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Abstract

This study was conducted mainly to investigate the effects of
industrial liquid waste on the environment in the Omdurman area.
Various types of industries are found around Omdurman. According to
the ISC the major industries are divided into eight major sub-sectors,
each sub-sector is divided into types of industries. Special consideration
was given to the liquid waste because of its effects.

In addition to the available data, personal observation supported
by photographs, laboratory analyses were carried on the industrial
effluents. The investigated parameters in the analysis were; BOD, COD,
O & G, Cr, TDS, TSS, pH, temp & conductivity. Interviews were
conducted with waste handling workers in the industries, in order to
assess the effects of industrial pollution.

The results obtained showed that pollutants produced by all the
factories were found to exceed the accepted levels of the industrial
pollution control. The effluents disposed of in the sites allotted by
municipal authorities have adverse effects on the surrounding
environment and public health and amenities.

Accordingly the study recommends that the wastewater must be
pretreated before being disposed of in site allotted by municipal
authorities. Develop an appropriate system for industrial waste proper
management. The study established the need to construct a sewage

system in the area in order to mimimize the pollutants from effluents.
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Chapter One

Introduction
1.1 General:

Environment is a physical and biotic habitat, which surround us,

which we can see, hear, touch, smell and taste.

The relationship of man with the environment is necessarly
symbiotic; the equilibrium between the two must be maintained at all
costs. Unfortunately, on account of the various activities of man, the
composition and complex nature of environment gets changed. Such
activities include industrialization, construction, transportation, etc.
These activities, although desirable for human development and welfare,
lead to generation and release of objectionable matenals into the

environment thus turning it foul, and makes our life miserable (S. M,
1994).

Urbanization and industrial growth; complicate the problem
because:

1. Natural resources were considered as free goods but population
growth put a strain on this resources.
2. Environment 1s a sink where all the waste produced by man is

assimilated. And it is impossible to dispose off waste materials out
side the worlds (S. P., 1991).

These two facts reflect the importance of efficient utilization of
resources and the minimization of both the quantity and toxicity of waste
as important first stage interventions in environmental management.

Sound management of remaining wastes will help to protect the local
and global environment



1.2 Industry and Environment:

Modern man and the complexity of his activities especially in the
fields of industry and technology produced substances that are foreign to
the natural components. These substances affect the air or water or land
or biological components. Macro and microorganisms have suffered

from either some level of contamination that rose to dangerous pollution
(Odum, 1971).

Industrial processes produce liquid, solid and gaseous wastes
which can have negative effects on the environment and people; acid
rain 1s an example it results from emissions of sulfur dioxides and
nitrogen oxides from chimney and exhaust pipe. These waste are

generated either during processing, or at the end of the production
process (Nebel & Wright, 1999).

At a closer range these atmospheric pollutants can also increase
respiratory diseases. Liquid wastes when disposed in water bodies

without treatment is greatly affected the aquatic organism (Boon, 1990).

Waste and Global Issues:

There are a number of aspects associated with waste, which have
global implications. These include the effect on the ozone layer from
CFCs, which remain in old refrigeration equipment, and the green house
gases carbon dioxide and methane has been estimated to make a

contribution seven to ten times greater than the same volume of carbon
dioxide to the green house effect.

Rio conference objectives for waste management, as stated in the
1992 Earth summit Agenda 21

e To mimimize wastes

* To maximize environmentally sound waste re-use recycling

¢ To promote environmentally sound waste disposal.



Local authorities should under take recycling simply because of
the local and global benefits, such as the recovery of CFCs, or the
collection of waste automobile oil and diesel from garages which,

unmanaged, pollute water courses and sewerage systems.

The European Union has agreed a “proximity principle”, which
for waste requires that materials are handled and treated as close as
possible to their point of origination, and not “exported to regions where

waste management practices may be cheaper (WHO report).

Regional Effect:

According to the fact that, all neighboring countries, share some
geographical or geological structures (i.e. rivers, lakes, aquifers, air and

forests), then there is an interaction in all aspects (Elhaj, 1984).

So certain problem can arise such as pollution (heat transfer and

radiation), carbon dioxide buildup and green house effect, and acid rain.

Local Effects:

The seed of pollution germinates within the local level, then
expands to affect the neighboring countries to regional and global levels,
some problems, such as smoking or malodorous industries, are locally
and can readily control; the trouble is easily located and can usually be
corrected by Dbetter methods of combustion .or waste disposal.
Industrialization and concentration of population in selected pockets of a
country bring, in their wake, large quantities of industrial and sewage
wastes which find their way into either the air or natural water bodies.
Various gaseous emission may be noxious and toxic or in the case of
oxides being the source of acid rain. The wastes discharged directly to
recetving water bodies where they impair water quality and affect

aquatic life; threaten living organisms either in their health or their lives
or their diversity.



1.3 Pollution:

Definition:

Pollution is defined as, the introduction by man of waste matter or
surplus energy into the environment which directly or indirectly cause
damage to man and his environment other than him self, his household,
those in his employment and those with whom he has a direct trading
(Dix, 1981), while biologists define pollution as “ undesirable changes in
the physical, chemical, or biological characteristics of air, water, land
that can harmfully affect the health, survival activities of human or our
living organisms. Therefore pollution may either be man made such as
insecticides, pesticides or could be a substantial rise in matter which has

already been in the environment such as ozone or destroying some
natural component.

Pollutants are introduced into the environment in significant
amount in the form of sewage waste, accidental discharge or as by-

product of a manufacturing process or other human activity (Shakkak,
1984).

1.3.1 Water pollution:

Is defined by Dix (1981) as a natural change in the quality of
water, which rendered it unusable or dangerous with regards to food,
human, animal health, industry, agriculture, ﬁshing or leisure pursuits.
Also water pollution is defined by WHO in terms of

[ts nature :

¢ Physical: temperature, suspended matter, color, etc.

¢ Microbiological: microorganisms such as bacteria, viruses, and

protozoa.

Chemical: mineral pollution (salts, heavy metals) or organic
pollution pesticides, hydrocarbons, solvent)



It’s Origin:
Urban: Community wastewater, rainwater, refuses tips.

Industrial: liquid and solid wastes from industrial activities

(refineries, paper mills), storage of products (hydrocarbons,

industrial wastes.) or extraction of raw materials (mines, quarries).

Agricultural: farming practices (fertilizers, plant protection

products), slurry spreading the food industry (slaughter houses)

Its distribution in time:

Permanent: infiltration from leaching of waste discharges.

Accidental: broken pipes, overturned tanks.

Seasonal: plant protection products, highway deicing products.
Its distribution in space:

» Diffuse: of agricultural origin, on-site sanitation.
¢ Localized: storage facilities, industries, and urban waste.

o Linear: highways, railways, rivers and watercourses.

The ecological and economical damages:

Caused by the untreated oil spills from industry and power
generation unit to the sea, may result in mortality to birds and
contamination of shore lines, resulting in sever biological effects on near

shore organisms. Also may be fouling of vessels, nets and harbor
facilities, requiring expensive clean up.

The impact of oil on open ocean environment is more difficult to
assess, but it’s likely that the spill will have some effects on fisheries and
in general, on organisms present in the ocean surface waters.



1.4 Industry in Sudan:

Industry in the Sudan started by the turn of this century, when the
expansion of cotton production was followed by the construction of
ginning factories. Industry for import substitution started as recently as
1960. Sugar industry began at El Guneid in 1961 and at El Girba in

1963. Then a tannery in Khartoum was established; followed by five
dispersed food-processing plants.

Before World War 11, the British governors’ policy in Sudan was
to export agro industrial products. However, 1956, the year of political
independence, could be taken as the gate for real industrialization in
Sudan. The traditional handcraft industries, such as wood products,
leather and ivory, have been in existence since ancient times. Their

success depends on small capital and the use of the local raw matenals.

The development of cotton ginning can be marked as a second
stage of industry, in many ways. Thus the government policy has been to
promote industry and agricultural expansion. The First step was the
approval of the Enterprises Act of 1956, which was issued to encourage
the local and foreign capital investments in industry. This raised the
current prices of products at that time from 1% in 1955/56 to 9.4% in

1970/71, and employment jumped from 900 to 4000 during the same
period (Boon, 1990).

In 1960, the contribution of the industrial sector increased to

7.6%, and in 1973 increased to 15%. However, it fell to 8% in 1981 and
went further down to 5% in 1985.

Industry plays a relatively small role in the economy of the Sudan
and an accounts for less than twelve percent of GDP, ten percent of

employment and less than one percent of exports. Manufacturing
employment about 200,000 people.



The sector suffers from infrastructure bottlenecks and shortages of
trained manpower, raw materials and the foreign exchange needed for
importing essential intermediate inputs (UNDP report, 1994).

This situation agreed with the fact that says industnial
development is given a high priority in most developing nations because

such development creates employment and generates revenue that is
badly needed (Boon, 1990).

Most of the industries in the Sudan are found in urban areas except
industries that are attracted to their source of raw materials; Khartoum,
Khartoum North, Omdurman, Port Sudan, Maringan & Gadid El Thawra
industrial areas are example of industrial complexes n urban areas,
whereas sugar factories, textile, jute and cement factories are better

examples of those attracted to their source of raw material throughout
Sudan (Fig. 1).
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Structure, Status and Location:

According to the UNIDO industrial survey, there were 6759
manufacturing establishments in the Sudan in 1981/82. 6412 of the
establishments were classified as small, employing less than 25 workers.
The larger establishments comprised 131 units employing 25-50
workers, 79 units employing 51-100 workers and 137 units employing
more than 100 workers. The total manufacturing employment was
estimated to be 144 500 persons. Most of the manufacturing sector was
privately owned. Already in the early 1980’s private sector accounted for
84% of manufacturing establishments and 79% of gross output. After
the recent privatization program, the share of the private sector has
become even- more dominant (UNDP report, 1994).

Table (1): Economically active population in manufacturing

(10 years and over)

Active population Manufacturing eml;l;g;?tl\en ¢ MPaer:ur;a:)ct;l:r(:/:g
Managers, Professionals 5050 199670 2.5%
Technicians, Assoc. Professionals 7220 507970 1.4%
Clerks, Sale workers 20990 321720 6.5%
Craft workers 217560 485600 44.8%
Skilled Agricultural 3610 3093240 0.1%
workers
Plant and Machine 34110 230800 14.8%
operators
Elementary Occupations 33570 843870 4.0%
Others 1120 201370 0.6%
Total 323340 6884200 5.5%

Source: Population Census of Sudan 1993

Table (1) shows the economically active population in
manufacturing in the northern states of Sudan. Only 2.5% of managers
and professional and 1.5% of technicians and semi-professionals work in
the manufacturing sector. This is considerably less than the sector’s

contribution to the economy and it unfortunately reflects the country’s

10




priorittes. However, more emphasis on technical and professional

manpower would be needed if the rehabilitation objects were to be
achieved.

Manufacturing activities are highly concentrated in Khartoum and
central regions. It was estimated in 1981/82 by UNIDO industrial census
that these two regions accounted for about 55% of manufacturing
establishments, 80% of total manufacturing employment and 75% of
manufacturing gross output. Since the early 1980°s the situation has not
changed much, it is likely that the concentration has been even more
prominent with the worsening economic situation hitting hardest the

small-scale factories outside Khartoum and central region.

Table (2) shows the status of industry in Khartoum area in 1994.
There were 1305 listed factories out of which 737 (56.5%) were
operating, 336 (25.7 %) were out of operation, 126 (9.7%) were under

construction and in 106 cases there was a license from authorities but
construction was not yet started.

Table (2): The status of manufacturing activities in Khartoum

state by industrial sub-sector in 1994

Sub-sector Operating Out (.)f Under Licensed Total
operating construct

Food Industry 188 104 31 26 349
Textile Industry 85 55 28 10 178
Wood Products 18 12 4 4 38
Paper Products 50 19 5 12 86
Chemicals 109 66 22 11 208
Non-Metallic 50 14 8 18 90
Minerals
Metals & Metal 74 16 16 15 151
Products
Services 163 20 12 10 205
Total 737 336 126 106 1305

Source: Ministry of industry

11



Table (3): The Status of Manufacturing activities in Khartoum State
by Industrial sub-sector in 1997-1998

Activity Operating Out 9f Under Licensed Total
operating  construct

Food industry 227 128 36 40 431
Textile industry 52 72 9 119 252
Wood & wood 73 24 6 46 149
products
Paper products & 50 3 3 21 85
printing
Chemicals 166 71 10 157 404
Non-metallic 75 35 3 6 119
Minerals
Basic Metal
industry 20 19 3 3 45
Metals & Metal 1 9 5 6 )8
products
Total 674 369 72 398 1513

Source: Ministry of industry

Table 1.3 shows the status of industry in Khartoum area in 1997-
1998. There were 1513 listed factories of which 674 (44.5%) were
operating, 369 (24.4%) were out of operation, 72 (4.8%) were under

construction and in 398 cases there was a license from authonties but
construction was not yet started.

The role of the industrial sector has been minor in economy of
Sudan and the performance of the industrial sector has been
unsatisfactory with the growth of the industrial sector lagging behind the
overall average economic growth. The contribution of manufacturing
sector has been around 9% in the recent years & it has employed around
5% of the working force. Limited inter- and intra-industry linkages, high
dependency on agricultural inputs and the narrowness and shallowness
of the industrial base with low up-stream investments and minimal

diversificatton characterize the industrial sector (Ministry of Industry &
ministry of finance, 1995).

12



1.5 Statement of the Problem:
- No sewerage system in the area.

- Large quantities of industrial effluents are disposed of without
treatment.

- The absence of an effectively authorized body or agency to look
after the quality and characteristic of industrial effluents.

- Lack of awareness, lack of coordination, lack of effective

legislation enforcement, lack of managerial and budgetary
autonomy.

1.6 Study Area:
Description of the Study Area:

The 1993 Census shows that about 25 million people live in the

Sudan and the estimation for 2002 is about 30 million.

Greater Khartoum is among the cities of the world that are
growing most rapidly: it was six times bigger in 1983 than in 1956. At
this rate the population of the city will be more than nine million by
2010. Rapid population growth & migration to urban area complicate the
development challenges facing the Sudan. Khartoum lies at the middle of
the country at the interception of 15°36' N, 32°32' E latitude and
longitude respectively, and altitude of 386 meters (UNIDO, 1983).

Climate of the Study Area:

The temperature ranges from 6.2°C — 47.5°C, relative humidity
28%, average rainfall (1971-2000) is 121.4mm. Wind directions during

winter in Northerly, during summer in southwesterly. Wind speed
ranging 7-12 m.p.H.

13



1.7 Industry in Omdurman:

Industry in Omdurman is growing fast. It is controlled through an
industrial committee. Various types of industries can be found ranging

from handicraft, warehouse to medium industrial plants.

The infrastructure is partial available in Omdurman industrial
area. The factories are surrounded by residential area, adequate transport
facilities and market for industrial products in the Omdurman. The

development of industry trend towards large industrial enterprises, and
more diversified activities are created.

1.8 Objectives:
General Objective:

To assess the industrial liquid waste management in
Omdurman industrial Area.

Specific Objectives:

1. To Qualify and quantify the liquid waste from the selected
factories in study area.

2. To compare the obtained results with local standards.
3. To evaluate the existing waste disposal practices.
4, To determine the effects of the wastes on the environment.

14
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Chapter Two
Literature Review
2.1 Source of Industrial Pollution:

Industrialization and concentration of population in selected
pockets of a country bring, in their wake, large quantities of industrial
and sewage wastes that find their way into either the air or natural water
bodies. This has been the case in the industrialized west where the
quality of air & water has been continuously deteriorating and all efforts

for pollution control have failed to restore the original purity of the air
and water (S. P., 1991).

The following factors determine the type and level of industrial
pollution (WHO report):

1. Type and amount of product manufactured and manufacturing
Process used.

2. Type, amount and content of raw material used

3. The use of energy, water and air.

4. Size of the facility

5. Amount of toxic material stored on site

6. Quality and efficiency of abatement technology

7. Plant location

8. Others

15



2.2 Industrial Wastes:

Definition:

The industrial waste varies considerably in composition and
concentration. It varies from industry to industry, within the same type of

industry and even in a single plant. It requires individual evaluation and
assessment.

Industrial waste can be classified in one or all of the following
forms:

- Solid waste
- Liquid waste
- Gaseous waste

2.2.1 Industrial Solid Wastes:

The term “industrial solid wastes” is applied to unwanted or

discarded waste material arising from industrial activities (Park, 1997).

These wastes include any discarded industrial material resulting

from an industrial operation or establishment with the exception of
dissolved or suspended solids in wastewater.

The quality and composition of industrial' solid wastes vary
significantly, from place to place as well as among industries in the same

place, and even among industrial plants in the same industrial category
(Mohamed, 1999).

Effect of Solid Waste:

As solid wastes are heterogeneous in nature (degradable and non
degradable), their impacts on the pollution problem are many.

16



The accumulation of solid wastes in man’s environment

constitutes a positive health hazard because of the following reasons
(Park, 1997):

1. The organic portion of solid wastes ferments and favours fly
breeding.
1. The pathogens may be conveyed to man through flies and dust.

in.  There 1s possibility of water pollution if rainwater passes
through dumping area it might wash or dissolve the chemicals or

Microorganisms and take them to water sources.

iv.  There is the risk of air pollution, if there is accidental or
spontaneous combustion of the waste.

V. Piles of refuse (solid wastes) are a nuisance from an aesthetic
point of view.

Solid waste treatment and disposal:

There is no single method of solid wastes disposal which is
equally suitable in all circumstances. The choice off a particular method
is governed by local factors such as cost and availability of land and

labour. The principal methods of solid wastes disposal are:

Dumping

- Controlled tipping or sanitary land-fill
- Incineration

- Composting

- Manure pits

-- Burial
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2.2.2 Industrial Gaseous Wastes:

Air pollutants are substances in the atmosphere that have harmful
effects. For millions of years, volcanoes, fires, and dust storms have sent
smoke and other pollutants into the atmosphere coniferous trees & other
plant emit volatile organic compounds into the air around them. There
are mechanisms in the biosphere that remove, assimilate, and recycle
these natural pollutants (Nebel & Wright, 1999).

