gl"1

Volumetric loading rate

1.8

kg COD m"3 d"l

Sludge loading rate

0.4

kg COD kg MLSS"1 d'l

Temperature

20-30

°C

pH in the aeration basin

6.9-7.2

Activated sludge content

In 15 circular clarifiers the mixed liquor leaving the aeration basins are finally clarified before
discharge into the Rhine. The reliability of the treatment plant has been improved by several special
arrangements. In case of a grave failure in a production plant it is possible to separate the toxic waste-
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water after the primary sedimentation. This is achieved by collecting it in two aeration basins which
have been separated from the other aeration basins'to avoid a possible contamination.
Together with the primary sludge "the excess sludge is pumped to six thickeners. After thickening the
sludge to a solids content of 7 % it is conditioned according to the CaiboSed-process. By means of this
process the sludge is finally dewatered after addition of the flocculant CarboSed, ashes and fine grained
coal. The resulting filter cake is incinerated in 5 fluidized bed incinerators. The ashes produced by this
process are transported to a BASF-own landfill. The heat of the incinerators is partially recovered to
generate electricity.
Because of odour problems the aeration basins have been covered with pans of polyester-resin reinfor
ced with glassfibres.
The efficiency of the treatment plant is summarized in Table 2.
TABLE 2 EFFICIENCY OF THE BASF WASTEWATER TREATMENT PLANT (AVERAGE
DATA)

Parameter

Influent

Effluent

Removal

concentration

concentration

(%)

(mg/1)

(mg/1)

COD

1000

120

88

TOC

333

40

88

bod5

500

10

98

Nitrate

150

1.5

99

The BASF-Toximeter and Toxicontrol as controlling instruments
The toximeter is a continously operated laboratory-scale wastewater treatment plant with a volume of
2001 which is operated with the same wastewater as the central wastewater treatment plant It was con
structed as a safeguard for the detection of toxic agents which may damage the activated sludge of the
treatment plant Important parameters are continuously measured and recorded: total organic carbon in
tiie influent and the effluent, oxygen concentration, sludge concentration (MLSS), pH and temperature.
The aeration is performed with diffusers and compressed air at intervals. When the given maximum
oxygen concentration of 1.5 mg/1 is reached, the aeration is stopped. By respiration of the sludge
bacteria the dissolved oxygen is lowered until a lower limit of 0.5 mg/1 is reached and followed by the
next aeration cycle. The respiration rate during the consumption phase is calculated and recorded.

76

Under normal conditions the aeration and consumption phases have a regular duration. If a toxic agent
causes an inhibition of the respiratory acitivity of the sludge bacteria the respiration activity decreases
causing a significantly prolonged consumption phase. In case of a toxic effect there is a time of about
45 minutes to direct the incoming toxic wastewater into the safety basins as the central wastewater
treatment plant is about 3.5 km away (Pagga and Gunthner, 1981). In1993 an extra emergency basin
with a total storage capacity of 65,000 m3 has been added, where toxic wastewater can be treated by

powdered activated carbon adsorption.
In case of an irreversible inhibition of the bacteria the toximeter cannot detect the end of a toxic shockloading. For this purpose a second monitoring system also based on the measurement of respiration
activity is installed. In contrast to the toximeter, this system (Toxicontrol) works like a sequencing
batch reactor. As each measurement is performed with fresh, non-damaged sludge both the beginning
and the end of a toxic wastewater effect can be detected. Furthermore, this system supervises the
activity of the toximeter minimizing the number of false alarms (Pagga, 1986).

WASTE MINIMIZATION BY ENVIRONMENTAL PROTECTION INTEGRATED
INTO THE PRODUCTION PROCESS
Betides the treatment of wastewater in a central wastewater treatment plant the minimization of waste
during the production processes is an effective tool to reduce the amount of polluted waste. Waste
minimization can be reached either by end of pipe technologies or by environmental protection inte
grated into the production process.
Hie end of pipe technology was used at BASF AG to solve some basic problems. As an example a sub
stantial problem of air pollution originates from the generation of energy. This makes it particularly
important that energy is used more economically. At BASF AG only one third of the required 16.7
million tons of steam in 1991 was produced from fossil sources of coal, oil or gas, compared with two
thirds twenty years earlier. The rest was regenerated waste heat or derived from waste incineration.
Another example for an efficient application of end of pipe technologies is the increase of the
production capacity even with decreasing amounts of waste by avoiding waste producing processes or
efficient waste treatment technologies. While the volume of production has risen by almost 60 % since
1972, wastewater pollution has fallen over the same period by 93 % and atmospheric emissions by
75 % (Malle, 1993).
On the other hand the end of pipe technology has technical limitations. Sometimes problems are only
shifted, as when air pollutants are washed into wastewater and volatile substances in water are emitted
into the atmosphere. To make further progress in environmental protection, greater importance must be
attached to the way of thinking that embraces all media and in which the quantitiy and disposal of the
undesirable anthropogenous substances are the key factors. Sparing use of raw materials, minimization
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and utilization of by-products and maximum energy recycling are the objectives. Environmental pro
tection is going to be integrated into the production process. As a consequence, it is usual to draw up
material and energy balances and to discuss all disposal questions as early as the process development
stage.

Examples for special waste reduction programs
Production ofhydroxylamine. For example hydroxylamine, one of the intermediates in nylon produc
tion used to be synthesized from sulfite and nitrite by the Raschig process. In the production of
hydroxylamine the wastewater contained neutral salts in an amount several times higher than that of
hydroxylamine. In the present catalytic hydrogenation of nitric oxide in sulfuric arid, on the other
hand, only small amounts of neutral salts are formed as by-products (Fig. 1).

Earlier Process
NaN02+NaHS03 — 2'H2°> (NH30H)2S04+Na2S04+NaHS04

New Process
N0+H2S04 —---- - (NH30H)2S04

Fig. 1. Synthesis of hydroxylamine.

Production ofethylene oxide. Another example concerns ethylene oxide, the starting material for many
consumer products, including antifreeze and solvents, which was previously produced by the
chlorohydrin-process. The process gives rise to an equal amount of sodium chloride, which pollutes the
wastewater. Furthermore, chlorinated organic compounds are formed in side reactions and are likewise
undesirable in the wastewater. The direct oxidation process for the production of ethylene oxide avoids
both forms of environmental pollution (Fig. 2).
Oxidation ofo-xylene. Another way to minimize waste production concerns the recovery and utilization
of by-products. For example, in the oxidation of o-xylene with air to give phthalic arid, an interme
diate for plasticizers, a large amount of by-products is formed; these are removed from the off-gases by
scrubbing with water. In the past, this concentrated wastewater was burnt with additional fuel. A pro

cess has now been developped in which the by-product is maleic acid, which is needed in large
amounts in the production of plastics. In addition, the washing water can be recycled, so that wastewater no longer has to be purified (Fig. 3).
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Earlier Process
ch2=ch2

ci2, h2o -ch2- -ch2- NaOH
OH

Cl

CH2—CH2+NaCI+Halogena\/
ted

0

By
products

New Process
CH2=CH2 ca&r^'
O

Fig. 2. Synthesis of ethylene oxide.

Incineration

i

COOK + Waste Water
COOH
New
Process

fnrCHa Air ,
Cat. T

Recycling of
Purified Water

/.COOH
^COOH

Fig. 3. Oxidation of o-xylene to phthalic acid.
Precipitation ofheavy metals. The flue gas of several incineration units contains certain amounts of
SO2, HC1, HF, H2SO4 and heavy metals. These incineration units are equipped with flue gas scrub
bers in which the heavy metals from the flue gas are dissolved. Before being discharged into the wastewater treatment plant the heavy metals have to be removed. The heavy metal cations are preciptated in
a two-step treatment plant with lime and organosulphides. The precipitation and flocculation of the
resulting hydroxides, sulfates and sulphides is enhanced by the addition ofFeClg and organic floccula
ting agents.
Reduction of nitrogen in the wastewater. Traditionally BASF is very engaged in the production of
nitrogen containing products. Therefore, the process wastewater contains rather high amounts of
ammonium and nitrate. Nitrate is efficiently eliminated in the wastewater treatment plant.
For the wastewater treatment plant was not designed to eliminate ammonium from the wastewater by
nitrification ammonium has to be recycled in production plants which produce ammonium containing
wastewaters. By this way the daily amount of ammonium in the wastewater could significantly be
reduced (Fig. 4)
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1975

1980

1985

1990

Fig. 4. Ammonium in the wastewater.
Elimination ofchlorinated compoundsfrom a process wastewater. At the production of certain her
bicides about 201 h'l wastewater containing chlorinated aromatic compounds are produced. The con
tent of chlorophenols is about 0.02 % and the content of chlorocresoxy- and chlorophenoxycarbonic
acids about 0.2 %. The content of organically bound chlorine is ranging between 3 and 30 kg h~l.
With help of a two-staged extraction with iso-decanol the chlorine content in the wastewater was
reduced by 90 %. Furthermore, iso-decanol could also be recycled at an alkaline pH by an evaporation
process.

ENVIRONMENTAL SAFETY OF PRODUCTS
The greater the advances in environmental protection during manufacture the more the focal points shift
to the use of the products as an environmental problem. It becomes obvious that the products
themselves can contribute to environmental pollution during their further processing, their use and
finally their disposal. Integral environmental protection must therefore also cover the use and disposal
of the manufactured products in order to achieve a comprehensive "best practical environmental
option". Therefore, BASF AG considers itself responsible for its products concerning health or envi
ronmental risks, practical information on the safe use of the products, and an environmentally com
patible disposal. These aims are reflected in the safety data sheet, which are now standardized
throughout Europe. Furthermore, in a new built ecological laboratory profiles of the environmental fate
of products are produced (Table 3). As a practical example the biological degradation of morpholine
both in laboratory test systems and in not adapted wastewater treatment plants has been intensively
studied (Strotmann et al., 1993b).
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TABLE 3 LIST OF ECOLOGICAL TESTS PERFORMED AT BASF AG
Test system

Reference

Ready biodegradability
Modified OECD screening test

OECD 301 E (1993)

DOC die-away test

OECD 301 A (1993)

Manometric respirometry

OECD 301 F (1993)

Modified Sturm test

OECD 301 B (1993)

Closed bottle test

OECD 301 D (1993)

Inherent biodegradability
Modified Zahn-Wellens test

OECD 302 B (1984)

Coupled units test

OECD 303 A (1984)

Anaerobic biodegradability
Static anaerobic biodegradation test

Birch et al. (1989)
Pagga and Beimbom (1993)
Strotmann et al. (1993c)

Fixed bed anaerobic biodegradation test

Strotmann et al. (1993c)

Bacterial toxicity
Respiration inhibition test with activated sludge

OECD 209 (1984)

Dehydrogenase activitity test

Strotmann et al. (1993a)

Anaerobic toxicity test

Woods et al. (1990)
Strotmann et al. (1993c)

Growth inhibition test with Pseudomonas putida

DIN 38412 part 8 (1991)

Respiration inhibition test with Pseudomonas putida

DIN 38412 part 27 (1991)

Luminescent bacteria inhibition

DIN 38412 part 34 (1992)

Ecotoxicological tests
Acute toxicity to Daphnia magna

OECD 202 (1984)
Elendt and Bias (1990)
Elendt (1990)

Chronic toxicity to Daphnia magna

OECD 202 (1984)

Toxicity to algae (Scenedesmus subspicatusj

OECD 201.(1984)

BASF also plays an important role in an independent initiative by the chemical industry which aims to
obtain toxicological and ecological data of existing substances. The largest producer of each product
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prepares a data set specifying its properties. These data sets are now available for all substances of
which more than a thousand tons per year are handled in Germany. In addition to these activities two
further initiatives are investigating substances for their hazard potential. Both projects receive encou
ragement from BASF which is involved in both of them.

FUTURE PERSPECTIVES
Due to the reached standard of waste and wastewater treatment BASF will be engaged in further waste
minimizing optimization of production.processes. Furthermore, the search for better products never
ceases. The environmental acceptability is an important criterion. Therefore, BASF operates a policy of
"innovation of integrated environmental protection". The discovery of weak points in products with re
gard to their use in practice, their toxicological and ecological properties, i.e. the possible effect on
man and the environment and their final fate in nature must stimulate both research and product and
process development.
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ABSTRACT
Waste minimization/pollution prevention has become the strategic approach to waste management
in the 90’s and the hope for environmental management as we enter the third millennium. Nearly
a decade ago, EPA’s Office of Research and Development began a focussed Waste Minimization
Research Program to identify and demonstrate technology for reducing the generation of wastes
and shifted the Agency’s priority from end-of-pipe controls to the prevention of waste generation.
The purpose of this presentation is to share a number of the results from several years of
researching engineering solutions to multi-media problems, building a sound scientific foundation
to support pollution prevention (P2) principles, and developing and demonstrating pollution
prevention technologies, tools, and techniques. The "tools of the trade" for pollution prevention
are the research reports that provide results of technology development, the case studies and
demonstrations of P2 technologies, and the technical guides and manuals for conducting P2
activities.
Technology Development - Tools resulting from technology development include the numerous
research reports and briefs from: 1) the Life Cycle Assessment (LCA) Program, 2) Pollution
Prevention Measurement Projects, and 3) the Innovative Clean Technologies Program.
Technology Demonstration - Tools resulting from technology demonstration include the research
reports and summaries from: 1) the Waste Reduction Innovative Technology Evaluation (WRITE)
Program, 2) the Waste Reduction Evaluation At Federal Sites (WREAFS) Program, 3) the New
Jersey/EPA Waste Minimization Assessment Project, and 4) Small Generator Waste Minimization
Assessment Program.
Technical Guides and Manuals - These tools include: 1) Facility Pollution Prevention Guide. 2) 16
industry specific guides to pollution prevention, 3) Background Document on Clean Products
Research and Implementation, and 4) Industrial Pollution Prevention Opportunities for the 1990’s.
Much of the EPA’s Pollution Prevention RD&D Program has focused on the development and
demonstration of practical tools to encourage the development and adoption of processing
technologies and products that will lead to reducing the aggregate generation rates for pollutants
entering various environmental media. The strategic direction for pollution prevention RD&D
through the 1990’s is: 1) to study high risk environmental problems where P2 offers a cost-effective
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solution for reducing the risks, 2) to conduct cross-cutting research such as measurement, modelling,
and LCA that can be applied to multiple problems, and 3) to establish joint global P2 RD&D
ventures where products and processes know no waste generating boundaries.

KEYWORDS
Waste minimization; pollution prevention; waste reduction; clean technology; source reduction; life
cycle assessment; pollution prevention opportunity assessment

INTRODUCTION
The purpose of this paper is to provide the reader with information about numerous practical
guides and tools which are available to encourage the implementation of pollution prevention. It
seems that every environmental conference, workshop, or seminar announcement or program that
has come across my desk recently touts the importance of waste minimization or pollution
prevention. In the United States, the "Pollution Prevention Act of 1990" supports source reduction
as the primary approach to waste management issues. The ciy throughout industry is "do not
generate waste in the first place." Everyone seems to agree with the concept, yet there is less
agreement with terms and strategies by decision-makers who are somewhere between doing
anything in the name of pollution prevention and wanting more data before anything is done.
While I applaud those who seek to actually prevent pollution by implementing potential pollution
prevention techniques and technologies, I understand the others who would prefer the data be
presented by a complete life cycle assessment before any attempts to implement potential pollution
prevention techniques and technologies. The age old problem of decision-makers goes on and
pollution prevention decisions are impacted by the data available to make sound decisions. The
tools and guides developed by EPA’s Pollution Prevention Research Branch (PPRB) are designed
to assist pollution prevention decision-makers with more data, sound methods, case studies, lessons
learned, and technology transfer.
The Pollution Prevention Research Branch at EPA’s Risk Reduction Engineering Laboratory
supports projects and provides technical assistance to encourage the development and adoption of
technologies, products and P2 techniques to reduce environmental pollution. The key scientific
issue for the PPRB is "How should consumer and industrial products and services be designed,
manufactured, and used for a minimal effort on the environment?" The PPRB staff is dedicated
to find solutions to pollution problems through pollution prevention research and development
results such as described in this paper as "tools."
TECHNOLOGY DEVELOPMENT
Introduction
A pollution prevention decision-maker has numerous decision points where he must determine if
his choice actually reduces or eliminates pollution within a product, process or activity. The
decision must be in concert with current and anticipated regulations. The benefits from his decision
must be measurable and 'Total Cost Assessment" (TCA) may be the approach required to consider
both short-term and longer payback terms. The process and product or activity must be analyzed
before pollution prevention options are considered. It is at these decision points where research
and development (R&D) needs begin to surface and technology development is pushed forward
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with questions such as "How can we measure the pollution prevention progress?", or "If we could
eliminate this part of the process...", or "If we could use a different material..." This section on
technology development describes a number of tools which have been developed to assist in these
questions. It is also noted that it is not enough that a decision be logical and point to the best way
of reaching a goal, a pollution prevention decision must take into account the human impact of
beliefs, attitudes and prejudices.
Life Cycle Assessment (LCA)

LCA is a tool that assists the decision-maker in looking at a product, process, or activity from its
inception through its completion. For environmental use, the LCA can provide a way of addressing
potential pollution issues and determining environmental impacts within a system’s boundary. Two
popular manuals developed by EPA’s Risk Reduction Engineering Laboratory are: 1) Life-Cycle
Assessment: Inventory Guidelines and Principles (EPA/600/R-92/245) and 2) Life Cycle Design
Guidance Manual (EPA/600/R-92/226). (See figure 1)

Life-Cycle
Assessment:
Inventory Guidelines
and Principle's

LIFE CYCLE DESIGN
GUIDANCE MANUAL
EnwenmentiAequremeneswdThePreductSniem

Figure 1
Technology Development Tools - LCA

Life-Cycle Assessment: Inventory Guidelines and Principles describes the three components of a
life-cycle assessment (inventory analysis, impact analysis, and improvement analysis). This document
presents an overview of LCA methodology and describes a procedural framework for conducting
a life-cycle inventory. Each of the specific life-cycle stages are discussed with issues applicable to
each of the specific stages. The chapters are summarized and indexed with guiding statements which
make this document very easy to use. The next step is to get real data anjl feedback from this
manual’s use. We invite users to comment on the manual and assist us with case study information.
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Life Cycle Design Guidance Manual was developed to promote the reduction of environmental
impacts and health risks through a systems approach to design based on the life cycle concept
While this document the design, manufacture, use and disposal of a specific product, the design
procedure can also be applied to a process or activity. Consideration of designs that reduce total
environmental impacts and satisfy customer needs are two goals of this manual in assisting
designers. Since the life cycle framework provides the most complete environmental profile of
goods and services, the design practitioner is encouraged to adopt environmental criteria based on
the life cycle concept Anyone who produces a product or provides a service will benefit from using
this manual as one of the environmental tools. This manual is a working document that welcomes
comments from users. It is anticipated that this manual will be revised to include improvements
and case study examples.

Pollution Prevention Measurement
A "Mark I" measurement methodology for pollution prevention progress occurring as a result of
product design decisions is being developed at RREL While a survey approach such as Toxic
Resource Inventory (TRI) has much merit, the most useful measurement tool for individuals
responsible for planning and implementing pollution prevention would be a "project by project"
method that measures pollution prevention as a result of a specific action such as a material
substitution or process change. This measurement methodology will define the differences between
the environmental impacts of the original product and those of the redesigned product This
methodology is being computerized and tested before it is offered for widespread trials.

Innovative Clean Technologies Program
Other tools come in the form of case studies and documented achievements. It is particularly
helpful to know that pollution prevention technologies and techniques have been tested and results
are documented. There are a number of reports that have been developed by RREL to encourage
pollution prevention.
Two such reports document a collection of pollution prevention
demonstrations, assessments, and research projects and disseminate the results to others to assist
in their facilitation and adoption of pollution prevention techniques for their activities. The two
reports are: Pollution Prevention Case Studies Compendium (EPA/600/R-92/046) and Achievements
in Source Reduction and Recycling for Ten Industries in the United States (EPA/600/2-91/051).
(See figure 2)
Pollution Prevention Case Studies Compendium is separated into four sections which features case
studies from four of the Pollution Prevention Research Branch’s key programs. The compendium
targets results from technology demonstration programs, pollution prevention assessments within
the Federal community, technical evaluations from hazardous waste generating facilities within a
state, and waste minimization assessments at small and medium-sized businesses. This diverse cross
section of evaluations permits the user to find an industrial technology match which may be similar
to the user’s specific needs.
Achievements in Source Reduction and Recycling for Ten Industries in the United States provides
twenty examples of successful initiatives by industry to minimize waste through source reduction and
recycling efforts. These examples will help the user to better understand how source reduction and
recycling can be achieved within the industrial sector. The industries featured in this document
include: metal fabrication, manufacturing of non-electric machinery, lumber products, electronics,
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textiles, petroleum, food products, chemical products, printing and publishing, and transportation

related industries. These examples are presented as concise and easily understandable two-and
three-page summaries containing photographs that supplemenf the narrative.

SEPA

POLUmON PREVENTION
CASE STUDIES COMPENDIUM

Achievements in Source
Reduction and Recycling for
Ten Industries in the
United States

i Dfepoul Roearcfc Dmtioe
Gaoanad, Ofcio 4326$

RSK REDUCTION ENGINEERING LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U£ ENVIRONMENTAL PROTECTION AGENCY
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Figure 2
Technology Development Tools -Case Studies

Another technology development report is Opportunities for Pollution Prevention Research to
Support the 33/50 Program. This report provides guidance information in planning pollution
prevention research and development by defining areas for research to increase application of
existing methods and to create new approaches for source reduction and recycling. A functional
approach was used to identify and organize research areas for each of the 17 targeted chemical
groups within the 33/50 Program. Pollution prevention opportunities and supporting research needs
were presented for cadmium, chromium, nickel, cyanide, lead, mercury, and the eleven Toxics
Reduction Inventory (TRI) organic chemical groups. This guidance will assist companies in
examining their processes to identify and implement cost-effective pollution prevention techniques
that will reduce or eliminate releases of the 17 chemicals.
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TECHNOLOGY DEMONSTRATION

Introduction
Tools resulting from technology demonstration include the research reports, project summaries and
research briefs from key Pollution Prevention Research Branch Programs such as the "Waste
Reduction Innovative Technology Evaluation (WRITE) Program", the "Waste Reduction Evaluation
At-Federal Sites (WREAFS)" Program, "University-Based Assessments Program", and the 'Waste
Minimization Assessments Program". A brief description of each of these Programs will describe
the industry diversity, technology evaluation and demonstration, and targets of opportunity to
encourage pollution prevention through technology transfer. The results are presented in
publications that will assist others with similar needs to find solutions to waste generation problems.
(See figure 3)

6EPA

Project Summary
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ENVIRONMENTAL
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Evaluation of five waste
Mrtmcation Teehnofoges at the
General Dynamics Pomona

Figure 3
Examples of Technology Demonstration Outputs

Waste Reduction Innovative Technology Evaluation (WRITE) Program
The WRITE Program is a technology demonstration program designed to evaluate the use of
innovative engineering technologies and techniques within industry. Under the WRITE Program,
EPA and the seven cooperating state and county governments of California, Connecticut, Illinois,
Minnesota, New Jersey, Washington, and Erie County, New York conducted cooperative
evaluations to demonstrate engineering and economic feasibility of selected waste reduction
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technologies. The WRITE Program has completed and ongoing technology evaluations in the areas
of: printed circuit board plating, paint mixing/stripping, plating solution recovery, water-based inks
as substitutes for solvent-based inks, alternative filtration systems for diesel engines, acetone

recovery, cutting fluid recycling, biodegradable solvents, CFC replacement/recovery, vacuum
distillation, ion exchange, ultrafiltration and others. Research reports and project summaries are
prepared for each of the evaluations describing the WRITE methodology, technology description
and evaluation, and the results of technology applicability, cost effectiveness, extent of the process
or material modification, and source reduction .potential. These reports* and summaries are
available from EPA’s Center for Environmental Research Information (CERI) or from the National
Technical Information System (NTIS).

Waste Reduction Evaluation At Federal Sites (WREAFS) Program
The WREAFS Program consists of a series of waste reduction evaluation and demonstration
projects conducted cooperatively between EPA and other members of the Federal community. The
objectives of the WREAFS Program are to 1) perform pollution prevention opportunity
assessments, 2) evaluate/demonstrate pollution prevention technologies and techniques at Federal
facilities and supporting private sector industries, 3) enhance pollution prevention benefits within
the Federal community, and 4) conduct various technology transfer activities. Technology transfer
tools include pollution prevention fact sheets for applications to generic Federal waste generating
issues, project reports and project summaries for each pollution prevention opportunity assessment
or technology evaluation, manuals or guides to encourage pollution prevention implementation, and
workshops/information exchange meetings to share "lessons learned". About 50 projects are
completed or on-going in half of the fourteen Federal departments. As one might expect, most of
the joint RD&D continues to be with the Department of Defense (DOD).

University-Based Assessments Program
The University-Based Assessments Program began as a pilot project to assist small and medium-size
manufacturers who desired to minimize their generation of hazardous waste but lacked the in-house
expertise. Three Waste Minimization Assessment Centers (WMACs) were established at Colorado
State University, the University of Louisville, and the University of Tennessee at Knoxville. Each
WMAC is staffed by engineering faculty and students who have considerable direct experience with
process operations in manufacturing plants and also have the knowledge and skills needed to
minimize hazardous waste generation. The WMACs conduct voluntary waste minimization
opportunity assessments for small and medium-sized manufacturers at no out-of-pocket cost to the
client The client benefits by receiving a waste minimization opportunity assessment report with
waste minimization alternatives and technical assistance which includes a one-year check-up to see
what options were implemented and measure the pollution prevention progress. The engineering
school and students benefit by gaining real life experience in pollution prevention at waste
generating facilities. EPA benefits by documenting pollution prevention case studies on a variety
of industries and by providing feedback for the EPA manuals that are being used to conduct the
assessments. We all benefit through a cleaner environment without more regulations and higher
costs for the manufacture of goods and services. It is the intention of EPA to conduct joint
energy/pollution prevention assessments and expand this program to include more engineering
schools throughout the United States.
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Waste Minimization Assessments Program
There have been a number of waste minimization opportunity assessments/pollution prevention
opportunity assessments conducted as a result of cooperative efforts between EPA and industry.
The EPA recommended procedures outlined in the Facility Pollution Prevention Guide
(EPA/600/R-92/088) and other EPA Manuals have been the foundation for the Waste Minimization
Assessments Program. One such project within this Program is "Assessment of Recycling and
Recovery Opportunities for Hazardous Waste (ARROW)" which was conducted through the New
Jersey Department of Environmental Protection and Energy (NJDEPE). Industries who
participated in the ARROW Project included: electrical power generation, graphics control
manufacturing, paints and coatings manufacturing, printing, lubricant production, transportation
vehicle maintenance, leather finishing, and educational facilities. Project summaries are available
for each of these waste minimization opportunity assessments as well as over 150 other waste
minimization assessments in most manufacturing SIC codes.

TECHNICAL GUIDES AND MANUALS

Introduction
Technical guides and manuals are developed and produced to provide' tools for the private and
public sector in the quest for pollution prevention. These tools include: 1) Facility Pollution
Prevention- Guide (EPA/600/R-92/088), 2) 16 industry-specific guides to pollution prevention, 3)
Background Document on Clean Products Research and Implementation (EPA/600/2-90/048), and
4) Industrial Pollution Prevention Opportunities for the 1990’s (EPA/600/8-91/052). (See figure 4)

Facility Pollution Prevention Guide
The Facility Pollution Prevention Guide was developed for those who are interested in and
responsible for pollution prevention in industrial or service facilities. The guide summarizes the
benefits of a company-wide pollution prevention program and suggests ways to incorporate pollution
prevention, in company policies and practices. It assists in describing how to develop a pollution
prevention program and how to develop and implement pollution prevention projects. Other
chapters discuss measuring pollution prevention progress, maintaining the pollution prevention
program, economic analysis of pollution prevention projects, designing environmentally compatible
products, and energy conservation with pollution prevention. There are a number of appendices for
assessment worksheets, industry-specific checklists, option ratings, economic evaluation guidance,
reference materials, and a glossary of pollution prevention terms. If a pollution prevention
practitioner could have only one tool, this guide is it. (See figure 4)
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Facility Pollution Prevention Guide

.Office of Solid Wane
U.S. Environmental Protection Agency
Washington, D.C 20460
Risk Reduction Engineering Laboratory
Office of Research and Development
US. Environmental Protection Agency
Cincinnati, Ohio 45268

Figure 4
Facility Pollution Prevention Guide

Industry-Specific Guides to Pollution Prevention
While generic guides assist with the methodology and approach, a specific tool designed to work
on a specific problem usually works better. This is the reasoning behind the development of 16
industry-specific guides. In addition to describing the approach and procedure for developing a
pollution prevention program within a specific industry, these guides are based on documented case
studies/waste assessments that were used to develop the report It may be easier to follow along
with a guide when successful examples are given for that particular industry. After an introduction
to waste minimization and the procedure to conduct a waste minimization opportunity assessment,
the guide provides an industry profile and waste minimization options for facilities in that specific
industry. Waste minimization assessment worksheets are part of the guide to assist the user.

Appendices present case studies of assessments conducted at industry-specific facilities and there
is a section on where to get assistance or further information on pollution prevention.
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S-EPA Guides to Pollution
Prevention

Guides to Pollution Prevention:
Pestiade Formulating Industry
Paint Manufacturing Industry
Fabricated Metal Products Industry
Printed Circuit Board Industry
Commercial Printing Industry
Selected Hospital Waste Streams
Research and Education Institutions
Photoprocessing Industry
Auto Repair Industry
Fiberglass Reinforced and Composite
Plastics Industries
Marine Maintenance/Repair Industry
Automotive Refinishing Industry
Pharmaceutical Industry
Mechanical Equipment Repair
Metal Casting/Heat Treating Industry
Metal Finishing Industry

The Pharmaceutical Industry

(EPA/625/7-90AXM)
( EPA/625/7-90AM5 )
(EPA/625/7.90/006)
( EPA/625/7-90/007)
(EPA/625/7-90/008)
(EPA/625/7-90AX)9)
(EPA/625/7-90/010)
(EPA/625/7-91AH2)
(EPA/625/7-91A)13)
(EPA/625/7-91/014)
(EPA/625/7-91/015)
(EPA/625/7-91/016)
(EPA/625/7-9I/017)
(EPA/625/R-92/008)
(EPA/625/R-92/009)
(EPA/625/R-92/011)

Figure 5
Industry-Specific Pollution Prevention Guides

Background Document on Clean Products Research and Implementation
This report explores one of the newer types of programs aimed at reducing the harmful impacts
on the environment resulting from the production, use, and disposal of goods. The report discusses
the life cycle of products and an overview of criteria and methodologies used to evaluate products.
This "tool" documents existing and proposed clean products programs for a number of countries

and groups that.have implemented programs. The criteria and methodologies used to evaluate
products are critical elements of a clean products program and this report lists various criteria,
along with discussions of how criteria have been applied to various product groups. Also examined
are a number of methodologies, ranging from comprehensive and complex product life cycle
approach to simplified approaches, each with its own limitations. The background document
devotes a section to problematical issues that must be addressed when establishing a clean product
program. An annotated bibliography provides summaries of the articles and reports researched to
prepare the document, including the most recent information from other countries on their clean
products programs. This report tool provides information for the two maiif purposes of a clean
products program -1) to identify products which cause less damage to the environment, and 2) to
encourage the development of environmentally sound products and technology.
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Figure 6
Background Document on Clean Products Research and Implementation

Industrial Pollution Prevention Opportunities for the 1990’s
This "tool" is intended to provide guidance in planning research direction. A wide range of
industries were screened using a set of criteria to identify those industries that were most likely to
make a significant contribution to pollution prevention, both because of the amounts and/or
toxicity/severity of the waste involved and the opportunities or potential for successful waste
reduction.' A short list of seventeen industries or major industry segments were selected by using
a panel of 25 experts. The resulting short list was used for more in-depth investigation of specific
pollution prevention opportunities and/or needs. The main focus was on industries and their trade
and technical associations. The results of this effort are presented in both tabular and narrative
formats in which specific operations, processes, and procedures are identified. The industrial
segments covered include such diverse areas as the steel industry, pharmaceuticals and dry cleaning.
The 17 priority industry segments are listed in figure 7. Within each industrial segment considered
a priority area, there are one or more concepts, problems, or opportunities. Additionally,
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discussions with several industries identified a series of "generic" technologies that have the potential
for wide technology transfer, and these technologies are discussed following the industry by industry
investigation section of the report. This planning "tool" was developed to prioritize the direction for
pollution prevention RD&D within industry. It is felt that this documented approach, criteria, and
implementation will be useful for others who seek such a prioritized approach to such a
comprehensive problem.
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Figure 7
Industrial Pollution Prevention Opportunities for the 1990’s

SUMMARY
Much of -EPA’s Pollution Prevention RD&D Program has focused on the development and
demonstration of practical tools to encourage the development and adoption of technologies and
products that will lead to reducing the aggregate generation rates for pollutants entering our
environmental media. The strategic direction for pollution prevention RD&D through the 1990’s
is: 1) to study high risk environmental problems where pollution prevention offers a cost-effective
solution for reducing the risks, 2) to conduct cross-cutting research such as measurement, modelling,
and LCA that can be applied to multiple problems, and 3) to establish joint global pollution
prevention RD&D ventures where products and processes know no waste generating boundaries.
Good basic tools are needed to build a foundation for pollution prevention solutions to waste
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generating problems. Like builders in the world* before us, practical tools are needed and
developed to help us move along the trail of progress. We must move forward to reduce or
eliminate wastes that are more difficult to deal with. Better and more sophisticated tools are being
developed to meet the challenges.

ACKNOWLEDGEMENTS
This paper is a compilation of abstracts and parts of the text from documents published by the staff
of the Pollution Prevention Research Branch. Many thanks to the project officers who spent many
hours so these "tools" are available to anyone interested in pollution prevention. Also thanks to Ms.
Ruth Com for her word processing skills and her cheerful attitude in providing the proper format
Each one of these publications are available from EPA’s CERI Publications Unit, U.S.
Environmental Protection Agency, 26 W. Martin Luther King Drive, Cincinnati, Ohio 45268.

REFERENCES
Office of Research and Development, U.S. Environmental Protection Agency (1993) Life-Cycle
Assessment: Inventory Guidelines and Principles, EPA/600/R-92/245
Office of Research and Development, U.S. Environmental Protection Agency (1993) Life Cycle
Design Manual, Environmental Requirements and The Product System, EPA/600/R-92/226
Office of Research and Development, U.S. Environmental Protection Agency (1993)
A "Mark I" Measurement Methodology for Pollution Prevention Progress Occurring as a Result of
Product Design Decisions, Work in Progress James S. Bridges, and David G. Stephan
Office of Research and Development, U.S. Environmental Protection Agency (1992) Pollution
Prevention Case Studies Compendium, EPA/600/R-92/046
Office of Research and Development, U.S. Environmental Protection Agency (1991) Achievements
in Source Reduction and Recycling for Ten Industries in the United States, EPA/600/2-91/051
Office of Research and Development, U.S. Environmental Protection Agency (1992)
Opportunities for Pollution Prevention Research to Support the 33/50 Program, EPA/600/R-92/175
Office of Research and Development, U.S. Environmental Protection Agency (1992) Facility
Pollution Prevention Guide, EPA/600/R-92/088
Office of Research and Development, U.S. Environmental Protection Agency (1990) Background
Document on Clean Products Research and Implementation,
EPA/600/2-90/048
Office of Research and Development, U.S. Environmental Protection Agehcy (1991) Industrial
Pollution Prevention Opportunities for the 1990’s, EPA/600/8-91/052
Office of Research and Development, U.S. Environmental Protection Agency (1993) Pollution
Prevention Branch Brochure, EPA/600/F-93/009

97

WASTE MINIMIZATION TO COMPLY WITH
OCPSF EFFLUENT GUIDELINES
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*E.I. du Pont de Nemours & Co., Inc.
P.O.Box6090,Newark,DE 19714-6090 USA
**E.L du Pont de Nemours & Co., Inc.
901 W. Du Pont Avenue, Belle, WV 25015 USA

ABSTRACT
Ever-tightening regulations on releases to the environment have become a major business factor for the
chemical industry. The Organic Chemicals, Plastics, and Synthetic Fibers (OCPSF) effluent guidelines
have required many manufacturing sites in the U.S. to expand or upgrade their wastewater treatment plants
(WWTP) at considerable cost. Du Pont has recognized the need to shift the emphasis from "end-of-pipe"
treatment to waste reduction and elimination at the process source. The Du Pont Belle, West Virginia plant
has implemented a program to comply with the OCPSF effluent guidelines by reducing the organic waste
load to the WWTP, with secondary emphasis on upgrading the facility for more efficient treatment This
program has reduced the WWTP load by 50%, controlled priority pollutants at their source and minimized
shock loads from nine processes. This approach saved over $7 million of the investment that would have
been required if the effluent reductions had been achieved only from WWTP modifications. Forecast
permit exceedances have dropped from 19 to 2 since 1987. Other benefits of the waste minimization
program are reduced sludge production and volatile organic emissions, as well as greatly improved
product yield in one process.
KEY WORDS
Wastewater, organic chemicals, waste minimization, effluent compliance.
INTRODUCTION
The Du Pont company has operated a major chemical manufacturing complex in Belle, West Virginia since
1926. The Belle Plant is located on the Kanawha River about 10 km above Charleston and employs 1100
people. It produces primarily agricultural products and organic chemical intermediates used in a variety of
industries including automotive and textile manufacturing.
The plant has a long histoiy of pollution abatement programs that have resulted in major reductions in
biochemical oxygen demand (BOD) load to the Kanawha River (Hyde, 1965). The site's original
wastewater treatment plant (WWTP) was commissioned in 1961 with a design capacity of 12,700 kg of
BOD removal per day. An activated sludge process was employed with four parallel trains of aeration
tanks and clarifiers. A major WWTP expansion was completed in 1976 which significantly increased
treatment capacity and operating efficiency with the addition of a larger fifth aeration tank/clarifier system.
Today, twenty processes generate aqueous waste streams requiring treatment; of these, thirteen are
continuous and seven are campaigned processes. The number and diversity of the manufacturing
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processes and waste constituents result in a wide fluctuation of WWTP influent conditions. Therefore,
waste load variability control can be as critical to overall treatment performance as the absolute BOD load
from the processes. As a first step to reducing the load and fluctuations in feed composition, three wastes
that were being treated from off-site sources were discontinued.
It was recognized that additional measures would be required to comply with the Organic Chemicals,
Plastics and Synthetic Fibers (OCPSF) Effluent Limitations Guidelines (USEPA, 1987). Plant personnel
and Du Pont Engineering embarked on a waste load reduction program in order to minimize the new
investment and operating costs for "end-of-pipe" treatment
This program for the Belle, West Virginia plant is in keeping with a Corporate commitment towards waste
minimization. An aggressive global emission reduction program has been in place for several years and
significant progress has been made. For example, hazardous waste generation was reduced by a third
(indexed to production) between 1982 and 1989. Corporate goals call for similar reductions over the next
decade, with even higher reductions for certain targeted materials.

NEW EFFLUENT GUIDELINES LIMITATIONS
The site’s National Pollutant Discharge Elimination System (NPDES) permit was reissued in March 1993
with tighter WWTP effluent limits as a result of the recently promulgated OCPSF effluent guidelines. To
ensure continued smooth operation, a goal was established to be in compliance with these lower limits
before the new permit became effective. Du Pont projected what the new limits were likely to be in order
to establish target goals for its compliance program. These anticipated effluent limitations were derived
using guidance and examples provided by EPA's Industrial Technology Division (USEPA, 1991). These
were compared to the previous permit limits to establish the size of the reduction necessary for the
conventional pollutants (BOD and total suspended solids (TSS)) as shown in Table 1.

TABLE 1 Conventional Pollutant Effluent Limits (kg/dav)
BOD

PREVIOUS
OCPSF*
OCPSF + BPJ**

Monthly
Average

Daily
Maximum

Monthly
Average

727
270
428

1909
725
1136

1000
360
580

TSS

Daily
Maximum
2373
1180
1612

*Based on OCPSF guidelines concentrations and entire WWTP flow including non-OCPSF
contribution.
**Includes allowance for non-OCPSF products based on "Best Professional Judgement"
estimates.
The new permit limits based upon the OCPSF effluent guidelines would require at least a 40% reduction in
effluent BOD. If "best professional judgement" values are not used for the non-OCPSF flows, a reduction
of 60% would be required. The reduction in TSS discharge has been accomplished and compliance with
the new limits had already been demonstrated through operational controls prior to permit reissuance.
EPA has also established a list of compounds, under the Clean Water Act, known as priority pollutants,
which are of particular concern due to potential environmental impact and toxicity. A total of 56 organics
from the EPA priority pollutant list are included in the OCPSF regulation in addition to the conventional
pollutants. Of those, three (methylene chloride, chloroform, and toluene) are currently used or present in
the waste streams at the Belle, WV plant. Du Pont had also projected what the Best Available Treatment
Economically Available (BATEA) limits were likely to be for these substances and contrasted them to
permit levels (Table 2) existing at the time this project began.
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TABLE 2 Priority Pollutant Effluent Limits (kg/dav)
PREVIOUS
Monthly
Average
Methylene
Chloride
Chloroform
Toluene

OCPSF

Daily
Maximum

0.91
0.91

1.82
1.82

-

-

Monthly
Average

Daily
Maximum

0.32
0.18
0.23

0.73
0.36
0.64

Establishment of new permit limits from OCPSF guidelines resulted in reductions of allowed discharge of
methylene cliloride and chloroform by 70% to 87% from the previous allowed discharge. Toluene is
limited for the first time in the OCPSF-based permit

ALTERNATIVES TESTED OR EVALUATED
Du Pont personnel approached the needed reductions with a two-pronged strategy: 1) identify and evaluate
WWTP modifications needed to reach the lowered permit levels and, concurrently, 2) develop
opportunities to reduce or eliminate waste at the process source.

1. Major WTP Modifications
The primary approaches to WWTP modification for this evaluation were:
♦
•

Expanding the existing aeration tank capacity (increased hydraulic residence time).
Upgrading with additional treatment unit operations.

To assess the effect of lengthening the residence time, a full-scale field study was conducted using one of
the smaller original aeration tanks and clarifiers. The feed rate was cut in half, which doubled the treatment
time of the waste in aeration and the settling time in the clarifier. While the study showed projected permit
limits could be met with this approach, doing so would have meant doubling the size of the WWTP to
maintain needed capacity. Available land restrictions and the magnitude of investment required made this
option undesirable. Therefore, other means of upgrading the treatment process were explored.
An outside consultant was hired to study potential new types of treatment processes including the addition
of powdered activated carbon or PACT*technology and two-stage biological treatment (with and without
PACT). Bench-scale treatability studies were conducted to test these waste treatment upgrade options
(Grey, 1989). The results showed that, while these alternatives might achieve compliance with the more
restrictive effluent limitations, they were not cost-effective particularly with the amount of carbon required
to remove the organic priority pollutants.
These findings put even greater pressure on the waste reduction effort Moreover, priority pollutants could
not be economically treated in the WWTP, and source reduction was the only practical answer. The
contributing processes would have to be significantly modified or raw materials substituted so that the
three pollutants of concern would not be present in the waste at levels greater than half of the expected
permit limits in order to ensure compliance.
Of the biological treatment options evaluated in the laboratory, two-stage activated sludge was shown to be
the most effective. The cost of upgrading the existing WWTP to a two-stage activated sludge system was
estimated to be $7,000,000 U.S. In addition, it was felt that a second, larger equalization tank would be
required to dampen shock load variability and maintain consistent performance under the tighter effluent
* Powdered Activated Carbon Treatment - DuPont registered trademark.
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limits. Source control measures for priority pollutants identified by the waste reduction effort for these
process chemicals would cost about $2.6 million. Using this information, the following best-case for
investment under the major WWTP modifications scheme was developed (Table 3).
TABLE 3 Best Case for Major WWTP Facility Upgrade
and Priority Pollutant Source Control
Project

Investment

Two-stage activated sludge expansion
Priority pollutants - source control
Second equalization tank
Instrumentation, air & flow
distribution systems

$7,000,000
$2,600,000
$1,800,000
$1.100.000
$12,500,000

TOTAL

2. Waste Reduction Program
In the parallel waste reduction effort, process-area personnel were asked to develop their best proposals to
reduce waste in four areas:
•
•
•
•

Organic load to WWTP by 50%.
Control priority pollutants at the process source.
Eliminate shock loads.
Eliminate waste that inhibits WWTP biological activity.

Finding a way to reduce the organic load to the WWTP required following each waste component back
into the process to determine its source and then focusing reduction programs to identify process,
equipment, or raw material changes that would eliminate generation of the waste. It also required an
extensive sampling and analytical effort After several months of investigations, process evaluations, and
engineering design effort, the waste minimization program paid off with a planned 50% reduction in
“organic load to the WWTP. Table 4 shows changes that were part of the program to reduce organic
contaminants from seven processes.

TABLE 4 Source Organic Reductions
TOC* Load (ke/dl

Process Source
A.
B.
C.
D.
E.
F.
G.

450
275
450
1360
320
320
136Q

Pump seal leaks
Washwater incineration
Process digital control system
Stripper overheads incineration
Solvent incineration
Product recycle
Waste hydrolysis
TOTAL

4535

* total organic carbon
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Investment (US $)
30,000
80,000
N/A
750,000
10,000
40,000
90,000
$1,000,000

Six of the process and operating changes provided 70% of the reductions at a cost of only $250,000. The
$40,000 invested to recycle product (F) resulted in an increased yield worth $100,000 a year. Process G
brought one-third of the total reduction for less than $100,000 investment; it also eliminated a source of
shock loads.
Controlling the three priority pollutants at the source included substituting a different solvent to eliminate
the toluene and discontinuing manufacture of a marginal product The major investment for priority
pollutant abatement was for a steam distillation and incineration process for a third production area.
Shock loads occur when non-routine wastes, such as tank truck washings, are sent to the WWTP. These
non-routine wastes can overload the treatment capacity. Similarly, wastes that inhibit the biological activity
in the WWTP can also lessen efficiency. Since maximum efficiency will be required to ensure continuing
compliance with the expected limits, identifying and controlling shock loadings was an important aspect of
the plant's program. The cost of eliminating shock loads at the source proved to be less than a third of that
for installing an additional equalization tank to minimize their effect ($400,000 for source elimination
versus $1.8 million for the new waste treatment equalization system).

3. Minor WTP Modifications
To complement the waste reduction program, a third investigation was undertaken to see what minor
changes could be made to optimize operation of the existing waste treatment equipment
As mentioned previously, the Belle WWTP has five aeration/clarification treatment trains. Flow from
incoming waste and recycled sludge is split proportionally between the tanks based on relative volumes
through a flow distribution or "mix box". Reid tests by the outside consultant indicated uneven flow to
the small treatment trains and fluctuating oxygen uptake rates and dissolved oxygen. The uneven flow was
rectified with a new "mix box" and sludge recirculation line valves and flow meters. The fluctuating and
occasionally deficient dissolved oxygen levels were corrected by replacing the-coarse-bubble aeration
systems with fine-bubble membrane disc systems. In addition to more uniform air distribution, the finebubble aeration systems are more efficient and can maintain higher dissolved oxygen levels at lower
energy levels.
Rnally, the instrumentation in the waste treatment area was upgraded to current Du Pont plant standards.
Much of the WWTP instrumentation had not been replaced since the original installation in the early
1960s. Additional on-line instrumentation with distributive control systems provided more efficient
monitoring of critical parameters and faster response to changing operational conditions. In addition to the
general instrument upgrade, three new Total Organic Carbon analyzers were installed to monitor separately
the major sections of process sewer system.

FINAL COMPLIANCE PROGRAM
Based on the results of this approach, the following five-point strategy was pursued and implemented
(Table 5). The program has enabled the plant to prepare for the more stringent permit limits primarily
through waste reduction, with secondary projects to enhance WWTP efficiency.
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TABLE 5 Program Chosen to Meet OCPSF Limits
Action

Investment

50% reduction in organic load
from seven processes

$1,000,000

Source control of priority pollutants

2,600,000

Eliminate shock loads
from nine processes

400,000

WWTP instrumentation, air system
& flow distribution upgrades

1.100.000

TOTAL COSTS

$5,100,000

RESULTS
The efforts to reduce waste generated at the source have now been in progress for over four years.
Although the effort is stiU ongoing, we have seen a substantial reduction in BOD load to the WWTP have
been accomplished over that period (Figure 1).
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Fig. 1. Annual Average BOD Loads To WWTP
The plant has found that "administrative controls" are a key element to the overall waste management
program. As operating personnel in the process areas became more aware of what the waste reduction
goals were and of the need to maintain better control over what they discharged to the WWTP, the organic
load began to decrease, even before equipment or other changes were made. Since 1987, BOD has been
reduced over 50%.
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Another means of evaluating progress was in terms of projected permit noncompliances assuming
operation under the tighter'limits during the 1987-1991 period. Figure 2 shows the permit limit
exceedances that would have occurred under the more stringent OCPSF effluent guideline conditions.

-Old

Limits
—*-- OCPSF
Limits

Year
Fig. 2. NPDES Permit Exceedances - BOD Discharge Limits
Under the old permit, effluent limits for BOD were exceeded only once (in 1987). Had the OCPSF
guidelines been in effect in 1987,19 exceedances would have occurred. However, as a result of the
changes recently instituted, the number of projected noncompliances dropped to only two in 1991. Thus
far, the program has worked and no exceedances under the effluent guidelines derived limitations in the
new discharge permit have occurred. However, our goal of 100% compliance continues to drive our
waste reduction program as we envision even more stringent limits in the future.
In addition to the primary objective of improved effluent quality, the waste minimization accomplishments
have reaped other anticipated benefits. These are reduced waste activated sludge production and volatile
organic emissions from open tanks in the WWTP. With the investment cost savings, this program
exemplifies that waste minimization is a win-win proposition for both the environment and industry.
REFERENCES
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WASTE MINIMIZATION PROMOTES BIOPHYSICAL
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WASTES IN ISRAEL
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ABSTRACT
A full-scale 300 m3/day industrial waste treatment system was put into operation in a.pptrnc.hemicnl___
^ manufacturing piantlnTsrael-for-th&-purpose-of'3etoxitying its complex organic waste stream. The(pPI
^treatmentplant_designincomorates.anjnnoyative wastemanagementapproacli to accommodate thelimited
space allocated for the facility. It employs influent equalization and waste minimization techniques, m
support of an advanced biophysical treatment process to accomplish a substantial reduction in the facility
footprint while producing a high quality effluentflmtial performance data indicate a highly efficient organic
—Waste reductionT^COP and BOD removal surpassed 95% and 98%, respectively, over the initial two months—
of operation, meeting the stringent effluent discharge criteria. The system also provides effective sludge
dewatering, producing 40-50% solids sludge, thereby minimizing sludge disposal costs.

KEYWORDS
Aerobic process; biophysical treatment; industrial waste; PACT; petrochemical; river discharge.

INTRODUCTION
In a state where water resources are very limited, surface waters have been frequently contaminated by
industrial discharges, forming lifeless water streams and rivers. Such is the unfortunate condition of the
Kishon River, located at Haifa Bay in the north of Israel. Nearby chemical and petrochemical industries
discharged their waste streams into the river water for many years. Due to environmental concerns local
regulators were forced to establish stringent discharge criteria on the industries in an effort to revive the
river.
Among the industrial dischargers to the river is Gadot Petrochemical Industries (GPI), a petrochemical
manufacturing plant which generates 300-450 m3/day of high strength organic wastewater from the various
production facilities within the plant A limited preliminary treatment facility was operated at the
petrochemical plant, consisting of an API separator to skim heavy oils from the wastewater, and a pH
neutralization system. The limited-pre-treatment system, however, could not achieve the new discharge
criteria. Consequently GPI began a search for a treatment process that could achieve these treatment goals,
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while maintaining a low-cost system to adapt to the limited space allocated for the facility. These two
constraints, restricted budget and a small facility foot print, were critical to the ultimate process selection for
this waste treatment application.

Waste Characterization
The complex waste stream generated at GPI consists of several petrochemical process lines that introduce a
variety of organic acids and aromatic hydrocarbons. Certain waste sources are rich in free and emulsified oil
and grease, and are diverted to the API separator for pre-treatment The waste streams include high-organic
process wastewater from the various production lines and low-organic process water from cooling and
demineralization facilities. Figure 1 presents the historic waste discharge program at the GPI plant

Irlcrmitcnt Streams
Low-Organic Water Streams
pH Control Station

Fig. 1. Waste Sources Processing Program
Based on historical analytical data, the overall waste steam exhibits high COD and BOD concentrations of
2,300 mg/1 and 1,500 mg/1, respectively. The pH of the composite wastewater is normally acidic (pH=4-5)
and has a moderate salinity of 0.57%. The pH is regularly adjusted in the local pH control stations and at
the wastewater storage tank to the neutral range. As expected in chemical facilities, fluctuations in waste
composition are common as the generation rates from the various sources varies frequently, causing sudden
surges in organic strength and pH. Figure 2 presents a waste characterization summary.

Process Evaluation
The composite wastewater at GPI can be categorized as biodegradable, suggesting that a biological process
is the most viable option, in comparison to the more expensive chemical and physical treatment
technologies. Two variations of biological treatment were selected as the preferred processes for treatment
of GPI's
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wastewater: an extended aeration biological system and a biophysical treatment process. Among those two
options, the biophysical process known as PACT®, was considered the superior technology for achieving the
regulated effluent criteria as well as the budget and area restrictions imposed by GPI.

3

COD

BOD

TSS

T

Fig. 2. Influent Waste Composition (mg/1, except pH)

The PACT system, a proprietary technology developed by DuPont and Zimpro Environmental Inc.,
Rothschild, Wisconsin, is a conventional biological treatment system enhanced with powdered activated
carbon (PAC). The PAC increases the tolerance and stability of the biological system to toxic organic
compounds, improves overall process efficiency, enhances solids settleability and dewaterability, and
controls the stripping of volatile organic acids and odors to the atmosphere (Schultz 1982). This innovative
process has proven its effectiveness, particularly in treatment applications of complex and toxic waste
streams (Zadonic 1984 and Copa 1985).

Pilot-Scale Testing
In order to evaluate the feasible treatment alternatives a pilot-scale study was initiated, testing biological and
biophysical aerobic treatment configurations (Lebel 1992). The pilot-scale testing results indicated high
treatment effectiveness in both the biophysical and the biological systems. The COD and BOD removal
efficiencies during the normal operation period achieved about 96% and 99%, respectively, in the PACT
system compared to 93% and 98%, respectively, in the biological system (see Table 1 for results summary).

TABLE 1 PILOT-SCALE TESTING PERFORMANCE SUMMARY
Parameter

Units

Influent

Effluent
PACT

Effluent
Biological

COD

mg/1

3,684

100

285

BOD

mg/1

1,517

14

32
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SYSTEM DESCRIPTION
Process Selection
Three factors influenced the selection of the PACT process: system performance, overall project cost and
required footprint to accommodate the main system. The biophysical system was proven superior in all
three categories, as demonstrated in the pilot-scale study. The plant footprint requirement was supported by
a waste minimization concept which considered the impact of eliminating "clean" water streams (such as
cooling and demineralization water) from the wastewater to permit operation at the desired hydraulic and
organic loadings.
Utilizing this waste minimization concept, the organic concentration in the influent increases by about 30%
and involves more frequent shock loading occurrences. The dual role of the powdered activated carbon in
the PACT system, adsorbing toxic constituents to the biomass, and enhancing the population and
performance of the biological system - was emphasized as a critical element for controlling the anticipated
shock loading conditions (Lebel 1992).
Based on the treatment evaluation data, GPI selected the PACT system as the main treatment process for
detoxifying its waste stream. An application package, supported by the pilot-scale demonstration results was
submitted to the local environmental regulatory agency for approval. Implementation of the full-scale
system proceeded shortly after the authorization was obtained.

Treatment System Description
The full-scale treatment system at GPI includes two stages: a preliminary treatment stage using the existing
system for oil separation and neutralization, and a biophysical system for complete waste detoxification.
The biophysical system includes two parallel PACT reactors, a clarifier unit and a sludge dewatering system.
The process flow schematics of the GPI treatment plant is presented in Figure 3.

Effluent

Equalization
Wastewater

PACT Reactors

Clarifier

System

Activate |
Sludge
*"

Tank

j

{Waste Activated
^Sludge

Sludge
Thickener
Cake for (

\

/

Disposal

Fig. 3. GPI Treatment Plant Flow Schematics
The system operates in a continuous flow mode, with the exception of the sludge treatment stage which is a
batch-operated system. The major control provision involves a pH control system at the influent
equalization/neutralization stage to maintain a neutral pH in the waste feed to the PACT reactors.
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RESULTS AND DISCUSSIONS
Acclimation Program
The acclimation stage of the full-scale system began in February 1993, when a municipal plant seed was
introduced into the aeration reactors. The analytical testing program for the duration of the acclimation
period was limited to solids inventory of the biomass and powdered activated carbon in the PACT reactors

and COD, BOD and ammonia testing in the influent and effluent streams, hi addition, routine samples were
taken from the effluent tank to verify compliance with the effluent discharge criteria.
In order to control the biological acclimation process, it was necessary to minimize shock loading
occurrences, thereby providing favorable conditions for the microorganism to adapt the metabolic pathways
to these unique waste characteristics. The acclimation approach utilized a controlled build-up in the influent
feed rate as the biomass concentration in the aeration basins strengthened, and utilized a design food-tomicroorganism (F/M) ratio of 0.2-0.4 day1 as COD. Daily analysis of the solids inventory in the reactors
and the COD concentration in the influent feed stream provided current information and allowed for real
time control of the F/M ratio by adjusting the influent feed rate.

Acclimation Behavior Pattern
Figure 4 presents the chronological process control data for the acclimation stage. The biomass growth
pattern in the PACT reactors is plotted against the feed flow and the COD loading applied daily on the
biomass. The calculated food-to-biomass (F/M) ratio is also shown. Several shock loading incidents were
experienced during the acclimation period, as identified in the sharp F/M and COD loading surges. In the
beginning of acclimation, when the biomass population was not fully developed, organic shock loadings
moderately impacted the mixed liquor concentration and the system performance. This phenomenon was
substantiated in field observation as build-up of white foam on the surface of the"reactors. As system
acclimation progressed, the impact of these organic surges was diminished as the biomass concentration and
behavior stabilized, as shown in Figure 4.
Flow, Biomass
COD Loading

F/M Ratio
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Fig. 4. PACT System Acclimation Pattern
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Performance Results

As mentioned earlier, two key parameters were monitored to assess the acclimation progress of the PACT
system: COD and biophysical solids inventory. Figure 5 presents the COD chronology data during plant
startup, showing COD influent versus COD effluent Similar to the system acclimation pattern (Figure 4),
the COD chronology identified a. significant impact of organic shock loading occurrences on the
performance of the system during the early acclimation stage.. Towards the end of acclimation, extreme
influent COD levels (as high as 9,500 mg/1) were detected; however, the effluent quality was not impacted,
maintaining effluent COD concentrations below 150 mg/1.
Influent,

Effluent

10,000 -r-

t

H—1
14-Feb

1

r 1 1—i—i—11,11—I—1—I—b
19-Feb
25-Feb
7-Mar

12-Mar

18-Mar

1000
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Fig. 5. COD Chronology Data - Plant Startup

The biophysical solids chronology, presented in Figure 6, identifies mixed liquor suspended solids (MLSS)
concentration and Sludge Volume Index (SVI) values during the acclimation period in each individual
PACT reactor. The MLSS consists of biological solids (biomass), powdered activated carbon (PAC) and
ash, whereby the first two parameters dominate the total suspended solids concentration. Since the PAC
concentration in the reactors was maintained at a constant level, substantial changes in MLSS concentrations
were attributed to adjustments in the biomass population in the reactors. The MLSS growth pattern (shown
in Figure 6) illustrates the development of the biological seed into a rich microorganism population, well
adapted to the specific GPI waste composition.

The SVI data in each reactor substantiates the biomass acclimation pattern, showing a gradual improvement
in the biophysical solids settling characteristics. The solids settling behavior represents the quality of the
biological floes, and in PACT systems indicates growth of a dense biomass population on the powdered
activated carbon particles. The inconsistent solids data between the two PACT reactors is attributed to
operational difficulties in equalizing the return activated sludge flow to each reactor. It should be noted that
SVI values in PACT systems are typically lower than conventional biological system because of the
formation of the higher density, heavier floes.
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Fig. 6. MLSS and SVI Chronology Data - Plant Startup

SUMMARY AND CONCLUSIONS
The GPI PACT system utilizes elevated biomass mixed liquor concentration, supported by powdered
activated carbon to effectively treat complex petrochemical wastewater. The overall performance of the GPI
PACT system at the end of acclimation is presented in Table 2. An effective reduction in COD and BOD
exceeding of 95% and 98% respectively was demonstrated, concurring with the pilot-scale study results.
The final effluent water exhibited high quality, easily achieving the regulated discharge standards to the
Kishon River.
TABLE 2 PERFORMANCE DATA SUMMARY - END OF ACCLIMATION

Parameter

Units

PH
Soluble COD

s.u.

6.5

8.1

6-9

mg/1

2,500

120

no limit

Influent

Effluent

Discharge
Standards

Soluble BOD

mg/1

1,250

25

30

TSS

mg/1

650

23

60

Oil and Grease

mg/I

150

3.9

8

The performance of the GPI PACT system during the acclimation period demonstrated the effectiveness of
the biophysical system to treat excessive organic strength wastewater, utilizing the PAC as a toxicity control
mechanism to the biological environment This unique mechanism suggests that a waste minimization
approach to reduce and concentrate the organic waste stream by eliminating the low-organic water streams is
achievable in the current plant configuration.' Implementation of this waste minimization program has not
yet been carried out by GPI.

t
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The sludge dewatering system began operation towards the end of acclimation, processing the excess
biophysical solids wasted from the reactors. Approximately 300 pounds per day of waste activated sludge
were thickened and then dewatered in a plate and frame filter press. The dewatered sludge cake surpassed
40% solids content, achieving about twice the cake dryness of a conventional biological filtered cake. The
reduced sludge generation volume further supports the waste minimization approach in chemical and
petrochemical plants, and significantly reduces transportation and disposal costs.

