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Abstract
This shrdy 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

preheated 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 minimize the pollutants from effluents.
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Chapter One

Introduction

1.1 General:

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

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

The relationship of man with the environment is necessarily

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 materials into the

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

r ee4).

Urbanization and industrial growth; cornplicate the problem

because:

l. Natural resources were considered as fiee goods but population

growth put a strain on this resources.

2. Environment is a sink where all the waste produced by man is

assimilated. And it is impossible to dispose dff 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 rvaste

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 Bnvironment:

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 is 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 @oon, 1990).

Waste and Global Issues:

There are a mtmber 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 2l

o To minimize wastes

o To maximize environmentally sound waste re-use recycling
o To promote environmentally sound rvaste 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 better 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

receiving 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, cltemical, or biological characteristics of air, water, land

that can harmftilly 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

natnral component.

Pollutants are introduced into the environment in significant

amount in the foim 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

Its nature :

o Physical: temperature, suspended matter, color, etc.
e Microbiological: microorganisms such as bacteria, vinrses, and

protozoa.
'. chemical: mineral pollution (salts, heavy metals) or organic

pollution pesticides, hydrocarbons, solvent)



It 's Origin:

urban: community wastewater, rainwater, refi.rses tips.

Industrial. liqtrid 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:

. Diffirse: of agricultural origin, on-site sanitation.

. Localized: storage facilities, industries, and urban rvaste.
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 snrface waters.
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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 constmction of

ginning factories. Industry for import substitution started as recently as

1960. Sugar industry began at El Guneid in 196l and at El Girba in

1963. Then a tannery in Khartoum was established; followed by five

dispersed food-processing plants.

Before World War II, 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 rvood products,

leather and ivory, have been in existence since ancient times. Their

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

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 rvas the

approval of the Enterprises Act of 1956, which was issued to encorrage

the local and foreign capital investments in industry. This raised the

current prices of products at that time from lYo in 1955/56 to 9.4% in

1970171, and employment jumped from 900 to 4000 during the same

period (Boon, 1990)

In 1960" the contribution of the industrial sector increased to
'7.6oh, and in 1973 increased to l5o/o. However, it fell to 8% in l98l and

went further down to 5oh 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 ffom 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 industrial

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 exarnple of industrial complexes in 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 67 59

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 5l-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 79oh of gross output. After

the recent privatization program, the share of the private sector has

become even- more dominant (UNDP report, 1994).

Table (l): Economically active population in manufacturing

(10 years and over)

Active population Manuracturing 
"nlfr;i?,Ir", 

*;l"fl::'lU-

Managers, Professional s 5050 t99670 2.5 Vo
Technicians, Assoc. Professionals 7220 507970 1.4010

Clerks, Sale workers 20990 321720 6.50h
Craft workers 2r7560 485600 44.\Yo
Skilled Agricultural
workers

3610 3093240 0.106

Plant and Machine
operators

34110 230800 14.\Yr

EJementary Occupations 33570 843870 4.0o/o

Others tt20 201370 0.60/0

Total 323340 6884200 5.5"h

Source: Population Census of Sudan 1993

Table (l ) shows the economically active population in

manufacturing in the northern states of Sudan. Only 2.5% of managers

and,professional and 1 .5Yo of technicians and semi-professionals rvork in

the manufacturing sector. This is considerably less than the sector's

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

l 0



priorities. However, more emphasis on technical and professional

manpower would be needed if the rehabilitation objects were to be

achieved.

Manufacftrring activities are highly concentrated in Khartoum and

central regions. It was estirnated in 1981/82 by UNIDO industrial census

that these two regions accounted for about 55o/o of manufacturing

establishments, 80% of total manufacturing employment and 7 5o/o 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 recion.

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

constnrction was not yet started.

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

state by industrial sub-sector in 1994

Sub-sector operating out of uno:l 
^ Licensed rotaloperating construct

Food IndusW 188 104 3l 26 349
Textile IndusW 85 55 28 178l0
Wood Products l8 t2 38

jqpelProducts l 9 t2
Chemicals 109 u
Non-Metallic
Minerals

t4 l 8

Metals & Metal
Products l5 ll5t674

205l 0t220163Services

Total 737

Source: Ministry of industry

126 106 1305

l l



Table (3): The Status of Manufacturing activities in Khartoum State

bv Industrial sub-sector in 1997-1998

Activity 0perating out of Under Licensed rotal
operating construct

Food indusW 227 128 36 40 431
Textile industrv 52 l 19 252
Wood & wood
products

- a
I J 24 46 149

Paper products &
printing 85211 l50

Chemicals 166 l07 l t57 404
Non-metallic
Minerals

1193575

Basic Metal
industry

45l920

Metals & Metal
products l l

Total 674 369 72 398 l513

Source: Ministry of industry

Table 1.3 shows the status of industry in Khartoum area in 1997-

1998. There were l5l3 listed factories of which 674 (44.5%) were

operating, 369 (24.4%) were out of operation, T2 (4.87o) rvere under

construction and in 398 cases there was a license from authorities but

construction was not vet started.

The role of the industrial sector has been rninor in economy of

Sudan and the perf,ormance of the industrial sector has been

unsatisfactory with the growth of the industrial sectoi lagging behind the

overall average economic growth. The contribution of manufacturing

sector has been around 9o/o 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

diversification charactertze 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

autonomv.

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 rvorld 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 & rnigration to urban area complicate the

development challenges facing the Sudan. Khartoum lies at the middle of

the country at the interception of 15o36' N, 3232' E latitude and

longitude respectively, and altitude of 386 meters (UNIDO, 1983).