Organisms are able to deal with certain levels of pollutants
without suffering ill effects. The pollutant level below which no ill
effects are observed is called the threshold level.

Three factors determine the level of air pollution:
- Amount of the pollutants entering the air
- Amount of space into which the pollutants are dispersed.
- Mechanisms that remove pollutants from the air.

The major sources of air pollution in the industrial areas are the
gaseous wastes which come from the combustion of fossil fuels, some of

the manufacturing processes and solid waste burning.

Air pollutants are direct and indirect by products of the burning of
coal, gasoline, other liquid fuels, and refuse.

Suspended particulate matter, and volatile organic compounds
(VOC,), carbon monoxide, Nitrogen oxides (Noy), sulfur oxides (Soy)

and lead are called primary pollutants because they are the direct
products of combustion and evaporation.

Some of the primary pollutants may undergo further reactions in
the atmosphere and produce additional undesirable compounds. The

latter products are called secondary pollutants (e.g. Ozone, sulfuric and
nitric acids).
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Air pollution sources and types are different from industry to

industry and within the same plant from hour to hour and from place to
place.

Air pollution affects humans, animals, plants and materials. The
relevant problems associated with air pollution are:

1. Effects on human health and hazards such as chronic bronchi

and other respiratory diseases and toxicity for human being.

1. Effects on materials and aesthetics.
iti.  Plant damages and animal harming

iv. At the global issue air pollution leads to global warming and
ozone layer depletion.

Air pollution control can be done, by improved combustion,

control devices or using filtration media e.g. cyclone precipitator,
electrostatic precipitator, bag house.

2.2.3 Industrial Liquid Wastes:

It 1s referred to as wastewater. These kind of pollution occurs due
to the presence of dissolved inorganic materials, organic materials such
as proteins, fats, carbohydrates and other substances found in industrial

waters, and physical factors such as turbidity, color, temperature of
effluent, associated radioactivity, etc (S. P., 1991). |

In order to minimize problems, risks, wasted matter & energy
contained in the industrial wastes, treatment is needed, or to increase the

efficiency & profitability of industry (Elhaj, 1984).

The process is usually carried to promote waste quality in order to
reduce its effect on human health & environment.
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Pollution can be controlled by a proper choice of preventive &
remedial measures. Good house keeping and maintenance of process

equipment of a long way towards reducing pollution of water and air and
increasing the life of the plant.

223.1 Waste-water treatment basically involves two sets of
measures:

1. Preventive
2. Curative.
The preventive steps are made up of:
1. Volume reduction.

it. Strength reduction.

Volume reduction achieved by the following:
a) Conservation of water used in the process
b) Segregation of different streams in the process.
¢) Recycling and re-using water used in the process

d) Changing the production schedule to decrease wastewater
produced.

e) Avoiding slug or batch discharges.

Strength reduction achieved by:

1, Equipment modifications and process changes
1. Segregation, equalization and proportion

. Recovery of important by products from waste streams.
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Curative measures deal with the actual treatment of liquid effluents
by physical, chemical and biological methods, or their combinations,
depending on the nature of the pollutants in the waste and the extent to
which they are to be removed (S. P, 1991).

The degree to which treatment is required depends upon the mode of
disposal of the treated waste. Different standards have been obtained for

the discharge of effluents into natural water bodies, municipal sewers,
and into the land.

According to wastes characteristics three methods of treatments were
obtained: -

1)  Physical methods, to remove solid or liquid pollutants, based on
their density difference from water. They are essentially wastewater
clarification methods and floating solids or liquids. Other physical
methods of treatment are reverse osmosis, electro-dialysis, filtration,
foam separation, filtration, adsorption, etc. They help remove fine

particles and organic and inorganic dissolved materials, resulting in
better water quality for re-use or disposal.

2) Chemical treatment, which traditionally involves coagulation,
flocculation and precipitation to reuse the organic and inorganic load by

settling the sludge or precipitates, formed. Also other type of chemical
treatment base on:

1. Neutralization before they discharged into water bodies or
municipal sewers.

1. Removal of poisonous substances
. Oxidation is used for killing pathogenic organisms

3) Biological Treatment:

In this method colloidal and dissolved solids are converted into
settle able solids by microorganisms under favourable environmental
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conditions. Anaerobic treatment “takes in the total absence of Oxygen &
is a rather slow process. However, highly concentrated waste can be
handled by this method filtration, digestion and lagoon are some of its

categories. Aerobic biological treatment methods include the following:

1. Active-sludge process

11. Trickling-filter process

nt.  Stabilization ponds

iv.  Oxidation Ditch

V. Rotating biological contactors
vi.  Sludge digestion

vil.  Fluidized-Bed contactors

Liquid Waste Disposal:

According to (Eljak, 1989) the disposal options for industrial
liquid waste include the following:

Effluents disposed to the municipal treatment plant for complete
treatment.

On-site treatment, then discharged to municipal sewerage system.

In-plant treatment, based on separate treatment of individual waste
components from the different sections.

Construction of different plant in the same area from which the

wastes are neutralized and cannot need method of treated.
Final effluents and sludge can be disposed of by four alternatives:
1. Return to source
1. Irrigation
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ui.  Land disposal and evaporation
iv.  Recycling
Industrial Wastes Hazards:

We have 104 chemical elements in the periodic classification, of
this 80 are metals. Only 17 of these are toxic include lead, Mercury,
cadmium, chromium, etc.. Their toxicity varies with threshold limiting
value. The different metals have different degrees of toxicity (Nebel &
Wright, 1998). Also radioactive wastes are put in especial category
named “hazardous” waste. These types of waste need special care for
handling, treating and disposing of them. They must be isolated from
contact with humans and must be stored in way, which prevent them
from polluting the surrounding environment. Also special care must be
taken when disposing them either by burning (to avoid the contaminate

underground water) or storing them in drums (to avoid corrode the
tankers).

Main idustrial sources of these toxic wastes are the pulp and

paper industries, petroleum industries, leather and tanning industries and

asbestos manufacturing.
2.2.4 Waste Treatment Plants in Sudan:

There are only two main sewerage system in operation in Sudan at
Khartoum and Khartoum North.

1) El Goaze sewage treatment plant non-operational.
1)  Khartoum sewage treatment plant:

The Khartoum sewage treatment plant is at Soba was constructed

(1982- rehabilitated in 1992). It is operated for treating both domestic
and industrial waste. The design capacity 31420 m*/d.
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i)  Khartoum North Treatment Plant:

Khartoum North 1s the major industrial area in the Sudan. The
Plant was constructed during (1967-1971) and was planned to be
completed in three phases. Phase 1: to handle industrial waste, Phase II:
to handle the residential waste while Phase III is for any extensions.
Only Phase 1 was completed. At present only the industrial sewerage
system 1s installed including 300 factories only. The plant faces
problems as the BOD reaches above 2000 mg/l, oil contents are very
high and so is the pH. The amount of organic nutrients is very low for
effective bacterial activities. Currently hazards are arising and

neighboring lands are endangered phase one design capacity 1s 6 MGD
(22700 m’/d).

This system transports mixed industrial effluent to the treatment
plant at Hag Yousif located some 5 km to the east of Khartoum North.

2.3 Legislation:

The environmental health Act 1975: controls the important aspects
of water pollution but only in a general manner (Annex I). The

environmental health Act 1999 (Annex II). The environmental protection
Act 2001(Annex III in Arabic).

Industrial Local Order 1971 defines the characteristics of

industrial waste that can be discharged into public sewers.

Some regulations already exist in Khartoum North in the form of
industrial waste local order 1971 (Annex V).

Although legislation is available for effluent control, lack of
financial resources and trained personnel has meant that effective control
of industrial effluent has not been achieved to data.
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Chapter Three

Materials and Methods

3. Methodology:

This study was carried during the academic year 2001/2002 in the
city of Omdurman, on the industrial liquid wastes.

3.1 Study Area General Description:

The industry in Omdurman is distributed along two sites the old
industrial area and the new industrial area, which are surrounded by
residential areas Fig. (2). The factories for the study were selected from
the old industrial area. The major industries are small enterprises such as
workshops, warehouses, small factories and handicraft activities, large

industrial plants such as soft drinks, oil mills , soap plants and
warehouses Fig. (3).

3.1.1 Industries in Omdurman Area:

Various types of industries are found around Omdurman table (4)
The major industries are divided according to ISC into eight major

subsectors. Each subsector was divided into the following industries:
1- Food Industry includes the following :

- Jams or Juices

- Biscuits & Sweets

- Edible Oil

- Flour mills

- Animal fodder
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Table (4): The status of manufacturing activities in Omdurman by

industrial sub-sector in 1997,

Large established Firm under
. construction
Industrial sector

Licensed Total
Operating  Out of operating

Food industry 94 52 7 18 171
Textile industry 31 50 7 56 144
Wood & wood 2 A 5 ’ 5
products
Paper & paper 14 4 | 5 )1
product & printing
Chemical 95 38 7 92 232
Nqn metallic 28 18 ) 5 18
Mineral product
Basic metal industry 16 14 3 - 33
Metal & Metal

- 1 1 - 2
Product
Total 131 191 703

Source : Ministry of Industry

Small factory producing vinegar & Custard powder, Table (5) Shows
industrial sub-sector in Omdudrman

Table (5): Subsector for food industry.

Total
Sweet 42
Canning . 2 .
(out operation & under construction)

Tahaniya 20

Edible o1l 20

Jam & Beverage 3

Ice 26

Biscuits 10

Juices 18

Mills 3

Starch product 20

Animal fodder 7

Total 171
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Fig (3) : Omdurman Industrial Area
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2- Textile Industry:

Textile industry is divided into the following group table (6)

Table (6) : Textile industry in Omdurman

I

Spinning textile 92
Tricot 10
Ready-made clothes 35
Tanneries 6

1
Leather Industry (under construction)
Total 144

Other sectors:
3. Wood & Wood Product sector include 52 plant.

4. Paper & Paper Product and Printing include (20) Printing and (1)

Carton which 1s under construction.

5. Chemicals sector : include the following : Soap, Plastic products,

Paint, Cosmetics and Perfume, Wax and Medicine (under

construction).

6. Non-Metallic products, include Floor-finishing, Glass, Silica,
Marble and Synthetic Sponges.

7. Basic Metal industry,is included tin & Aluminum product.
8. Metals & Metal products sector is included the refrigerator plant .

According to the above sectors & subsectors of activities the
selected industries are listed in table (7).
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Table (7): Selected industries

Industrial . Out of Under .
Sector Operating operation construction Licensed  Total
Oil Mills 14 4 1 1 20
Soap 13 9 1 49 72
Soft drinks 1 1 - - 2
Tahnia 13 3 2 2 20
Tanneriers 3 2 1 - 6

The plants were selected according to the total number of
operating plants for each sector. When the total number of operating is
less than five units one plant was chosen and when the number is greater

than five units, two plants were selected.

3.2 Material:

The industrial waste from the selected plants was considered with
special emphasis on liquid waste because of it’s great effect on the

environment.

3.2.1 Methods Used:

1. Field surveys, physical visits to the selected factories and data

collection.
2. Questionnaires (1,2).
3. Experimental work.

4. Statistical analysis.

3.3 Survey & Data Collection:
Data about existing plants were collected from many sources,
namely, the field survey and physical visits to the selected factores,

Ministry of Industry, UNIDO, Public Electricity, Water supplies,
Investment, Urban Planning and Khartoum Sewage Treatment Plant.
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Questionnaires:

This was carried through two separate forms Appendix (V).
Questionnaire (1) is divided into 3 sections, section one addresses the
plant managers, section two addersses the technical section about the

plant & section three is economical section.
3.4 Waste Water Collection & Handling:

Samples of wastewater were collected from the selected plants,
from the last manhole.

At first the proposed number of samples was three per plant, but at
the beginning of the study the problem of shortage of raw matenals;

faced the oil mills. So the frequency of sampling was a sample every 10
days per plant.

3.5 Liquid Waste Analysis :

The liquid wastes sampled & analyzed for their physical &
chemical characteristic in accordance with Standard Methods (American

Public Health Association, American Water Works Association & Water
Pollution Control Federation, 1989).

3.6 Physical Examination of Liquid Wastes:

The physical characteristics were determined after Cleslern, L., S.
(1989). Temperature was measured immediately at sampling time; using
a mercury thermometer in degrees centigrade, & the pH value by electric

pH-meter & conductivity by conductivity-meter, odour and colour by
(Human sense).

The solids D.S & S.S were determined according to methods
(2540 C & 2540 D) respectively.
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3.7 Chemical Examination of Liquid Wastes:

The organic matter investigations were done as described by
Greenberg Amold F., 1989). The tests carried are BOD by method
(5210B). In the case of dissolved oxygen (DO) method (4500); the azide
modification method was used, COD was tested in accordance to method

(5220B). The method (G5-40) was used for oil and grease (Link W E,
1997).

Metal Determination:

The metal tested here was chromimum . The Chromium was

determined according to method (3500-Cr D), using Colorimetric
equipment.

Liquid waste investigation:

The amount of liquid waste was calculated from the daily waste
disposal. Field trips and visits to dumping areas were carried out in
addition to the available records or estimates from the concemned

departments. The waste disposal labourers, were also interviewed, to
Know the amount of waste disposed.

3.8 Statistical Analysis:

Statistical package for social sciences (SPSS) software was
used for the analysis.

Chi-square-test was used to estimate the relationship between

Disease and type of industries, Disease and the work period,
Disease and education level and Disease and age.
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Chapter Four
Results
4.1 Selected Industries:

In this study, eight industrial units were selected table (8). General
information such as date of establishment, investment, area, employment
and power sources of these industries 1s presented in table (9). Some of
the studied industries employ waste handling labourers as seen in table

(10) services and help are provided by some industries. The common
occupational diseases are shown in Fig. (4)

Industrial Waste Matter:

Each of the selected factories was taken independently to reflect
the quantity and composition of wastewater produced.

4.1.1 Elmadeh Oil Mills:

Elmadeh Oil Mills table (9) is a private sector enterprise for edible
oil production, in which crushing and extraction of oil seeds is used. It
includes seed sorting and cleaning section Fig. (5).

The factory produces 3600-ton/year. Oil, with peak production
during summer. It processes cottonseeds. The factory works 180
day/year based on two shifts per day. The daily proﬁuction 1s 20 ton of
oil as main product and the byproduct is the cakes.
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Table (8): Selected factories and their final products

Industrial Unit Final Product
1- Elmadeh Oil Mills Co. LTD Edible Oils
2- Babiker Oil Mills Edible Oils
3- Suliman Tannery Skins Tanning
4- Nile Soft Drinks Bottling Factory Stim and Maza
5- Tagoug Soap Factory Soap and related products
6- Tawfig Soap Factory Soap and related products
7-National Industries Sweets and Biscuits  Tahnia and Sweets
8- Yareem Tahnia Factory Tahnia

Table (9): General information about the studied factories

Industrial Unit Commission  Area Capital Employment Fuel
ustrial o date (m2)  (SD million) “Total Sweepers gald

I- Elmadeh Oil 1964 14000 105 50 ] 700
Mills
2- Babiker Oil 1997 8000 100 60 2 444
Mills
3- Suliman 1997 1250 5 12 5 20
Tannery
4-Nile Soft 1998 2240 800 170 10 990
Drinks
5- Tagoug Soap 1995 2400 90 52 10 667
6- Tawfig Soap 1979 4000 71 88 8 670
7-National 1968 4200 30 90 4 242
industries
8- Yareem Tahnia 1999 2000 25 25 6 200
Total 38090 1226 547 46 3933
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Table (10): Selected industries — waste handling workers — general information

Common Occupational

Medical services &Comments

Industrial Unit Age (range) Training Services provided diseases
-Elmadeh Ol 30 Skilled  Medical, meals, normal clothes - From Insurance dgpomts (2. months
Aills has been working in waste disposal)
-Babiker Oil Mills 42 Skilled Medical, transportation, meals - From INsurance dqpomts (4 rponths

has been working in waste disposal)
-Suliman Tannery 15-34 Skilled  Medical Chest. diseases, allergy & From insurance deposits
eye diseases
From insurance deposits (2-3
-Nile Soft Drinks 19-44 Skilled  Medical - months has been working in waste
disposal)
-Tagoug Soap S3 Skilled  Medical, meals Eye diseases From insurance deposits
-Tawfig Soap 23-32 Skilled Medical, transportation, normal Back pain From insurance deposits
clothes, meals
“National 17-56 Skilled  Medical Chest diseases, leg From insurance deposits
idustries muscles pain, eye diseases
-Yareem Tahnia 35 Skilled  Non Headache No nsurance (2 months has been
working in waste disposal)

18

F-—-————_""-_'—__—



Workefs

ing

Iseases among Waste Handli

ID

Iona

Common Occupati

Fig (4)

B No Diseases

DODiseases

=
o
]
o

T
)

S18)I0M JO J3qUInNN

Chest Diseases Other No Diseases

Eye Diseases

Diseases

36




Fig. (5): Material Flow for Oil Seed Processing

Seed
> Seed Storage
Seed Preparation (Crushing)
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Production Process:

The raw material used is the cotton seeds. Oil seed processing
amounts to seed cleaning, crushing, cooking, and pressing, where 13%

of oil is obtained from white seeds and 18% of oil is obtained from black
seeds.
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Factory Wastes:

The solid wastes generated from the cleaning of raw material and

cake units. The solid wastes are disposed of on the land allotted by
municipality.

The liquid waste is turbid, hot (40-51°C) and contains oils and
soap stocks. It is disposed of on the land allotted by municipal
authorities (located at the east of slaughterhouse of Ministry of Finance).
The characteristics of the waste water are shown in table (11) and (12),
which is varying with time as in Fig (6).

The liquid wastes are disposed of without treatment, Plate (1).

Two boilers, emit directly into the environment, mainly gaseous wastes.