Recent communication with GPI suggests that the system performance is sustained after four months of
operation, routinely achieving the effluent discharge standards to the Kishon River. The success of this
project will hopefully expedite the clean-up of the river and bring back life into one of the few water
resources in the state of Israel.
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ABSTRACT
In fifteen years, Rotating Biological Contactors (RBC) have become one of the most attractive
technologies for secondary wastewater treatment! Ojl refining, food processing, chemical
processing and municipal wastewater are some of the industries where full fledged installations
are being used. Municipal wastewater treatment plants are numbered in the hundreds in North
AmericaJ’fhe present work is a review of the evolution of RBC technology in the last twenty
yeafsTln addition, the status of the technology in Canada is described, emphasizing industrial
facilities and landfill leachate treatment. An enumeration of the most relevant development areas
is included.

KEYWORDS
Canadian Installations, Landfill Leachate Treatment, Rotating Biological Contactors, Technology
Status.

INTRODUCTION
Rotating Biological contactors (RBC) were used early this century in the US (Antonie, 1976;
Doman, 1929) and later in Germany. Limited design data and inadequate materials made the
technology not competitive until experimental work carried out in Germany (Hartmann, 1960)
confirmed the great potential of RBCs. By 1973 there were over 1000 installations in Europe,
primarily in Germany France and Switzerland (T.W. Beak, 1973). These installations were used
in the treatment of both municipal and industrial wastewaters, primarily brewery, distillery, and
dairy effluents.
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The first applications of RBCs to wastewater from petroleum refineries were reported first in
the USA in 1973 by. Chevron (Congram, 1976; Knowlton 1977) and by Phillips petroleum
(Godlove, McCarthy, Comstock and Dunn, 1977). Indeed by 1977 RBCs had been selected more
than 13 times Tot use by US oil refiners. By 1980 there were 308 units operating in the US
compared to 59 units in 1978. Commercial installations are treating among others wastewater
from slaughterhouses, wineries, milk processing industry, pulp and paper, refineries. The
introduction of RBC technology in Japan began in the late 1970’s. As of 1984, there were 13
municipalities providing secondary treatment. Typical flow rates of those plants were in the
range 1000- 6000 m3/day, influent BOD5 ranged between 140 and 190 mg/L and suspended
solids varied between 7 and 180 mg/L.
The last decade has witnessed an extraordinary growth in the use of this technology.
RBCs have become a commonly accepted option for secondary treatment of wastewater. This
trend will accelerate as R&D gets into new areas vital for the full fledged development of this
technology.
The construction and operation of conventional RBCs are simple. At the same time, mass
transfer phenomena, kinetics, and the microbiology of RBC are rather complex. The fact that
no mathematical model gives a reasonable picture of the phenomena involved is an indicator of
its complexity. Fortunately, as it often happens in technology, the fact that " it works” is much
more evident than ” how it works" .Nevertheless, only when a good understanding of the
fundamentals is achieved the performance of RBCs will be optimized.

STATUS OF THE TECHNOLOGY
An RBC consists of a set of partially submerged circular sheets of media that revolve in
wastewater pumped through a tank. Microbial biofilm growths on the media and is alternately
exposed to oxygen in the air and pollutants in the water as the discs continuously rotate. The
discs, mounted along a shaft, are typically divided by baffles into stages to enhance a given flow
pattern.
The emergence in the last twenty years of RBC technology comes as a result of comparative
evaluations with respect to other biological treatment systems (Klimiuk et al,1991; Hull et al,
1991;Gail and Rebuhn, 1990). RBC technology has some major advantages over other more
conventional water treatment processes. These are:*
*

Low energy consumption -up to 20 % of that used by activated sludge for the same
application.

*

Easy maintenance and mechanical simplicity. Hence low running costs.

*

It recovers well from organic and hydraulic surges because of its microfauna
diversity.
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*

Low floor space requirement and, because of its modular configuration, greater
design flexibility.

*

Low sludge production with good settleability and dewaterability and no foaming,
bulking or floating of sludge.

*

Because of its biomass short residence time it recovers fester from toxic shocks
than slurry reactors or activated sludge processes.

*

No need for biomass control.

*

Low noise and odour emissions.

At the same time RBC technology suffers from the limitation associated with young processes,
namely
* Lack of design data and hence greater uncertainty in economic costs and scale up.
Some disadvantages observed in the past, like shaft failure of biomass overload, have largely
been overcome by better control and operation (Smith and Grant, 1985). At the same time,
kinetics, microbial growth, oxygen mass transfer mechanisms, and fluid flow behaviour in RBCs
are not well known. Thus, the impact and nature of operating and design parameters are often
qualitative. These are the most relevant variables:

1) Nature of the influent.
* Biochemical Oxygen Demand, BOD5
* Chemical Oxygen Demand, COD.
* Dissolved Oxygen, DO.
* pH.
* Total suspended solids.
* Total volatile suspended solids.
* Temperature.

2) Wastewater Flow Rate
* Residence time.
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* Type of reactor (Plug flow, CSTR, Dispersion)

3) RBC: Operation and Design.
* Disc’s surface area and geometry.
* Disc submergence, spacing, and rotational speed.
* Feeders configuration.
* Staging.
* Recirculation.

4) Nature of Microbial Population.
* Distribution of the microfauna
* Pathogens removal

RBC PERFORMANCE WITH MUNICIPAL AND INDUSTRIAL WASTEWATERS
Recent published literature on the subject confirms the increasing importance of RBC technology
as an effective option in secondary and tertiary wastewater treatment. These are some of the
areas where the RBC has shown to be a competitive technology, with full fledged industrial
installations mostly in North America.

RBC experience in the Oil Refining and Chemical Industries.
The first succesful installation of RBCs was carried out at Chevron’s Salt Lake City refinery in
1975. The choice was based on four factors:
* Availability of ponds.
* Winter temperatures.
* Land availability and cost.
* BOD content of wastewater.
By 1977 near 13 "refineries had RBCs installed. The choice was made against activated sludge
systems (Knowlton, 1977). The treated flow rate ranged between 3.7 and 11 m3/min. The RBC
was installed to reduce levels of BOD, COD, phenols and sulfide in oily waters. The influent
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was generally preceded by an API separator, an induced air flotation system, and an equalizing
pond. The results indicated that the system was easy to install, operate and maintain. In addition
the operating costs were remarkably low. Table 1 (Congramf 1976) shows the performance of
the first applications of RBCs to refineries wastewater. Subsequent work has shown that, for
example, RBCs work more efficiently at higher BODs than those shown in Table 1.
Oil Refineries Ltd. of Israel supported a
comparative study between activated sludge
and RBC processes. The influent was
wastewater from an integrated oil refinery
(Galil and Rebhun, 1989). The study had the
following objectives:

TABLE 1
EFFLUENT-WA'FERQILALITY

Parameter

Average
from
1973
survey*

Results
reported
toEPA,
April
1975*

Flow rate, gpm

1,000

970

pH

7.4

7.3

COD, ppm

119

40

BOD’s, ppm

32

8.3

Total suspended solids

32

6

Ammonia, ppm

56

6.5

Sulfides, ppm

1.9

0.08

Phenol, ppm

0.5

0.006

Oil & grease, ppm

6.1

6.1

Total chromium, ppm

0.111

0.015

Hexavalent Cr, ppm

0.010

0.010

1) To compare the quality of the effluents in
terms of suspended solids, organic matter
specially hydrocarbons and phenols; 2) To
investigate the response to disturbances
caused by pollutants like phenols; 3)
Recovery time after toxic shocks; ^Biosludge production and characteristics.
The results of this investigation revealed the
following:
* RBC produced an effluent of better
quality with lower concentration of
suspended solids (SS).
* RBC was more resistance to phenolic
load shocks and recovered faster than
activated sludge.
* RBC produced a volume of sludge
four times smaller than activated
sludge.
* RBC sludge had a better thickening

*Aug. 1973 vs. Apr. 1975. "{"Results prior to
any changes in effluent treating system.
^Results after all system changes.

and cake filtration characteristics.
A quantitative view of the performance of both processes is presented in Table 2. The feed was
refinery wastewater coming from an oil- water separator and dissolved air flotation system. The
most conspicuous feature in the evaluation is the superior capacity of the RBC to capture volatile
suspended solids, although RBC performed better in virtually all the measured parameters.
Amoco Oil Company (Engelder and Matson, 1990) investigated the use of RBC to treat leachates
of oil and ethanol from refinery spills. The remediation of the groundwater was studied so that
the ethanol and oil hydrocarbons would be removed in above-ground treatment and discharged
the effluent to surface waters or to the on-site aquifer. The RBC does not require continual

119

monitoring of the biomass and adjusting of waste sludge. This study was performed with a 4stage bench-scale experimental set up and in a pilot scale pilot plant. Hydraulic loads were 1.432.29 gpd/ft2 and media surface area 503 ft2. The flow rate of the influent varied between 0.8 and
0.5 GPM.
Before considering RBC technology the leachate was treated in a publicly owned treatment
works at a cost of $1.40 per 1000 gal., that is $12,000 per month for the ground water disposal.
The treated water was discharged to the sewer when the concentration of ethanol was less than
200 ppm and the total petroleum hydrocarbons less than 25 ppm. As shown in Table 3 those
limits were well achieved with an RBC at efficiencies greater than 98%. Higher flow rates could
be attained with a slightly lower removal efficiency.
The treatment of wastewater of phenol-formaldehyde resin (Huang, Hung, and Dong, 1985)
yielded removal efficiencies above 99% and COD removal efficiencies between 67% and 83%.
They used pilot scale RBCs and the level of phenol in the influent was as high as 600 mg/L. The
removal efficiency of chlorinated phenols (Yucel Tokuz, 1988) with RBCs appears to. compare
favourably with that of activated sludge. Because highly chlorinated phenols are more resistant
to biodegradation dichlorophenols,
trichlorophenols, and pentachlorophenol were
TABLE 2
added to synthetic wastewater with a COD of
468 mg/L. The results shown in Table 4
REFINERY WASTEWATER QUALITY
indicate that the RBC is a viable treatment
BEFORE AND AFTER BIOLOGICAL
process for wastes containing chlorinated
TREATMENT (MG/L)
phenols. The optimization of other operating
parameters could make the process even more
Effluent
attractive.
Influent
Constituent

Activated
Sludge

RBC

The removal of volatile organic compounds
715
197
(VOCs) by RBC has been recently reported
COD Total
245
186
685
218
Soluble
(Hsueh, Hao, and Wu, 1991). They used a 4stage RBD with total disk area of 20,000 cm2
140
21
8
BOD Total
and VOC concentration in the influent
128
9
6
Soluble
between 0.2 mg/L and 5 mg/L. Five
32
2.7
Hydrocarbons
3.6
chlorinated hydrocarbons 'were used namely:
0.22
Phenols
7.5
0.25
Trichloroethylene; tetrachloroethylene; 1,1,1trichloroethane; chloroform and ethylbenzene.
Suspended Solids Total 32
42
7
The effects of the rotational speed and
Volatile
29
36
6
submerged area were also studied. The
0.48
12.8
0.45
NH„-N
material balances carried out were based on
the CSTR flow model. The results of the
investigation indicate that the VOCs were easily removed in either batch or continuous operation.
Also the mass transfer coefficient was dependent on the rotating velocity and disk submergence.
The study concluded that RBCs could favourably substitute packed towers when the risk of solids
clogging and organic precipitation are likely.
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RBCs have been successfully applied to other areas like the removal (Russell and Alleman,
1986) of heavy metals like iron and manganese. Also the food industry has been utilizing RBCs
for the last twenty years in North America. Hammer (1982) has reported the use of an RBC to
treat wastewater from a cheese processing plant. The effluent quality was excellent under the
wastewater flow and influent conditions shown in Table 5.
Other types of influents also successfully treated include shellfish wastewaters (Hudson, Smith,
and Poland, 1976); cannery wastewater (Max, Cochrane, Burm, and Dostal, 1970); landfill
leachate treatment. A review of the North American and European literature on aerobic leachate
treatment has been given by (Forgie, 1988) and shown in Table 6.

Peddle and
Atwater
(1985)
PILOT PLANT PERFORMANCE AT 0.8 GPM FLOW
investigated
Constituent
Average Influent
Effluent
Removal (%)
the use of
Total Petroleum
89,250 ppb
3,650
95.9
pilot-scale
Hydrocarbons
RBC on a
leachate
Benzene
3,800 ppb
108
97.2
with 1000
Toluene
1,425 ppb
340
76.1
mg/L COD,
Xylenes
11,750 ppb
395
96.5
BODj/COD
of 0.67 and
Ethylbenzene
3,325 ppb
97
97.1
ammonia
Phenols
0.155 ppm
0.022
85.8
(NH,+ of50
m ag/L .
Ethanol
63 ppm
12
81.0
Mass
BOD
219 mg/L
46
79.0
loading of
1
0
g
O&G
5.9 mg/L
0.8
86.4
BOD5/m2/d
ay and/or 0.7 g total Kjeldahl nitrogen/m2/day yielded and effluent with less than 10 mg/L
filtered BOD5 and lmg/L ammonia N. Trace semi-volatile compounds such as toluene were fully
removed and iron, manganese, and zinc were more than 80% removed. A loss of nitrification
was observed below 5°C and variable flow rates caused suspended solids upsets in the effluent.
TABLE 3

The application of RBC technology to municipal wastewater has been well established (Antonie,
R.L., 1970) and today the RBC plants treating domestic wastewater in North America are in the
hundreds. American and European experiences indicate that the incorporation of recirculation
modes are expanding further the treatment capacity of RBCs. In addition process modifications
have increased clarity of the secondary effluent and an approximate 50% reduction of RBC shaft
biomass weight (Neu, 1992), Klees and Silverstein, 1992).

Pathogens Removal

The distribution of microbial species in RBC has been studied since 1971 (Strom and Jenkins,
1984;Chung and Strom, 1991).However, the use of RBCs as a primary device for pathogens
removal has been studied only recently (El-Zanfany and El-Abagy, 1987).
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TABLE 4
THEREC TREAT ABILITY DATAFC)R CIILORINATEE PHENOIJS
Compound

Average
Influent
Cone.
(mg/L)

Number
of Data

2- Chlorophenol

3.42

78

2,4-DichIorophenol

9.31

2,4,6Trichlorophenol

Standard
Deviation

Average
Effluent
Cone.
(mg/L)

Number
of Data

Standard
Deviation

Removal
Efficiency

0.43

2.20

79

60

35.7

58

1.12

3.00

58

1.74

67.8

8.65

34

2.22

3.25

34

1.25

62.4

Pentachlorophenol

3.46

12

1.35

1.64

12

0.57

52.6

COD

468

81

36

60

81

21

87.2

(%)

Wastewater can be regarded as an additional water resource and its planned reuse for purposes
other than drinking can result in great savings of potable water. The prevention of diseases
constitutes the foremost public health consideration. However efficient a wastewater treatment
process could be the resulting effluents may contain some of the microorganisms originally
present in the raw sewage. El-Zenfany and EI-Abagy (1987) have investigated the efficiency of
RBCs in reducing bacterial indices of pollution and also enteropathgenic Escherichia coli to the
recommended standards for reuse as agricultural water.
The reduction in total bacteria counts in the above study varied from 23.52 % to 99.98 % (86.26
% average) at 22 °C and 33.33 % to 99.98 % (82.06 % average) at 37 °C for an experimental
BBC unit. Wide variations of in the removal efficiency were observed. These variations were
due to the daily fluctuations in the bacterial content of the influent wastewater. The density of
faecal coliforms and faecal Streptococci in the influent varied by nearly 7 and 3 orders of
magnitude respectively.
The grater effectiveness of the KBC unit in removing bacteria was confirmed by the removal
data of the other bacterial indicators: under experimental conditions the mean values for removal
efficiency reached 97.82 %, 99.74 % and 97.93 % of the initial load of total coliform. faecal
coliform. and faecal Streptococci respectively. Despite the considerable reduction in a number
of indicators as a result of treatment, the numbers surviving are sufficiently high to represent
a potential health hazard. The WHO (1973) standards stipulate as health criterion for wastewater
reuse in agriculture that the coliform level should not be more than 100 coliform organisms/mL
in 80 % of the tested examples if the effluent is to be used for irrigation of crops that are to be
consumed uncooked. An optimization of RBCs’pathogens removal efficiency could constitute
major saving in the costs of tertiary treatments.
A more recent investigation on pathogens removal from domestic sewage is that of Sagy and
Kott(1990). The die-off of faecal coliform bacteria and of Salmonella typhimurium was studied
in an experimental RBC treating domestic raw sewage.
To discriminate between the microbiological activity on the discs versus that in the tank, a
number of samples of the influent were placed in dialysis bags and attached to the discs. Other
samples were submerged in the tank. The faecal coliforms on the discs died in greater numbers
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than those submerged in the tank. A decrease by three orders of magnitude was observed in this
bacterial population after 9 days of operation. This is attributed to factors such as U.V.
radiation, frequent variations in DO, and basic metabolism altered by the disc movement.
Results obtained with Salmonella tiphvmnrium were similar. However the same reduction was
observed much faster; in eight hours. According to the study, RBCs have a great potential to
reduce various pathogenic bacteria in addition to its proven capacity for BOD reduction. The
authors recommend to examine the effect on other pathogens like Shigella strains and Vibrio
Cholera.

TABLES
A SUMMARY OF THE REPORTED LOADING RATES FOR FIXED-FILM
AEROBIC BIOLOGICAL LEACHATE TREATMENT
Reference

System Type

BOD„ COD

Loading
Criteria

Detention
Time

Ehrig (1983,
1984)

RBC (4
stages)

< 0.1

< 2gNH,N/m2 day

5 to 22 hrs
per stage

Knox
(1985b)

RBC

0.09 to 0.18

4.8 gNH,N/m2 day

7 hrs at
design flow

Peddio &
Atwater
(1985)

RBC

0.67

10 g
BODj/m2 day
0.7 g
TKN/m2 day

Removal
Efficiency

Additional
Comments

Complete
BODj/N < 1
-Nitrification < 1 mg/L
NH,-N
< 20 mg/L
bod5
-

Nitrification
criteria
gov’s

<10 mg/L
BOD3F
< 1 mg/L
NH,-N

*BOD5F= filtered (or soluble) BOD$.

THE CANADIAN EXPERIENCE WITH RBCs

The development of RBC technology in Canada has taken place along four main lines of action.
These are: Treatment of wastewater from the food industry; removal of chemicals; municipal
wastewater treatment; and landfill leachate treatment.
The Food Industry

In 1968 the Fisheries Research Board of Canada (FRBC) investigated the use of chemical
treatment and dissolved air floatation for clarification of salmon canning wastewater. Based on
the published literature on the subject, the FRBC evaluated the performance of a 12,000 GPD
rotating biological contactor. It consisted of a wet well and rotating bucket feeder, a three-stage
treatment system, and a secondary clarifier. The three stages each contained twenty-four 1.80
m diameter polystyrene discs (Claggett, 1973).The samples taken from the influent, effluent and
mixed liquor from each of the three stages, were tested for COD, SS, BOD,DO and
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temperature. The results indicated that the .unit performed quite well, with reductions of over
50% in' GOD being obtained two days after start-up. The discs achieved steady state in one
week. The limit of satisfactory loading was 20 lb/day/100ft2 of COD in which 80% removal was
achieved. Damage was noted to disks at 6 RPM due to uneven sloughing of the biomass. It was
estimated that to construct a plant to handle a flow of 1 MGPD of salmon canning wastewater
would require 32,400 m2 of disc surface or 2300 discs 3 min diameter. The reports recommends
the technology as viable, flexible, and easy to operate. In addition, it was more economic than
comparable processes because of its lower operating costs.
The Regional Municipality of Niagara, Ontario, implemented a program in the early 1980s that
called for a cooperative approach to sewage treatment between the Region and numerous
wineries and-food based industries. The Region requested an independent review of the
technological options to provide the secondary treatment required. (Laughton, 1990). A detailed
evaluation of
TABLE 6
physicochemical
treatment versus
conventional
SUMMARY OF RBC PROCESS RESULTS SUMMER
activated sludge and
OPERATION
RBC was made. The
Tnffnmt
% Reductions
Effluent Quality
study clearly showed
Ccoc.(mg/L)
(mg/L)
Hydraulic
that the RBC was the
IGPD/ft2
TKN
NH,
Avg.
AfcJNH,
NH,-N
TKN
Avg.
NOj/NH,
NH,
TKN
preferred option for
the project. The
0.8
18.1
0.10
7.33
15.5
99.3 90.9
1.50 89%
soluble organic
0.14
1.6
13.8
15.4
99.0 92.2
1.21 85%
8.56
strength of the
sewage was
21.0
0.25
82%
2.4
17.3
98.5 86.2
2.8
5.59
excessive for the
15.8
0.77 2.85 76%
3.2
13.8
94.6 81.9
8.14
physicochemical
treatment. The wide
fluctuations in
emissions for various wineries and food processing caused excessive filamentous growth and
sludge bulking for a conventional activated sludge process.
This facility, the largest sewage treatment plant using RBC technology, forced to reconsider
some standard design guidelines proven to be inadequate. The Ministry of the Environment
called for RBC facilities to be designed on the basis of 1 lb BODj/1000 ft2. However pilot scale
testing showed that average loads of 2.5 lb/1000 ft? and peaks of 3.5 lb/1000 ft2 could be
attained. Indeed, the facility has provided since conception, effluent quality within the
guidelines, and continues to do so even under the heaviest loads from the wineries. The
construction and operation of this facility under load far higher than those in the design
guidelines has resulted in significant capital and operating costs savings, while providing the
required effluent quality.

Municipal wastewater treatment

In 1973, the Ministry of the Environment of Ontario undertook the evaluation of an RBC to treat
municipal wastewater (Alhberg and Kwong, 1974). The design basis for such evaluation was the
production of a secondary quality effluent i.e. 15 mg/L BOD and suspended solids. The
evaluation was conducted over a period of one year on a typical domestic waste treatment plant
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in Ontario. A literature survey carried out with the report indicated that a secondary effluent
quality could not be expected from an RBC system treating domestic waste when organic loading
exceeding 1 lb/day/1000 ft? BOD.
The equipment used in the evaluation of the RBC was an individual household unit designed to
treat domestic wastes for up to five persons. The flow rate was 1,350 L/day and the organic load
0.4 kg/day BOD. The system was divided into three zones; the primary treatment, the rotor
zone, and the final clarification zone. The rotor zone was divided into five stages, and the total
disk area was 44.4 m2. The discs which were submerged 34% of their area, rotated at 1 RPM.
The results of the study concluded that secondary quality effluent could only be achieved when
the organic load is limited to about l/lb/day/1000 ft2 disc area. Present RBCs can achieved that
secondary quality effluent with organic loads well above 2.5 Lb/day/1000 ft?..
In 1978, the Wastewater Treatment Section of the Ontario Ministry of the Environment issued
a report on nitrification of secondary municipal effluent using RBCs (Hewitt, 1978). The study
which was carried out at the city of Guelph’s Water Control Plant lasted one year. Influent
wastewater characteristics for RBC varied slightly during that period but were always, typical of
a non-nitrified secondary effluent. Through tests conducted under both summer and winter
conditions in Ontario, it was established that the RBC process could produce a consistent, wellnitrified effluent. In addition, the following conclusions were reached:
*

Nitrification efficiency increased as the disc rotational speed was increased from
1 RPM to 2 RPM.

*

At constant hydraulic loading, nitrification efficiency decreased as the water
temperature decreased from 15°C to the temperature range of 1-10°C.

The study was carried out in a small RBC unit and effluent was analyzed for all nitrogen forms
(NH3, NOz", TKN, BOD;, COD, phosphorous (total and dissolved), solids (suspended and
dissolved), pH and alkalinity. An overview of the effluent quality during the summer operation
is shown in Table 6.
One of the most complete studies on the treatment of RBCs of municipal wastewater was
published in 1980 by Environment Canada. (Murphy and Wilson, 1980). The experimental
equipment was installed in the Wastewater Technology Centre, Burlington, Ontario. As many
as three RBCs were operated simultaneously in some stages of the study. The main test unit was
2.0 m in diameter, four-stage RBC with 734 m2 of media surface area. High density poly
ethylene discs were fixed on a horizontal shaft that rotated in a semicircular steel tank 3.55 m3
of capacity. Two of the units were endowed with primary clarifier and one with both primary
and secondary clarifier. The raw degritted wastewater from the Burlington Skyway Water
Pollution Control Plant showed significantly monthly variations in BOD$, suspended solids and
filtrable TKN. Average concentrations for these variables were 120 mg/L, 230 mg/L and 20
mg/L respectively over the test period. Design criteria for removal of BOD; plus nitrification
were examined. Phosphorous removal, the effects of diurnal and shock loadings, and
considerations of process scaleup were also evaluated. The best design parameters were mass
loading of the total BOD$ for BOD; removal, and mass loading of filtrable TKN for combined
BOD; removal plus nitrification. The study showed that treated effluent containing filtrable
BOD; concentrations consistently less than 10 mg/L could be produced. Recommended loadings
for full scale (3.5 m diameter discs) RBC systems were developed for BOD; removal alone and
for combined BOD; removal plus nitrification.
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Chemicals Removal

An RBC has proven effective in reducing phenols in wastewater at the General Motors foundry
in St. Catherines, Ontario. About two-thirds of the phenols in the wastewater originate in the
hot coat mullet in the foundry’s shell core area. This is where sand and resin are mixed to make
a shell core or mold. A wet-type dust collector receives vapor and dust from the mullet. The
process generates 72 L/min. of wastewater with a phenol concentration of 800 to 1200 ppm.
In 1989 the foundry explored the following phenol-removal processes:
1) Chemical oxidation with potassium permanganate.
2) Incineration of the exhaust gases from the mullet.
3) A conventional activated sludge process.
4) Other types of resins.
5) Rotating Biological Contactor.
Options 1) and 2) where rejected because of high operating costs, 3) would require too much
space and 4) was discarded since the resins were not available. An RBC was chosen as the best
option and CMS Rotordisk, of Concord, Ontario installed it at a cost of $500,000.
Pilot studies showed that the RBC would remove 95% of the phenols in the influent. In practice
between 70 and 80% is being removed, or 160 kg per day. Presently CMS Rotordisk is looking
at three possible solutions to further reduce phenols in the effluent. These are: 1) Reduce free
phenol in the flake resin from five to two per cent. 2) Install equalization tank to even out the
phenol loadings in the influent to the RBC, and 3) To treat the RBC effluent with powder
activated carbon. The performance of the unit has been excellent within 20/tg/l of the
specification.

Landfill Leachate Treatment

The first landfill leachate treatment in North America using RBC technology is located in the
Regional Municipality of Peel, to the west of the City of Toronto. The Britannia leachate
treatment facility was constructed in 1991 with start up and commissioning beginning in January
1992, using new leachate treatment technology. The Britannia sanitary landfill site is 1 million
m2 in size of which 725,000 m2 are used for landfilling. The site has been in operation since
1980 and accepts solid municipal and solid non-hazardous industrial waste. The engineered site
was built with a perimeter leachate collection system into which leachate under-drains installed
in eight cells, discharge. The leachate is then pumped through a 1.5 km force main to the sanity
sewer system. The discharge of the leachate freed two obstacles. The BOD levels exceeded
Regional sewer use regulations. Furthermore, the leachate was identified as the source of sulfide
odours which resulted in frequent complaints from the area residents. Although the site was
originally unpopulated, it is rapidly becoming surrounded by housing developments.
A pilot study carried out on site compared an RBC system (CHEMDISK provided by CMS
Rotordisk Inc.,) with an anaerobic column. The RBC treated leachate with BOD concentrations
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from 1,500 mg/L to 12,000 mg/L. The RBC outperformed the anaerobic system which
experienced many operational problems. The pilot unit removed 95% and 86% of the BOD and
COD in the influent leachate. (McKim, Vaidila, Henning and Rothfuss, 1993).
The results of the pilot plant lead to the design and construction of a full scale plant which is
treating the leachate with the elimination of the recurring odour problem. Figure 1 describes the
performance of the system between the months of April and October 1992.
Figures 2 and 3 represent schematics of the leachate treatment plant and of the RBC installed.
As shown in Figure 2, the influent, 23.5 m3/day, is split between two RBCs (CHEMDISKS) and
nutrient in the form of 75 % phosphoric acid is added at a flow splitter. Each RBC has 5850 m2
of surface area on 3-meter diameter discs which rotate at 2 RPM. The discs are 40 % submerged
in leachate contained in epoxy coated steel troughs. The 4-stage RBCs are covered with insulated
fiberglass.
The absence of growth from later stages of the RBC indicates that most of the BOD removal is
occurring in the lead stage. This observation is supported by dissolved oxygen measurements
which have shown little or no oxygen depression after the first stage. Despite the low organic

BRITANNIA LEACHATE TREATMENT PLANT
INFLUENT Sc EFFLUENT BOD

02—Apr—92 I 13—May—92 I 22—Jun—92 I 31—> 1-92 I 09—Sep—92 I 21-Oct-92
24-Apr-92 02-Jun-92 10-Jul-92 20—Aug—92 29-Sep-92 15-Dec-92
DATE
□ INFLUENT BOD
+
EFFLUENT BOD

Figure 1.

loading to the RBC units, oxidation of ammonia to nitrate has not been significant. While RBCs
are well known to be capable of achieving nitrification in various wastewaters, including
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leachates, conditions at the Britannia landfill have prevented this process from occurring.
Heavy metals and toxic organic compounds are either absent or present in very low
concentrations and have been ruled out as possible causes of inhibition. The presence of high
effluent concentrations of ammonia are, however, associated with inhibition of nitrification. The
leachate contains approximately 250 mg/L of total ammonia (dissolved ammonia gas and
ammonium ion). The ionized form is regarded as being responsible for toxicity to various
organisms. The proportion in the ionized form is strongly dependent on pH and, to a lesser
degree, on temperature. The average pH of the leachate and RBC effluent are 7.1 and 9.0
respectively. At 15°C and 250 mg/L of total ammonia, the corresponding ionized ammonia
concentrations in the leachate and RBC effluent are 1.0 mg/L and 55 mg/L respectively.
The capital costs for the facility, including the engineering and the pilot study, amounted to
$2,400,000. The operating and maintenance costs for 1992 were approximately $70,000
including a full-time operator, on site and outside laboratory services, etc. A significant portion
of the total operating costs include analytical costs that have been a requirement of the Ministry
of the Environment. It is anticipated that the Ministry will reduce their process and effluent
monitoring requirements, upon review of the first years results. Reduced sampling and analytical
requirements will allow part-time operator involvement which should translate into significantly
lower operating costs. All costs for the facility are covered by the Regional Municipality of Peel.
The operation of the facility has proven to be relatively simple and trouble-free. The RBC
treatment component of the process requires minimal attention. Visual inspection of the biomass
provides an easy and quick monitoring method. The odour emissions have been addressed by
the RBC system. Also excessive BOD discharges to the municipal sanitary sewer have been
mostly overcome through a dramatic decrease in leachate BOD. The effluent produced was
consistent with secondary effluent quality (Table 7).
TABLE 7
BRITANNIA LEACHATE TREATMENT FACILITY FULL SCALE RESULTS
Average Influent (mg/L)

Average Effluent (mg/L)

No. of Samples

BOD

251

11

153

COD

878

417

170

Organics
Benzene
Toluene
Ethylbenzene
Xylene

0.021
1.1
0.190
0.840

<
<
<
<

9
9
9
9

Metals
Zinc
Manganese
Iron

0.56
0.39
3.7

0.33
0.23
1.4

0.10
0.017
0.020
0.008

20
20
20
20

CONCLUSIONS
RBC technology has achieved maturity after twenty years of development in Europe and North
America. The large number of industrial installation confirms its technical and economic appeal.
At the same time there is a need to explore new avenues which will push further the limits of
RBC performance. Some of these areas include:
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* High strength feeds.
* Recirculation of effluent.
* Heavy metals and phosphorous removal.
* Design parameters including energy consumption optimization and scaleup.
* Selection of microbial population.
* Pathogens removal.
* Nitrification and denitrification.
* Flow model development
Some of the above R&D areas are being explored through a joint industrial research program
by the Canadian firm CMS Rotordisk and the Chemical Engineering Department at Ryerson
Polytechnical University in Toronto.
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ABSTRACT
Improving environmental performance of oil refineries is a complex task.
Emission limits, operating constraints, available technologies, operating
techniques, and local environment sensitivity must all considered. The
amount and variety of data involved in this kind of work is enormous. This
paper describes efforts to build interactive software to deal with this
problem. Relational databases and object oriented methodologies have been
selected as the best method for analysis and programming work. These tools
have been found to be appropriate and have permitted quick development of
the logical links between the different types of knowledge involved.
Textual and graphic representation as well as interface with spreadsheet,
for calculation and mass balances, are well supported.

KEYWORDS
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Waste minimization;

Object

INTRODUCTION
Implementation of integrated pollution control in oil refineries, as in any
other chemical complexes,
involves a wide spectrum of knowledge and
techniques, each contributing a large amount of information. Professionals
with different backgrounds and qualifications are involved in coordinated
activities.
When,
besides emission limits for specified pollutants,
criteria such as "best practical environmental option" are considered,
things become more complicated and, may well require subjective judgements.
The use of conventional methods to deal with this problems, such as manuals
and reports, seems to demand great effort and time to achieve any tangible
improvement. This is especially true when environmental authorities and
plant operators have to reach agreement.
Environmental

analysis

leads

to

suggestions

for

process

or

plant
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?

modifications. These have to be assessed
view as well as for operability and cost.
simulations and other -calculations are
analysis changes from time to time as do
constraints.

from an environmental point of
This means that mass balances,
performed.
Data used in this
the environmental targets and

The means considered in this paper,
to deal with this matter,
is
interactive computer software, where great amounts of information can be
stored and manipulated. Some aspects of the problem and program features
are presented in this paper. The aim is to demonstrate how software can
make the handling of such disparate and complex data a straightforward
task, while providing sophisticated data handling and calculation tools to
the user.

INTEGRATED POLLUTION CONTROL
In order to exercise legislative control over pollution from industrial
processes, a number of approaches can be adopted. One long-standing method
is to set emission limits on the concentrations and/or quantities of
polluting materials which are allowed to leave a given site or process.
Typically this would involve the setting of concentration limits on stack
emission, discharges to sewer or surface water and control on the nature
and quantity of materials sent to landfill. This strategy is called the
"bubble" approach, as the controls may be viewed as a bubble surrounding
the process (CONCAWE, 1990).
In many cases, the release levels from a process are determined by the type
of technology used for the abatement of the emissions. This has led to the
linkage of pollution control to technology through such concepts as "best
practicable means". Though the limit would be a release concentration or
amount, the numerical value would be related to what was achievable by use
of the best technologies to abate that release. The benchmark technologies
would be proven and cost-effective, and often agreed with the process
operators. There would be no requirement to use a specific technology, but
the 'release level should be the same as could be achieved by the use of the
"best" method.
Integrated pollution control is the method adopted by the UK for the
control of pollution (DoE and HMIP, 1991; HMIP, 1991, 1992) . The approach
is called integrated because it seeks to integrate the control of pollution
to the three receiving media - air, water and land - which in other
regulatory approaches may be treated separately. It has elements which are
similar to the "bubble" approach, and many authorizations still rely on
emission limits. It has a link between technology and the limits set. This
is expressed as BATNEEC,
or best available techniques not entailing
excessive cost. However, BATNEEC seeks to exercise control on pollution by
placing restrictions on an operator as to how he may operate a process. The
linkage not only includes the technology but the way in which the
technology is used - the technique. A concept of importance in this method
is the Best Practical Environmental Option, BPEO, which requires the
operator uses methods which are best for the environmental impact of the
process as a whole. Thus, for example, one form of a process might have
very low direct emissions, but a large energy requirement. Another form of
the process might have higher direct emissions but require no additional
energy. The operator must take into account the "exported" pollution at the
power station due to operation of the process in making the decision as to
which is BPEO.
Clearly, integrated pollution control demands more of both operator and
regulator. The operator has,
at least under UK regulations,
to use
significant resources to justify the selection of process as BATNEEC and
BPEO. This will usually involve a detailed, reasoned argument for process
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selection, as well as an environmental impact assessment. The regulator
must become much more familiar with the techniques and technologies of
industry, as well 'as having a realistic view as to what constitutes BATNEEC
for any given type of operation. The application of such an approach to an
oil refinery, or indeed any large collection of industrial operations,
leads to a number of difficult questions. Three such questions are the
subject of this paper. They are :
- What information is required to address the technical and managerial
issues raised by IPC applied to oil refineries?
- How can the data be handled in an efficient and effective way?
- What technical and managerial tools are appropriate to the implementation
of IPC and the concepts of BATNEEC and SPEC?

OIL REFINERY POLLUTANTS
Refinery pollutants are closely related to the pollutants emitted by the
whole oil energy path - that is from production at the well to the end use

of refined products. One of the functions of refining processes is treating
the hydrocarbon mixtures in order to remove unwanted compounds. The reasons
for this can be to
improve the final product quality,
to reduce
environmental impact or even to protect specific refining processes and
equipment from corrosion or other damage. The unwanted materials constitute
a potential source of pollution. Often, if the materials are not removed
at the refinery, they will appear a pollutants elsewhere - particularly at
the end use.
On the other hand, one of the main polluting sectors, in a refinery, is its
combustion plant, or rather, the refinery fuel system. Since refineries use
energy during the removal of pollutants and in the abatement of emissions,
there is a tradeoff between the pollution created locally and the reduction
in pollution at the final user. Refineries are the proper place to remove
some of the oil energy path pollutants. However, refineries run potentially
polluting processes.
The
environmental
balance between benefit and
detriment, will depend strongly on technologies used, their management and
operational and housekeeping practices.
Refinery pollutants may be related to:
-The oil composition - Nitrogen,
sulphur and metallic compounds and
hydrocarbon residues.
-The combustion process - Carbon oxides and atmospheric nitrogen and
sulphur oxides;
-The refining process - Including products added to (catalysts, emulsion
breakers, water conditioners) or generated by the process
(olefins);
-Accidental releases and regular losses - Hydrocarbons, oils;
-Octane improvement related compounds - Including products added to the
fuels (lead and other additives), generated by (aromatics) or added to any
of the refining processes (sulphuric and hydrofluoric acid).

DATA COMPLEXITY
The data needed to manage the environmental performance of a refinery are
many and varied. Numerous data sources already exist within a refinery, and
many of these need to be made available to the environmental manager. Such
data include current and historic operating data such as rates and
compositions of materials processed, throughput of given units, energy
usage, accident records and any environmental monitoring data, discharge
compositions etc. Background design data are also relevant - including

plant design details, any plant simulation models, results from hazard and
operability studies, environmental impact assessments from projects etc.
Finally, some external data are Important, such as patents and operating
information from other processes and sites and the values of any applicable
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performance indices from similar operations. These would include the
allowable discharges of pollutants, in concentration and mass terms for the
various sources, foreseeable future limits, other legislative constraints.
The tools which can be used beneficially in order to improve the
environmental performance fall into a number of categories:
- Overall process analysis tools. These include pinch technology (Smith and
Petela, 1992), Mass Exchange Networks, MEN'S, (Cohen and Alen, 1992) and
water use minimisation methods as well as heat and mass balance methods
including the use of data reconciliation. They also include programming
(optimisation) methods, which are already used in the management of
production and the optimisation of profitability.
- Individual process analysis tools - simulators or other software for the
modelling of changes in performance of units under different conditions.
These may range from the highly sophisticated simulators based on detailed
chemical engineering models of a unit to simple "short-cut" methods for
estimating performance or fugitive losses.

-

Tools

for

identification

of

hazard

and

operability

problems

and

probabilities.
Hazard and operability studies and Quantitative Risk
Assessment are long established tools in safety at all levels, and are fast
being established in the identification and quantification of environmental
risk.
- Waste streams treatment processes, including inside battery limits and
end of pipe alternatives.
The data needed to use these tools varies widely. Simple performance
indices may require only one or two pieces of information, while a full,
site wide optimisation study could use thousands. The quantity and quality
of information available will dictate the type of tools which can be used.
Judgement is required as to the benefits that will result from spending
money on obtaining better data. However, many data almost certainly exist
already, and the problem is merely one of access.
Attention has to be called to the fact that the information required covers
a varied range of disciplines, including chemical processing, environmental
chemistry
and biology,
legislation,
hydrology,
geology,
atmospheric
dispersion, etc. In order to permit an efficient approach in such a
multidisciplinary matter, information must be organized in layers of
different complexity. Modularity has to be strongly considered to permit
a step by step expansion as well as data interchange.
In a first approach it has been considered storing the required information
in five different databases, showed in figure 1. The general databases
GenRef.
GenEnv
and Tools,
will
contain
information
about
refining
processes, environmental subjects and technologies and methodologies to
face them. User will be able to augment the information in these databases
from his
own
experience
and by
exchanging
information with
other
refineries, institutions or manufacturers.
MvRef and MvEnv will store data specific to the user's refinery and
environmental site. Part of the information of these databases will consist
on linkages with data from the general databases GenRef and GenEnv. The
rest of it will be introduced by the user or calculated by mass/heat
balance procedures or simulation techniques.

DYNAMIC LINKS IN THE SOFTWARE

The software is to run in an interactive way. Since the users will have
various interests, the software must allow a great flexibility in the type
of question it can answer. Figures 2 to 5 illustrate a possible session
where the user identifies a problem with an emission to the atmosphere and
corrects it by the modification of some processes or equipment.
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Figure 2 describes a general view of the way the interaction may occur. The
first action to be taken by the user will be to "build" his own refinery.
This means to include all the different processes which are meaningful for
the environmental analysis and link them in the way they are connected in
the plant. To do so he will select the processes involved from GenRef and
link them through input/output relations. Second, the refinery flow rates
and characteristics of the different streams will be loaded.
These
connections and data, which can be internal or outgoing the plant,
constitute the MvRef database.

With the refinery model already "running", the first level of checks are
made. These refer to the comparison between the refinery's outgoing streams
to atmosphere (containing a certain pollutant "A") with other information,
see figure 3. In the example the reference data used are general air
pollution legislation from GenEnv. local atmospheric constraints from MvEnv
and/or emission factors achieved by other refineries or found in the
technical literature (stored in GenRef).
After this stage the user will be able to analyze the plant and look for
the specific points that contribute to any areas of environmentally poor
performance. Quality of performance will now be assessed by comparison with
the manufacturers specifications, the performance of similar equipments in
other sites or even historical performance of the same equipment or
process, see figure 4.
After the identification of a problem the user will be able to identify
different options to increase the environmental performance of that
specific point.
These options include alternative processes,
better
technological options for the same process (chosen from GenRef). or to look
for higher levels of process integration and recycling, inside battery
limits treatments, end of pipe treatments, etc, chosen from Tools . In our
example the option made was a substitution of a process by other version
with better performance, see figure 5.
After making the
substitutions,
in MvRef
simulations
and
other
calculations have to be made to obtain the new characteristics of the
outgoing streams. These are again compared with the reference data as
before.
Available interfaces with spreadsheet and simulation software will allow
the user to carry on the mass/energy balances and simulation of processes
in
order
to
check
the
resulting
environmental
results
from
any
modifications being done.
Possible forms of pollution due to the presence of certain compounds in the
crude, will be linked through the databases. This will allow assessment of
BPEO for different plant configurations or operating conditions. The impact
of particulate materials from furnaces flue gases, for instance, could lead
to a tradeoff between leaving heavy metals in the heavy residues or in
final products.
Linking the different processes according to the presence in its inputs and
outputs
of
certain
pollution
generating
compounds,
may
allow
the
identification of better, or cheaper, means to achieve a desired final
emission performance. .
A desired final emission performance, however, is a dynamic state as are
environmental laws. Therefore it is always convenient to set this kind of
target according to more than one type or level of limit.- The possibility
to put together emission values obtained from relevant international
legislation, or possible better technical performance, may be useful. These
could permit planning of environmental targets taking into consideration
possible future constraints.
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PROGRAM ENVIRONMENT
To build software such as the described, is a complex matter involving good
software engineering. On the other hand, having in mind the broad range of
information and methods involved in a subject such as integrated pollution
control for oil refineries, to treat it in a text manual would limit its
applicability. This apparent contradiction is here considered as a driving
force for new approaches in this subject.Booch (1V91) considers that the inherent complexity of software stem, on
one hand, from the complexity of the problem domain, and on the other from
software aspects. The latter aspects are: the management of a software
development process, the flexibility possible through software, and the
problems related to the behaviour of discrete systems such as computers.
Having as an objective to build software to deal with the different aspects
included in IPC the stages of understanding the problem and organizing the
knowledge domain will have to be accomplished in a very comprehensive way.
Since the main aspect of the work addresses the issue of organizing the
problem domain, it was considered beneficial to use analysis and design
tools where real problem objects could find an easy translation into
software objects. The use of object oriented analysis methodologies and
languages was considered as the most appropriate one. Nerson (1992)
highlights that object oriented software helps to simplify our view of real
world problems. We manipulate the same ideas and concepts from the very
first stages of the analysis up to the implementation of the software.
Other issues were also important for the definition of the environment
where the software will be initially built.
Proposed to be a tool for providing information and calculation services,
according to
specific conditions,
the application will
run
in an
interactive way. Therefore its user-application interface will have to be
well-developed.
In this sense it was thus decided to use a visual
programming environment. As the main functions to be exerted will be
storing and managing data, the option for an already structured relational
database was considered. Furthermore, the main information to be managed
included big text files as well as technical graphics such as process
flowsheets and flowcharts.
Again,
the interactive behaviour of the
application will demand security measures to avoid public access to certain
methods
and
codes
whose
modification
may
harm
the
application.
Nevertheless,
this access may be allowed to help the application's
customization without the operator having, necessarily, to be a software
expert. To attend these requirements, attention was given to relational
object-based databases supported by visual programming languages. Paradox
for Windows, vers ion 1.0, from Borland International, is being used at this
stage.

DISCUSSION AND CONCLUSIONS
The complexity of the problem as well as the operating and maintenance
conditions of the software, lead naturally to the use of object-oriented
database. We wish to handle numerical and textual data as well as graphics
and calculation methods. The task of generating software using procedural
methods would daunting. The object oriented approach allows the linking of
the code directly and transparently to the behaviour of "real world"
objects.
In many traditional engineering applications -such as equipment designlittle use of graphics has been made. However in this application, the
graphical representation of data is seen as essential, being by far the
most effective way for the system user to get into specific details,
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without missing the overview of the problem.
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ABSTRACT

Both states of the former Czecho-Slovakia, while highly industrialized
societies with a big industrial output, spent inadequate finances and
effort on pollution control. The degradation of environment is evident
and the economy in transition makes a bad situation even worse. The lack
not only of means but also of information and knowledge has slow down
all activities. The project has focused the efforts on the collection of
domestic information and the transfer of necessary and implemental
information supporting pollution prevention. It was found in our country
that without legislative background, unification, data management and
up-date, enforcement and penalties any data collection connected with
pollution prevention is ineffective.
Through the
study of the US
National Pollution Discharge Elimination System (NPDES) it was obtained,
information and knowledge documenting that NPDES is a vigorous system
providing elimination of pollution discharged in wastewaters and it will
be utilized to solve domestic problems. The development of a TRI-type
reporting and database software has been the principal goal of a planed
cooperation with the US partner. The findings indicated that such a
product has been desired on international level and could significantly
contribute to the environmentally friendly management of industrial
pollution sources.
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INTRODUCTION
The
post
communist
Czecho-Slovakia
has
suffered
not
only
from
consequences of an economy in transition but from a heavily polluted
environment
as well.
The
methods
and
activities
of
environmental
protection in the Czech and Slovak Republic are in this time on the same
level as they were in the USA twenty years ago.
The Czecho-Slovak
Federal Water Act (CSFWA) of 1973 has been governing water pollution
control by "water quality-based"
effluent standards focused on the
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capacity of the receiving water.
There are two categories of the
receiving waters - "public drinking supply rivers" and "others". These
standards have been implemented and enforced through a set of regulatory
provisions but generally for major polluters the existing legislation
system has proved to be limited and ineffective for pollution control.
Almost any producer who was not able to meet the requirements based on
water quality standards obtained a "governmental exemption" allowing him
to discharge practically all untreated wastewaters. These governmental
exemptions were renewed every five years and the validities last of them
have expired in December 1991. In that time there still were hundreds of
dischargers who were not able to meet the legislative requirements and
who discharge their waste waters without any valid permits even in this
time.
During a period of twenty years only a few dischargers have
constructed
control
facilities
for
removal
of produced pollution.
Moreover in the Slovak Republic for three years there have been two
governmental authorities which were mandated for the responsibility for
the water as a medium of environment.
For decades there was the Ministry for Wood and Water Management which
was in the 1992 minimalized and incorporated with some other ministries
into the Ministry of Land Management. But there is still a department
responsible for water. On the other hand in the 1990 the Commission for
Environment was established which in the 1992 became the Ministry for
Environment. There is a large department for water too. But till now it
was not decided which area of responsibility will be covered by which of
both ministries. And mutual relation between these two ministries is
more enemy than cooperative. This has slowed down or stopped almost all
activities
focused
on
wastewater- pollution
discharge
control
in
Slovakia. Furthermore pollution originated from contaminated sites is
not controlled at all, neither mandatory or technically.
All these realities have contributed to the degradation of environment
in our country. The outcomes of the inadequate pollution control are so
evident that it is almost impossible to overlook them and just ignore
the whole problem. So than at the end of 1991 the Slovak Government
decided to release from the state budget financial sources to support a
three year research program focused on various aspects of environment.
According to the subject twenty different projects have been governed
and supervised by the Ministry of Land Management and by the Ministry
for Environment.
It»was expected that one of the projects would be
engaged in the industrial pollution sources.

RESEARCH

SUBJECT

The
initial
title
(Research
of
wastewater
treatment
technologies
effective for removal of slowly biodegradable compounds) predestined the
problem which should have been studied in project. But nothing was said
about methods and expected goals. These were ceded to the principal
investigator who undertook responsibility for a design and aims of the
project. The first project proposal was submitted in December 1991 and
already in that time the establishment of an information center was
clearly stated as a main goal of the project. It hereby was shown that
the project would be rather orientated into the "information transfer"
then to a development and design of some wastewater treatment technology
processes.
These
preliminary proposal was
accepted
by
the
Slovak
Ministry for Environment (which is a governing body of this project) in
February
1992
and a four month period was offered
to prepare
a
methodology for implementation of the project.
During that time a survey was made to find
activities applied in the European developed
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out pollution prevention
countries and USA. A two

knowledge which we had had in a very limited amount already before. The
meetings with various representatives of the US EPA Headquarters and
other institutions provided us with information which become substantial
for further development of the project. It was find that generally the
state of the regulatory system development as well as availability of
technologies on commercial level in USA is broader than anywhere else
including EC countries and even EC regulations. For instance the Clean
Water Act and its National Pollution Discharge Elimination System
(NPDES), the Superfund Program and its Hazardous Ranking System and the
Superfund
Innovative
Technology
Evaluation
Program,
the
Emergency
Planning and Community Right-to-Know Act (EPCRA) and its Toxics' Release
Inventory (TRI), Pollution Prevention Act and others.
Based on the knowledge obtained through the survey the methodology of
the project was written and submitted to the Slovak Ministry for
Environment.
It was
approved in July
1992
including a new title
"EXPLORATION
OF
POSSIBILITIES
OF
WATER
POLLUTION
ALLEVIATION
AND
PREVENTION". The main expected subjects of study were following:
1. Permit-giving process for discharge of .wastewaters from industrial
point
sources;
practices
successfully
applied
in
the
control
of
pollution discharged in wastewaters
2.
Pollution prevention policies and programs
to prevent pollution before it is created

designed

and

3.
Decision-making process regarding environmental protection;
required for risk assessment and risk-based decision making.

applied

tools

The
main
goal
of
the
whole
project
should
be
an
Environmental
Information Service Center (EISC) covering various issues as information
about
release
sites,
hazardous
substances,
biotechnological
and
chemical-physical toxic waste processing technologies,
environmental
characteristics,
geographic
areas,
maps,
receptors,
population,
distribution, etc. All these information should be collected through the
exploration of mentioned areas of interest. This was expected to be done
in the USA according to the results of the previous survey as well as a
part of research capacity was expected to be engaged in a survey focused
on collection of information about domestic conditions.

UP-TO-DATE

IMPLEMENTATION

Research activities in the second half of 1992 and in beginning of 1993
were focused on three different spheres.

Slovak pollution sources
Owing to the historical development in our country there is absolute
lack
of
information
about
specific
contaminants
discharged
in
wastewaters especially from industrial sources. Furthermore there is no
legislative provision requiring the monitoring of discharged chemical
compounds. Only very rarely a permit for wastewater discharge includes
any
specific
parameter.
Even
large
chemical
and
petrochemical
enterprises are not forced to meet chemical-specific standards and only
non-specific parameters like BOD, COD or TOC are required. Mostly they
do not know what they really release. Fully aware of these facts we
started to collect available information which could help to build a
picture about real situation and which could be used for compilation of
a priority list of occurring hazardous contaminants or major pollution
sources or
similar purposes.
Obtained information were granted on
voluntary basis and demanded personal contact and negotiation.
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We visited twenty-five facilities and asked for all kinds of materials
which
could
contain
any
information
about
production
unites
and
processes, about wastewater treatment plants, production of sludges and
wastes,
stored
quantities
of
chemical
compounds,
emergency plans,

permits for wastewater discharge and others.

Obtained information was

analyzed, selected and input into a database which allowed to track a
function and a fate of a target compound in a facility and to search for
compound, facility and function of chosen compound. But we cannot ensure
the data quality and any up-date. The utility of the database product is
very limited and is not adequate to the energy and resources which were
necessary to create it. Without legislative background,
unification,
data
management
and
up-date,
enforcement
and
penalties
any
data
collection seems to be only waste time and finances at least in our
country. So than we terminate these activities in the end of last year
and we desisted from further attempts in this area.

Permit-giving process
NPDES. As it was already described above wastewater discharge permits
from industrial point sources
represent a significant problem.
An
effective system forcing dischargers to treat produced wastewaters and
to meet suitable standards could secure the elimination of a large part
of pollution discharged in wastewaters. Considering this possibility a
part of research capacity was reserved to study the National Pollution
Discharge Elimination System (NPDES) as one of the centerpieces of the
US Clean Water Act's (CWA) water pollution programs. According to the
Act,
all point
sources must obtain a permit which regulates the
facility's discharge of pollution into waters of the USA. The Act's
approach to control and eliminate water pollution is focused on the
pollutants determined to be harmful to receiving waters and on the
sources of such pollutants.
Effluent standards. The CWA employs two types of regulatory controls water
quality-based
and
technology-based
effluent
standards.
These
standards are implemented and enforced through the NPDES permit program,
administered by the U.S. EPA. A discharger must obtain an NPDES permit
from EPA or from a state that has an EPA-approved program. Both types of
standards are written into the permit and are tailored to meet the
particular permitter's situation. NPDES permits, which are good for five
years, may also contain other conditions a permitter must meet, such as
requirements for monitoring and reporting effluent discharges. Discharge
without a permit or in violation of its conditions may subject the
discharger to an enforcement action by the federal or state government,
which in turn may result in civil and criminal penalties. A noncomplying
discharger may also be subject to enforcement by private individuals or
groups.
Water quality-based requirements, also called ambient water standards,
are "legal expressions of permissible amounts of pollutions allowed in a
defined water segment". The focus of an ambient standard is on the
capacity of the receiving water to absorb or dilute a giving pollutant.
Water quality standards vary according to the use of the receiving water
(recreation,
public
drinking
or
industrial
water)
and
on
local
conditions (size and flow of the receiving water, its turbidity and
others). EPA has issued water quality standards for approximately two
hundreds chemical compounds. Technology-based standards, on the other
hand, do not focus on the qualities of the receiving water, but on the
treatment of a pollutant before it is discharged.
Technology-based
standards define and mandate a level of effluent quality that is
achievable using pollution control technology, so that a pollutant's
capacity to degrade the water segment into which it is discharged is
lessened. Up-to-now EPA have promulgated technology-based standards for
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technology-based effluent standards dominate the CWA 's. regulatory system
in this time.
Future development. Water quality-based requirements presently valid are
mostly more stringent than technology-based standards and a provision
effective from December 1992 has required to prescribe all up-to-date
water quality-based standard values in any new/renew permit. Early in
this year Sewage Sludge Standards were promulgated and it is expected
that these standards will help to identify the industrial sources
discharging to the POTWs and their insufficient pretreatmeht. systems
cause
the
contamination
of
sewage
sludges.
Furthermore
Water
Quality-Based Toxics Control Program, monitoring of sediment quality and
biocriteria are tools which will make NPDES program much more powerful
and effective in the future although already = today the problem of
pollution point sources is consider as to be solved and the non-point
sources have started to move on the top of agenda. All these facts
clearly document that NPDES is a vigorous system providing elimination
of pollution discharged in wastewaters.
Transfer and utilization. Based on information and knowledge obtained
through the study of NPDES a technical report was written and submitted
to the Slovak Ministry for Environment. Besides a description and an
analyze of NPDES the report "was accompanied with approximately one
hundred real documents, manuals and other materials which were collected
during the study stay and represent a substantial source of information.
The report included also a suggestion how to utilize the collected
knowledge
for
establishment
and
development
of a
domestic
system
effective for pollution elimination. In addition to the -transfer and
application of some proved practices it was outlined a possible way how
to
incorporate
the
values
of
the
water
quality-based ' and
technology-based effluent standards into a domestic system.
The Slovak Ministry for Environment has evaluated the information and
decided to accomplish a survey assessing pollution elimination effects
obtainable
through
substitution
of
existent
production
unites
by
state-of-the-art
technical
and
technological
processes.
The
survey*
should be done in a definite locality in the Slovak Republic and should
consider major producers in that region. The scope and schedule of the
survey has not been defined yet.