Climate of the Studv Area:

The temperature ranges from 6.2'C - 4'7.5oC, relative humidity

28yo, 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.
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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:

l. To Qualifu and quantifu the liquid waste from the selected
factories in studv 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.
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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 rvest 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)

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

1 . Type and amount of product manufactured and manufachlrins

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
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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 unrvanted or
discarded waste material arising from industrial activities (park, lggT)

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 rvastes vary
significantly, from place to place as well as among industries in the same
place, and even among industriar prants in the same industriar category
(Mohamed, 1999).

Effect of Solid Waste:

As solid wastes are heterogeneous in nattre (degradable and non
degradable), their impacts on the pollution problem are manv.
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The accumulation of solid wastes in man's environment
constitutes a positive health hazard because of the following reasons
(Park, 1997)'.

i. The organic portion of solid wastes ferments and favours flv
breeding.

ii. The pathogens may be conveyed to man through flies and dust.

iii There is 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 tlisposal:

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 rnethods 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 atrnosphere 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 Q.{ebel & 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 llom 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 ftlels, and refuse

Suspended particulate matter, and volatile organic compounds

(VOC'), carbon monoxide, Nitrogen oxides (No*), sulfi.rr oxides (So*)

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, sulfi.rric 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 rrour and from place to
place.

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

i. Effects on httman health and hazards such as chronic bronchi
and other respiratory diseases and toxicity for human being.

ii Effects on materials and aesthetics.

iii Plant damages and arrimal harming

iv. At the global issue air pollution leads to global rvarming 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 is 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., l99l).

In order to minimize problems, risks, wasted matter & energy
contained in the industrial wastes, treatment is needed, or to increase the
effrciency & profitability of industry @lhaj, 1984)

The process is ttsually canied to promote waste quality in order to
reduce its eflect 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.

2.2.3.1 Waste-water treatment basicallv involves two sets of

measures:

l. Preventive

2. Curative.

The preventive steps are made up of:

i. Volume reduction.

ii. Strength reduction.

Volume reduction achieved by the following:

a) Conservation of water used in the process

b) Segregation of different streams in the process.

c) Recycling and re-using water used in the process

d) Changing the production schedule to decrease rvastewater

produced.

e) Avoiding slug or batch discharges.

Strengh reduction achieved by:

i, Equipment modifications and process changes

ii. Segregation, equalization and proportion

iii. 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 rvere

obtained: -

l) Physical methods, to remove solid or liquid pollutants, based on

their density difference l}om 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 coaErlation,

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.

i. Neutralization before they discharged into rvater bodies or

municipal sewers.

ii. Removal of poisonous substances

iii. 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 followine:

i. Active-sludge process

ii. Trickling-filter process

iii Stabilization ponds

iv. Oxidation Ditch

v. Rotating biological contactors

vi. Sludge digestion

vii. Fluidized-Bedcontactors

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 rnunicipal sewerage system.

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

Construction of different plant in the same area from rvhich the
wastes are neutralized and cannot need method of treated.

Final effluents and sludge can be disposed of by four alternatives:

i. Return to source

ii. Inigation

22



iii. 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

fiom polluting the surrounding environment. Also special care must be

taken wlten disposing thern either by burning (to avoid the contaminate

underground water) or storing them in dmms (to avoid corrode the

tankers).

Main industrial 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

Khaftoum and Khartourn North.

i) El Goaze sewage treatment plant non-operational.

ii) Khartoum sewage treatment plant:

The Khartoum sewage treatment plant is at Soba was constnrcted

(1982- rehabilitated in 1992). It is operated for treating both domestic

and industrial waste. The design capacity 3142A m'/d.
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iii) Khartoum North Treahnent Plant:

Khartoum North is 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 is installed including 300 factories only. The plant faces

problems as the BOD reaches above 2000 mgl, oil contents are very

high and so is the pH. The amount of organic nutrients is very low for

effective bacterial activities. Cunently hazards are arising and

neighboring lands are endangered phase one design capacity is 6 MGD

(227 00 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 200l(Annex III in Arabic).

Industrial Local Order 1971 defines the characferistics 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 IV).

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 canied during the academic year 20AV2002 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 followins 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
constructionIndustrial sector Licensed Total

Operating Out of oPerating

Food industry l 7 ll 8

Textile industry t { {3 l

Wood & wood
products 522 l

Paper & paper
product & printing 2 ll4

232923895

Non metallic
Mineral product 18l 8

Basic metal industry l 6 3 3t4
Metal & Metal
Product

f,ErilE!mTotal

Source : Ministry of Industry

Small factory producing vinegar & Custard powder, Table (5) Shows

industrial sub-sector in Omdudrman

Table (5): Subsector for food industry.

Sweet

Canning
2

(out operation & under construction)
Tahaniya
Edible oil
Jam & Beverage

Biscuits
Juices
Mills
Starch product

Animal fodder

20

l0
l 8

Total

76

171



Source : Sudan Survey Department

'Sig(2): The Three Tou,ns
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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 industrv in Omdtrtman

Tricot
Readv-made clothes
Tanneries

Leather IndusW I
(under construction)

Total 144

Other sectors:

3. Wood & Wood Product sector include 52 plant.

4, Paper & Paper Product and Printing include (20) Printing and (l)

Carton which is under construction.

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

Paint, Cosmetics and Perfrrme, Wax and Medicine (under

constmction).

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).

l 0
35

Jplqing textile
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Table (7): Selected industries

Industrial .. Out of
. (rDeratrng

Sector 
-r-"- -- '- ' t '  

operation
u.ndtl. 