The factory has a generator 827 KVA and a water yard (Artesian
well).

Storage:

Oil mills has adequate space for raw material storage and storage

tanks having a total capacity of 2635 tons to store crude and refined oil
Fig. (7).
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Table (11): Studied Industries -Liquid Wastes Sources and Types

Industrial Unit

Origin of major wastes

- Elmadeh O1l Mills

Wash down process, oil spillage, solids from o1l cakes, shells of raw sceds, cooling process, water, boilers, alkalis, oil refining,
bleaching neutral oil, deodorization and maintenance oil

- Babiker Oil Miulls

Wash down process, oil spillage, solids from oil cakes, cooling process, boilers, alkalis, refining and purifying process.

- Suliman Tannery

Skin tissues, proteins, hair, blood, dirt, fats, pigments, washing down process, salts & dyeing

- Nile Soft Drinks

Bottle washing, wash down process, cleaning of equipments, syrup-storage, tanks drain, sugars & liquid gases.

- Tagoug Soap

Was down of soap, soap purification, detergents, ol spillage, alkalies used with other salts, refining & saponifying of soap stack.

- Tawfig Soap

Wash down process, soap purification, detergents, alkalies used with other salts, sapomfying of soap stack, glycerin, fatty acids and

glvcerol.

- National Industries

Washing of raw materials, cleaning of equipments, cooling & boilers.

- Yareem Tahma

Wash down process, cooling, boilers, salts and cleaning of equipments.




Table (12): Elmadeh o1l mills Co. LTD.
Flow rate (Q*) = 19.96 m’/day

No. parameters Pf)"“tio" load (Kg/d) Mean Range ~  Standard Waste load Kg/1000Kg
Min  Average  Max mg/l mg/l deviation Product
1 BOD(mg/1) 17.9 19.2 19.9 960.7 896-996 56.1 0.9202
2 COD (mg/h 294 315 32.7 15743 1472-1936 892 1.508
3 Oil &grease(mg/l) 136.9 200.4 263.8 10018 6847-13189 3171 9.5958
4 T.S.(mg/l) 3342 3489.3 3606 174466.7 167100-180300 6732.3 167.114
5 T.D.S.(mg/1) 1770 1863.7 1884 91833.3 88500-94200 2970.4 87.963 o
6 T.S.S.(mg/1) 1572 1652.7 1722 82633.3 78600-86100 3782 79.151 A
7 Temp.(CO ) 40 443 51 443 40-51 5.9
8 pH 11.7 12.8 11.7-12.8
9  Conductivity(mScm-1) 169.2 179.5 187.8 179.5 169.2-187.8 9.471

Q* obtained from many sources, industry interviewer and public water office.




Fig.(6 ) Elmadeh Oil Mill Factory Fluctuation of BOD &COD of Waste.
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Fig (7): EI-Madih o1l Mills Matenal Processing (Flow Sheet)
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4.1.2 Babiker Oil Mills:

The Factory is a private sector venture, Table (9). The raw
materials used are groundnuts, cotton seeds and caustic soda.

The factory produces 2916 ton/yr oil (cotton seeds) and 4800 ton/yr
oil (groundnuts).

The factory works 180 day/yr on the basis of two shifts per day for
oil from cotton seeds and works 300 day for oil from groundnuts.

4.1.2.1 Production Process:

Oil production involves seed preparation (crushing), seed pressing
& crude oil neutralization and it was found to be within the range of 90-
100 tons cotton seed per day. The Refining section constitutes of

neutralization, bleaching and deodorization units.

4.1.2.2 Factory Wastes:

The solid wastes produced from sorting and cleaning of raw
material and cake residue.

The liquid waste is turbid, hot (40-45°C). The liquid waste was

collected into uncovered tanks then pumped to the lorry and disposed of
on land.

The characteristics of wastewater are shown in Tables (11), (13)
which is varying with time as in Fig. (8).

The gaseous wastes are mainly emitted by steam-train generator
and emitting directly into the environment.

- 4,1.2.3 Storage:

The oil mills has adequate space for raw material storage with two

storage tanks having a total capacity of 600 tons store crude and refined
oll
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Table (13): Babiker o1l mills
Flow rate (Q*) = 15.45 m*/day

No parameters Pollution load (Kg/day) Mean Range Standard ~ Waste load Kg/1000Kg
Min Average Max mg/l mg/l deviation Product
1 BOD(mg/l) 11.44 11.6 11.74 963 953-978 13.23 0.7133
2 COD (mg/1) 18.77 18.9 19.13 15753 1563-1594 16.44 1.1669
3 O1l &grease(mg/1) 95.18 953 95.36 79393 7932-7947 7.51 5.881
4 T.S.(mg/l) 16384 1703.6 1729.2 142133 140300-144100 1903.5 105.28
5 T.D.S.(mg/1) 9432 956 968.4 79667 78600--80700 1050.4 59.01 3
6 T.S.S.(mg/l) 740.4 869.6 1107.6 72467 61700-92300 17197 53.68
7 Temp.(CO ) 40 42.3 45 423 40-45 25
8 pH 9.4 10.1 9.4-10.1
9 Conductivity(mScm-1 ) 158 161.2 163 161.2 158-163 2.8

Q* obtained from many sources, industry interviewer and public water office.




Fig.(8 ) : Babiker Oil| Mills Factory, Variation of BOD &COD of Waste
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4.1.3 Tagoug Soap Factory:

It 1s a private company, which produce soap and glycerin.
Normally the factory operates 300 days/yr. The raw material used are red

palm stearin, caustic soda, salts, sodium silicate, essence for laundry soap.

The capacity of the Factory is 14000 cartons (45pieces/ carton) per
day i.e. 97 ton/day.

4.1.3.1 Production Process:

As in Fig. (9) the raw material is mixed, boiled, solidified and
lastly shaped to be packed into cartons.

4.1.3.2 Factory Waste Matter:

The liquid waste source and characteristics are shown in Table
(11), (14), which is varying with time as in Fig, (10).

The solid waste is constituted of soap pieces, soda, paper and
container of raw material. The solid wastes first are sorted. Then parts of

them are sold or reused and the other part is collected manually and
disposed of on the land allotted by municipality.

The waste water is usually pumped to lorry tankers and disposed of
on land plate (2) without any treatment. The production of glycerin is
seasonally due to lack of equipment. The factory has a generator and a

- flow-meter, which does not match with the capacity of production.
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Fig (9 ): Tagoug Soap Factory ( Flow Sheet )
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Table (14): Tagoug soap factory liquid waste characteristics
Flow rate (Q*) = 117.44 m’/day

No. parameters Pollution load (Kg/d) Mean Range Standard ~ Waste load Kg/1000Kg
Min Average Max mg/1 mg/l deviation product
i BOD(mg/1) 99 10 10 664.7 661-668 3.5 0.14
2 COD (mg/l) 13.8 13.9 14.1 929 918-941 115 0.19
3 Oil &grease(mg/l) 56.7 162.8 269 10853 3780-17930 7075 2.26 @
4 T.S.(mg/1) 1071 1162 12225 77467 71400-81500 53482 16.14
5 T.D.S.(mg/l) 597 630 651 42000 39800-43400 1928.7 8.75
6 T.S.S.(mgl 474 532 571.5 35467 31600-38100 3421 7.39
7 Temp.(CO ) 62 70.3 76 70.3 62-76 7.4
8 pH 10.7 12 12.8 12 10.7-12.8 1.1
9 Conductivity (mScm-1 ) 62 70.3 76 70.3 62-76 7.4

Q* obtained from many sources, industry interviewer and public water office.
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Plate (1):Wastewater site allotted by municipal authorities

is located at the east of slaughterhouse of Ministry of

finance (wastewater is disposed of from oil mills
factory).

Plate ): w

astewater site allotted by municipal authorities near
the Elmarkiat hills (wastewater which, is disposed of
from soap, soft drinks, tannery and tahnia factories).
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4.1.4 Tawfig Soap Factory:

Tawfig soap factory, Table (9), 1s a private sector for laundry soap
and toleit soap. The raw material used are red palm stearin, caustic soda,
salts, sodium silicate, essence .

The factory produces 21600 ton/yr of soap. The factory works 300
d/yr on the basis of two shifts per day.

Production Process:

As in Fig (11) the raw material is mixed , boiled, solidified and lastly
shaped to be packed into cartons.

Factory Waste Matter:

The solid waste is constituted of soap pieces, paper and
container of raw material. The solid wastes are collected manually and
disposed of on the area allotted by municipality.

The characteristics of waste water and source are shown in Table

(15), (11). The waste water is pumped and disposed of on land without
any treatment.

4.1.5 Nile Soft Drinks:

It 1s private company, produces 84 tons of stim (336000 bottles)
per day Table (9).

The factory works 300 day/yr on basis of two shift. The factory
uses salts, sugar, water and concentrated as raw materials.

The factory
has a generator and a water yard (Artesian well).
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Fig. (11): Tawfig soap factory
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Table (15): Tawfig soap factory liquid waste characteristics
Flow rate (Q*) = 40 m*/day

No. parameters Pollution load (Kg/d) Mean Range Stzu'ldz.lrd Waste load Kg/1000Kg
Min Average  Max mg/l mg/l deviation product

1 BOD(mg/1) 13.5 13.6 13.68 680 675-684 4.6 0.19

2 COD (mg/) 19.4 19.5 19.7 975 968-985 3.9 0.27

3 Oil &grease(mg/l) 17.2 17.7 18.1 883.3 860-907 23.5 0.24

4 T.S.(mg/) 1702 1766.7 1848 8833 85100-92400 3720.7 24 54 A
5 T.D.S.(mg/D) 904 954 992 47700 45200-49600 2260.5 13.25

6 T.S.S.(mg/l) 784 812.7 856 40633 39200-42800 1908.8 11.29

7 Temp.(CO ) 47 497 55 49.7 47-55 4.6

8 pH 10.4 11.3 12.6 11.3 10.4-12.6 1.2

9 Conductivity (mScm-1) 88.2 91.6 97.4 91.6 88.2-97.4 5.1

Q* obtained from many sources, industry interviewer and public water office.
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Production Process:

Stim production is mainly mixing of the raw materials at certain
ratios Fig (12). Cooled, mixed and then stoppered in bottles (24
bottle/box and 6 bottle/set of 2 liter in each bottle).

Factory Waste Materials:

For liquid wastes volume and characteristics are in Table (11),(16)
and Fig (13). The waste water is directed to two septic tanks. The liquid
wastes are disposed of without treatment. It is pumped and disposed of
on land. Solid wastes are collected manually and disposed of on land
plate (3, 4, 10).

4.1.6 Suliman Tannery:

It i1s a private sector, it was constructed in 1997. The sheep and
goat skins used as raw material, mainly come from the Omdurman
Province. Chemicals are used during the processes are hydrated lime,

sodium sulphite, preventol, Arbon, sulphuric acid and salt, Amonium

sulphate and chromium. The factory has a generator.

Production Process:

The raw materials is washed in drums with cold water to remove
salt and dirt from skins Fig (14). Then is soaked in water with hydrated
lime and sodium sulphide for 24 hours. The second process is unhairing
and 1s done manually. The unhaired hide is defleshed mechanically i.e.
the subcutaneous connective tissue flesh is removed. The third process is
deliming and bating, organic acids are used to remove liming chemical or
to neutralized and bating to removes pigments. Then pickling process,
these are done 6 hours in Ammonium sulphite, sulfuric acid and salt
solution and the chemical are mixed in different concentrations. The next

step 15 tanning the skin and the last step, packing and export.

54



Fig. (12): Nile Soft Drinks Factory Material Processing ( Flow sheet).
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Table (16): Nile soft drinks bottling factory liquid waste characteristics
Flow rate (Q*) = 451.01 m*/day

No. parameters P.ollution load (Kg/d) Mean Range Star.ld:'lrd Waste load Kg/1000Kg
Min Average Max mg/l mg/l deviation product

1 BOD(mg/l) 66 165.6 356.4 146.7 89.1-186 51 1.97

2 COD (mg/1) 812 2013 438.4 175.5 109.6-214 57.4 2.4

3 T.S.(mg/l) 200 5053 1080 4533 270-590 165 6.02

4 T.D.S.(mg/l) 152 372 800 330 200-410 1136 4.43 °
5 T.S.S.(mg/l) 48 133.3 280 123.3 70-180 55.1 1.59 o
6 Temp.(CO ) 22 30 35 30 22-35 7

7 pH 8.4 8.6 8.8 8.6 8.4-8.8 0.2

8 Conductivity(mSem-1 ) 0.38 0.6 0.81 0.6 .38-81 0.2

Q* obtained from many sources, industry interviewer and public water office.




Fig.(13) : Nile Soft Drinks Bottling Facto
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Plate (3): Garbage and rubbish generated by industrial
activities Disposed of on the land allotted for
wastewater.

Plate (4): Streets inside the industrial area over crowded
With old dumplings for liquid and solid wastes, which
have Affected the walls of one of the factories.
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Fig (14): Tannery Processing
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Factory Waste Materials:

The volume and characteristics of liquid wastes produced are
shown in Table (17). The wastes are collected in aseptic tank (pH 11.9).
The liquid waste containing chemicals & particulate is pumped without

treatment to open area. The solid wastes are collected manually, and
disposed of on land, plate (9).

4.1.7 National Industries:

The factory is a company, Table (9) for sweets and Tahnia. It
includes washing, sorting, cleaning, boiling and mixing. The factory
produces 1036 ton/yr. Tahnia. The factory works 288 day/yr. on the basis
of two shifts per day. The daily production is 3.6 tons of Tahnia.

Production Process:

The raw material sesame is cleaned and washed and soaked for 2
hours then subjected to salting, desalting, cooking, sieve and crushing.
The Tahyna is obtained. Mixing of sugar and vanilia and sweet at certain

ratios. The mixture is added to Tahyna, cooled, mixed and then packed in
tins (15 kg/tin).

Factory Wastes:

The liquid waste is turbid, temperature (22°C) and contains
dissolved and suspended solids. It is disposed of on land (open area). The
characteristics of waste water are shown in Table (11), (18).

Storage:

Tahma is stored in eight tanks with a capacity of 7.5 ton/each.
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Table (17): Suliman tannery
Flow rate (Q*) = 34.47 m*/day

No. parameters Pollution load (Kg/d) Mean Range Star}dz}rd Waste load Kg/1000Kg

Min Average Max mg/1 mg/l deviation product

1 BOD@mg/h 30.78 31.1 315 9733 962-984 11.02 4.67

2  COD (mg/) 57.3 57.9 583 1808.7 1791-1821 157 8.68

3 T.S.(mg/) 1004 .8 1187 1360 37100 31400-42500 5556.1 178.08 5

4 T.D.S.(mg/l) 249.6 315.7 374.4 9866.7 7800-11700 1960.4 47.36

5 T.8.8.(mgh) 755.2 871.5 985.6 27233 23600-30800 3600.5 130.72

6 Cr(mg/l) 0.1728 0.189 0.208 59 5.4-6.5 0.5568 0.02832

7  Temp.(CO) 22 25 24 22-25 1.732

8§ pH 11.8 12.1 11.8-12.1

9 Conductivity(mScm-1 ) 15.9 248 20.3 15.9-24 8 4.451

Q* obtained from many sources, industry interviewer and public water office.



Table (18): National industries sweetes and biscuits
Flow rate (Q*) = 22 m’/day

No. parameters Pollution load (Kg/d) Mean Range Standard  Waste load Kg/1000Kg
Min Average Max mg/l mg/l deviation product
1 BOD(mg/1) 19.44 19.6 19.7 978.7 972-986 7.02 1.63
2 COD (mg/l) 31.76 31.9 32.9 15947 1588-1605 9.07 2.66
3 T.S.(mg/l) 2890 2940 3016 147000 144500-150800 334515 245
4 T.D.S.(mg/l 1594 1630 1650 81500 79700-82500 1562.05 135.83 ~
5 T.S.8.(mg/l) 1268 1310 1366 65500 63400-68300 2523.89 109.17 ©
6 Temp.(CO ) 20 22 24 22 20-24 2
7 pH 9.6 9.7 9.8 9.7 9.6-9.8 0.12
8 Conductivity(mScm-1 ) 160.3 163.9 166.2 163.9 160.3-166.2 3.18

Q* obtained from many sources, industry interviewer and public water office.




4.1.8 Yareem Tahnia:

This 1s a private company, Table (9) for Tahyna & Tahnia. The
factory works 300 day/yr. on a one shift basis. The capacity of the
factory is 3.5 ton/day. The factory uses sesame, sugar, glucose, sweet,

vanillia , water as raw materials. The factory has a generator.

Production Process:

The raw sesame is subjected to cleaning, washing and soaking for 2
hours, peelings and salting, cooking, and crushing Fig. (15).
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Fig. (15): Tahnia Processing




Table (19): Yareem tahnia factory liquid waste characteristics
Flow rate (Q*) = 23 m’/day

No.  parameters Pollution load (Kg/d) Mean Range Standard ~ Waste load Kg/1000Kg
Min Average Max mg/! mg/l deviation product
1 BOD(mg/l) 17.6 18.3 19.6 915 878-982 58.13 1.76
2 COD (mg/l) 28.2 295 316 14733 1412-1580 92.72 2.84
3 T.S(mg/l) 2830 2980.7 3144 149033 141500-157200  7869.14 286.82
4 T.D.S.(mgl) 1616 1675.3 1758 83767  80800-87900 3690.98 161.21 -
5 T.S.S.(mg) 1214 1485.3 1926 74267  60700-96300 19251.06 142.93 ©
6 Temp.(CO) 23 243 25 243 23-25 1.15
7 »H 9.6 9.9 10.3 9.9 9.6-10.3 0.36
8 Conductivity(mScm-1) 1619 16817 176 1682  161.9-175.9 711

Q* obtained from many sources, industry interviewer and public water office.




Factory Wastes:

The liquid waste volume and characteristics are shown in Tables
(11), (19) and Fig. (16).