Pollution Prevention Activities
This is the most desired area and it should be the substance of the
project. The whole former Czecho-Slovakia is in economical transition
what could be a possibility to implement some very helpful regulatory
practices but as well as a possibility to commit wide damages to the
environment. To be able to stay in business the technical equipment as
well as technologies almost all of industrial facilities have required
an immediate or the earliest possible reconstruction which probably
won't be doable without foreign investment. It would be very reasonable
and could be feasible to require and to allow to put in operation only
environmentally
sound . technologies
focused
on
industrial pollution
prevention which also saves industry money in terms of increased overall
efficiency,
lower waste handling costs,
and reduced administrative
burdens. To be able to meet this challenge we need to incorporate into
our daily live not only new ideas and routine1 practices : but also a
strong and very efficient system which would require and -simultaneously
support an environmentally friendly management of industrial pollution
sources. Such an approach is not common surround the world.
Toxics Release
established
as

Inventory (TRI).
In
1986
a
database
system
which
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in
the USA thee TRI was
collects
and
distributes

by EPA and publicly accessible by computer telecommunications and other
means. The Emergency Planning and Community Right-to-Know Act (EPCRA)
requires (C.F.R. 1992) annual reports to EPA of the direct release of
toxic chemicals to all' environmental media (air, water, and land or
off-site transfer to sewage treatment plants (POTWs) or other off-site
facilities, such as commercial landfills. All manufacturing facilities
that have 10 or more full-time employees and manufacture or process more
than _ 25,000
pounds
or
use
more
than
10,000
pounds
of
any
of
approximately 300 chemicals and 20 chemical categories must submit these
data, which form the TRI. The TRI information management infrastructure
involves collection, management, distribution and integration of the
toxic chemical information. Because of the geographic orientation of
TRI, data can be displayed through the Geographic Information System.
The use of common data elements (e.i. facility name) allows matching
with other databases to create new information sets.
US EPA evaluations of TRI. After some years of experiences US EPA has
highly valued the TRI as a pollution prevention tool with tremendous
efficiency. The TRI data of 1991 (EPA 1993) show that 1991 industrial
releases of toxic chemicals into the nation's environment have declined
since 1990 and dropped by 30 percent since the baseline year of 1988.
TRI
has
been
instrumental
in
generating new pollution prevention
initiatives (Travers 1992) by focusing attention on specific facilities
and in developing new environmental law and regulations, water quality
standards and air toxic regulations. US EPA also used TRI (Weber 1992)
to enforce the regulations, assess environmental and health risk, and
measure environmental progress.
The TRI data can even support many
risk-based
decisions
(Hall
1992)
including
ones
that
establish
priorities for follow-up risk evaluations and target subcategories of
facilities, chemicals, industries, and geographic areas for voluntary
reductions efforts, enforcement, or regulatory development. The TRI data
are extraordinary useful for relative risk evaluations. This information
can also provide a starting point for absolute risk evaluation that may
be needed to support development of regulations.
Encquraged by success and to demonstrate the TRI system in Europe US EPA
presented
all
these
favourable
experiences
at
the
International
Conference on Reporting Releases of Toxic Chemicals, which was organized
in conjunction with the Organization for Economic
Cooperation and
Development in Vienna in November 1991. There was highly appreciated,
besides a wide usefulness of the TRI for regulatory purposes, the public
participation as an important aspect of the TRI system. The TRI program
(Sarokin 1992a) establishes the public's basic right to information - a
tool far more powerful than its legislative authors had ever imagined or
intended.
The program has motivated companies to manage their toxic
chemicals better and has enabled government agencies to target their
resources on the serious risks. The public has become better informed
about their communities and environmental problems they need to address.
As a result of public pressure, many companies are voluntary reducing
toxic emissions..
More and more states are passing laws designed to
prevent - not just treat - industrial pollution.
The TRI has been
heralded
as
one
of
the
most
effective
pieces
of
environmental
legislation in US history. This has motivated US EPA to promote the TRI
into an international level.
Internationalizing of the TRI. The first important success which was
reached in this struggle is Agenda 21, an environmental action plan for
the twenty-first century, one of the four major documents signed at the
United Nations Conference on Environment and Development, Rio de Janeiro
1992. UNCED Agenda 21 Chapter 19 promotes the principle of right-to-know
as a matter of environmental policy and calls on governments and
international
organizations
to
develop
guidance
on
toxic
chemical
inventories. To help facilitate a coordinated approach to implementation
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on Chemical Safety in conjunction with US EPA in February 1993 in
Alexandria, VA, organized a UNCED follow-up meeting with interested
international organizations and national government representatives. The
attention was paid in a number of areas including creating a guidance
document, developing computer systems, training cooperation programs and
communication
with
industry
as
well
as
with
nongovernmental
organizations.
A possibility to encourage voluntary adoption of
international community right-to-know program was discussed too.
The readiness to release the TRI data on a voluntary base was analyzed
through a survey which was done outside the USA. The Toxic Releases from
Multinational Corporations is a report which was researched and written
by Sarokin (1992b) of the Public Data Project, under the auspices of the
Eulbright Fellowship Program and the NATO Democratic Institution
Program. The results of the survey showed that the US company's attitude
towards hazardous waste management is much more competent than attitude
of companies or facilities outside of USA. It was proved how successful
the TRI can be and how helpful could be its adoption on an international
level.
To bring to reality this idea the World Wildlife Fund (WWF) - US has
carried out a project Internationalizing the Public's Right-to-Know.
They struggle to promote publicly accessible data on toxics in key
places outside the USA. One of the outcomes of this project is a report
The Right-to-Know: The Promise of Low-cost Public Inventories of Toxic
Chemicals
(Irwin 1993).
The
costs
of
initiating
and
operating
inventories were analyzed in two cost scenarios. The first assumes
individual countries independently develop and set up inventories. The
second assumes that an international organization provides reporting and
database software and training in adapting the software for a country's
individual situation. It is expected that sharing the costs among
countries can stimulate the development of toxic chemical inventories
and significantly lower the costs of establishing them.
TRI and EISC. Already during the Vienna Conference in 1991 we discussed
a possibility to adopt the TRI system in our country. The debate with
the
representatives
of
the
Hampshire
Research
Institute
(HRI),
Alexandria, VA, USA, continued during the study tour in Washington, DC
in May last year and the strategy was presented to the WWF project
staff. The HRI was asked to participate in the WWF project and to
prepare the cost analysis of initiating and operating inventories. The
estimation for both scenarios was done in two variants, for 150
facilities reporting release data on an average of 4 chemicals each and
for 1,200 facilities on an average of 8 chemicals each, respectively.
The expected conditions in the Slovak Republic were considered as a
"model for smaller" countries.
Encouraged by interest of WWF and to aim at promoting the cooperation
with the HRI on a governmental level we prepared a project proposal
which was submitted to the former US - Cze cho-Slovak Science and
Technology Program (USCSSTP) with title Pollution Prevention Activities
based on Toxic Releases Inventory (TRI project). The proposal of the TRI
project has expected a development of an inventory reporting and
database management software for country with economy in transition.
This product would be adjusted into the conditions significantly
different than they are in the USA. In this form it would by much more
easier adaptable for various other developing countries surround the
world. During January and February 1993 the TRI project proposal was
approved by The Slovak Ministry for Environment, US EPA and US
Department of State and finally in March by the Joint Board of the
USCSSTP. It means the TRI prqject was officially accepted - for the
USCSSTP. The proposal of the TRI project was highly valued by US EPA as
an important practical contribution to follow-up actions for commitments
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project in the UNCED follow-up meeting. The participant representatives
appreciated the project and recommended its implementation.
Basically the software product of the TRI project cooperation with the
HRI would be the centerpiece of the planned ElSC and would allow us to
operate a system including collection, management and analyses of toxic
release data in our country and together with other databases and
knowledge should provide information for the evaluation of the risk of
health effects from an environmental contamination and should be used
for the decision-making process focused- on environmental protection.
Other activities included into the cooperation should contribute to EISC
with information and knowledge about pollution prevention practices and
programs in US and facilitate their transfer into our country. The wide
utilization of information should help us
to improve pollution
prevention and environmental protection.
The USCSSTP and the TRI project. The USCSSTP was created on the basis of
the Agreement between the US Government and • the CSFR Government to
promote international cooperation in science and technology and to
utilize progress in science and technology for the benefit of both
countries and mankind generally. The USCSSTP includes a joint fund which
is designed to support the add-on costs of bilateral cooperation. It is
not structured as a primary source of funds for domestic research. While
Joint Fund grants are relatively modest, they assure financial resources
dedicated to the advantages flowing from international cooperation.
Contributions from the Joint Fund may be combined with other funds to
promote the development of science and technology. In 1992 the CSFR
matched contributions were covered from federal budget. In 1993 after
the splitting of former Czechoslovakia each country had to sign a
separate treaty and to submit its oven means into the Joint Fund. All
requirements of the Program were met in the Czech Republic and grants to
scientists were available in time.
The TRI project was automatically located in the Slovak Republic. A new
US - Slovak Treaty was signed on March 10, 1993 but it has to be
confirmed by the Slovak Government.
A supplementary report for
government to the Treaty has been prepared by the Slovak Ministry for
International Relations which includes positions of all other involved
ministries. All ministries have confirmed their interest in the projects
which are in they responsibilities but the position of the Slovak
Ministry of Finance is negative. At present the demanded sources for the
US - Slovak Science and Technology Program are not available.
If the Slovak Government wants to confirm the Treaty in spite of lack of
means it will has to ensure some other finances or possibilities what
can take lot of time. Moreover the US - Slovak Treaty set up some
deadlines which our government has to meet and owing to the present
political and economical situation there is not much hope that it is
possible. It means that it is almost only a question of time when our
government will refuse to support the Program. Furthermore, it is almost
sure that the representatives of US side will consider this reality as a
sign of unwillingness to participate in the science and technology
program as well as a sign of an indifference to establish in the Slovak
Republic a TRI-type system in this time. And in these conditions it
won't be possible to continue the TRI project cooperation in the Slovak
Republic.
ENDEAVOUR TO KEEP THE TRI PROJECT ALIVE
This unfavorable development of circumstances has forced us to struggle
to save the TRI project and to be able to start the cooperation with the
HRI. Practically only one doable possibility is to move the TRI project
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of a small survey, which was done in the Czech Republic, show that the
Program continues and furthermore there are some institutions dealing
more or less with Right-to-Know issue. First activities started already
in the Federal Committee for Environment. After its dismissal some
activists have carried over "Right-to-Know" into their new undertaking
like the Center for Environmental Issues. But the most important
attention is paid by the Czech Ministry for Environment. At present, the
Ministry has been involved with the draft of a new law focused on the
registration of chemical compounds. The Right-to-Know principle is a
desired part which they would like to include into the mentioned law.
The reporting and database management software developed through the TRI
project cooperation with the HRI would provide a technical basis for the
implementation of the new law and simultaneously the law would support
the TRI system as a legislation background.
According to the rules of the USCSSTP it will be possible to include the
TRI project into the US - Czech Science and Technology Program if two
basic requirements are met. The Czech Ministry for Environment has to
confirm its interest and its willingness to undertake the responsibility
for the TRI project. And the Czech matched contribution has to be
submitted to the Joint Fund of the Program. We have considered both of
these realities as achievable and we try to do our best to reach them.
Undertaking of responsibility.
An introductory meeting with some
representatives of the Czech Ministry for Environment was already in
April. We were asked to make a TRI presentation which was a month later.
The Ministry invited the representatives from various institutions and
apr. ' 30 people took part. After that a report was prepared for the
Minister in which the undertaking of the responsibility for the TRI
project is written as a suggested duty or task for the Ministry. The
report was signed by the target deputy minister and should be discussed
at a ministry board meeting at present of the Minister within the end of
June. After signing by the Minister it will be officially confirmed and
the "acting people" can start to administer it.
Financial means. The sources available for the Czech Ministry for
Environment are very limited in this time. So than it is imperative for
us to look for other funds to ensure needed means. For this purpose we
have applied to several foundation which are located in the Czech
Republic but till now we do not have any information about amount and
timing of possible support. Simultaneously, the Czech Ministry for
Environment has contacted some governmental agencies but the things are
going much more slower than we would like. And moreover it is necessary
to obtain some additional means which are required to support the
domestic scientists.
Prospect. In spit of these difficulties we have to face now we still
have a big hope that sooner or latter we will overcome all complications
and we will be able to start with the implementation of the TRI project.
The desirability of the international Community Right-to-Know principle
on the international level as well as on national levels is growing up
every day and there is no reason to doubt that this principle won't come
to reality. The TRI-type reporting and database software as the
centerpiece supporting the feasibility of this principle will be
necessary in the future and this fact will help to fulfil our hope.
CONCLUSIONS
The possibility of avoiding pollution in first place is a basic
principle of pollution prevention, the best waste management. Exchange
and transfer of information and knowledge can significantly help to
solve the environmental problems of the countries in Central and Eastern
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and practices can substantially speed up the implementary process of
pollution prevention activities and simultaneously lower the costs which
are needed. An active participation of target countries is required and
appreciated by leading countries as well as by other international
organizations.
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ABSTRACT
This paper reports results of treatability studies of wastewaters from
metal working process. Wastewaters from metal working process normally
contain high concentration levels of oil and grease, COD, TSS, coolant,
solvent, and heavy
metals. After primary settling and vacuum cloth
filtration the COD content of the wastewater was still greater than
110,000 mg/1. Reverse osmosis treatment brought the COD concentration
level down to around 12,000 mg/1 which
was higher than the allowable
level of 400 mg/1 for discharge into the sewerage systems. Anaerobic
biofilter systems to be followed by the sequencing batch activated sludge
systems brought the COD down to acceptable level.
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INTRODUCTION
There are many mechanical workshops in Singapore with different types of
metal working processes. These workshops although do not generate large
quantity of wastewaters are having difficulty in managing and disposing
them. Wastewaters from metal working processes are collection of wastes
from production, washing machines and quench water. The BOD and COD
contents of these wastewaters are high due to the presence of various
types of mineral oils used in the production processes and water base
solvents from washing machines. Raw wastewater COD can be as
high as
210,000 mg/1 and total solids greater than
190,000 mg/1. Most of the
solids are settleable and can be removed by settling.
They are
chemically stable and are allowed to be disposed of as non hazardous
solid wastes. After primary settling the suspended solid (TSS) content is
still around 50,000 mg/1 and the COD content remains at practically the
same concentration level.
Further treatment of the wastewater is
necessary for discharge into the sewerage systems. Preliminary studies
using laboratory scale batch system showed that vacuum filtration could
remove more
than
90 % of the TSS and following this a significant
amount of COD could be removed by reverse osmosis and biological
treatment processes. This paper summarizes the results of the studies.

MATERIALS AND METHODS
Preliminary settling performances were evaluated onsite
at the
wastewater collecting sump in a machine shop using tube settling tests.
Vacuum cloth filtration runs were carried out in the laboratory using the
leaf tests and by
field monitoring the performances of a commercially
installed system.
A spiral wound cellulose acetate reverse osmosis (RO)
system was used for treatment studies of wastewaters after vacuum cloth
filtration. Test runs of RO product waters were carried out using
a
granular activated carbon packed biofilter system and
a
sequencing
batch activated sludge system. The biofilter was made of clear perspex
tube with an internal diameter of 54 mm and a height of
0.5 m.
A
freeboard of 20 mm was provided at the top of the filter
and
the
clearance from the effluent point to the top of the
filter media was
about 40 mm. The empty bed volume of the biofilter was approximately
1,100 cubic cm. All experimental biofilter runs were carried out in the
upflow mode. The sequencing batch reactors were also made of perspex
tubes having an effective volume of 2 1 with an extra 5 cm freeboard. A
sequencing controller controlled all modes . of operation including
feeding, reacting, settling, and decanting. RO product water were stored
in an ice box maintained at 5 degrees Celcius. The RO product waters were
stirred continuously while being fed into the bioreactors. Influent and
effluent samples were collected daily for analysis. All physical,
chemical and biochemical analysis were carried out in accordance with the
Standard Methods (1991).
RESULTS AND DISCUSSIONS
Wastewaters of the metal processes are originated from production, heat
treatment, induction hardening, metal part washing machines and quality
control laboratory.
The characteristics of these wastewaters vary
significantly from process to process and from day to day. Wastewater
generation
and discharges are intermittent. Wastewater from production
consists of mineral oil based 'Ometa special', synthetic oil based
special 'Hysol x', hydraulic oil such as Tellus oil 68 and scrap metals.
Wastewater from heat treatment is mainly quench water. Wastewater from
quality control and the laboratory contains nitric acid (70 %), Sulpheric
(38 %)
and sodium hydroxide (100 %).
acid (100 %), hydrochloric acid
Wastewater from washing machine contains water based solvent 'Grison
5851'. All wastewaters are discharged into a common waste tank before
treatment for oil removal using an API type oil separator. Oil removed
by the oil separator are collected for disposal and the effluent of the
oil separator are discharged into a sump. The sump also serves as a
primary settling tank where most of the settleable solids are removed.
Tube settling tests showed that with just "an hour settling time more than
75 % of the total solids were removed. The sump provided longer than 1
hour settling time. The average solids concentration entering the sump
could be as high as
180,000 mg/1. Based on tube settling tests and
onsite field monitoring TSS after settling averaged around 50,000 mg/1.
Laboratory filter leaf tests using synthetic fabric showed that the
filtrate contained less than 5,000 mg/1 TSS.
The vacuum used was around
10 cm Hg. With 2.0 minute form time and 4.0 minute drying time solid
content of the sludge cakes was in general greater than 25 %. Installed
field cloth vacuum filtration unit consistently yielded sludge cakes of
more than 30 % solids. The filtrate COD concentration level was, however,
still
around 120,000 mg/1. Preliminary treatment train using API oil
separator, primary settling and vacuum cloth filtration although removed
much of the oil and grease and solids was only marginally successful in
COD removal. To lower the COD and more importantly the compounds that are
difficult to degrade by biological treatment processes a spiral wound
cellulose acetate RO system was installed. Running at 10 to 15 bars a
filtrate of around 12,000 mg/1 COD was produced. Rejects from the RO
system were continuously recycled back to the feed tank to be blended
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with the incoming wastewaters. Characteristics of the RO product water
are shown in Table 1. Metal contents of the RO product water were in
general low.
Table 1 Characteristics of wastewaters, mg/1
Processes

Parameters

Primary Sed.

Influent

Effluent

Total solids
TSS
COD

180,000
—
214,000

52,000
197,000

Cloth Filt.

TSS
COD

52,000
197,000

RO Systems

TSS
COD
BOD
TKN
Phosphate
Cd
Cr
Cu
Fe
Hg
Ni
Zn

5,400
119,600
22,430
4,840
730
—
—
——
—

—
—

—

——

5,400
119,600
160
12,450
2,350
380
56
0.03
0.08
1.20
4.83
0.01
2.21
2.83

Biofilter systems and the sequencing batch activated sludge systems were
used to treat the RO product water to discharge standards of 600 mg/1 COD
into the sewerage systems. Analysis of RO product water showed that' the
wastewater should be amenable to biological treatment. The biofilter and
sequencing batch reactors were seeded with activated sludge from the Ulu
Pandan Sewage Treatment Plant. The loading rate to the biofilter was 10
kg COD/cu m-day.
The start-up time was slow. It took around 18 days
before steady effluent quality was achieved. During the initial 10 days a
mixture of 3 parts RO product water with one part of seeds from the
activated sludge tank was used as feed.
Thereafter only RO Product water was fed into the biofilter. After more
than 50 day operation the effluent COD concentration
level was steady
with an average concentration level of around 2,240 mg/1. Dissolved
oxygen level at the effluent was greater than 1 mg/1. The aerobic
biofilter system achieved more than 80 % COD removal rate when the
influent COD concentration level averaged around 10,700 mg/1. There was
no nutrient supplement
during the experimental runs.
When the
experimental runs were repeated without aeration effluent quality
deteriorated to around
4,330 mg/1 COD. Only around 56 % COD removal
efficiency was achieved. Both sets of experiment were conducted in an
upflow mode. Effluent TSS concentration level varied from 680 mg/1 to 74
mg/1 and no clogging of the biofilter was observed. Judging from results
obtained treatment efficiency can be improved with longer experimental
runs. Biofilter treatment systems have been demonstrated to be effective
in treatment of high and low strength organic wastewaters under both
aerobic and anaerobic conditions (Chin 1990, Jewell 1982, van der Berg &
Kennedy 1982, Somiya et al 1986).
Three different sets of experimental runs were carried out using the
sequencing batch activated sludge systems. The first set was run at a
cycle time of 2 days with at most half an hour feeding, two hour
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settling, 2 minute decanting and the rest of the time reacting with
continuous aeration. In the second and third sets a one day cycle time
was used with feeding equivalent to 5 and 10 day SRT. Feeding, settling
and decanting times remained similar to those of set one. The rest of the
times were used as aerating or reacting period. Set one influent COD
averaged around 7,900 mg/1 and the effluent COD was steady at around 920
mg/1. The COD removal efficiency was above 88 %. For Set 2 runs when the
influent COD averaged around 9,350 mg/1 the effluent COD was steady at
around 850 mg/1. Around 91 % COD removal efficiency was achieved. Mean
influent COD for Set 3 runs was 8,000 mg/-I and the effluent concentration
level was 630 mg/1. A 92 % COD removal efficiency was achieved. The MLSS
level for all the runs was maintained at around 3,800 mg/1 and the MLVSS
level at 3,300 mg/1. The SVI index was consistently lower than 100 for
all the runs. Solid settling conditions were excellent. With advances of
technology such as solenoid valves, live sensors and microprocessors
operation,
maintenance of sequencing batch reactors
(SBRs)
become
relatively simple. The SBRs have many advantages compared to conventional
activated sludge systems especially for treatment of organic wastes from
small
and medium
industries which often discharge
their wastes
intermittently
with variable waste characteristics as a result of
frequent process changes to meet market demand for products (Irvine et al
1977, Chin 1989).
With proper control after RO treatment, biological treatment systems
either in the form of biofilter or the sequencing batch activated sludge
reactor or in combination would be able to bring the effluent quality to
meet standards for discharge into the sewerage systems.
CONCLUSION
Wastewaters from metal working processes from mechanical workshops are
often complex and high in COD, BOD and solids. Although not large in
volume they are not easy to manage and dispose of. Primary settling and
vacuum cloth filtration removed most of the solids. COD concentration
level, however, remains at level greater than 110,000 mg/1. Reverse
osmosis process removed more than 90 % of the COD. RO product water still
contained around 12,000 mg/1 COD. RO product water was amenable to
biological
treatment
processes.
Biofilter
system
under
anaerobic
condition brought the COD down to around 2,230 mg/1 and without aeration
the biofilter effluent was around 4,300 mg/1 at a loading rate of 10 kg
COD/cu m-day. Sequencing batch activated sludge reactors were also
demonstrated to be effective in treatment of the wastewater. At 2-day SRT
equivalent effluent COD concentration was 920 mg/1, at 5-day equivalent
SRT effluent COD was 850 mg/1 and at 10-day equivalent SRT it was 630
mg/1. With proper selection of treatment processes and control it is
possible to treat the wastewater to acceptable quality level.
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ABSTRACT

This paper presents the first experiences and results in the implantation of a pioneer model in environmental
monitoring. The program consists of the partnership agreement between COPENE PETROQUIMICA S.A
and the PROMON ENGENHARIA LTDA and SGS DO BRASIL S.A consortium, for wastewater and
groundwater monitoring. With the implantation of a laboratory and the development of analytical and sampling
methods some practical results, such as the flow reduction in the organic wastewaters and-organic load in-the
final effluents, were obtained in the very first year of activities. A complete follow-up, system was installed and a
sophisticated data base was developed and implanted for complete and quick information updating. A team
work between the consortium, the COPENE (GESIMA/DENAM) environmental department and the
operational and process areas was decisive to obtain the first and future results. A physical chart showing the
next activities to, be accomplished is presented in this paper, as well as the results and objectives .of this
program.
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Cost reduction, monitoring, organic contamination,wastewater.

INTRODUCTION

COPENE, the raw material center in Camagari Petrochemical Complex, started its operation in 19,78, with a
nominal capacity of 388.000 t/a distributed into IO products between aromatics and olefins.' Nowadays, after
several expansions, its 910,000 t/a capacity comprises 14 products.
The original conception of the drainage system was planned aiming at only the drainage of organic and
inorganic wastewater, without giving much emphasis to the growing environmental concern.
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The inorganic network was subdivided into 2 independent systems; one to collect the oily currents (OD
network) and the other one to collect the contaminated water currents (CD network).
At first these systems were flooded and drained through earthenware pipes, which resulted in groundwater
infiltration, demanding several modifications conducted later.
According to the patterns used at the time, determined mainly by the limited knowledge concerning
environmental problems, no land of monitoring was predicted, except for the final wastewater.

INDEPENDENT ENVIRONMENTAL AUDIT

The strong worldwide concern about the environment, the improvement of knowledge in this area, and the
most active participation of the society in environmental problems made the companies, especially the
petrochemical ones, find solutions for protecting the environment.
The experience of the companies, working directly or indirectly with R & D or environment connected to the
production area, showed that this hindered the development of the work in those areas, due to the priority
given to the available resources. It was then proved that these areas should be independent, in order to obtain
effective results and reach their goals.
On the other hand, a laboratory for wastewater analysis has its own characteristics, according to the kind of
analysis and order of magnitude involved, needing specific equipment and dedicated personnel, who
consequently become more specialized in tins area.
Bearing these difficulties in mind and trying to embrace experience and highest technology in this area,
COPENE has signed a partnership agreement with PROMON and SGS do Brasil to install and conduct this
independent environmental audit program, using its own environmental personnel.
For more than 30 years PROMON has taken part in industrial and environmental projects, acquiring expertise
in Brazil and abroad. Since it has been attending COPENE for more than 12 years non-stop and has been its
partner in engineering, it is highly qualified in industrial installations. This enabled the elimination of steps and
the identification of solutions for the installation of the program.
The SGS do Brasil has a comprehensive experience in rendering services of wastewater analysis for several
companies. The SGS do Brash is affiliated to the SGS Environmental Sendees, and it has about 1000 experts
working in 35 laboratories or research centers, which are directly connected to the environmental area.

MAIN TECHNICAL DIFFICULTIES FOR THE IMPLANTATION
PROGRAM

OF THE

Existing Network Characteristics

Besides the feet that the original concept of the project did not predict a system for the network monitoring,
there:areother shortcomings for theimplantation of the program, such as:
• the complexity ofthe system.
• the modifications in the drainage systems were performed at different times by several designers, using
different patterns which resulted in not always consistent-documents.
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• some constructed segments are not folly documented.
• the construction of dry segments as a replacement for the flooded ones to avoid infiltration problems, created
a new problem concerning safety, which is the presence of flammable gases throughout the drainage system.
Therefore it was difficult to carry out the work for the implantation of the sampling and measuring systems.
Wastewater, Sampling and Measurement Characteristics
Both currents of the organic system (OD and CD) present two phases, organic and watery, which makes the
collection of samples and a representative analysis difficult.
The only two points available for sampling and measuring are the junction boxes, which do not present good
working conditions. It is difficult to obtain a good homogenization of the sample, owing to the two phases and
the suspended solids.
Remarkable changes would be necessary for the installation of meters. The only option was the use of the
spillways already placed in some of the junction boxes.
Critical Wastewater Problems
The major problems concerning the wastewater were:
Organic System
• high flow, much higher than the one in the project, (fig 1)
• grease and oil with a high violation index (fig 2)
• sulfides much higher than the allowed limit (fig 3)
Inorganic System
• flow higher than the project values
• pH, COD and SM with a high violation index (figures 5 to 7)
Wastewater Destination
After passing through a recently installed water and oil separator, COPENE's organic wastewaters are sent
directly to CETREL for treatment and control, from where they are discharged into the sea through the ocean
outfall.

THEPROGRAM
Employed Resources
The following resources are being used ,or will be used, in order to meet the program's requirements:
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• sampling, measurement and analysis of the representative points, for the wastewaters characterization and
their origins.
• investigation of the sources and causes generating the critical parameters, and the development of studies and
projects to improve the system.
•

training, awareness and active participation of all the personnel involved in the production area.

• exchange of information between the environmental and production areas, so that the production area could
solve a problem soon after its identification, and the environmental area could establish correlations between the
operational events and the violations of parameters.
The Laboratory Implantation

The laboratory was implanted with the following characteristics:
The adopted analytical methods recommended by AWWA would suit COPENE's wastewater conditions.
The following equipment was chosen, besides the traditional volumetric and colorimetric ones:
• 1 atomic absorption device with graphite oven and Zeeman effect eliminator, for the analysis of metals, with
precision in the ppb order.
• 1 gas chromatographer coupled to a head space, for the analysis of the organic components, with ppm or ppb
precision, according to the product.
• 1 liquid chromatographer for the analysis of anions and metals, with ppm or ppb order of precision, according
to the product.
• 1 UV visible spectophotometer for colorimetric analysis with ppm or ppb precision, according to the product.
The laboratory is about to obtain the certificate of the WHO program GEMS/AGUA. It has already obtained
the temporary certificate at FEEMA, the program representative office in Rio de Janeiro.
Informatization

A data base that can store and order information, as well as handle data, was developed and installed, thus
enabling a better performance of the works from the information generated by the programs, or others
historically available.
This data base enables the correlations that lead to expertise in the system, as well as the preparation of reports
and a permanent information file at the users' disposal. This can simplify the achievement of improvement
projects in the. system.
Documentation

COPENE's underground drawings, which are more than 400, were counted, revised, corrected and collected
into 2 single drawings, enabling a general view of the system. Only from this point on is it possible to become
familiar with COPENE's wastewater network and work in it.
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FIRST RESULTS

The results obtained in this first year ofwork were highly positive and are summarized below:
Organic System

The organic system had a significant improvement in its behavior.
From February to May 92, there were pre-operations and start-ups of 11 new industrial units, resulting in an
atypical period, with units in and out of operation, causing instability in the wastewater system.
From May on, with the units already operating, a follow-up work was conducted in the operation areas.
-Flow
Investigation works were performed with the production areas and
reducing the flow.(2,3,)

recommendations were issued, thus

Organic System - Flow

m3/h 600

As a consequence, after the general shutdown in August, an outstanding drop was observed in the flow
followed by the stabilization reaching levels much lower than the ones observed before.
- Chemical Oxygen Demand (COD)

Although the COD content has not presented a reduction throughout the period, the organic load underwent a
remarkable reduction, owing to the flow reduction.

- Grease and Oil
From October 91 on, with the start-up of a new grease and oil separator, there was a reduction in the violation
indices.
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The average values were always kept below the allowed level from May 92 to March 93. In 91 the average
violation level was of 22%.

Organic System - Grease and Oil

Fig. 2.
From September 92 on, there was a continuous reduction in the O&G content, caused by the improvement in
the operation of the water and oil separator, the concern in the production areas and also by the reduction in
the wastewater flow.
- Sulfides
This parameter had presented monthly average values almost always superior to the limit, showing that the
parameter was still out of control.

Organic System - Sulfides

The major cause for the constant violations were of operational/process order in an industrial unit. From
February 93 on, with the operational improvement developed by COPENE's technical area, it was possible to
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reduce the violation index and the quantities of sulfide disposed in the wastewater. The process is still under
optimization studies.
- Seetleable Matter (SM)
This parameter is also highly influenced by the conditions of the water and oil separator and by the flow.
From September on, a systematic drop in the SM content was observed, which is coherent with the optimization
of the separator operating conditions and the flow reduction.
Organic System - Seetleable Matter

mt/l 0.4

The elevation that occurred in May 93 was most probably caused by the separator’s drop of efficiency , the
flow increase and by the season's rainfalls, which cany large quantities of solids into the wastewater.
Inorganic System
This system has started presenting improvements, although for the time being they are less significant than the
ones obtained in the organic system.
The work of systematic actualization at the generating sources, which . started in December 92 (4), has
presented its first results. Several points generating COD, pH and SM were identified.
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-pH
This parameter presented a remarkable improvement level, as a result of the work performed together with the
water treatment operation unit.
Inorganic System - pH

05\92

6

4
max ------------min

05\93

med

Fig. 5
The violation index has been inferior to the ones presented in the previous years.
- Chemical Demand of Oxygen (COD)
Up to now this important parameter has not presented improvements related to the period before the beginning
of the work. The causes have been researched, and some have already been identified.
Inorganic System - Chemical Demand of Oxygen
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- Seetleable Matter (SM)
This parameter remained out of control and with a high violation index up to October 92.
Inorganic System - Seetleble Matter

05\S3

Fig. 7
After an identification work of the probable generating sources, a field work was conducted together with the
production personnel, resulting in a remarkable decrease from January 93 on.
The sludge thickener initial operation in the clarification unit in October 92 was an important factor for this
reduction, although working discontinuously.
Some process and operation recommendations were made, which once
definitely under control.

implanted, will keep the parameter

CETREL'S TREATMENT COSTS
The evaluation of the cost results was based on the average cost prior to the beginning of the works.
Organic System
There was a systematic reduction in the total cost in relation to the average cost, and the flow was the item
which contributed the most.
Cost of Cctrel Treotm cot - O rgsolc

Fig. 8
In May 93, the treatment cost was 40% less than the same period in the previous year.
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Inorganic System
The effect of the items comprising cost and the resulting economic gains began in November 92.
difficulties for obtaining the records, especially the flow ones, did not enable comparative studies.

The

NEXT STEPS
Organic System Improvement
As it was demonstrated in the previous items, besides the obtained progress, several improvements are still
being implemented this year, such as:
- Drainage of Tanks
According to their characteristics, the drainage of the water from the raw material tanks and intermediate
products represent a significant organic load into the wastewater system.
The drainage is manual and the definition of the watery phase end depends on the operator's observation. This
can also conduct the drainage in the organic phase.
There is also the risk of an ecological accident caused by accidental drainage oflarge quantities of naphtha, if
done by the pluvial system.
A system that ■eliminates the possibility of drainage into the pluvial network was projected. It will be implanted

to eliminate the risk of organic phase drainage and to offer protection against human or mechanical failure.
- Elimination of Condensed Steam Drainage into the Organic Network
There are a great number of purgers and points of condensed steam drainage opened into the organic
wastewater system.
The hot condensed steam from the flash, besides representing an increase in the wastewater volume, causes an
increase in the.pressure of the steam and the solubility of organics in the wastewater, with an increase of load
to CETREL as well as air pollution.
- Monitoring implantation in the industrial area
As it was described previously, the
implanted yet.

organic network follow-up in COPENE's area has not been totally

When this paper was written, the project for adapting the network to the monitoring system was concluded and
its budget approved. The installation of measuring points and wastewater sampling in the outlets of the
process's main areas was already predicted, according to the possible works that can be done in the network,
still in 1993.
From the data obtained with this system, the points of higher impact in the generation of wastewater can be
traced, the causes identified, and the measures for their reduction can be proposed.
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- Total recycling of the refrigeration water
More than 50 points of water disposal from the refrigeration equipment into the organic network were
identified.
This water has the effect of raising the final volume of the contaminated wastewater, making the operation of
the water and oil separator more difficult and raising the organic load, owing to the solubility of products.

Improvements in the inorganic network
- Washing of the filters
The washing of clarified water filters represents about 14% of the total inorganic wastewater. Together with
eventual sludge drained from the clarifier, it probably represents the major contamination source with SM and
COD.
Operational modifications were proposed, which once implemented will reduce the flow of this current in 80%
and the total flow of the inorganic network in 11%. This represents a cost reduction in the treatment of 170
000 US$/year.
A project for the total recycling of this current is still in progress.
- Installation of pH meters
The major pH violation source has been the resin regeneration wastewater in the water treatment.
Two ph meters will be installed to offer better controlling conditions for this parameter; one to control the unit
outlet with control and interlock functions, and the other one in COPENE's inorganic general outlet for
continuous monitoring.
- Regeneration of Resins
About 15% of the total inorganic wastewater originates from the regeneration of demineralizing resins, which
represent 187% of the value predicted in the project of the unit.
A study is being done for improving the process/operation conditions, in order to reduce this flow to a
minimum.
Improvement in the inorganic network monitoring
The monitoring of the inorganic network is done today in a satisfactory way, regarding quality. However there
is only one measure of flow, which is located in the system's general output. It was not possible to close the
material balance.
With the addition of spillway type meters, it is possible to close this balance.
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- Statistic Evaluation
The data surveyed through the network monitoring will be related, so as to obtain information about the
possible causes of the network behavior as a whole.
CONCLUSIONS
The first results obtained showed the program's good performance.
Such a program could only be successful with the effective participation of the production personnel who are
highly motivated with it.

GLOSSARY
COPENE
PROMON
SGS
FEEMA
WHO
AWWA
GEMS
COD
G&O
OD
CD

Companhia Petroquimica do Nordeste
PROMON Engenharia Ltda
SGS do Brasil
Environmental Engineering State Foundation
World Health Organizations
American Water Works Association
Global Environmental Monitoring System
Chemical Oxygen Demand
Grease and Oil
Oily organic system
Contaminated organic system
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ABSTRACT
The surface activity of many different solutes in aqueous solution can be used as a means of concentrating
these substances from dilute waste streams utilizing foam flotation. In this process, air is introduced at the
bottom of the solution so that surface active molecules can -adsorb to the air-water interface as the gas
bubbles rise trough the liquid, and a foam is allowed to form above the liquid pool. An important application
of this technology is the recovery of surface-active biological molecules such as proteins from wastewater
streams. Bovine serum albumin has been used as a model protein in experiments aimed at understanding the
effects of gas superficial velocity, bubble size, liquid pool height, and protein concentration on the dynamics
of a batch foam fractionation process in which the depletion of the protein from the bulk solution were
measured as a function of time. A theoretical model for the process was developed, needing no adjustable
parameters, which includes the rate of mass transfer of proteins from the liquid pool to the gas bubble
interface. The model was found to describe accurately, not only the adsorption of proteins from solution, but
also literature data on the adsorption of small ionic surfactants such as hexadecyltrimetylammmonium
bromide (CTAB). Contrary to previous assumptions made in the literature, there are a wide range of
operating conditions in which it is not proper to assume that the gas-liquid interface has equilibrated with the
bulk solution prior to entrance into the foam column.

KEYWORDS
Adsorption; bubble column; flotation column; foam fractionation; gas-liquid interface; protein recovery;
surfactant depletion; waste minimization.

INTRODUCTION
There has been renewed interest in the last few years concerning the use of foam flotation as a separation
technique in which soluble, surface-active substances are removed from a solution by adsorption at the gasliquid interface. In this process, gas is sparged through the solution and a foam is allowed to form above the
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liquid pool. The collected foam is rich in the surface-active compounds as a result of the selective adsorption
process at the large gas-liquid interfacial area formed by the gas bubbles and liquid drainage in the foam.
The review papers by Uraizee and Narsimhan (1990), and also by Zlokamik (1990) and Thomas and
Winkler (1977) updated the text edited by Lemlich (1972) which covered the literature prior to 1970 and
pointed out the attractive features of this method for the concentration/separation of proteins, enzymes and
surfactants from dilute solutions. Because these compounds are amphiphatic, the polar groups prefer to stay
in the aqueous phase, while the nonpolar groups prefer a nonaqueous phase. At an interface each group in
the molecule can reside in its preferred environment, thus the molecules tend to concentrate there.
An important application of this technology is the recovery of economically valuable bioproducts from
process wastewater streams while at the same time reducing the cost of pollution control. Because of the
nature of the adsorption equilibrium curve for biological molecules at an air-water interface, the process
works best at low concentration (<1 wt%) while other separation methods (e.g. ultrafiltration) are economical
only at high concentration. The research papers by Schnepf and Gaden (1959), Ahmad (1975) and Brown et
al. (1990) demonstrated foam flotation of bovine serum albumin (BSA) as a viable method both in the batch
and continuous mode of operation. The work of Ostermaier and Dobias (1985) studied the physico-chemical
principles for the selective separation of proteins from their mixtures and discussed the influence of pH and
electrolytes while showing that the optimum pH for separation was the isoeletric point of the desired
protein.
The treatment of effluents from chemical and food process industries by flotation technology was reviewed
by Zabel (1992) and also by Zouboulis et al. (1992). These authors emphasized the advantages of using
dissolved air flotation (DAF) as a mean of producing small bubbles (20-100|j.m) by the reduction in pressure
of a solution saturated with air as compared with the dispersion of air trough a distributor which gives rise
to larger bubble sizes (500-2000pm).
The enrichment ratio (the ratio of concentration of the product to the concentration of feed solution) and
the recovery (ratio of total flow of protein in the top of the foam column to the total protein in the feed) are
important measurements of the foam fractionation column performance. These two variables can be
defined both for the continuous and batch process and depend on factors such as gas velocity, bubble size,
liquid and foam height, concentration and flow rate of feed, kinetics of adsorption of solute as well as the
pH and ionic strength of solution. Another way to quantify the performance is to measure the decrease of
concentration of a given compound as a function of time in the bubble column (depletion in the liquid). The
latter approach is particularly convenient in waste minimization studies and was used by Morgan et al.
(1992) on a study of recovery the surfactant hexadecyltrimetylammonium bromide (CTAB) from a 2x1 (MM
initial concentration aqueous solution.
The present work aims to analyze the effect of adsorption kinetics and the rate of mass transfer in a foam
flotation column with aqueous solutions of surface-active compounds like proteins and surfactants
considering the role of operational variables such as gas velocity, solute concentration, bubble diameter,
height of liquid and column diameter. Experimental data is compared to a mathematical model which
includes the effect of these variables on the depletion of dissolved species in the liquid pool and the surface
excess of solute adsorbed to the bubbles entering the foam. This formulation helps to verify the effect of the
process operation conditions on the usual assumption that adsorption equilibrium is reached in the bubble
column (Brown et al., 1990).
If the goal of the process is to obtain an enrichment of the dissolved species in the whole fractionation
column the analysis of the foam flotation process should consider also the concentration enhancement
achieved in the upper section of the column due to the drainage phenomena. For this task a theoretical model
was proposed by Brown et al. (1990) based on material balances for the protein in the films and in the
Plateau borders of a foam constituted of a regular dodecahedral structure, according the model of Narsimhan
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and Ruckenstein (1986). The model presented in this paper provides a value for the solute concentration
entering the bottom of the foam column and can serve as a boundary condition for the foam enrichment
calculation.

EXPERIMENTAL SECTION
A pyrex glass column with a 3.45cm inside diameter and 123cm length was fitted with six lateral ports for
liquid sampling and a flat two-blade impeller foam breaker centered at the top (Figure 1). Ultrapure nitrogen
humidified on a separate vessel to avoid evaporation effects was used as the gas and passed through a fritted
glass distributor that consists of a filter ASTM type 10-15 M. To obtain reproducible results the distributor
had to be washed before each run by pumping through it a dilute solution (2500ppm) of a sodium
hipochloride solution.
The system allows the collection of liquid samples from the bubble column, visualization of the liquid-foam
interface and the obtention of the disrupted foam (foamate) from the top of column.. Nitrogen flowrate was
measured with a calibrated rotameter ( Cole Parmer Instrument Company, model-FM 062-01) and the
column was operated at room temperature (approximately 24°C). Protein solutions were prepared using
bovine serum albumin (BSA) of 99% of purity (Sigma, code A-7030 with a fatty acid content of0.009%) of
molecular weight 67000 D. The protein was dissolved in citrate buffer approximately 0.1M with a pH of
4.85 (the isoeletric point of BSA) to obtain concentrations of 100mg/l, 200mg/l and 316mg/l.

To start the operation of the column, protein solution was added to the desired level and nitrogen was turned
on. The experiments were carried out in a batch mode with an initial liquid height of 0.60m .The average run
time was approximately one hour. Liquid and foamate samples were obtained at each 5 minute intervals for
the high gas superficial velocities (vK = 0.33cm/s and ve - 0.47cm/s) and at each 10 minute intervals for the
low superficial velocity (vg = 0.14cm/s). Absorbances of all the collected samples were analyzed by UV
spectroscopy (Shimadzu model 160) at the wavelenghts of 280nm and 320nm (base-line). Differences in the
readings of the absorbances at these wavelenths as a function of concentration gave an extinction coefBbient
for BSA of 0.590 absorbance units/mg/ml/cm with a maximum standard deviation of 1.32%. Bubble
diameter estimations were made using photographs taken with a Nikon camera using an electronic flash.

Fita

Fig. 1. Apparatus for foam flotation of proteins

175

THEORETICAL BACKGROUND AND MODEL
Under equilibrium conditions, the adsorption of surface active species at low concentrations from a bulk
solution at a gas-liquid interface can be described by the Gibbs equation (J.W.Gibbs, 1928)
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In this equation F is the surface excess concentration of the adsorbed solute, i.e., the moles of solute per
unit area at the interface in excess of the number of moles per corresponding unit area in bulk solution, Cfo
the bulk equilibrium concentration and y the surface tension. A typical adsorption isotherm for a simple
surfactant (octa-ethylene glycol mono n-dodecyl ether) is shown in Figure 2 (Hamilton, 1989). Equation (1)
can describe the dependence of the excess concentration on the surface tension variations only for the low
concentration region where a monolayer of surfactant molecules is adsorbed, in other words, in the
concentration range below the critical micelle concentration (CMC) of the surfactant
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Fig. 2. Gas-liquid adsorption isotherm for a simple surfactant (from Hamilton, 1990)

Protein adsorption at gas/liquid interfaces is also a phenomenon of both theoretical interest and practical
importance. Because of the complexity of protein molecules, the adsorption isotherms for these compounds
incorporate the monolayer plateau at low concentrations as well as other regions involving multilayer
adsorption and changes of orientation of the proteins molecules at the interface (Graham and Phillips, 1979).
For the case of the protein bovine serum albumin (BSA), Figure 3 shows the isotherm as determined by
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Graham and Phillips (1979) by direct measurement and modeled by Guzman et al. (1986). It is worth noting
that for a wide range of bulk concentrations the value of f has the same order of magnitude, implying an
important enrichment of the protein at the interface for dilute solutions.
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Fig. 3. Adsorption isotherm for BSA (from Guzman et al., 1986)
In order to better understand the adsorption phenomena of surface-active materials in a liquid system where
bubbles are generated, it is necessary to study simple systems and consider theoretical aspects related to the
adsorption kinetics and equilibrium. Questions can be raised concerning the general applicability of
equilibrium conditions to adsorptive bubble separation studies, i. e., whether equilibrium is actually
achieved in a dynamic process involving the interface of rising bubbles in a quite turbulent environment An<
approach considering the time dependence of the surface excess on a rising bubble was developed by
Morgan et al. (1992) based on the model of adsorption proposed by Ward and Tordai (1946). Considering
the mass transfer coefficient calculated for a single bubble using tire classical theory proposed by Levich
(1962), Morgan et al. (1992) concluded that equilibrium can be reached in 0.1 seconds for the case of a
2x1 O^M hexadecy.Itrimethylammonium bromide(CTAB) solution.
We now wish to develop a /nore general approach that includes mass transfer coefficients calculated for
bubble columns involving a swarm of bubbles in a column with a gas volume fraction Eg This model is
aimed at describing both the adsorption kinetics and the solute depletion for a protein or a surfactant
solution. In Figure 4 is shown a schematic diagram of the adsorption process on a bubble column where a
concentration gradient gradient occurs between the bulk concentration Cy and the protein concentration Cs
at the subsurface. The concentration Cs is related to the excess concentration F by the adsorption isotherm,
assuming that the intrinsic adsorption kinetics are fast compared to the mass transfer rates. For the batch
process we assume a well-mixed liquid so that Cy is only a function of time. If the process of bulk depletion
is low, the time and axial dependence of the surface excess concentration can be described by a quasi-steady
approach. The cross sectional average flux of protein adsorbed to the gas bubbles at a given axial position in
the column is given by
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In Eq. (2) dy is the bubble diameter, Vg is the gas superficial velocity and A is the cross sectional area of the
column. This expression can be derived by multiplying the adsorbed protein surface concentration F
(moles/area) by the area per unit volume of bubble (6/dy) and the volumetric'"flow rate of gas (vgA).
Convective effects dominate the mass transfer rate between the bulk liquid and bubble surface. The flux of
solute to the interface due to convection can be written in terms of the liquid phase mass transfer coefficient
k; and the concentration driving force
Interfacial
• solute

(3)

-k|(Cb"Cs)

flux
A steady state mass balance of protein in the differential volume element shown in Figure 4 yields
6 lz"6 Iz+Az = (~kia)AAz(Cb -Cs)

(4)

In this equation a is the total interfacial area of bubbles per unit of volume of column while AAz is the
volume of the differential element. With a column of constant cross sectional area and assuming a constant
gas flow rate and bubble diameter a simple differential equation emerges for the variation of adsorbed
protein concentration as a function of axial position.
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Fig. 4. Schematic of solute adsorption at gas bubble surfaces in the bubble column
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If the intrinsic kinetics of protein adsorption are fast, the F and the surface concentration Cs can be assumed
to be in equilibrium. The adsorption isotherm that represents the equilibrium between F and Cs is known for
some proteins. For the case of BSA the isotherm depicted in Fig. 3 was experimentally determined by
Graham and Phillips (1979) for a pH = 7: In the concentration range from 40mg/l to 1000mg/l (0.597 to
14.92 mmol/m^) the isotherm can be approximated as linear in the form
r=KC$ + B

(6)

where K and B are 0.757 and 3.210 respectively with Cs expressed in mmol/m^ and F in mg/m^.
The solution of Eq.(5) with Cs given by Eq.(6) is

F
KCb+B

l-exp(-(pz)

(7)

where
Oqa)db
9=

6Kvg

Eq.(7) can be transformed on a dimensionless form by defining the following set of dimensionless numbers,
in which is included the diffusion coefficient D; for the protein in the liquid solution

(k.a)d, 2
Sherwood Number:

Sh = —----- —
Di

(8)

v d.
Peclet Number:

Pe =

(9)

D.
l

*
F
Dimensionless Excess Concentration: F ------------KCb+B

(10)
v ’

It should be noted that the denominator in Eq.(10) is the equilibrium surface excess concentration at a given
instant of time t, whilethe numerator is the actual surface excess concentration.
The final form for F is therefore

Eq.(10) is a valuable relationship between the excess concentration F and operational conditions as well as
the height z of liquid column. It and can be used to verify whether or not at the end of the bubble column the
value of F has reached the value for equilibrium with the bulk solution Cb.
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The calculation of an average value for T on a bubble column of length H is

(12)

Integration of Eq.( 12) using Eq. (II) results in

r = (KCb+B)x

(13)

Z = 1 + ^-.[exp(-<pH)-l]

(14)

Where

An average value for Cs is given directly by:

Cs=l(r-B)

(15)

The value of Cs calculated by Eq. (15) can be used for the determination of the solute depletion
by using the mass balance for the solute in the liquid:
^|t = -k,a(l-8g)(cb-Q)

(16)

The integration of Eq.(16) with C^and T given by Eqs. (15) and (13), respectively, leads to

cb +^7 = fcbo +^-jexp[(-kla)(l- eg)(l - x)t]

(17)

With the definition of a dimensionless time © and a dimensionless bulk concentration Cb*

(18)

C

*

Vi
(19)

b
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Eq.(17) assumes the dimensionless form

0
Cb* = exp -

(20)

1 H
6K

The utilization of Eq.(20) needs the calculation of kja which is a function of the gas volume fraction eg.
Dimensionless form correlations for the calculation of Sg and k ja are available from the works of Kumar et
al.(1976) and Akita and Yoshida(1973) for a large range of superficial velocities (0.3 to 40cm/s) and
physical properties of gases and liquids
e = 0.728U - 0.485U2 + 0.095U3

(21)

1/4
(22)

\0.62z'
-------- = v.o
Di

3 s 0.31

&

-——
^ y

^

(23)

In these equations Dc is the column diameter and v| and pj are the kinematic viscosity and density of the
liquid, respectively.
The surface tension of the solution (y) changes as the the concentration changes with time and so does the
bubble diameter. As a first approximation for calculating the change in bubble diameter with surface tension
we used the Young-Laplace equation (Hiemenz, 1986) for spherical bubbles and assumed that for a given
initial solute concentration that the pressure drop trough the interface is constant, arriving at

If experimental data for y are known as a function of concentration, Eq. (24) gives the maximum possible
variation of the bubble diameter changes through the depletion process.
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RESULTS AND DISCUSSION
The mathematical formulation described above can be used for the prediction of several important variables
related to the concentration /separation of a solute trough adsorption at gas-liquid interfaces. To verify the
validity of the proposed model a comparison with experimental data for the depletion of BSA solutions is
shown in Figure 5.
All the depicted experimental data were obtained from measurements at an average liquid height of 60cm in
the apparatus described in the experimental section and are plotted in the dimensionless form in order to
ascertain the generality of the proposed model. Figure 5 confirms that it was possible to satisfactorily
describe BSA depletion in the liquid pool for solutions of initial concentration in the range from lOOmg/1 to
316 mg/1 and superficial gas velocities of 0.14cm/s, 0.33cm/s and 0.47cm/s. For these three gas velocities the
gas volume fraction Eg has values of0.0066,0.0218 and 0.0225 andlqa values are 2.03x10*4, 5.32x10*4 and
7.85x10*4 in units s*T The bubble diameters shown,as parameters for the curves are dependent on the
solution concentration because of variations in the liquid surface tension. The values of dy fit to our
experiments (0.75mm, 1.0mm and 1.5mm) corresponds to average values determined photographically and
are typical of the induced mode of creating bubbles in a liquid trough fine porous distributors. The value of
the diffusion coefficient for BSA was taken as 5.89x10*1 * m^/s, as reported by Yarmush et al. (1988).

Cbo=100mg/1, db=1.5mm -

Cbo-200mg/l, db=1.0mm

Cbo~316mg/l, db=0.75mm

Fig. 5. Comparison of experimental and theoretical depletion
rates for BSA in a bubble column
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A comparison with experimental data from the literature was also tfiade by using data provided by Morgan
et al. (1992) for the depletion of the ionic surfactant hexadecyltrimethylammonium bromide (CTAB) which
has a molecular weight of364 D and an adsorption isotherm that can be described also by a linear function
between f and Cs in the form
r = KiCs

(25)

In Eq. (25) the values of the parameter Kj for CTAB are 2.25x10*3, l.9xl0*5 and l.OxlO"5 for the
temperatures of 0°C, 15°C and 30°C, respectively, with f expressed in units of mol/m2 and Cs in mol/m3.
The difusion coefficient for CTAB is 5.5x10*10 m2/s as"reported by Morgan et al. (1992).
In the careful experiments carried out with CTAB these authors used a solution with a 2x1 O^M initial
concentration and temperatures of 0°C, 15°C and 30°C to verify the effects of bubble diameter and
adsorption isotherm parameters. Figure 6 shows the Morgan et al. data in a dimensionless form compared
with our model for tire experimental bubble diameters of 1.38mm, 1.58mm and 1.72mm and a superficial

gas velocity of 0.17cm/s. This gas velocity is equivalent to the reported intersticial gas velocity of 17cm/s
with a gas fraction of Eg equal to 0.01 as predicted by Eq.( 21). The approach just developed works very well
also in this case of a small molecular weight surface-active compound. The CMC value is 9x1 O^M for this
particular surfactant and therefore the solutions used in the experiments are below the CMC.

Cb

Fig. 6. Dimensionless depletion curve for CTAB: theoretical curve compared with
experimental data of Morgan etal. (1992)
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As a consequence of the proposed model, the prediction of the liquid height necessary to equilibrate the gasliquid interface with the bulk solution can be obtained from Eq. (11) which is graphed in Figure 7. As an
asymptotic process, the equilibrium can be accomplished using the criteria F*=0.99 which implies an
abscissa value of 5. In this way the liquid height H required to equilibration can be obtained as a function of
the physicochemical and operational variables

Contrary to previous assumptions made in the literature, Eq.(26) indicates that there are a wide range of
operating conditions in which it is not proper to assume the equilibrium value for the gas liquid interface
prior to entrance into the foam column. As an example of a calculation using Eq. (26) for the adsorptive
flotation of a 100 mg/1 BSA solution, 38.5cm of liquid height are required to equilibrate the interface with
bubbles of 1.5mm diameter and a gas superficial velocity of 0.2cm/s.

r*

Fig. 7. Dimensionless graph for the excess concentration at bubble surface
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CONCLUSIONS
A theoretical approach to the adsorption of surface-active compounds at the gas-liquid interface in a bubble
column has been developed to predict the solute depletion in a foam fractionation column aimed to the
recovery of proteins and surfactants from dilute solutions. Experimental data obtained with the protein
bovine serum albumin (BSA) and literature data for the surfactant hexadecyltrimethylammonium (CTAB)
supported the proposed model describing the decrease of concentration in the liquid as a function of the
elapsed contact time in a batch operation mode for a wide range of variables. As a direct application of the
outlined approach an analytical equation resulted to determin the liquid height necessary to reach
equilibrium between the bubble interface and the bulk solution as a function of the operating conditions.
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TREATMENT OF HIGH-STRENGTH, COMPLEX AND TOXIC

CHEMICAL WASTEWATER:

END-OF PIPE "BEST AVAILABLE

TECHNOLOGY" VS. AN IN-PLANT CONTROL PROGRAM

Shimshon Belkin1), Asher Brenner1), Alon Lebel2) and Aharon
Abeliovich1)

^Environmental Microbiology, The Jacob Blaustein Institute for Desert Research,
Ben-Gurion University of the Negev, Sede Boker Campus, 84993 Israel;
2)lnvirotreat International, 3227 Topaz Lane, Fullerton, CA 92631, USA.
ABSTRACT
A case study is presented, in which two approaches to the treatment of complex chemical
wastewater are experimentally compared: an end-of-pipe "best available technology" option
and an in-plant source segregation program. Both options proved to be feasible.- Application of
the powdered activated carbon treatment (PACT™) process for the combined end-of-pipe
stream yielded up to 93% reduction of dissolved organic carbon, with complete toxicity
elimination. In order to examine the potential for applying a conventional activated sludge
process, a simplified laboratory screening procedure was devised, aimed at establishing
baseline data of removability potential, defined either by biodegradation, activated carbon
adsorption or volatilization. Using this procedure, the major source of the non-biodegradable
fraction in the combined park's wastewater was traced to a single factory, from which twelve
individual source streams were screened. The results allowed the division of the tested sources
into three groups: degradable, volatile, and problematic. A modified wastewater segregation
and treatment program was accordingly proposed, which should allow an efficient and
environmentally acceptable solution. This program is presently at its final testing stages, at the
conclusion of which a full comparison between the two approaches will be carried out.
KEYWORDS
Activated carbon; activated sludge; adsorption; biodegradation; industrial wastewater; in-plant
control; source segregation; toxicity; volatilization.
INTRODUCTION

Environmental and chemical engineers are often faced with two major options for the design of
a treatment scheme for complex chemical wastewater, generated by existing factories:
a) Bulk "end-of pipe" treatment of the combined wastewater, with minimal in-plant process
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modifications. When the organic composition of the. wastewater poses degradability problems,
the "best available technology" (BAT) applicable to the specific situation (such as the PACT™
process) is often applied.
b) Improved in-plant control and segregation measures, including process modifications
where required. This approach may involve localized treatment for specific and problematic
waste sources and aims at the generation of a relatively large volume stream, treatable by
conventional and comparatively low-cost means.
While the second alternative may appear to be universally applicable and certainly preferable
in the design of new production lines, in practice the tendency is often towards the first option.
This may be dictated either by economical constraints (where in-plant modifications appear to
be too costly) or by proprietary considerations; industrial firms are not always eager to release
information relating to processes and formulations.
In the present article, a chemical industrial park in southern Israel is presented as a case study,
in which both options were investigated. In order to allow the testing of an in-plant control
program without sacrificing industrial confidentiality, a simple screening procedure was
developed; the data obtained in this manner was used to formulate a new waste segregation
scheme. These results are compared to the powdered activated carbon treatment (PACT™),
representing here the BAT approach (Galil and Rebhun, 1988; McShane ef a/, 1986; Weber et
al, 1980). While economic analysis of the two approaches has not yet been completed, the
methodologies undertaken allow the operational evaluation of the two options.
DEFINITION OF THE PROBLEM AND WORK PLAN
A five-year, four-phase research program (Belkin et al, in press; Brenner et al, in press) is
carried out in order to develop an optimal treatment scheme for the wastewaters of the Ramat
Hovav Chemical Industrial Park, and is now at its last phase. The park incorporates several of
Israel's largest producers of various pesticides, flame retardants and different industrial organic
intermediates. The combined site's wastewaters (ca 4,000 m3/day) are presently collected in
evaporation ponds, pending the design and implementation of a treatment plan.
This wastewater stream is composed of the effluents of several factories, each of which
operates many organic and inorganic chemical synthesis processes in parallel. Furthermore,
these processes are generally operated in batch modes, with intermittent release of waste
pulses of varying characteristics. The nature of the resulting stream is therefore both highly
variable and very complex. Indeed, gas chromatography/mass spectrometry analysis of an
averaged sample of the combined wastewater stream revealed the presence of over 50
aromatic organic compounds, some of them highly toxic and, at least potentially, of problematic
biodegradability. The average organic content of the wastewater was high, around 1,300 mgC/l
(1990). Also high was the inorganic content: total dissolved salts concentration averaged 32 gl\,
with the major anions being chloride (-16 g/l), bromide (-2.5 g/l) and sulfate (-3 g/l). The major
cations present were sodium and potassium. Another parameter characterizing this waste
stream is its high toxicity. Average Microtox EC50 was 1.5%, but observed toxicity was often
much higher.
The research plan for the treatability studies of this highly complex, saline and toxic wastewater
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was composed of 4 stages:
1. Treatability studies of the unified site's stream, including various conventional activated
sludge and PACT™ configurations. This stage included both laboratory bench scale and field
pilot scale systems.
2. Laboratory treatability studies of the combined wastewater stream of each of the Park's
factories.
3. Laboratory screening of dissolved organic carbon (DOC) and toxicity removability
potential of all substreams contributing to the combined stream of individual factories, and
formulation of new wastewater segregation schemes.
4. Pilot-scale testing of the recommended source-control configuration; these phase is
being carried out at present.
In all of these phases, the wastewaters were considered as "black boxes", with no attempt at the
analysis of the individual organic components. This approach, adopted due to confidentiality
restrictions and to the complexity of the wastewaters, was applied both to the bulk end-of-pipe
stream (phase 1) as well as to the individual combined factories' streams (phase 2) and their

specific point sources (phases 3 and 4).
MATERIALS AND METHODS
Laboratory bench-scale reactors

Nine different reactor systems were operated over a two year period, as previously described
(Belkin etal, 1993) The results of two of this systems are presented here as an example (see
Results and Discussion). Both systems included a first stage 50 liter anaerobic contact reactor,
at an hydraulic residence time (HRT) of 20 days, and an average mixed liquor suspended solids
(MLSS) concentration of 3,250 mg/I. The second stage aerobic reactor had an HRT of 5 (with 5
g/l PAG) or 10 (without PAG) days, with an MLSS concentration of 3,000 to 4,000 mg/l
(excluding PAG), at a 4 liter volume. Both systems were operated in sequencing batch (SBR)
modes (Brenner etal, 1992; Herzbrun etal, 1985). All reactors were stirred mechanically. Air to
the aerobic reactors was introduced through porous diffuser stones which provided additional
mixing as well as oxygen at a rate insuring sufficient concentration (normally 4-5 mg/I). All
aeration, mixing, and discharge functions were controlled with laboratory timers. Basic
inoculum for the reactors was obtained from two sources: a full scale activated sludge plant for
municipal wastewater, and the evaporation ponds for the Ramat Hovav wastes. Bacterial
counts at these ponds showed microbial densities as high as 10s cells per ml, even for high
salinity waters.
Pilot plant reactors

The main, constituents of the pilot plant reactors and their main operational parameters have
been described elsewhere (Belkin et al, 1993). The two systems the results of which are
presented below shared a preliminary 5,000 liter anaerobic contact stage, with an HRT of 30
days. The second stage aerobic reactors (250 liter each), aerated with fine-bubble pearlcomb
diffusers, were operated in parallel in a fill and draw mode. One of them (Reactor C) contained
7.5 g/l PAG, which was replenished in accordance with sludge wasting. Aerobic HRTs were 3
(with PAG) or 5 (without PAG) days.