Licensed rotal
construct lon

OilMi l ls t4 20
Soap l3 7249

Soft drinks
Tahnia l 3

Tanneriers

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 ftom the selected

special emphasis on liquid waste because

environment.

3.2.1 Methods Used:

l. Field surveys, physical visits

collection.

2. Questionnaires (1,2).

3. Experimental work.

4. Statistical analysis.

3.3 Survev & Data Collection:

plants was considered with

of it's great effect on the

to the selected factories and data

Data about existing plants were collected from many sources,

namely, the field survey and physical visits to the selected factories,

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 (l) 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 materials;

faced the oil rnills. So the frequency of sampling was a sample every l0

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 Bxamination of Liquid Wastes:

The physical characteristics were determined after Cleslerri, 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 accordins 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 Arnold F., 1989) The tests carried are BOD by method
(5210B). In the case of dissolved oxygen (DO) method (a500); the azide

modification method was used, COD was tested in accordance to method
(52208), The method (G5-40) was used for oil and grease (Link W.E,

tee7).

Metal Determination:

The metal tested here was chromium The Chromiun 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 concerned

departments. The waste disposal labourers, were also interviewed, to

Know the amount of waste disposed.

3.8 Statistical Analvsis:

Statistical package for social sciences (SPSS) software was

used for the analysis.

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

Disease and Upe 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 is 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 Mil ls:

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

dunng summer. It processes cottonseeds. The factory works 180

day/year based on two shifts per day. The daily proiluction is 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
l- Elmadeh Oil Mills Co LTD Edible Oils
2- Babiker Oil Mills Edible Oils
3- Suliman Tannery Skins Tannine
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 Factorv Tahnia

Table (9): General information about the studied factories

Industrial Unit Commission
date

Area
(m2)

Capital Employment
(SD million) Total Sweepers

Fuel
gaUd

5014000 105t964l- Elmadeh Oil
Mills
2- Babiker Oil
Mills 4441001997

3- Suliman
Tannery 1997 I  250 t2

4- Nile Soft
Drinks I  998 2240 l 0170800

5- Tagoug Soap 667l0522400I 995
6- Tawfig Soap 6707 l40001979
7- National
industries

I  968 4200 242

8- Yareem Tahnia I  999 2525
Total 1226 547 3933

34



Table (10): Selected industries - waste handling workers - general information

Industrial Unit Age (range) Training Serryices provided Common Occupational
diseases

Medical services &Comments

-Elmadeh Oil
4i l ls

30 Skilled Medical, meals, normal clothes
From insurance deposits (2 months
has been working in waste disposal)

-Babiker Oil Mills / 1 4 Skil led Medical, transportation, meals
From insurance deposits (4 months
has been working in waste disposal)

-Suliman Tannery t5-34 Skilled Medical
Chest diseases, allergy &
eve diseases

From insurance deposits

-Nile Soft Drinks l9 -44 Skilled Medical
From insurance deposits (2-3
months has been workins in waste
disposal)

-Tagoug Soap 53 Skilled Medical, meals Eye diseases From insurance denosits

-Tawfig Soap z ) - J  z <\r_:r ^r Vfedical, transportation, normal - - -r_ - _: _SKt l leo _,  _ . ,_  _ _ _^^r-  uacK patn
clothes. meals

From insurance deposits

-National
rdustries

t7 -56 Skilled Medical
Chest diseases, leg
muscles pain, eye diseases

From insurance deposits

-Yareem Tahnia 35 Skilled Non Headache
No insurance (2 months has been
working in waste disposal)



Fig (4|: common occupationar Diseases among waste Handring workert

Chest Diseases
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Seed Storage

Seed Preparation (Cnrshing)

Seed Processing cooking and pressing

Refining Processes Neutralization

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

Fuller Eart

Fully Refined Oil

Production Process:

The raw rnaterial used is the cotton seeds. Oil seed processing

amounts to seed cleaning, cmshing, cooking, and pressing, rvhere l3Yo

of oil is obtained from white seeds and 18% of oil is obtained flom black

seeds.

Bleaching Neutral Oil

Deodorization Process

) t



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 (ll) and (12),

which is varying with time as in Fig (6).

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

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

The factory has a generator 827 KVA and a r.vater 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 cnrde and refined oil

Fig (7).
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Table (11): Studied Industries -Liquid Wastes Sources and Types

Industrial Unit Orisin of maior wastes

- Elmadeh Oil Mills
Wash down process. oil spillage, solids from oil cakes, shells of raw sceds, cooling process, water, boilers, alkalis, oil refining,
bleachine neutral oil. deodonzation and maintenance oil

- Babiker Oil Mills Wash down process, oil spillage, solids from oil cakcs, 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 rvashing, wash dorrm process. cleaning of equipments, syrup-storage, tanks drain. sugars & liquid gases.

- Tagoug Soap Was down of soap. soap purification, detergents, oil spillage. alkalies used with other salts. refining & saponif ing of soap stack.