It 1s disposed of on land without treatment. The solid waste are

collected manually and disposed of on the area allotted by municipality.

4.1.9 Waste handling workers:

Age workers included in this study range between 15-56 mean +
SE =333 + 391. 16.7% were non educated, 58.3% primary school

educated, 16.7% high secondary school and 8.3% after secondary school.
58.3% were single and 41.7% were married.

Higher percentage of disease was observed among the tannery
workers, the percentage of the disease among workers Tahnia and soap
industries 1s lower. There is no disease was observed among the workers
of soft drinks and o1l mills industries Table (20), Fig (17).

Table (20) Type of industries and disease

) . Disease
Type of industries
Yes number (%) | No number (%)
Tanne 2 0
i (100) (0)
. 0 1
Soft Drinks (0) (33.3)
. 2 1
Tahnia (66.7) (33.3)
A 0 2
Oil Mills (0) (100)
Soap 2 1
(66.7) (33.3)
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Fig ( 17): Relationship between prevalent diseases and industries among the
industry's workers include in the study
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The observed relationship between type of industries and the
disease was statistically non-significant at 95% level (P = 0.155). There is

no relationship observed between education level and the disease (P =

0.23).

Direct relationship observed between Percenlage of the disease zmd

the work period among the workers of the industries included in the

s@dy. Table (21), Fig (18). The observed relationship is statistically non-
significant at 95% level (P = 0.187).

Table (21): The relationship between disease and work period
among workers of the industries included in the study.

Work period Disease
(month) Yes number (%) | No number (%)

(20) (80)

12-36 2 2
(50) (50)

37 - 60 2 0
(100) (0)
(100) (0)
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Disease

Fig ( 18): The relationship between disease and work period among the
workers of industries included in the study

100.0% 100.0%

100.0%

90.0%--

[ 3
N

80.0% - e

700% -

1R 3

‘E‘E

!lzﬁ & E
3

£EEEK

60.0%

:::
¥
-
-
T
>
..
]
:3
)

C & L kK & b &
EE ¥
ﬁ‘:"‘!“
)
L
T

50.0% 50.0%

x

- l‘l
| 4 .‘l
Ll
Qs

50.0% - Fu

4
£ 3
RE
[}

33
lﬁ
B

% 2
EE
| 3 4

40.0% -

3
[ i

4
L3
» X

’S ¥
)

1Y
E
3

E
&

ol
El
E

=
s
[ 4
K
e’
) 1
)

ﬂ.ﬁ
| 3

®
e R B R

EEEEERERK
]

e

30.0% -

K
L 5
¥

20.09

£ F

3
‘!‘!
"

uaa e e "

LA S O Y

200% -

EREER
4

T T EE R %
E &R EE

5
EKEEEERERE

=
!‘l‘ﬁ EEEER

10.0%

‘5
3

3
om,

)

oo 0.0%

00% e

<12 12-36 ‘ 37-60 >80
Work period (month)

70




There is no relationship observed between Age and disease (P
=0.465).

4.2 Pollution Load:

In Omdurman there is no municipal treatment plant, from which to
obtain the total pollution load of industrial activities. The analysis carried

during this study for five different types of industries so as to reflect the
total load of pollution in the area.

4.2.1 Industrial Waste Waters :

The wastes vary greatly in their physical and chemical properties.
The contribution of each of the studied industries to the total pollution
load 1s clearly represented in Tables (22,23) where the Elmadeh oil,

Yareem, National industries, and Tawfig soap discharge large amount of
wastes on the land.

In order to have an idea about heavy metals chromium in this study

refer to Table (24), from the Table it is clear that chromium exceeds the
level, so there is metal pollution.

The pollution load was obtained from the lab tests carried on the
industrial liquid waste disposed. The characteristics and concentrations of
the waste are reflected in the form of flow rates Fig. (19) and (20), in
these figures the large amounts of waste waters are mainly from Nile soft
Drinks factory, Tagoug Soap and Tawfig soap, so their pollution effects
are very high. Most of the BOD as seen in Fig. (21), is coming from the
Nile soft drinks, Suliman tannery and National industries.



Table (22): Contribution of selected industries effluents to the total pollution load

Industrial unit (g* BODS COD 0&G T.S D.S S.S
(m/d) (Kg/d) (Kg/d) (Kg/d) (Kg/d) (Kgid) (Kg/d)
Elmadch Oil Mills Co .LTD 19.96 19.2 315 200.4 3489.3 1863.7 16527
Babiker Oil Mills 15.45 11.6 18.9 953 1705.6 956 869.6
Suliman Tannery 34.47 311 57.9 1187.2 315.7 871.5
Thiga Soft Drinks Bottling Factory 451.01 165.6 2013 5053 372 1333
Tagoug Soap Factory 117.44 10 13.9 162.8 1162 630 532
Tawfig Scap Factory 40 13.6 195 177 1766.7 954 812.7
National Industries Sweetes and Biscuits 22 19.6 31.9 2940 1630 1310
Yareem Tahnia Factory 23 18.3 295 2980.7 16753 14853
723.33 289 404.4 476.2 15737  8396.7  7667.1

Total
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Table (23): Percentage contribution of each industry effluents to the total pollution load

Industrial unit Q* BODS CoD 0&G T.S D.S S.S
(m3/d) (Kg/d) (Kg/d) (Kg/d) (Kg/id) (Kg/d) (Kg/d)
Elmadeh O1l Mills Co .LTD 276%  6.64%  7.79% 42.08% 22.17% 2220% 21.56%
Babiker O1l Mills 2.14% 4.01% 4.67% 2001% 1084% 11.39% 11.34%
Suliman Tannery 477% 10.76% 14.32% 0.00% 754% 3.76% 11.37%
Nile Soft Drinks Bottling Factory 62.35% 5730% 49.78% 0.00% 321% 443% 1.74%
Tagoug Soap Factory 16.24% 3.46% 3.44% 34.19% 738% 750% 6.94%
Tawfig Soap Factory 553%  471% 482% 3.72% 11.23% 1136% 10.60%
National Industries Sweetes and Biscuits  3.04%  6.78%  7.89%  0.00% 18.68% 1941% 17.09%
Yareem Tahnia Factory 3.18% 633% 729% 0.00% 1894% 19.95% 19.37%
Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

Q*: Flow rate
d: Day
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Fig. (19 ): Studied Indutries Wastewater (Percentage) Flow Rates
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Fig. (21} : Industerial Liquld Wastewater Percentage (BOD)
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The considerable contribution is from Nile Soft Drinks, Suliman tannery,

National Industries, Yaareem and Elmadeh Oil. The total COD load could
be clearly seen in Fig. (22).

In Fig. (23) oil and grease could be seen. It is disposed of from
Elmadeh oil, Tagoug soap and Babiker oil that practice (land) disposal.

The total solids of industrial waste water are shown in Fig. (24).

In this case most of the solids are liberated from Elmadeh oil, and
the Yareem factory. Furthermore, when looking at the studied industries
Table (25) and their combined wastes, it was found that the industries
practice disposal on land, Table (26), (27) and (28). In table (22) high
BOD amounts are disposed of the Nile soft Drinks and Suliman Tannery.
In Table (27) a wide range in solids can be observed and all the included
industries are polluting the environment according to Khartoum North
Local order of 1971. This because solids should not (in order) exceeds
800 mg/L (S.S), prior to disposal for any treatment.

In Table (26) all the industries disposes wastes on land (open area)
without treatment.

High COD values are clear as shown in Table (26). All industries
in Tablec (27,28) generate waste water of high amounts of Solids and

high temperatures as in the case of soap factories. These practices lead to
land pollution.
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Fig. (22) : Industrial Wastewater Percentage COD
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Fig.(23): Industrial Liquid Waste Oil & grease (Persentage)
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Fig.(24 ) : Total Solids of Industriai Wastewater (Persentage)
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Table (24): Heavy metal (chromium) of wastewater disposed on the land

Industrial Unit Cr mg/l | Average mg/l

5.8
Suliman Tannery 5.4 59
6.5

Table (25): Percentage of the studied industries to total subgroups

Industrial Unit Percentage to total sub-group
1-Elmadeh Oil Mills Co. LTD 7.1
2-Babiker Oil Mills 7.1
3-Suliman Tannery 333
4-Nile Soft Drinks Bottling Factory 100
5-Tagoug Soap Factory 1.7
6-Tawfig Soap Factory 7.7
7-National Industries 7.7
8-Yareem Tahma Factory 71

Table (26): Organic constituents of wastewaters disposed on the land

Industrial unit BOD coD 0&G
range mg/l range mg/l Range mg/l

1-Elmadeh O1l Mills Co. LTD 896-996  1472-1936 6847-13189

2-Babiker Oil Mills 953978  1563-1594  7932-7947

3-Suliman Tannery 962-984  1791-1821

4-Nile Soft Drinks Bottling Factory 89.1-186  109.6-214

5-Tagoug Soap Factory 661-686 918-941  3780-17930

6-Tawfig Soap Factory 675-684 968-985 860-907

7-National Industries Sweets and Biscuits  972-986 1588-16035

8-Yareem Tahnia Factory 878-982  1412-1580
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Table (27): Solids content of wastewaters disposed on land

Industrial unit

T.S.

D.S.

S.S.

Range(mg/l)

Range(mg/l) Range(mg/l)

1-Elmadeh Oil Mills Co. Ltd

167100-180300

88500-94200

78600-86100

2-Babiker Oil Mills

140300-144100

78600-80700

61700-92300

3-Suliman Tannery

31400-42500

7800-11700

23600-30800

4-Nile Soft Drinks Bottling Factory

270-590

200-410

70-180

5-Tagoug Soap Factory

79500-81500

39800-43400

31600-38100

6-Tawfig Soap Factory

85100-92400

45200-49600

39200-42800

7-National Industries Sweetes and Biscuits  144500-150800

79700-82500

63400-68300

8-Yareem Tahnia Factory

141500-157200

80800-87900

60700-69300

Table (28): Quality of waste disposed by industries on land
(temperature and pH)

Industrial unit T:::]pgir?:r; ¢ rz[::{ge
1-Elmadeh Oil Mills Co. LTD 40-51 11.7-12.8
2-Babiker Oil Milis 40-45 94-10.1
3-Suliman Tannery 22-25 11.8-12.1
4-Nile Soft Drinks Bottling Factory 22-35 8.4-88
5-Tagoug Soap Factory 62-76 10.7-12.8
6-Tawfig Soap Factory 47-55 104-12.6
7-National Industries Sweets and Biscuits 20-24 9698
8-Yareem Tahnia Factory 23-25 9.6-103
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Chapter Five

Discussion

The general practice in Sudan, is to dispose of untreated industrial

wastes on land, water & to the open atmosphere. The exception is in few
areas.

51 Studied Industries:

Five types of industries were selected to represent the operating
industries in Omdurman area.

All the study area has no municipal treatment plant. There is no
storm drainage facilities. Since all industries in Omdurman do not treat

their wastes. Therefore, the environment would be affected adversely.

In the case of legislations, the area has specified order & standards
to control the waste disposal into water, land, & air.

In the studied industries, the total investment capital is about 1226
million dinar according to the 2000 prices. They employ 547 persons &
only 8.4% of them are involved in waste handling.

The total fuel consumed in auto-generating electrical energy is
about 3933 galon/d Table (9).

Raw materials as well as wastes vary in nature and quantity for
each sub-sector of industry considered. The material input and output is
clearly reflected in Figs (5,9, 11, 12, 14, 15).

The produced wastes are disposed of on areas allotted by the
municipality. Numerous outdoor dumping sites allover the industrial area,

plates (5,6,7) are found. These are constituting a health hazard and
negative aesthetic value.
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Plate (6): Another illegal dumping site not far from
residential area (New Omdurman Hara 1).
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All industries in Omdurman are, use private wastes dumps. The
majority of the industrial plants to minimize costs, employ waste
handling workers who are not educated enough to protect the
environment. According to these practices which can not be
controlled,these workers would not carry the wastes to the areas allotted

by municipality, so wastes concentrate out doors and it's causes several
effects on the environment.

5.2 Industrial Wastes:

According to pollutant type the Khartoum North local order (1971)
for waste disposal, is used in this study. In order to reach a better

representation the industries were grouped to:

52.1 Industries practice land waste disposal , and these are
100% of studied industries.

According to Article 26 of Khartoum North local order. The
allowed (BODS & S.S) contents of the disposed wastes should not exceed
800 mg/L, but nothing is mentioned about the COD. However, from
Table (26), the Elmadeh Oil, Babiker Oil, Tannery & Tahnia factories are

exceeding the permissible BOD amounts. The wastes of the other group,
are characterized by low BOD.

According to Article (26) the suspended solids of waste water
disposed on land Table (27). All the factories are exceeding the limits,
except the soft drink factory. The COD is very high in all factories,
except soft drinks factory. All industries in Table (27) are high polluters.

According to Article 25 of the local order (grease and oil), the oils
and soap factories are exceeding the limits.
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3.2.2

Articles 23 and 24 of the local order are putting 60°C temperature
and 6.5 - 9.0 pH values a limits for disposal. All factories in Table (28)
(land disposing units) are not polluting from the article 23 point of view.

The variation in the BOD and COD values Figs (6, 8, 13, 16).

The variation is more clear in soft drinks factory. This variation is
mainly due to the uncontrolled waste discharges, variable production

efficiencies, variation in raw materials and production process.

The studied factories are surrounded by residential areas. The lack
of proper waste disposal has lead to creation of pools. These pools are
causing odour problems, harbouring flies, insects, dogs. Thus making
problem to the adjacent areas Plate (8).

Industrial Solid Wastes:

The municipality has garbage collection system in the industrial
area. The municipality of Omdurman town had allotted two sites for
waste disposal , now are surrounded by town extensions (i.e 1 km far from
the residential area). Thus creating nuisance and malodour to the

adjacent areas. The solid wastes are disposed directly into the open
environment plate (9, 10).

5.2.3Gaseous Wastes:

The major source of the gas is combustion of fuel oil and presence
of a large number of private generators. All this could affect the

atmosphere through the emitted hazards gaseous and particulate plate
(11,12).
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Plate (7): An empty space, facing tawfic soap factory is
used as a temporary dumping area.

Plate (8): The next residential area it's about 1 kilometer far
from the dumping side.
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Plate (9): Solid waste (hair, bottles, carton) from tannery
and soft drinks factories.

Plate (10): Empty bottles, for poor people to use for their
various purposes.
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Table (29): Studied industries waste water physical characteristics

Physical properties
Industrial unit

Odour Colour
1- Elmadeh Oil Mills Aromatic like Dark brown
2- Babiker Oil Mills Aromatic like Dark brown
3- Suliman Tannery Nasty Grey
4- Nile soft drinks Odourless Colourless
5- Tagoug soap Aromatic like Yellowish
6- Tawfig soap Aromatic like Yellowish
7- National industries Odourless Dark Grey
8- Yareem Tahnia Odourless Dark Grey

5.3 Combined Wastes:

Liquid Wastes:

The amounts of wastes discharged per day out of the studied
factories are combined to represent the total pollution load, which enters
the environment Table (23). It was found that the total liquid waste is
723.3 m’/d. The physical characteristics of waste are mainly dependent
on the raw material used & the production process Table (29).

Heavy Metals:

The waste from tannery factory was analyzed to see the amounts
of chromium . According to the Article (31) “Chromium should not

exceed 1.0 mg/L”. The tested wastes have got 5.9 mg/L amount of
chromium Table (24).

The total amount of BOD in the combined wastes was found to be
0.289 t/d which is entering the environment while COD is 0.404 t/d. The
total oils on the other hand were found to be 0.476 t/d and the wastes are
characterized by a very high total solid contents (15,737 t/d). The
amounts of solids is high, because all studied industries are lacked for
pretreafment of waste water (i.e sedimentation process). The total
dissolved solids is 8.396 t/d while the suspended solids are 7.667 t/d.
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Plate (11): Smoke out of a Relatively Short Chimney and
Water is accumulated in the Street of the

Plate (12): Smoke out of a tall stack chimney which polluting
the Residential area (Hara 15 Zagalona).
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All solids contained and organic contained are discharged on land,
Tables (22, 26, 27) and Fig (24).

The major contributor, in the total pollution load is the soft drinks
factory which disposes 62.4 % of the total flow rate.

The second factory is Tagoug soap factory (16.2%), followed by
the Tawfig soap (5.53%).

On the other hand the soft drinks factory disposes 57.3% of the
total biodegradable oxygen (BOD), so it is a major polluting plant. Also
10.8% is from the tannery. The tahnia factories and Elmadeh oil mills,
discharge waste of 6.6% of the total BOD and 4.7% and 4.0% are from

Tawfig soap and Babiker oil mills respectively and 3.5% is from Tagoug
soap factory.

In the case of the chemically oxidizable matter, the soft drinks
factory is the highest contributer in the total pollution load (49.8%). Then
followed by the tannery (14.3%) and the tahnia, which produces 7.8% of
the total COD load. The soap factories and Babiker o1l come next.

However, when o1l and grease are taken as pollution source. The
Elmadeh oil mills factory discharges 42.1% of total load,then tagoug
34.2%, the Babiker oil 20% and lastly is the Tawfig soap factory.

5.3 Waste Handling Workers:

The labourers working in waste handling are the old ones, theyare
unqualified. The labourers have neither ability to change their job, nor
skilled enough for other job Table (10).

In all factories msurance is provided, which is usually taking from
works as deposits. The affected by occupational diseases during the

study year are shown in Fig (17). Higher percentage of disease among the
workers of Tannery, Thnia, and Soap industries is lower.
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i)

5.4 Waste effects:
(1) Land pollution:

The waste when discharged on land; results in odours, pools, as in

all studied industries, thus has pool surrounding the residential area like
soap factory , plate (13).

The solids such as those bumed outside the tannery factory, emit
smokes and odours which are nuisance to the adjacent residential areas.
The uncontrolled out doors dump harbours rats, flies, dogs and cats as in
the case of the tannery factory. Health is also affected by; careless

handling and protection for labour is not enough and uncontrolled
discharges.