Analytical methods
Mixed liquor suspended solids (MLSS), total dissolved solids (TDS, 105°C), total dissolved
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salts (IDS, 550°C), biochemical oxygen demand (BOD) and chemical oxygen demand (COD)
were determined as in Standard Methods for the Analysis of Water and Wastewater (APHA,
1985). Dissolved organic carbon (DOC) was determined initially after wet oxidation of the
sample at 100°C, trapping the evolved COg in liquid Na, and its analysis by a gas
chromatograph with a thermal conductivity detector. DOC in stages 3 and 4 was determined by
the use of a Dohrmann DC-190 TOC analyzer (Rosemount Analytical Inc., Santa Clara, CA).
Removability batch tests for point sources

A series of simplified laboratory tests was devised in order to obtain, in minimal cost and effort,
the necessary information required for potential management of in-plant waste sources. Such
procedures may be readily acceptable to industries which care for commercial confidentiality,
since secret and protected information such as proportions of processing materials, synthesis
procedures and chemical reactions, is not required.
At the beginning of the study, each of the individual in-plant waste streams was analyzed for its
basic characteristics, including pH, dissolved organic carbon (DOC), volatile organic carbon
(VOC), toxicity (Microtox™), total dissolved solids at 550°C (TDS), ammonia, nitrate, phosphate,
chloride and bromide. All assay procedures described below were carried out using 250 ml
glass Erlenmeyer flasks which served as mini-scale batch reactors, each containing a 100 ml
mineral solution of a composition close to that of the unified factory's wastewater stream (10g/l
Cl and 2 g/l Br). For each source stream, the basic test solution was diluted to 100-200 mg/I
DOC, and the flasks placed in temperature controlled (25°C) shakers operated at 175 RPM to
assure intensive mixing and aeration.
Three basic batch screening procedures were employed in parallel for each waste stream:
Aerobic Biodegradation. The solution was spiked, when necessary, with appropriate amounts
of ammonia and phosphate and with a solution of essential micronutrients. Acclimated biomass
continuously grown on the unified wastewater stream was added to each mixture to form a
concentration of 1500 mg/I MLSS.
Volatilization. In order to simulate VOC stripping during aerobic treatment, the same reaction
mixture composition was used, excluding the biomass.
Carbon adsorption. Effectiveness of powdered activated carbon (PAG) in reducing organic load
and in toxicity elimination was evaluated using the same mixtures as in the volatilization test,
augmented with 5 g/l PAC.
The contents of the assay flasks in all three tests were analyzed at time zero for DOC, VOC, and
toxicity. The volatilization and adsorption test mixtures were assayed for DOC and toxicity after
24 hours, while the biodegradation samples were tested for the same parameters for up to
fourteen days.
Toxicity assays

Toxicity was determined in filtered samples by the Microtox™ method (Bulich, 1979; Bulich etal,
1981; Blum and Speece, 1991; Logue et al, 1989; Ribo and Kaiser, 1987), as previously
described (Brenner et al., 1993). Toxicity was calculated as the effective sample concentration
(in %) causing a 50% decrease in activity compared to the control (ECso). The toxicity of each
sample was then converted to toxicity units (TU), calculated .as 100/ECso. Specific toxicity,
when calculated, is presented in units of TU per g DOC.
Determination of adsorption capacity

Adsorption experiments were carried out in a batch mode, for those streams showing poor
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biodegradation. The experiments were conducted with a multiple stirring apparatus (Phipps &
Bird, model 7790-402). Constant volumes (500 ml) of the tested solutions were supplemented
with a series of known weights of PAG in T liter glass beakers. 'Prior to each experiment, the
PAG was oven-dried at 105°C for two hours and then cooled in a desiccator. The slurries were
agitated simultaneously at a steady stirring velocity (50 rpm) for 1 hour at room temperature
(21+/-2°C). After removal of the carbon by filtration through a membrane filter (0.45 pm pore

size, Millipore Corporation, U.S.A.), residual DOC and toxicity were determined. Blanks (in the
absence of activated carbon) were run during all batch experiments in order to assess losses
due to volatilization and sorption to glassware.
RESULTS AND DISCUSSION
Phase 1: The combined Park's wastewater stream

Over a period of two years, 9 different bench-scale treatment modes were tested, ranging in
continuous operation time between 4 months to two years (Belkin etal, 1993. Table 1 presents
the main operating parameters and average efficiencies of the two most successful systems of
their types: activated sludge, operated in sequencing batch mode, with (system B) or without
(system A) powdered activated carbon. Both treatments included a preliminary long-HRT
anaerobic phase for wastewater equalization and potential anaerobic degradation (Bode, 1988;
Eckenfelderefa/, 1989; Muirhead, 1990).
The data obtained throughout this period was utilized in the design of an on-site pilot plant,
which also examined several PACT™ and conventional activated sludge configurations. The
main results for two of the five systems tested are also included in Table 1. It is apparent from
these data, as well as from the results of the other units (not shown), that the complex organic
content of the combined park's stream is biodegradable to a large extent. With the PACT™
process, DOC removal efficiency was consistently 10% higher; at the same time, in these
systems toxicity removal as judged by the Microtox™ assay was complete. In the non-PACT™
reactors, toxicity elimination was highly variable. In fact, in many instances effluent toxicity was
higher than that of the raw wastewater.
It has thus been demonstrated that the BAT approach, represented here by the PACT™ system,
proved to be a viable treatment option for the bulk end-of-pipe combined site's wastewater
stream. Toxicity appeared to be completely eliminated, and the residual DOC (82 +/- 33 mgC/l)
is within the suggested guidelines proposed by environmental authorities.
However, in view of the projected potential high costs of the installation and operation of a fullscale PACT™ system, it was deemed necessary to further investigate the possibilities of
improving the performance of the conventional activated sludge system. As is obvious from the
data in Table 1, such improvements should include an enhancement of both degradability and
toxicity elimination. The approach selected for these purposes was to locate and isolate the
problematic waste streams within the factories.
Phase 2: combined wastewater streams of individual factories.

As a first step in the examination of wastewater stream segregation, the biodegradability and
toxicity removal potential of the combined wastewater stream of each of the factories on site
were examined as described under Materials and Methods. The results for the two largest
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factories, jointly contributing over 90% of the park's wastewaters, are presented in Table 2. The
data indicate striking differences between the two factories: the wastewater of factory A,
characterized
TABLE 1 PERFORMANCE OF SELECTED BENCH-SCALE AND PILOT-SCALE REACTOR
SYSTEMS
System

Aerobic
HRT (day)

Aerobic
SRT (day)

PAC
(g/l)

Removal efficiency (%)
BOD
DOC
Toxicity

Bench-scale3
A
B

40
40

10

5

-

5.0

c

- 100
- 100

70+/-11
80+/-6

100

98+/-3.1
97+A3.2

84+/-4.1
93+Z-2.6

100

Pilotb
C
D

5
3

40

—

20

7.5

c

a) Anaerobic stage - 50 liter, HRT 20 days; Aerobic stage - 4 liter.
b) Anaerobic stage - 5,000 liter, HRT 30 days; Aerobic stage - 250 liter.
c) Highly variable
by an initial low toxicity, is highly biodegradable, whereas that of factory B is much more toxic
and only partially degraded. After treatment, however, toxicity is significantly reduced in factory
B's effluents, but is greatly enhanced in factory A. Toxicity data in Table 2 are presented both as
residual toxicity (in TU's) and in "specific toxicity" units (TU/gC). Using the latter calculation, the
toxicity of factory B's wastewater has increased over a hundred fold during treatment.
TABLE 2 BIODEGRADABILITY AND TOXICITY CHANGES IN THE TWO MAIN PARK
FACTORIES
Factory

DOC (mgC/l)

DayO Day 14 % change

Toxicity (TU)
DayO Day 14 % change

A

664

53

-92

2

18

+800

B

376

146

-61

50

5

-95

Specific toxicity (TU/gC)
DayO Day 14 % change

3.0 339.6 +11,320
133.0 34.2

-74

It is therefore likely that in the combined Park's wastewater, it is factory B which contributes most
of the refractile organic carbon, whereas factory A is responsible for the high residual toxicity. In
order to further evaluate these phenomena, a more careful testing of individual in-plant waste
sources was obviously called for.
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Phase 3: Point sources in factory B.

Individual waste sources in both factories were screened for dissolved organic carbon and
toxicity removal potential, as described under Materials and Methods. In this article we present
the data for factory B only. Most of the factory's reactors generate two waste flows, originally
termed "process" and "dilute" streams. Twelve such streams from seven different production
units contain organics, and some of their characterizing properties are presented in Table 3.
TABLE 3 BASIC CHARACTERISTICS OF THE TESTED WASTE STREAMS, FACTORY B
DOCb
Microtox toxicity6
Waste
pH
stream3
foC/l)
EC™ (%)
TU
1-P
0.70
5.6
2.3
17.9
0.34
9.0
2-C
6.0
11.1
2-P
0.14
13.0
2.0
7.5
3-C
>200
9.6
0.28
<0.5
4-C
0.57
>200
8.1
<0.5
4-P
2.83
>200
9.1
<0.5
5-C
3.8
0.35
8.2
12.0
5-P
1.7
0.60
19.0
5.1
8.62
6-C
1.3
<1.0
>100
6-P
38.60
>200
1.6
<0.5
7-C
10.2
0.07
9.9
10.1
7-P
8.6
1.10
>100
0.9
a) P = "process" stream; C = "dilute" stream
b) After pH neutralization and filtration

cr
fa/l)
1.20

3.40
8.65
11.54
1.21

9.70
0.14
8.86

24.23
98.00
0.70
23.90

Br"
(a/I)
22.40
0.29
0.45
0.95
0.48
3.30
1.08
1.42
2.50
3.55
0.52
40.00

The main results of the screening process, which included biodegradation, volatilization, and
activated carbon adsorption, are presented in Table 4. According to the results, the various
streams are divided into three groups: readily biodegradable streams of low toxicity (group I),
streams characterized by a highly volatile organic content (group II) and "problematic" sources
of relatively high toxicity and low biodegradability (group III). As also shown in Table 4,
however, the quality of the streams of the latter group could be greatly improved by activated

carbon treatment (see below).
Each of these groups, therefore, requires a different in-plant handling strategy; to formulate such
strategies, it is essential that the specific contribution of each stream to the organic load and
overall toxicity be properly evaluated. For that purpose, the data in Table 5 are presented in
terms of specific contribution to the overall factory's wastewater, based upon known flow rates
and stream characteristics (Table 3). It may be observed that of the 12 streams tested, only the
first 5 contribute significantly to the organic load, whereas the importance of the sixth (stream 3C) lies in its significant toxicity. From the data in Tables 4 and 5, therefore, Table 6 was
constructed, presenting the significant streams only, their contributions to total DOC and toxicity,
and the recommended potential solution for each.
Based upon these conclusions, it was possible to redesign the treatment/menagement program
in the factory (Brenner et al, submitted), as outlined in Figure 1. The suggested plan calls for the
biological treatment of group I streams, and of all minor group III contributors, while group II
constituents will be subjected to volatiles stripping and/or recovery. The effluents of reactor 3
(stream 3-C), due to their high toxicity, will be treated locally. Since their actual volume is
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TABLE 4 SCREENING SUBSTREAMS DOC AND TOXICITY REMOVAL EFFICIENCIES
AVERAGE DOC REMOVAL (%) AVERAGE TOXICITY REMOVAL (%)
PAG
Vol.
PAG
Vol.
Biodea.
Biodea.
41
100
100
I
86
43
100
5-P
18
14
100
88
3
100
6-P
100
100
6-C
89
19
9
100
100
100
2-P
lla
79
75
86
100
100
82
100
2-C
81
69
100
92
100
100
5-C
91
93
100
4-P
62
100
0
III
35
16
57
29
100
33
4-C
85
29
50
100
56
3-C
24
16
46
26
1-P
29
21
75
28
72
60
100
0
7-C
45
83
0
0
100
0
7-P
60
86
0
65
a) Biodegradation and adsorption must have included substantial volatilization

STREAM

GROUP

TABLE 5 RELATIVE SPECIFIC SUBSTREAMS CONTRIBUTIONS TO TOTAL WASTEWATER
VOLUME, ORGANIC LOAD AND TOXICITY
STREAM

'

RELATIVE

CONSTITUENT FLOW RATE
(%)

RELATIVE ORGANIC

ORGANIC LOAD

RELATIVE TOX.

LOAD

CONTRIBUTION

CONTRIBUTION (%)

BY GROUP (%)

CONTRIBUTION3
(%)

6-P
2
59.4
81.3
4-P
21.9
10
6-C
1
7.5
14.9
5-P
10
4.6
4-C
7
2.8
3-C
5
1.3
3.8
2-C
6
1.3
5-C
2
0.5
1-P
0.5
0.3
7-P
0.3
0.3
2-P
1
0.1
7-C
0.5
0.0
Mineral
streams
55
0.0
a) Not including potential synergistic or antagonistic effects

10

30
0.5
0.5
11

46
0
0
0
0
0
0
0

comparatively low, this could be achieved at relatively low costs. The recommended solution
for the effluents of process 4 (4-P and 4-C), on the other hand, is different. Since this reactor
contributes to approximately 25% of the total organic load, it is suggested that the actual
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production process is modified so that the generated wastewater are less concentrated and less
toxic. After such modifications, the new waste streams will be re-examined for their suitability for
inclusion in the biologically treatable stream.
TABLE 6 DOC & TOXICITY REMOVAL POTENTIAL - SIGNIFICANT SUBSTREAMS ONLY
STREAM

CONTRIBUTION (%) TO BIODEG.
BIODEfOX. CONCLUSION
ORG. LOAD TOXICITY POTENTIAL (%) POTENTIAL (%)

6-P
4-P
6-C
5-P

59
22
7.5
4.5

10
30
0.5
0.5

88
5
89
86

100
57
100
100

4-C
3-C

3
1.3

11
46

50
46

29
26

RECOMMENDATION3

Biodegradable
Problematic
Biodegradable
Biodeg.+
volatile
Problematic
Problematic

A
B
A
A.C
B
D

a) A - include in biologically treatable stream; B - modify production process;
C - strip volatiles; D - pretreat separately.

MINERAL

STREAMS

VOLATILES
STRIPPING

AC*
TREATMENT

BIOLOGICAL
TREATMENT

'ZERO DISCHARGE'
EVAPORATION PONDS
R
1
"
—

BATCH REACTOR
ACTIVATED CARBON
PROCESS MODIFICATION
OPTIONAL PATHS

Fig. 1 Proposed treatment scheme for the wastewater of factory B
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Phase 4:
streams.

Testing of the reformulated treatable stream and point solutions for problematic

This phase is being conducted at present. A treatable stream containing all the reactors’
effluents of the factory, except for substreams 3-C, 4-C and 4-P is being tested in a bench-scale
conventional activated sludge system. At the same time, three other processes are taking place:
1) examination, by the factories' engineers, of the available options for modifying process 4, so
that the generated effluents are more biodegradable and less toxic; 2) reviewing the various
options for in-plant stripping of the organic volatiles from the relevant streams, including the
possibilities of solvents recovery; 3) laboratory testing of pre-treatment options for streams
termed "problematic" (Table 6), in order to allow their subsequent inclusion in the bulk treatable
stream.
As mentioned above, the bench-scale pilot is currently in its initial stages of operation, as is the
examination of potential process modifications and volatiles stripping options. The approach
presently tested for pre-treatment of problematic point sources is based on selective activated
carbon adsorption, and will be briefly described below. The conceptual justification for adopting
this approach stems from two observations: 1) as demonstrated in Figure 2, the biodegradation
potential of the specific waste streams tested was inversely proportional to their initial specific
toxicity. 2) a phenomenon repeatedly observed for various waste streams from the Ramat
Hovav Park was that activated carbon adsorption was highly selective: in all cases, toxicity was
removed from complex solutions far more readily than the dissolved organic carbon, probably
due to the generally more hydrophobic nature of many of the toxicants involved (Brenner et al,
1993).
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<
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<
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O
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INITIAL SPECIFIC TOXICITY (TU/gC)

Fig. 2 Dependence of biodegradability of source streams on their initial specific toxicity.
These observations allow the planning of a short-contact adsorption process, which would lead
to a significant toxicity reduction with minimal activated carbon saturation. An example of a
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laboratory experiment concerning stream 3-C, defined above as "problematic", is presented in
Figure 3. Upon batch exposure to increasing powdered activated carbon concentrations,
toxicity was significantly reduced while dissolved organic carbon was hardly affected. This led
to a dramatic decrease in specific toxicity, without appreciable adsorption of organics onto the
activated carbon. It is predicted that following pretreatment designed along these lines, the
effluents will be more amenable to conservative activated sludge biological treatment.

This

hypothesis will be examined in the near future; the results will serve to decide the fate of stream
3-C in the overall scheme.
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Fig. 3 Batch PAC adsorption of stream 3-C
CONCLUSIONS
Due to the arid nature of the surroundings of the Ramat Hovav Chemical Industrial Park in the
Negev Desert, Israel, any solution for its highly complex, saline and toxic wastewaters would
have to be based on a zero-discharge model.

Unless suitable for in-plant reuse, the treated

effluents are therefore likely to be stored in bottom-sealed evaporation ponds. Nevertheless,
even for that purpose the effluents would have to be characterized by low organic carbon
concentration and minimal toxicity, at levels to be decided upon by local regulatory authorities,
to avoid the creation of hazardous sites for future generations.
With that in mind, two main options were examined for the treatment of these wastewaters. The
first was based on minimal in-plant modifications, and subjecting the bulk end-of-pipe stream to
the PACT™ process. The second option examined the possibilities of restructuring in-plant
wastewater segregation so that conventional activated sludge treatment can be applied. The
latter approach, by its nature, called for a more detailed study of each waste source in the
various factories, and is presently in its final stages; the efficiency of the final configuration
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designed based upon the conclusions of the work described here is yet to be tested. Another
crucial aspect which awaits completion is an economical evaluation of the two main options and
their different variations. This evaluation should include, besides installation and operational
costs, also sludge elimination and/or activated carbon regeneration.
Only when all that is done, will the final comparison between the end-of-pipe best available
technology and the source-control options be possible. Nevertheless, the study described
herein presents a structured yet simplified approach which allows such a comparison to take
place.
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LIQUID WASTE:
A STANDARD TREATMENT
Alcides Francischetti Filho

1326, Princesa D’Oeste Avenue, apt. 104 - Jardim Proenqa
Campinas - Sao Paulo - 13095-010 - Brazil

ABSTRACT

It is very difficult to treat conventionally the liquid effluent generated in a chemical company which
manufactures microbicides.
The best alternative for the treatment of the liquid effluent, which reaches 90% of the total generated, is
by physicochemical process, distilling and recycling the post-treated distillate.
The distillation is processed under controlled pressure and temperature conditions. The distilled liquid
undergoes oxidation treatment and absorption in carbon beds, and then it is recycled in the same processes
which generated it.
At the same time it was reviewed all the processes with the purpose to reduce the liquid effluent generated
through the recycling of the washing waters having obtained a 35% reduction of the volume generated in
a first stage.
This treatment started in 1990, and during these three years it was noticed that the liquid effluent generation
was reduced by 55%. The goal for 1995 is to get 75% reduction through technological process
improvements and conscientiousness/training of the Plant personnel.
KEYWORDS

Reusing; recycling; reduction; control; batch; microbicide; reactor; wash-water; chemical oxygen demand;
post-treatment.
INTRODUCTION

In 1990 Buckman Laboratdrios Ltda. established an Environmental Master Plan seeking, through the actions
and measures, to reduce the incompatibility of the company with the environment.
These measures include the reuse, recycling and recovery of the substances and/or of the energy to be
established in an integrated form, so that the reduction and/or control of a "type of waste and/or emission
does not cause risks to the environment.
All these steps were based on the best technological practices available.
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BACKGROUND
The manufacturing system of the company is made basically by batches and specific reactors. Among the
manufactured products are the microbicides-fungicides, bactericides, algicides, which generate the liquid
waste not treated conventionally.

LIQUID WASTE GENERATION
After eich batch, the reactor is washed, generating the wash-water which can be recycled or sent to the
treatment system.
If this water is recycled, it is properly stored and will be used in the next batch of the same product that
generated it, as dilution water.
If this water is sent to the treatment system, it passes initially by a skimmer, and then it is pumped to the
storage.
LIQUID WASTE TREATMENT
The treatment is processed according to the flowchart:

(?)

(?) REFLUX CONDENSER

(?) DISTILLATE VESSEL

(?) STORAGE

(?) REBOILER

(10) OXIDATION VESSEL

(?)

DISTILLATION VESSEL

(?) BOILER

(It) CARBON BED

(?)

COLUMN

(?) TOTAL CONDENSER

(S) PROCESS REACTOR

effluent

Fig. 1 - Schematic drawing
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The liquid waste is pumped from the storage tank to the distillation vessel. Under controlled pressure and
temperature conditions the liquid is distilled until dryness. Then the distilled liquid is pumped to a reactor
for the post-treatment: oxidation and absorption in carbon beds.
The distillation is controlled to 0.8 kgf/cm2 and the temperature to 130°C at the end.
The waste of the distillation is drummed and it is consisted of solid waste which treatment is not known
yet.
RESULTS
The chemical oxygen demand (COD) is shown in the table in several treatment phases: (average of the
results obtained during 30 months)
INITIAL COD

DISTILLATE

AFTER ACTIVE CAJ

25,000

2,500

1,400

50,000

3,400

2,200

75,000

4,100

2,800

100,000

4,600

3,300

The treated distillate is then reused as dilution water in the several products which generated them and it
does not cause any evident problem of quality.
CONCLUSION
This treatment allowed us to recycle all the water generated as effluent in the Plant. Other improvements
were put into practice as segregation of liquid to be reused straight, that is, after its generation, it returns
to the process without passing by the treatment.
With this, until now there was a significant reduction of effluent generated and our goal is to reach 75%
until 1995.
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A CENTRALIZED HAZARDOUS WASTE TREATMENT PLANT:
THE FACILITIES OF THE ZVSMM AT SCHWABACH AS AN EXAMPLE
Dr. Herbert Amsoneit
Zweckverband Sondermiill-Entsorgung Mifctelfranken,
Siemensstr. 3-5, 91126 Rednitzhembach

ABSTRACT
As a rule, hazardous waste needs a pre-treatment, either a thermal
or a chemical-physical one, before it can be disposed of at a
landfill. The concentration of different kinds of treatment faci
lities at a Centralized Hazardous Waste Treatment Plant is advan
tageous . The facility of the ZVSMM at Schwabach is presented as an
outstanding example of this kind of Treatment Centre. The infra
structure, the chemical-physical plant with separate lines for the
treatment of organic and inorganic waste and the hazardous waste
incinerator are described. Their functions are discussed in de
tail. Emphasis is laid on handling the residues produced by the
different treatment processes and the final disposal.
KEY WORDS
Waste Treatment Centre, Chemical-Physical Treatment, Incineration,
Flue Gas Cleaning, Energy Recovery from Waste, Leachate Treatment.
INTRODUCTION
It was not before the nineteenseventies that the public became
aware of the problems caused by the residues of production proces
ses which to some extent are inevitable by-products of industrial
activities. Unwanted by-products, residues of raw materials, spent
chemicals and supply materials were defined as "special", "chemi
cal" or "hazardous waste". In terms of German legislative lan
guage, the term of "waste that needs a special kind of control"
was introduced.

How were these dangerous substances handled before the need of
special treatment facilities and landfill sites for these kinds of
waste was generally accepted? Often, the waste was simply stored
or dumped within the area of the production plant itself. In many
other cases, so-called co-disposal of hazardous waste and domestic
waste was practised. Both procedures led to the formation of more
than 50.000 contaminated sites only in the "old states" of the
former Federal R^ublic of Germany (West). Not even a wealthy so
ciety like the West German one until today has developed adequate
technologies or owns the necessary financial resources to restore
these sites within a reasonable time.
CONCEPT OF THE "INTEGRATED PLANT"
The concept of an integrated hazardous waste treatment plant as is
shown in fig. 1 consists of an adapted network of interdependent
treatment facilities, substance streams and the measures to be
carried out for detoxification. The system displayed in fig. 1 is
a result of a development process of more than ten years'.

FluH-Schema der Sondermiill-Entsorgungsanlage Schwabach des ZVSMM
Administrative
Bearfaeihing

EtngangsKontroUe

Untertage
Emulsionstrennung
Enfgiftung

Verbrennung
Recycling
SM-Deponie
AbluftReinigung

ZVSMM
Fig. 1. Massenstrome in einer Sondermiill-Entsorgungsanlage
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The site is located at Schwabach, a small town at the south-east
border of one of the oldest industrialized regions in Germany. The
area includes the North Bavarian towns of Nuremberg, Furth, Erlan
gen and Schwabach which are forming the axis of a densly populated
area with approximately 1,5 million inhabitants. In 1968, the
world-wide first landfill site only to accept industrial waste was
opened. This site formed the nucieous of a hazardous waste treat
ment centre which now has become one of the technically leading
facilities of its kind in Europe, may be in the world. It is owned
by the towns and counties of this region that established an asso
ciation for the treatment and disposal of hazardous wastes, the
Zweckverband Sondermull-Entsorgung Mittelfranken, the ZVSMM.
Soon after the start of the operation of the landfill, it could be
realized that large amounts of the incoming waste needed a chemi
cal-physical or a thermal pre-treatment in advance of the final
disposal. As a consequence, during the years from 1968 to 1974,
the site was upgraded by the installation of an incineration plant
of the rotary kiln type and a chemical-physical treatment centre.
After ten years of operation, the second period of investment was
started. The activities taken resulted in the design of completely
new facilities including the construction of a new hazardous waste
landfill site at Raindorf, a site at a distance of 30 kilometers
from the original site. The latter is introduced in another paper
during this meeting.
Today, at the Schwabach plant of the ZVSMM, the following facili
ties are under operation:
- a hazardous waste incinerator of the rotary kiln type combined
with a heat recovery unit and a modern wet scrubbing equipment
(capacity: 30.000 t/a)
- a conventional chemical-physical treatment plant for the treat
ment of inorganic waste (capacity 20.000 t/a)
- a modern chemical-physical-biological waste-waster treatment
plant for the treatment of organically contaminated liquid waste
(capacity: 20.000 t/a)

- a three-stage evaporation plant for the treatment of leachate
and different waste-waters containing soluble compounds (capacitiy: 55.000 t/a)
- a laboratory with a high-level instrumentation
- maintenance equipment such a mechanical and electrical shops, a
garage for the plant vehicles, a plant-owned fire brigade and
last but not least an effective administration.
About 220 persons are being employed at the plant, many of them
highly skilled persons with academic qualifications. 100.000 130.000 t of hazardous waste are annually treated rsp. disposed of
at the landfill site. The cash flow of the company reaches 50 mil
lion DM (about 30 million US $) a year.
Before describing the technical facilities in detail, it should be
mentioned that the landfill site at Schwabach which was closed in
1989, since 1986 is known to be contaminating the groundwater. The
contamination is mainly caused by hydrochlorinated carbons. These
organic substances were dumped at the landfill during the first
years of operation, when neither chemical-physical treatment facilites nor an incinerator were available. The problems arising from
the former site and the measures taken for restoration and for li
miting the environmetal impacts were reported by Amsoneit,
Schneck, Eberle (1992).
PERIPHERAL INSTALLATIONS
A treatment centre as the one mentioned above in any case needs a
suitable infrastructure. For the function of the plant, the fol
lowing installations have to be available:
- a weighing machine to get reliable information on the amount of
incoming waste
- a laboratory with two basic functions:
* identification and input control of the delivered waste
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* control of the operation of the plant by analysing the effluents
to leave the plant and to check gaseous emissions that might es
cape

- vehicles, trucks, vacuum-cars, and bulldozers for transportation
within the plant and outside, e.g. for transportation of solid
.residues from the incinerator to the landfill site
- mechanical and electrical repair-shops
and an effective administration responsible for finances and per
sonal, the plant management and, as a very important fact, a high
ly skilled planning staff.
The work done at the laboratory is of exceptional importance for
operating the technical facilities without problems.
A precondition for that is the fact that the laboratory is princi
pally independent from the plant management. Owing to this, the
laboratory is able to fullfill its task as an internal controlling
unit.
With regard to the above mentioned two main tasks - input and out
put control - the laboratory of the ZVSMM is subdivided into these
two sections. A senoir chemist is in charge of the laboratory; he
is assisted by several chemical engineers. More than 20 persons
are employed at the laboratory: most of them are highly skilled
technicians.
Being an important part of the instrumentation, several gas chro
matographs with BCD- and FID-detectors are installed at the labo
ratory. They are used for the identification and quantification of
aliphatic and aromatic hydrocarbons and PCS in solid, liquid, and
gaseous samples. Furthermore, the laboratory owns two atomic ab
sorption spectrometers and an inductively coupled plasma emission
spectrometer for the determination of metals in waste and environ
mental matrices. In addition, a gas chromatograph coupled with a
mass spectrometer is available for the detection of unknown orga
nic substances in various types of samples.
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CHEMICAL-PHYSICAL TREATMENT PLANTS
The differentiation between hazardous waste and waste-water is a
practical and legal problem. Many substances listed in the German
Waste Catalogue mainly consist of water contaminated either by in
organic components such as heavy metals, chromate, nitrite etc. or
by organic contaminants, most of them -originating from mineral
oils or their derivatives. These substances are not allowed to be
discharged into a sewage system; because of their toxicity they
need a pre-treatment. Owing to that, they are classified as waste,
not as waste-water. These types of hazardous liquid waste are ge
nerated by metal-surface finishing processes (e.g. electroplating
industry or motor industry etc.).
According to the demands of the German Technical Instruction Waste
(TA Abfall 1991), two completely separate lines have to be used
for the treatment of wastes contaminated by inorganic or organic
compounds. Taking into consideration the absolute prohibition of
mixing different kinds of waste in Germany, it can be understood
that the demands of the TI Waste have to be met very carefully. A
look at the residues of the treatment processes indicates that
different kinds of disposal are necessary: solid and oily residues
from the organic treatment line have to be combusted while solid
residues (metal-containing filter cakes) from the inorganic plant
have to be landfilled. Meeting these principles, the ZVSMM is ope
rating a modern plant for the treatment of organically polluted
liquid waste which was built in 1990 and a conventiofial plant (un
der operation since 1974) for the treatment of the inorganic waste
streams.
Chemical-Physical Treatment Plant for the Detoxification of Inor
ganic Waste
The flow-sheet in fig. 2 shall give an idea of the procedures be
ing practised in this facility. Acceptance and storage areas have
been constructed to receive different kinds of waste: neutral
sludge, cyanide-, chromate-, and nitrite-contaminated residues as
well as spent acids and alkaline solutions.
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Chemisch - Phvsikatische Behandluna
Annahme

Speicherung Homogenisierung
Abluff- Behandlung
Entwosserung reinigung

Kontrolle

Losungen

ZVSMM

Fig. 2. Anorganische Chemisch-Physikalische Behandlungsanlage des ZVSMM
In the storage tanks the following pre-treatment operations can -be
carried out: oxidation (cyanide, nitrite), reduction (chromate),
and neutralization rsp. pH-adjustment. The reagent chemicals
(lime-slurry, sulfuric acid, sodium hypochlorite etc.) are stored
in suitable tanks. The feed of the chemicals is regulated automa
tically, using time-setting methodes. After the pre-treatment, the
sludges produced are dewatered in a filter press. The filtrate un
dergoes a second treatment. If the post-treatment has been execu
ted successfully, the water phase is pumped into a final storage
tank.
If the analytical control has ensured that the limiting values are
being kept, the water is discharged into the municipal sewage sys
tem, otherwise it is charged back into the treatment plant.
The inorganic chemical-physical treatment plant was constructed in
1974. Generally spoken, it represents the state of the art of this
time, althought it has been upgraded several times, e.g. by in
stalling a completely new measurement and regulation unit and a
new air-scrubbing system. In 1974, the investment costs of the
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plant approximately covered 5 million DM. The capacity is 20.000
t/a. Owing to the fact that the facility does not meet all the de
mands of the TI Waste, it has to reconstructed until 1996 or
otherwise be closed.
Chemical-Physical Treatment Plant for the Treatment of Organic
Waste
Fig. 3 in a simplified manner shows the treatment process being
under operation at the ZVSMM plant for liquid wastes loaded with
organic contaminants.

Abwasser- Reiniounasanlaae
Annahme

Homogentsierung chemisch-physikalische biotogische Behandlung

Abgabe

pSpntrwasser
, StroOcnobvosser

| OiecukaUenl

Metnp* *od*5er.

Grobstoffe Sedimerte (X
zurSHVA_____

Schlamm
zurSHVA

zuf SHVA

ZVSMM

Fig. 3. Chemisch-Physikalisch-Biologische Behandlungsanlage fur flussige organisch belastete Abfalle
beim ZVSMM
The spectrum of the wastes being treated here ranges from simple
oil-in-water mixtures, spent emulsions, liquid residues from tank
cleaning to washing liquids from paint cabins. The solutions are
contaminated not only by dissolved or dispersed compounds but also
by solids of differing particle sizes.
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According to the characteristics of the wastes to be treated, the
process comprises four main stages:
- mechanical stage: For the separation of light, coarse particles,
rotative sieves are used. Heavy particles with good separation
characteristics are separated in a sedimentation tank. The sepa

ration of finely dispersed sludge is carried out using a centri
fuge.
- chemical stage: It consists of a. four stirred-vessel cascade for
the continuous treatment of the solid-free waste. The waste is
pH-adjusted, oxidized and/or reduced (if necessary) by adding
appropriate chemicals. Emulsions are broken by adding iron(III)chloride. After a raise in pH, a hydroxide precipitation takes
place. The chemical treatment is finished in a flotation stage
using pressurized air. After having moved to the surface/ the
sludge is pumped to a centrifuge and, after having been dewate
red, is transported to the incinerator.
- biological stage: The units of the plant decribed before are
rather conventional ones; what is really new is the biological
treatment plant. Here the dissolved organics are mineralized to
nitrogen, carbon dioxide, and water by microorganisms. The bio
logical plant comprises three stages: a denitrification tank
(first stage and recirculation) and two aerobically stimulated
tanks, each of them consisting of an aeration and a settling
tank. The hydraulic capacity of the biological plant reaches up
to 15 m3/h. The degradation rate for organic substances (given
as COD) is about 70 - 75 %. The degree of nitrogen degradation
is 60 %.
Two sets of storage tanks are available for the homogenization of
the liqiud waste: 3 tanks for the intermediate storage of the
waste after the separation of the solids, each having a 300 m3 net
volume, and two tanks of a 250 m3 net volume for the storage of
the waste-water after the chemical treatment before it is charged
to the biological section.

The plant is equipped with a sophisticated gas cleaning system
(Amsoneit 1992): A slightly contaminated, mainly odourous gas
stream of 15.000 m3/h is treated in a compost filter. Another gas
stream contaminated with volatile chlorinated hydrocarbons is
cleaned using an activated carbon filter.
The plant has a total annual capacity of about 60.000 t/a. The in
vestment costs in 1989 equalled 22 million DM.
Leachate Treatment
The leachate treatment

facility is integrated in the chemical-

physical treatment plant. After a long period of research, the
ZVSMM in 1985 decided to use evaporation as the basic leachate
treatment process. Although being a well-established technology in
the chemical industry, evaporation technique here found its first
application for the treatment of waste. The decision to establish
this technology was supported by the fact that process steam pro
duced at the heat recovery unit of the incinerator was available.
The first evaporation plant went into operation in 1985. It was
designed as a two-stage construction, the first stage being a
stripping column used as a pre-treatment unit for the separation
of ammonia at a high pH-value (pH > 12). To avoid corrosion, the
heat exchangers were made from graphite. The metal surfaces in
contact with the feed were made from a high nickel containing al
loy (Hastelloy C). The evaporation process is performed at under
pressure.
Approximately 3 m3 of leachate can be processed per hour. A clean
distillate which can be used as process water and a solid residue
are produced. The solid residue, a contaminated salt, has to be
disposed of in an underground landfill site.
In 1991, the capacity of the plant was extended by building a
third stage operating parallel to the second stage. The third
stage is equipped with a fluidized bed of steel particles circu
lating in the heat exchanger to prevent the heat exchanger sur
faces from encrusting. The plant now has a capacitiy of 6,5 m3/h.
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INCINERATION

According to TI Waste,

wastes to be accepted for landfill are not

allowed to exceed a 10 percent loss of ignition. As a consequence,
all the kinds of waste containing a significant amount of organic
substances have to be thermally pre-treated,

i.e. combusted, be

fore the residues can be buried at a landfill,

therefore combu

stion plays a central role in a hazardous waste treatment centre.

Waste Acceptance, Pre-Treatment and Storage

The central part of a combustion plant is the incineration unit
itself. The necessary installations for acceptance, storage and
pre-treatment of the combustible waste are situated close to the
plant. Solid waste is stored in a bunker. It should be considered
that the bunker should be able to take up the incoming wastes for

a several-day shut-down of the plant.The bunker is made from con
crete and is provided with a steel liner inside to prevent conta
minations of soil or groundwater by spills or leakages.

Liquid wastes,

e.g. solvents, waste oil etc. are stored in tanks.

The tanks should have cone-bottoms and should be equipped with
stirrers. The plant should be furnished with several tanks of dif
ferent sizes to be able to store reactive liquids separately. For
safety reasons,

the tanks should be equipped with a nitrogen blan

ket to avoid the development of an explosive atmosphere in the gas
phase at the top of the liquid.

Experience to date has shown that rotative sieves installed at the
discharge point for combustible liquids are efficient. The sieves
prevent particles and textiles from entering the tanks or the li
quid burner. Owing to that, blocking of the tubes can be avoided.

A large amount of waste is delivered in drums and in all kinds of
one-way-containers of different sizes varying from 19 1 up to 120
1 drums. A Suitable storage area for the deliveries in containers
should be present. The drum storage area should be roofed-in and
should be lined to protect the underground from spillages. Drum
handling is very important. Therefore many different drum-handling
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procedures are practised. At the ZVSMM facility, drums can be
treated as follows:

- directly fed to the kiln by elevator (restriction in weight to
avoid CO peaks)

- being emptied (in case of liquid content) either by vacuum car
or automatically by a vacuum station

- empty drums or drums containing solid, non-explosive substances
are shreddered and fed to the kiln via bunker

- drums containing liquids that might react with air or moisture
can be pumped in closed systems directly to the front plate of
the kiln.

A crew of four laboratory technicians is permanently present at
the drum storage area to control the waste in drums and containers
and to decide how the drums are to be processed.

Incineration System

The ZVSMM has replaced its first incinerator (constructed in 1972)
by a new one with a larger capacity. Both plants represent a simi
lar technology, based on the combination of a rotary kiln with a
post-combustion chamber. This system world-wide has shown to be
the only one to treat all kinds of combustible wastes: solid,

li

quid and pasty with wide ranging heat values. The ZVSMM plant is
represented in fig.4. The plant consists of a rotary kiln (length
12 m, diameter 4 m) with a heat- and chemical-resistant refractory
inside. The kiln is combined with a post-combustion chamber of a
round shape. The chamber has a diameter of about 7 m and a height
of 24 m. The solid waste is fed by crane into the rotary kiln.
Liquid waste can be injected by burner lances into the middle of
the post-combustion chamber. The temperature in the kiln varies
between 900 °C and 1200 °C at an oxygen atmosphere of 9 - 12 % Og.
The residence time in the kiln can be 45 minutes. The conditions
in the post-combustion chamber can be described as follows:
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SondermuU -Verbrennunosanlaag
Lagerung Aufgabe

Verbrennung

Abgasreinigung

ZVSMM
Fig. 4. Sonderabfall-Verbrennungsanlage einschlieBlich
Abgasreinigung beim ZVSMM

temperature:

1.100 - 1.200 °C

oxygen content: 9 - 12 % 0%
residence time:

4 s

(after having passed the last spot of waste

supply)

The capacity of the plant reaches 30.000 t/a; the hourly through
put is 5 t. The ratio liquid to solid is 1

:

1,5.

Energy Recovery and Flue Gas Cleaning System
The flue gas is leaving the combustion system at the top of the
post-combustion chamber with a temperature of approximately 1.200
°C.

Before entering the electric precipitator as the first stage

of the flue gas cleaning device,

the gas has to be cooled down to

a temperature of about 280 °C to 320 °C. The cooling down can be
performed either by quenching or by using heat exchange in a boi
ler. The ZVSMM has decided to favour the option of heat recovery
for economic reasons. The heat content of the flue gas is trans
formed to 17 t/h high pressure steam that is led over a turbo-ge
nerator where two MW of electric power are produced. Another por
tion of the steam is used to process the evaporation plant at a

217

pressure of 4 bar and to support the district heating system of
the site.

Because of the high particle concentration in the flue gas,
heat exchange surfaces permanently have to be cleaned.

the

In diffe

rent parts of the boiler, different cleaning systems are under
operation: root-blowers,

knocking systems and sonar systems. Du

ring the two annual shut-down periods for maintenance in spring
and autumn with a three-week duration,

the boiler is cleaned man-

nually.

Leaving the boiler after having passed the economizing heat ex
change surfaces,

the flue gas has a temperature of 280 °C up to

320 °C, depending on the degree of incrustation in the boiler. At
this temperature,

the gas enters a three-stage electric precipita

tor where the particle concentration is decreased from about 10 15 g/m^ down to about 50 mg/m3. The almost dust-free flue gas en
ters the scrubbing system. The fundamentals of the scrubber can be
seen in fig 4.

The gas enters a heat exchanger using thermal oil where it is coo
led down by 40 °C. Then it passes the first srubbing stage where
it is intensely contacted with the scrubbing liquid that is spray
ed into the flue gas stream by nozzles. The flue gas passes the
liquid-filled bottom part of the scrubber and is expanded by pas
sing a venturi-ring-split with a pressure loss of about 400 m wa
ter column. After having passed several water-sprayed demister
packages,

the clean gas enters another heat exchaneger where it is

re-heated from 65 °C up to 120 °C using the energy content of the
raw gas.

It leaves the top of the brick-constructed stack with a

temperature of 100 °C.

with this simple but very effective cleaning system using sodiumhydroxide and working at a pH of about 7-8,

the existing limi

ting values of dust, HC1, SO2, HF etc. can be kept without pro
blems. About 1 m3 per hour of brine is taken out of the circuit.
It is collected in a special tank and evaporated as a charge in
the evaporation plant. Thus,

the scrubber works waste-water free.
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The distillate from the evaporator is used as fresh water to com
pensate the evaoporation loss of the scrubber.

From 1996, new as well as existing incinerators will have to meet
much more stringent Emission limits which prescribed by the 17 th
amendment of the Federal Immission Law. Owing to that, the ZVSMM
is forced to build a completely new scrubbing" system. The new
plant now being under construction will requires about 60 million
DM.

It will be equipped with a catalytic stage

for

NOx-reduction

by ammonia and an activated carbon-based fluidized bed reactor for
minimizing mercury and organic compounds, e.g doixines and furanes.

RESIDUES FROM WASTE TREATMENT
As can be seen from the short descriptions of the treament proces
ses being installed at the Schwabach facility, most of the treat
ment procedures generate new residues. This is a simple conse
quence of the law of preservation of mass. As shown in fig.

1,

the

different substance streams produced cause a very strong interde
pendence of the different facilities of the centralized treatment
system including the landfill site.

The solid and liquid oil-contaminated residues including the bio
logical sludge from the chemical-physical treatment plant have to
be burnt. Slags from the rotary kiln have to disposed of at a hazaradous waste landfill, while the ashes from the electric preci
pitator have to be deposited underground.

The filter cakes from the inorgnaic treatment system have to be
landfilled,

Thus,

too.

it can be realized that,

if a plant claims to offer a com

plete service to the waste-generating industry, it should offer
the technologies described before either at one site - the ideal
case - or at least within one company.
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ABSTRACT
In order to study the effects on soil and plants of the liquid effluent generated by the SITEL (Integrated
Liquid Effluent Treatment System) treatment plant of the 3rd Brazilian Petrochemical complex, a field study
was conducted in four areas which received the effluent since 1983, compared with control sites. Average
pH of the soil surface layer increased from 5.1 to 5.7 with no change after 1985. The alkaline effluent (pH
9.5) also reduced the soil potential acidity. An increase in exchangeable Na, K and Ca, extracted S, P, Ni
and Zn, chloride and electrical conductivity of the soil was also observed in the areas with effluent
application. In these areas plants showed higher Na, K, S, N, P, Cd and Zn and lower B contents compared
to plants growing in nearby sites without effluent. Soil infiltration rate was reduced, due to clay dispersion,
with continuous effluent application. Native vegetation was mostly modified around the spray irrigation
nozzles, whereas perforated pipes caused only small changes in vegetation in the areas directly affected by
the effluent.

KEYWORDS
Clay dispersion; heavy metals; liquid effluent; soil chemistry; surface irrigation.

INTRODUCTION
The Brazilian south Petrochemical Complex located in the Triunfo municipality, near the Rio Grande do
Sul state capital (1,5 million people), must comply with very strict legislation concerning effluent disposal.
Industrial liquid discharges suitable for biological treatment are sent to the effluent treatment plant of the
complex (SITEL) for handling, treatment up to the tertiary level and final disposal.
SITEL’s liquid effluent is dissipated by overland disposal (sprinkler or perforated pipes) on areas covered
by forest, shrub or tall grasses. Disposal points were located on the upper points of a gently sloping area
covering 55 hectares, according to a previous soil survey (Klamt et al., 1982).
Effluent infiltration rate is a key soil property to prevent the runoff from reaching the Caf river nearby.
Effluent application rate in the system design was based on infiltration tests (concentric rings method Forsythe, 1975) with an approximately fivefold safety factor. With continuous operation of the system
however, a sharp decrease in infiltration rate was observed and native vegetation changed with effluent
application (Simon et al., 1986). This study was conducted, therefore, to evaluate the changes in soil
properties and vegetation characteristics after 5 years of continuous effluent disposal.
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METHODS AND PROCEDURES
Four sites were selected for study, each with different slope and vegetation cover. For each site a control
point with the same soil type and slope was included in an area nearby. This site received no effluent
treatment. The description of the sites was given by Simon et al. (1986).
In May 1988, the summer growth vegetation was identified to the species level for the prevailing species.
The same was done in October 1988 for the winter growth vegetation.
Composite soil samples at three depths (0-30 cm; 30-60 cm and 60-120 cm) were taken in each site. Plant
samples were also taken. Field infiltration tests were conducted according to the method of concentric rings
(Forsythe, 1975).
After drying and grinding the following parameters were determined in soils: pH (1:1 soil:water ratio),
available P and K (extracted by 0.05N HC1 + 0.025NH2S04), Al, Ca, Mg and Mn (extracted by IN KC1),
Cu, Zn, Cr, Cd, Ni and Pb (extracted by 0.1N HC1), organic carbon (by wet oxidation), total N (Kjeldahl
digestion), B (water soluble), electrical conductivity (1:5 extract) and soil particles (Bouyoucos, 1951).
Methodology details are given by Tedesco et al. (1985).
Plant samples were analyzed for total content of: N, P, K, Ca and Mg (Kjeldahl digestion), Na, Cu, Zn,
Mn, Fe, Cr, Ni, Cd and Pb (HN03-HC104 digestion), and B (dry ashing) (Tedesco et al., 1985).

RESULTS AND DISCUSSION
The average characteristics of the effluent generated by the SITED plant in 1988 are given in Table 1. All
controlled parameters are below the final effluent discharge standards set forth by the state legislation. It
can be observed however that pH, sodium, chloride and sulphate are rather high, with a significant increase
in the last few years. Plant composition and soil properties will be affected, as discussed below.
The results of soil and plant analysis will be presented as averages of the four sites, with (treated) and
without (control) effluent application. Plant characterization however will be described by site, since
vegetation is more variable than soil.
Vegetation
Due to its composition, the liquid effluent promotes a marked effect on vegetation and soil properties. Plants
adapted to saturated soil conditions are favoured in the final disposal areas.
In the native vegetation survey, 71 summer growth and 107 winter growth species were identified. Complete
characterization and site distribution are found in Tedesco et a\. (1990). The main components identified
were:
Site 1. Located in the upper third of a 5% slope hill. In the area with effluent spread by perforated pipes,
summer growth vegetation is predominantly small size Compositae such as Vemonia nudiflora, with some
species of Baccharis, Pluchea, Solidago and Solanaceae such as Cestrum calytinwn. Gramineae (Paspalum,
Digitaria, Eragrostis) and Ciperaceae (Carex) are also found. Winter growth vegetation is mostly short size
grasses (Cynodon dactylon, Axonopus affinis) and Ciperaceae (Rhyncospora, Cyperus).
In the area without effluent (control), located on the opposite side of the same hill, tall species of Fragara
rhoifolia, Pluchea sagittalis, Solidago chilensis predominate in summer. Tall Compositae such as Vemonia
nudiflora, Baccharis pseudovillosa and Gramineae (Setaria, Eragrostis, Agrostis, Andropogon, Paspalum
and Panicum) are also found. Winter growth is mostly of Baccharis dracunculifolia, Solanum diflorum and
Gramineae (Stipa pauciciliata, Eragrostis lugens, Panicum deltae, Brisa subaristata) and others.
Site 2. Located in the lower third of the same hill as site 1. Effluent disposal and surface runoff promote
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saturated soil conditions most of the time. Vegetation is similar to that found in site 1, with some emphasis
on species more adapted to the local soil conditions. In the control area the vegetation is also similar to that
found in site 1, with more Gramineae and Umbeliferae (Eryngium ebumeum).
Site 3. Located at the top of a small elevation with 1% slope. Effluent is spread by sprinkler (nebulizing
type, without moving parts). Native vegetation was highly modified by the action of the gun type sprinkler
used in the first years of the system operation. In summer growth Ciperaceae {Eleocharis elata), Gramineae
(Panicum aquaticum, Paspalum pauciciliatum) and Juncaceae (.Juncus sp) predominate. Winter growth is
mainly of Gramineae (Cytiodon dactilon, Paspalum urvillei) and Ciperaceae (Eleocharis selloviana, Carex
bonariensis and Rhyncospora uniflora).
In the control area nearby is found bush type vegetation with plants about 3m tall, of the genera Baccharis,
Hyptis and Dodonea. In the undergrowth are found species of the genera Eryngium, Bhyncosia, Desmodium
and some genera of the Pteridofitae and Gramineae families.
Frequently observed in this soil type are half to one meter diameter holes leading to drainage basins nearby
through underground tunnels. These could be formed around animal burrows.
Site 4. Located in an area of slope less than 1% covered with eucalyptus trees. Effluent is spread by
perforated pipe. Several trees fell down due to the weakening of the roots by the change in soil properties
and poor drainage. Summer undergrowth consists mostly Paspalum conjugation, Dryopteris sp and Carex
phalarioides. Panicum glutinosum, Andropogon bicomis, Panicum sabulorum and Desmodium adscendens
are found in the area not directly affected by the effluent. Winter growth is mostly genera of the Cyperaceae
and Pteridofitae families and some wet soil grasses.
In the control area, among the eucalyptus trees, can be found medium size shrubs of the genera Dodonea
viscosa, Eupatorium laevigatum, tall grasses such as Andropogon bicomis and Paspalum mandiocanum. In
the undergrowth Eryngium ebumeum, Caesalpinia epunctata, Paspalum plication, Panicum sabulorum,
Pteridophytae as Dryopteris sp and some climbing species as Passiflora sp and Mikania sp predominate. In
the winter growth Panicum glutinosum, Panicum cayenense and some species of the Desmodium and
Desmanthus genera predominate. Some plants of the Verbenaceae, Rubiaceae, Convolvulaceae and*
Umbeliferae families were also found.
Soil analysis
pH and related parameters. Soil pH increased from 5.1 to 5.7 in the upper layer with effluent application
(Figure 1). This increase was also observed in the sub-surface layers. Consequently, soil potential acidity
and exchangeable aluminum decreased (data not shown).
-1
Exchangeable cations and related effects. Sodium and potassium are high in the effluent (Table 1); since
these cations are mobile in the soil, their concentrations are high and fairly uniform in the profile, with
increase in the solution electrical conductivity (Figure 1, Table 2). Increase in calcium is restricted to the
upper layers, whilst magnesium is not affected. The high sodium content of the effluent affects the cation
balance, increasing the sodium adsorption ratio (SAR). As a result, clay dispersion occurs, decreasing
drastically soil infiltration rate (Figure 1) and fouling all the system, since the disposal rate is based on soil
infiltration. Even the safety factor adopted cannot counterbalance the sharp decrease in infiltration rate.
Overland flow of effluent is therefore observed. Probably system following or increasing soil calcium
content could alleviate this problem.
Anions. Phosphorus content of the soil upper layers increased with effluent application. However, the values
determined are still low for adequate crop growth (SBCS-NRS, 1989). Chloride and sulphate are high in
the areas with effluent application, since they are the prevailing balancing anion in the effluent (Tables 1,
2). The values determined are probably the equilibrium levels between maximum soil adsorption capacity
and soil saturation with effluent. Soil boron was not affected by effluent application.
Heavy metals. Soil copper and lead contents extracted with 0.1N HC1 are low, and were not affected by
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effluent application (Table 2). Zinc increased in the upper soil layer, reaching an average maximum of
1.1 mg/1. This value is frequently found in soils of the Rio Grande do Sul state (Luchese, 1985), and is
considered low for crop growth in the Brazil “cerrado” region (Lopes, 1984). Cadmium increased in the
soil profile, reaching a maximum average value of 4 pg/1. This is very much below the risk level of 1,000
pg/1, as adopted by the Council of European Communities (C.E.C., 1986). Nickel and chromium showed
a small increase in the soil upper layer with effluent application (Table 2). However, the values obtained
are very low. The risk of soil contamination with metals is not anticipated in the foreseeable future.
Plant analysis
Leaves and stems of grasses and small shrubs were taken for the plant samples. Their composition varied
according to the dominant species of each site. The average mineral content of the plant samples is given
in Table 3.
Plant macronutrients. Nitrogen, phosphorus, potassium and sulphur increased with effluent application.
Their levels are adequate for plant growth. A remarkable increase in sodium content up to almost eight
times over the control was observed. The 0.37 g/lOOg sodium content is however low compared to the 2.30
g/lOOg potassium content. Since these ions are physiologically similar, sodium may not be limiting plant
growth. Plant calcium and magnesium content were not affected by effluent application.
Plant micronutrients. Zinc, copper, manganese and iron contents are in the range usually found in plants,
with slight differences due to effluent application. Boron is lower in the irrigated areas probably due to the
leaching of the soil by the effluent (Table 3).
Heavy metals. An average increase in plant cadmium content of 33 to 88 jug/kg was determined. Even
though the effluent cadmium content is low (Table 1), it is rather mobile in soil and taken up easily by
plants. However, cadmium toxic levels are much higher, at about 1000 /*g/kg (Kabata-Pendias and Pendias,
1984). Lead content also increased in plants, while nickel decreased with effluent application. The contents
determined are within the normal range for these metals. Chromium content was not affected by effluent
application.
CONCLUSIONS
Plant vegetation was modified; prevailing plants adapted to wet soil conditions in the irrigated areas. Except
for sodium, plant mineral contents are in the range usually found in non contaminated soils. Overland
effluent disposal increased soil pH and sodium and potassium content, with decrease in the infiltration rate
due to clay dispersion. Soil sulphate and chloride also increased. In the 0.1N HC1 soil extract copper and
zinc content were not affected, while nickel, cadmium and chromium showed a small increase with effluent
application. Their contents are however much below toxic levels.
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TABLE 1. AVERAGE, RANGE AND STANDARD DEVIATION OF SOME CHARACTERISTICS
OF THE EFFLUENT DISPOSED OF IN 1988.
■ Average

pH

9.5 (333)"

8.9 - 9.8

Elec. Conduct. - /tS/cm

2,396 (89)

2,244 - 2,634

158

Total Susp. solids - mg/1

28 (80)

14-44

12

Total Diss. solids - mg/1
TOC - mg/1

1,417 (54)
34.4 (95)

1,203 - 1,700
26.1 - 45.2

232
6.7

COD - mg/1

76.4 (333)

58.3 - 103.3

10.1

BOD - mg/1

6.8 (49)

5.5 - 8.4

1.6

6.3 (76)
471.0 (46)

2.4 - 11.3

Chloride - mg/1

422.0 - 502.2

3.6
27.5

Ammonium - mg/1

0.41 (64)

0.21 - 0.73

0.22

Nitrate - mg/1

-0.23 (48)

0.10-0.42

0.14

Nitrite - mg/I

0.03 (20)
3.92 (64)

0.03 - 0.05

0.01

3.26 - 4.62

0.59

Oil and grease - mg/1

N (total) - mg/1

Range

St. deviation

Parameter*

0.2

P (total) - mg/1

1.39 (74)

1.04 - 1.71

Sulphate - mg/1

334.2 (29)

315.1 - 358.2

24.4

0.28

Calcium - mg/1

40.3 (12)

35.1 -45.2

4.5

Cadmium --/tg/1

< 8"* (30)

<8 - 10

-

Chromium - /ig/1

21 (30)

<20 - 30

3

12 (20)

11 - 15

Iron - mg/1

0.37 (21)

0.34 - 0.41

Mercury - /tg/1

<0.3 (42)

<0.3 - ?

Potassium - mg/1

60.9 (21)

59.4 - 65.6

1.4

Magnesium - mg/1

7.3 (21)

7.1 - 7.5

0.2

Manganese - mg/1

0.07 (21)

0.06 - 0.08

Sodium - mg/1

516 (21)

493 - 535

17

Nickel - /tg/1

<40 (21)

<40 - 42

-

Lead - /tg/1

< 100 (30)

<100- <100

Zinc - /tg/1

108 (30)

74 - 146

Copper - /xg/1

0.03
-

0.01

43

" Analysis according to standard methods (A.P.H.A., 1980) by the SITEL/CORSAN laboratory.
” Figures between brackets are the number of samples taken for the average.
The sign < means below detection limit; the value is taken as zero for average calculation.
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TABLE 2. SOIL CHEMICAL ANALYSES (AVERAGE OF FOUR SITES).
Depth (cm)
Parameter*

30-60

0-30

Sodium ads. ratio

Treated

Blank

4.3

0.4

207

Potassium - mg/1

Treated

60- 120
Blank
0.4

4.0

36

193

16

Treated
3.9
198

Blank
0.5
17

Calcium - mg/1

2.3

1.1

2.1

0.6

0.9

1.5

Magnesium - mg/1

0.5

0.6

0.5

0.6

0.9

1.5

Phosphorus - mg/1

4

1

2

1

1

1

Chloride - mg/1

156

68

152

55

165

52

Sulphate - mg/1

51

18

49

14

42

35

Boron - mg/1

0.9

0.6

0.7

0.6

0.8

0.4

Copper - mg/1

1.1

0.9

1.2

1.0

1.1

1.0

Zinc - mg/1

1.1

0.4

0.4

0.1

0.4

0.1

Cadmium - pg/1

4

4

4

1

Nickel - mg/1

0.41

0.24

0.10

0.12

0.07

0.08

Lead - mg/1

0.16

0.12

0.19

0.23

0.54

0.39

Chromium - mg/1

0.25

0.06

0.14

0.06

0.06

0.03

<1

1

" Methods according to Tedesco et al., 1985

TABLE 3 - PLANT ANALYSES (AVERAGE OF FOUR SITES)
Parameter

Treated

Parameter

Blank

Treated

Blank

Nitrogen - g/lOOg

1.98

1.51

Copper - mg/kg

8

9

Phosphorus - g/lOOg

0.32

0.24

Manganese - mg/kg

214

268

Potassium - g/lOOg

2.30

1.96

Iron - mg/kg

229

197

Calcium - g/lOOg

0.37

0.41

Boron - mg/kg

14

25

Magnesium - g/lOOg

0.27

0.31

Nickel - mg/kg

1.57

Sodium - g/lOOg

0.38

0.05

Chromium - mg/kg

1.47

1.47

0.29

0.16

Lead - mg/kg

1.23

0.59

Sulphur - g/lOOg
Zinc - mg/kg

32

27

Cadmium - /ig/kg

227

88

2.68

38

Treated

□o-30cm

Do-30 cm

■30-60 cm

■30 - 60 cm

□60-120 cm

□60-120 cm

Blank

Treated

Blank

Treated

Blank

□o-30cm
■30 - 60 cm
□60-120 cm

O

100

Treated

Blank

Figura 1. Soil pH, electrical conductivity, exchangeable Na and infiltration rate.
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TREATMENT OF TEHRAN REFINERY WASTEWATER
USING ROTATING BIOLOGICAL CONTACTOR
Masoud Ghazi, Hassan Mirsajadi, Hossien Ganjidoust
Environmental Engineering Department
Tarbiat Modarres University.
P.O.Box 14155-4838

Tehran, Iran

ABSTRACT
Tehran Refinery is a large plant with a capacity of 220,000 barrels a
day and produces benzine, gasoline, kerosene,
lubricating oils and
either petroleum products. The wastewater from refinery is generated
from several including refinery processes and units,
washing water
from different refinery installations, sanitary wastewater and storm
water. Because of the uniqueness of the production in each refinery
treatment of the wastewater produced in it needs to be treated to the
specific plant. Currently, an activated sludge system is the main bio
logical wastewater treatment process in Tehran refinery plant. Por
tions of the treated effluent is being reused for cooling towers and
the remaining of it is being discharged into the surface waters.
Because of the current difficulties in the operation of the treatment
plant and the periodic toxic shocks which upsets the function of the
activated sludge process, a study was initiated in order to find a
more suitable and reliable process which can produce a better treated
effluent. If successful, the treated effluent then can be reused for
irrigation of agricultural lands which in a water scarce country like
Iran can be very important.
KEYWORDS
Biological Oxygen Demand (BODS), Chemical Oxygen Demand (COD), N-NH4,
N03, N02, P, DO, Ph, Refinery Wastewater, Rotating Biological Contac
tor (RBC).
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INTRODUCTION
Oil wastes can be classified into those originating from (1) oil
refining. Wastewaters result from pumping,
desalting,
distilling,
fractionation, ect. they are of large volume and contain suspended and
dissolved solids, oil, wax, sulfides, chlorides, mercaptants, phenolic
compound and sometimes large amounts of dissolved iron. Ordinarily
biological units is important in waste water treatments.
Biological
wastewater treatment involves bringing the active microbial growth in
contact with wastewater so that they consume the impurities as food. A
great variety of microorganisms come into play that include bacteria,
Protozoa, rotifers, nematods, fungi, alga and so forth.
These organ
isms',
in the presence of oxygen convert the biodegradable organics
into carbon dioxide, water, more cell material, and other inter prod
ucts. The basic ingredients for secondary biological treatment are the
availability of (1) mixed populations of active microorganisms
(2)
good contact between the microorganisms and waste material (3) avail
ability of oxygen (4) availability of nutrients
(5)
maintenance of
other favorable environmental condition, such as temperature, pH, suf
ficient contact time, ect. We can divided the process of wastewater
treatment into two types: A) Suspended Growth Biological Treatment,
and B) Attached Growth Biological Treatment.
In attached growth bio
logical treatment processes the population of activated microorganisms
are developed over a solid media. The attached growths of microorgan
isms stabilize the organic matter as the wastewater passes over them.
There are two major types of attached growth process:
(1)
trickling
filters (2) rotating biological contactors.
A rotating biological contactor
(RBC) is constructed of bundles of
plastic packing attached radially to a shaft, forming a cylinder of
media.
The shaft is placed over a contour-bottomed tank so that the
media are submerged approximately 40 percent. The contactor surfaces
are spaced so that during submergence wastewater can enter the voids
in the packing. When rotated out of the tank, the liquid trickles out
of the voids between the surfaces and is replaced by air. Each study
acts as a completely mixed chamber and the movement of the wastewater
through the series of tanks simulates plug flow, biological solids
washed off the media are transported hydraulically under the baffles
to be carried out with the effluent.
RESULTS AND DISCUSSIONS
The parameters BODS and COD of the effluent from Tehran refinery was
tewater which entered the RBC were measured and the results are • shown
in figure 1.