- Tawfig Soap
Wash down process, soap purification. detergents- alkalies used w'ith other salts. saponif ing of soap stack, gllcenn, fatqv acids and

- National Industries Wastung of raw materials, cleaning of equipments, cooling & boilers

-Yareem Tahnia Wash dolvn process, cooling, boilers. salts and cleaning of equipments



Table (12): Elmadeh oi l  mi l ls
Flow rate (Q*) =

Co. LTD
19 .96 m3 /day

No. parameters Pollution load (Ke/d) Standard Waste
deviation

load Kgll000Kg
ProductMin Average Max

Mean
me/l

Range
mgl

BOD(mdl) 17.9 t 9 2 t9.9 960.7 896-996 56. I 0.9202

CoD (mdl) 29.1 3 1 . 5 32.'7 1574.3 t172-r936 8 9 2 I .508

Oil &grease(mg/l) I  3 6 . 9 200.1 2 6 3 . 8 100 l8 68 :17 -13189 J t / l 9 .5958

T.S.(mdl) ) ) + z 3489.3 3606 t71166.7 I 67 I 00- I 80300 6732.3 167.  I  l4

T.D.S.(m91) t770 1863.'7 I88"1 9 1 8 3 3 . 3 88500-94200 29'70.4 8'7.963
<f,

T.S.S.(mell) 1572 t652.7 1722 82633.3 78600-86100 3'782 79.151

Temp.(C0 ) 44.3 5 l 5 . 944.3 40-5 I

pH tt.'7 1 2 . 8 t l . '7 -r2.8

Conductrviqv(mScm-l) 169.2 179.5 187.8 t'79.s 169.2-t87 .8 9 .171

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



Fig.(6 ) Etmadeh Oit Miil Factory Fluctuation of BOD &COD of Waste.

F{-Bofisnl
l-+-cop msn I

2

Experiments
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I . ig (7):  El-Madih oi l  Mi l ls Matcrial  Proccssing ( l- low Shcct)

Cake Flow

Source Factory Engineer

Delinitins Unit

old oil Milr

Oil Filling

t(aw Materials &
Crushed Seeds Flow



4.1.2 Babiker Oil Mil ls:

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
oilfrom cotton seeds and works 300 dav for oil ffom groundnuts.

4,1.2.1 Production Process :

Oil production involves seed preparation (cmshing), 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 rvaste was
collected into uncovered tanks then pumped to the lorry and disposed of
on land.

The characteristics of wastewater are shown in Tables (ll), (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 nr,,o
$omge tanks having a total capacity of 600 tons store cmde and refined
oil.
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Table (13): Babiker oi l  mil ls
Flow rate (Q*) : 15.45 m'/doY

No parameters
Pollution load (Kg/day) Mean

mg/l
Range

mgl
Standard
deviation

Waste load Kg/l000Kg
ProductMin Average lVIax

BOD(mdl) I  1 . .14 I  1 . 6 I  l .  / + 963 953-978 t3.23 0.'t 133

COD (mgll) 18.77 1 8 . 9 1 9 .  l 3 t57 5.3 I 563- I 594 16..t-r t . t669

Oil &grease(mg/l) 9 5 . 1 8 95.3 95.36 7939.3 '7932-7947 7  . 5 1 5 . 8 8 1

T.S.(mdl) 1681 1705.6 1729.2 t42t33 t40300- 144 100 1903.5 105.28

T.D.S.(mgll) 943.2 968."1 79667 78600--80700 1050.4 5 9 . 0 1 s
3

T.S.S.(mdl) 740 4 869.6 u07 6 72467 6t-/00-92300 I7 t97 53.68

Temp.(C0 ) 42.3 45 42.3 40-15 2.5

pH 9 .+ l 0 . l 9.4-10 .1

Conduchvity(mScm-1 ) 158 t61.2 163 t6t.2 158-163 2 . 8

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



Fig'(8 ) : Babiker oill Mills Factory, variation of BoD &coD of waste
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4.1.3 Tagoug Soap Factory:

It is 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 tonlday.

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
(ll), (14), which is varying with tirne as in Fig. (10).

The solid waste is constituted of soap
container of raw material. The solid wastes first
them are sold or reused ancl the other part is
disposed of on the land allottecl by municipality.

pieces, soda, paper and
are sorted. Then parts of
collected rnanuallv and

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 (1.1): Tagoug soap factory liquid waste characteristics
FIow rate (Q*) : l17 '44 m'ldaY

Pollution load (Kg/d)
No. parameters

Mean
mg/l

Range
mgil

Standard
deviation

Waste load Kg/l000Kg
productMin Average Max

BOD(mell) 9 . 9 l 0 l0 664.7 661668 0 . 1 43 . 5

COD (mgll) 1 3 . 8 1 3 . 9 l . l . I 9 l8-94 I 0 .  l 9I  1 . 5

Oil &grease(mgll) 56.7 t62 .8 269 10855 3780- t7930 707 5 2 2 6 @
'f,

T.S.(mdl) 107 I rt62 1222.5 77167 71400-81500 53.r8.2 16.  l4

T.D.S.(mgll) 630 6 5 1 42000 39800-43400 t928.7 8 .75

T.S.S.(mgl l ) 474 5 i l )  / 1 . ) r ) + O  / 3 1600-38 100 J + Z  I 7 . 3 9

Temp.(C0 ) 62 '70.3 1 l/ U . J/ o 62-76

l . lI2pH 10.7 t2 t 2 . 8 10.7-t2.8

Conductivity (mScm-t ) 62 / u .3 1 l7A.3/ o 62-'76

Q* obtained from many sources, industry interviewer and public water office.
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Plate (1):wastewater site alloned by municipal authorities
is located at the east of sraughterhouse of Ministry of
finance (wastewater is disposed of from oil m'rs
factory).

Plate (2): wastewater 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), is 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 rvorks 300
d/yr on the basis of two shifts per day.

Production Process:

As in Fig (l l) the raw material
shaped to be packed into cartons.

Factory Waste Matter:

is mixed , boiled, solidified andlastly

The solid waste is constituted of
container of raw material. The solid wastes are
disposed of on the area allotted by municipality.