(i) Air Pollution Effects:

The dusts and particulates enter the atmosphere from all the studied
industries due to combustion of fuel oils. Also material damage
and property losses, where wastes affects paints, windows, steel

works, clothes etc... which mainly due to air pollution.

Noise Nuisance due to the large number of prvate
generators and equipment in industrial areas. Sound environmental

management to control the resources and the pollution and this is
done by reuses or reducing or recycling of the waste.
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Plate (13): Ponds of wastewater flowing out of soap factories
not far from the residential area.

Plate (14): Wastewater is used for brick making.
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Chapter Six

Conclusions & Recommendation

The absence of municipal sewage systems in Omdurman
encouraged the individual uncontrolled practices of waste disposal.
All industrial units don’t usually implement industrial waste
treatment practices.

The workers at waste disposal must be protected by proper training
and should be provided with equipment suited to the job.

The environment is polluted due to the relatively high pollution
loads of industrial wastes disposed on land and air.

The sites allotted by the municipal authorities for waste disposal,
not far from residential areas.

Soap stock from soap factories is disposed in the pond near the
residential area. The people who lives in these area are used it. As
to soap stock some people are collecting it from the last manhole
using it to produce a low class laundry soap.

Effluents from tannery have very nasty odour because of the skin
and hides fermentation and waste handling worker are affected
from these odour.

It is clear that there is air pollution since the highest of the
chimneys is very low, plate (11).

Waste water from soft drinks factory is disposed in the open area
near the place that allotted by municipal authorities. Some of the
inhabitants of the area are using this waste water for brick making
plate (14).

All the above drawbacks are due to the lack of proper waste
management system, like waste minimization, recycling and

pretreatment plants.

There is a strong relationship between the high prevalence of
occupational disease and period of working.

94



Recommendations

1- Establishment of local waste quality disposal standard, for the various

types of wastes and enforcement of these legislation and standards.

2- The factortes must install suitable flow meters. This will provide a

better knowledge of the water consumption and volume of effluent

discharged by the area.

3- Construct a sewage system In the area. Construct a pre-treatment unit

in each factory followed by a central treatment plant.

4- Construct similar factories in specific area for reducing waste water

collection and disposal (proper planning) problems.

5- Implementing environmental impact assessment studies for all
factories.

6- Cooperation between municipal authorities and state and the factories

administration is required to solve the problem of waste water.

7- Develop the awareness of waste handlers regarding the affects of

industrial wastes on health and environment through health education.

8- Site allotted by municipal authorities for disposing of waste water

should be allocated based on scientific knowledge to avoid polluting
the environment.
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Annex I

Liquid wastes

The Environmental Health Act 1975 Controls the important aspects of
water Pollution but only in a general manner.

The health authority may allow the disposal of treated sewage water
and industrial refuse in the sewers subject to the following conditions:

(a) if the sewer is a canal used for treated sewage water only or mixed
canal used for treated sewage or industrial refuse together with
natural water for irrigation of agricultural land :

i. the biochemical oxygen demand shall be less than 20 parts in
a million parts by weight of water.

ii. the proportion of the suspended matter shall be less than 30
parts in every million parts by weight of water.

iii. there shall be no concentrated chemical matter in the treated

water, affecting human or animal health or causing damage
to crops.

iv. the health authority shall take all measures to prevent human
beings or animals from using treated water for a purpose
other than irrigation of agricultural land.

(b) if the sewer is an evaporation basin made for that purpose :
i. the site of such basin shall be far from the residential area in

the village or town.

ii. the basin shall be constructed in such a manner so as to
prevent infiltration.

iii. the sewers in the basin shall be designed in such manner as
to prevent mosquito breeding.
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Annex IV

Industrial Waste Local Order 1971 of Khartoum
North Municipal Council

e Part I General
e Part II Definitions
e Part III General Provisions Minimum Standards

M1 Industrial Waste Pre-treatment or Disposal

Industrial waste treatment facilities shall be installed — when ever the
council shall find that such facilities are required to safe guard the public
health ; and water, prevent pollution of streems, bodies of surface or
underground reservoirs either natural or artificial, prevent damage or
increased maintenance costs in the sewerage system, prevent damage to the

public or private property, prevent a public nuisance, or prevent over —
loading on the treatment plant.

I . 11 - Industrial Waste Pre-treatment facilities

e Part IV Special Conditions Discharge of Industrial Liquid Waste To
the Public Sewer

-~- 23 Temperature Conditions

No Person shall discharge into the public sewer any industrial
wastewater or liquids having a temperature exceeding (60) degrees
centigrade except upon advance permission of the council.-

24 pH

No waste shall be allowed in any public sewer below pH (5.5) or
above pH 10.0, provided, however, that where large flows are involved the
contributing waste must not place the total combined waste at a public
treatment plant in pH range below 6.5 or above 9.0.
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---25 Grease and Qil

No waste shall be allowed in any public sewer with grease or oil
content above 150 mg/L provided however, that following installation of an
approved grease trap, the effluent from the trap will be allowed as long as
the trap is operated in an approved manner.

---26 Suspended Solids and BOD

No waste shall be allowed in any public sewer with suspended solids
or a BOD content greater than 800 mg/L ; provided, however, that following

installation of approved pre-treatment facilities are operated in approved
manner.

---27 Petroleum Products

No petroleum products, calcium carbide, cleaning solvents, fuel oil,
benzol or other inflammable or explosive substance shall be allowed in any
public sewer with a flash point than eighty five (85) degrees centigrade.

---28 Malodorous Gases

Malodorous gases and acetylene generation sludges shall not be
allowed in any public sewer. Hydrogen sulphide, sulphur dioxide, nitrous

oxide or any of the halogens shall not exceed a concentration of 10 mg/L in
the contribution waste.

---29 Sulphur

Inorganic sulphites, sulphides, and sulphurous materials shall not be

allowed in any public sewer with a concentration greater than 10 mg/L in the
contribution waste.

---30 Yeast

Living organisms present in industrial wastes, such as yeast, shall not

be allowed in any public sewer unless they are treated to prevent further
growth.
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---31 Minerals

No cyanide, chromium, or other dangerous metals of any higher

concentration than in the table shown below shall not be allowed in any
public sewer.

Metal Concentration in mg
Fe and Mn 5.0
Cr 1.0
Cu 0.2
Co 0.1
Zn 0.3
Ni 2.0
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Appendix V
University of Khartoum
Institute of Environmental Studies

Study on Industrial Wastes in Omdurman Industrial Area

Questionnaire (1)

Section (A) General:
a) Identification;

1. Serial No:

2. Name of interviewer:

3. Name of Factory or Industry:

4. Location: Block No:

5. Type of Industry:

6. Date of establishment:

7. Ownership:

1) Private Individual

it) Company

R N . 4

(
(
111) Public/Private Sector (
iv) Co-operative (
b) Employment conditions:

1) No. of employees

a)No. of males............... b) No. of females

a) Temporary................... b) Permanent
c)No.ofmales.................. Females...................

d)'Proportiovn-of waste labour to the total No. of employees. .. ..
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iii) Types of labour used in waste disposal?

a) high skilled ( )
b) skilled ( )
c) unskilled ( )
c) Services provided to waste disposal employees?
1. Medical ( )
2. Free transportation ( )
3. Meals ( )

4. Clothes - a) Normal ( )

b) Special protective ( )
5. Recreation facilities ( )
6. Financial help in case of sad or happy events

7. Any other extra incentives

d) Does the factory provide insurance facilities for waste handling employees?

Yes ( ) No ( )
Ifyesspecify.................. . .. .
1) Against diseases ( )

i1) Against disablements ( )

iii) Death ( )

iv) Others ( )

Annual Estimated Cost of :

Section (B) Technical
1) Working conditions :

i)  working days/year

it) Working hours/day
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3)
4)
3)

6)

Volume of final product

Capacity of the factory

Source of water used

Factory water requirements ? (volume)

1. a) potable water.......... .. gal or m3/day
b) for productuse............. gal or m® /day
2. Softening water.. . ... ... degree of softening......... ..
3. Cooling water.................... temp............... .
4. Washdown water.. .............. . gal, m3/day
5. Clarified water............... . . gal or m*/day
6. Demineralized water........... .. gal or m'/day

Minimum per day

10.Type of waste treatment ?

i)
ii)

1. What disposal systems used at present

Pretreatment ( )

complete treatment ( )
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12. Is there sufficient area for a treatment plant in or close to

If yes determine the feasibility, and give information about

The component recovered at the current market value 2.

14 Effluent waste characteristics............................ .. .. ..
a) Liquid waste: Rate ....................... .. . ..
pH..................... Turbidity...... ...
Temp.................... SS
Odour.................... TS
Colour................... BOD.........................
COD........................
Oilcontent ............... ..
b) Solid Waste
I. Sources.......... O
2. Composition.................. (see raw materials for heavy
metals and other toxic materials).... . ...

S. Volumeperyear..................... ...

. 15.Do you think that the industrial area, activities

adversely affects the environment of the town ?
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Yes ( ) No ( )

16.Can you help in improving the environmental conditions

of the industrial area?

Yes ( ) No ( )

17 Are there difficulties in disposing the wastes ?
Yes ( ) No ( )

If yes what are the difficulties .............................
With solid waste
With liquid.

18.Do you give training to waste employees ?
Yes ( ) specify

No ( )

19.Do you hold periodic meetings to discuss waste problems:
Yes ( ) No ( )

20 What are the effects of wastes on the factory environment :

i) On the emplpyees

ii) On the buildings

iii) On the machines and equipments

Section (C) Economic

1.

Capital ...

1) Capitalinvolved ? .................................

i) Runningcost? ................................. e
Annual capacity of the factory..............................

Present annual costs of waste disposal ?

i) Wages? ...
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i) Material 7 ..........................

iii)  Equipments? ...
) Services 7 ...
V) Others? ............... specify

4) Effects of geasons on production, and wastes disposal ?

a) Maximum 2.
b) Minimum 2.
c) Cost? ............ ... U
5) What are the total wages of employees involved in

waste disposal? Per month

PeT YEaT, .. ...

6) Is there any emendable suggestions to change in

productive processes to reduce the volume and composition

7) Does locality benefit from the services of any treatment plant?

If Yes on what bases do you treat in the plant?
a) Paymen; 1)Liquid

iSolid
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University of Khartoum
Institute of Environmental Studies

Omdurman Industrial Waste

Questionnaire (2)

........................

1) Serial No

2) Name of Interviewer

3) Job of Interviewee....................................

4) Age of Interviewee
5) Marital status

1) Single..........
i) Married.................
i)  If married, No. of children ?................
iv) Do you send your children to school ?
Yes ( ) No ( )
6) Home province ? .........................
7) Have you had any education ?
Yes ( ) No ( )
If Yes No. of years
8) Employment state 7...................
1) temporary ( ) i) Permanent ( )
9) Are you satisfied with this job at present?
Yes ( ) I why ?
No ( Y why ?
10) Have you got any other Job ?
Yes ( ) No ( )
Ifyeswhatisit? ......... ...
How much you earn from that job ?

11)  For how long have you been working in waste disposal ?

12)  Would you like to change your job?
Yes ( ) No( )
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13)

14)

15)

16)

17)

18)

19)

Do you work overtime hours ?
Yes ( ) No ( )

Do you live near the industrial area ?

Yes ( ) No ( )

If yes is there any inconvenience caused to your family by :
Odours  ( ) Noise ( )

Street congestion ( ) Others ( )

Do you make use of industrial wastes ?
Yes ( ) No ( )
If yes specify (how much)......... inDinnar... ...

Do you wash yourself after work ends ?
Yes ( ) No ( )

Is there any services provided to you by the factory ?

Yes ( ) No ( )
Ifyesisit: Medical ?

it) Partly daily, and partly nightly 2. ... ..

Does your job cause you any diseases ?
Yes ( ) No( )

a) Allergy ............... . ( )
b) Chest disease....... ... ( )
c) Eyedisease.......... . . ( )
d) Skin diseases....... ()
e) Accidents...... ... . ( )
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g) Others................. ( Yspecify...............
20) Have you been admitted to hospital last year?

Yes ( ) No ( )

Ifyesdiseases? ............................
21) Do you have any extended family?

Yes ( ) No ( )

If yes do you send them money ?

Yes ( ) Howmuch? ..............................

No ( ) I Why? ..
22) How frequent do you visit your home province ?

a) Weakly ( )

b) Monthly ( )

¢) Six monthly ( )

d) Annually ( )

e) Others ( )
23) Isthe condition inside the factory healthy ?

Yes ( )

No ( )

24) Do you have problems with public ?

Yes ( ) I
No ( ) R
Ifyesexplain ..................................
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Appendix VI: Studied Industries Effluent characteristics

Elmadeh Oil Mills waterwaste analysis

BOD COoD 0&G T.8 D.S S.S pH Temp | Conductivity
mg/l Mg/l mg/l mg/l mg/l mg/l °C mScm-1
996 1636 6847 |180300]94200| 86100 | 12.8 42 187.8
990 1615 13189 [176000]92800] 83200 | 12.4 40 181.6
896 1472 10018 |167100|88500) 78600 | 11.7 51 169.2
Babiker Oil Mills Effluent wastewater analysis
BOD CcOoD 0&G T.S D.S S.S PH Temp | Conductivity
mg/l Mg/l mg/l mg/l Mg/l mg/l °oC mScm-1
978 1494 7947 1144100[80700{ 63400 | 10.1 40 162.7
953 1563 7932 1140300|78600| 61700 | 9.9 42 158
958 1569 7939 | 142000179700| 92300 | 9.4 45 163
Suliman Tannery Effluent Wastewater Analysis
BOD CcoD Cr T.8 D.S S.S pH Temp | Conductivity
mg/l mg/l mg/} mg/l Mg/l mg/l °C MScm-1
974 1814 58 37400 |10100{ 27300 | 12.1 22 202
962 1791 54 31400 | 7800 { 23600 | 11.8 25 15.9
984 1821 6.5 42500 | 11700 30800 | 11.8 25 24 8

Nile Soft Drinks Bottling Factory Effluent Wastewater Analysis

BOD CcOD T.S D.S S.S pH Temp Conductivity
mg/l mg/l mg/l mg/l mg/l °C mScm-1
89.1 109.6 270 200 70 8.4 33 0.383
165 203 500 380 120 8.8 35 0.71
186 214 590 410 180 8.6 22 0.812
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Tagoug Soap Factory Effluent Wastewater Analysis

BOD | cop | 0&G | TS | DS | SS | PH | Temp Conductivity
mg/l mg/l mg/l mgA | ™t | mgn °C mScm-1
661 918 17930 | 71400(39800)31600| 10.7 | 62 80.9
668 941 3780 |81500(43400]38100( 12.8 | 76 86.8
665 928 10855 | 79500142800{36700] 124 | 73 84.6

Tawfig Soap Factory Effluent Wastewater Analysis

BOD | COD | 0&G T.S D.S S.S | PH | Temp Conductivity
mg/l Mg/l mg/! mg/l mg/l mg/l °C mScm-1
675 968 907 85100 | 45200 {39900 10.4| 47 98.1
681 972 860 | 92400 | 49600 {42800({ 108 55 974
684 985 883 | 97500 | 48300 |39200| 12.6 | 47 882

National Industries Sweetes and Biscuits Effluent Wastewater

Analysis
BOD COD T.8 D.S S.S PH Temp Conductivity
mg/l mg/! Mg/ mg/l mg/l °C mScm-1
978 1591 | 145700 |82300|63400| 9.6 22 165.3
972 1588 114450079700 |64800| 9.8 20 160.3
986 1605 |150800 | 82500 )68300| 9.6 24 166.2

Yareem Tahnia Factory Effluent Wastewater Analysis

BOD copn T.S D.S S.S PH Temp Conductivity
mg/1 mg/1 Mg/l mg/l mg/l °C mScm-1
982 1580 | 141500 | 80800 |60700| 10.3 25 161.9
885 1428 | 148400 | 82600 | 65800| 9.6 23 166.7
878 1412 | 157200 | 8790069300] 9.8 25 175.9
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\tlon apparatus "'Apply vcuum’ and wash
drskgmth three successrve 20-mL portions
of drstrlled water1Contmue suction to re-
move all traces of water,’ and discard wash-

. ings. Remove filter - from filtration

: apparatus and transfer to an aluminum or

. stainless steel planchet as a support. Al-

ternatrvely remove crucible and filter com-

bmatron if a Gooch crucrble 1s used. Dry

“infan oven at'103 to 105°c for 1 h. If volatile

"Jf',? solrds are to be measured 1gmte at’ 550 *

50 C‘for 15° mm 'in'a muﬂle furnace Cool

Cin’ desrccator to balance temperature and

wergh Repeat cycle of; drymg or-igniting,

‘; : coolmg,"desrccatmg, and welghmg until a

constant welght is obtamed orbuntrl weight

loss rs less than O 5. mg between ‘successive
werghmgs Store in desrccator untll needed

Wergh 1mmedrately before use ””‘ e
b Selectzon of ﬁlter and sample sizes: Sce

' 'Sectron 254OC 3c ,For nonhomogeneous

w samples such as raw wastewater, usc a large
. filter, to. pe}mrt ﬁltermg a representatrve
samplel *'(Ij Mf r’?l ,nue, { b
LG Sample analyszs Assemble ﬁltermg ap-
paratus and flter; and begin;suction. Wet

,:’f filter wrth ia small volume ofidistilled water

"to seat it..Filter a measured volume of well-

N ‘mixed sample through the glass fiber filter.
‘Wash with three successive 10-mL volumes

- of distilled water, allowing complete drain-

_age between waShmgs and continue suction
for about 3 min after filtrationis complete
:Carefully‘remoyve filter . from filtration ap-
paratus.and - transfer ,to. an aluminum or
‘stainless steel ‘planchet as a support. Al-
ternatively, remove the crucible and. filter
'.comblnatlon from the crucible adapter if a

0

l
l
uf

I

‘Gooch crucible is used Dry for at least 1
h at 103 to 105°C in an; oven, cool in a

} desiccator  to. balance temperature, ‘and
 weigh., Repeat “the,cycle of drying, cooling,
o desrccatmg, and, werghmg untll a constant

- weight'is obtamed or,until the weight loss
.is less than 4%, of, the prevrous werght or
0.5 mg, whrchever. is less

5. Precision

[

PHYSICAL & AGGREGATE PROPERTIES (2000)°

4. Calculation, - ll-n',.. Sy

mg total suspended ,sollds/L v
(A—B)xrooo SR

SR

sample volume, _mL
. LR
where: b :
A = weight of filter + dned resrdue mg,
and
B = weight of filter, mg.