230

INFLUENT COD IN R8C SYSTEM
8QO
800-

400 r

NO. OF SAMPELS

INFLUENT BODS IN RBC SYSTEM

NO. OF SAMPELS
----- INFLUENT

Figure

1.

Influent
wastewater

BODS

&

COD

in

the RBC System of the Refinery

The average BODS and COD reduction for different flow rates are
shown in figure 2. From figure 2, it is clean that at was
tewater flowrate of 600 ml/min, the highest percent removal for both
COD and BODS were obtained which is about upto 90%. since the desired
removal rate for COD in our study due to further treatment is about
80%,
the flowrate can be increased upto 800 ml/min as shown in figure
2. For the flowrate of 800 ml/min the variation of influent and efflu
ent COD, BODS, N-NH4 and N03 and the reduction results from
these study for Rotating Biological Contactor system are shown in
figure 3,
4 and 5. AS shown in these figures,
both BODS and
COD reduction were more than 80% which satisfied our goal in study.
Comparing to the activated sludge treatment processes available in
Tehran refinery plant, the RBC system will results in more percent
removal rate for both COD and BODS. In addition, other investigators
have found the following results:
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Figure 2. Average BODS and COD Reduction for Different Flow Rate
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INFL. & EFFL. BODS FOR 0-800 ML/MIN
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Figure 3. Influent, Effluent and Percent Reduction BODS in RBC
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System
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Figure 4. Influent, Effluent and Percent Reduction COD in RBC System
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Figure 5. Influent, Effluent and N-NH4 & N03 in RBC System
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CONCLUSION
Comparison results of pilot plant study with results of Wastewater
treatment plant in Tehran Refinery can conclude:
1- RBC system can reduce COD, BODS, oil,... in Tehran refinery
wastewater and the system was able to achieve a BODS reduction of 85%
and COD reduction of 90%.
2- " The RBC system is more economical"and reliable process as compared
to activated sludge processes.
3- Nitrification of the system was in good range.
4- The RBC system was able to achieve the such as H2S, Furfural,...
5- The optimum loading rates in Tehran refinery wastewater treatment
using RBC (41.15 lit/square meter-day).
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LONG TERM EFFECTS OF PETROCHEMICAL
ACTIVATED SLUDGE ON PLANTS AND SOIL.
MODIFICATION OF SOIL PROPERTIES.
M.J. Tedesco*, C.A. Bissani*, P.I.F. Ribas", F.G. Mohrdieck” and E.B.
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Soils Department, Federal University of Rio Grande do Sul, Av. Bento Gongalves,
7712, 90.001-000, Porto Alegre-RS, Brazil.
Operation and Maintenance Department, CORSAN-SITEL, Polo Petroqulmico do Sul,
Via 3, 95.853-000, Triunfo-RS, Brazil.

ABSTRACT
A microplot experiment to study the effects of several rates of excess activated sludge generated by the
SITEL/CORSAN (the integrated wastewater treatment plant of the southern Brazilian petrochemical
complex) on plants, soil and leached water was started in 1985. Sludge was applied for six years. Ryegrass
(Lolium multiflorum Lam.) and pangola grass (Digitaria decumbens Stent) were grown in winter and summer
seasons, respectively. Top soil carbon, nitrogen, phosphorus, sulphate, sodium, calcium, chloride, zinc,
chromium and nickel increased with sludge addition, while copper lead, potassium, iron, .manganese and
boron were not affected. Subsurface layer sodium, chloride and nickel contents also increased.

KEYWORDS
Heavy metals; land treatment; microplot experiment; petrochemical wastes; sludge disposal

INTRODUCTION
The excess activated sludge generated by SITEL plant (Sistema Integrado de Tratamento de Efluentes
Lfquidos) in disposed of by injection in the soil on a sludge farm. Details of this operation are given by
Simon et al. (1985). The effects of this operation on plants, soil and leached water were thoroughly studied
in a microplot experiment, started in 1985. The first years result were published by Tedesco et al. (1988).

MATERIALS AND METHODS
The microplots were 300 mm diameter PVC cylinders with 42.3 liters capacity, filled with an acidic sandy
loam soil (pH 5.4) collected near the sludge farm, in three layers 20 cm deep, potted in the same order as
in the field. The soil layers were separated by a nylon mesh and the microplots had a 5 cm gravel layer in
the bottom, with a side drain to collect excess rain water. Soil characteristics are given by Tedesco et al.
(1988).
Sludge at the rate of 120, 240 and 672 t (dry weight basis)/ha in a six year period were added to the soil
top layer (20 cm). Control and mineral supplemented microplots were also included. From the third year
on, a metal enriched (Cu, Zn, Cd, Ni and Pb) sludge treatment was started. Detailed description of the
experiment is given in the previous paper (Tedesco et al. 1993).
'At the end of the second, fourth and sixth years the microplots were taken apart, the soil sampled layer
by layer and put together again. The following determinations were made on the dried samples: pH (in water
1:1 ratio); available P, K, Na and Mn (by extraction with HC1 0.05 N+ H2S04 0.025 N); exchangeable
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Al*3, Ca and Mg (by extraction with 1.0 N KC1); sulphate extracted with CaHP04; boron by hot water; Cu,
Zn, Cd, Ni, Pb and Pb by 0,1 N HC1; organic carbon by wet oxidation; total nitrogen by Kjeldahl digestion;
iron by ammonium oxalate; top soil density by in situ volume/weight measurement. Methodology details
are given by Tedesco et al. (1985).

RESULTS AND DISCUSSION
Soil pH. Top soil pH was below 6.0 in all samplings and in all treatments (Table 1). The lime added before
the third year cultivation was not enough to keep soil pH over this value. The sludge has some soil
acidifying effect, which must be considered with respect to the sludge farm management. Subsurface layer
pH was not affected (data not shown).
Available phosphorus and potassium. Phosphorus content in the sludge was 1.02 g/lOOg on the average. Soil
available phosphorus increased therefore with the amount of sludge added and the time, reaching over
700 mg/1 at the end of the sixth year (Table 1). Even at the lowest sludge application rate, plants are well
supplied with this nutrient (SBCS-NRS, 1989). Phosphorus fertilization by the sludge is mostly restricted
to the soil surface layer, since this plant nutrient is highly immobile in soil. Available potassium was below
40 mg/1 in all treatments, due to the low sludge content and high plant uptake (data not shown). This value
is considered very low for agricultural crop growth (SBCS-NRS, 1989). The sludge farm must therefore
be potassium fertilized for adequate crop growth, especially if plant tops are removed.
Carbon and nitrogen. Soil total carbon increased with sludge application rate and with the time (Table 2).
This increase was about threefold over the control at the highest sludge application rate at the end of the
second year and eight times after the sixth year of the experiment. The sludge decomposes very slowly
(4.9% a year), therefore remaining in the soil. Soil nitrogen also showed this accumulation trend (Table 2).
Ho.vever, the increments were lower than the ones observed for carbon. Carbon/nitrogen ratios therefore
increased with sludge application, approaching the values determined in the sludge (average 21.6 - Tedesco
et al., 1993). As a result of the soil organic carbon accumulation, soil density decreased over the years
(Table 2). These changes promote higher rain water retention and increase in plant root growth. The
changes were observed only in the surface layer.
Sodium. Sodium increased with sludge application, reaching values in the range of 35 mg/1 at the end of
the sixth year (data not shown). This limit may be the maximum soil adsorption for the cation balance in
the soil/sludge of this experiment. Sodium is highly mobile in soil, being determined also in concentrations
near this value in subsurface soil layers. It is also taken up readily by plants and easily leached.
Calcium and magnesium. Soil calcium was increased only by liming. The contents were in the range of 1.5
to 2.5 me/100 ml in the topsoil layer at the end of the sixth year (data not shown) which is low for
agricultural soils. Soil magnesium content was very low and not affected by either lime or sludge application
(data not shown).
Sulphate. Acid soils containing iron oxides can easily adsorb sulphate. Such adsorption (up to 50 mg/1) was
observed with sludge application at the end of the sixth year (Table 1). Soils generally have a much lower
sulphate adsorption capacity than phosphate, the excess being leached. The content in the subsurface layers
also increased (data not shown). The maximum values determined were in the range sometimes found in
soils (Bissani, 1985).
Boron. Soil boron content was not affected by sludge application. Topsoil values ranged from 0.3 to
0.6 mg/1 (data not shown), considered low to average for soils of the Rio Grande do Sul state (SBCS-NRS,
1988).
Iron and manganese. These metals were little affected by sludge application (data not shown), even though
sludge iron content was high (1.89 g/lOOg). Their soil chemistry is mainly influenced by pH and oxidation
potential. For the conditions of this experiment, their solubility in soil is low, with no risk to plants and
water. This may be true also for the sludge farm.
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Zinc. Soil zinc content is given in Table 2. It can be seen that the concentration increased in the top soil
layer with sludge addition rate and with time. The highest value of 69.6 mg/1, determined at the end of the
sixth year for the highest sludge application rate is however much below the limit 280 mg/1 (EDTA
extracted) accepted by the British legislation (DoE/NWC, 1981). Total soil zinc content may range from
10 to 300 mg/kg (Krauz-kopf, 1972). Plant available zinc is however much lower, and correlates with HC1
extracts or complexing agents (Lantmann and Meurer, 1982). Zinc was also somewhat translocated to the
subsurface layer as the topsoil layer content increased over 15 - 20 mg/1.
Copper. Soil copper content was little affected by sludge application (Table 4). The concentrations

determined are in the range usually found in the Rio Grande do Sul state soils (Luchese, 1985). High
concentration values on top soil layer were only obtained in the microplot with copper enriched sludge
addition. Translocation to the subsurface layer was not observed since this metal is strongly complexed to
soil organic matter.
Heavy metals. Soil cadmium content showed a small increase (not statistically significant), mainly at the end
of the sixth year, with sludge addition (Table 5). However, the values determined are much below the soil
contamination level (Kabata-Pendias and Pendias, 1984) and the limits set forth by the Council of European
Communities (CEC, 1986). Cadmium is somewhat mobile in soil. The Cd content in the soil 20 - 40 cm
deep also showed some increase with sludge application (not statistically significant). However, cadmium
addition to the sludge drastically increased the amounts extracted. Cadmium content in the sludge must
therefore be kept low.
Soil extracted nickel content increased with sludge application (Table 6). The maximum value determined
in the top soil layer at the end of the sixth year with 6721 (dry matter) sludge/ha applied was 1.85 mg/kg,
which is much below the limit accepted by the British legislation (DoE, NWC, 1981). Some translocation
to the subsurface soil layer was also observed at the higher sludge application rates.
Chromium. Top soil chromium contents also increased with sludge addition (Table 6). This metal was not _
included in the metal enriched sludge treatment.
Top soil lead contents were not affected at the end of the sixth year at any rate of sludge (not lead enriched)
application (Table 6).
Liming did not affect the content of these heavy metals. This may be due to the acid extraction procedure,
that solubilizes only the weakly adsorbed and/or complexed metal fraction.

CONCLUSIONS
Sludge addition increased soil top layer carbon, nitrogen, phosphorus, sulphate, sodium, zinc, chromium
and nickel content, while calcium, magnesium, boron, potassium, copper and lead were unaffected.
Subsurface soil sodium, sulphate and zinc also increased. Liming the soil did not affect the cadmium, nickel,
lead and chromium concentrations in the 0.1N HC1 extract.
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TABLE 1 - SURFACE LAYER SOIL pH, AVAILABLE PHOSPHORUS AND EXTRACTABLE
SULPHATE AT THE END OF THE SECOND, FOURTH AND SIXTH YEARS

pH

Treatment*

2nd

4th

6th

Available phosphorus

Extractable sulphate

2nd

2nd

4th
— mg/1 -

4th

6th

— mg/1 -

1- Blank

5.1

5.6

5.4

4

2

4

10

5

9

2- Min. amend.

5.7

5.6

5.4

16

17

25

9

4

6

3- Sludge-120t

5.1

5.8

5.3

52

104

225

17

9

15

-

5.8

5.3

-

111

195

-

9

18

5.1

5.6

5.3

74

183

379

20

14

26

5.4

5.2

67

394

744

23

30

45

5.7

5.1

-

383

773

38

50

q

—

6th

-

2

2

-

18

28

14

10

MSD“

-

0.2

0.2

-

74

247

5

6

4- Sludge-120t+M
5- Sludge-240t
6- Sludge-672t

5.2

7- Sludge-672t-Ca

'

-

* Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started iriThe 3rd year for the number 4 treatment.
* Coefficient of variation (in %) and minimum significant difference for PC0.05.

TABLE 2 - SURFACE LAYER’ SOIL ORGANIC CARBON, TOTAL NITROGEN AND DENSITY
AT THE END OF THE SECOND, FOURTH AND SIXTH YEARS
Organic carbon

Total nitrogen

Density

Treatment*
6th

.2nd.4th

- -—

0.92

2^Min.-amend.----- -1.053- Sludge-1201

1.58

2.42

2nd

4th
- g/kg

—

—

6th

2nd

4th

6th

— g/ml —

—

0.77

0.85

0.71

0.66

1.1

1.3

1.2

0.87-

0.93

0.70

0.72

1.1

1.3

1.2

3.33

1.14

1.13

1.36

1.1

1.1

0.9
1.0

2.61

3.33

-

1.53

-

1.1

5- Sludge-240t

2.10

3.43

4.54

1.26

1.39

1.83

1.1

1.1

0.8

6- Sludge-672t

2.57

6.08

8.36

1.45

2.22

3.06

1.0

0.8

0.7

-

2.07

3.09

-

0.7

7- Sludge-672t-Ca
CV"

, r.

MSD“

r 'i

-

. -

6.0.8 , 8.36

oo

-

1.11

o

4- Sludge-120t+M

0.79v£>

1- Blank

<
L
>

—

------ -g/lOOg

12

16

-

10

9

-

10

6

0.90

1.23

-

0.33

0.41

-

0.3

0.1

* Numbers following kludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
“ Coefficient of variation (in %) and minimum significant difference for PC0.05.
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H1UJL.U 3 - SOIL EXTRACTABLE ZINC AT THE END OF THE SECOND, FOURTH AND SIXTH
YEARS
Year
Treatment*

2nd
A"

B

4th
C

A

6th

B

C

A

B

C

Z1

■ — mg/i —
1- Blank

1.6

0.9

1.3

1.7

0.5

0.3

2.1

0.9

0.7

2- Min. amend.

3.1

1.1

1.3

2.4

0.3

0.6

2.3

0.7

0.6

3- Sludge-120t

10.4

1.0

0.6

22.5

0.5

0.2

19.7

3.2

0.6

4- Sludge-120t+M

-

-

-

27.8

1.0

0.2

35.0

6.4

1.1

5- Sludge-240t

17.0

1.2

0.8

19.1

1.0

0.3

30.2

3.9

0.9

6- Sludge-672t

28.3

1.6

1.1

50.2

1.8

0.3

69.6

9.1

1.3

7- Sludge-672t-Ca

-

“

-

23.9

4.9

0.6

65.0

10.9

5.2

CV"

-

-

-

42

29

117

18

31

31

MSD"

-

-

-

32.6

1.0

0.8

19.5

4.9

1.2

Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
Soil layers: A (0-20 cm), B (20-40 cm) and C (40-60 cm).
Coefficient of variation (in %) and minimum significant difference for P< 0.05.

TABLE 4 - SOIL EXTRACTABLE COPPER AT THE END OF THE SECOND, FOURTH AND
SIXTH YEARS
Year
Treatment*

2nd

4th

6th

ABC

ABC

A"

B

C

1- Blank

0.8

0.7

0.9

1.1

0.8

1.2

1.2

0.8

1.2

2- Min. amend.

3.4

0.7

0.8

2.9

0.5

0.9

2.6

0.9

0.9

3- Sludge-120t

1.2

1.0

0.6

1.5

0.5

1.0

1.5

0.7

0.8

-

-

-

6.7

0.6

1.0

11.2

1.1

0.8

5- Sludge-240t

1.4

1.2

0.8

1.8

0.5

1.0

1.8

0.7

0.8

6- Sludge-672t

1.6

1.6

1.1

2.4

0.5

0.9

2.7

0.7

0.7

mg/1

"

-

2.4

0.5

1.0

2.5

0.7

CV*’*

-

-

8

22

20

10

10

17

-

1.0

0.3

0.5

1.8

0.2

0.3

MSD**

-

-

1

7- Sludge-672t-Ca

°

4- Sludge-120t+M

Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
Soil layers: A (0-20 cm), B (20-40 cm) and C (40-60 cm).
Coefficient of variation (in %) and minimum significant difference for P<0.05.
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TABLE 5 - SOIL EXTRACTABLE CADMIUM AT THE END OF THE SECOND, FOURTH AND
SIXTH YEARS
Year
Treatment*

2nd
A"

B

C

4th

6th

ABC

ABC

-/rg/100 ml
1- Blank

1

11

2

■2

3

1

3

2- Min. amend.

1

15

3

3

3

2

3- Sludge-120t

1

17

3

3

3

2

4- Sludge-120t+M

-

-

-

61

3

5- Shldge-240t

2

14

2

3

6- Sludge-672t

2

13

2

5

7- Sludge-672t-Ca

-

CV"'

-

-

5

6

3

6

5

8

13

4

3

147

182

37

3

3

12

15

5

2

2

21

26

5
5

-

5

3

3

18

22

-

7

28

32

14

53

41

6

2

2

32

147

24

MSD"

Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
Soil layers: A (0-20 cm), B (20-40 cm) and C (40-60 cm).
Coefficient of variation (in %) and minimum significant difference for PC0.05.

TABLE 6 - SOIL EXTRACTABLE NICKEL, CHROMIUM AT THE END OF THE SECOND,
FOURTH AND SIXTH YEARS
Nickel

Chromium

A"

B

C

A

B

1- Blank

0.34

0.11

0.13

0.06

2- Min. amend.

0.28

0.11

0.11

0.05

3- Sludge-120t

0.83

0.18

0.10

4- Sludge-120t+M

1.90

0.47

5- Sludge-240t

0.83

6- Sludge-672t

1.85

7- Sludge-672t-Ca

Treatment*

Lead
c

A

B

C

0.03

0.06

3.51

1.91

2.19

0.03

0.04

3.13

1.83

2.16

1.04

0.03

0.03

3.18

1.79

1.94

0.11

1.00

0.03

0.03

14.28

1.85

2.02

0.18

0.10

1.22

0.03

0.03

2.69

1.77

1.96

0.34

0.11

1.43

0.05

0.03

2.09

1.77

2.00

1.73

0.44

0.18

1.43

0.05

0.03

2.18

1.77

1.98

CV""

31

34

31

24

-

42

7

12

MSD"

1.36

0.31

0.10

0.58

-

9.92

0.29

0.60

Numbers following sludge application are total sludge added (t/ha dry matter) in 6 years. Heavy metals
addition started in the 3rd year for the number 4 treatment.
Soil layers: A (0-20 cm), B (20-40 cm) and C (40-60 cm).
Coefficient of variation (in %) and minimum significant difference for P<0.05.
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MANAGEMENT OF WASTE GENERATION IN
THE OIL REFINING INDUSTRY
THE PETROBRAS
HENRIQUE LAGE
REFINERY EXPERIENCE

J. I. Coelho, J. B. Machado, C. A. Linhares and P. R. Mazarino

PETROBRAS - Henrique Lage Refinery - REVAP
Rodovia Presidente Dutra, km 147
Sao Jose dos Campos -12209.840 - Sao Paulo - Brasil

ABSTRACT
The Petrobras - Henrique Lage Refinery - REVAP - located at Sao Jose dos Campos in Sao Paulo state,
has been developing for many years a systematized program for solid, liquid and gaseous wastes generation
reduction.
Many works were developed for waste generation minimization and improvement both in the treatment
systems and in the final residue disposal.
The waste minimization management program success has been built due to the structure behavioural
modifications due to the new environment protection and quality politics; the trainning and equipment
investments, and operational procedures changes.
*
KEYWORDS
Environment protection; liquid waste; operational procedures; quality politics; residue disposal; solid waste;
training investments; waste minimization.
INTRODUCTION
PETROBRAS - Henrique Lage Refinery - REVAP
Henrique Lage Refinery is located in the municipality of Sao Jose dos Campos, state of Sao Paulo, at
kilometer 147 of the Presidente Dutra Highway. It encompasses an area of 10.300 m2. The choice of that
side has taken into account technical and economical factors and consideration has also been given to factors
related to the evolution of the consumer market, facilities to receive petroleum, distribution of the oil
derivates produced as well as the resources required for treatment of the industrial waste without
detrimental effects to the environment
With the commissioning of REVAP, the refining capacity of the Country has been increased by 15%. The
storage capacity for final producers, intermediate products and petroleum totalizes 2.7 million cubic meters.
Through an integrated set of industrial units and strictly following the standards established by Petrobras
and the legislation in force, REVAP operates with equipment that is adequate to the required equilibrium
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between production of derivates and environment preservation. Almost US$ 200,000,000.00 have been
invested so far, directly or indirectly, in the environment preservation.
In addition to the investments, REVAP has developed and consolidated technologies that have been
transferred to other units of Petrobras, besides also participating in programs oriented towards environment
preservation, developed by the community. Accordingly, REVAP has been supporting educational programs
developed by the Planning and Education Secretariats of the Sao Jose dos Campos municipality in order to
promote environment education in the municipal school network.

FIG. 1 HENRIQUE LAGE REFINERY
Petrobras Process concerning Environment, Quality and Industrial Safety
The Petrobras process concerning Environment, Quality and Industrial Safety arises in an international
background that indicates strong moves of governments, companies and worker representatives in the drive
to preserve the environment, the integrity of man and continuous improvement of quality of goods and
services, as a way to increase productivity and ensure survival of the organizations in growingly competitive
markets.
In this context, the strategic plan of Petrobras system has established the following permanent objectives:
- to ensure adequate standards of occupational health and personnel and material safety of the Petrobras
system;
- to preserve and respect the Environment in the scope of its operations and in the quality of its products;
- to strive for the growing satisfaction of its consumers, improving the quality of the products and services
of the
Petrobras system.
The Petrobras process of Environment, Quality and Industrial Safety has unleashed in the Company a set of
planned, systematized and continuous actions involving all organs and all employees, following the
guidelines established in the Strategic Plan of the Petrobras System, ensuring:
- integrity and health of the person
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- harmonization of its activities with the environment, aiming at meeting the requirements of the present
without
sacrificing those of the future generations
- the quality of its products and services.
Consequently, Petrobras endeavors towards obtaining an increase of its efficiency and productivity as well as
the satisfaction of its clients and consumers, in order to reach international levels of competitivity and
contribute to its recognition and credibility in society.
SOLID WASTE
FCCU and HDT spent catalyst disposal
Catalyst used in the catalytic cracking unit have approximately the following basic composition.

TABLE 1 FCCU CATALYST COMPOSITION

A1203
Si02
Na20
Ni
V
Sb

30.00%
68.00%
00.80%
00.12%
00.12%
00.40% to
00.70%

by weight
by weight
by weight
by weight
by weight
by weight

Usually, spent catalyst is disposed into landfill REVAP, in its drive to implement the sustained growth
philosphy, in association with the Institute of Technological Researches of the State of Sao Paulo (IPT) and
the Brazilian cement industry, has developed tests that make feasible the reuse of this waste, as an addition
to clinker for the production of portland-pozzolan cement. Simultaneously, REVAP has developed with the
local university the use ofthis waste for the manufacture of cement blocks.
Priority has been given to the use in the cement industry which, besides the technical advantages, is an
industrial segment with the capacity to consume the entire production of REVAP , today averaging 150
tons/month.
According to this same philosophy ofworks in partnership, the catalysts used in the hydroteating unit - HDT
are also employed in the manufacture of fertilizers, due to the necessity of micronutrients in their
composition as Co, Cu and Mo.
Oily waste disposal on landfarming system
REVAP's landfarming system started its operation in 1982, thus initiating in our Country the use of this
process of treatment of oily solid waste by biodegradation.
In the course of the operating time, we have improved the handling and control of this treatment system,
through experience itself and with an analytical plan able to provide information likely to lead to an optimum
operational condition, with follow-up of the rate of application, degradation, evolution of metals in the soil
and pH control.
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Together with the state surveillance agency, CET'ESB, we have installed lysimeters in the system, aiming at
obtaining results from the water percolated through the treatment zone.

FIG. 2 REVAP- LANDFARMING

Along with the correct operation and control of the landfarming, procedures for clearing the tanks and
process units for cleaning and maintenance as well as those for cleaning channels have been reviewed, which
has contributed to reduce the quantity of oily waste.

Oily sludge application in ceramic industry
With the oily sludge from bottom discharges of the API oil/water separator and scum from the floaters,
tests of mechanical strength, leaching, solubilization and volatilization have been performed, and said tests
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have made feasible the use of this waste in the brick manufacturing process of the ceramic producing plants
of the region.

TABLE 2 LEACHING AND SOLUBILITY TESTS
Items

PH
O&G
Phenol
Sulfide
Nickel
Total iron
Total chromium
Zinc
Copper
Lead
Vanadium

Leached Material
without sludge

Leached Material
with 5% sludge

Solved
without sludge

Solved
with 5% sludge

< 10.000
<00.001
<00.010
<00.010
00.100
< 00.010
00.450
00.200
< 00.010
< 00.010

10.000
<00.001
<00.010
<00.010
00.050
<00.010
00.250
00.340
< 00.010
< 00.010

08.200
< 10.000
<00.001
<00.010
<00.010
00.200
< 00.010
< 00.010
< 00.010
< 00.010
<00.010

07.700
< 10.000
< 00.001
<00.010
<00.010
00.200
< 00.010
< 00.010
< 00.010
< 00.010
< 00.010

The use of such waste in the brick manufacturing has brought about as benefits, besides the increase of 20%
in the productivity and reduction of the losses due to brick breakage^ a significant drop in the power
consumption. The sludge addition enables a reduction in the use of water in the homogenization stage, thus
decreasing the water content to be eliminated in the drying and reheating stages, with the consequent
reduction of the fuel spent in the water elimination.
Addition of sludge improves the plasticity of the paste, wich is extruded in an easier and fester way,
providing an increment in the extrusion speed that is reflected in an increase of production of40 - 60%.
The lower power requirements for molding the parts represents a reduction of30 - 40% in the consumption
of the extruding energy.
In addition to the tests to make feasible the use ofthe sludge, the ceramic manufacturers are oriented in what
concerns the handling of the waste.

General maintenance work in industrial systems andprocess units
The periods of general shutdow for maintenance are atypical situations in the operation of plants in the
petroleum processing sector.
Even though there is a trend towards the reduction in the occurrence of these events, the petroleum refining
industry will still depend on these sendees for renewal, modernization, expansion and recovery of its
productive capacity.
The idea os selective collection of solid waste in a process unit shutdown has been initially an educative
experience with the employees and contracted companies involved in the services. Today, this procedure in
REVAP is a routine.
The goals of this program are:
- reduction of the disposal ofwaste into landfill
- reduction of waste
- recycling of materials
- improvement in the safety condition, orderliness and cleaning of the area.
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The program has been presented with the following basic points:
- proposal prior to the coordination of the shutdown
- preparation of the table of classification of the waste foreseen
- previous indication for disposal of the waste classified
- preliminary evaluation ofthe quantity generated
- divulgation in the form oftalks, leaflets and stickers, to contractors and PETROBRAS employees
- distribution of "message to the employees"from the superintendent ofREVAP
- divulgation of layout with the collection points marked down
- follow-up of the waste removal by the persons charged with the collection
- designation of persons prepared for follow-up and orientation of the program.
We have obtained the following results:
- adequate preliminary evalution and classification
- acceptance of the program by the participants
- comparative evalution of the drum bucket collection systems
- improvement in the order and cleanliness of the work fronts.
Some points that required improvements were:
- greater number oftalks, outdoors and signs
- greater effort to prevent contamination of the material that has already been segregated
- expansion ofthe register of firms that are interested in the waste generated.

Low sludge generation and disposal in activated sludge treatment system
The option the use of pure oxygen injection in the activated sludge process has enabled the adjustment of the
operational parameters, wich had as one of the consequences a reduction in the disposal ofbiological sludge
amounting to 40% of the volume previously discarded, representing a reduction from 80 m3/day to 45
m3/day.

FIG. 3 PURE OXYGEN INJECTION SYSTEM
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LIQUID WASTE

Ammonia reduction in waste water bypure oxygen injection
With the modification of the federal legislation, the maximum content of ammonia for effluent emission into
a class 2 receiving body has become 5 mg/1. In order to meet this new requirement, REVAP has studied and
opted for the pure oxygen injection, complementing the mechanical aeration scheme of the conventional
activated sludge system existing in the water effluent treatment station.
With this modification, the ammonia content in the final effluent has undergone a reduction of about 20 mg/1,
coming down to values that are below those required by law.

AMMONIA

(MARCH)
* INPUT

* OUTPUT

PLANT PERFORMANCE
Naphtha solvent distillation tower modificationfor sour water stripping
To maximize the removal of ammonia and sulphides in the current of waste water of the industrial process,
an adaptation was made in a tower that had been originally designed for the production of solvents, by
installing an injection of caustic soda for pH correction, able to operate in series with the existing waste
water rectification system, by absorbing the operational instabilities and overloads
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Adaptation of this system also has made possible the pretreatment of the water originated from the blow
down system and stored in tanks.
SOUR WATER
STRIPPER

FEED DRUM

WATER
STEAM

WATER

FIG. 4 SOUR WATER STRIPPING SYSTEM
Such adaptation has solved a chronic problem of liquid waste of the refinery wich presented a NH3
concentration of4200 ppm and a H2S concentration of 1600 ppm, at low cost.
The concern of the engineering staff with the solution of waste generation problems has brought about
solutions that made feasible the use of existing systems, with the accompanying reduction of the money
amounts required for investments.

Rain -water minimization in the waste water treatment system
has been verified that there was an undue volume of rain water overburdening the industrial waste treatment
station. A broad review in the design of the rain water network has pointed out the deficiencies and is
promoting the required correction. Such review has enabled the alteration of the rain water tapping system,
promoting a reduction of 40%, by volume, in the quantity of this undue contribution to the water effluent
treating station.

Oily waste reprocessing
Oily sludge generated in the industrial areas, tank cleaning and sludges collected in the industrial water waste
treatment station have generated, in the course of time, a great inventory of waste, of about 52.000 m3.
Handling and storage of such waste used to create a high cost for the refinary, what demanded short and
mediun term solutions. In the short term, a work was accomplished towards reducing generation at the
source, through the educational process, creation of an awareness of the problem and reviewing of the
operational procedures. In the medium term, a system has. been adapted, which made possible the
processing of the accumulated heavy waste and controle of the inventory at acceptable levels. Reprocessing
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takes place with the injection of the waste in the pre-flash tower charge, with flow controlled at a maximum
of 1% of volume of the processed charge. This operation is conditioned to the PETROBRAS product
quality program, therefore, in runs of special products, such as QAV-1, for instance, said reprocessing is
interrupted.
PRE-PLASH TOWER

LIGHTS
SLOP TANK
INJECTION

PUMP

CRUDE

CRUDE OIL
TO PROCESS

DESSALTER

FIG. 5 OIL WASTE REPROCESSING

FIG. 6 OIL WASTE RECOVER
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Development on hydrocyclonefor oilAvater separation -use
One of the premises of the company's philophy in the waste generation management is the reduction of the
waste at the generating source.
In the petroleum refining process, one of the great oily waste generating sources is the desalting process. In
abnormal situations, as in the case of petroleums that are hard to desalt, oil content in the brine may reach up
to 7% of the brine, by volume. In REVAP's case this may.be equivalent to up to 140 m3/day of oil for the
water effluent treating station.
Recovery of this oil in the water effluent treating station is accomplished through API separator and same is
recycled for reprocessing. The recovery efficiency of this oily waste from the API separator is impaired by
the formation of slurries and sludge when this current is mixed to other charges.

TABLE 3 HYDROCYCLONE TEST EFFICIENCY

Oil Concentration in Brine
(ppm)

Oil Remotion Efficience
(%)

99.95
72.16
99.97
99.95
99.95
99.93
99.95
99.96

30.000
40.000
155.000
200.000
233.000
240.000
260.000
280.000

In the study of the alternatives for the recovery of this waste in the desalting plants, an option has been made
for the installation of hydro cyclones, because they present a high efficiency of separation in the field tests
performed with a prototype, low cost of installation (US$ 120.000,00), easy maintenance and operation. In
addition, there is a reduction in the cost of oil recovery and reprocessing.
GASEOUS WASTE
Sulfide oxidation by hydrogen peroxide use
Due to the constant presence of sulfides in the process effluent water, to be treated in the industrial water
waste treatment station, and because of fluctuations of their concentration in this current, control has
become a must. Considering the tecnique of control and reduction of pollutants at the generating source, an
option has been made for the installation of a continuous dosing system.
As a result, a greater stability has been obtained in the charge of the treatment station and odor elimination.

Modification to introduce smokeless equipment on theflare systems
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REVAP has two flares, 110 m high, one of them always standing by.
In the original conception, one of the pieces of equipment was not provided with the smokeless steam
atomization system and therefore, when the necessity to operate it arised, there was formation of dark
smoke due to the improper burning ofthe gaseous current

In the environment conservation program developed by REVAP, design and erection of an atomization
steam injection system has been undertaken, with the implementation of smokeless type equipment.
This modification makes possible the preventive maintenance of the flares, in such a way to keep them in
optimum operating conditions, minimizing the environmental impact.

Product sampling modification
The on-line product sampling system required a system cleaning blow-off with the product itselfj which
represented a volume of 5 liters per sampling.
Considering 120 sampling per day, this volume, in addition to the required recovery in the water effluent
treating station, caused environmental problems due to evaporation along the way to the station.
A circulating sampling system has been developed.

Owner PLATE

FIG. 7 CIRCULATING SAMPLING SYSTEM
With the elimination of the cleaning blow-off to an open system, an increased protection to the employee, to
the external community and to the environment has been obtained, in addition to the reduction of the waste
generation.

CONCLUSION
The waste management program in REVAP, pertaining to the control of generation, recycling and final
disposal, is in tune with tire environment policy of Petrobras, as expressed by the permanent and decennial
goals of the Company's strategic planning.
Hus program encompasses a set of planned, systematized and continuous actions, involving all employees.

255

12
The environment program is integrated into the total quality program and the behavioral change is one of its
main points.
The environment quality management process can not do without the adequate preparation of the persons
who work in KEVAP.
Generally speaking, the employees are undergoing a serie of training courses involving:
- 'motivation
- communication within the company
- interpersonal communication, culminating in the course of effectiveness and quality, US$ 35.000,00 having
been invested in the year of 1992 only in those training courses.
In such courses, the aspects concerning the environment are indirectly approached.
Under a more practical viewpoint, with the behavioral preparation a more detailed work has been
accomplished, involving all contributions of KEVAP for environment protection. Sources have been
identified, as well as the process control forms to which they are associated. Thence have come the technical
process standards that ensure minimization of the undersirable- occurrences and standardization of
operational procedures.
Nevertheless, compliance with these standards is only achieved through the educational process continuously
performed.
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ABSTRACT
As the world-wide effort to reduce waste gains momentum, there will be
a
changing attitude towards
waste generators.
This
transition will
require the construction of incinerators to provide a critical link in
managing
the difficult wastes that remain.
They must demonstrate the
best
available technology and quality
operation.
These incinerators
become
the bridge that allows
time for the transition
of world-wide
manufacturing
facilities to meet
the environmental expectations
now
gaining prominence.
KEYWORDS
DuPont;
environment;
hazardous
waste;
incineration;
incinerator;
rotary
kiln; transportation; trial burn; waste internalization; waste
minimization.
INTRODUCTION
During
the next decade,
industry must exist
in a world where waste
destruction
is a vital part of a business plan.
Industry must strive
to convert every molecule of raw material into a useful product.
Even
though
existing
capability
falls
short
of
this
goal, continuous
upgrading
and renewal must focus on
reducing waste.
Proper disposal
will involve a blend of public expectations, corporate capability, and
available technology.
DuPont has brought together these three elements with the construction
of
a regional
incinerator
at its Orange,
Texas facility.
At
this
installation,
hazardous waste from DuPont's
numerous Southern United
States
plants
are
destroyed
at
conditions
exceeding
regulatory
demands.
This facility has been in operation for three years with all
parameters
- safety, health, environment far exceeding project and
industry norms.
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The
incineration facility is only part of an overall waste management
system
that
includes
waste
minimization
goals
as
well
as
an
internalization
policy.
DuPont's
system
drives
minimization
by
operating
the destruction facility as
a business.
To emphasize
the
corporate
goal of
waste minimization,
the generator
is charged
at
rates
equivalent to commercial destruction costs.
This drives waste
reduction
for economic as well as social
reasons.
The DuPont Sabine
Regional
Incinerator
facility
has
been
visited
by
industrial,
political
and public leaders from throughout the world.
It continues
to be held as an example of proper environmental action.
The
DuPont facility is a rotary kiln
followed by a dry-wet scrubbing
system.
Its rated capacity is 70,000,000 pounds/year.
This capacity
has
been met or exceeded since start-up
in June, 1990.
The facility
has
demonstrated
the
capability
to
operate efficiently
as wastes
destroyed
move
toward
solids
and
sludges
and
away from
organic
liquids.
In keeping with DuPont's goal of waste minimization, the aqueous purge
stream
is reused within the
incineration process.
In addition,
the
fly
ash is now being recycled
in a process that recovers
a valuable
metal component.
As the world-wide effort to reduce waste gains momentum, there will be
a
changing attitude towards
waste generators.
This
transition will
require the construction of incinerators to provide a critical link in
managing
the difficult wastes that remain.
They must demonstrate the
best
available technology and quality
operation.
These incinerators
become
the bridge that allows
time for the transition
of world-wide
manufacturing
facilities to meet
the environmental expectations
now
gaining prominence.

DISCUSSION
The
incineration of hazardous
waste is a
key element in
the global
environmental
effort.
Incineration is the disposal
method of choice
for many of the wastes now generated by society world-wide.
The
building
of
hazardous
waste
incinerators generates
economic,
political,
environmental,
social
and operational
issues.
Most
of
these
issues
are
real
and
have
merit.
The
proper
siting,
construction,
and operation of new facilities can satisfy most if not
all of the issues that must be addressed.
Incineration is the environmental bridge that links today's industrial
processes
with
sound
environmental
management.
The
tremendous
industrial
investment present
in
the world today
brings with it
a
large
amount of
hazardous waste.
Newer processes
are designed
to
generate
less waste.
As
new facilities are
built, the quantity
of
waste
per pound of finished product will decrease.
Today's economics
and today's expectations of society require this change.
Old
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PAGE 3

investment is the source of higher waste loads and will continue to be
greater
than
either
industry
or
society
want.
The
cost
of
retrofitting
the older
facilities to
make them
more efficient
and
produce less waste is in many cases a poor choice for new capital.
So
what is left?
The
world is "wrapped up
in waste".
Many modern
incinerators have been built especially in industrialized nations.
In
these
facilities
particular
attention
is
placed on
processes for
proper
destruction.
Fugitive
emissions,
waste
storage,
thermal
destruction, and waste gas scrubbing are all important.
My
experience is
centered around
a state
of the
art, rotary
kiln
incinerator
built
by
DuPont
in
Orange, Texas.
Start-up of
this
facility
was in
1990.
It
is a
70,000,000 pound/year,
140,000,000
Unit/hour
maximum ashing/slagging
kiln.
The
kiln
British
Thermal

and
afterburner
other
equipment

were
is

designed
of

by

commercial

Deutsche

Babcock

design and

Anlagen.

installed per

All

DuPont

specifications.
During

the

now

exceeded
all
successes have

three years
project
been:

of operation,

expectations.

Some

the
of

facility

has met

the

significant

more

•

Safe
and
environmentally-sound
operation.
No
significant injuries, accidents,
spills
or exposures have occurred since start-up.

e

Better
operating
experience
then
project
design.
Some
70
million pounds
of waste
have been destroyed each year since star^-up
with
an 82 per cent on-line
utility and no
unscheduled
outages.
We have been
100 per
cent
responsive,
meeting
destruction
requirements of all waste customers.

•

Higher
economic
return
than
industry
experience.
Although the facility was built
as
a necessity to internalize DuPont waste,
it
has realized a 15 per cent annual return
since
start-up
as
a
result
of excellent
operation,
low
operating
costs
and
low
investment.

•

Customer
service focus to
facilitate waste
disposal.
The
organization
continually
works
with
generators
to
efficiently
package, ship and destroy waste.•

•

On-going outreach programs to sustain public
support.
Every
effort
is
made
to
accommodate
all
corporate
and
public
requests to visit the faiclity.
These
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PAGE

4

visits average one per week
to the visiting group.
•

and are

tailored

World-wide
recognition
for
operating
performance.
We constantly puruse our goal
of
continuous improvement
in our
operatig
procedures,
personnel training,
mechanical
performance and technology upgrades.

For the remainder of this presentation, I want to focus on three
that insure a successful project and operation.
They rare:
1.

areas

PROJECT SCOPE

Waste. Identification
Technology Selection
Permitting Process
Public Interactions
Design Contractor
Construction Contractor
2.

PROCESS

TECHNOLOGY

Sizing/Capacity
Ingegration Of Technologies
Equipment Specifications
Control Strategy
Laboratory Design
3.

OPERATING KNOW-HOW
Trial Burn
Operator Training
Waste Logistics
Process Hazards Studies
Commissioning Procedures
Standards/Expectations

PROJECT SCOPE
The
amount and nature of the wastes to be handled must be identified.
The
quantity and source of liquids, sludges, solids, as well as their
thermal
content
are
important.
With
this information
the proper
technology as well as project economics becomes apparent.
We - DuPont
chose
a
Deutsche
Babcock
Anlagen
rotary
kiln and
afterburner
chamber.
This is proven technology that will operate in a slagging or
ashing
mode.
The
system will
exceed 99.9999
per cent
destruction
efficiency.
This is followed by a dry-wet gas scrubbing system.
I

have

brochures

to

have

one.

available

that have
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a

flow diagram if you would

like

The permitting process is very important for two reasons. First, it
defines the regulatory expectation of the facility.
Second, the
sizing and efficiency must meet or exceed every aspect of the permit.
The

public

must understand how the

facility wi’ll

be

designed.

This

is

their
guarantee the environment will be protected.
Both the need for
the
facility and
the
performance guarantees as
spelled out in
the
permit
are part of their approval process.
The "Not In My Back Yard"
movement
is world-wide and has been encouraged by poor communications
and poor performance of some existing operations.
The
public is against
the generation of
obvious
target for their disapproval
is

We
Our

have had over 150 visits
goal

for each visit

is

hazardous waste.
a waste treatment

The
most
facility.

to our
facility in the past three years.
to demonstrate
the presence of a state of

the
art facility operated in a flawless
manner.
appearance is as important as the technology.

The maintenance and

The
final step in project preparation is
the selection of the design
contractor
and the construction contractor.
A great amount of
time
and
money
can
be
saved
by
replicating
an existing
facility.
A
sufficient number of plants have now been built to find one that meets
the
needs
of
a planned
project.
This
not only
saves design
and
construction
costs,
but
also
insures
a
quicker
and
successful
start-up.
Large, current technology incinerators are associated with
fifty
to one
hundred million
United States
dollars of
investment.
This
combined with operating costs
make rapid start-up and
capacity
operation
critical.
One
day
of start-up delay
will cost investors
some
$100,000.
A
six month
delay in
start-up could
amount to
a
$20,000,000 additional cost.

PROCESS TECHNOLOGY
Incinerators
can be built to serve markets of significantly different
requirements.
Total
pounds
of
throughput
and heat
load are
the
initial
sizing dimensions.
Our DuPont unit was sized for 140,000,000
British
Thermal Units/hour and
70,000,000 pounds/year capacity.
We
have
fully utilized the volume
capacity but have averaged
less heat
load.
Fuels programs have diverted much of
the high British Thermal
Unit
material to cement kilns and other heat demanding processes.
We selected industry standard equipment downstream of the quench tower
you may
refer
to this as
the Spray Dryer.
Our technology is
a
dry-wet
system.
That is a baghouse followed
by a venturi and packed
bed
scrubber
and
a
high
energy
scrubber.
This
system
is very
effective reducing particulate matter to .0014 grains per dry standard
cubic
foot.
I
might
add that after
three years of
operation, the
internals
of
our
induced
draft
blower
are
still like
new.
All
equipment
was sized
for
a flue
gas
rate of 75,600
cubic feet per
minute.
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We have used a distributive control system very effectively. The feed
schedules are managed by a supervisory control system. The system
pressure is managed by a variable speed control on the induction
blower.
This has proven to be an excellent strategy with very tight
control of our operations.
OPERATING KNOW-HOW

The ability to successfully bring an incinerator on stream requires
careful planning and training.
The Trial Burn is really the first
major test of the system. During the Trial Burn, the total capability
is demonstrated - from feed handling to combustion efficiency to gas
scrubbing.
The equipment must be checked out and operating as required.
Most
trial burns can be greatly simplified by the proper selection of feed
components.
For example, the number of trial cases to be tested can
be minimized by combining several parameter limits into one case. The
use of Methanol as a major feed,
in concert with other carefully
selected feeds, allowed for simultaneous high heat release, high mass
feedrate, high stack gas flow, and low combustion temperatures all
within the same Trial Burn Case. Other considerations, such as
avoidance of saturation of the "volatile Organic Sampling Train" used
for
the test,
led to selection of materials such as Hypalon
(Trademark)
for use as a chlorine source and heat supplement.
Computerized heat and mass balance modelling was used to develop the
DuPont Sabine Regional Incinerator Trial Burn Cases.
A well trained operating force is essential to good operation.
We
were able to select an experienced-high performance operator and
mechanical work force. They readily learned the new equipment. Since
start-up, all have worked together as a team. Operators also perform
all laboratory testing under the management of a chemist. Mechanics
work as operators when needed just as operators do mechanical work.
In this way, all are responsible for and become a part of a successful
operation.
To further the individual and group knowledge, we have conducted
training classes for several other incinerator operations.
Most of
these are prior to start-up. DuPont and the contracting company both
win by this training.
For DuPont, our operators and mechanics are
allowed to further their knowledge by teaching.
For the contracting
company,
their operations, mechanical, and technical forces get first
class hands on operating and classroom experience. We have found that
incineration knowledge is transferable even with different equipment
selections between facilities.
DuPont
has its
own
transportation system.
This
has allowed us
to
develop
waste handling
logistics that
meet or
exceed all
industry
standards.
For
example,
our
trucking
operation has
now exceeded
3,500,000
safe miles
of
operation transporting wastes.
This means
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zero incidents. No traffic violations, no environmental violations,
and no transportation rule exceptions. This continues to be a model
in the transportation industry.
SUMMARY
The future of hazardous waste incineration should never be in doubt.
The need to destroy waste comes with our industrial sector.
It does, however, continually force the issue of excellence in
technology and plant operation. We' must, look for improved designs.
These improvements should be included in both new installations and
retrofitted as required in existing facilities.
Those of us who operate existing facilities are responsible to society
for their performance. We are also responsible for the sharing of our
knowledge with each other and with those now entering into the
business.
Developing nations can then have access to the elements of
success.
DuPont has committed to the challenge. We know we must operate our
incinerator in a flawless manner.
We also realize that waste
minimization is just as important as proper disposal. And finally, we
embrace the opportunity to assist others in their design and operation
of
incinerators for
siting world-wide.
With knowedge
comes
responsibility.
Our success can then be leveraged for the good of the
environment and society.
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The washings and chemical cleaning of boilers, activities of a highly polluting potential, are responsible for the
generation of wastewater with high heavy metals contents, suspended solids and COD. COPENE-Petroquimica
do Nordeste S/A engaged in the Process of Responsible Performance, whose aim is the continuous
improvement in the performance of subjects concerning Health, Safety and Environment, undertook the
responsibility of finding a solution for this problem. This paper presents the actions carried out by COPENE to
reduce the polluting discharge of the wastewater from the washing of the boilers. The polluting agents were
identified, alternative procedures were implanted to control discharges and to minimize the impacts. A project
was developed to reduce the discharge of pollutants and fit the wastewater to the legal requirements.
KEY-WORDS
Boiler, Chemical Washing, Preventive Maintenance, Removal of Metals, Washing.
INTRODUCTION
COPENE's Thermoelectric Unit has eight boilers for the production of superheated steam, which is used by
several internal and external clients, as heating fluid in the process, in the drive of the turbinated equipment and
in other industrial usages.
Six of these boilers produce steam of 120 Kg/cm2 at 538 °C. Five of them are water tube boilers with forced
draft, with a production capacity of400 t/h of steam (three are of HH manufacture and two MHI);one is for the
recovery of heat from the gas turbine with the production capacity of 100 t/h of steam (STEIN). The other two
boilers are water tube boilers with forced draft, which produce steam of 42 Kg/cm2 at 399 °C, with the
capacity of 100 t/h.
Except for the recovery boiler, 85% of the total fuel burnt in the other boilers are liquid fuel, including the ultra
viscous oil 5A type (BR classification) with high contents of metals, ashes and heavy carbon chains (asphalt).
These factors are determinant for the boilers' operating time, since they cause a significant loss in the efficiency
and steam generation capacity, owing to the deposition of particulated materials in the heat exchange surfaces,
and clogging/obstruction in the regenerative air pre-heaters.
In order to recover the lost efficiency, eliminate the losses and comply with the normative and legal
requirements (NR-13), the preventive maintenance of the components (NB-55) and accessories becomes
necessary. There is a quarterly shutdown plan for general maintenance and cleaning of the boilers.
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The results indicate that despite the reduction of the violation indices and the concentration of the studied
parameters, the adopted procedures enabled only a precarious control, not in compliance with the CEPRAM
Resolution no. 300/90. The basic causes for the low efficiency were the following: precarious installations
(insufficient basin volume for the generated wastewater), nonexistent soda dosing and homogenization
systems, difficulty in adjusting the discharge flow.
SOLUTION
Process Conception. The follow-up of the washing operation in the thermal exchange outside surfaces and the
chemical cleaning of the tubes inside surfaces indicated the disposal of metals and a pH out of the allowed
range, as the main problems to be solved.
A bibliographic research was conducted and references to processes and/or special reactants for the treatment of
water containing heavy metals (1,2, 3,4,5,6,7) were found, as well as their removal by precipitation as
hydroxides (8,9,10). Treatment tests with lime and decantation tests were performed in laboratory, besides the
determinations of settleable matter. In the washing of the outside heat exchange surfaces as well as in the
chemical cleaning, the treatment with lime showed that the Cu, Ni and Zn contents were reduced to values
lower than 1 ppm. The vanadium residue content proved to be highly dependent on the initial concentration.
The best obtained result was found in the range of 1 and 2 ppm for a 162 ppm concentration. It was also
observed that the COD indices were reduced to values below 10 ppm.
Based on the consulted literature, on the obtained results at the bench test, and aiming at a process which could
be developed locally, without having to buy technology and/or. special reactants, the option was the treatment
with calcium hydroxide to precipitate metals as hydroxides. Once the hydroxides precipitate the mass is
submitted to decantation, separating the floating water by overflow.
The sludge in the bottom is filtered to reduce the solids to a cake, which can finally be buried. The waters
originating from the decantation and filtration are submitted to a pH adjustment and sent to the wastewater
network.
The flowchart in Figure 1 illustrates the main stages of the process.
The same treatment of precipitation of metals as hydroxides was chosen for the chemical water washing. It was
decided not to do a treatment for the removal of the organic components present in some of the solutions used
in the chemical washing. This decision was based on the fact that the chemical washing is done once every five
years for each boiler, which results in an average of 1.4 times a year.

pH adjustment

decantation
overflow

Eme water.

waste

washing waters,

water
filtration

pH final

sludge

cake
Tig. X Water Treatment Process - Block Diagram
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Premises. The following premises were established for the project:
The washing with lime water and hydrojet will be carried out with fluids at ambient temperature, not reaching
temperatures higher than 45°C. These washings comprise:
•

Washing of the furnace tubes at the fire side.

•

Washing of the superheaters tubes at the fire side.

•
•

Washing of the honeycombs on the slope.
Carbon steel tubes were specified for the water drainage from the washing of the regenerative pre
heaters washing, considering that the pre-heaters are made of this material. The water used in the
washing should contain some neutralizing product to prevent pre-heaters and pipe corrosion.

•

The highest flow of the wastewater disposal treatment will be of 80 m3/h.

•

The chemical washing will be performed at 70°C-75°C, but the solutions will be discharged through
special tubes and not by the channel. The frequency of the boilers' chemical washing is approximately 05
to 08 years.

•

The chemical cleaning wastewater will undergo the same treatment received by the waters for washing
the external surface for the removal of metal. No treatment of organic compounds will be done. The
COD and BOD disposal will be controlled by the dilution in the currents coming from the boiler, in the
wastewater general system.

•

The most acidic wastewater is the chemical washing one. As a project base 7% of HCL will be
considered in the cleaning solution. The wastewater flow in the boiler drainage will be of 60 m3/h .

•

Lime water will be used to adjust the pH for the precipitation of metals, up to the maximum determined
by the clearance existing in the unit for the preparation of the suspension with lime. According to the
data of the system's balance mass, the available lime water will be sufficient to neutralize the upstream
current. A pump will be installed to keep the adequate circulation flow. In the case of chemical cleaning
waters, the lime water will not be sufficient, and it should be complemented with caustic soda. The soda
will be fed from a truck parked next to the basin.

•

The belt filter press already installed in the Water Treatment Unit, will be used for the removal of
settleable matter originating from the clarification. The filter capacity is of 700 Kg/h of dry solid. This
capacity is lower than the predicted one, but owing to the existing imprecision in this anticipation, it was
decided to use the existing filter and to confirm, during its operation, the need of a higher filtration
capacity.

•

In order to take the most of the available resources, it was decided to adapt the available basins .

•

At least 10 m of slope will be kept in the basins, which is the necessary space for the washing of the
honeycombs, as it has been proved by practice.

•

The alteration of the bottom of the basins, the bottom going down towards the extreme of sludge
removal, was considered impractical, owing to the concrete ironwork. This would lead to the
destruction of the basin.
The sludge suction in a more uniform way was chosen to prevent the formation of "holes" in the layers
of mass.

"

The size of each basin will be 18,5m x 5m x 1,5m, which corresponds to the volume of 128,7 cm3 by
basin.
The level of liquid in the basin will be limited by the elevation of the channel bottom and by the length of
the slope, which should be free for the washing of the pre-heaters.

Project. The existing basins presented the configuration indicated in fig 2. After evaluating several options they
were modified according to fig 3. The main alterations were the following:
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Elimination of part of the slope.
The construction of a treatment tank, inside the basin, next to the wastewater inlet.
Modification of the smaller existing tanks on the other extreme, creating a neutralization tank and two
equalization tanks.

—

—i

1

1

h
rT
r

Fig. 2 Before Modification

Fig. 3 After Modification

Another important utilization is the belt filter press, which will be used to filter the decanted sludge.
With these elements, the treatment of waters will be performed in the following way:
The wastewater from the boilers will be conducted through channels up to the tank, where lime water will be
poured under stirring. The lime water addition will be controlled by a pH meter. The mass from this tank will
overflow to the decantation basin, which has a spillway system on the other extremity. This enables the floating
water to flow to the neutralization tank. In this tank diluted HC1 will be added to adjust the pH around 6-9.
The HC1 addition will be done under stirring and regulated by a pH controller. The mass in the tank will be
distributed to the two side tanks which act as equalization tanks for damping the pH oscillations.
The solids which decant in the tank will be captured by a network of perforated tubes and pumped into the belt
filter press. The filtrate will return to the neutralization tank. The filter cake will be temporarily placed inside
COPENE,in an area planned for this purpose. According to the vanadium content it can be sold for the
recovery of metal or be reserved for CETREL,
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BIOLOGICALLY RESISTANT
CONTAMINANTS ,
PRIMARY TREATMENT WITH

OZONE

Echegaray, Diego Fernandez
Olivieri, Radja Fatima .
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Br 324 Km 5.5 Salvador-Ba. Brasil CEP 41310.450
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ABSTRACT
Organic effluent
oxidation tests were conducted
in petrochemical
companies, in the Camaeari Petrochemical Complex, to reduce treatment
costs and improve the primary treatment efficiency in each industrial
process. Ozone achieved 99.96 percent benzene reduction and 100 percent
ethyl benzene and toluene reduction. Process efficiency is strongly
dependent of the wastewater chemical composition and concentration. For
this reason it is necessary to run pilot plant trials for each specific
case. Ozone was obtained feeding commercial oxygen through a corona
discharge generator and dissolved in the effluent with a bubble column.
Commercial oxygen was used instead of air to increase 250 percent the
ozone production, with the same ozone generator.
KEYWORDS
Benzene. Ethyl Benzene and Toluene Removal. Hazardous Waste Reduction
Efforts. In-plant Conditioning. Wastewater ozonization.
INTRODUCTION
Since the beginning of the wastewater treatment the effluent quality has
been improving.
Our development in this area is the application of ozone in the primary
treatment of industrial wastewater.
We worked with some companies of the Camacari's Petrochemical Complex
and confirmed that ozone or ozone plus catalyst are useful to oxidize
hazardous contaminants and to remove refractory organic compounds to
biological oxidation .
It was • carried out almost complete removal of benzene and complete
removal of ethyl benzene and toluene.
Also, we transformed the organic matter of another effluent in more
biodegradable compounds by the increase of the BODs/COD ratio .
Depending on the wastewater composition, concentration and oxidation
products formed, it was demonstrated that it is possible reusing
applications like cooling tower make up water or process water.
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PILOT PLANT AND EQUIPMENT DESCRIPTION
A schematic pilot plant flow diagram is shown in figure 1.
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Fle i: SIMPLIFIED DIAGRAM OF THE PILOT PLANT.

Ozone Generator Unit. The ozone was produced by the PCI MODEL GL1
generator which produces 19 g/h at two percent concentration, by weight,
when dry air(-60 °C dew point) is used as feed gas. We used commercial
oxygen as feed gas and the generator produced 47 g/h at three percent
concentration by weight. The ozone cell is a corona discharge generator
where the*
feed gas passes between two electrodes (figure 2). An
electrostactic discharge across the gap converts the oxygen to ozone.
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no s: CORONA-DISCHARGE OZONE GENERATORS.

274

Ozone Monitor Unit. The ozone was measured with the ozone monitor PCI
Model HC. Nema 12. This instrument is controlled by a microcomputer that
allows the UV absorption ozone photometer to be accurate and self
zeroing. The UV absorption of the sample gas is measured and the ozone
concentration is computed using Beer's law.
Ozone Contact Unit. Ozone catalyst and wastewater were mixed in a PVC
bubble column two meters high and 3/4 inches in diameter, the diffuser
used was a stainless steel cylindrical porous plug.
Ozone Destruction Unit. Both gases, from the ozone contact and from the
ozone monitor, passed through the ozone destruction catalytic unit, which
contrain manganese dioxide, copper dioxide and aluminum dioxide, before
venting to the atmosphere.

EXPERIMENTAL PROCEDURE
The ozone was produced feeding the generator with commercial oxygen. The
ozone oxygen mixture is supplied to the buble column through the
diffuser, at the bottom.
The pilot plant pressure in the hole system was controlled in 1,0 Kgf/cm2
with a regulator device located before the ozone generator.
The ozone concentration in the gas inlet or outlet of the reactor was
measured using the ozone analyzer.
Both, vent gases from reactor and from the ozone analyzer passed through
the destruction unit for sofety venting to the atmosphere.
The experiments were performed in the batch mode. For each kind of
effluent it was made a preliminary test that indicated which was the
lowest reaction time to achieve the necessery oxidation .
Considering this time we made several tests to choose the best catalyst
for the reagents and to confirm the results repetition.
The ozone dosage was calculated from the ozone concentration in the inlet
and outlet gas.
COMMENTS:
. We didn't have wastewater pH control.
. The wastewater volume used in each experiment was 0,5 1.
. The catalyst used was spent catalyst from industries located in
Bahia.
. COD and BODs were analyzed following "The Standard Methods".
. Benzene, ethyl benzene and toluene concentrations were measured by
gaseous chromatography.
. Ozone concentrations were measured with UV absorption.
RESULTS AND CONCLUSIONS
Experimental results from the pilot plant (figures 3, 4 and 5) showed
that toluene and ethyl benzene can be oxidated to concentrations below
the detectable limit. For benzene it was achieved a 99,96 percent
reduction.
For wastewater with these three contaminants, already studied, we could
reach a 99,98 percent reduction, as an average value, with 0,496 ppm Os
dosage for each ppm of organic load.

For wastewater with high COD and low BODs, as shown in Fig.