The characteristics of waste water and source are shown in Tabre
(15), (ll). The waste water is pumped and disposed of on land u,ithout
any treatment.

4.1.5 Nile Soft Drinks:

soap pieces, paper and
collected manuallv and

It is private company,
per day Table (9)

produces 84 tons of stim (336000 bottles)

The factory works 300 day/yr on basis of two shift.
uses salts, sugar, water and concentrated as raw materials.
has a generator and a water yard (Artesian well).

The factory

The factory

5 l



Fig. (l l): Tawfig soap factory
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Table (15): Tawfig soap factory liquid
Flow rate (Q*) : 40 m

waste characteristics
- /o.av

Pollution load (Kg/d) Mean
mgll

Range
mgll

Standard
deviation

Waste load Kgll000Kg
productNo. parameters

Min Average Max

BOD(me/l) 1 3 5 1 3 6 I  3 .68 61 5-681 0 .  l 9.1.6

COD (mgll) 19 -t 1 9 . 5 19.7 975 968-985 8 . 9 0 2 7

Oil &grease(mgll) t 7 . 2 t 7  . 7 1 8  I 883 .3 860-907 23.5 0 .24

T.S.(mgll) t702 t '766.7 18.r8 883 3 85 100-92400 3720 7 24 54 e.l
rr)

T.D.S.(mell) 95.1 992 47700 45200-49600 2260.5 13.25

T.S.S.(mdl) 8t2.7 4063 3 39200-42800 1908  8 11.29

Temp.(C0 ) 4 t 49.7 55 49.',| 4'7 -55 1 .6

t . 2pH 10..+ l  - t  . J 12.6 r 1.3 10.1-12 .6

Conductivity (mScm-l ) 5 . 18 8 2 9r.6 97.4 9 1 . 6 88.2-97.4

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



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 eaclt bottle).

Factory Waste Materials:

For liquid wastes volume and characteristics are in Table (l l),(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 mannally and disposed of on land

plate (3, 4, 10).

4.1.6 Suliman Tannery:

It is 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 is 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, sulftlric acid and salt

solution and the chemical are mixed in different concentrations. The next

step is tanning the skin and the last step, packing and export.
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Fig. (12): Ni le Soft Drinks Factory Matcriar processing ( Frow shcet).
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Table (16): Nile soft drinks bottling factory liquid waste characteristics
Flow rate (Q*) : 451.01 m'/daY

Pollution load (Kg/d)
No. parameters Mean

mgil
Range

mgll
Standard
deviation

Waste load Kgll000Kg
productMin Average Max

BOD(mell) 165.6 3 56.,1 146.7 8 9 . l - I 8 6 t . 9 75 l

COD (mgll) 8 1 2 2 0 1  3 43 8.- l 1 7 5 . 5 t09.6-214 5'7 .1 2 . 4

T.S.(mgll) 505.3 1080 .r53 3 2'/0-590 165 6.02

T.D.S.(mdl) t52 )  t z 330 200-410 I  1 3  6 1 .43
ta)

T.S.S.(mgll) 1 3  3 . 3 280 123.3 70-180 1.595 5 .  I

Temp.(C0 ) 3 5 22-35

0.28 . 6pH 8."t 8 .6 8 . 8 8.4-8.8

Conductivity(mScm-1 ) 0 .38 0.6 0 . 8 1 0 . 6 .38- .8 r 0 . 2

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



Fig'(13 ) : Nire soft Drinks Botting Factory waste Variation ofBOD&COD
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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 ofthe factories.
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Fig (la ) : 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 ll.9).
The liquid waste containing chemicals & particulate is pumped without
treatment to open area. The solid wastes are collected manuallv. 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 28g 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 srveet 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 (22c) and contains
dissolved and suspended solids. It is disposed of on land (open area). The
characteristics of waste water are shown in Table (l l), (l g)

Storage:

Tahnia 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'ldaY

Pollution load (Kg/d) Mean
mg/l

Range
mgll

Standard
deviation

Waste load Kg/l000Kg
productNo. parameters

Min Average Max

BOD(mg/l) 30.78 3  1 . 53 l . l 973.3 962-981 l l 0 2 1.67

2 COD (mgll) )  t . J 57 .9 58.3 1808.7 t79t-t821 t5.7

T.S.(mdl) 1004.8  I187 1360 37100 31400-'12500 5556. I 178.08

a T.D.S.(mdl) 249.6 3t5.7 374.1 9866.',7 7800-l 1700 1960.4 47.36

s T.S.S.(mgn) 7 5s.2 87 r.5 985.6 27233 23600-30800 3600.5 t30.72

6 Cr(mg/l) 0 .1728 0 .189 0.208 5 . 9 5 .44 .5 0.5568 0.02832

7 Temp.(C0 ) 1 l252,L 22-25 1 . 7 3 2

8 p H t 2 . lI 1 . 8 l l . 8 - 1 2 . 1

9 Conductivity(mscm-l) t5.9 24.8 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 m3lda'

Mean
mgllMin

Pollution load (Kg/d) Range
mg/l

Standard
deviation

Waste load Kg/l000Kg
product

No. parameters
Average

BOD(mdl) 19 l.r t9.6 19.7 978.7 9't2-986 7.O2 1.63

COD (mg/l) 2.669.0'7)  t . t31.76 3 2 . 9 t594.7 1588-1605

T.S.(mdl) 2890 2940 30 r6 147000 l-14500-150800 3345.  l5 245

T.D.S.(mdl) I 650l5 94 1630 8 1500 79700-82500 1562.05 1 3 5 . 8 3
cq

T.S.S.(mdl) 1268 t366l 3  l 0 65500 63400-68300 2523.89 r09.t7

Temp.(C0 ) 22' l A 20-24

0 . r29.79 .89 .79 .6 9.6-9.8

Conductivity(mScm-l ) t66 .2160.3 t63 .9 163.9 t60.3-166.2 3 .  l 8

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



4.1.8 Yareem Tahnia:

This is 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
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Table (19): Yareem tahnia factory liquid waste characteristics
Flow rate (Q*) = 23 m'lda'