¢ .
' R H
l s

"f'., v

The standard deviationiwas ‘5.2 mg/L
(coefficient of variation 33%) at 15 mg/L,
24 mg/L (10%) at 242 ‘mg/L, and 13
mg/L (0.76%) at 1707 mg/L in studies by

two analysts of four sets‘of;lO determma- L

tions each. *‘?'h' lw
- Single-laboratory duplrcate analyses of

50 samples of water and: wastewater were -

made with a standard devrauon of drtl"er-
ences of 2.8 mg/L. -

M
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CHROMIUM (3500-Cr)/Colorimetrié Method

SR .\w “"‘k

AT S H

I,
3500 Cr B. Atomlc Absorptlon Method for Total Chromnum.

b . |)x

See flame atomlc absorptlon spectro-
metrrc method Sectrons 31 l lB and C, and

+

s e
o v.,‘;(
o

3.500.“Cr C

See Sectlon 3 l 20

e, L . e s

- R ' K Vieeidte g
10 General Drscusslon M
BT E R PR P BN AV

. a Prmcrple Thts procedure measures

only hexavalent chromrum (Cr**). There- .

fore, to determme total cllrom‘rum convert
all the. chromrum to :the hexavalent state -
_ by_,oxidation ,,w1t11 potassnml permanga-

nate., The hexavalent chroml m is deter-
mmed colornmetncally bylreactron with

drphenylcarbazrde in. acrd solutron A red-.
violet color of unknown composmon is pro-
duced The reactron is very, sensitive, the.

molar-. absorptwrty based .on chromium

" . being about 40 000 L 8. cm ; at 540 nm..

To ' determine total chromlum, digest the

sample with ‘a, sulfuric-nitric. acid mixture

and-then oxidize with. potassrum perman-

ganate before reactmg wrth the diphenyl-.

carbazxde ™ ;
1 b, Interferences:. The! reactlon with di-
phenylcarbaztde is nearly spectﬁc for chro-
. mium., .-Hexavalent ,

L
(]

“" ‘l‘mt

molybdenum and
mercury salts w1ll react to. form color, with
the reagent but the. 'intensities are :much
lower, than, that for chromlumlat the spec-

. ified pH. Concentrations as high as 200 mg -
. Mo or Hg/L can_be’ tolerated Vanadium

|
=
'il
ot

;10 times that of, chromlumeﬂl not;: cause?'_"
trouble. Potential , mterference»from,, per-*‘ o
‘manganate is ehmmated by\prlor reduction v

: -
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metnc method,. Sectron 3113
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interferes strongly but concentratrons upto’

with azide. Iron in: concentratrons greaterc
than 1 mg/L may. produce a yellow ‘color

but the fernc ion (Fe,*) color is, not strong*fh i

if , the - absorbance 1s ’measured photo-ﬁvl»

metncally at. the- appropnate',wavelength"l

Interfering. , amounts . of molybdenum,vf---_',

vanadium, .iron,, and; ‘copper. can, ‘be.res;
moved by extraction of: the. cupferrates of
thése metals into chloroform (CHCl)) A .

[ ‘l "‘(!‘,ﬁ*,__:'-

. electrothermal atomlc absorptlon spectro~ 3
t

-:i; . o :.qu l
Inductnvely Coupled Plasma Method ek i‘ '

R
N
'-l

ave o

procedure for -this extraction is;provxdedli

but do not use it unless)necessary, because,;
residual cupferron:;and* CHCl,. .nm'the*
aqueous sofution compllcate the later oxis¥

‘dation. Therefore, follow the extract:on by
_additional treatment wrth acrd fummg tto
decompose these compounds ;f- PR
' by L‘ L e .

.\.1l M
RO tu'h'nﬁ'l

R

2. Apparatus 3 -
. "-- ) PR . :,,:v_ ‘. \‘ :
a. Colorunemc eqmpment One. .of the

following is required: ... ;:: .
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o - :
l) Spectrophotometer, for use at 540 nm,
wnth a'light path of:1:cm or longer.
- 2) Filter photometer, praviding a light

.path of.] 1-cm or longer and equippéd with-

ia greemsh yellow filter having maximun
' 'transmlttance near 540 nm.

b Separatory funnels;' 125-mL, Squibb
form, w1th glass or TFE stopcock and stop-

Use redlstllled water to prepare reagents.
a.. Stock. chromium -solution: Dissolve
141, 4 mg K 2Cr;07 in water and dilute to
lOOO mL; & 00 mL ;—lSOO pg Cr.
b. Standard chromium solution: Dilute
10.0 mL stock chromiuin solution to 100
-mL; 1.00 mL= 5.00 ug Cr.
c Nitric acid, HNO,, conc.,
Su{furtc acrd H SO.,, 1 + 1.
" é. Methyl orange indicator solution.
- f Hydrogen peroxide,' H,0,, 30%. -
g’ Redistilled' water: ' Distilled water re-
dlstllled in-all- glass apparatus.
h Ammomum hydroxide, NH,Ol, conc.
" i+ Potassium permanganate solution: Dis-
‘ solve 4'g KMnO, in"'100 ml, water.
© jSodium azide solutton Dlssolve 05¢g

. NaNJ in' 100 mL water."

Tk Dlphenylcarbaztde solution: Dissolve
250 mg 1,5- dlphenylcarba21de (1,5-diphen-
ylcarbohydraztde) in'50 mL acetone. Store
in'a brownlbottle ’Dlscard when solutlon
becomes dlscolored .

“l ChIoroform, CHCl "Avoid or redlsttll

‘matenal that” comes 'in containers wnth
metal or metal- lmed caps.

“m. i Cupferron | solutton ‘Dissolve 5 g
CéH,N(NO)ONH4 in'95 mL water.

n. Phosphonc acxd H,PO4, conc.

vo.”Sulfuric acid; 'H,SO,, 0.2N: Dilute 17
mL 6/ H,SO, to 500 mL with water.

4 ﬂProcedUre

a Preparat:on of calibration curve: To
compensate’ for “possible slight losses of
chromium during digestion or other ana-

7 METALS (3000)

L
lytical dperations, treat chromium stand-
ards by the same procedure as the sample.

Accordingly, ptpet measured volumes of

standard chromlum solution- (5 pg/mL)
‘ranging from’ 200 to 20.0 'mL, to give
standards for lO to lOO pg Cr, into 250-
mL beakers oq comcal 'flasks. Depending
on pretreatment, used in b below, proceed’
with subsequent treatment of standards as
if they were samples, also carrying out cup-
ferron treatmept of standards if thxs is re-
quired for samples Wi
Develop color as for samples, transfer a
suitable portlon of each colored solution to
a l-cm absorption cell, and measure ab-
sorbance at 540 nm. As reference, use dis-
tilled water. Correct absorbance readings

of standards by subtracting absorbance of.

a reagent blank carried through the
‘method. .(n AN
Construct a cahbratlon curve by plottmg

]
corrected absorbance values against micro-

grams chromium in 102 L final volume.

b. Treatment of sample: 1f sample has
been filtered and 'acidified ‘and only' hex-
avalent chromium is 'desired, proceed to
| 4e. If total dissolved chromium is desired
-and there are interfering amounts of mo-
- lybdenum, vanadium, copper, or iron pres-

ent, proceed .to | 4c. If interferences are’
not present, proceed to  4d. If sample is’

unfiltered and': total‘chronllum is desired,
dlgest with HNO, and H,SO, as in Section

- 3030G. If interferences are present, pro-

ceed to s 4c, ‘4d, and 4e. If there are no
mterl'erences, proceed to (s 4d and de.
¢. Removal of molybdenum, vanadium,

iron, and copper’ with :cupferron: Pipet-a-

portion of digested sample containing 10

to 100 pg Cr into a 125-mL separatory

funnel. Dilute to about 40 mL with distilled

water and cl)ill in-an ice bath. Add 5'mL" .
ice-cold cupferron solution, shake well, and’

let stand in.ice bath for 1 min. Extract in
separatory funnel with three successive 5-
mL portions of CHCly; shake each portion
thoroughly 'with aqueous solution, let lay-
ers separate, and withdraw and discard
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CHROMIUM (3500-Cr)/Colorimetric Method

CHCI, extract. Transfer extracted aqueous
solution to a 125-mL conical flask. Wash
separatory funnel with a small amount of
distilled water and add wash water to flask.
Boil for about 5 min to volatilize CHC],
and cool. Add 5 mL HNO; and sufficient
H,SO, to have about 3 mLpresent. Boil
samples to the appearance of SO, fumes.
Cool slightly, carefully add 5 mL HNO,,
and again boil to fumes to' complete de-
composition of organic matter ‘Cool, wash
sides of flask, and boil once mbre to SO,
fumes to ehmmate all HNO,. Cool and add
25 mL water.’ b }

-d. Oxidation of trivalent.chromium: Plpet :

1') ’(l !

a portion of digested sample’ w1th or with-"

out interferences removed ‘and contammg :
10 to 100 pg Cr, mto a 125:mL conical
flask. Using methyl orange : ‘as! indicator,
add conc’ NH,OH until solution is just

basic to methyl orange.;Add.1 + 1 H,SO,. . -

dropwise until it is acidic, plus;1 mL (20

drops). m excess., Adjust;volume to about.
40 mL, add a. boxlmg;chlg,gand heat to
boiling.- Add 2 drops KMnO, solution to
give a dark red color. If fading occurs, add
KMnO, dropwise to maintain an excess of
about 2 drops. Boil for 2 min longer. Add
1 mL NaNj solution and: céntmue boiling
gently. If red color does not ‘fade com-
pletely after boiling for approximately 30
s, add another 1 mL NaN, solution, Con-
tinue boiling for 1 min after color has faded
completely, then cool. Add 025 mL (5
drops) H,PO,. -

e. Color development and memurement
Use 0.2N H,SO, and a pH meter to adjust
solution to pH 1.0 % 0.3. Transfer solution -
to a 100-mL volumetric flask, dxlute to 100
- mL, and mix. Add 2.0 mL’ dxphenylcar-
bazide solution, mix, and let stand 5 to 10
min for- full color development Transfer
an appropriate portion-to a 1- cm absorp-
tion cell and megsure its absorbtmce at 540
nm. Use distilled water as reference Cor- ‘
rect absorbance readmg of sample by ‘sub-

tracting abqorbance of a”blalik camed
IV S It ' it yi NE .
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through the method (see also note below).
From the corrected absorbance, determine; -
micrograms chromium - present by refer-

.ence to the calibration curve.

NoTE: If the solution is turbid after di-
lution to 100 mL in § e above, take an
absorbance reading before adding .carba-
zide reagent and correct absorbance read- -
ing of final colored solution by subtracting -
the qbsorbance measured prev:ously N :

5. Calculation .' ;;""'_ T

v
mg Cr/L O N

Y n‘v' ‘.'; ‘
aH g ghede 5o
;Lg Cr (m 102 mL 'final vol ume& eyt

: “x3100:4 . 5 '-
Chr t«ujh! rfsamo»& i

where:
A = mL original Sample. and in
= mL portion from lOO mL dlgcsted sam- -
ple. - e

;N
.l(\’;l..-r. i
v . .

6. Precision and Blas

[ ‘l

SR \h 3ur
“The dissolved (trivalent plus hexavalent) DRSS
chromium was determined, in 31 labora- ! -
tories in a synthetic sample containing 110
pg Cr/L, 500 pg Al/L, 50 pg Cd/L, 470
png Ca/L, 300 pg Fe/L, 70 pg Pb/L, 120
pg Mn/L, 150 ug Ag/L;and 650 p1g Zn/
L in distilled water. The relative'standard
deviation was 47.8% and the relative error Ll
16.3%. e oo '
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'General DlSCUSSlon Gy T 24 h after grab sample collectton When
ﬂjll\t ¥ \mm\a).l)t" in g Sh R

LRI [
| "{"W,(W R AT S samples are ‘to be used for regulatory purs

X »Prmc:ple. JIh he method consxsts of f Il poses maké every lﬂ“ort to.deliver samples

l mg wx h sample, to oyerﬂowmg, an alrtlght for analysis’ within{ 6 h’of" eollectlon A
f bottle'of the.,spectﬁed s1ze Iand mcubatmg v 2) Composrte stmples——-l(eep samples
"t atﬂthe spectﬁed temperature for 5 d..Dis- "~ at or below 4°C. durlnglcomposxtmg ‘Limit

g‘lh TRRALY ”1,

fter, incubatlon, and the BOD is computed criteria as for storage of grab samples, start-
v from the‘dlﬂ'erence between mmal and final * ing the measurement:of. holdmg time from
L DO Because the ;mttal DO 1s determmed *"end of compositing. period. State storage -
: mmedtately after,the dllutlon is made, all time and conditions ' as part of the results,
l g xygen 'uptake,fmcludmg that ~occurring e
*"during, the first 15, mmr,ls mcluded in the 2, Apparatus e
t“BOD measurement 2
""3 ‘if'b" Samplmg and storage. Samples for
lBOD analyms may‘degrade sngmﬁcantly
i durmg storage between collection and anal-.
ysrs, resultmg m low BOD values Mini-
: mtze reductton of BOD by “analyzing
,sample promptly or by coolmg it to near-
_freezmg temperature durmg storage. How-

a. Incubation bottles, 250- to 300-mL ca-.
pacity. Clean bottles with a detergent, rinse,
thoroughly, and drain before use."As a pre-
caution against drawing air into the dilu-
tign bottle during incubation,.use a water-

.seal. Obtain satisfactory, water, seals. by
- mvertmg bottles in a,water bath or by add-

‘ ing water to the llared mouth of spectal 3
.ever, even at low temperature, keep lloldmg :
I - BOD bottles. DPlace a paper or plasttc cup |
. lime to a mmlmum. Warm chilled samples
: s or foil cap over llnred mouth of bottle to

, to 20 C before analysrs ) .
R 1y’ Grab samples-If analysrs is bcgun reduce evaporation of tlle water seal durmg :
' B incubation. ok e o

" w1th1n 2 h Of collectlon, COId storage s b. Air mcubator}or water bath, thermo-

:,unnecessary If analysrs 13 not started statically controlled 'at'20 * 1°C. Exclude -

“within 2’'h of sample collectlon, kee sam-
.ple at or below 4°pC from. the time g { col- all light to prevent'possibility of photosyn-

'lection." Begin * analysrs w1thm 6 h of thetic production Of_ DO B Lo
“collection; When this is not ‘possible because o
sthe samplmg sne {is ‘dfStant from the lab- 3. Reagents - bR :
oratory, ‘store ‘at or below 4 C and:report  a. Phosphate bujfer squtmn' Dlssolve ‘
length and temperature of storage with the 8.5 'g'KH,PO,, 21.75g K,HPO‘, 334 g E
results. In no case start analysrs more than Na,HPO4 7H,0, and l 78 NH4Cl in about .

.'l : . Ty :“' +

e R e fosgiv b

v

;soly_}erd oxygen" 13; measured mltlally and - compositing perlod toi24-h).Use the same ;.
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BIOCHEMICAL'-OXYGEN DEMAND (5210)/5-Day BOD Test . ./,
. | .

about 500 mL: dlstnlled water and dilute to
1 L. The pH: should be 7.2 without further
adjustment Discard reagent;(or any of the
following reagents) if there is any sign of
biological growth in the stock bottle.

b. : Magnesium 'sulfate solution: Dissolve .

22.5 g MgSO,: 7H,O in distilled water and
dilute to .I' L.f+7 i}« »

¢ Calciuim: chIorzde solution: Dissolve
275 g CaCl [in distilled water and dilute
to 1Lty it :

d. F erric chlorzde solution; Dlssolve 0.25
g FeCl;!6H,0:in distilled water and dilute
to 1'L.. & - ll r:§"

e.  Acid and alkali solutions, 1N, for neu-
tralization of caustic or 1cxdxc waste sam-
ples. 0 N

1) Acnd——Slowly and whlle stirring, add
28 mL conc sulfuric acid to distilled water.
Dilute to 1 L. =

2) -Alkali—Dissolve 140 g sodium hy-
droxide in distilled water. Dilute to'1 L.

[ Sodium sulfite solution: Dissolve 1.575
g Na,SO, in/ 1000 mL distilled water. This
solution.is not: stable; prepare daily.

g. Nitrificatlon: | inhibitor,
(trlchlorolmethyl) ‘pyridine.*

h.: ‘G'Iucose-glutamlc acid solution: Dry
reagent-grader glucose and reagent-grade
glutamlc acndtat 103°C for-1 h::Add 150
mg’ glucose. and "150 mg glutamic acid to
distilled .water! and dilute to 1 L. Prepare

v fresh 1mmed1ately ibefore use. -
i ’Ammorltumx chloride solution; -Dis--

solve 1.15:g'NH, Cl_m about 500 mL dis-
tiued.water;?a'djusl pH to 7.2 with NaOH
solution, and 'dilute to 1 L. Solution con-
tains 0 3 mg N/mL. n Y
Y 'l i\ul'llu" .

4, Procedurei,l 3 bl

o R
Wt i

‘ a. Preparatzo)l’ of dilution ‘water: Place -
. desxred volume of water in a suitable bottle,

and' add™1l’ mL‘ each of phosphate buffer,
MgSO” CaCl;, ‘and FeCl," solutlons/L of

wa.ter Seed dllutlon water," if desnred as
I ERTREE T NM’ o

Co., or eqdlvalent £yt SN

AT Vot ' !
Doy .

|

‘Nltrlﬂcatmn Inlﬂbltor}2579 -24 (2 2% TCMP) ‘Hach
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2-chloro-6-

described in:f;4d.Test and:storeldilution
water as,described in:{s.4b!and: ¢.s0 .that
water of assured- quality always'is on* hand.