6

,

ozonization can increase the BODs/COD ratio to values nearly to
biodegradable effluents.
Ozonization was demonstrated to be a useful option for wastewater
treatment containing this kind of primary biorefractory contaminants.
Process efficiency is strongly dependent of the
wastewater chemical
composition and concentration.
For this reason, it is necessary to run
pilot plant trials for each specific case
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INDUSTRIAL WASTE MINIMIZATION
OF CHLORINATED SOLVENTS IN
TAIWAN: REGULATORY MEASURES
AND IMPLEMENTATION STRATEGIES
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ABSTRACT

In Taiwan, the Air Pollution Control Act, the Water Pollution Control Act, and the Waste Disposal Act
promulgated under the jurisdiction of the Environmental Protection Administration, and the Labor
Safety and Health Law under the responsibility of the Council of Labor Affairs have been recently
amended with a goal to eliminate the discharges of the toxic chemicals. A major focus of these
amendments pertains to the industrial waste minimization (IWM) requirements. This paper will review
the recently amended regulations relevant to the IWM of chlorinated solvents. Although IWM has many
advantages, technical and economic incentive barriers can inhibit the widespread use of IWM practices.
Numerous ongoing strategies for promoting the IWM concepts, such as technical and financial
incentive programs and IWM information exchange and demonstration projects conducted mainly under
the support of the Ministry of Economic Affairs, will be described.

KEYWORDS
Chlorinated solvents; Industrial waste minimization; loss prevention; materials safety data sheet;
pollution prevention.

INTRODUCTION

The rapid industrialization in Taiwan has resulted in the generation "of the large quantities of industrial
waste and the subsequent contamination of the environment in the 1980's. In the past decade,
chlorinated solvents have been widely used in the chemical, electronics and surface finishing industries
in Taiwan, mainly including 1,1,1-trichloroethane (TCA), methylene chloride (METH),
trichloroethylene (TCE), and perchloroethylene (PCE). These chlorinated solvents pose a range of
health and environmental problems (Wolf et al., 1991), therefore are listed as the environmental priority
pollutants in the environmental protection and occupational safety and health regulations. Under the
provisions of the Amendments to the Montreal Protocol, will be banned, because it causes depletion of
the stratospheric ozone (OTA, 1991). The others will also be increasingly restricted and regulated
because they are suspected animal carcinogens. It can be expected that the existing and amending
regulations and policies will push industrial users away from the chlorinated solvents and toward the
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performance of the feasible and practical clean technologies, such as materials substitution and cleaning
processes changes, and loss prevention, such as good operating practices and reuse or recovery (Thayer,
1992).
This paper will describe the characteristics of these chlorinated solvents from the viewpoints of health
and environment, and the current used status in Taiwan. We also review the recent amended regulations
and numerous ongoing promotion strategies pertinent to the industrial waste minimization (IWM) of
toxic chemicals of chlorinated solvents by the Environmental Protection Administration (EPA), the
Council of Labor Affairs (COLA), and the Industrial Development Bureau/Ministry of Economic
Affairs (IDB/MOEA) in Taiwan.

CHARACTERISTICS AND END USES OF CHLORINATED SOLVENTS

Chlorinated solvents, considered as volatile organic compounds (VOCs), have extremely attractive
properties, such as chemical stability and low flammability compared to general solvents. In addition,
there are to inherently exist the different characteristics, such as toxicity hazards and
photodecomposition, between them, as summarized in Table 1.
Characteristics

Toxicity Hazards. Chlorinated solvents and their vapors themselves are toxic to human. The target
organs are skin, kidney, liver, central nervous system (CNS), and pulmonary system (Luxon, 1989).
Some of them, for example, TCE, PCE, and METH discussed in this paper, have given positive animal
carcinogenicity results. There is no doubt that they are designated as hazardous air pollutants (HAPs)
and hazardous wastes under the Taiwan's environmental regulations (EPA, 1993). The threshold limit
value (TLV) also shown in Table 1 represent a time weighted average (TWA) air concentration to which
a worker can be exposed for a normal 8-hour per day, 40-hour per workweek without ill effects. In
general, the lower the TLV, the more acutely toxic are the chemicals. METH, TCE, and PCE have lower
TLV (i.e., 50 ppm) than TCA (i.e., 350 ppm) according to the American Conference of Governmental
Industrial Hygienists (ACGIH). It is also showed in Table 1 that Taiwan's TLV standards are evidently
less stringent than US ACGIH, especially for METH.
Secondary Air Pollution. Photochemical dissociation reactions of organic hydrocarbons are of
importance in affecting the ambient air quality because the free radicals (mainly OH radical) produced
then initiate series of others reactions responsible for the formation of secondary air pollutants, such as
photochemical smog (e.g., ozone), known to cause the effects on pulmonary function and eye irritation
(Seinfeld, 1986). All organic compounds are considered as precursors to ozone formation, unless
specifically exempted from the regulations (Wolf et al., 1991). For example, METH and TCA are
exempted under the section III of the US Clean Air Act of 1977.
Stratospheric Ozone Depletion. Chlorinated solvents do not possess the extremely chemical stability in
the lower atmosphere, compared to the chlorofluorocarbons (CFCs). However, TCA discussed in the
paper has long atmospheric lifetime (i.e., about 7 years) before they are eventually destroyed in the
stratospheric reactions that also deplete stratospheric ozone. The ozone depletion potential (ODP) is
defined as the potential for ozone depletion of one kilogram for a chemical relative to the potential of
one kilogram of CFC-11, which have an ODP of 1.0. In general, the longer the atmospheric lifetime, the
higher the ODP. TCA has a lower DOP of about 0.1 as listed in Table 1.
End Uses of Chlorinated Solvents

There are four major chlorinated solvents used extensively in Taiwan. Table 2 shows the total quantities
of imports and summaries the major end uses of these chlorinated solvents during 1989 - 1992 (Tsai,
1992). The primary applications of METH are vapor degreasing and paint stripping, other applications

are used as a blowing agent in the production of polyurethane (PU) flexible foam, and as an extraction
solvent. PCE's major uses are dry cleaning and vapor degreasing. TCA, like METH, is ubiquitous, it is
used primarily in vapor degreasing, and as a photoresist developer and deflux in the printed circuit
boards industry. TCE is used primarily in clean applications - vapor degreasing. A small amount of TCE
is used in the coating arid adhesive industries. •
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TABLE 1 CHARACTERISTICS OF THE MAJOR CHLORINATED SOLVENTS

TLV-TWA a
Solvent

Animal
Carcinogen

Smog
Contributor

Stratospheric
Ozone Depletion

ACGIH*3

Taiwan

Methylene
Chloride

50 ppm

500 ppm

suspected

exempted

no

Perchloroethylene

50 ppm

100 ppm

suspected

regulated

no

350 ppm

350 ppm

50 ppm

100 ppm

1,1,1-Trichloethane
Trichloro
ethylene

no
suspected

exempted

listed
(ODP=0. l)a

exempted

no

a Defined in the text
b American Conference of Governmental Industrial Hygienists.

TABLE 2 MAIN CHLORINATED SOLVENTS USED IN TAIWAN

Solvent

Total Import (metric tons)
____________________________________

Major Applications

1989

1990

1991

1992

Methylene
Chloride

11,421

8,476

8,602

5,935

Perchloroethylene

577

482

664

579

1,1,1-Trichloro- 8,166
ethane

8,535

8,455

14,942

Vapor degreasing, electronics

2,810

2586

2,230

7,730

Vapor degreasing, coating

Trichloro
ethylene

Vapor degreasing, paint stripping
, PU flexible foam, extractant
Vapor degreasing, dry cleaning

REGULATORY MEASURES

Taiwan experienced rapid industrial growth in the early 1980's, but paid significant environmental
degradation. As in many developed nations, Taiwan has regulatory measures that are in the form of
"command and control" to regulate the gaseous emissions, effluent discharges, and industrial wastes
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(Lin, 1991). These regulatory measures do not address waste reduction directly, but instead of
controlling and restricting pollutants released to the environment. Facing the increasing environmental
pollution and public awareness, the government established the Environmental Protection
Administration (EPA) in 1987, and extensively revised the environmental legislations during 1987 1993.
Although there are a number of current statutes which impact upon liability concerns associated with the
IWM of chlorinated solvents in Taiwan, the most important regulations of these include the Air
Pollution Control Act Amendments (1992), the Water Pollution Control Act Amendments (1991), the
Waste Disposal Act Amendments (1988), and some enforcement rules authorized by these Acts as listed
in Table 3. The main approaches can generally be summarized as follows :
1. Comply with the emission or effluent standards of stationary sources, which are based on the
concentration and total quantities of toxic pollutants.
2. Based on the amounts of emission of toxic pollutants, facilities should be required to offer the
emission fee.
3. Prepare the air and/or water pollution control plans, or industril waste management plans (including
IWM programs) to apply the operation or emission permits for new facilities.
4. Set up the monitoring systems, followed by keeping records, and reporting to the provincial
governmental agency.
5. Prior to direct landfill or disposal of the hazardous industrial wastes (e.g., spent organic solvents),
the affected facilities should comply with the pretreatment requirements, i.e., distillation recovery.
In addition to the existing regulations, the Taiwan's EPA will promulgate revised legislations pertained
to the IWM of chlorinated solvents in the incoming future. Some of these are briefly described as
follows:
1. Eight synthetic organic compounds(e.g., TCA, TCE, PCE etc.) will be newly listed in the Drinking
Water Quality Standards.
2. Under the authorization of Toxic Chemical control Act (promulgated on Nov. 16, 1988), the four
chlorinated organic chemicals discussed in this paper will be designated as toxic chemicals. This
means that any person who wants to manufacture, import or sell these toxic chemicals must have
them registered and get the licences from EPA.
3. To attain the ambient air quality, EPA will implement air pollution control performance for specific
industries, including organic solvents manufacturing, semiconductor manufacturing, metal
finishing, resin and plastic manufacturing, surface coating, etc.
4. Facilitate industries adoption of IWM technologies for manufacturing or using toxic substances.
The requirements will include toxics use reduction fee, if no improvements are made in the
affected facilities.
The Taiwanese government also has taken many regulatory practices that are pertinent to improve the
workplace environment in the 1980's. With the establishment of the Council of Labor Affairs (COLA) in
1988, the status is more evident and progressive than the past. The most important of these regarding
occupational affairs legilations is the Labor Safety and Health Law Amendments promulgated on May
17, 1991, which was first enacted in the 1970's (COLA, 1993). Under the authorization of this
Amendments, the COLA has carried out many enforcement rules or guidelines as listed in Table 3 for
occupational safety and health compatible with the economic and social changes of the country.
These rules that are pertinent to the chlorinated solvents Eire to encompass the following features :
1. Conduct operations for environment monitoring periodically, and implement the necessary
preventive practices based on the monitoring results.
2. Lable dangerous and hazardous materials by making necessary precautionary safety and health
warnings.
3. Perform the prework safety and health education and training so as to prevent the occurrence of
accidents.
4. Establish Materials Safety Data Sheets (MSDS) for dangerous and hazardous materials used in the
workplace. These MSDS are easily accessible to the labors.
5. Develop self-inspection schedules and carry out self inspection for the process facilities.
PROMOTION STRATEGIES
To pursue the economic development and protect the environment simultaneously in the 1980's, the
Taiwanese government has carried out many successful end-of-pipe treatment projects and also begun to

focus on few IWM programs. Because of the lack of an overall effort, the IWM concepts were not
widely accepted and implemented prior to 1990 (Chiu, 1992).
In Nov. 1988, as a part of the national effort to enhance environmental and public health protection, the
government decided to promote IWM concepts and to consider it as a national policy. In Feb. 1989,
theExecutive Yuan directed the EPA and the Ministry of Economic Affairs (MOEA) to coordinate
efforts in promoting IWM. The Waste Minimization Advisory Committee (WMAC) was established.
The mission of the WMAC is to establish, coordinate, and implement IWM programs in Taiwan.
In 1991, a report on the IWM promotion plan in Taiwan was performed for the WMAC, which was
developed to provide incentives to industries and to overcome the barriers faced by industries (Lin,
1991; Tseng, 1992). The IWM promotion plan mainly includes four elements. These are technical
assistance, economic incentives (financial) assistance, technical information exchange, and regulatory
measures (described above). The fore three elements pertain to the non-regulatory promotion strategies
and will be described below :
TABLE 3 MAJOR STATUTES PERTINENT TO IWM IN TAIWAN

Statute

Promulgated Date

Implementing agency a

Air Pollution Control Act Amendments

Feb 1, 1992

EPA

Enforcement Rules of the Air Pollution
Control Act Amendments

Feb 1, 1993

EPA

Water Pollution Control Act Amendments

May 6, 1991

EPA

Enforcement Rules of the Water Pollution
Control Act Amendments

Dec 17, 1992

EPA

Waste Disposal Act Amendments

Nov 11, 1988

EPA

Identification Standards of Hazardous
Industrial Waste

May 12, 1987

EPA

Industrial Waste Storage and Treatment
Methods and Facility Control Act

May 8,1989

EPA

Labor Safety and Health Law Amendments

May 17, 1991

COLA

Enforcement Rules of the Labor Safety and
Health Law Amendments

Sep 16, 1991

COLA

Regulation Amendments Governing the
Prevention of Organic Solvents Poisoning

June 24,1991

COLA

Guidelines Amendments for Working
Environment Monitoring

Feb 14, 1992

COLA

Regulation Governing the Communication
of Dangerous and Hazardous Materials

Dec 23, 1992

COLA

Labor Inspections Act

Feb 1, 1993

COLA

a EPA : Environmental Protection Administration
COLA ; Council of Labor Affairs
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Technical Assistance Strategies

Through the cooperation from- experts, scholars, engineers, and the personnel in the Industrial
Development Burea (IDB), which is a branch organization of the MOEA, Technical Services for
Industrial Pollution Control was organized as to provide technical assistances for pollution control and
IWM to industries. For example, the group assists plant personnel in identifying waste sources and 1WM
opportunities by collecting data on processes, waste streams, and current management practices. Some
main purposes of this group are to reduce the raw materials (especially hazardous materials) and to
utilize the resources more efficiently. The ultimate goals are aimed at the economic production of goods
and to upgrade the environmental quality at the same time.
Financial Assistance Strategies

The government agencies, e.g., IDB/MOEA, in cooperation with banking institutions and nonprofit
organizations, are providing subsidies to encourage pollution control, energy conservation, and IWM by
industries. Subsidies take a variety of forms that include direct payments, grants, low-interest loans, and
duty free for imported IWM (e.g., recovery) equipments. The government also offers investment tax
credit through corporate income - tax deductions or accelerated depreciation of equipment to firms that
can document successful efforts to control pollution or reduce toxic pollutants generation through capital
equipment improvements.
Technical Information Exchange

Technical information exchange strategies cover educational programs and technology transfer
programs. Approaches , such as. newsletters, workshops, conferences, and news media , are developed
and used by the government agencies (e.g., IDB/MOEA, EPA, and COLA), and academic organizations
to communicate relevant IWM information to the industries. Individual firms were selected to receive
awards for outstanding achievements with respect to IWM. A waste exchange program established
under the funding support of IDB/MOEA is administrated at the Industrial Technology Research
Institute (ITRI). Several IWM guidance manuals that target specific industries (e.g., printed circuit
boards and metal finishing industries) and waste streams (e.g., spent organic solvents) have also been
developed.
To guarantee the public and worker a healthier environment and workplace. The Taiwanese government
is qow upgrading programs for research and development in IWM technologies through IDB/MOEA,
COLA, and National Science Council (NSC) , especially for the pollution prevention and loss
prevention of toxic chemicals . For example, COLA has established a research institute for occupational
safety and health since August, 1992. NSC is also funding the IWM projects for new separation
technologies and processes.
CONCLUSIONS

While expansion and enforcement of the current and incoming environmental, safety, and health
regulations are expected to provide incentives to industries for adopting IWM practices in Taiwan, the
government is also actively involved in promoting IWM. Chlorinated solvents exampled and discussed

in this paper are focused as those of target chemicals for pollution prevention. Presently, the government
and its contractors are acting as a clearinghouse for information on IWM technologies, as well as the
sources of technical assistance to industries for identifying and implementing IWM practices. They are
acting as the financial sources providing the research, development, and demonstration of new
technologies and are providing subsidies and other economic incentives for the adoption of IWM
practices. Implementation of IWM is the only key to achieve both economic development and
environmental protection, and hence substainable development.
ACKNOWLEDGEMENTS

The authors are pleased to acknowledge the offer of the newest governmental law and regulations from
Mr. C. S. Shen of the Taiwan's Environmental Protection Administration (EPA) and Mr. D. S. Shih of
the Taiwan's Council of Labor Affairs (COLA). We also express our sincere thanks to Dr. S. Y. Chiu for
providing his experiences in IWM.

286

REFERENCES

Chiu, S. Y. (1992). Review of Industrial Pollution Prevention-in the United States and Taiwan.
International Symposium on Energy, Environment, and Information Management, Argonne
National Laboratory, Argonne, IL, U.S.A., September 15 - 17.
COLA (Council of Labor Affairs, Taiwan) (1993). Handbook of Labor Safety and Health Law. Taipei,
Taiwan.
EPA (Environmental Protection Administration, Taiwan) (1993). Handbook of Environmental Law.
Taipei, Taiwan.
Lin, T. S. (1991). Incentives and Assistance Programs for Industrial Waste Minimization. Proceedings
of the First International Conference on Industrial Waste Minimization, Taipei, Taiwan, June 5 6.
Luxon, S. G. (1989). Chemical Safety Data Sheets - Volume 1: Solvents. Royal Society of Chemistry,
London, UK.
OTA (Office of Technology Assessment, U.S.A.) (1991). Changing by Degrees : Steps to Reduce
Greenhouse Gases. U. S. Government Printing Office, Washington D.C.
Seinfeld, J. H. (1986). Atmospheric Chemistry and Physics of Air Pollution. John Wiley & Sons, New
York, NY.
Thayer, A. M. (1992). Pollution Reduction. C&EN, Nov. 16,22-52.
Tsai, W. T. (1992). Review of Toxicity and Metabolism of Chlorinated Solvents. J. Industrial Pollution
Control (Taiwan), No. 43, July, 175-189.
Tseng, C. T. (1992). Promoting Industrial Waste Minimization in Taiwan. Proceedings of the Second
International Conference on Industrial Waste Minimization, Taipei, Taiwan, June 2-4.
Wolf, K., Yazdani, A., Yates, P. (1991). Chlorinated Solvents: Will the Alternatives be Safer ? J.Air &
Waste Manage. Assoc., 41 (8), 1055-1061.

287
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ABSTRACT
A software was developed to design and simulate an activated sludge
unit
associated to a new technology to remove heavy metals from wastewater.
A
continuous
diphasic reactor with high efficiency
operates
by
using
particles
of activated peat in conjugation with the sludge unit
Several
experiments in laboratory scale demonstrate that for instance, in case of
Pb
the efficience of the sorption process reachs 98% with a
residence
time
equal to two minutes. Subsequent studies demonstrate that the
Cu
is
sorbed with the same efficiency but with a residence time
7,5
times
greatep„when compared with Pb
. In this work all_the data is related
to
the Cu
by using a concentration equal to 50 g/m . The results
obtained
may be useful to increase the the efficiency or to reduce the design
and
operational costs involved in a activated sludge unit.
KEY WORDS
Wastewater
treatment, Mathematical model, Heavy metal removal,
sorbent of heavy metals, Computer simulation, Bio-unit.

Peat as a

INTRODUCTION
The main objective of an activated sludge unit is the bio degradation
of
organic compounds present in wastewater by the action of micro organisms.
This
process is similar to the natural one but occurs with a
very
high
efficiency,
because the input of oxigen necessary to the depuration
may
be
easily
controlled
by using aerators. If a
wastewater
suffers
the
contamination
by heavy metals, it is necessary a previous
treatment
to
remove
this
kind
of contamination, before the
effluent
goes
to
the

activated sludge unit. It is well known the fact that the presence of
heavy metals, very toxic materials, may affect drasticaly the efficiency
of the biological reactor,

in such a way that the final effluent
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quality

may be diminished, generating a negative impact in the environment.
In
order
to
control all this process it was developed
a
software
to
design and simulate an activated sludge unit operating simbioticaly
with
a
secondary
thickner, both associated with a continuous
reactor
using
peat particles to sorb heavy metals.
This
new technology in which the peat "in natura" is treated by using
a
cation
exchange process, is very useful to concentrate in the
particles
these deleterious
material.
The
presence
of heavy
metals in the sludge
leads
to
a
significant
reduction
of the oxigen consumption, provoking the desativat ion
of
the
fixation of energy process by the exisisting microorganisms.
Experiments
done to determinate the influence of the Cu
on
the
BOD
(biochemistry
oxigen
demand)
(Povinel1i, 1990) ^showed that
for
the
concentration
of
this
cation
equal
to 50
g/m ,
it
was
produce ^a
significant reduction on the rate of biochemical stabilization, (K,
h
>
of
about
three
times,
i.e. there is
a
oxigen
consumption
reduction
approximately equal to 3.
This
implies in a pr-oportional reduction in the efficiency of BOD
which
influences
the
size of the sludge unit by increasing
it,
augment
the
required power for the aeration process etc.
On
the
other
hand, experiments done by (Matos et al,
1988)
b^„ using
activated
peat indicate that^it was possible to remove 98% of Cu
at
a
concentration equal to 50 g/m , in a reactor with 15 minutes of residence
time.
This
of course is a very good result from the pratical
point
of
view.
Based
in
the
information mencioned above and by using the
data
of
a
domestic
non contaminated effluent (Ramalho, 1983) as reference, it
was
simulated
the normal operation conditions and an operation in which
the
wastewater contains 50 g/rn
of Cu
. The fundamental assumption, was
the
consideration
that the reduction of the rate
biochemical
stabilization
leads
to
an
equivalent reduction of the rate
of
degradation
of
the
substrate (K, h
m /g).
The
comparison of the results obtained without and with
a
contaminated
wastewater
showed
significant differences, mainly with respect
to
the
size of the biological reactor, the required aeration power, the
biomass
production
and nutrient balance. The prejudices generated by
the
heavy
metal
contamination are very serious in such a way that the use
of
the
peat
reactor
becomes necessary, in order to maintain
or
increase
the
efficiency of the biological reactor, with costs reduction.
MODELLING
Description of the simulation model
Activated
sludge unit. The design and simulation of an activated
sludge
unit, takes in account a series of parameters related to the quality
and
quantity of wastewater to be treated, the winter and summmer temperature,
biokinetics
parameters,
organic
load etc.
The
developed
program
is
iterative in order to obtain the best; aeration condition, residence time
and size of the unit; besides the program is colloquial with a good level
of interation wich the user.
The model predicts the parameters
correction of the environment pressure
and temperature, given the size and a complete mass balance of the
unit,
which
operates in a symbiotic way with the secondary thickner. The
mass
balance
is
done
also
taking in account
the
nutrients
nitrogen
and
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phosphours by considering the summer and winter conditions.
Heavy
metals
removal unit . The subroutine used to design
and
simulate
this unit was based
in (d Avila et al, 1988) studies related to the
use
of
continuous
reactors with activated peat as a
heavy
metal
sorbent.
Depending
on the heavy metal concentration and flow rates ranges of
the
wastewater the program selects in a automatic way which kind of unit
has
to be used, batch, continuous reactor or a cat ionic exchange columm.
All
the
necessary
information
for
each heavy
metal
is
contained
in
a
automatic access data bank .
The
final results of this program are the dimensions of the reactors
or
exchange columm and the operational conditions in each case studied.
Eguations System. To execute completely this program there are a
complex
system
of
equations
and
semi-empirical
correlations,
as
well
as
interpolation
subroutines.
The
activated sludge unit
used
the
model
proposed
by
(Ramalho, 1983) and the peat reactor unit
used
the
model
proposed by (d Avila et al. 1988).
RESULTS
Initial Report
TABLE 1: Input Data

IIENS

System Input
System feed
Soluble BOD
Volatil solids
Alcalinity
Total Nitrogen
Total Phosphorus
Sumer Temp.
Winter Temp.
Data q£ the desired effluent quality
Soluble BOD
Volatil suspended solids
Non volatil suspended solids
Data iflL the activated sludge reactor
Volatil suspended solids - in the reactor
Volatil suspended solids at the thickner button
X of volatil solids in the liquor
Summer air temperature
Winter air temperature
Optimum fInitiation condition
Ma Sol aerators selection aM laa fill!
Oxigen demand
Hass transfer coefficient for the oxigen
Solubility coefficient for the oxigen

1
1
1
1

1 RIGOROUS WINTER 1 TROPICAL
1
CONDITION 1 CONDITIONS

1
1

1

1

UNITS

1
l
1
1
1
1
1
1

<= /h)
(g/cl)
(g/m:)
(g/m,)
(g/m,)
(g/ad)
#)
(°C)

1
1
1

(g/m,)
(g/m,)
(g/m )

1
1

(g/m,)
(g/m )

i
1
1

(°o
(°C)
(Kg/h)

1
1
1

(g/tl

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
!
1

COND. i

1577.3
209.6
6.0
50.0
60.0
1.0
24.0
16.2

1

COND. 2

1
1

27.0
24.0

1
1

29.4
24.0

20.0
10.0
0.0
3000.0
12000.0
0.8
29.4
-1.1
0.011
2.0
0.87
0.97

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

TABLE i - CONTINUATION
Barometric pressure

1

Biokinetic parameter
Substrate removal constant

(Kgf/cii >

1
1
1 (i/h x w3/g)

1

1

1
1 0 g/n Cu

1
„
1 50 g/n Cu

1
1

1

1

1

1

1.03

0.00183

0.00048

REPORT

TABLE 8: Size of the Reactor and Operational Conditions
6 g/n3 Cu*

ITEM

C0ND.8

COND.i

(a):

14.47
86.66
85.61
13.68
11.43
9.98
166.98
116.65
8.99
4731.76
319.93
1684.63
8.81

15.47
16.56
87.46
84.00
11.04
16.98
100.38
106.85
8.67
4801.35
307.86
1688.76
8.59

13.51
80.00
85.60
11.18
17.37
18.78
1.99
70.33
9.33
14783.65
554.45
8919.56
5.04

18.15
80.00
87.63
84.00
15.04
13.91
33.96
50.83
6.38
10068.10
457.17
8407.33
4.18

(wYh)

8168.48

8106.14

8108.48

8108.48

(m3/h)

1569.37
19.67
85.80

1578.10
15.07
16.56

1575.68
15.11
81.60

1578.48
18.15
80.00

(g/n )

534.64
8956.33

533.11
8958.88

587.04
8990.31

589.3
8987.5

<t,/h)
<t /h)

7.78
7.78

7.30
7.30

1.70
0.00

8.19
8.19

(Kg/h)
(Kg/h)
(Kg/h)
(kg/h)
(kg/h)
(kg/h)
(kg/h)

13.69
15.57
5604.00
8.81
3.18
1.83
1.54

13.68
14.38
5004.04
8.80
8.91
1.88
1.34

1.81
10.08
5004.04
0.88
2.19
0.00
0.68

5.65
7.60
5004.04
1.47
1.79
0.00
0.81

COND.i
Reactor
Soluble BOD in Sumer
Soluble BOD in winter
Liquor temp, in summer
Liquor temp, in winter
Required Oxigen in summer
Required Oxigen in winter
Biomass production in summer
Biomass production in winter
Residence time
Reactor volume
Required aeration power
Area
Depht
Reactor effluent
Effluent flow rate
System effluent
Flow rate
Total BOB in summer
Total BOD in winter
Thickner bottom
Flow rate
Suspended non volatil solids
Thicknex bottom output
Flow rate in the winter
Flow rate in summer
Nutrient necessity
Total lost of Ng in summer
Total lost of Ng in winter
Disponible Ng
Total lost of P in summer
Total lost of P in winter
P to add in summer
P to add in winter

50 g/n3 Cu*

(9/1?)

(g/«
>
<°C>:
( C):
(Rg/h)
(Kg/h)
(kg/h)
(Kg/h)
(hi:
(n3)
(ho):
(«):

(g/n,)
(9/a )

<m3/h)
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C0ND.8

CONCLUSIONS
The
presence
of
the Cu
ion <50 g/m > in
a
wastewater,
produces
a
significant
reduction in the oxigen consumption velocity, in such a
way
that a partial desactivation of the energy fixation by the microorganisms
was
obtained, provoking the inihibition of the microbian growth
in
the
bioreactor.
The
dimensions
of
the
bioreactor- and
the
energy
consumption,
are
increased in the inverse proportion of the reaction velocity reduction of
the oxigen consumed in the process. In the example showed the fixed costs
increases three times and the eletrical energy demand for the aerators is
70% greater.
It was observed a very important influence of the air temperature in
the
design procedure adopted here. The design based on the the residence time
is
in
general more conservative in winter conditions
than
the
design
based
on the optimun flocculation conditions. In this case
to
maintain
the
same efficiency of the b.ioreactor the residence time is
bigger
and
this
implies in the increase of the necessary volume. With the
presence
of the heavy metal ion (copper) the biomass production in the summer
has
a
drastic
reduction
in
condition i, due
to
mainly
the
significant
increase of the coefficient of microbian decay <Rd, h
> .
If
the treatment plant was design with an efficiency of 90% by
using
a
non confcanminant effluent, the presence of the Cu
at a concentration of
50
g/m ,
produces
a reduction of the efficiency 74%,
in
the
treated
example.
The
inclusion of the peat reactor to remove heavy metals,
as
expected,
will
permit
an
efficient removal of the BOD.
The
proposed
model
by
(d'Avila
et
al, 1988) determines the quantity of activated peat
to
be
added in function of the concentrations and types of heavy metals present
in the wastewater, in order to get the optimum operational condition.
The implementation of the mathematical and semi-empirical models for
the
activated
peat
and biological reactors, permit several types
of
rapid
simulations
with
respect to the design and operation
of
these
units,
simply
by
using
a PC computer. The developed program
may
induces
to
several
conclusions
very, important from the practical point
of
view,
just searching the inffluence of the most important parameters.
This
program
will
be
very
useful
to
simulate
existing
operating
biological
plants
since the main physical chemical
and
biokinetics
parameters
are
determined
experimentaly.
The
traditional
laboratory
experiments
may
be done in a conjugate manner with the
activated
peat
reactor. This new technology will be helpful in the next future.
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ABSTRACT
The environmental certification of products and of environmental
management systems is becoming a reality among countries member of the
E.C. (European Community) in order to guarantee Good Environmental
Practices in products life cycle. One of the means for obtaining this
environmental certification is the implementation of an Environmental
Management System together with an Audit Cycle Programme in order to
promote continuous improvements in the environmental performance of
industrial activities.
The
article
discusses
the
environmental
management
systems
implementation procedures and "The Eco Management and Audit Scheme"
Regulation and, the auditing procedures to achieve an effective
environmental management system.
Finally it discusses the approaches of environmental audits in large
multinational corporation operating worldwide and the approach of
environmental audits in Brazil's legislation.
KEYWORDS
Eco audit;
Eco label;
Eco management;
Environmental audits;
Environmental certification; Environmental management systems.
INTRODUCTION
The managerial mind in the environmental field began to change as a
result of an accident in Bhopal, India, where a leakage of a toxic gas
took the lives of over 2.000 people. That gave rise to a discussion on
the company's responsibilities in the country where their sites were
settled. The compliance to local legislation and requirements was not
enough, regardless of the legal requirements. Today, such policies are
sometimes more restrictive than local requirements. Such procedure has
allowed companies to standardize the environmental practices on their
sites.
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From the accident involving ship Exxon Valdez in Alaska, where a
leakage of oil of gigantic proportions occurred, the discussion has
reached broader dimensions. Having policies and internal guidelines in
which only systems of environmental protection within the physical
limits of the site were verified was not enough; it was also necessary
to include external practices, such as materials transportation, raw
materials and waste disposal, among others. Those practices have also
been incorporated into the environmental policies of industries.
New concepts and theories on management are being incorporated, such
as the theory of quality. And, either as a result of the market's
pressure, or of a growing awareness that the productive sector should
be responsible for environmental protection and man's health, new
concepts
in
environmental
management
have
arisen,
gradually
incorporating it into the managerial strategy and production costs.
Owing to this, innumerable corporations in a wide range of fields and
countries have developed their own policies and established guidelines
and programmes on environmental protection.
ENVIRONMENTAL CERTIFICATION
The E.C. has been establishing environmental certification systems for
products, services and environmental management systems.
The initiative has already exceed the boarders of the E.C. as noticed
by the discussions for an ECO-LOGO for tropical timber products. This
discussion
affects mainly African,
Asian,
and
South American
Countries.
This certification schemes aims at showing that a product, service or
system are distinguished from others.
Environmental Certification means the voluntary granting of labels by
a private or public body in order to informe consumers and thereby
promote consumer products which are determined to be environmentaly
more friendly than others functionally and competitively similar.
This certification
reference.

process

has

to

be

in

compliance

with

a

given

This reference can be characterized by;
- A
collection
of
requisitions
international institution (e.g.
Communities").

issued
as
guidelines
by
an
"The comission of the European

- A collection of codes and legislations adopted by a national public
body.
- A collection of quality standards established by the company itself.
The certification can be voluntary or officially required.
The official certification is normally associated with a consumer's
and public health's
quality assurance.
This
certification
is
established by national
or
supranationals bodies
as the CEC
guidelines. Guidelines for medicines, food and drinks or any product
that represents hazard to human helth are already known to the public.
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The voluntary certification adopted as a reference a collection of the
quality standards already accepted by competitors of a given sector.
Although voluntary, in order to be accepted the system has to adjust
itself to certain regulations criteria as the EN 45011, an European
Standard which establishes minima requirements
for independent
accredited certification bodies on behalf of EC.
The certification schemes are voluntary in their
original certification schemes are described below:

majority.

The

Green Seal: Private system currently in discussion in the U.S.A. It
intends to use environmental criteria based on the entire
life cycle of each product.
Green Cross: U.S.A.'s private system. The manufactures do a voluntary
environmental assessment of its products and packaging.
Eco Mark: Japan's non
programme.

official

product's

and

service's

labelling

Blue Angel: Germany's 15 years old labelling scheme. It is been used
as a basis for other countries efforts including the Eco
Label programme.
Environmental
Choice
: Canadian official labelling programme. It is
the Blue Angel Scheme.
White Swann: Nordic
countries'
programmes

products

enviroAmental

based

on

labelling

The Blue Angel Scheme is considered as one of the most adequated and
accredited scheme. The label is issued after being examined and
assessed by the German Federal Environmental Agency (FEA).
The sponsor of the labelling proposal is the manufacturer. The FEA
reviews the proposal investigating the accuracy of the information and
the claimed environmental benefits. Each proposal and its review is
examined
by
dentists,
consumers
protection
bodies,
industry
representatives and environmentalists. The whole process lasts years
before the label is awarded.
The Blue Angel is only issued to products that:
- When compared to others are functionally similar;
- During all production phases (including rational use of raw
materials) it is guaranteed the non agression to the environment.
- Are distinguished from their
agression to the environment.

similar

by

the

high

level

of

non

The German product labelling experience has been the basis for the
majority of the schemes mentioned as well as to the Comission of the
European Community, established by the EEC Regulation n° 880/90.
ECO LABEL
The European Community system for the award of an environmental label
to products, named ECO LABEL aims at:
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. Guarantee a minimum of environmental impacts in the whole product
life cycle (including raw materials, production and final disposal).
. Inform the consumers about the environmental impacts caused by a
given product.
Products or semi-products imported by E.C. and subjected to an
environmental labelling should follow the same criteria to those
products produced within the E.C. To check this, suppliers have to
send an environmental analysis to ttieir European importers. Those
sites are subject to an environmental audit to confirm the information
sent.
The Commission of the European Community will set the
analysis
criteria. The Eco Label application has to be in products category.

Each application shall be accompanyed to a global product assessment
since
extraction/production
of
raw materials
until
packaging,
distribution and final disposal (cradle to crave principle).
Figure 1 shows an indicative matrix proposed by the EEC 880/92
Regulation. This matrix relates the environmental fields with the
product life cycle.
FIG. 1 - INDICATIVE ASSESSMENT CYCLE
PRODUCT LIFE CYCLE
ENVIRONMENTAL
FIELDS

PREDISTRIBUTION
PR0DUCTI0H PRODUCTION (INCLUDING UTILIZATION DISPOSAL
PACKAGING)

Waste relevance
Soil pollution and degradation
Water contaaination
Xir contamination
Noise
Consumption of energy
Consumption of natural resources
Effects on Eco systems

Source: EEC Regulation n= 880/92
The Eco Label will only be awarded to products categories which have
their life cycle according to the E.C. standards for health, safety
and environment.
In case the
local
and national
legislation
requirements are stricter than the E.C. guidelines they have to become
incorporated in the Eco Label award criteria.
It is possible to notice that the Eco Label scheme always refers to
production issues, therefore it is essential to have an adequate
environmental management system implemented.
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According to this point of view the EC is also establishing voluntary
Environmental Management criteria which adopt the Environmental Audit
as a management tool in order to achieve the "The Eco Management and

Audit Scheme” Regulation goals.
THE ECO MANAGEMENT AND AUDIT SCHEME
In March- 1993 the E.C. Council adopted a Regulation that will permit
companies to participate in an "Eco Management and audit scheme".
The scheme refers to the voluntary participation by companies
performing industrial activities and will allow them to use the
European Eco-logo, or Statement of Participation for a given site in
compliance with the E.C. Regulations. The regulation is expected to
come into force in September 1994.
The scheme proposes environmental audits in order to promote
continuous improvements in the environmental performance of industrial
activities
and the provision of
information on • environmental
performance to the public.
The Statement of Participation may not be used to advertise products,
on the products themselves or on their, packaging, although,companies
may use it-to advertise their participation in the scheme.
Assessment or audit of all significant environmental issues relevant
to the activities concerned has to be carried out by an accredited
verifier by a competent body of each Member State.
An environmental Statement shall be designed for the public following
the initial environmental review with a summary of figures on:
pollutants emissions, waste generation, raw materials, energy and
water consumption, noise and other significant environmental aspects
of the site.
In order to register a site in the scheme the company must:
. Carry out an initial environmental review. Namely, an initial
comprehensive analysis of the environmental issues, impacts and
performance related to activities on the site.
. Adopt an environmental policy in the company as well as a programme,
objectives and an environmental management system which must comply
with all relevant national and E.C. legislation. The company also
needs to . commit itself to the continuous improvement of its
environmental performance.
. Carry out an internal environmental audit covering the following
issues:
- Assessment, control and reduction of the impact of the activities
concerned on the various sectors of the environment.
- Energy management, savings and choice.
- Management of raw materials, savings, choice and transportation;
water management and savings.
- Waste avoidance, recycling, reuse, transportation and disposal.

- Evaluation, control and reduction of noise both within and outside
the site.
- Selection of new production processes and changes to production
processes.
- Product planning
disposal).

(design,

packaging,

- Environmental performance
and
subcontractors and suppliers.

transportation,

practice

of

use

and

contractors,

- Prevention and limitation of environmental accidents.
- Contingency procedures in environmental accidents.
- Staff information and training on environmental issues
- External information on environmental issues
. Introduce, in the light of the results of that review, an
environmental programme for the site and an environmental management
system applicable to all activities on the site. The environmental
programme will be aimed at achieving the commitments contained in
the company's environmental policy.
. Set objectives at the highest appropriate management level and
revise . the environmental programme in order to achieve those
objectives on the site.
. Prepare an environmental statement to each site.
. Have the environmental policy, programme and management system,
review or audit procedure and environmental statement examined to
verify that they meet the relevant requirements of the Regulation.
. Forward the validated environmental statement to the competent Body
of the Member State where the site is located and disseminate it to
the public in that state after registration of the site in question.
The Eco management and audit scheme is a procedure guide to companies
to achieve an efficient environmental performance.
A tool to achieve the requirements of the Eco Management and Audit
Scheme is to implement an environmental management system which could
be based on the BS 7750 (British Standard - Specification for
Environmental Management Systems).
Matrix 2 - shows the links between the Eco Management and Audit Scheme
and the BS 7750.
The E.C. Commission will probably propose an Environmental Management
System based upon the British Standard BS 7750 (Specification for
Environmental Management Systems). This standard is certainly based
upon the concepts described in the ISO series 9000 - Quality Assurance
Systems. An European Standard (E.N.) for Environmental Management
System is expected to be developed and will probably be founded on the
BS 7750.
The requirements and elements established by the BS 7750 for an
Environmental Management System are " shown on figure 3 and described as
follows:
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FIGURE 2
Links to the draft European Community Eco-Audit Regulation (Version 3, December 1991)
A cell containing a * represents a connection between-the requirements of this standard and those of the draft
Regulation.

*

Assessment of impacts on the environment
Minimization and saving of energy, materials and waste

*

*

Audits

Records

*

Operational control

*

Manual and documentation

Management programme

*

Objectives and targets

*

Environmental

Environmental policy

Environmental protection systems

Management system

£>

effects

Requirement of this standard Subclause

Organization and personnel

Requirement of draft EC Eco-Audit Regulation (Version 3,
Deeenber 1991)

*

1M
*

*

*

Selection and planning of product and production processes

i

Prevention and mitigation of accidents

*

Assessment of emissions and consideration of impacts

*

Regular policy, objective and programme review by management

*

*

*

*

*

Employee training and awareness

*

*

Prior assessment of new activities, products and processes

*

Assess and monitor current effects on environment

*

*
*

Minimize environmental effects

*

*

Reduce waste and conserve resources

*

*
*

Prevent accidental releases

*
*
*

*

Verify and record compliance with policy

*

Plan corrective action in case of non-compliance

*
*

Prepare contingency procedures for accidents
Publicize information and respond to public concern

*

*

Advise customers on products

*

*

*

*

*
*
*

Contratctors to operate to company standards
Environmental audit

i

Source: BS7750 - Specification for Environmental Management Systems.
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*

^nmental Commitment: Meaning a company's decision to establish an
Environmental Management System to all the relevant environmental
issues.
Preparatory Environmental review: The company shall establish formal
assessment procedures of the current management system in order to
identify compliance with the environmental commitment assumed.
The company will establish, document and inform
the public of its Environmental Policy.

Environmental Policy:

The organization shall define and document
the responsibility, authority and interrelations of key personnel
involved in the environmental management system in all levels.

Organization and personnel:

Environmental effects: The organization shall establish and maintain
procedures to record the environmental effects pertaining to its
activities.
The organization shall establish and document
the specific objectives and targets of the different aspects of its
environmental
protection.
It
shall
be
consistent
with
the
environmental policy.

Objectives and targets:

The organization shall establish specific programmes for
achieving the objectives and targets. It shall include:

Programmes:

- Designation of responsibles for its implementation
- The means by which they are to be achieved.
Manual:

The organization shall establish and maintain a manual or
manuals to the programme implementation. In addition to dealing with
tne normal activities of the organization, the manual shall cover
abnormal operating conditions and incidents, accidents and potential
emergency situations.
The organization shall document working instructions defining
how to conduct the activity, either by the organization's own
employees or by others acting on its behalf, such as contractors and
suppliers, and monitor and control relevant characteristics of the
process (e.g. effluent streams and waste disposal). Procedures and
responsibles shall also be established in order to verify the non ^
compliance.
Control:

The organization shall establish and maintain a record system
in order to demonstrate compliance with the requirements of the
environmental management system and to record the extent to which
planned environmental objectives and targets have been met.

Records:

Follow up environmental audits:

The organization shall establish and maintain an audit programme which
aims at:
- Verify compliance with existing Environmental Management system.

- Verify

if the Environmental Management system implemented was

designed according to the organization's
reference to its environmental policy.
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needs,

specifically

in

FIG. 3 - REQUIREMENTS AM) ELEMENTS ESTABLISHED BY THE BS 7759

COMMITMENT

INITIAL REVIEW

PERSONNEL

REGISTER OF
REGULATIONS
EVALUATION AND

OBJECTIVES

OPERATIONAL

AND TARGETS

CONTROL

MANAGEMENT

MANAGEMENT

PROGRAMME

Source: BS 7750 - "Specification for Environmental Management Systems"
Both the "Eco Management and Audit Scheme" and the "BS 7750"
requirements make it very clear that Environmental Audits are
essential for the implementation of an environmental management system
by companies performing industrial activities.
ENVIRONMENTAL AUDITS
Environmental audits shall be understood as a management tool
comprising a systematic, documented, periodic and objetive evaluation
of the existing Environmental Management System, including not only
the organizational structure but also the existing pollution control
equipments. The environmental audits are performed with the aim at
helping to safeguard the environment by facilitating management
control of environmental practices which would include meeting
regulatory requirements.
This definition is the same adopted by ICC - International Chamber of
Commerce - an international institution which has been gathering and
discussing the Environmental audits methodologies implemented by a few
international coorporations.
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Therefore, environmental audits will only be useful to the company if
understood as an evaluation step for implementing or improving an
Environmental Management System. Environmental audit is the key
element to the environmental management within companies as well as a
financial audit is in the administration management of the company.
The programmes adopted in those multinational corporations performing
industrial
activities
follow the
sequence
below,
with
slight
variations:
The
initiative
appears
in head offices
for the
purpose
of
standardizing their environmental policies in branches worldwide.
Environmental audits are programmed in some branches based in
different countries and continents, either by the companies' verifiers
or by groups of environmental consultants hired by the head office.
The first series of audits is then accomplished with the purpose of
revising
the
compliance
with
local
environmental
rules
and
legislation, the environmental management system in the branches, and
the performance of the pollution control equipments. In short, the
first audits aim at the diagnosis of the branches' situation and the
environmental programmes implemented by each site.
The main necessities of each site are listed based on that first-round
of audits. With those data in hands, the head office establishes its
policies and internal guidelines aiming at preserving its image
worldwide,
assuring
appropriate
performance
of
environmental
protection programmes in all coutries in which it operates.
The next step is the preparation of manuals on the Good Environmental
Practices, which are disseminated to those in charge of the
environmental management in branches located in the several countries
where the corporation operates. Usually, such guides are followed by
general guidelines and job schedules for implementation of measures on
the control of pollution.
Such
guidelines
normally
contemplate
personnel
training
in
environment, preparation of contingency and emergency plans in case of
accidents involving the environment, handling of raw materials by
products and waste,* air emissions and effluent discharge.
Once the recommendations are implemented,
follow-up audits are
effected. As a result of those audits, objective schemes are requested
and they should be sent in to the manager of each branch and to the
head office of the corporation.
On principle,
follow-up audits should not be seen as police
supervision, but rather as an auxiliary tool to implement the head
office's guidelines and improve the performance of environmental
practices in the branch. Thus, it is essential that verifiers
establish an atmosphere of open communication and mutual confidence
with those verified.
The period of time between follow-up audits may vary, and it obviously
depends on the stage of the local programmes of environmental
protection detected during the first diagnosis audit and in the
previous follow-up audit.
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ENVIRONMENTAL AUDITS IN BRAZIL
In Brazil, states like Minas Gerais and Rio de Janeiro, and
municipalities like Santos, in Sao Paulo, have already presented acts
obliging environmental audits in factories and companies of high
pollutant potential. In the State of Espirito Santo and in the Federal
Congress
there
are
also bills
aiming
at the regulation
of
environmental audits in the country. These legal diplomas see the
environmental audit as an external tool to control industrial
pollution, occupational health and local environmental effects of
companies or existing activities including, among others:
. Oil refineries, pipelines, gasoils, oil terminals and by-products.

. Port facilities.
. Processing facilities and final disposal of toxic and hazardous
waste.
. Power stations which generate electricity
from thermal
and
radioactive springs.
. Treatment plants and systems of final disposal of sewage.
. Petrochemical industries and steel mills.
. Chemical and metallurgic industries.
. Pulp and paper mills.
. Hospital waste.
. Mining.
. Tourism.
The legislations^ establish that periodic environmental audits are
compulsory and should take place in a period of time ranging from 1 to
5 years. The results of the audits should also -be at the public's
disposal.
With regard to Federal Project 3160 and Act 780 - November 5, 1991 of the Municipality of Santos, the results should be published in
newspapers disseminated to the region and all over the nation in order
to inform the local population of the companies' conditions concerning
environmental protection.
In case the audit fails to happen, the institution will be fined
and/or will not be allowed to have its operative license renewed. It
will also have one or more of its activities cumulatevely suspended,
Deliberate omission or negligence on the part of the verifier will be
penalized by means of a fine, loss of credentials and temporary or
permanent suspension of the professional activities, on an isolated or
cumulative basis.
According to Act 780 - November, 5 1991 - the Municipality of Santos,
omission of relevant information concerning the results of the audits
will
involve
suspension of the verifier's
activities
in the
municipality for at least 5 years. Such fact should be reported to the
respective agencies of professional verifiers and to the office of the
Attorney General of Justice.
By disregarding an audit, the defaulter may be liable to reimburse the
Executive.
According to all acts and bills under discussion in the country,
although environmental audits are compulsory, their costs should be at
the expense of those verified.
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CONCLUSIONS
As we can see, the environmental audit concepts proposed in the CE and
other trasnational organization models for environmental management
systems are rather different from those found in the Brazilian
legislation.
Whereas in international models the environmental audit is a corporate
management tool that aims to achieve more efficiency in activities
directed to environmental issues, the Brazilian legislation has made
it into a control instrument and thus, a policing factor for
companies.
The implementation of environmental audit systems as proposed by
BS 7750 - "Specification for Environmental Management Systems" and by
"The ECO Management and Audit Scheme" may be an important tool to
adequate companies- performing industrial activities to European
criteria so that environmental certifications can be obtained.
However, a long way still has to be covered until a systematic
standard of environmental certification of products recognized by
different nations is consolidated. According to the well known course
of Quality programmes based on the ISO 9000, which established an
international standard of criteria of Quality, it is licit to assume
that the environmental guarantee of a product will be more easily
accepted
if
its
production process
is
proved to
follow an
international environmental standard. An appropriate Environmental
Management of productive processes will be undoubtedly, a requirement.
If worst comes to worst, it will facilitate the acquisition of an
environmental certificate for products.
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Administrative Union for the Disposal of Hazardous Waste
in Central Franconia
Siemensstr. 3 - 5, 91126 Rednitzhembach

ABSTRACT
The most important German administrative regulations for the dis
posal of hazardous waste are described. In addition, some con
structions at the landfill at Raindorf are introduced which have
been installed to meet the demands of these regulations. Resulting
from these experiences, several recommendations for the design and
the construction of a modern hazardous waste landfill are given.
KEY WORDS
Base Liner System; Capping System; Function of Waste Buried as a
Barrier; Geological Setting; Multiple-barrier System.
INTRODUCTION
Since 1986, the so-called "Waste Act" is in force in the Federal
Republic of Germany.
The law is directed to the economical use of raw materials, the
reuse of products and, as far as possible, the recovery of raw
materials from the waste. The hazardous waste that cannot be
recycled has to be treated in accordance with the demands of the
Technical Instruction (TI) Waste (TA Abfall, 1991) which gives the
regulations for the treatment and disposal of hazardous waste. In
this instruction, rules for the treatment of hazardous waste, the
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use of suitable hazardous waste treatment processes, and the dis
posal in landfills are laid down.

THE PRINCIPLE OF A MULTIPLE-BARRIER LANDFILL
The basic principle of a safe landfill of hazardous waste can be
expressed in the term of a "multiple-barrier system". Several
interacting natural and technical barriers have to be constructed
to prevent emissions from escaping the landfill. In addition, the
TI Waste gives criteria to be kept for hazardous wastes to be
accepted for landfill. The criteria are listed in the annex D of
the TI Waste. In this annex, 25 limiting values for leachability
test samples from the hazardous wastes are given (Tab. 1). Only
wastes that do not exceed these values are allowed to be landfilled.

Tab. 1
ANNEX D

Classification
D 1
1.01
D 1.02
D 1.03
D 2
D 3
D 4
D 4.01
D 4.02
D 4.03
D 4.04
D 4.05
D 4.06
D 4.07
D 4.08
D 4.09
D 4.10
D

solidity
2_ 25
shearing strength
2 20
axial deformation
unixial compressive strength
2 50
loss of ignition
10
±
4
extractable lipophilic substances
criterias of eluation
4
pH
<_ 100 000
conductivity
<
200
TOC
<_
100
phenol
<_
1
arsenic
_<
2
lead
cadmium
0,5
s.
£
chrome-VI
0,5
<_
10
copper
<_
2
nickel
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kN/m2
%
kN/m2
w-%
w-%
- 13
US/cm
mg/1
mg/1
mg/1
mg/1
mg/1
mg/1
mg/1
mg/1

D
D
D
D
D
D
D
D
D
D

4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20

<_
<_

mercury
zinc
flouride
ammonium
chloride
cyanide
sulfate
nitrite
AOX
solubility

<.
_<
<
<_
<_
_<

0,1
10
50
1 000
10 000
1
5 000
30
3
10

mg/1
mg/1
mg/1
mg/1
mg/1
mg/1
mg/1
mg/1
mg/1
w-%

The importance to meet these criteria can be recognized if it is
taken into consideration that much money has to be spent for the
rehabilitation of contaminated sites. In this case, extensive
measures for protecting the personel performing this work have to
be taken. Emissions that might be caused by the activities for the
rehabilitation of these sites have to be avoided rsp. limited,
too.
In the following, the measures taken by the ZVSMM to meet the
regulations of the TI Waste will be discussed. The experiences
made until now and the conclusions that can be drawn from that are
reported.

SUITABILITY OF A SITE FOR LANDFILL
To assess the suitability of a location for building a landfill,
it is essential to know the general geological situation.
Especially the following aspects should be taken into conside
ration:
- composition, physical and chemical properties and the sequence
of strata
- lateral and vertical thickness of the strata (thickness > 3.0 m)
- permeability (ks </= 1 x 10-7 m/s)
- hydrogeological data (vertical distance to groundwater level
> 1m).
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The construction of a landfill will not be allowed
- if the subsoil comprises cavities or water-soluble salts
- if groundwater protection areas are present
-if floods cannot be excluded in the area
-if the region is supposed to be an earth-quake region
(TI Waste, 1991; German Geotechnical Society, 1991).
The location at Raindorf was favoured for constructing a landfill
site because of the good geological properties of the subsoil:
claystone with a thickness of 20 m is present, forming a natural
barrier, the deepest layer of the "multiple-barrier system". To
make sure that the area is suitable, many boreholes had to be
drilled, some of them down to different levels of the aquifer. At
Raindorf, the criteria of the TI Waste (ks </= 1 x 10-7 m/s and a
sufficient ion exchange capacitiy of the clay) are largely met.
The choice of the location generally implies a preliminary
decision concerning the landfill design. Generally spoken, no
excavation landfills should be designed because pumps to remove
the leachate have to be available and maintained for a very long
time. The landfill at Raindorf was built at a slope where the
leachate is running out without pumping. Sites situated at slopes
need to be maintained very carefully, e.g. cleaning of the drai
nage walls has to be performed regularly.

CONSTRUCTION OF THE BASE LINER

In accordance with TI Waste, the base liner has to be constructed
using a succession of different layers at different positions
(Fi$. 1):
- waste body (1)
- transitional layer (if necessary) (2)
- drainage blanket ( k >/= 1 x 10~^ m/s) (3) thickness >/= 0.3 m
+ drainage pipes, diameter > 300 mm
+ manholes
- protective layer (geotextile) (4)
- geomembrane (5); thickness of at least 2.5 mm
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- mineral liner (6); thickness 1.50 m; permeability ks </= 5 x
10-1® m/s.' i = 30, minimum slope at least 1 %
minimum slope across at least 3 %

The hazardous waste landfill site at Raindorf was the first site
in Germany equipped with a composite base liner of the kind de
manded by the TI Waste. The composite liner consists of a mineral
clay liner with a thickness of 1.5m which was produced in 6
lifts, and a synthetic liner of High Density Polyethylene (PBHD)
with a thickness of 2.5 mm. The geomembrane was placed directly on
the mineral clay liner to minimize the impacts of local defects
and to combine the advantages of both materials. The clay is ex

pected to stop organic solvents from escaping, while the synthetic
liner has to protect the underground from being entered by
leachate (August, 1987). If a perforation of the synthetic liner

takes place, the mineral clay liner as a complementary unit should
keep the leachate from escaping. Double base liner systems with
leak monitoring fields as they are used in the USA are not common
in Germany. Many tests being performed during design and
construction should help to avoid liner failures.

The know-how needed for the construction of a combination liner
should not be underestimated. In addition, it is necessary that
the managing personnel is continuously controlling the quality if
the work performed (Riickel, 1993).
In a testfield, a complete liner system including geomembrane,
geotextiles, drainage tubes, tube bedding, and drainage blanket
was tested (TI Waste/Annex E). Tests of slip resistance have been
performed as well. The experiments carried out have shown that the
clay liner has to be prepared very carefully to fulfill the
quality demands. The suitability of the materials used has to be
proved. Furthermore, the clay should have an optimal moisture
content to display the necessary plasticitiy. For homogenization
purposes, crushing plants that are used in the brick industry have
many advantages compared to other methods used for breaking open
clods of soil "in place". The time for a sufficient water uptake
should be taken into consideration before the mineral liner can be
constructed. Immediately after having finished a 25 cm thick layer
of the mineral liner under construction, it has to be protected
with foils from dryness as well as wetness. Before constructing
the following layer, a napped roler is used to connect the layers
of the mineral liner in a suitable manner.
At the moment, a third part of the landfill is being designed. Al
though the demands of the TI Waste for the construction of a base
liner are met (e.g. permeability < 10-^ m/s and a suitable ion
exchange capacity of the clay used) it was decided to make further
efforts to improve the design of the mineral liner. In addition to
the measures mentioned before, four clay liners with a permeabilty
of 10_11 m/s will be built prior to the construction of the
normal mineral liner. It will consist of a mixture of the clay and
3 % rsp. 6 % of kaolinite. Bentonite will be added to the mixture
to achieve a better adsorption capacity of the liner. The clay and
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the additives will need a homogenization in a pressure mixer. The
composition of the mixture and the optimal mixing time will have
to be investigated in laboratory tests before constructing the
base liner at the part of the landfill under design.
Particular care must be given to to the placing and the welding of
the geomembrane. This work can only be carried out if the weather
conditions are suitable, e.g. dry weather and temperatures above 5
°C. The oxidized layer of the PEHD sheets has to be abraded along
the welding seams. In any case, the geomembrane has to be lying
flatly and smoothly. This can be achieved using sand-filled sacks.
To protect the geomembrane from damages or extreme stress caused
by the drainage blanket, a woven geotextile with a weight of 1,200
g/m^ was used. If the drainage is constructed with grains of a
16/32 mm grain size, a second layer with a weight of 800 ghs? or a
combination of geotextile and bentonite is needed (Biedermann,
1989). Constructing the drainage blanket from geotextiles contai
ning some bentonite or sand may give better results.
The leachate collecting system is located on the geomembrane. At
Raindorf, it was built using a drainage blanket of gravel 8/16 mm
with a thickness of 0.2 m, overlain by a transitional layer of 1/4
mm to prevent fine-grained waste particles from blocking the drai
nage blanket. For the collection of the leachate, the drainage
pipes were placed at a distance of 30 m to each other (Fig. 2).
The leachate is running from the leachate pipes to the leachate
collection tubes in the ring-tubing system. The ring-tubing system
ends in a central tunnel from which the leachate is flowing into
tanks. At the landfill site at Raindorf, a second system of col
lecting pipes was constructed to collect non-contaminated rain
water from areas not yet under operation or from areas with
intermediate co.vers. The site was parcelled out into 11 sectors
with a width of 30 m and a length of 100 - 150 m to be able to
operate small areas. (Fig. 2)
The slope of the mineral liner was constructed with an inclination
of 2.8 % and 3.0 % rsp. 4.8 % in the direction of the leachate
collecting pipes. Instead of manholes, at Raindorf so-called
"sloping tunnels" (Fig. 3) were constructed for cleaning the
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drainage tubing system. Manholes in landfills are known to be
often deformed, owing to the settlement of the waste body. In
addition, in manholes respirators have to be used by the personnel
in many cases, and other measures for the protection of the
personnel have to be taken when the pipes are cleaned. Measures
like these don't have to be taken in sloping tunnels (Fig 3).

Fig. 3 sloping tunnel (section)
(1) subsoil
(2) mineral sealing layer 1.50 m
(3) geomembrane

2.5 mm, rough, PEHD

(4) waste body
(5) capping system
(6) drainage pipe
(7) collecting pipes
(8) geomembrane and geotextile
(9) ventilation
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The settlement of the sloping tunnels is predicted to be less than
the settlement of manholes. Whereas the sloping tunnels are good
tools for maintenance, their construction is difficult and can
cause damages to the geomembrane. As a result, constructing the
third part of the landfill at Raindorf a collection tunnel will be
built outside the area covered by the geomembrane. A possible
penetration of the clay liner will be controlled, e.g. by a
patented method called "Geologger" (Hahn, Becker, Rodel 1992).
Carbon fibers forming a network are placed above and underneath
the geomembrane. In the perpendicular pattern formed by the net
work the distance of the carbon fiber strings should not exeed 5
m. If the geomembrane is intact, two different values of the
resistance will be measured above and under the geomembrane. In
case of a damage of the synthetic liner, leachate will enter the
mineral liner. Because of the uptake of leachate, the resistance
of the mineral liner will approach the resistance of the waste
buried above the liner. Regular measurements of the resistance
should make it possible to detect failures. In any case, clear and
simple solutions should be preferred.
The construction of a well designed tube bedding is a very diffi
cult task. At the basis of the tube bedding, a second geomembrane
is placed for the protection of the underlying synthetic liner.

The pipe bedding is wedge-shaped and made from a sand-kaolinite
(bentonite) mixture of low permeability. It is sealed by another
geomembrane which is installed to lead the leachate entering the
drainage blankets to the slots of the leachate collecting pipes
(Schneck, 1990).
Laying out the drainage blanket should be performed at a moderate
temperature to avoid undulations of the geomembrane. Principally,
no machines or lorries should be allowed to drive directly on the
synthetic liner. Owing to that, a dam of gravel with a minimum
thickness of 0.8 m should be built to be used for transportation.
The gravel for the construction of the drainage blankets can be
placed using a telescope dredge.
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THE FUNCTION OF THE WASTE AS A BARRIER

At the beginning of the article, it has already been pointed out
that the criteria for the deposition of hazardous waste are the
most important restrictions on landfilling. In addition, the
organization of the work may help to improve the safety of the
disposal:
small areas under operation of about 10,000 m^ will reduce
emissions of dust and odour as well as the input of rain-water.