Pollution load (Kgld) NIean
mg/l

Range
mg/l

Standard
deviation

Waste load Kgll000Kg
productNo. parameters

Min Average Max

BOD(mell) I  / . O t .769151 9 . 6t  8 . 3 878-982 5 8 .  l 3

COD (mdl) 28.2 29.5 i  t . o t1'73.3 I 4 l 2 - 1 5 8 0 92.72 2.81

T.S.(mg/l) 2830 2930.7 3l.l.t 149033 141500-157200 7869.1.r 286.82

T.D.S.(mg/l) l 6 t 6 1615.3 1758 83767 80800-87900 3690 .98 16t.2l l/)

T.S.S.(mdl) 12t4 l .+85.3 1926 74267 60700-96300 19251.06 t42 .93

Temp.(C0 ) 24 .3 25 t .  l 524.3 23-25

9.6-  10 .3 0 .369 . 9l { ) . i.) ()9 .6' rH7

8 Conductivitr'(mScm- I ) 161.9 t68.r'7 r76 168.2 t6L9-t75.9 7 . t l

Qn 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 is 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 +

S.E : 33.3 + 3.91. 16.'7% were non educated, 55.3% primary school
educated, 16.7% high secondary school and 8.3% after secondary school.
58.3% were single and 4l .Tohwere married.

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

Table (20) Type of industries and disease

Type of industries
Disease

Yes number ("h) No number (Y"\

Tannery
)

(100)
0

(0)

Soft Drinks 0
(0)

I
(33.3)

Tahnia 2
(66.71

I
(33.3)

Oil Mills 0
(0)

7

(100)

Soap 2
(66.71

1
(33.3)
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Fig(16 ) : yareem Tahnia Factory waste Variation of BoD & coD
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Fig (  17):  Relat ionship between prevalent diseases and industr ies among the
industry's workers include in the study

66.7o/o

r -  -  - f - -
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Oil mills
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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 pe{cent0ge 0f th0 tliSdltSe ilnd

the work period amlng thc workers o{' the industries included in the
study. Table (21), Fig (18). The observed relationship is statistically non-
signif icant at95% Ievel (P:0.187)

Table (21): The relationship between disease and rvork period

among workers of the industries included in the study.

Work period
(month)

Disease
Yes number (o/o) No number (o/o)

<12 I
(20)

4
(80)

t2-36 2
(50)

2
(50)

37 -6A 2
(100)

0
(0)

>60 I
( l  o0)

0
(0)
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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 is 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 figrrres the large amounts of waste waters are mainly from Nile soft
Drinks factory, Tagoug Soap and rawfig 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)'. Contnbution of selected industries effluents to the total pollution load

Industrial unit
Q't BODs COD o&G T.S D.S S.S

lmrlo; (Kg/d) (Kg/d) (Kgld) '(Kg/d) (Kg/d) (Ksld)

Elmadch OilMil ls Co .LTD t9.96 t9.2 3  I . 5 200 4 3 4 8 9 . 3 1863.7 t652.7

Babikcr Oil Mills 15 .45 l l 6 1 8 . 9 953 1705 6 956 869.6

Suliman Tannerv a  ,  a 4
) + . +  I 3 l  I 57 .9 tt87 2 315  .7  87  1  .5

Thiga Soft Drinks Bottling Factory 45101 165  6 20t.3 s05.3 372 133 .3

Tagoug Soap Factory t t7 .14 l0 139 t62 .8 n62 630 532

Tarvfig Soap Factory 40 1 3 . 6 195 17.7 t766.7 954 8t2.7
ol
t--

National Industries Sweetes aad Biscuits 196 31 .9 2940 I  630 t3  l 0

Yareem Tahnia Factorv z ) 18 .3 29.5 2980.7 t675.3 1485.3

Total 723.33 289 404.4 476.2 t5737 8396.7 7667.1



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

Industrial unit Q* BODs
(m3/d) (Kg/d)

T.S
(Kg/d)

coD
(Kg/d)

o&G
(Ksld)

D.S S.S
(Ks/d) (Ks/d)

Elmadeh Oil Mills Co .LTD 2 76% 6 64% 7.79% 42.08% 22 t7% 22.20% 21j6%

Babiker Oil Mills 2.14% 4 0I% 4.67% 20.0t% r0 84% n.39% I t .34%

Suliman Tannery 477% I076% t432% A0A% 7  s4% 376% n37%

Nile Soft Drinks Bottline Factorv 62.35% 57.30% 49.78% 0 00% 3.zty" 4.43% t.74%

Tagoug Soap Factory t6.24% 3.46% 3.44% 34.t90/o 7 38% 750% 6.94%

Tawfig Soap Factory s 53% 4.7t% 4.82% 3.72% tr.23% tr.36% r0 60%

National lndustries Sweetes and Biscuits 3.04% 6.78% 7.89% 0.00% l8.68yo 19.41% 17.09%

Yareem Tahnia Factory 3 t8% 6.33% 7.29% 0 00% t8.94% t9.9s% t9 37%

c.lr*.