Before use:bring: dilution. water.temper-
ature to 20°Ci, Saturate with DO by shakmg
in a partlallylﬁlled bottle or.by" aeratmg
with orgamc -free filtered airs Alternatively,
store in cotton plugged bottles long enough
for waterto become saturatedswithDO.
Protect water quality.by. usmg clean glass
ware, tubing, and.bottles; iyl e

s b D:Iutton water, check:yUse :this pro-
cedure as'a rough :check ori-quality of;di-
lution water: "« ¢ 1", o -l vl

If the oxygen ‘depletion: of : a: candldate
water exceeds.0.2: mg/Ls obtam a”gatisfac-
tory:water: by.lmprovmg! phnﬁcatlon o1
from: another/source.s Altematwely,. ifsi .m
trification inhibition. is- used;’ storeithe. di-
lution. water, 'seeded: as prescnbed below
in'a darkened:room,at room- temperatun
until the-oxygen-uptake-is: sufﬁcnentlyﬂi'e
‘duced to meet the dilution-water. check cri
teria. Checki:quality - of.rstoretl * *dilitior
water on’ use,!butdo notiadd. seedato -di
lution watér Stored;for- quahty impraéve
ment. Storageis not'recommended’ whe:
BOD:s aré'to be determined!without- nitri
fication” inhibitioni because’! mtnfymg;or
ganisms’ nmay. ‘idevelop:! ;during’ '“storagc
Check:. stored ‘dilution’ watehtoldetermm
whether 'stfficiént: ammoma,remams ‘afte
storage+If ‘not; laddwammomum’{chlond
solution:to: provnde a total‘of,0; 45‘mg\an
monia/L:as nitrogen. If dilution’ vJater‘h‘

. not been''stored. for ‘qualityi xmprovemen

add ‘sufficient*seeding 'materialito’produc
a:DO uptake of s OOSxto*O l»mg/l.bm?l.’a
at 20°C. Iricubate’a"BOD bottle: full'f;d
lution! water.for .5: dgat 20‘C’§Determn
initial and firial DOas lxl\jls 4g|and>j Tl
DO; uptakeun‘S 'd;att 20‘Clshould{nb 1
more than:0.2. mg/L and) preferably' n
more than'0.1. mg/L 3 :::(’?%}"‘E«i.ﬁ
G Glucose-glutam:c ac:d check.' ecau
the BOD testisa: bloassay "its "nsults"c‘
be influenced *greatlyi'by the: prtsence
toxlcants Ol‘lb}’x use of a poor seedmg;m




o ,l" are! qbtalned'wuh'suah seeds and waters
i LaPenqdlcallyscheck' dtlutlon water quality,
’ ‘;\ seed eﬂ'ectlvcness, and analyttcal technique
W byt maklng‘BOD ‘measurements on pure
I - organic jcompounds~ and samples with

* known'additions. 'In general, for BOD de-
o _termmatlons not requiring an adapted seed,
‘" use a mixture of 150 mg'glucose/L and 150
" mg glutamic acid/L as a “‘standard” check
" solution? Glucose lias'an exceptionally high
%+ "and variable oxidation rate but when it is

14 used with glutamic"l acid, the oxidation rate .

. b. * ig'stabilized and is similar to that obtained
: 'vw1thhmanyf municipal - wastes. =Alterna-
»-",l-tlvely, lf’anpartlcular wastewater contains

W

fian’ ldentlﬁablermajor constituent that con-

dllutnon oflthe glucose glutamnc acid stan-
dard check' solution 'using the techniques
_ outlmed m flst 4d-.; Bvaluate data as de-
b rlbed in; ﬂ 6, iPrec1ston and Bias.
dVSeedmg Witk de

present a: populatlon of microorganisms ca-
5 pable‘of oxndlzmglthe biodegradable or-
gamc«vmatter ' mwthe 'sample. Domestlc

2 ;_'satlsfactory mtcroblul populatlons ‘Some
. samples 'do ‘ot contam a suflicient micro-
= ,'} bial lpOpulanon“(for ‘example, some un-
treat,ed lindustrial *.'wastes, disinfected
i + 'wastes, lngh -temperature wastes, or wastes
«thh extreéme pH'values). For such wastes
, ._seed theidilution water by adding a pop-
. ulation of microorganisms.' The preferred
- seed is efMuent from a biological treatment
;. system’ processmg the waste. Where this is

‘ '«.‘-not ‘available, -:use : ‘supernatant from do-
mestlc wastewater ‘after settling at room
temperature for at: ‘least 1'h but no longer

gt trlbutes to the BOD, use tlns compound in

4 gl ' ‘ .
"'.,.“.1) Sced‘ source——lt is necessary to have .

AGGREGATE OHGANIC CONSTITUENTS\(SOOO)

; BT , x.

than.36 h. henJemuent from a bxologlcal
treatment process Yis;used,’ mlnbmon .of ni-
trification 1s»recommended e b .
:Some samples may contam matenals not
‘degraded qtknormalr rates by thexmlcro-
organisms ;n.settled ‘domestic wastewater
Seed such samples with an adaptéd’ micro-
bial population obtained from the undisin-
fected effluent.i of --a :biological -process
treating the waste. In the absence of such
a facility, obtain seed from the receiving
water below! (preferably. 3 to 8 km) the
point of discharge::When such seed sources
also are not available, develop an adapted
seed in the laboratory by continuously aer-
.ating a sample'of settled domestic:waste-

Sate .
'|:"

-"water and addmg 'small daily mcrements'
of -waste. Optlonally use a soil-suspension -

or actlvated sludge, or a commercxal seed
'preparatlon ‘to obtain the initial microbial
populanonl Determine -the ‘existence of a
satisfactory: populanon by testing the per-
formance of:the'seed in BOD tests on the
sample. BOD: 'values that increase with
. time of adaptatnon to a steady high value
indicate successful sced adaptation.: -
2) Seed control——Determme BOD of the
seeding matenal as’ for any -other: ‘sample.

This is the seed comrol ‘From-the value of

the ‘'seed control and a:knowledgéof the
seedmg materlal dtlutlon (in the dilution

water) determme seed DO uptake. Ideally,’

make dnlutlons of seed such that the:largest

quantity . results in“at’ Jeast + 50%: ‘DO de-
pletion. A plot oﬁ DO.,depletxon, in milli-

grams per liter, versus milliters seed should

present a straight line for, ‘which the slope -

indicates DO depletlon -per milliliter of
seed. The DO-axis intercept is oxygen de-
pletion caused by the dllutlon ‘water’ and
should be less than:0.1:mg/L ({ 44)..To
determine a sample DO uptake subtract
seed DO uptake from total DO uptake. The
DO uptake of seeded dilution water should
be between 0.6 and 1.0 mg/L. ..
Teclnmques for: addmg seedmg matenal

to dilution water.are described for two sam-
ple dxlutlon methods 1 49).

v
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e .Sample pretreatment

i »1):Samples containing caustic all\altmty
or.acidity—; Neutralize’samples to pH 6.5
to 7.5 with: a . solution..of sulfuric ,acid
(H,S0,) or sodium hydroxide (NaOH) of
such strength that the quantity of reagent
does not dilute the sample by more than
0.5%. The. pH .of iseeded dilution water
should not be affected by.the lowest sample
dilution. . . . - ... ..

-2). Samples contammg resxdual chlorine
compounds——lf possible, : avoid samples
containing_ residual, chlorine by samplmg
ahead of chlormatton processes. If the sam-
ple has been chlorinated but no détectable

- chlorine residual js present, seed the dilu-
- tion water, If. resndual chlorine is present,
-~ dechlorinate- sample and seed the dilution
:..water (1 4f)..Do not test;chlormated/de-

chlormated samples wnthout seeding the di-
lution water In some samples chlorine will

' dlssmate thlnn i to 2$h of standing in the

light. This. ol‘ten occurs! during sample
transport and handlmg For samples in
which chlorine residual does not_dissipate
ina reasonably short time, destroy chlorine
residual by, addmg Na,SO, solution, De-
termine required volume of Na,S0, solu-
tion on a 100- to lOOO mL portion of
neutrallzed sample by addmg 10 mL of 1

41 acetic acid orl + ‘50 H,SO,, 10 mL -
"potassium- iodide’ (Kl) solution (10 g/100

mL), and’ tntratmg thh Na,SO, solution to
the starch-iodine, énd, pomt for residual.
Add to neutralized sample the relative vol-

‘ume of NaZSOJ solution determined by the

above. test, ‘mix, and . aftér 10 to 20 min
check sample for resxdual chlorine. (NOTE:
Excess Na,SO3 exerts ‘an’ oxygen demand
and “reacts “slowly' with. certain organic
chloramine compounds that may be pres-
ent in chlorinated samples). :

- 3) Samples containiing jother toxic sub-
stances—-—Certam mdustnal wastes, for ex-
ample, platmg wastes, contain toxic metals.
Such samples often reqmre special study
and treatment, © " -

4) Samples supersaturated with DO—

: t U :v_-'l 141
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Samples containing more than 9. .mg. DO/
L-at 20°C ‘may: be encountered:.in: cold
waters or.in water iwhere: photosynthesis
occurs. To prevent loss of oxygen: during
incubation of such samples, reduce: DO to
saturation at 20°C by bringing sample to.
about 20°C in. partially filled bottle while
agitating by .vigorous shaking or.by ;aer-
ating ‘with clean, filtered compressed air, -
5) Sample temperaturer,: adjustment—
Bring samples to 20 *.-1°C before making
dilutions. .. .. .., i NERELR N
~ 6) Nitrification inhibition—If: mtnﬁca-
tion inhibition . is desxred;add 3 mg«2
chloro 6-(trichloro : H tmethyl) LY pyrldme

. (TCMP) to each 300-mL bottle before cap-,
ping or add sufficient ‘amounts! togthe(dx- :,:

. lution water to.make.a- final concentrat:on '
of 10 mg/L. (NOTE Pure TCMP,may dts-“» !

solve slowly and‘can’ ﬂoatlonrtopgof,the

r‘.‘
-Ql

sample. Some.: cotnmercial ut‘ormulatlons ’;-’

dissolve more ‘readily: but:jare:not11009%; -

TCMP;: adjustidosage accordingly. )rSam-»*;"

ples that may: require:nitrification;. mhlbl-.';\ 4
tion include,’ but.;are' .not limitedi,to; "

biologically

treated  « effluents, ,; samples
seeded with biologically treated -effluents, " -

and river waters. Note the’use of nitrogen ~ -

inhibition in reporting results. :fi:i s
S Dilution technigue: Dilutions that;re-
sult in a residual- DO of at least .1.mg/L

and a DO uptake of at least 2-mg/L after" -

5 d incubation produce the: most:reliable -
results. Make several dilutions of prepared
sample to obtain.DO.uptake in this:range.

Experience ‘with-a particular sample, will’

permit use of a smaller number of dilutions. - ~

A more rapid analysis, such as COD,imay’
be correlated approximately with BOD and -

serve as a guide in-selecting dilutions..In ;- -*

R

the absence of prior.’knowledge, use,the"" A
following dilutions: 0.0 to 1.0% forstrong .’
industrial wastes,ul{,to 5%: for frawL and.. i

settled wastewater,?5 rto 25%. for blologll

cally treated emuent"and 25:t0i1100%! for*

polluted river waters. . ‘v AR
Prepare dilutions exther in graduated cyl-

fete 9.

inders and then’ transfer to BOD bottles or 'y )

fi{l ;;

: “
IR
’ }
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l prepare dlrectly in' BOD bottles ‘Either di-
"..‘ lflutronlmethod/can be 'combtned with any
' ; DOtmeasurement techmque ‘The number
! of- bottles to be’ prepated for-each’dilution
depends on'the DO. technique and the num-
“ber- of repllcates destred NOG e,
¥ ”lWhen 'using graduated cylmders to pre-
- pare dilutions, “and whenseeding 'is nec-
; essary,,add{ rseed: etther drrectly to dilution
'r;v{water ,or.to; mdrvrdual cyllnders before di-
S lution.. Seedmg"of mdtvrdual“cylmdcrs
,,],.4,, avords a declmlng -ratio. ‘of:seed to.sample
,as lncreasmg dllutlons are'made. When di-
"-,’luttons are’ prepared dtrectly in BOD bot-
tles and when seeding is necessary, add seed
,dlrectly to: dllutton water or, dlrectly to the
'-,BOD | bottles.: & jm [ AT
'.r’r l)“Dllutrons prepared in: graduated cyl-
"._jnders—-—ll‘ the: azrde modification of the ti-
'._trtmetrrc todometrtc method (Section 4500-
,0.C) Kis (used, .tcaret‘ully {siphon- diJution
: "water, seededif: necessary," intoa 1- to 2-
L-capacrty graduatedrcylmder. Fill cylin-
'—f,derdhalt‘ full wlthouttentrammg air. Add
fdesrred quanttty of carefully, mixed sample
: b.and drlute to appropriate level with dilution
[ ‘water! Mix well with a plunger-type mixing
_ “..' rod;‘avoid entraining air, Siphon mixed di-
o lutron mto two ’BODt,bottles ‘Determine
; ia';; nnttallDO on one,of these bottles Stopper

- electrode metltod is'used for DO measure-
ment, SIphonu dilution ¥mixture: into one

+. . bottle and replace: any; dlsplaced contents

AR wlth sample dilution tofill-the bottle. Stop: |

.. per trghtly, water-seal .and. incubate for 5
d at' 20°C. v Hid ST

L) Dllutrons prepared directly ln BOD
bottles——Usmg a wrde-ttp volumetric pipet,

n;r t..

i "pal :BOD: bottlesf of known “capacity. Add
e approprtate amo nts ol',seed material to the
Y mdlvrduallBOD ottles or,;to ‘the -dilution
’ |‘r water. LFiIL: bottles wlthtenouglr dilution
- water, seeded if necessary, so that insertion
- of stopper wrll (ltsplace all alr, leaving no

i
. . </
e

: thcvsecond,tbottle ttghtly, water-seal, and- -
N 1ncubate'for‘5 d:at 20°C. If the membrane °

BOD: bottle }Determme initial DO on this"

] .. add:the desired sample volume to individ- -.

)

-
n

bubbles. For dilutlons.,‘éréater than 1:100

AGGREGATE ORGANIC'CONSTITUENTS (5000)

methogs fon DO measurement, prepare two -

bottles'at' each dllutron "Determme initial A
DO on one bottle| IStopper :second bottle

tightly, water-seal, land ificubate for 5 d at

20°C. If the membrane electrode method 13'3'
‘used for DO measurement, prepateonly” B -
one BODbottle fOr ‘each’ drlutron Deter----

‘mine tnitial DO orl thts‘botlle and replace . *

any'displaced: cont'ents wrth dllutron water ;
to fill the bottle. Stopper trghtly,‘water Seal
and ‘incubate for 5'dat 20°C. Rinse’ DO
electrode betweenldeterminatrons to’ pre-
vent cross- contammatron ‘of. Samples 7
g 'Determination’ oj‘ tm’tlal "DO:" ‘I the -
sample contams materlalsfthat"react rap-
idly with ' Do, determine lmtlal DO im-
medlately ‘after ﬁllmg“BOD bottle wrth
diluted sample. If raprd mttral DO uptaké
is msngml‘ icant, the' fime" perlod between
preparing dllutron’and ‘measuring mrttal
DO is not critical, sl i "m""' e

Use the azide’ modlﬁcatlon of the 1odo-~

metric method (Sectron '4500- 0. C) or the’
membrane electrode method (Sectlon 4500-

0.G) to determme'mttlal DO on)alls:ample
dilutions, dilution water, blanl(s, and where

appropriate, seed controls'. ;.” we

h. Dilution wa!er blank Use'a drlutlon
water blank as a rqugh elreck on quallty
of unseeded dilution; water and cleanlmess
of incubation- bottles.ﬂogether wnth each

“batch of samples lncubate Y bottle of un- -

seeded ‘dilution water, . Determtne 1mttal
and final DO as, in’ ﬂs 4g andj The DO

uptake should not ; be ~more i than .0.2

mg/L and preferably not more. than: Ol
mg/L. g iy ,[“.' L RN

1. Incubation: Incubate at 20‘C; + l‘C
BOD bottles contalnmg. desired: dilutions,
seed controls, dtlutron::Water. blanks,‘and

.l.

!

~ glucose-glutamic- acrd,cheeks .Weter-seal '

bottles as descnbed inQ4f i L
- De!ermmation of Jfinal DO: Aﬂer 5d

142

.make'a ‘primary dllutlon)lnlatgraduated f ;f;;i; :
.cylinder before mal(mg final'tilution inithe -~

bottle. When usmg'tltrrmetrre iodomelric .

T —

LR Y gy
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BIOCHEMICAL OXYGEN DEMAND (5210)/5-Day BOD Test SR NCH

¥
incubation determine, DO in sample dilu-
“tions, blanks, and checks as in | 4g.
TR BN T R SO O
5. Calculatlon, RN {»]

When dllutlon water |s not seeded
1 pitp
P
!

BOD,, mg/ L =

When dllutton water is seeded

. ' ‘ “

( 1 _4 Dz):"‘, (nl - Bz)f
N

v

BOD,, mg/L =
Ly »
where: - I
? D = DO ol'dlluted sampletmmedlately after
""" “preparation, mg/L, " -
D, = DO of diluted sample after 5 d incu-
""" bation at 20°C, mg/L, .
= decimal volumetnc fractmn of sample
. used,. PR
.. B, = DO of. seed control before mcubatton,
cmg/L (f 4d)ps e b
- B, = DO "of  seed i ¢control after mcubatlon
o mg/L'( 4a’), and !
© f = ratio of seed in dtluted sample to seed
" in’seed control = (% seed in diluted
' sample)/(% seed in seed control).