Temporary covers of thin synthetic foils, separate pipes for
non-contaminated surface water, vehicle sluices and lorry tire
washing facilities are measures to minimize the quantity of
contaminated water.

TECHNICAL BARRIER: THE CAPPING SYSTEM
The final cover of a hazardous waste landfill in accordance with
TI Waste should compride the following layers (Fig. 4):
- waste body (1)
- regulation layer (> 0.5 m) (2)
- gas venting system, if necessary resistant to
aggressive components in the gas produced at the
landfill > 0.3 m (3)
- mineral liner > 0.5 m
(4)
"Ks </= 5 x 10-10 m/s; i= 30
- geomembrane > 2.5 mm (5)
- drainage system > 0.3 m (6)
- subsoil >/= 1.0 m (7)
- vegetated topsoil (8)
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Sondermulldeponie Schwabach
Bauabschnitf II

The waste body has to be covered immediately after a section of
the landfill has been filled up. The landfill at Raindorf has not
yet got a final cover. At Schwabach, the former landfill site of
the ZVSMM has been under operation for 20 years until it was
fclosed in 1989. In the meantime, a capping system has been
established at this site. Before the construction of the final
cover was started, the waste was compacted by dynamic rollers. A
regulating layer with a minimum thickness of 0.30 m is covering
the waste body. The gas-venting system consists of a drainage
blanket of carbonate-poor gravel (amount of calcite lower than 10
%) and gas-venting collectors (drainage pipes) situated parallel
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to each other at a distance of 12 m. A passive gas collection
system with a pressure of 0.005 pascal was installed. In the
venting trenches, drainage pipes ( diameter 0.16 m; PEHD) were
installed. The landfill site at Schwabach was the first public
hazardous waste site in Germany. It was built more than twenty
years ago., 1.1 million m3 of hazardous .waste including a remark
able amount of organic compounds are buried there. The site is
emitting 1,000 m3 rsp. 2,000 m3 of gas per day, depending on the
atmospheric pressure. At the moment, the gas is deodorized passing
filters containing iodined activated carbon and a biological

filter. In about three years' time the gas will be treated in a
special incinerator (Amsoneit, Eberle, Schneck, 1993).
The final cover of the landfill at Schwabach will be constructed
in two steps.
Evaluating the amount of solvents and sludges dumped at the site
from transport documents gives a volume of 50,000 - 70,000 m3 of
leachate stored in the waste body. The settlement of the waste
body after having pumped off a large amount of the leachate could
stress the geomembranes.
Owing to this, it was decided to build a mineral liner with a
thickness of 0.65 m (permeability ks < 5 x 10“''® m/s) as the first
part of the final cover. Before the final cover can be completed
by a geomembrane after the settlement has taken place, most of the
leachate will have to be pumped off. Measurements of the settle
ment indicated that the waste body which has a height of 37 m has
been shrinking by approximately 0.20 m during the last two years.
The final cover will also include a leak monitoring system. To
date, leak monitoring systems have only been tested in small
areas. Most of the systems are operating by measuring different
resistances of the layers above and below the PEHD liner. The
ZVSMM will construct a testfield of approximately 80 m x 20 m
to test another system (LEGS, Siemens 1993). A flexible air tube
which is permeable to diffusing gases will be bedded into sand
between two geomembranes. Air will be pumped through the tube. In
case of a failure of the geomembrane the diffusing gas will pass
gas collectors. A calculation based on the velocity of a test gas
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and the time of detection of gas having entered the system after a
leakage will give "the location of the leak.
The capping system is completed by a surface drainage blanket with
thickness of 0.3 m and a top layer with a minimum thickness of 1.0
m. The top layer will be vegetated with grass.

OUTLOOK

"Good design of facilities is a key component in ecologically
sound landfill as well as siting, waste pre-treatment and safe
operation. The engineering aspects of landfills must take both the
natural site features into account as well as the construction of
artificial barriers to leachate movement, cell construction, site
capping and so on. Landfill site engineering has to pay in regard
to the way the site will be operated, and also to long-term secu
rity after closure. Accordingly, site design must allow for easy
operation and systematic monitoring" (UNEP 1993).
The Forschungs- und Entwicklungszentrum Sondermull (FES: Research
and Development Centre of Hazardous Waste, Siemensstr. 3-5,
91126 Rednitzhembach) which was founded in 1989 by the ZVSMM is
working as a consultant agency performing design and construction
of landfills based on the know-how described above.
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ABSTRACT
The use of advanced oxygen combustion technologies in hazardous waste incineration has
emerged quickly in the last few years as one of the most significant breakthroughs. Unlike most
other competing technologies, oxygen combustion technologies can be easily retrofitted onto
various existing incinerators. The capacity of existing incinerators can typically be increased up
to a factor of two, and destruction and removal efficiencies (DREs) can potentially be improved
with such a retrofit.
The oxygen enrichment of combustion air and the use of oxygen-fuel burners in industrial
furnaces have been used for years, but with conventional technologies, a high enrichment level
poses problems. The flame temperature is high, leading to high NOx formation and local
overheating. Previously, commercial oxygen enrichment in incinerators was limited to a rather
modest level (less than 25% Oj).
In 1987, the U.S. Environmental Protection Agency pioneered the adoption of the PRAXAIR®
Oxygen Combustion System on its Mobile Incinerator. Within a few years, oxygen combustion
technology has been well accepted by the mobile/transportable incineration industry in the U.S.
For those fixed hazardous waste incinerators, commercial incinerators have led the way in
adopting oxygen combustion. In Europe, several commercial rotary kiln incinerators have used
a unique oxygen-enhanced burner that allows efficient incinerator of chlorinated liquid and
aqueous wastes. In the U.S. two of the largest commercial hazardous waste incinerators have
implemented dynamic oxygen injection technology. Both units have been successful in reducing
combustion excursions while increasing productivity.
KEYWORDS
Incineration; Hazardous Waste; Oxygen; Oxygen Enrichment; Mobile Incineration; Oxygen
Combustion.
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INTRODUCTION

In response to the Federal Resource Conservation and Recovery Act (RCRA) amendments of
1984 and Superfund Reauthorization and Amendments (SARA) of 1986, incineration is generally
considered to be the most permanent solution of hazardous chemical waste treatment. RCRA
includes a statement of national policy which emphasizes that "reliance on land disposal of
hazardous waste should be minimized or eliminated...land disposal should be used as a last resort
and should be replaced in most cases by advanced treatment, recycling, incineration and other
hazardous waste control technologies". Incineration is a proven technology for treating a wide
range of materials including liquid, solid, and semi-solid wastes such as PCBs, solvents, organic
residues, halogenated hydrocarbons, pesticides, herbicides, and laboratory waste. (1.21 In
addition, the continued discovery of abandoned hazardous waste sites as a result of Superfund
investigations has placed increasing pressure on the U.S. Environmental Protection Agency
(EPA) to find alternate solutions for treating and disposing of toxic and hazardous wastes. The
decreasing availability of landfill sites and the increasing public opposition to toxic and hazardous
waste transport have added to the pressure.
EPA’s regulations for incineration of hazardous wastes require that the system must achieve a
Destruction and Removal Efficiency (DRE) of at least 99.99 percent of the Principal Organic
Hazardous Constituents (POHCs) present in the waste and at least 99.9999 percent for dioxin and
PCB contaminated wastes. High excess air levels are generally used to ensure that the
incinerators meet these high performance standards.
The use of oxygen or oxygen-enriched air in place of air for incineration can improve the overall
performance and efficiency of an hazardous waste incinerator, and reduce the overall cost of the
system. As oxygen replaces part or all of the air for incineration, the nitrogen portion is reduced
in both the oxidant and the flue gas. Hence, the volumes of the oxidant and the flue gas are
reduced per unit of waste processed. In addition, the concentration of oxygen in the fuel-oxidant
mixture is increased.
EFFECTS OF OXYGEN ENRICHMENT
ON GENERAL COMBUSTION CHARACTERISTICS

Oxygen enrichment (from 21 to 100%) of air reduces the amount of nitrogen present as a diluent
in the reaction of fuel and oxygen. The rate of combustion reaction usually increases
significantly with oxygen enrichment due to the higher partial pressures of both oxygen and fuel
and the resulting higher equilibrium temperature. This higher reaction rate contributes to most
of the following changes in the combustion characteristics: (2)
higher flame speed
lower ignition temperature
wider flammability range
higher blow-off velocity gradients
higher adiabatic flame temperature
For incineration applications it is necessary to evaluate how these changes affect flame stability,
flame temperatures and safety of the process.
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Flame Stability
In general, a higher flame speed will improve flame stability and create a more intense and
shorter flame. It is; however, difficult to quantitatively predict the actual effects on industrial
burner flames which are post mixed and turbulent.
The lower flammability limit (lean limit) of a fuel and air mixture is little influenced by oxygen
enrichment of the air. This is expected since excess oxygen in the lean limit is considered to act
as a heat sink similar to nitrogen. (4) The upper flammability limit (rich limit), on the other
hand, is extended substantially with oxygen enrichment, as shown in Table 1. For example, the
higher flammability limit of methane is increased from 14% to 61% by going from air to pure
oxygen. For all the fuels cited, the ratio of the limits expands greatly.
TABLE 1 COMPARISON OF FUEL FLAMMABILITY LIMITS IN AIR AND OXGYEN (5,6)
Flammability Limits (voI% fuel)
Lower
Higher
Fuel
Hydrogen, H2
Carbon Monoxide, CO
Ammonia, NH3
Methane, CH4
Methylene Chloride
Vinyl Chloride

Air

Oz

Air

Oz

4

4
16
15
5
16
4

74
75
28
4
*

94
94
79
61

22

70

12
15
5
*
4

66

* Not flammable in air

For burner applications, wider flammability limits generally correlate with greater flame stability.
The change in the upper limit allows the combusion of the fuel or waste to begin even in a highly
fuel-rich mixture.
Stability of a premixed flame can be measured in terms of the critical velocity gradients at blowoff limits. "Blow-off" is the condition of a burner flame where the flow velocities of the gases
forming the combustible mixture exceed the burning velocity everywhere in the flow field. In
such conditions, the combustion wave is driven back from the burner and loses its stable
"anchor" in relation to the burner face. As much as 100-1000 fold increases in blowoff velocity
gradients were measured when pure oxygen was used instead of air. (7) The dramatic increases
in the blow-off velocity gradients with oxygen enrichment are considered to improve flame
stability for wide turn down ranges of firing rate. A higher blow-off limit is also advantageous
in designing high velocity burners yith good flame stability.
Adiabatic Flame Temperature
The adiabatic flame temperatures increase significantly with oxygen enrichment due to the
reduction of nitrogen which acts as a diluent in combustion. The flame temperature increases
by as much as 100°F for a 1 % increase in oxygen concentration for low enrichment levels. The
rate of increase in the flame temperature decreases gradually with the enrichment level and tapers
off at high enrichment levels.
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There are two main reasons for this phenomenon: 1) the amount of nitrogen eliminated with each
unit percent oxygen enrichment diminishes with increasing enrichment level, and 2) endothermic
disassociation of C02 and H20 becomes increasingly significant at high temperatures. Table 2
lists adiabatic flame temperatures of selected fuels with air and oxygen at stoichiometric ratios.
TABLE 2 APPROXIMATE FLAME TEMPERATURE OF SELECTED
FUELS AT STOICHIOMETRIC RATIOS (12)
Fuel

_K_

_!E_

K

_!E.

Acetylene
Carbon Monoxide
Heptane
Hydrogen
Methane

2600
2400
2290
2400

4220
3860
3660
3860
3520

3410
3220
3100
3080
3030

5680
5340
5120
5080
4990

2210

Adiabatic flame temperature is the maximum flame temperature attainable under ideal conditions.
The actual temperature of an industrial burner flame is significantly lower than the adiabatic
flame temperature due to radiative heat loss and turbulent mixing with surrounding colder furnace
gases.
It is important to recognize that the adiabatic flame temperature simply provides an upper limit
in the attainable flame temperature and that higher flame temperature is not essential in increasing
heat transfer in a furnace with oxygen enrichment. Special burners and oxygen enrichment
techniques have been developed and applied in industries to increase heat transfer in a furnace
without creating higher flame temperatures that might cause a local overheating problem. (IS
IS') Further discussion on furnace heat transfer and flame temperature is given later in this
paper.
Oxygen Safety
Vui important safety consideration resulting from higher reactivities and lower ignition
temperatures in an oxygen enriched atmosphere is the material compatibility for oxygen service.
Many materials which do not ignite in air can ignite in oxygen enriched atmospheres. Extensive
studies have been conducted to evaluate metals, sealing materials and lubricants for oxygen
service (§), and practical guidelines have been reported for piping (9. 101. compressors, and
pumps. (Ill
From the viewpoint of combustion safety, the potential to create a flammable mixture in a
furnace prior to startup would increase if both the fuel and oxygen enriched air leak
simultaneously. Thus, the prevention of accidental accumulation of oxygen enriched air in the
furnace becomes an important design consideration for an oxygen-enriched combustion system.
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ADVANTAGES OF USING OXYGEN
The main advantages of using oxygen for incineration can be summarized:
(1)

the fuel consumption, if supplemental fuel is required, is lowered primarily due
to the reduced sensible heat loss to the flue gases;

(2)

pollution control of the smaller flue gas. flow is less costly and more effective;

(3)

the throughput of the incinerator, which is normally limited by the air blower
capacity, the gas residence time and the size of the flue gas cleaning system when
using air, can be significantly increased;

(4)

the performance can be improved due to the enhanced flame stability and longer
residence time and that process temperature and excess oxygen can be controlled
simultaneously;

(5)

control of "puffs", as indicated by CO excursions, is achievable; and

(6)

waste blend flexibility is improved.

Fuel Savings with Oxygen
For the incineration of low BTU wastes such as aqueous waste and contaminated soil, very
significant amounts of auxiliary fuel are consumed. In such a case, flue loss is usually the
biggest single source of heat loss for a high temperature incinerator. In a typical waste
incinerator fired with natural gas and cold air, about 50-70% of the higher heating value of the
fuel is lost as sensible heat in the flue gas.
By replacing combustion air with oxygen, the corresponding reduction of nitrogen in the flue gas
lowers the sensible heat loss dramatically. In Figure 1 the fuel required to provide 1 MM BTU
of available heat to a furnace is plotted as a function of flue gas temperature for ambient air,
enriched air, and oxygen. The "available heat" can be defined as the gross quantity of heat
released within a combustion chamber minus the combustion flue gas loss. For this example,
the fuel is methane and the oxygen concentration in the flue gas is 6 percent by volume. As the
flue gas temperature increases, the fuel requirement to provide a given amount of energy above
that temperature level increases, and the difference between air and oxygen as oxidants becomes
greater. For example, as the temperature level increases from 1800°F to 2400°F, the fuel
requirement to obtain 1 MM BTU of available energy increases from 2.2 to 6.1 MM BTU for
air, and from 1.2 to 1.4 for oxygen. As a result, the fuel savings using oxygen increases
sbustantially as the operating temperature of the furnace increases. Shown in Figure 2 are the
specific fuel savings by using oxygen enrichment in terms of MM BTU fuel savings per ton of
oxygen, as a function of flue gas temperature and excess oxygen level. The shaded area
represents common operating conditions for hazardous waste incinerators.
Note that when the concentration of excess oxygen in the flue gas is increased for both the air
and oxygen combustion systems to the same level, fuel efficiency of the air system deteriorates
much faster than that for the oxygen system. Consequently, fuel savings by switching from air

to oxygen becomes greater when the concentration of excess oxygen in the flue gas is higher.
In addition, when the system throughput is increased with oxygen enrichment, further fuel
savings can be realized.
Flue Gas Reduction
By replacing combustion air with oxygen, the corresponding reduction of atmospheric nitrogen
in the flue gas lowers the flue gas volume significantly. For low BTU waste where significant
fuel savings are also achieved, the flue gas volume reduction is very dramatic, as shown in
Figure 3. Even for high BTU waste the use of oxygen enrichment along with water (or aqueous
waste) injection can result in significant flue volume reduction. This is because water vapor
contains twice as much enthalpy per unit volume as nitrogen at 1800°F. This reduction in flue
gas flow can result in signficiant savings in downsizing of air pollution control devices
(APCD’s).
As APCD’s become more complex and expensive in response to more and more stringent
regulations, this benefit of oxygen becomes more favorable.
Compliance monitoring for hazardous waste incinerators in the U.S. requires that the pollutant
concentration measured in the stack gas be corrected to 7 percent oxygen level based on
conventional air combustion. To account for the flue gas reduction due to oxygen enrichment,
oxygen correction factors have been derived by the EPA (59) to convert pollutant concentration
measured in an oxygen enriched incinerator to an equivalent concentration that would be
measured in a conventional, air based incinerator operating at 7 percent oxygen in the stack gas,
such that the mass emissions from the two incinerators are the same.
Throughput Increases
Oxygen enrichment has been successfully used for throughput increases in a broad range of
industrial furnaces. (2,16-191 Production increases of 10-20% are typically possible with a few
percent increase in oxygen concentration for most furnaces.
The extent of throughput improvements possible for a particular incinerator depends on the nature
of the incinerator limitations. Some of the typical limitations are listed in Table 3. The most
common*limitations are those related to the capacities of fuel and air supply systems and the flue
handling system including the air pollution control devices. Oxygen enrichment is very effective
in overcoming these limitations due to the reduction of the volume of oxidant and flue gas for
the same fuel input and higher available-heat to the furnace. Such benefits are especially
significant for a low BTU waste which requires auxiliary fuel input. Shown in Figure 3, as an
example, is the relative flue gas volume as a function of oxygen enrichment to obtain the same
available heat.
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TABLE 3 EFFECTIVENESS OF OXYGEN ENRICHMENT FOR THROUGHPUT INCREASE

Limitations

Effectiveness of CyOj-Enrichment

THERMAL CAPACITY
Air Blower
Fuel Supply
Burner
Incinerator Draft
Air Pollution Control System
Combustion Gas Residence Time
DUST CARRYOVER
MECHANICAL SOLID PROCESSING CAPACITY
HEAT TRANSFER

Effective

Effective
No Effect
Conditionally Effective

In the incineration of medium BTU waste (2000-8000 BTU/lb) with oxygen enrichment, by
reducing and in some cases eliminating the use of auxiliary fuel, the thermal capacity of an
incinerator can be dedicated to the combustion of hazardous waste instead of auxiliary fuel.
Throughput increase in this manner can often be achieved. Even for incineration of high BTU
waste where auxiliary fuel is not required, a specific flue gas volume reduction can be achieved
with oxygen enrichment in conjunction with the use of waste water injection.
The dust carryover problem, a common process limitation, is related to particle size,
characteristics of the particulate matter, and the aerodynamic patterns with the kiln. Although
the improvement by using oxygen can not be accurately predicted, the lower superficial gas
velocity in the kiln should be beneficial in reducing the dust carryover. Dust carryover problems
in cement, lime and hazardous waste rotary kilns have been effectively alleviated by the lower
flue gas volumes resulting from oxygen enrichment. (17. 19. 201
In many cases the capacity of an incinerator is limited by the mechanical design of the system.
Mechanical modifications must be made in order to overcome such limitations before oxygen
enrichment can be useful.
For the incineration of low-BTU wastes, such as contaminated soil, the heat transfer rate to the
heat load may be a rate-limiting factor. High temperature oxygen/oxygen-enriched flames have
been successfully applied to certain glass melters and kilns to increase heat transfer to strategic
areas in the vessels. In most waste incinerators such as a rotary kiln, however, a high
temperature flame can cause overheating of the refractory walls and possible slagging problems.
On the other hand, an extremely high temperature flame is not essential to achieve a higher
overall heat transfer rate. Gas radiation from hot combustion products to the surrounding
refractory walls and radiation to the heat load is the primary mode of heat transfer in most high
temperature furnaces. The intensity of gas radiation is not only a function of gas temperature
and concentrations of C02, H20, and soot, but also is strongly influenced by the volume of the
radiating gas. The volume of a flame is usually a small fraction of the entire furnace. In
addition, flame radiation is often localized in the fhmace. Thus, in a radiation dominant furnace
with temperature limitations, the preferred condition for productivity improvement is often to
increase the average gas temperature in the heat transfer zone by enhancing the temperature
uniformity, rather than by an increase in the flame temperature or its emissivity. The above
principle should be applied intelligently to maximize the benefit of oxygen-enriched combustion.
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Performance Improvements
It is sometimes argued that the high flame temperature achievable with oxygen enrichment is
conducive to higher DREs due to improved oxidation kinetics. However, studies have shown
that with a temperature above 2000°F, the combustion reaction is limited by the rate of mass
transfer processes of oxygen and toxic molecules (i.e. atomization, evaporation and mixing),
rather than the kinetic rates, the contribution of extremely high temperatures being quite limited.
Therefore, a flame with high momentum and moderate temperature may be more suitable for
incinerator applications because it improves the mass transfer (mixing). EPA studies have also
shown that well-run conventional air-based incineration systems achieved very high DREs at
temperatures between 1800°F to 2200°F. (1. 211
On the other hand, EPA studies and pilot scale tests show that the performance of modes").
122. 231 Oxygen enrichment can alleviate many of the failure modes. One of the important
failure modes is the occurrence of flameout. This failure mode can clearly benefit from oxygen
enrichment which improves flame stability. Poor atomization, low combustion temperature and
slow evaporation of liquid waste have been cited as important failure modes. (24) Although
atomization of waste depends mostly on the burner system design, oxygen enrichment has been
shown to improve evaporation of liquid waste by raising the intensity of the flame and therefore
improving the burnout efficiency of waste. (251
Transient Emissions Control
Another important failure mode is transient emissions (puffs) from incinerators. When high-BTU
wastes are fed into rotary kiln incinerators in an intermittent mode, the transient combustion
behaviors of these materials create unsteady releases of combustible gases which may
momentarily exceed the oxygen supply to the incinerator. These temporary oxygen-deficient
conditions are often called "puffs", and they can cause the release of products of incomplete
combustion (PICs). These "puff" phenomena have raised public concerns recently and have been
the subject of research projects sponsored by the EPA. (26. 271
It has been suggested that the higher partial pressure of oxygen in the combustion chambers

available with oxygen enrichment, can alleviate the temporary oxygen-deficient conditions. This
approach, the subject of a recent EPA study reporting mixed results, is discussed later in this
paper. (281 In addition, it should also be noted that too high an oxygen level is not only
inefficient, but may also cause high NOx emission levels. (281 Therefore, oxygen enrichment,
per se, may not be an ideal solution to the transient puff problem.
On the other hand, advanced process control techniques using advanced process sensors and
dynamic oxygen injection can reduce puff occurrences significantly. (43.481 Properly designed
computer-control algorithms can automatically adjust the amount of oxygen according to
unforeseen changes in the heating value of the waste.
Such benefits are more difficult to achieve with conventional air systems. The main reason for
this difficulty is that the critical process variables of temperature, residence time and oxygen feed
are inter-dependent when combustion air is used. For example, an increase in the excess oxygen
level in the combustion chamber would carry enough associated nitrogen to lower the temperature
and the residence time of combustion gases and possibly cause the loss of kiln vacuum.
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If oxygen is used in place of air for excess oxygen level control, and auxiliary fuel and/or
dynamic water spray is used to control incinerator temperature variations, the above process
variables can be controlled independently without adversely affecting the others.
Waste Blend Flexibility
A large portion of hazardous wastes are in the forms of solid, sludge and containerized rather
than in the form of atomizable liquid. Rotary kiln incinerators are, by far, the most versatile in
handling all kinds of waste, including solid, sludge and containerized waste. However, typical
rotary kiln systems have to limit their solid feed rates to only a portion of the kiln thermal
capacities. In addition, the proliferation of cement kilns and industrial furnaces has also created
a large incineration capacity for high BTU liquid waste. As a result, in the U.S. as well as
Western Europe, there is a current shortage of incineration capacities for solid hazardous waste
and meanwhile an adequate capacity of liquid wastes.
Even though most of the solid or sludge wastes have significant heating values (4000 to 8000
BTU/lb), rotary kiln incinerators need the support of fluid fuel burners for a number of reasons
decribed below.
(1)

Rotary kiln incinerators typically run with high excess oxygen to minimize the CO
puffs, the high excess oxygen reduces the thermal efficiency of the incinerator,
so that a high BTU liquid is required to maintain the desired incinerator
temperature.

(2)

Typically solid and sludge wastes need to be preheated to their pyrolysis
temperatures before combustible vapors are released from the waste. The
combustible vapors would ignite if temperature is sufficiently high. For
containerized wastes, there is also an ignition delay due to the preheating
requirement. The flame resulting from the combustion of solid waste typically
does not start until toward the middle of the kiln. A gas stratification
phenomenum is commonly observed within conventional rotary kilns (58) where
the "cool" air layer stays at the bottom of the kiln and hot hydrocarbons rise to
the top of the kiln. Significant hydrocarbons can escape from" the kiln
uncombusted. In addition, due to the high excess air, the front of the kiln could
get fairly cold. A large burner flame is typically required to maintain a stable
ignition of the solid materials. Therefore, significant portions of the incinerator
thermal capacity are consumed by the liquid wastes or even auxiliary fuel.

(3)

In case of feeding wet sludge, the slow drying of the sludge makes the above
problem more pronounced. Traditional cocurrent rotary kilns are notorious for
their limitations in handling wet sludges. The sludge passes first through a "heat
sink" region and then into a "heat source" region. Referring to Figure 4, heat is
needed to drive off the moisture in the waste and then to preheat the waste
material to its pyrolysis temperature. In the subsequent pyrolysis zone,
combustible vapaors then react with the excess oxygen in the fiimace gases to
generate additional heat. This mismatch of the heat sink location and an available
heat source in a rotary kiln creates significant problems. Not only is the heat
content of the waste sludge largely unavailable for the initial drying and
preheating", but also, excess heat is created in the middle of the kiln. A
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conventional solution to this mismatch is to use a large radiant flame to preheat
the materials, while using high secondary air flow to absorb the excess heat
generated at the middle of the kiln. The overall result of this approach is very
limited throughput of wet sludges.
Oxygen enrichment improves the thermal efficiency of an incinerator so that the combustion of
lower heat-content solid wastes can be achieved with reduced auxiliary fuel consumptions. In
addition, due to the dynamic response capability of the oxygen injection system discussed earlier,
the excess oxygen level in an incinerator can be lowered while reducing transient emissions.
A unique process (471 solves problems (2) & (3) above by recirculating combustible vapors and
combustion products from the heat source zone at mid-kiln back to the upstream heat sink zone.
As shown in Figure 5, when a high velocity jet issues into a confined combustion chamber and
the surrounding secondary flow is much less than that which the jet can entrain, a strong
recirculation flow pattern is created in the chamber. This recirculating flow creates more even
temperature distributions and produces excellent mixing in the rotary kiln, which sustains stable
combustion of solid wastes with very little requirement for a burner flame. This process allows
the rotary kiln to devote most of its thermal capacity to the solid and sludge wastes. This process
was proven in a number of transportable incinerators (48. 501 for wet organic sludges, as well
as in a commercial incinerator for containerized wastes. This process can be practiced by using
either an oxygen lance in conjunction with an air burner or an oxygen burner firing with a high
02/Fuel ratio.
TECHNICAL CONSIDERATIONS IN THE USE OF OXYGEN IN INCINERATION
For many years industrial furnaces have used oxygen enrichment of the combustion air and

oxygen-fhel burners, but with conventional technologies a high enrichment level may pose
problems. The flame temperature is typically high, leading to potentially high NOx formation
and local overheating.
Various techniques exist for introducing oxygen into industrial furnaces. The selected technique
depends on the desired results and the present limitations of the furnace. Oxygen enrichment can
be achieved quite inexpensively through routine enrichment of the combustion air. However,
general enrichment techniques are typically limited to a level of 5 percent (26 percent oxygen in
the oxidant) due to increased flame temperatures.
Oxygen-enriched combustion can also be accomplished by strategically injecting the oxygen into
the furnace using either lances or oxy-fuel burners. Undershot lancing of the existing air-fuel
burners is a beneficial technique for significant production increase in most rotary kilns. The
advantage of this method over general enrichment is that only the segment of the flame facing
the solid bed (load) is enriched. The bulk of the main flame shields the refractories from the
high flame tmeperture produced at the point of oxygen impingement.
Oxygen-fuel burners, which offer greater flexibility in heat distribution, are applicable for
production increases as high as 100%. Conventional oxygen-fuel burners also tend to produce
a high temperature flame and high NOx formation. They are used quite commonly in
applications such as auxiliary burners in electrical arc furnaces for scrap melting, and recently
in glass melting furnaces.
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In order to overcome the disadvantages associated with conventional oxygen burner technologies
noted above, the patented PRAXAIR® Aspirator Burner (or "A" Burner) was developed by the
Praxair of Praxair, Inc. (formerly Union Carbide Industrial Gases Inc.). (31. 321 The key
feature of the "A" Burner is that the furnace gases are aspirated into the oxidant jets prior to
mixing with the fuel, as explained in references 32 and 33. By maintaining sufficient distance
between high velocity oxygen jets and the fuel flow, enough of the furnace gases can be aspirated
into the oxygen jet prior to mixing with the fuel so that the resulting flame temperature can be
reduced to a value equivalent to an air flame temperature. Gas mixing and recirculation within
the furnace are accomplished by the mixing effect of the high velocity oxygen jets, which results
in a uniform temperature distribution within the incinerator. Similar effect can be emulated by
using the PRAXAIR "SI" Lance in conjunction with an existing air/fuel burner shown in Figure
5 as discussed earlier.

Nitrogen Oxides
The nitrogen oxides (NOx) emissions due to thermal fixation of atmospheric nitrogen are strongly
dependent on the flame temperature. They depend not only on the particular burner design, but
also on the furnace temperature, the post-flame oxygen partial pressure, and the nitrogen content
of the furnace gases. A recent study sponsored by the Department of Energy (DOE) QS
obtained extensive NOx data on various oxygen-enriched combustion conditions. The tested
burners represented, both conventional air-fired designs and oxygen/fuel burners designed
primarily for very high oxygen levels. The four burners tested were:
•Bloom® Engineering Hot Air Burner
•Maxon Kinemax® Burner
•Maxon/Coming Oxytherm® Burner
•PRAXAIR "A" Burner
The Bloom Burner and the Maxon Kinemax Burner are conventional air-fired designs. These
two burners were selected for this project as representative of a large number of current industrial
furnace installations. These burners are not necessarily optimized for oxygen-enriched air firing
or low emissions. They are typical examples of industrial burners with non-water cooled
refractory burner tiles. The Oxytherm Burner was developed jointly by Maxon and Coming
Glass for the application of oxygen/fuel combustion in glass furnaces. The burner is also a nonwater cooled refractory design with a specially designed refractory exit which shapes the flame
while withstanding high flame temperatures. The Oxytherm Burner tested was designed for
operation with essentially pure oxygen, that is, 90-100 percent oxygen, as the oxidant. The
design basis for the PRAXAIR "A" Burner was discussed earlier.
Referring to Figure 6, this DOE study showed that for conventional air burners NOx emissions
increased sharply (up to 2.2 lb NOx/MM BTU) as the level of oxygen enrichment was increased
in the range of 35-50 percent oxygen. However, the PRAXAIR "A" Burner showed low NOx
emissions for the entire range of 35-100 percent oxygen. The lowest NOx emissions were
achieved at 100 percent oxygen (0.01 to 0.03 lb/MM BTU) due to the low partial pressure of

nitrogen in the furnace. However, for incinerators under even a slight vacuum, approaching
100% oxygen would be very difficult due to the inevitable air infiltration.
The effect of oxygen-enriched combustion on NOx emissions from an incinerator depends on not

only the burner equipment, but also the application and its operating conditions. More details
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on these results are given in a later section.
Flame Temperature and Furnace Temperature Distributions
In the DOE study, the different burners demonstrated distinct axial radiant heat flux distributions
which changed by varying degrees as the level of oxygen enrichment was increased. Praxair’s
"A" Burner demonstrated the ability to vary its flame patterns and thus heat flux distributions by
employing interchangeable oxygen nozzles.
Due to the varying characteristics of waste feeds in hazardous waste incinerators, the control of
temperature distribution is both challenging and important. Local hot spots can cause potential
refractory damage, and more frequent clinker formation or slag buildup (slagging), which
requires eventual shutdown of the furnaces for slag removal. These slags are masses of ash
materials which have deformed and fused together.
This is a condition which occurs approximately between 1800°F and 2500°F; however, the
presence of low melting point ash and metals in the waste feed may cause the formation of
eutectic solutions with substantially lower melting temperatures. Suspended solid particles can
also be melted in a hot flame and later redeposited onto the refractory wall.
The geometric configuration of an incinerator, e.g. a long and narrow rotary kiln, may also
present a special challenge in heat distribution. The ability of an oxygen-enriched burner system
to control both its flame temperature and the furnace temperature distribution in a hazardous
waste incinerator is critical in order to achieve the maximum benefits.
RECENT TECHNICAL AND COMMERCIAL DEVELOPMENT
While oxygen combustion is used routinely in steel industries, e.g. in scrap melting furnaces, its
growing use for full-scale hazardous waste incineration has only begun recently.
Lab-Scale and Pilot Scale Testing
During 1985 Praxair NV (formerly Union Carbide Europe) in conduction with Studiecentrum
voor Kemenergie (SCK) in Mol, Belgium successfully replaced an air-oil burner with an oxygen
-oil burner in a small high temperature slagging incinerator treating radioactive and hazardous
waste, doubling the capacity to about 100 Kg/hr (220 lb/hr). (35)
In Japan, a bench-scale oxygen burner was developed by Nippon Sanso K.K. to incinerate liquid
PCBs at about 5 lb/hr. Excellent destruction efficiency was reported (>99.9999%) with a
temperature more than 2700°F. Q8)
In 1987 and 1988, the U.S. EPA has evaluated the Pyretron® burner by American Combustion
Inc. (ACI) in its research facilities. The Pyretron burner has a proprietary design using up to

50% enriched air producing a maximum flame temperature of over 4000°F.
The Pyretron burner was tested earlier in a bench scale rotary kiln simulator at the EPA Research
Triangle Park (RTF) Laboratory. It was later tested in a pilot scale rotary kiln incinerator at the
EPA Incineration Research Facility (IRF). Test results for both programs have been recently
reported. The main conclusions from the RTP bench scale test were:
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(1)

It is hard to draw conclusions regarding the individual effects of oxygen
enrichment on transient puffs due to the confounding effects of temperature,
oxygen partial pressure, and total oxygen feed rates:

(2)

Oxygen enrichment may cause unacceptable of NOx emissions. Concentrations as
high as 1500 ppm (corrected at 7 percent oxygen) were reported for higher
oxygen enrichment levels (up to 30%).

In the IRF test conducted in November and December of 1987 (45), the waste stream selected
was a mixture of waste material from the Stringfellow Superfund site and decanter tank tar
sludge, listed waste K087. The resulting waste stream has a heat content of approximately 8600
BTU/lb. The base test using air burners had a feed rate of 105 lb/hr, the maximum feed rate
using the Pyretron burners in both the kiln and the afterburner was doubled to 210 lb/hr, water
injection was used to control temperature in the kiln. In all tests DREs exceeds 99.9999%. The
effect of the Pyretron on transient emssions could not be ascertained, however. Transient
emissions, as measured by CO spikes, were obtained during operation of both the air burner and
the Pyretron burner. However, the pattern of these emissions showed too much variability to
conclusively state whether the Pyretron reduced transient emissions. NOx emission levels from
the Pyretron burner system averaged 725 ppm to 1753 ppm at about 9% C02 and 15% 02
(approximately 1.1 to 2.6 lb NOx/MMBTU) during these tests. (451
Mobile/Transportable Incinerators
ENSCO tested the use of oxygen enrichment up to 50% 02 in an early liquid injection mobile
incinerator for the destruction of PCBs. (20 It used a special water-cooled burner block to
withstand the extremely high flame temperature. Extremely high NOx emissions (over 3000 ppm)
and burner maintenance problems were cited as deterrents to using oxygen. ENSCO’s original
incentive for using oxygen was to achieve a high flame temperature, but it found that the
extremely high temperature was not necessary to achieve a 99.9999 destruction and removal
efficiency (DRE). ENSCO has since abandoned this program.
A PRAXAIR Oxygen Combustion System (OCS) was selected and installed in the EPA Mobile
Incineration System (MIS) in June, 1987 to replace the air burner on the rotary kiln (201. The
pure oxygen-oil burner normally supplies over 60% of the oxygen demand in the loin, the rest
is mainly supplied from air leakage. The capacity of the modified MIS was more than doubled
with the use of oxygen. The original maximum throughput of dioxin contaminated soil was
about 2000 lb/hr, it was easily increased to 4000 lb/hr as confirmed by certified verification tests.
Based on these test results, a RCRA Part B permit was extended and modified for the EPA MIS.
Also trial bum tests of the unit with PCBs and other RCRA listed POHCs in solid and liquid
matrices show DREs surpassing EPA standards at a solid waste feed rate of about 4000 Ib/hr.
According to the trial bum results, NO emission levels from the oxygen system were between
54.6 to 138.3 ppm at about 15% C02 and 7% 02 (0.07 to 0.18 lb NOx/MMBTU) which
compare favorably with the data from the previous air system obtained in the 1985 trial bum (42)
(between 126-166 ppm at about 11 % C02 and 7% 02 or 0.19 to 0.235 lb NOx/MMBTU). Also,
for the incineration of solid wastes with high heat content, kiln "puffs" were substantially
eliminated with the help of the oxygen feedforward-feedback system. Experience shows that
when the system is operated with a good understanding of the process and waste feed
characteristics, the occurrence of slagging can be minimal. (43)
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After its modifications, the EPA MIS was used to decontaminate more than 12 million pounds
of contaminated soil and sludge from several dioxin-polluted sites in southwest Missouri. EPA
has found that it is both more economical and reliable to use the OCS than the previous air
system.
The EPA MIS project was significant in proving the concept of transportable incineration for
remediating hazardous waste sites as well as the use of oxygen-combustion for such applications.
Since then, the use of mobile and transportable incinerators has become widespread; so has the
use of oxygen for such incinerators.
Vesta Technology has adopted oxygen combustion on the rotary kiln of its small mobile
incinerators since 1990. Vesta has completed a number, of small remediation jobs using oxygen
since then. The Soil Processing Burner® by Air Products was used on the kiln, the SCC was
fired with an air burner for these projects. This burner has a low momentum flame with slow
mixing characteristics, as a way to control flame temperature. NOx levels for oxygen case were
reported for the Rocky Boy Post and Pole site at'245 ppm vol at 10% 02 (dry) (or about 0.3
lb/MMBTU as NO2). (54) A throughput increase of 50% to 1.7 TPH was also reported.
ENSCO conducted a demonstration in 1988 by retrofitting its MWP-2000 unit in El Dorado,
Arkansas with the PRAXAIR "A" Burner. The success of this demonstration led to the first large
transportable Incinerator designed for using oxygen burners in both the kiln and the SCC (the
MWP-2001 incinerator). Fired with three "A" burners, this nominal 24-TPH incinerator can
handle high organic soil and sludge with moisture content as much as 50%. This unit is currently
being used at the BROS Superfund Site in Bridgeport, New Jersey by Ebasco Constructor for the
cleanup of over 80,000 cubic yards of lagoon sludges and debris. The average NOx emission
levels reported in the trial bum were 0.228 lb/MMBTU under the TSCA conditions.
In early 1990 IT Corporation conducted a full scale demonstration using a PRAXAIR "A" Burner
to assist a main air burner on its counter-current rotary kiln system at the Lousiana Army
Ammunition Plant site. The test achieved approximately 20% increase in throughput of slightly
contaminated soil with reduced flue gas volume.
Roy F. Weston adopted the PRAXAIR Oxygen Lancing System (OLS) for its TIS-5 tranportable
Incinerator at the Paxton Lagoon Site in Chicago, Illinois in 1990 to improve its ability to handle
wet oily sludge while reducing CO spikes. Weston achieved a throughput increase of over 60%
while reducing its CO spike frequency by over 90%. After finishing this project, Weston also
used this technology to finish the Laskin-Poplar site in Ohio. NOx emissions (0.12 to 0.22
lb/MMBTU) with oxygen lancing in both the kiln and the SCC under the TSCA conditions were
comparable to the data from previous air cases conducted by Weston. (48) This system has
recently been started up again to remediate a waste site for University of Minnisota.
Also in 1990, Williams Environmental Services employed an oxygen-fuel burner by Air Products
on its transportable incinerator at the Bog Creek Farm site in New Jersey for incineration of
25,000 tons of slightly contaminated soil. Initially a low momentun burner with luminous flame
was installed in the kiln (30 MMBTU/hr), however, it was quickly abandoned due to an
overheating problem. (531 It was replaced by an Air Products Tube-Bundle Burner. The high
momentum pencil-shape flame produced by the Tube-Bundle Burner reportedly eliminated the
overheating problem. The uncorrected NOx emission reported was 120 ppmvd at 13.9% 02
(dry) for the oxygen case versus 58 ppmvd at 11.5% 02 for the air case. This incinerator was

338

subsequently bought by Rust Remedial Services (formerly CWM Remedial Services). At this
writing, this unit is operating at the Old Midland Superfund site in Ola, Arkansas.
Clean Berkshires, Inc., based in Lanesborough, Massachusetts is also in the shakedown process
of a high capacity (nominal 50 tons/hr) incinerator at the F.T. Rose site in Western
Massachusetts for remediating PCBs contaminated soil. (51). This unit is equipped with
PRAXAIR oxygen/oil burners in both the rotary kiln and the SCO
At the end of 1992, the majority of the mobile/transportable incineration firms in the U.S. have
some capability in offering oxygen-based systems.
In the Netherlands, Ecotechniek has operated two soil decontamination systems. The high
capacity systems were designed to be transportable but used as stationary plant. Ecotechniek also
tested oxygen enrichment and lancing in the secondary combustor of the system with the
assistance from Praxair N.V. The use of oxygen allows this soil decontamination system to
destroy toxic waste much more efficiently. (49)
Commercial Hazardous Waste Incinerators
ThermalKEM in Rock Hill, South Carolina, has been using oxygen enrichment in their (42 MM
BTU/hr) dual chamber incinerator since 1986 by enriching the combustion air to the upper
chamber (afterburner) to the 31% Oz level. Reportedly, this technique was used to reduce CO
excursions caused by batch loading of solid wastes. No NOx data were available from this
location.
Praxair NV has assisted its customers using oxygen enhanced combustion in large commercial
rotary kiln incinerators since July 1987. In previous operation, the slow evaporation of water
from aqueous wastes led to a long and lazy flame and poor combustion. Oxygen enrichment of
about 26% is used in a patented burner which shortens the flame significantly. It also helps to
stabilize the burner operation despite inconsistencies and variations. A100% production increase
of aqueous liquid waste was achieved due to this improvement. (25)
At the HIM (Hessische Industriemull) facility in Biebesheim, Germany a test was conducted in
1989 (57) on the impact of oxygen, injection into the rotary kiln and/or afterburner on the
emission of CO. Oxygen was intermittently injected into the kiln with a high velocity swirling
lance and into the aferbumer with six such lances. Once a waste barrel was fed, an oxygen boost
was triggered after a certain time delay. Each boost uses 10 to 20 M3 of oxygen over a period
of 1.5 to 3 minutes. A 30% increase in barrel feed rates was achieved in the test while
decreasing the averaged CO emissions (an increase of 1 barrel/hr). An increase in NOx values
by 10% was observed when oxygen is used in the rotary kiln. Dynamic oxygen injection in the
SCC did not increase NOx. However, after the test, the oxygen practice has not been adopted
at HIM thus far.
At Ekokem in Finland, a test was done to study the effect of oxygen enriched combustion air in
the rotary kiln on the throughput of the system and on the formation and emission of
dioxins/furans, PCB, chlorinated benzenes/phenols and NOx. (56) ■
The study shows the following:
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Oxygen enrichment significantly increased the throughput of low heat value waste
in this test.
(2)

Use of low level constant oxygen flow enrichment (2-8%) did not significantly
affect the average formation and /or emission rates of PCDD/PCDF and CO.
However, in some cases (the 4% enrichment cases) the CO formation and
PCDD/PCDF formations were significantly higher than the air case. This study
also indicates a strong correlation between CO concentration and PCDD/PCDF
and other toxic organic compounds formation.

(3)

The impact of low level enrichment on NOx was mimimal.

Recently, the PRAXAIR Oxygen Lancing System by Praxair has been implemented commercially
at two large rotary kiln systems - Rollins’ Bridgeport, New Jersey Facility and Chemical Waste
Management’s Port Arthur facility. In each facility, high velocity oxygen is injected into the
secondary combustion chamber on demand using a fast response oxygen analyzer to reduce the
low oxygen/high CO events associated with the batch-fed systems. At the Rollins location oxygen
was also injected into the rotary kiln to improve mixing and to reduce the use of liquid waste.
Each installation has met with significant success in reducing waste feed cutoffs while increasing
productivity. At the Rollins location where NOx measurements were taken, it was shown that
NOx emissions were not affected by the dynamic oxygen injection.
Discussion
To some readers, it may be a bit confusing that sometimes oxygen combustion technology seems
to work well for hazardous waste incinerators and sometimes it does not. It should be pointed
out that oxygen combustion is not a generic technology, and that all hazardous waste incinerators
are not equal. There are many different technical approaches to use oxygen as well as recent
innovations offered by technology developers. The user needs to understand how the proposed
technology affects his/her own system performance before a decision can be made. However,
some general conclusions can be made.
(1)

Oxygen combustion is normally advantageous for the incineration of low heat
content solid waste if used properly. To achieve the maximum benefits, it is
critical to control the temperature distributions by using proper burner design.
High velocity burners or lances that create good gas recirculation have been shown
to be successful. (43. 48. 531

(2)

Oxygen combustion has been shown effective for incineration of liquid wastes
with low heat content and/or aqueous waste. Flame stability is enhanced
signicantly even with a small fraction of oxygen. (25)3 4

(3)

For the incineration of wet oily sludges or soils, the use of high velocity oxygen
jets to create furnace gas recirculation has been proven effective in enhancing
combustion stability while increasing throughput. (48. 501

(4)

For the control of transient emissions, the following lessons were observed.
(A)

Oxygen enrichment of combustion air in the rotary kiln could accelerate the speed
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of waste devolatilization due to increased temperature and oxygen concentration.
The overall effects can be difficult to predict. It could also raise the NOx
emissions. (28. 291
(B)

High velocity oxygen injection into the kiln in combination with proper
temperature control can effectively achieve better mixing and better combustion
stability, leading to reduced emissions. (43.481

(C)

Injection of oxygen into the SCC has the advantage of not affecting the
volatization process in the kiln. Feedback control based on a fast response oxygen
analyzer proved to be effective and robust. Oxygen injection on demand into the
SCC does not increase NOx. (43.481.

(D)

Feedforward oxygen injection based on batch feed signal is sometimes difficult to
implement due to the unpredictable combustion dynamics associated with drum
feed. The time delay required, span and quantity of oxygen injection are all
dependent on the specific waste type. (291

(E)

Simply raising the excess oxygen level in the SCC of the incinerator is not costeffective and also has the potential disadvantage of raising NOx emissions .(561

OXYGEN SUPPLY METHODS AND TECHNOLOGY
Oxygen supply technology has had only a few basic changes over the 90 plus years of its
existence. Recently, however, there have been significant new developments in air separation
which make the cost of tonnage oxygen supply 20 to 40% lower than what was available only
a few years ago.
Supply methods include pipeline, truck delivered cryogenic liquids or on-site generation systems.
On-site oxygen generation is accomplished either through cryogenic distillation or through the
use of a vacuum-pressure swing adsorption system (VPSA).
For small to moderate volume users (1 to 30 tons of oxygen per day) or those with highly
variable or short-term usage requirements, liquid oxygen is generally the most economic choice.
The high purity oxygen (99.5%) is delivered to the user as a liquid and stored at the site. It is
vaporized on demand and is thus available at a very wide range of pressures and flowrates.
Moderate to large volume users (20 to several thousand tons of oxygen per day) that are in an
industrial area may already be near an existing oxygen pipeline. In those cases and where there
is a long-term oxygen requirement, a pipeline supply extension may be the best option. The
pipeline can supply high purity gaseous oxygen (99.5% minimum) on demand.
Dedicated on-site oxygen supply systems have existed primarily for the very large users. Those
users would have a cryogenic distillation plant installed at their own site. The economics of such
systems make them cost-effective only for very high usage (100 or more tons per day) and with
long-term usage requirements (10 years or more). The long-term commitment is required
because these cryogenic plants include large investments in non-recoverable capital.
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Recent advancements in non-cryogenic air separation technology have led to an alternate method
of on-site oxygen supply. Vacuum-pressure swing adsorption (VPSA) systems now economically
produce oxygen on-site for the moderate to large volume users (10 to 150 tons or more of
oxygen per day). These systems have reduced the capital and power costs by 20 to 40%
compared to conventional pressure swing adsorption (PSA) systems and are modular for easier
delivery and installation. VPSA systems thus have less non-recoverable capital and require only
a matter of months to design, build and install instead of the year required for a cryogenic
system.
The oxygen from VPSA systems ranges from 90 to 94% pure, which is more than sufficient for
the oxygen-enhanced incineration described above. The systems are sized to produce a design
maximum flowrate and they operate with load tracking and very good turndown capability.
The heart of the VPSA process is an innovative vacuum-pressure cycle combined with synthetic
zeolites used in adsorbent vessels where oxygen is separated from air. In the VPSA process, the
adsorbent vessels cycle automatically to provide a continuous flow of oxygen: while one vessel
is purifying oxygen, another is being regenerated.
For some oxygen-enhanced incineration processes, there will be a relatively steady baseload of
oxygen usage (in the primary chamber) combined with a much more variable usage by the
feedback control in the SCC. If the required baseload flowrates are in VPSA range, then load
leveling can be accomplished by combining a liquid oxygen tank and/or a high pressure receiver
with a VPSA.
It should be clear that a range of oxygen supply systems are available and that the economic
choice is a function of the flow/pressure/purity requirements and the usage patterns. The
effective cost of oxygen can range from below $50 to over $100 per ton of oxygen; liquid
systems being at the upper end and on-site or pipeline supply being at the lower end.
ECONOMICS
With all the technical benefits, the success of oxygen combustion technologies ultimately depends
on the economic impact of using oxygen versus its alternatives. The principal economic benefit
from oxygen combustion is derived from the very significant throughput improvement. The large
fixed portion of daily incinerator operating costs (typically $10,000 to $30,000 per day) is spread
over a much larger quantity of waste processed. For example, for mobile/transportable
incinerators a doubled throughput can reduce the allocated incineration cost of contaminated soil
by typically $50 to $200 per ton of waste, while the cost of oxygen required is typically less than
$20 per ton of waste incinerated.
In addition, whenever supplemental fuel is required for incineration, the fuel savings by using
oxygen can offset some, if not all, of the cost of oxygen. The economics of using oxygen to
save fuel, of course, also depend on the relative cost of fuel and oxygen.
For example, assuming the flue gas leaves the SCC at 2200°F and 6% excess 02 (typical TSCA
conditions), specific fuel savings would be about 24 million BTU per ton of oxygen used (See
Figure 2). Assuming a fuel cost of $5 per million BTU, the break-even oxygen cost is $120 per
ton of oxygen. The actual cost of oxygen ranges from about $50 per ton of oxygen to over
$100, as discussed earlier.
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For a new hazardous waste incineration system, the use of oxygen will result in reduced capital
investment - mainly due to downsizing of air pollution control devices. Air pollution control
devices often constitute more than 50% of the equipment cost. Auxiliary fuel reduction also
provides savings. However, these savings are offset by the cost of oxygen usage. Analysis must
be done on a case-by-case basis to determine the benefits of oxygen. More and more stringent
performance required by the environmental regulations have significant impact on this trade-off.
For existing facilities, the benefits of oxygen derive from removing specific process limitations
of the incinerators and/or increasing the on-line .factor of the systems.
Incinerators are operated with waste blends and at charging rates which maintain proper ash/slag
chemistry and minimize the likelihood of upsets, such as CO puffs. In the ideal case, an
incinerator is permitted to operate at or near its design capacity for waste and can run at this
level with few or no unacceptable process upsets. In the real case, however, incinerators often
operate well below their design maximum and are limited by some part of their operation. For
instance:
.

A unit operates below its permitted capacity or with sub-optimal waste blends to reduce
CO puffs
Waste feed cutoffs or CO permit requirements cause a low on-line factor

.

Ash quality problems forces severe limitations on the feed rates of sludges or sludge-like
waste streams
Charging rate is reduced so temperature excursions or undesirable temperature profiles
do not cause a slag ring to form in the rotary kiln

.

Significant dust carryover causes slag buildups downstream and forces unscheduled
downtime or long turnaround time

All of these conditions add cost and reduce revenue, most of them substantially. A case-by-case
study is required for the economic analysis of specific applications.
CONCLUSION
Recent technology innovations have demonstrated the significant advantages of using oxygen in
the field of hazardous waste incineration. Common concerns associated with conventional
oxygen combustion such as local overheating and high NOx emission are valid. Advancements
in combustion technology to overcome those problems have been demonstrated in extended field
operations.
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While the general principles discussed in this paper would apply to most situations, the best
method to employ oxygen varies with each individual incineration system as well as with the
profiles of the waste feed. The application of sophisticated technological know-how is often
required. The process economics also change from site to site and need to be analyzed on a caseby-case basis, although frequently the benefits of oxygen far exceed its cost if used intelligently.
ITte increasing use of oxygen combustion in commercial incineration applications speaks well for
its economic and technical attractiveness.
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ABSTRACT

This

report

covers

an

investigation

and

remediation

review

of

contaminated
sites.
Mainly
speaking,
petroleum
hydrocarbon
contaminated sites.
First, it makes a gathering of international
legislative framework arid structure of contaminated soil control,
using the Netherlands, Germany, the USA and Brazil as references. It
discusses some topics on investigation methodologies: (i) geological
and hydrogeological assessment; (ii) pollutant and source information
review;
(ill)
definition
and
implementation
of
an
"in
situ"
investigation
plan;
(iv)
selection
of
health * and
environmental
criteria and comparison with measured concentrations; (v) corrective
action plan. The article discusses alternatives of site remediation,
which include groundwater remediation techniques ("in situ" treatment,
isolation, extraction and surface treatment) and soil remediation
techniques ("in situ" treatment, excavation and surface treatment).
Finally, it points out some trends of sites remediation in Brazil and
abroad.

KEYWORDS
Groundwater
techniques;
assessment;
techniques.

contamination
assessment;
groundwater
remediation
petroleum hydrocarbon contamination; soil contamination
soil
contamination
legislation;
soil
remediation

INTRODUCTION
After the accident that happened in Guadalajara, Mexico, when fuel
leaked into the sewerage system and caused a great explosion, the
concern
about
leakage
and
soil
contamination
with
petroleum
hydrocarbons remarkably increased. Considered a recent subject in
environmental control, the investigation and remediation of petroleum
hydrocarbon contaminated soils in gasoline stations has had great
advancement in Brazil, concerning both the development of control
methodologies by environmental agencies and studies carried out1 by

private organizations. An evidence to this fact is that Sao Paulo has
housed

two

technical

meetings

on

safety
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in

gasoline

stations.

In

practice, however, soil investigation and remediation techniques
methodologies are not yet widely spread.

and

Considering the subject of extreme importance, this paper will present
a review on the regulations and criteria adopted in the Netherlands,
Germany,
the USA and Brazil. Also discussed is a methodology to
address the problem.

CRITERIA AND STANDARDS
The Netherlands
The

special

characteristics

of

soil

use

in

the

Netherlands

allowed

soil clean-up techniques there to achieve the best standards in the
world. Over 7,500 contaminated areas were identified, covering some
20% of the country's area (De Bruijn, 1988). This fact justifies the
concern to identify,- characterize and remediate such areas by setting
up legal and financial mechanisms to clean and protect the country's
soil.
Two principles govern soil protection:
. Multifunctionality: the present use of the soil must not affect any
possibility of potential uses in the future;
. Polluter-payer: the organization or individual that generated the
pollution is
liable
to
pay
for
the
costs
of
removing
such
pollution, unless financially unable to do so.
Among the, legal mechanisms to meet soil protection policies, interim
quality standards have been established. Such standards do not derive
from ecotoxicological methods but from other quality requirements,
such as drinking water, food standards and others. They are interim
because they have been setup as a first step of an interactive
approach to establish standards fully based on cause-effect relations
(Vegter, 1988).
Quality
standards
include
three
concentration
levels
for
each
element/substance:
A - values below which the soil is considered not contaminated and
above which a preliminary investigation is required in view of the
uncertain pollution and potential risk;
B - values above which , a more detailed investigation is required,
regarding the contamination extension and the risks involved;
C - values above which removal or clean-up is usually required to
bring such values back to A levels. (Vegter, 1988)
The values related to hydrocarbon soil contamination are mentioned in
Table 1.
Germany
Contaminated soil investigation and remediation in Germany is also
very advanced. In addition to high industrialization levels in this
century, that country also suffered much bombing during the two World
Wars, on which occasions the soil was certainly polluted in several
ways. As an aggravating factor, we must remember that most of the
country's water supply comes from underground sources.
This situation_ justifies the German behavior in relation to
contamination as one of the strictest countries in this matter.
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TABLE 1A - INTERIM QUALITY STANDARDS OF PETROLEUM HYDROCARBON
CONTAMINATION OF THE SOIL AND GROUNDWATER

Ocurrinng in
Component Level

Soil (mg/kg dry matter)
A

Benzene
Ethylbenzene

0,05(d)
0,05(d)

Toluene
Xylene
Phenols
Aromatics (total)
Mineral oil

0,05(d)
0,05(d)
0,05(d)
1)

d = detection limit;

E

IB -

Groundwater (jig/1)

B

c

A

B

C

0,5
5

5
50

0,2(d)
0,2(d)

1

20

5
60

30
50
10
70
5000

0,2(d)
0.2(d)
0.2(d)
50(d)

15
20
15
30
200

50
60
50
100
500

3
5
1
7
1000

1)

see table IB

REFERENCE VALUES FOR ORGANIC COMPOUNDS II

Compound

Reference Value for each Compound at

Mineral oil
Total
Octane, heptane

(mg/kg)
(mg/kg)

H = 0-2%

E = 2-30%

10
0,2

5*H
0,1*H

H = 30-100%
150

3

. H = % of the soil organic compound
Source: Dutch Ministry of Environment,

1988.

The soil protection policy in Germany is ruled by the principle of
preventing environment and human health risk caused by soil and
groundwater contamination.
Therefore,
a
soil
investigation
and
remediation
schedule
is
established in soil contamination episodes, where decisions are based
on the contamination risk assessments. In addition, clean-up costs are
always taken into consideration so that they are acceptable
in
relation to the benefits obtained.
So as to evaluate the need for soil and groundwater sanitation
measures, German officials adopt the "Dutch List" as a reference,
Tables 1A and IB, associated to the investigation guidelines for
classes 1 and 3 landfills, adopted by the German state of North Rhin
Westphalia (IWL, 1990).
The
German
standards
used
in
hydrocarbon
assessments are mentioned in Table 2.

soil

contamination

These values are used to evaluate soil and groundwater contamination
status. They allow to decide on the need for further investigations or
corrective measures.
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TABLE 2 - GERMAN STANDARDS USED IN PETROLEUM HYDROCARBON SOIL
CONTAMINATION ASSESSMENTS:

SUBSTANCE

landfill class 1 (1)
water source area

landfill class 2 (1)

landfill class 3 (1)

water(fig/l)(2) soil(*g/kg)(3) vater(|ig/l)(2) soil(ng/kg)(3) water(jig/l) soil(«g/kg)(3)

HYDROCARBONS
(1)

(2)
(3)

10

0,1

1000

10,0

100.000

1000

Landfill Class 1 - excavated soil
Landfill Class 2 - rubbish and ^mineral waste
Landfill Class 3 - garbage
acceptable concentrations of landfill percolated liquids
acceptable concentrations of dry base waste

Source:

IWL, 1990.

The USA
As the most industrialized country in this century, the USA felt
environmental pollution effects earlier. The USA public structure thus
anticipated itself for pollution control. As regards soil pollution,
the concern with the investigation of contaminated soils, of which the
Resource Conservation and Recovery Act (RCRA) is only an example, can
be observed already in the Seventies. The polluter-payer principle is
noticeable and federal and state agencies have full authority to
enforce soil remediation measures, to be taken by the owner, operator
or individual or organization liable for the problem.
So as to finance such decontamination efforts,
a US$1.6 Billion
superfund was raised from taxes on crude oil and certain chemicals.
The fund covered costs of recovery activities and paid for the
necessary measures to identify, enforce the remediation and obtain
refunds from the liable parties.
The criteria officially adopted to identify the need for corrective
measures are based "on the effects the contamination causes or may
cause on human health and the environment. Safe concentrations in
water (on the surface and in depth), soil (surface and underground),
subsuperficial gas and air are calculated according to concepts of
exposure ways and doses, so as not to affect men or the environment
(ERA, 1989).
Therefore, the federal EPA has been studying the effects of several
elements/substances
on
health.
Related
to
petroleum
hydrocarbon
contamination, we could mention studies on benzene,
ethylbenzene,
toluene and xylene.
On Table 3, you can see the concentrations, according to different
criteria, for the parameters related to petroleum hydrocarbon soil
contamination.
The California EPA also uses other parameters as references for the
investigation of petroleum hydrocarbon contaminated soils: TPH - Total
Petroleum Hydrocarbon and VOC - Volatile Organic Compounds in the
subsuperficial air.
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TABLE 3 - MAXIMUM CONCENTRATION OF SUBSTANCES RELATED TO PETROLEUM
HYDROCARBON SOIL CONTAMINATION, ACCORDING TO CERTAIN CRITERIA

HCL(l)
Substance
Hater
(M/1)
Benzene
Etylbenzene
Toluene
Xylene

5
-

Health Based
Criteria for.
Carcinogens (2)

Systemic
Toxicants (3)

Hater Soil Air .Hater Soil
(M/l) (M/kg) (M/»5) (M/1) (M/kg)
5

24

-

0,12

...
...
...