Total 100.00% 100.00% 100 00% 100 00% 100 00% 100.00% 100 00%

Q*: Flow rate
d: Day



Fig. (19 ): studied Indutries wastewater (percentage) Frow Rates
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Fig. (20 ): lndustrial Wastewater ftow Rates{e*)
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Flg. (21 l : Industerlal Llquld Wasiewater 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. (2a).

In this case most of the solids are liberated from Elmadeh oil, and
the Yareem factory. Furthermore, when looking at the sftrdied 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) : IndustrialWastewater Percentage COD
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Fig.(23): Industrial Liquid Waste Oil & grease (Persentage)
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Fl11%

Flg.(24 ) : Total Solids of Industrlal Wastewaler (Persentage)
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Table Q$z Heavy metal (chromium) of wastewater disposed on the land

Industrial Unit Cr mg/l Average mg/l

Suliman Tannerv
5.8
5.4
6.5

5.9

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

Table (26'12 Organic constituents of wastewaters disposed on the land

lndustrial unit
BOD COD O&G

range mg/l range mg/l Range mg/l

l-Elmadeh Oil Mills Co. LTD 896-996 t472-t936 6847-13189

2-Babiker Oil Mills 953-978 1563-1594 7932-7917

3-Suliman Tannery 962-984 I79l - I  82 I

4-Nile Soft Drinks Botthng 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 9'12-986 1588-1605

8-Yareem Tahnia Factory 878-982  l 4 l2 -1580

Industrial Unit Percentase to total sub-qrouD
l-Elmadeh Oil Mills Co. LTD 7 .1
2-Babiker Oil Mills 7 .1
3-Suliman Tannerv 33 .3
4-Nile Soft Drinks Bottline Facton 100
5-Taqous Soao Factorv 7 7
6-Tawfie Soan Factorv 7 ' 7
7-National Industries 7 .7
8-Yareem Tahnia Factorv 7' , |
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Table (27): Solids content of wastewaters disposed on land

T.S. D,S. S.S.
Industrial unit

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

l-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-,12500 7800-11700 23600-30800

4-Nile Soft Drinks Bottling Factory 210-590 200-410 70-180

5-Tagoug Soap Factory 79500-81500 39800-.13400 31600-38100

6-Tawfrg Soap Factory 85100-92400 45200-49600 39200-12800

7-National Industries Swcctes and Biscuits 144500-150800 ?9?00-82500 63.100-68300

8-Yareem Tahnia Factory 141500-157200 80800-87900 60700-69300

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

Industrial unit
Temperature pH

range ("c) range

l-Elmadeh Oil Mills Co. LTD 40-51 I1 .7 -12 .8

2-Babiker Oil Mills 40-45 9 . 4 -  1 0 .  I

3-Suliman Tannery 22-25 l l . 8 - r2 .1

4-Nile Soft Drinks Bottling Factory 22-35 8.4-8.8

5-Tagoug Soap Factory 62-',t6 t 0 .7 -12 .8

6-Tawfig Soap Factory 47-55 l0  4 -12  6

7-National Industries Swcets and Biscuits 20-24 9 6-9 .8

8-Yareem Tahnia Factory 23-25 9 .6 - r0 .3
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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.

5,1 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 frrel 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 ref lected in Figs (5,9, 11, 12, 14, l5).

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 (5): tttegal dumping site at the middle of industrial Area.

Plate (6): Another ilegar dumping site not far from
residential area (New Omdurman Hara l).

84



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:

5.2.1 Industries practice land waste disposal , and these are

100% of studied industries.

According to Article 26 of Khartoum North local order. The

allowed (BOD5 & S.S) contents of the disposed wastes should not exceed

800 mg1l, bnt nothing is mentioned about the COD. However, from

Table (26), the Elmadeh Oil, Babiker Oil, Tannery & Tahnia factories are

exceeding the permissible BOD amonnts. The rvastes 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 (gease and oil), the oils

and soap factories are exceeding the limits.
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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 fiom the article 23 point of vierv.

The variation in the BoD and coD values Figs (6, g, 13, l6).

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 sunounded 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).

5.2.2 Industrial Solid Wastes:

The municipality has garbage collection system in the indusrrial
area. The municipality of Omduffnan town had allotted two sites for
waste disposal , now are surrounded by town extensions (i.e I 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, l0).

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
( l  1 ,12) .
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Plate (7): An empty space, facing tawfic soap factory is
used as a temporary dumping area.

Plate (8): rhe next residential area it's about I kilometer far
from the dumping side.
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Plate (9): Sotid 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'S: Studied industries waste water physical characteristics

Physical properties
Industrial unit

Odour

I- Elmadeh Oil Mills Aromatic like Dark brorvn

2- Babiker Oil Mills Aromatic like Dark brown

3- Suliman Tannery Nasty

4- Nile soft drinks Odourless
5- Tagoug soap Aromatic like Yellowish
6- Tawfrg soap Aromatic like Yellorvish
7- National industries 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

123.3 m3/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 amotrnts

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 Ud. The
total oils on the other hand were found to be 0.4'76 Vd and the wastes are
characterized by a very high total solid contents (15,737 r/d) The
amounts of solids is high, because all studied industries are lacked for
pretreatment 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 (1r): 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).



All solids contained and organic contained are discharged on land,

Tables (22,26,27) and Fig (2a).

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 (16.2oh), followed by

tlre 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%o of the total BOD and 4.7Yo and 4.0Yo 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 Q43%) and the tahnia, which produces 7.8o/o of

the total COD load. The soap factories and Babiker oil come next.