If seed material is added dnrectly to sam-
ple or to seed control bbttles:
SRNHIN ~
f= (volume of seed in diluted sample)/(vol-
, .+ ume of seed.i in seed control)
l l. . ( & l )
Report results as CBOD i
is inhibited. .. ., o ‘_l =
-If more than one sample dilution meets
the criteria of a' residual DO of at least 1
. mg/L _and a DO, depletlon of at least'2
- mg/L and theré is no_evidence of toxicity
- at hlgher sample concentrattons or thé ex-
. istenice of an obvnous anomaly, average re-
sults in the’ acceptable range SIS
I these calculatlons, do 'not make cor-
. rections for DO :uptake’. by the dilution
water blank durmglmcubatlon This cor-
rection is unnecessary‘ \if dilution water
meets the blank ‘criteria stipulated above.
If the dilution: water does.not meet these

R R (A
143

" results become questlonable.,t.- o

if mtrrﬁcatron

.mg/L T "'-"-'l""'-’f;tfa

criteria, proper, correctlons are dlfﬁcult and

i

L l;h‘ n), ,,: -;‘u oy nu‘ :
6. Precision and Blas iAo flie

There is no measurement for establlshmg =
bias of the BOD,procedure ‘The glucose-, ; i
glutamic acid, check’ prescrlbed m;ﬂ“4c 18
intended to be, a reference‘rpdmt,for‘eval-v iy
uation of dnlutton water, qua lty,‘ seed,ef-, t,’
fectiveness, .and., analylrcal i techmque,.
Single-laboratory tests u§1ng }a, 300@3/_{3&',".-
mixed glucose-glutamic,acid . solutton Ipro;a.

vided the following’ results .,‘x.”, t lhltltli‘dr |

* Number of months' ‘14 '3“!» ) },»'_"' -

- Number ol'tnpltcates 42154y AT ‘

Average monthly recovery;’ 204Il|mg/L’l :“"""'l i
Average monthly ¢} fipiz vzt Hon 3 ‘l 7“|'\'H "
standard ‘deviation: +10. 4‘mg/L !“ ~'k.q‘ g

In a series of mterlabora‘to'ry' studres,‘ T

each involving 2 to 112 laboratones (and l
QUMY "
as many analysts and’ seed’ sources). -d 1
BOD measurements- were made, on syn~\,‘~,
thetic water samples containing’ a l l le "3 i
ture of glucose and glutamrc acrd m 'the
total concentration range of 3.3 to 231 mg/
L. The regression equations for mean value,

X, and standard deviation, S, from thcse

studies were: . A u. AN sé‘&?\» _
X = 0658 (addcd‘ tével, mg/L) +lozso

’ mg/L 3 Ay it sl \l.<',lx

5 = 0.100 (added" level mg/L) r+l’o AT

rd
"v \ o gltl’bl"‘ 5

v mg/L ~» l; J SR .
! ,a-J, v '( ,}
For the 300- mg/L mtxed phmary stand: ’Qs <
ard, the average 5-d'BOD:would be‘l98§'\
mg/L with a standard’ deviation’ 'of*30.5¢ m’
a. Control limifs" Because of many( fac£1
tors affecting BOD tests in multllaboratory‘,n,, '
studies and the resultmg 'extfemeh/anabtl-“,{:
ity in test-results;orié! standard ‘déviation)t;
as' determined by lnterlabotatory tcsts,',ps‘ Eo
recommended ‘as- alcohtrol'llmrt‘foﬂ indii: "
vidual laboratories: Alternatlvely, for ‘éach ' i

laboratory, ' éstablish®its 'control ltmlts byfn'

performing a'minimum- .of 25 glucose—glu- i
tamic acid checks '(f 4¢) over a penodlof s
several weeks or months and, calculatmgr xf

o b 'l“ e r

el f;‘




5220uB 2 Open Reﬂux Method it t

‘.- N
;""“;:'i 0 O

(I TE

i’o]

, ‘“ 4 ‘\\tj',,' A pﬂ
Am General

it}sﬂ i
iD’St?leJr?an!o'nW”l" EUHAPEE
o " ’ ‘a Prmcrple. Most types ‘of organic mat-
,ter are oxidized'by a boiling .mixture of
"chromic?-’andfsulfuric acids.” A 'sample is
, refluxed’ in- strongly- acid solution’ with a
“knownexcess + of.: potassium’ dichromate
‘(K;Cr'ZO ;). ‘After:digestion, the remaining
i unreduced K,Cr,0, is, tltrated with ferrous
'1‘ ‘ammonium ivsulfate ii:to /determine the
.- +'amount of: K,Cr,O7 consumed and the ox-
1d|zable iorganic ;‘matter is: calculated in
co . terms ‘of oxygen: equrvaient Keep ratios of
IR reagent"l weights, ':volumes, and: strengths
BT constantiwhen: sample 'volumes ‘other than
_‘50 'mL are’ "used. The‘standard; 2-h ‘reflux
+v time: mayibe reduced-if‘itihas been shown
that a shorter ;period yieids the same re-

ol lnz' A
,5,-',. “ (hui “Hf.).'

. 9-;.~;‘Reﬂux apparatus, consisting, of 500- or
v, 250-mL’ erienmeyer Jflasks ,.with ground-
glass 24/40 neck¥:and: 300 -mm jacket Lie-

: haymg suiﬁcrent power to produce at lcast

i ’t I(tugn »':1

lu'

_QIﬁ.Réagentsi?in:f‘ "
FJ"f""‘ i ER R 1n. by 15 .
;. a, Standard potassmm dtchromate solu-
t_ton, 0. O4i7M Dissolve 12 259 gK CrZO,,
-'primary' stanga
_atﬁios"c for, 24
drlute to 1000 i
b, Sulfuric aczd reagent' “Add Ag,SO,,
" reagent or techmcal grade, crystals or pow-
.. der,"to conc H SO4 at’ the rate of 55 g
e ‘Ag,SOr/kg H,,SO4 Let'stand 1 to’ 2 d to
AR jdissolve Ag,S0, | ‘:”,“,‘“2"'r""'"‘"": ) v
ol f‘c Ferrom mdwator':solutlon Disso]ve
. 1i485.g; 1 lO-phenanthrolme monohydrate
: and 695 mg FeSO4-7H O in, dlstriled water
; ; and dilute to:'100: mLzLThis indicator so-

v
e : . ,I_r;..\‘

N ‘-! 1Y
" ' .

(A.

‘Cormng '5000 or equivnlent fusH )
1Cormng 2160, 91548 or equtvalcirt

' PR [ T
B N o
. . Loiiny

fbig,**West or: equtvaient condenserﬂwrth

'.1‘4| ,W/cm of heatmg surface, or equtva-

- 120°C; Dissolve 425 mg’ m"dlstriled Jwater.

“‘_..‘,._r. I""'I|.' H :

lution” may be purchased already pre- f.‘.

: 'u» -H. ),

paredi ' ' l sadert et
“d. Standard ferrous ammomum sulfate s
(FAS) tltran! approximateiy 0.25M: Dis-*
solve 98 g Fe(NH,),(SO,),-6H,0 in" dis-. .
tilled water. Add 20 mL conc H,SO,, cool,’
and dilute to 1000 mL. Standardize this
solution daily agamst standard K CrIO7 sO- ..
lution as follows: i .1’ KT E
Dilute .10.0 mL standard K Cr,O7 to
about 100 mL. Add:30 mL' conc H S0,
and cool. Titrate: wrth\‘FAS titrant using |,
0.10 to 0.15 mL (2 to 3 drops) ferroiniin- * -

dicator. - - I"'“i Coe ,‘4 s ',_ )
. \, o .-, \,‘I. .
Mﬂlﬂmy of FAS solutron v = f"' ',' '“' i ’
"i'lf" o ...“l".’
: L iy i L
(- ' oo
" Volume 004l7MKCr,O, Ao
— - solution htrated mL e -25“ v
Volume FAS used'in’ titration, mL «\ I "t‘t :h'v

BRI T TS YR VAN W PR Ly
. e.- Mercuric sulfate,ngSO‘, crystais orrr «,
powder ’ l(”' B .‘t, ;‘,'.',‘,. 1

Ya Sulfamic aczd Requtred only if the
interference of nrtntes 1s to be ehmmated Y
(see 5220A.2 above) ST

g Potassium:}] hyq’;ogen “| phthalate

'(KHP) standard: nghtly ‘crush and theny
dry ~ potassium’ ]‘hydrogen phthalate. 4

(HOOCC, H,COOK) to constant werght at'

and dilute to 1000°mL¥ ’KHP has a theo- .-_tt
retical COD' of 11761 mg'0,/mg and this -

*solution has a theorehcai COD of 500'ug +.
O,/mL." This solutron is stable ‘when ret i Nl
fugerated for up to 3 months m the absence x" e

of. v1srble broiogicai growth

: ! Co
AN ‘I*rl .

(R -n\

.a. Trearm ent of sampIes wrth' COD of
S50 mg O,/L: Place-SO 0, mL sampie (for i
'samples with COD oﬁ > 900 mg Oz/L use -
smaller sample portron driuted to,50.0 mL)
in a:500-mL reﬂuxmg ﬂask Add 1 8.
HgSO,, several gl $s beads, and vcry slowly
add 5.0 mL suii‘urrc acrd teagent wrth mix- ;

p '.
IS 'p.,u.

11434:8 Chcnncai Co.. Colurnbus, Ohio.

. . e
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Cplednivi
b AIternate proc‘edure for low-COD sam-

l}

.
0 ' .

CHEMICAL OXYGEN DEMAND (5220)/Open Reflux Method = C T sy

ing to’ dlssolve HgSO4 Cool while mixirig

" to avoid posstble loss of volatile materials.

Add 25.0 mL°0.0417M K,Cr,0, solution
and - mix.- Attach flask to condenser and
turn on cooling water. Add remaining sul-
furic acid reagent, (70 mL), through open

.end of condenser Continue swirling and

mtxtng while. addmg the sulfiiric acid re-’
agent.’ CAUTION ‘Mix reflux mixture thor-
oughly before app[ymg heat to prevent IocaIi
heating of ﬂask bottom and a possible blow-
out of flask contents.

Cover open“end ’of condenser with a
small beaker' to prevent foreign ‘material
from entering reﬂuxmg mixture and reflux
for 2 h. Cool and wash down condenser
wrth dlsttlled water Dlsconnect reflux con-

_denser’ and dllute mlxture to about twice
- its volume wrth dlsttlled water.. Cool to

room tcmperature, and titrate” excess’

K ,Cr,0; wnh FAS! usmg 0.10 to 0.15 mL

2to 3 drops) ferrom indicator. Although
the quantrty‘of ferroin indicator is ‘not crit-

_‘l'cal use the sdme'vdlume for all tttratlons
;Take'-" as‘, the'e
“fitst, sharp l:olor cllange from’ blue -green to"

Hd b omt of the titration the’

velf

,--"; .."reddtsh brown 'The blue- green may ‘réap-’
g pear. 'In'the sdme' manner, reflix and titrate
‘a blank contamlng the reagents and a vol-

ume of dlsttlled water equal to that of sam-
" \l’l' “4"‘ B o T

ples: Follow, procedure of { 4a, with two
exceptions: - (z)t use standard 000417M

......

L Exerctse extremeﬁcare with thls procedure
: becaUSe even a, trace of organic matter on
- the glassware or' from the atmosphere may
" cause gross errors If a further ircrease in
) senstttvrty is requtred concentrate a larger
e . volume of sample before digesting under

reflux‘’as follows' 'Add all reagents to a
Samplé larger than 50 mL and reduce total
volurhe to 150" mlL" by boiling in the re-
fluxmg ﬂaslc’open to the atmosphere with-
out’ ‘the: condehser ‘attached. " Compute
amotint of HgSO4 td be added (before con-

‘centration)’ on’ the basis of a weight ratio
3, . RN .

S 145

of 10:1, HgSO. Cl1~, using the: amount of
CI™ present in'the’ original volume .of sam-!
ple. Carry.a"blank.reagent’ through ‘the’,
same procedure. This techmque has' the ad-"
vantage of concentrating the sample with-

“out significant  losses , of , easily " digested

volatile materials. ‘Hard-to- -digest volatile
materials such as volatlle acids are lost, but -
an improvement -is- ‘gained  over' ordmary
evaporative concentration methods. «y -

c. Determination .of standard squlzon
Evaluate the-technique and. quahty of re-
agents by conducting the test on a standard
potassium hydrogen

e s
5. Calculatlon

T

{1 "jl”‘ lu l

::—“ ) 1: |I rH
_,r .l ’“ ;tutltm

cop’ as mg O,/L = (- B) X MAX.BOOO i
. .mL sample ;+y; lé‘m'l

A gt ! F
*H(ulo" ngm? i&

Lol e ;!,r']s_"f-.

where: o Y
= mL FAS used for blank,, ,q., \ ;,
= mL FAS used for sample, and
: M = molarlty of FAS: e s V4 “'?-5’5"!(1""" 5.
Mok &,tll mwl;\:é.‘itl;_ se;(fl/g_.mlwt'tml
"‘Preclslorllf{rld B‘i'éﬂd Gt .rhr(l;%& DE
BRI 'Uk't-lh A BTN
'A ‘setrjof” synthettc samples“contamlng
potassium” hydrogen  phthalafe’ and‘NaCl
was tested’ by¢74 laboratones"ﬁ ‘t;a;COD'
of 200.mg O,/L'in the, absence of; chlonde,
the standard’ devmtton was I}:tlilgfmg/La
(coefficient! of / variation, 6. 5%)"'At' COD
of 160 ‘mg 0O,/L’and,100, mg"Cl: /L the
standard deviation'was *14: mg/LL(coef
ficient of varlatlon, .lO 8%) ,,' N ,.’ JJSlu'l,orl

) it
i )'ll'{ﬂ"l l \ _’." H

S .n lmb n')ll
& Fteference : wl"' el gy _{:;.- ,,,.,,U ,Jtd

1 PrrweLi) LR 1983! Stahdiitd coo‘ “ChikD
" ‘Brit, 19:907. '“ el g ey 'rm/ ,I_}XJ
l "Wt _:'l Lo éug

8. Blbllography SCLE RSN fg\i"\:::l‘ t:x
! Lg EX( Ve

MOORE, W.A " "RE. KRONER P d C. RUCHHOFT:-
1949, Dtchromate reflux method, for‘deter-‘
minatlon ol‘ oxygen consumed. Arm[‘ Clle
L2953 L ,lnlt‘({.}

MEDALIA, A! 1951 Test for tracu "of organic
matter in water Anal Chem. 23:1318% 3"‘}

MOORE, W-A.; FJ Lubzack & C.C. RUcmlor-'r“

IV R
4}, \ O e 25 lt;,



AOCS Official Method G 5-40

Reapproved tou7

Neutral Oil

DUFINITION

fatty matter in the sample will be included.
scorc
Applicable to all types of soapstack,

This method determines the total ncuteal oil, e, vnsaponificd oil in (the sample. Any unsaponifiable

APPARATUS
t. Cylinder—250 mil., glass-stoppered.
2. Separatory funmnel—-500 ml..
3. Beaker—400 ml, or Soxhlet Aask, 500 ml..

REAGENTS

1. Aqucous potassivm hydroxide (KOI)—14% KOH by
weight (sce Notes, Cantion).

2. Gthyl alcohol—SDA Formulas 30 and 3A are permit-
ted, 50% by volume. Mix 10 volumes of 95% alcohol
with 9 volumes of distilled watcer.

3. Lthyl alcohol—as above, 10% by volume. Mix 2
volines of 95% alcohol with 17 volumes of distitled
watcr.

4. Petroleum ether—AQCS Specification [1 2-41 (sce
Notes, Cantion).

PROCEDURE

1. Mix the sample thoroughly and weigh tmmediately.

2. Weigh B--10 g of the sample (4-5 g acidulated soap-
stock) into an extraction cylinder. Add 125 ml., of 50%
alcohol, 50 mib. of petrolcum ether and shake until a
homogencous mixture is formed. )

3. Cool to 20-25°C and add 10 ml. of the aqucous KOH
(Reagents, ). Agitate gently until thoronghly mixed.
but avoid vigorous shaking.

4. Add 25 ml. of 50% ethyl alcohol and agitate gcnily‘

until thoroughly mixed. Allow to sctile until the two
layers arc completely separated, but do not allow the
cther/oil layer to remain in coniact with the
alcohol/alkali layer longer than 30 min,

5. Siphon the ether/oil layer into a 500-ml, separatory
funnel. Make at least four more similar extractions

using 50 ml, of petrolcum ether for each_extraction.
Combine alt of the extracts in the separatory funncl.

6. Wash the cther extract in the separaiory funnel with 25-
ml. pottions of [0% alcohol, shaking vigorously each
time, until the washings are ncutral to phenolphthalein.
Three washings arc usually sufficient. Filter through
filter paper and wash the paper free from fatty matter
with petroleun cthicr.

7. Draw the cther extract into a tarcd beaker or Soxhiet
flask which has been previously dricd and cooled in a
desiceator. Evaporate the ether in a water hath under a
pentle streamn of clean, dry nitrogen. Dry in an air oven
at 105 £ 2°C for 30 min. Cool in a desiceator to ambi-
cni temperature and weigh. Repeat until constant
weight is attained. A constant weight is atlained when
the loss (or gain) in weight docs nat exceed 0.4% in
suceessive 30-min drying periods.

CALCULATION
mass of neutral oil

Neutral Oil, % = - -
mass of sample, g

. HX) %

NOTES
Caution :
When working, with extreimmely caustic materials like sodi-
um or polassiwn hydroxide, always add pellets to water and
not the reverse. Atkalies are extremely exothermic when
mixed with water. Take precautions to contain the caustic
solution in the event the mixing container breaks from the
extreme heat generated.

Petroleum cther is extremely flannmable. Avoid static
clectricity. The explosive limits in ait are 1-6%. A fuinc
hood shoutd be used at all times when using petroleum ether.

Pape L of 1
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