-

4.000 8.000
10.000 20.000
70.000 200.000

Water Quality Criteria for
human exposure, for water
and fish ingestion (4)
Hater
(M/1)
0,66
1.400
14.300

(1) MCL
maximum
contaminant
level
used
for
human
consumption.
(2) Systemic toxicants - daily exposure to which a man can be
submitted during his lifetime without important risks or effects
on his health.
(3) Health-based criteria for carcinogens - daily dosis of
carcinogen substances to which a man can be submitted during his
lifetime without excessive cancer risks.
(4) Water quality criteria - water quality to protect men
(considering only the consumption of water and fish).
Source: EPA, 1989.

Brazil
A country with a continental area and more recent industrialization,
Brazil's pollution problems became more clearly perceptible only in
the last few years and in a localized manner, mainly in large cities,
industrial poles and sugarcane monoculture areas.
Despite having an environmental law which is considered advanced,
Brazilian regulations on soil protection are still rather incipient.
At the federal level, there is no legal documentation on the subject,
except for that referring to waste that can potentially pollute the
soil.
In Sao Paulo state, Decree # 8468 (08/09/76) deals with aspects of
control over waste disposal on the soil, but there is no mention of
contaminated soils investigation or remediation.
Decree #
32.955
(07/02/91) deals with the conservation of natural groundwater sources
in the state. The main elements that relate to this subject are the
following:

- requirement of detailed hydrogeology and groundwater vulnerability
studies before implementing sources of great environmental impact. or
danger, as well as protection measures;
- requirement of a detailed .hydrogeological characterization for
projects of waste disposal on the soil;
- requirement of monitoring and annual submission of ..reports on areas
where there is waste disposal on the soil;
- in case of statistically proven changes in the water quality, the
incorporator will be responsible to carry out the necessary work to
recover the groundwater.
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Since
Brazil
has not yet adopted soil
and groundwater
quality
standards, drinking water standards (groundwater) and international
references are used on taking decisions about remediation. But even in
drinking water standards, concentration limits are mentioned only for
benzene.
Without, contaminated soils identification programs,
such
identification occurs only when the effects are actually perceived by
the neighboring population, thus limiting officially controlled sites
to a small number. On the other hand, there are private investigation

and

remediation

initiatives

by

those

responsible

for

the

soil

contamination,
either
for pressure
from the
international headcompanies or because of international transactions or other reasons.
The first government program for contaminated soil mapping has just
started in Sao Paulo city metropolitan area, implemented by the Sao
Paulo environmental agency in cooperation with a German development
agency.
Due to frequent problems of fuel leakage detected in gasoline stations
and their consequences, the guidelines for investigation and recovery
of soils contaminated with such substances are more -developed in Sao
Paulo state.
The parameters adopted for decision-making on recovery measures are
the same used in the USA, namely Benzene, Toluene, Ethylbenzene,
Xylene (BTE&X), TPH (Total Petroleum Hydrocarbon) and VOC (Volatile
Organic Compounds).

ADDRESSING THE PROBLEM
More
than
other
activities
related
to
pollution
control,
soil
contamination investigation requires great care in the planning and
field stages. This is due to the fact that it is necessary to study a
material which is not directly accessible, which demands high costs of
'drilling, tests and collection of samples.
A work chart to address the investigation and remediation of petroleum
hydrocarbon contaminated soils is mentioned in Figure 1. The work
phases are detailed as follows:

Phase I -. Data Survey
In this phase, all information and data relating to the suspect site
are collected, including the following:
- plans and information about the existing facilities and equipment;
- data and information about soil pollution potential sources;
- history of soil contamination and spills;
- geological and hydrogeological information available.

Phase II - Preliminary Diagnosis
Based on the initial data obtained, field work planning is carried out
considering:
=■ specifications of field tests, assessments and studies;
- detailed schedule;
- material and human resources;
- logistics;
- service contracting.
The plan
is
activities:

executed

through

the
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development

of

the

following

PHASE I
DATA SURVEY

EXISTING DATA AND
INFORMATION

PHASE II
PRELIMINARY
DIAGNOSIS

FIELD
ENVIRONMENTAL
DIAGNOSIS

IDENTIFICATION

SUSPECT ?

PHASE III
CONTAMINATION
CHARACTERIZATION
CHARACTERIZATION

HYDROGEOLOGICAL
CHARACTERIZATION

PHASE IV
CONTROL
MEASURES

REMEDIATION PLAN

MEASURES

REMEDIATION

FIG. 1 - CHART TO ADRESS PETROLEUM HYDROCARBONS SOIL CONTAMINATION

361

If

Identification of
contamination
sources
through examining the
facilities and processes on the site, the history of leakage/spills
and the results of field tests and assessments (waterproof tests in
storage tanks, products/waste analysis, etc.)
Field environmental diagnosis - preliminary contamination evaluation
through soil, groundwater and subsoil gas testing on the site. Such
tests may be carried out using portable testing equipment, test kits
or field gas chromatographers.
With the information obtained,
a first diagnosis is obtained of
contamination signs. In case the tests produce a negative result, a
continuing environmental monitoring is suggested. If the results are
positive,
the
area's
hydrogeological
and
environmental
characterization is carried out.
The preliminary diagnosis further allows to evaluate the need for
short-term measures, which may include measures to control the soil
contamination sources and emergency actions to minimize possible risks
to human health, the environment and existing facilities.
Phase

III

- Contamination Characterization

First,
the work necessary to
characterize
the
contamination
planned. The planning stage includes the following:
- specifications for soundings, tests and geotechnical analysis;
- specifications for environmental assessments;
- specifications of procedures for drilling and sample collection;
- material and human resources;
- logistics;
- service contracting.
The
contamination
characterization plan
development of two parallel activities:

is

executed

through

is

the

Hydrogeological
characterization
by
using
geological
and
hydrogeological data available, regional maps of soil use and the
information obtained from drilling on the site, the following data
must be obtained:
- description of soil layers;
- data on the size of grains and hydraulic conductivity;
- direction of the freatic aquifer flow;
- use of the area groundwater and soil.
Environmental
characterization
mapping
and
definition
of
the
contamination plume, which are done through the following activities:
- implementation of a monitoring wells network in the freatic aquifer;
- evaluation of phases: (i) free, by means of collection and visual
examination
of
groundwater
samples;
(ii)
retained,
by means
of
collection and chemical analysis of subsoil gases, or collection and
chemical analysis of the soil; (iii) dissolved, by means of collection
and chemical analysis of groundwater;
- isoconcentration maps tracing;
- evaluation of the contamination plume direction.
Phase

IV

- Control Measures

The decision on the need for soil or groundwater recovery measures is
based
on
the
international
standards
mentioned
earlier
and
on
assessments of potential environmental risks of the contamination for
human health or ecosystems.
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Therefore, the pollutant's concentration is calculated in the soil,
water, air and plants. Models of massive means of transportation are
used to simulate the contamination movement. The exposure evaluation
must include the following:

- soil ingestion;
-

ingestion of contaminated food;
ingestion of the water supplied;
inhalation of particulate vapor and materials;
skin contact with contaminated materials.

The standard values are defined based on hypothetical exposure ways of
each receptor, for several soil use scenarios.
The risks are. evaluated through calculating the receptor's exposure
and comparing it to parameters such as the "systemic toxicants" or the
"health-based criteria for carcinogens" (Bulman, 1988).
If there is need for control measures, a recovery plan is prepared for
the area, considering the following:
- sanitation technology;
- sanitation limit-levels;
- implementation schedule;
- methods to dispose of contaminated materials that may be found in
the area;
- sanitation monitoring plan;
- remediation alternatives to minimize the impact on receptors.

TECHNOLOGICAL ALTERNATIVES FOR REMEDIATION
If there is need for adopting soil pollution control measures, the
adequate
technological
alternative
is
defined,
according
to
an
evaluation of the characteristics of contamination, the area and
related costs. On Tables 4 and 5, some technological alternatives for
the recovery of petroleum hydrocarbon contaminated soils and freatic
aquifers are listed and commented.

TABLE 4- SUMMARY OF TECHNOLOGICAL ALTERNATIVES FOR
FREATIC AQUIFER CLEAN-UP

Alternative

Application

Limitation

Types

"In Situ"
Treatment

Depends on the specific
treatment selected.
Usually more efficient
in very permeable soils.

Inadequate mixture of treatment
materials. Competing effects of
multiple chemical contamination.
Incompatibility of contaminated
areas and treatment materials.

Plume Cutoff

More efficient in high
free-phase
contaminations

Long-term monitoring required.
Relative high-cost. Extraction and
surface treatment of contaminated
areas are often required.

-hydraulic barriers
-cutoff barriers
-cutoff trenches

Extraction and
surface
treatment

Usually extensively
applied to different
types of contamination
and soil.

High-cost and long-term maintenance
operations required. Restrictions
to the discharge of treated water.

-biological
-chemical
-physic
-thermal
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-physio-chemical
-induced ventilation
-biological

TABLE 5 - SUMMARY OF TECHNOLOGICAL ALTERNATIVES FOR SOIL CLEAN-UP

Alternative

Application

Limitation

Chemical
Treatment

Depends on the specific
treatment selected. Usually more
successful in very permeable
soils.

Inadequate mixture of treatment materials.
Competing effects of multiple chemical
contamination. Incompatibility between
contaminated areas and treatment materials.

Biological
Treatment

Generally applicable in different
ways for almost all types of
contamination.

Long-term monitoring program required.
Relative high costs and long preparation
period without immediate results.

Thermal
Treatment

Applicable to highly toxic and
restricted-area contamination.

Long-term and high-cost operations required.

These alternatives are described below.
Freatic Aquifer Clean-up
Local Treatment
This
alternative's main
characteristic
is to treat the
freatic
aquifer's contaminated areas with a minimal soil excavation or water
extraction. The options adopted include physio-chemical or biological
treatment, according to the summary on Table 6.

TABLE 6 - SUMMARY OF LOCAL TREATMENT ALTERNATIVES FOR A CONTAMINATED
FREATIC AQUIFER

Method of
Treatment

Description

Conditions

Physio-chemical

Injection of substances in the
contaminated area to degrade or
immobilize the contaminating agents
by means of physical or chemical
action.

The soil must be sufficiently permeable to
allow accommodation of the injected
chemicals and their mixture with the
contaminating agents.

Induced
ventilation

Induced air into the non-saturated
area to volatile organic chemicals.
After treatment, the contaminated
water is re-injected in the aguifer
or discharged in the sewerage system.

Limited to non-saturated areas and highlypermeable homogeneous soils. Applicable
to contanination with volatile organic
chemicals.

Biological

Favorable conditions are setup to

Environmental conditions in the aquifer,

ensure enough activity of

such as temperature and dissolved oxygen

microorganisms to degrade
contaminating agents. Oxygen, primary
substract and macronutrients such as
nitrogen and phosphor may be injected.
Special microorganisms may be used to
reduce acclimation time and accelerate
the degradation.

concentration have an influence on the
type, number and activities of
microorganisms.
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Plume Cutoff

It refers to isolating the contamination plume by means of barriers,
thus minimizing related risks.
"
The main methods known to cutoff-contamination plumes in aquifers are
listed below:
.
- use of cutoff barriers, such as mud wells, earth curtains and stake
walls. These barriers must have extraction wells to reduce pressure at
the barrier;
.
",
- use of . a hydraulic barrier consisting of a system, of extraction
wells in the contaminated aquifer so as to cutoff the plume;
- cutoff trenches to stop the flow in less deep aquifers.
We shall not forget that the selection of a; plume, : cutoff method
requires a detailed examination of the aquifer physical and geological
conditions.
Extraction and surface treatment
The most widely used corrective action is the extraction of the
aquifer's contaminated water (through gravity flows in trenches and
drains, or through pumping), followed by the surface,treatment tlurough
traditional
chemical
engineering: processes.
This
alternative
of
extraction and surface treatment is generally combined with the plume
cutoff. The contaminated water extracted from the aquifer may be
treated using individual or combined biological, chemical, physic,, or
thermal treatment processes.
Soil Clean-up

' -

Chemical Treatment
This alternative requires the use _ of chemicals to transform] the
contaminating agent into a non-toxic element. The treatment, may be
used individually or combined with a biological treatment to reduce or
to eliminate the soil contamination. This alternative is usually
adopted in cases when the soil contamination is caused by watersoluble light compounds. The procedure adopted-is to promote leaching
of the contaminated soil layers, with the use of detergents and"a subsuperficial drainage network.
Biological Treatment
This alternative includes the local treatment of the soil contaminated
parts by using^ microorganisms
or
enzymes that, can degrade
the
contaminating agents. It is usually adopted in cases when the soil
contamination is caused by heavy organic compounds. The procedures
adopted
aim
at
the
degradation
of
the
contaminating
agents,
accelerated
by
airing
the
soil
(through
ploughing)
and
adding
nutrients (an aqueous fertilizer solution).
Thermal Treatment
This alternative requires removal of the soil contaminated parts and
elimination of the contaminating agents through incineration. This
procedure supposes high costs and is thus adopted only in very
restricted contaminated areas with highly toxic contaminating agents.

FINAL DISCUSSION
Due to severe soil contamination cases in gasoline stations, oil
companies and environmental agencies in Brazil begin to search for
stricter environmental standards. Waterproof tests and environmental
assessments of soil contamination are usually required when gasoline
stations change their flags.
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cfore, the work methodology must be adjusted according to each
specific case and there must be special care during the planning and
field stages.
The parameters adopted and assessment methodologies must be carefully
calibrated to validate the proposed addressing model.
The use of the soil along with potential contamination risks will
increasingly dictate the need for remediation measures, as well as
their limitations and the techniques adopted to accomplish the desired
goals.
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ECOTOXICOLOGY OF WATERS UNDER THE
INFLUENCE OF A PETROCHEMICAL COMPLEX
Noll, R., Zandonai, V., Ries, M. A.
CORSAN-SITEL, Polo Petroquxaico do Sul,
BR—386, Km 419, via 3,
95853-000, Triunfo — RS, Brazil

ABSTRACT
SITEL, Integrated Wastewater Treatment System of South Petroche
mical Complex, operated by CORSAN, the State Sanitation Company,
has been conducting toxicity tests since 1986
in order to
complement the physico-chemical
analyses which had been showing
unsatisfactory
results.
These tests
were to
assess the

performance of the tertiary stabilization ponds where fishes have
been found with deformities since 1983.
Ever since then,toxicity tests have been a routine in SITEL's
monitoring procedures, and although they do not indicate the
agents, they inform the effects of the discharge of petrochemical
effluents on the local biota, being one further step
in secure
and preserve local water resources.
This paper summarizes the regular monitoring and studies SITEL
has conducted until now to evaluate the full environmental impact
on waters in the area of
influence of the effluents of the South
Petrochemical Complex.
KEYWORDS
Petrochemical
wastewaters; physico-chemical
analyses; plants;
solid waste; surface waters; tertiary
stabilization ponds;
tertiary treatment; toxicity tests; underground waters.
INTRODUCTION
This paper contains studies SITEL conducted on the ecotoxicology
of the waters under the
influence of the South Petrochemical
Complex.
The South Petrochemical Complex consists of an olefins plant and
some second generation plants which produce mostly thermoplastics
and
it
is located close
to the Triunfo
and Montenegro
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municipalities, a straight-line distance of 30km from
Alegre, capital of the State of Rio Grande do Sul (RGS).

Porto

It's location, on the other hand, calls for strict environmental
control so as to preserve the local water resources and ensure
the integrity of the basins upstream the Guaiba River, which are
responsible for the water supply for 3 million inhabitants (about
40% of the urban population in the State). The major tributaries
to the Guaiba River are the Jacui River, the Sinos River, the
Gravatai
River, the Taquari River and the Cai
River, in whose
sub-basin the Petrochemical
site is located. The Guaiba River
drains into the Patos Lagoon and then into the Atlantic Ocean.
The Integrated Wastewater Treatment System of South Petrochemical
Complex - SITEL, was specifically designed for these processes in
1982.
The geographical location of the South Petrochemical Complex with
SITEL's area and surroundings is shown in the figure.
WASTEWATER TREATMENT SYSTEM
The
industrial wastes treated by SITEL are both organic and
inorganic.
The organic wastes undergo primary treatment and secondary
treatment (activated sludge). After being filtered, the treated
organic effluent is mixed with the inorganic effluent which have
been treated by the generating plants; the resulting effluent

flows into the eight tertiary stabilization ponds which are built
in a connected sequence.
The remaining activated sludge
is
subsuperficially
injected
into the ground,
whereas the final
effluent is disposed of in the soil. Other semi-liquid effluents
which are by-products of the treatment
process are sent to
SICECORS - Central Control System of Solid Wastes from the South
Petrochemical Complex, which is also controlled by SITEL.
TERTIARY
TREATMENT - Besides
filtering, another tertiary
treatment has been selected and among the several alternatives,
the system of tertiary stabilization ponds was chosen for its low
cost and high efficiency.
These precautions are due to the controversy which involved the
state's population during the initial phase of SITEL's project.
As a result, there is specific environmental legislation for the
Complex:
low concentration standards for the final effluent,
compulsory tertiary treatment, and prohibition of discharge
in
natural water bodies, regardless of the degree of treatment. This
legislation has brought back the credibility of public opinion.
TERTIARY STABILIZATION
PONDS The si stem
designed and
constructed for SITEL consists of a series of eight ponds aiming
to benefit from the natural topography, minimize construction
costs, and guarantee good performance.
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The main features of the tertiary- stabilization ponds are: total
area - 56ha; mean depth - i ,5m, detention time - 26 days <actual50/60 days).
The suspended solids tend to settle near the entrance since the
flow speed in the ponds is not enough to keep them suspended. The
non-biodegradable organic and
inorganic suspended solids which
sediment
in the ponds simply accumalate
in the bottom. The
biodegradable
fraction of
sedimented suspended
solids
is
metabolized
by
various
groups
.of
bacteria
and
other
microorganisms (algi, protozoa, rotifers and crustaceans).
Heavy metals are removed by sedimentation,
i.e., by coagulation
with heavy suspended solids that settle, or through assimilation
by the biota in the ponds followed by removal as the organisms
die and sediment. Typically long retention times in the ponds
also allows for the reduction of refractory organics although it
is harder to remove these compounds than those metabolized more
easily by the biota in the stabilization ponds.
FINAL DISPOSAL SYSTEM - SITEL implanted this system in order to
meet the State law that forbids the disposal of liquid wastes,
whether treated or not, in natural water bodies. There
is a 200
ha disposal area, with about 400 ha for contention and safety.
The disposal is made at slow rate through 6 km of perforated PVC
pipes and 180 mist-1 ike sprinklers. Some of the disposed liquids
is evaporated because of wind and insolation, some is used up by
vegetation,
and some significant amount
infiltrates
in the
ground. Very
little flows on the surface and
is held by
artificial contention dikes where there is plenty of vegetation
and animal 1ife.
Disposing of the final effluent on the ground
is an interface
system between the treatment environment (primary, secondary and
tertiary) and the natural environment, offering additional safety
since
in
the soil-plants complex
physical
actions
accur
(filtration, adsorption,
etc.), as well as chemical actions
(hydrolysis, oxi-reduct ion, ion exchange, etc) and biological
actions (metabolism of soil
bacteria, of plants, etc.). Averages
of physico-chemical
results on main monitoring points of SITEL
are found in Table 1.
PLANTS - The physico-chemical analysis of plants of the same
species grown in areas where they are/are not exposed to the
disposed final effluent has shown that the vegetation undergoes
changes. The plants do not
indicate being affected by toxic
compounds,
but by excess humidity in the soil. New species,
adapted to high humidity levels,
have been found
in disposal
locations, near the sprinklers or perforated pipes.
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TABLE 1 . AVERAGES OF PHYSICO-CHEMICAL RESULTS ON MAIN MONITORING
POINTS OF SITEL
(PERIOD: JAN.92 TO MAY.93)

PARAMETER

PH,

ORGANIC
INFLUENT

INORGANIC
INFLUENT

TO SITEL

TO SITEL

7.3
T,*C
32
TSS,mg/l
108
TDS,mg/l
1328
COD,mg/1
471.5
BOD,mg/1
140.4
OeG,mg/l
13
Phenol,mg/l
1.116
Cl,mg/l
178.4
CM,mg/1
0.014
NH3-N,mg/1
3.80
N03-N,mg/1
0.29
0.009
N02-N,mg/1
TKN,mg/l
18.80
14.80
P,mg/1
S04,mg/1
440.0
S,mg/1
0.56
Ag,mg/1
0.05
A1,mg/l
2.4
Ca,mg/1
17.75
Cd,mg/l
0
Ort,mg/1
0.04
Cu,mg/1
0.03
Fe,mg/1
4.1
Hg,mg/l
0
K,mg/1
197.00
Mg,mg/1
5.6
Mn,mg/1
0.11
nt,mg/l
260.000
Ni,mg/l
0.45
Pb,mg/l
0.05
Ti,mg/l
0.2
Zn,mg/1
0.166
Flow Rate<m3/dag) 9483

8.1
28.2
44
1831
42.0
3.3
1
0.004
85.3
0.013
0.41
8.87
0.068
1.77
2.45
783.0
-

0
1.7
60.50
0
0
0.25
1.086
0
13.19
12.1
0.25
422.800
0
0
0
1.220
4602

STABILIZATION
PONDS INFLUENT

7.8
-

36
1264
92.6
4.2
4
0.026
174.5
-

0.35
9.22
-

4.15
8.85
531.0
0
1.1
36.40
0
0.01
0.02
1.595
0
127.00
6.7
0.08
302.000
0.02
0
0
0.470
11.430

STABILIZATION
PONDS EFFLUENT

9.3
26
33
1195
89.0
8.9
2
0.020
148.5
0
0.34
0.51
0.023
4.21
2.81
478.5
0.03
0
0.4
26.25
0
0
0
0.415
0
86.00
6.3
0.03
304.500
0
0
0
0.053
13.336

NOTES: (a) Temperatures only from Jan .93 to May.93
<b) Results below the detection limit were taken as zero
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THE QUALITY OF UNDERGROUND WATERS
A network of piezometers
(PZ's) have monitored underground water
quality since 1984. Equipotential
lines have developed and
indicate the directions of subsuperficial flow towards the Bom
Jardim Brook and the Cai
River. In the piezometers near the
organic emergency basin (PZi) and the sprinklers (PZ2) the water
is of poorer quality than
in the piezometers 250m from the
sprinklers (PZ4 and PZ5), as shown in Table 2.
TABLE 2
(PERIOD: JAN.92 TO DEC.92)
PARAMETER

PZ-i

Conductivity,uS/cm 1300
739
TDS,mg/l
286.0
Cl,mg/l
163.0
S04, mg/1
15.60
Ca,mg/1
25.10
K,mg/1
14.3
Mg,mg/1
219.000
Na,mg/1

PZ-2

PZ-4

PZ-5

1447
759
260.0
314.0
11.30
5.60
7.3
278.000

80
191
29.0
75.0
3.80
1.18
2.2
8.500

152
159
27.0
31.0
3.50
0.94
3.3
18.8

by the formation of
In the soil, heavy metals are retained
insoluble complexes and/or chelates, the molecules of organic
compounds are decomposed or deactivated by microorganisms or by
the formation of clay - humus complexes of h i gh stabi1ity.
High content
an
inevitable
by-product
of
of
sodiurn ,
petrochemical technologies,
is a problem in the disposed waste;
it is not toxi c to plants, yet it reduces soil permeability by
breaking up clods which act as biodynamic filter.
THE QUALITY OF SURFACE WATERS
A comprehensive view of the quality of surface waters in the area
possibly influenced by SITEL, is shown in table 3.
SOLID WASTE CONTROL
SICECORS store and treat domestic and industrial solid wastes
from the Petrochemical Complex plants, and from SITEL's internal
units.
Wastes such as oil
sludges,
catalytic residues and
garbage, among others, are classified according to potential risk
and solubility in water and then taken to specific treatment
units
(landfarming, sanitary
landfills, treatment
and disposal
trenches, and draining and drying trenches).
SICECORS have a
draining system
in which liquid wastes such as leachate and
landfarming drainage converge into an equalizing basin and are
then incorporated
into SITEL's treatment of liquid wastes from
the plants.

372

-

1

'

TABLE 3
(PERIOD: JAN.92 TO DEC.92)

iWl
vVv*

'y/'

PARAMETER

SOUTH CANAL
SCI - SC2

PH
Conduct.u s/cm
TDS,mg/l
COD,mg/l
Cl,mg/1
NH3-N,mg/
P,mg/l
S04,mg/1
Ca,mg/1
K,mg/1
Mg,mg/1
Na,mg/1

6.8
6.8
297
354
218
235
20.3
23.8
34.5
35.2
0.11
0.12
2.52
0.30
81.2
73.9
18.87 17.16
6.47
6.77
2.4 , 2.9
31.700 41.500

NORTH CANAL
NCI - NC2
5.5
1567
1035
50.8
199.0
0.49
1.01
410.0
32.20
23.00
7.2
265.000

Ag - Cd - Crt — Cu — Hg - Pb =

BOM J. BROOK
BJi BJ2

6.3
605
390
31.3
79.3
0.15
0.02
157.0
8.60
16.50
3.3
119.000
Not

NOTES: (i) UPSTREAM
(out of SITEL's influence)
(2) DOWNSTREAM (under SITEL's influence)

il

:S5

7.1
41
82
25.2
6.1
0.18
0.36
19.4
2.40
1.02
1.2
4.600

CAI RIVER
CRi - CR2

6.8
7.1
6.9
216
73
88
160
107
100
22.7
29.8 19.8
20.8
4.9 24.3
0.16
0.11 0.09
0.25
0.63 0.35
49.6
22.9 24.9
4.15
5.50 5.60
6.00
2.20 2.40
1.9
2.2
2.3
29.000
7.000 7.600

detected

TOXICITY AT SITEL
Fish were found
in the stabilization ponds after SITEL began
operating them. The development of this ichthyofauna there mag be
due to the fact that their eggs were brought by aquatic birds,
and/or these ponds have been constructed where there had been
natural reservoirs or ponds, or near these, and the fish have
migrated with rain waters.
In 1983, deformities were detected
in the mouths, fins, eyes,
backbones of these fish;
limnological studies and exhaustive
physico-chemical analyses, presented no conclusive results. Since
1986,
SITEL has been conducting acute and chronic
larval and
embryo-larval
toxicity tests using
a North American fish,
ElOlSEtlSiSS promelas and,
later, acute toxicity tests in
microcrustacea of"the genus Daphrua, first
with D.
pulex, and
currently with D.
similis. Mutagenesis tests (Ames Test) have
been conducted elsewhere since 1984.
Although they do not identify the causes, toxicity tests show the
impact
of waste disposal on living organisms and allow for an
improved assessment of the treatment.
In the development of biomonitoring techniques of the toxicity of
waste disposals, it is recommended that one species of fish, one
of
invertebrate,
and one
vegetable be tested
to lessen
uncertainty
due to
the sensitivity
of _ the species(U.S.
Environmental Protection Agency - EPA), Soon SITEL will introduce
the alga Chlorella vulgaris in its toxicity tests, so complying
with EPA’s recommendation.
The interaction of physical and chemical factors in nature is so
complex that two kinds of toxicity are necessary to determine the
effects of an effluent on an ecosystem: (a) in the laboratory,
under definite conditions and, (b) "in situ*,
under natural and
variable physical and chemical conditions. SITEL plans to conduct
field
work and use,
for instante, caged organisms placed
in
streams.
There
is little
informations about
this
in the
literature so far, and research must be carried out in this area
in the future.
BACTERIA - Since 1984, SITEL has had tests conducted to assess
the mutation Metivity
in several points of the area under its
influence. These tests are known as "Ames Tests" and use bacteria
of the species Salmonella typhj[murj_um. These tests have also been
an important tool to assess possible impact in the final disposal
area and
in the Cai
River. These analyses currently use two
breeds of the bacterium (TA-98 and TA-100), and they are made
with and without
metabolic activation-enzymatic fraction S9
(Table 4).
FISHES AND
MICROCRUSTACEANS Toxicity tests
with fish
(P.promelas) and microcrustacea (D. similis) have been used since
1986 by SITEL as a routine methodology.
With time, SITEL's
biological
monitoring network
has been expanded to encompass
other points: organic effluents from the industrial
plants,
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internal points of SITEL, stormwater channels, brooks and the Cai
River. Some studies are made in the stabi1izations ponds using a
local
fish
<Astganax
bjmaculatus)
and
microcrustaceans
(Cladoceras). These, studies aim to identifg the possible causes
of mutations "suffered bg the organisms exposed to effluents at
this stage of the treatment; they can also offer parameters for
the comparison of results obtained
"in loco" with estimates of
species used as reference in toxicity tests.
TABLE 4 — Results of Mutagenic Activity Tests (Ames Tests)
Conducted in the Area Under SITELTs Influence.
Ames Tests (1984 to 1991)
Sampling Points

Num.Tests

Positive Negative Indicium
%

%

Inorganic Influent to SITEL
Organic Influent to SITEL
Settling Tanks Effluent
Stabilization Ponds Influent
Stabilization Ponds Effluent

1
12
6
10
13

0.0
25.0
50.0
10.0
7.7

100.0
75.0
50.0
90.0
84.6

Stab.Pond nS 01 (sediment)
Stab.Pond nS 08 (sediment)

9
12

66.7
41.7

22.0
50.0

%

0.0
0.0
0.0
0.0
7.7
11.1
8.3

CAI RIVER:
Upstream The Petrochemical Complex
Near Bom Jardim Brook
CORSAN Water Abstraction
Downstream The Petrochemical Complex

6
5
6
6

0.0
20.0
16.7
16.7

100.0
80.0
83.3
83.3

0.0
0.0
0.0
0.0

2
3
3

50.0
0.0
0.0

50.0
100.0
100.0

0.0
0.0
0.0

SURROUNDINGS:
Spillway NS 06
Storm-Water Channel (South Canal)
Storm-Water Channel (North Canal)

PHYTOPLANKTON (ALGI)
IN THE STABILIZATION PONDS - SITEL's
program of monitoring algi
in stabilization ponds
involves
monthly qualitative analysis of algi
in ponds 01, 03 and 08.
Components are identified to genus level. Considering two winter
periods
(May to June, 1991 and 1992),
and two summer periods
(December to February,
1991-92
and
1992-93),
twenty
(20)
different
genera of algi
were identified ; Nine (09) of them
include species characteristic of contaminated waters, and Seven
(07) of them include species which can give off unpleasant
smells.
Some of the genera above bear both characteristics.
Several of the genera observed indicate water eutrophication. The
diversity of genera in stabilization pond 01 was generally found
to be higher (8 to 9 genera of green and desmid algi),
between 3
and 10 in pond 03, and only between 2 and 5 genera in pond 08. It
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was observed that algi of the genera Oocgst|s_and Scenedesmus
occur almost
indistinctly
in all 3 ponds, regardless of the
season.
In addition, these two genera have stood out as the most
plentiful; the former
leads all
the analyses made, ChloreHa,
£125^S!Zi°E5i§' DJ_ctuophaerJ_um and Staurastrumwere observed only

In

the

winter

months.

characteristic
of
chloride (Table 5).

Some

of

the

salt-contaminated

genera
waters,

observed
mostly

are
sodium

TABLE 5 - Genera of Algi Identified in SITEL's Stabilization Ponds
Genera
Identified:

Genera
Identified:

Blue-Green Algi:
Anacystis
sp. (1, 2, 3, 4)
Osci1latoria sp. (i, 2, 3, 4)
Agmenellum
sp. (i, 3)

Brown Algi:
Cyclotella sp.
Melosira
sp.
Navicula
sp.
Nitzschia sp.
REMARKS:
1: Genera
2: Genera
3: Genera
4: Genera

(2,3,4)
(1,3,4)
(1,3,4)
(1,3,4)

Green Algi and !Desmids:
Actinastrum
sp.
Ank i strod.esmus sp.
1
Chlorella
sp.
sp .
Closteriurn
Closteriopsis
sp.
Coelastrum
sp.
D ictyosphaeriurn sp.
2
M i cr oact i n i urn
sp
Oocystis
sp.
2
Pediastrum
sp.
1 2
Scenedesmus
sp .
Staurastrum
sp.
2
sp.
1
Tetraedon

3
3
3
3
3
3
3
3

4
4

3

with Species Characteristic of Contamined Waters
with Species Which Can Give off Unpleasant Smells
Indicating Water Eutrophication
Characteristic of Salt-Contarnined Waters

MONITORING OF THE AREA POSSIBLY INFLUENCED BY THE DISPOSAL OF
SITEL'S TREATED EFFLUENT - All the storm-water channels (North
and South Canal land brooks (Bom Jardim) in SITEL's area have been
monitored by the toxicity test methodologies mentioned formerly.
Some positive results for toxicity have been registered and,
whenever necessary, corrective procedures were promptly take-’: by

the

causing

sources

that

were

identified.

There

are

some

remaining points out of SITEL's influence (e.g.:upstream the Bom
Jardim Brook),
whose toxic activity is due to the restrictive
environment to the tested organism (natural
low conductivity of
the water).
All the tests conducted in the Cai
River indicate the absence of
chronic or acute toxicity for the species used (P.promelas and
D.similis). An inventory of the
ichthyofauna has been started
involving the whole area possibly
influenced by the final
disposal of SITEL's treated effluent to be compared with previous
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surveys from the time the Petrochemical Complex was built and the
initial studies ordered by SITEL.
TOXICITY AT SICECORS - In May, 1993, the biologic monitoring
expanded in order to include the SICECORS area. Daphnia
currently used to monitor acute toxicity tests (48 hours).
Results so far obtained show the absence of acute toxicity
the species in question, in concentrations of up to 100% of
sampler
in the monitored points
(leachate, groundwater
downstream brook near the landfill).

was
are
for
the
and
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THE ROLE OF THE TECHNOLOGICAL
COLLEGE IN MEETING ENVIRONMENTAL
HUMAN RESOURCE NEEDS
Dr. R. A. Rothenbury
Dean, Technology & Applied Science Division
Lambton College of Applied Aits and Technology
P.O. Box 969, Sarnia, Ontario, Canada, N7T 7K4
ABSTRACT
The Canadian environmental industry has the potential to be one of the leading
growth industries over the next decade, both domestically and internationally.
Critical to the ability of the environmental industry to compete both at home and in
the global market will be a readily available supply of a diverse range of human
resource skills and knowledge.
Lambton College is used as an example to illustrate how a technological educational
institution, working very closely with area industrial and governmental agencies,
can play a vital role in helping the environmental industry meet the challenges of
tomorrow through pre-employment and in-service programs.
KEYWORDS
Environmental management; environmental technology; fire school; industrial inservice training; pollution control; process technology; safety; wastewater effluent.
INTRODUCTION
The quality of life in Canada depends greatly upon the beneficial use of chemicals.
There are over 20,000 chemical substances in use in Canada today, and 100 to 200
new chemicals are added to the list each year. Because chemicals are so beneficial,
they now touch every aspect of our daily lives. These are facts that demand
environmental responsibility from both producers and consumers.
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Public concern for the environment and the increased ability to detect lower and
lower levels of pollutants is driving a trend to increasingly stringent environmental
legislation requiring industry and municipalities to monitor and control all wastes,
emissions and effluents at levels specified in governmental regulations.
Environmental legislation has led to the rapid development of an environmental
industry.
The Environmental Industry in Canada currently employs over 60,000 people and
has annual revenues estimated at $6-$8 billion. It is positioned to become one of
the country's leading growth industries over the next decade, with massive export
potential as well as domestic growth in demand. The largest single part of the
environment industry is located in Ontario, which accounts for some 40% of
industry revenues.
The Environmental Industry has two main components:
- the environmental products industry in Canada has annual revenues of $1.5 to
$2.0 billion from the design, manufacture and installation of pollution control
equipment and includes manufacturers of equipment and instruments for:
- water and air pollution control
- solid waste management and recycling
- monitoring, scientific and laboratory purposes
- chemicals for pollution control
- noise control
- the environmental services industry in Canada has annual revenues of between
$4.5 to $6 billion and provides consulting services to those companies and
municipalities which do not employ specialized staff of their own to monitor output
of pollutants, devise pollution control strategies, and to handle and safely dispose
of toxic wastes.
Waste handling and environmental facility operation is the largest segment within
the service sector and accounts for 50%-75% of total service sector revenue,
followed by manufacturing and consultant services.
The potential for international trade is enormous. The Organization for Economic
Cooperation and Development (OCED) has estimated that the world market for
environmental technologies, products and services will rise by an average rate of
five to six percent per year to reach $300 billion by the year 2000.
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HUMAN RESOURCES
The increasingly wide range of products and services offered by the environmental
industry must be supported by an appropriate educational infrastructure providing a
targetted supply of suitable workers.
In addition to technical skill requirements, as a company grows from a small
enterprise to a large organization, strategic planning, marketing, human resource
management and other such management skills become increasingly important.
Many employers believe that graduates of environmental programs who wish to
work in the environment industry should have an appreciation of the environmental
process and the integral skills, such as project management and communication, to
manage that process.
A detailed report titled "Human Resources in the Environment Industry" by Ernst
and Young published in March of 1993 and funded by the Employment and
Immigration Canada's Labour Market Outlook Structural Analysis Branch, found
that the Canadian environmental industry will need an additional 3000
environmental scientists, engineers, technologists and technicians by 1995 than it
currently employs. It further forecasts that demand will be greatest for
hydrogeologists, environmental scientists, air quality specialists and project
managers who will be needed to work in waste management, air pollution
abatement and control and environmental consulting.
To meet these demands, the study recommended that industry:
- recruit and retrain technically skilled employees from other sectors
- work with educational institutions to prepare students for work in the industry
- develop jointly with educational institutions training programs to upgrade
existing workers skills and knowledge
- increase high school and post secondary student awareness of career
opportunities in the environment industry
As a direct outcome of this study, the Canadian Council for Human Resources in
the Environmental Industry was formed as an industry-driven initiative, with a
mission "to ensure an adequate supply of people with appropriate
skills and knowledge to meet the environmental needs of the public
and private sectors". The Council intends to work with industry, government
and educational institutions to develop skill profiles of environmental occupations
and curriculum documents for environmental programs at colleges and universities.

THE ROLE OF LAMBTON COLLEGE IN MEETING
ENVIRONMENTAL HUMAN RESOURCE NEEDS
Lambton College of Applied Arts and Technology is one of twenty-three Ontario
Colleges established in 1966 by the Provincial government and funded by the
Ontario Ministry of Education and Training. Lambton is located in the
southwestern section of Ontario on the southern shore of Lake Huron in the city of
Sarnia, which with its vast network of chemical, petrochemical and refining
complexes, is internationally known as the "Chemical Valley of Canada".
The Technology & Applied Science Division at Lambton has from its inception
maintained an extremely close liaison with the area industries and all College
programs have vety active Program Advisory Committees composed of practising
personnel from the relevant industrial and governmental sectors.
PRE-EMPLOYMENT PROGRAMS
The post secondary programs offered by the Technology & Applied Science
Division are:
Chemical Engineering Technician
Chemical Engineering Technology
Electronics Engineering Technology
Environmental Technology
Industrial Hygiene Technology
Instrumentation & Control Engineering Technician - Industrial Automation
Instrumentation & Control Engineering Technology - Industrial Automation
Mechanical Engineering Drafting Technician
Mechanical Engineering Technician
Mechanical Engineering Technology
Power Engineering Technician (3td Class Stationary Engineering)
Process Operations
The Technology Diploma programs are of three years duration (six academic terms
of fifteen weeks duration each) coupled with three four month co-op terms. The
Technician Diploma programs are of two years duration (four academic terms of
fifteen weeks duration each). The Mechanical Engineering Drafting Technician and
Power Engineering Technician programs have a one four month co-op term. The
Process Operations Certificate program is a forty week program structured such that
students are able to study at their own rate from individualized learning materials.
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Naturally the programs offered by the Division were designed to meet the human
resource needs of the area and.associated Canadian industry and many were
developed at the direct request of industry. Some are unique to the Ontario College
system, e.g. Process Operations. In addition, the Industrial Hygiene Technology
program is unique in Canada.
In the Fall of 1988, at the direct request of industry, an extensive feasibility study
was conducted by a steering committee of practising environmental industrial and
government personnel to determine- the need/demand for a program in
Environmental Technology. A total of two hundred and twenty-eight surveys were
mailed out to seventeen government agencies, forty environmental consultants and
one hundred and seventy-one companies located across Ontario. The highly
enthusiastic response rate stressed the'need for such a program and the information
received greatly assisted the program advisory committee, which was formed out of
the original steering committee, in developing the program structure (See Appendix
I) and course content, which was approved by the Ministry of Education and
Training for offering in September of 1989.
In 1988/89 there were twelve Ontario college post secondary programs in the
environmental technology field. This total had grown to eighteen by 1992/93. The
Environmental programs at Ontario Colleges reflect the emerging nature of the field.
Most of the programs appear to be rooted in, or emerging from, related disciplines.
For example, where Lambton's is strongly chemical related, those at Sault,
Canadore and Sir Sanford Fleming are related to civil technology, biological
technology and natural resources respectively.
The purpose of the Environmental Technology program at Lambton is to provide
competent technologists to monitor air, water, waste, and noise in relationship to
the environment. These graduates will have a strong theoretical knowledge and
practical hands-on experience in environmental control management
Career opportunitiesfor Environmental Technology graduates include:
Environmental Monitoring: the collecting air and water samples from the
environment to determine its quality for the community's benefit.
Law Enforcement: the monitoring of air, water, waste, and noise to establish
whether municipal, provincial or national standards or guidelines relating to the
environment are being met
Analytical Laboratories: the using of a variety of instruments and techniques to
analyze samples of air, water, and waste that have been collected from the
environment.
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Research and Development: assisting in the development of new methods of
collecting environmental samples and analyzing them in the laboratory.
Graduates find employment in business and industry, with governments and with
consultants.
IN-SERVICE PROGRAMS
In addition to the post secondary pre-employment offerings, Lambton College has
an extremely large commitment to offering in-service courses for personnel
employed on a full time basis in area industry and governmental agencies. Some of
the major endeavors in this regard include:
Modular Day Release Apprenticeship
This program was initiated in 1967 at the direct request of industry and has proven
extremely effective in providing trainees with the "In-School" portion of their
apprenticeship training on a modular day release basis in the following "trades":
Electrician
Instrument Mechanic
Instrument-Electric Mechanic
Industrial Maintenance Mechanic
Millwright
Pipefitter
Boilermaker
Welder
Process Operations
Chemical Laboratory Technician
In the last few years, there has been a growing demand for "Multiskilling" where a
fully qualified journeyman in one trade has obtained the qualification of another
trade through this program.
Block Release Training
Similar to the Day Release Program but with the training offered in concentrated
blocks of one to four weeks at a time. This mode has been especially popular for
the ongoing training of Process Operating personnel.
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Wastewater Effluent Treatment Systems (WETS)
In a proactive measure to meet future governmental regulatory legislation Lambton
College entered into an agreement with the Canadian Petroleum Products Institute
(CPPI) to develop the curriculum, course materials, and test databank and offer a
one week (40 hour) Wastewater Effluent Treatment Systems (WETS) course (See
Appendix II) principally for currently employed Process Operating personnel in the
petroleum refineries.
The purpose of the WETS course is to increase the knowledge and on-the-job
effectiveness of operators of treatment plants for refinery wastewaters.
The WETS course has proven to be very effective and well received and attended
by operating personnel from across the Province and from as far afield as Halifax,
Nova Scotia and Vancouver, B.C.
The Centre for Environmental Management and Safety
Lambton College has been a Canadian leader in Safety Awareness and Emergent?
Response (including Spill Control and Clean-up) training for more than ten years.
The program offers not only theory, but also practical applications in mock
scenarios in open or confined waterways and on land at the Lambton College
Industrial Fire School.
Clients include: government agencies (Environment Canada, Department of
National Defence, Provincial Ministries of Environment and Natural Resources),
Police Departments, municipalities, school boards, Fire Departments (municipal
and industrial), commercial and industrial companies, professional associations.
National and international marks are served.
The Lambton College Fire, Safety and Environmental Programs address all modes
of transportation and industrial related emergencies, as well as related occupational
health and safety training. The flexibility of the program permits the College to
customize training to address a client's specific need. Where suitable, equipment
and facilities are available and if it serves a large number of trainees, Lambton
College will consider offering field training at off-campus locations either at a
customer's site or community approved location.
On a consulting basis, companies engage Lambton to assist them in assessing their
training needs relative to emergency preparedness. In this case, as in the previously
mentioned customized training, fees are assessed on a contract basis.
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Lambton College is the only Canadian Community College to offer the Chemical
and Petrochemical Tanker Safety courses both of which are certified by the
Canadian Coast Guard under Tanker Safety Course Regulations TP8129.
Safety and Environmental Programs have trained approximately 800-900 people
annually since the program began in 1982, for a grand total of 8,000. Many
participants in Emergency Response courses are also responders to spill incidents
and there is a component of spill control included in Emergency Response training.
Lambton College offers a calendar of regularly scheduled Fire, Safety and
Environmental programs at the college and customized courses have been offered
across Canada, in Mexico, Peru, Germany and Panama, on a contract basis.
Trainees from the United States, Europe, and Colombia have attended courses in
Sarnia.
The Lambton College Industrial Fire School is a unique Canadian facility that
specializes in training industrial fire fighters. The centre began as an undertaking of
18 major industries, the City of Sarnia and Lambton County. These organizations,
referred to as Charter Members, contributed more than $500,000 in capital funds to
establish the facility. Today the school operates on a self-supporting basis through
student fees and is an excellent example of industry and education working together
to meet common goals.
Since opening in 1976, the school has trained more than 18,000 people, from
industrial and municipal fire departments in Canada, the United States, South and
Central American and Europe.
Theories taught in the classroom are tested during the field practice on the 6.8
hectare (17 acre) site. Designated bum areas set scenarios for fires in railway tank
cars, pit fires, process unit fires, or loading rack fires, to give trainees the
experience of fighting fires in an industrial environment.
The Centre for Advanced Process Technology (CAPT)
Members of the area Chemical, Petrochemical and Refinery industries have worked
closely with Lambton College over the past twenty years to develop courses,
seminars and workshops that meet training requirements. During the past two
years, industry advisory committees made up of process operators, engineers,
technical supervisors and training officers from local industry have defined
application development and training requirements that will meet expected advances
in process technologies.
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As a result of- the initial success of these efforts, coupled with the increasing and
continued support of industry, .the Provincial and Federal Governments,
professional associations and societies such as the Instrument Society of America
(ISA - since June 7, 1992 CAPT is the Canadian Distribution Centre for all ISA
training materials) and suppliers to the process industries, Lambton College initiated
the establishment of a Centre for Advanced Process Technology (CAPT).
The Centre for Advanced Process Technology is a non-profit, industry founded,
industry funded, Centre of Excellence located in a new 45,000 sq. ft. facility on the
campus of Lambton College in Sarnia, Ontario. It provides technology transfer and
training through development programs, seminars and courses in state-of-the-art
conference facilities and advanced technology laboratories for Process Control
Systems, Process Analyzers and Field Instrumentation. Process industries and
suppliers to the process industry can take advantage of the specialized expertise and
advanced technology laboratories at the Centre to investigate and develop new
applications to improve plant safety, productivity, energy conservation and

environmental controls.
This Centre will provide application development and training in more than 60
essential job skill areas for process industries, which will cover the fundamentals of
process chemistry through advanced control technology to safety and environmental
impacts. The training will be primarily for employees in Canada's process
industries, however, the location of the facility on the college property will give full
time students the opportunity to use its advanced measurement and control
laboratories.
Most major chemical, petrochemical and refinery companies in Canada's Chemical
Valley, regional utilities such as Ontario Hydro and Union Gas and other process
industries are clients of the CAPT. A large number of suppliers of process
measurement and control equipment are also clients of the CAFT. More than fifty
managers and technical specialists from both suppliers and industry presently serve
on the CAPT Advisory Committee and Technical Groups.
Specifically CAPT will provide:
Application Development
Process industries and suppliers to industry can take advantage of the specialized
expertise and advanced technology laboratories at CAPT to investigate and develop
new applications to improve plant safety, productivity, energy conservation and
environmental controls.
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Training Development and Training
CAPT can develop, design, administer and facilitate specific education, training and
employee development needs. All internal educational requirements or special third
party training can be provided using the complementary resources of CAPT and
Lambton College.
Courses, Workshops and Seminars
The specialized facilities, resources and expertise at CAPT will provide customized
courses, workshops and seminars for application development, training
development and training. Program content, flexible scheduling methods of
evaluation and other criteria can be designed and implemented to meet specific
requirements.
SUMMARY
Through the Pre-employment post secondary technological programs and InService programs, the Centre for Environmental Management and Safety and the
Centre for Advanced Process Control, Lambton College is working very closely
with industry to help provide a state-of-the-art flexible multi-skilled workforce with
strong support services, improved plant safety, improved plant productivity, energy
conservation and environmental control to ensure that industry can remain
competitive in the global economy, while maintaining a responsible approach to
caring for the environment.
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Appendix I
THE LAMBTON COLLEGE ENVIRONMENTAL
TECHNOLOGY PROGRAM PROFILE

Lecture
"Hrs/Wk

Lab
Hrs/Wk.

Academip Term 1
Biology I
General Chemistry I
Electronics Fundamentals
Communications I
College Orientation and Study Skills
Mathematics I
Microcomputer Applications ‘

3
4
3
4

2
2
2*
_

1

-

5

_

1

2

2
2

_

Academic Term 2
Anatomy and Physiology
Introduction to Environmental Technology
General Chemistry II
Communications II
Mathematics II
Physics I

4
4
5
4

-

3
_
_

2

Academic Term 3
Organic Chemistry I
Inorganic Chemistry I
Chemical Analysis I
Water Quality Control
Biological Effects of Chemical and
Physical Agents I
Mathematics III
Manufacturing Processes
Career Development and Job Strategy

3

3

2

-

3
3

3

3
3
2
1
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-

-

Academic Term 4
Organic Chemistry II
Inorganic Chemistry II
Chemical Analysis II
Biological Effects of Chemical and
Physical Agents II
Mathematics IV
Oral Technical Presentations II
Air Quality Control
Introduction to Occupational Health & Safety
Co-op Work Placement I
Academic Term 5
Industrial Chemical Processes
Chemical Analysis HI
Physical Chemistry
Statistics ■
Municipal Waste Treatments
Microbiology
Co-op Work Placement II
Academic Term 6
Polymers and Industrial Organics
Industrial Waste Treatments
Environmental Law
/Mr Quality Control Lab
Water and Waste Treatment Lab
Humanities I
Physical Chemistry II
♦Every other week.

Appendix IT
WASTEWATER EFFLUENT TREATMENT SYSTEMS (WETS)
Time

Monday

8.00

Introduction

Test

Philosophy of
Pollution Control

Biox Unit

10.00

Regulatory
Background

Tuesday

X
4X
X
X

12.30
Upstream
Considerations

Biox Unit

X

Wednesday
Test

Test

Laboratory
(Microscope
Examination
of Sludge")

Control
Strategies

X
X

Biox Process
Monitoring
(Laboratory)

X
Preliminary
Treatment

Thursday

X
X

X

i

i

X

X

4.30

X
X
X
X

Control
Strategies
—

Residuals
Management
Effluent
Polishing
Alternate
Technolo£iS5

Friday
Trouble
shooting
Procedures

Final
Exam

Review

IBM BRAZIL - AN ENVIRONMENTAL MODERN VIEW

Valter Cremonesi
IBM Brasil, Ind., Mag. e Services Ltda
Av. Pasteur, 146 - MAO6 - Rio de Janeiro, CEP 22290-240
Brasil

ABSTRACT
Information of practical experiences on Environmental Affairs at IBM
Brazil plant and branch offices is presented, with a modern view of
the mission, resources, support, waste management, monitoring pro
grams, recycling, energy conservation, partners projects", nature pres
ervation programs, recognitions and image.
INTRODUCTION
IBM Brazil is committed to environmental affairs leadership in all of
its business activities.
IBM has long standing corporate policies
which guide their operations and which are the foundations of the ob
jectives summarized below:
- Provide a safe and healthful work place for IBM employees.
- Be an environmentally responsible neighbor in the communities and
countries where IBM operations are located.
- Maintain respect for natural resources by practicing conservation,*
recycling and the efficient use of energy.
- Develop, manufacture and market products that are safe to use and
environmentally conscious.
- Improve operations/technologies to control environmental effects.
- Assist in the development of technological solutions to solve
environmental problems and share with others as appropriate.
- Adhere to stringent IBM standards and continually improve. Meet or
exceed all applicable government requirements.
- Conduct rigorous audits and self assessments to measure progress and
performance and report the results to management.
In this context IBM Brazil started on 1917 producing the first na
tional data processing equipments. Now IBM Brazil is present in 32 lo
cations spread of the country (1 Industrial Center and 31 office
buildings).
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VIEW
Detailed evaluation and tracking of "all" IBM Brazil chemical products
and electricity projects, independently of the quantity or size of
them.
MISSION
Insure that IBM Brazil activities do not adversely affect the environ
ment and the programs are in place which place a high priority on the
conservation of energy. It includes integration and compatibility be
tween IBM policies & practices and any unique Brazilian requirements.
RESOURCES
Local laws, on line Corporate Facilities Practices,
International
Chemical Datasheet System, Brazil Unique Datasheet System, Environ
mental Master Plan, IBM Brazil Strategic Council, Ergonomy Group, En
vironmental Impact Assessment and IBM Specifics Plans.
SUPPORT
The Environmental activities are supported by Municipal, State and
Federal Secretariat; US Environment and Energy Programs; and IBM
Brazil Legal Department.
PROGRAMS ACHIEVEMENTS

Chlorofluorcarbon
The CFC is an Ozone Depleting element. Because of this, the Montreal
Protocol decided its use in productive process stop in 1998. The
Copenhagen reduced this target date by 1996.
The IBM Corporate set Y/E 1993 to be a CFC free company. The IBM
Brazil worked hard in this objective and in the end of 1992 had all
its productive process free of CFC.
For air conditioning systems we just replaced two 500 TR chillers.
Freon 11 (CFC) refrigerated, by another that uses R-134a (HFC).
Now we are developing a CFC Cooperative Program for Brazil to transfer
know how in this matter. IBM Brazil will have the IBAMA (Brazil Fed
eral Environment Agency) and Northern Teicom as partners.
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Polychlorinated Byphenil
The PCB, also known by Askarel, is an electrical insulating oil, re
cognized as the better in thxs master. Commonly used in power trans
formers and large capacitors, became a challenge for all the humanity
that recently discover its hazardous proprieties.
Here in Brazil, the IBM put out of • operation 15 power transformers
that feed energy in 3 different building. Also, all of*the capacitors
used in IBM machines was replaced by PCB free units.
As IBM do not permit the hazardous waste exportation, and Brazil
hasn't available incineration technology for, we developed and con
structed a special building for proper storage of it. We have about
157 tons of PCB scrap and 19 tons of liquid PCB waiting for Brazil
technology availability.

Radioactive Material
Lightnings, smoke detectors, X Ray, and IBM machines radioactive com
ponents, are being replaced or their uses eliminated. All of radioac
tive residues was sent to IMEN (National Institute of Nuclear Energy)
as required by Brazilian's law.

General Chemical Products
Oils, greases, solvents, acids, bases, inks, neutralizers, etc.,
had drastic reduction on quantity of use and storage.

have

The chemical acquisition needs to be approved by chemical coordinators
to insure the adequate uses, handling, storage and final disposal.
The chemical storage areas were rebuilt following a modern concept to
avoid spills and accidents.
Operational areas as emergency generators and
were revised looking for second contentions.

hydraulic

equipments

Boilers were banished together with their oils tanks to minimize envi
ronment risks and energy consumption.
All of personnel involved with chemical products is training period
ically for handling, storage and final disposal.
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Air and Noise
The air quality in closed areas, the air emission, and noise has being
controlled to insure health conditions and to follow Brazil legal re
quirements and IBM policies and practices.

Soil and Water
A rigorous quality control was applied to insure the water
throughout laboratory tests.

potability

All of waste water, where not possible send to the municipality, is
treated in the own wastewater treatment station. The objective is to
insure the discharge do not adversely affect the environment, protect
ing the soil nature and rivers.
All of Industrial Center manufacturing process has a rigorous quality
control to insure the correct chemical use and final disposal, to pro
tect the groundwater.
A monitoring wells network was installed in Industrial Center site
control and prevent the groundwater pollution.

to

Recycling
100% of solid scrap materials like ferrous, non-ferrous and precious
metals, also plastics and woods, are selling to be reused by 3rd
parts.
All of chemical waste resulting from the manufacturing process has
been negotiated with vendors qualified under IBM parameters and
Brazilian laws to be reused or final disposed without environment
risks.
We are using recycled paper in brochures, internal envelopes,
sheets, etc. This practice depends on the market prices.
70% of
parts.

our

paper

general waste are selling or donated to be reused by 3rd
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Energy Conservation
The buildings administrations are oriented to review periodically the
lighting and air conditioning turn-on/turn-off procedures and disci
plines.
The Industrial Center and IBM Brazil HQ buildings electrical
circuits have automatic control system.
The 1992 Energy Saving Projects saved 1024 MWh, representing US$
72,000. ' For 1993 we projected a saving of 1720 MWh, representing US$
77,400.

Looking through the last 12 months

electrical billing,

we re

negotiated with Electrical Feeder Companies and had a significant De
mand and cost reduction (around 6,000 US$/month).
Adding little tasks as above we can avoid hydroelectrically energy
generation increase. By the way, we can avoid soil inundation result
ing more trees, more animals life...

Partners Projects and Nature Preservation
- The 1989 IBM Brazil "Planeta Terra" project shows to the public the
importance of environment protection and nature preservation. Through
didactics films, academic papers, conferences, expositions and books,
had the environmental education as a main objective. The project was
exhibited at various Brazilian cities.
- Botanical Garden Of Rio de Janeiro and IBM Brazil:
IBM Brazil has
the IBAMA (Federal Government Secretary for Environment) as partner to
have data processing systems to the Garden. Now visitors can find out
everything they want to know about the Garden and its importance
within Rio de Janeiro's ecosystem, in addition to having access to ex
tensive information regarding every plant variety present in this
142-hectare park.
- The Brazilian Amazonia and IBM Brazil: IBM Brazil has INPE (National
Institute for Space Research) as partner in this project.
There is a pressing need to improve the knowledge about the Brazilian
Amazonian Forest.
In this context, this project contributes to im
prove :
* The quality of geographic information about the Brazilian Amazonia;
* The understanding of physical processes related to global changes;
* The understanding of the influence of human action over the Amazonia
environment.
INPE h^s a large staff with significant experience in
and Image Processing.

Remote

Sensing

IBM Brazil has developed a competence on Image Processing, Pattern Re
cognition and Data Bases, methods which are essential to a better
study of the Amazonia Region.
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The combination of INPE and IBM Brazil resources provides a basis
developing better methods to address the assessed needs.

for

- Services Suppliers: The IBM Brazil leadership also includes the 3rd
parts services in manufacturing process and services, and buildings
administration general services.
The 3rd parts was a big challenge but IBM takes advantage of it.
Transferred environmental know how to the country through vendors
training in hazardous substances control, handling, storage and final
disposal.
- Environmental Forum: IBM Brazil was the pioneer in creating recently
a forum where environmental experiences could be exchanged among IBM
Brazil Industrial Center neighbors companies.

International Environmental Recognizing
In 1990 the IBM was recognized by WEC (World Environmental Center) re
ceiving the "Gold Medal". The IBM technological development consider
ing the environment protection was the main reason.
In 1992 the President George Bush recognized IBM as one of two compa
nies qualified in the category "Environmental Quality Management". He
gave us the "Presidential Medal".
Recently (Jul'1993), the Fortune Magazine classified IBM in the cate
gory "The 10 Leaders" under the article titled
"Who Scores Best on
the Environment" by the environmentally conscious programs and pro
ducts .
Each one of them reflects clearly the responsibility, dedication, hard
work, and the daily efforts toward pollution prevention and environ
mental compliance and leadership of IBMers around the world.

Image
Looking for image related to the environment, we can see the concept
born from the world concern with products and process that do not ad
versely affect the nature - The Green Seal.
The IBM Brazil embraced this concept as a new challenge. Our products
use recycling materials in growing proportion. Their energy consump
tion are being reduced. Our manufacturing process is a pollutant emis
sion free.
Insuring activities developed environmentally responsible, the Green
Seal is the next compromise that IBM Brazil assume with a world that
changes to be the best.
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Mesmo que
este anuncio nao
fosse feito, a Tibras
estaria presente
neste jornal.

A Tibras esta presente nas tintas, na borracha, no couro, no plastico, nos
esmaltes ceramicos, nos cosmeticos e nas fibras sinteticas dos produtos anunciados neste jomal. O dioxido de titanio fabricado pela Tibras e utilizado como
materia-prima pela industria de tintas e no tingimento desses produtos, sem
apresentar nenhum eferto toxico. E o mais importante pigmento branco fabri
cado no mundo. Para o Pais ele pinta um quadro animation gera uma economia
de divisas liquidas na ordem de 90 milhoes de doiares anuais. Para o Estado
sao recolhidos mais de 6 milhoes de doiares em ICMS. E um grande investimento, mas a Tibras nao fica por ai. Estao sendo destinados 23,6 milhoes de doiares para aplicagao em tecnologia ambiental para demonstrar que e possfvel o
TITANIO DO BRASIL S.A.
equilibrio entre desenvolvimento e meio ambiente.
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