However, when oil and grease are taken as pollution source. The

Elmadeh oil mills factory discharges 42.1% of total load,then tagoug

34.2yo, the Babiker oil 20o/o and lastly is the Tawfig soap factory.

5.3 Waste Handling Workers:

The labourers working in waste handling are the old ones, theyare

unquatified. The labourers have neither ability to change their job, nor

skilled enough for other job Table (10).

In all factories insurance 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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5.4 Waste effects:

(i) 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 burned 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.

(ii) Air Pollution Effects:

The dusts and particulates enter the atmosphere fiom 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 numbef of pnvak
generators and eqtupment 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 (1a): Wastewater is used for brick makino
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Chapter Six

Gonclusions & Recommendation

The absence of rnunicipal 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 rvorker 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 flom 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 rvater for brick making
plate (14)

l0- All the above drawbacks are due to the lack of proper waste
management system, like waste minimization, recycling and
pretreatment plants.

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

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

types of wastes and enforcement of these legrslation and standards.

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

better knowledge of the water consnmption 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- Constntct similar factories in specific area for reducing rvaste 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 rvater.

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 inigation 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, aflecting 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 constmcted in such a manner so as to
prevent infiltration.

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

Industrial Waste Local Order 1971 of Khartoum
North Municipal Council

o Part I General
. Part II Definitions
o Part III General Provisions Minimum Standards

III 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.

m . II - Industrial Waste Pre-treatment facilities

. 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 ofthe council:

--24 fr
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 Oil

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 rnanner.

---26 Suspended Solids and BOD

No waste shall be allowed in any public sewer with suspended solids
or a BOD content greater than 800 mglL; 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, nifrors
oxide or any of the halogens shall not exceed a concentration of l0 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 l0 mg& 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.

l l 9



--31 Minerals

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

;ffi,:{*:T 
than in the table shown belorishall not be allowei in uny

Metal

Fe and Mn
Cr
Cu
Co
Zn
Ni

Concentration in mgr

5.0
1.0
0.2
0.1
0.3
2.0
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Appendip V

Universityaf Khartoum

Institute of Environmental Studies

Study on Industrial Wastes in Omdurman Industrial Area

Questionnaire (l)

Date :

Secfion (A) General

a) Identification:

l .  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:

i) Private Individual ( )

ii) Company ( )

iii) euUticnrivare Sector ( )

iv) Co-operative ( )

b) Employment conditions:

i) No. of employees

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

i i) No. of employees involved in waste disposal ? .. .  . . ,  . . .  . . .

a)Temporary. .  . .  . . . . . . .  b)  Permanent

c) No. of males. .. Females.

d).Proportion of waste labour to the total No. of employees....

r 2 l



iii) Types of labour used in waste disposal?

a) high skilled ( )

b) skilled

c) unskilled

( )

( )

c) Services provided to waste disposal employees?

l. Medical ( )

2. Free transportation ( )

3. Meals ( )

4. Clothes : a) Normal ( )

b) Special protective ( )

5. Recreation facilities ( )

6. Financial help in case ofsad or happy events.

. ( )

7. Any other extra incentives.

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

Yes  (  )  No (  )

If yes specify.

i) Against diseases ( )

ii) Against disablements ( )

iii) Death ( )

iv) Others ( )

Annual Estimated Cost of :

L  l nsu rance?  . . . . . . . . . . . . . . 2 .  Se rv i ces

If No from where do waste employees obtain services ?

Section (B) Technical

l) Working conditions

i) woiking days/year

ii) Working hours/day
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rt) no. ot shifts/day.

2) Type of raw material used (chemical and biological)

.volume

3) Volume of final product.

4) Capacity of the factory

5) Source of water used

6) Factory water requirements ? (volume)

l. a) potable water. gal or m'/day

b) for product use... ..gal or m'/day

2.  Sof ten ing water .  . . .  . . . .degree of  sof ten ing. . .  . . .  . . . . .

3. Cooling water. . . . temp.

4. Wash down water. ... gal, m3/day

5. Clarified water. gal or m,/day

6. Demineralized water. gal or mt/day

7. Power source and type.

Consumption

8 Type of waste produced.

9. Volume of waste per year

Max. per day...

Minimum per day.

l0.Type of waste treatment ?

i) Pretreatment ( )

ii) complete treatment ( )

. I1. What disposal systems used at present

t23



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

The property ?...  .

13. Is the factory people interested in recovery ofany

waste component ? .. .  . . .

If yes determine the feasibility, and give information about

The component recovered at the current market value ?..

I 4.Effluent waste characteristics. . .

a) Liquid waste : Rate

pH.. .  .  . .  Turbidi ty .

Temp.  S .S . . . .

Odour.  . .  .  T.S.

Colour BOD

coD

Oil content

b) Solid Waste

l. Sources.

2. Composition... ... . ....(see raw materials for heaw
metals and other toxic materials)

3. Methods of collection.

4. Methods of treatment and disposal.. . .

5. Volume per year.

. l5.Do you think that the industrial area, activities

adversely affects the environment of the town ?

t21



Yes (  )  No  (  )

16.Can you help in improvin

of the industrial area?

Yes  (  )  No(

g the environmental conditions

)

If Yes irr what way ?

l7.Are there diffrculties in disposing the wastes ?

Yes (  )  No (  )

If yes what are the diffrculties

With solid waste

With liquid

l8.Do you give training to waste employees ?

Yes ( ) specify

No (  )

l9.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

i i )  On the bui ld ings. . . . .

iii) On the mac[ines and equipments

Section (C) Economic

l. Capital

i) Capital involved ?

ii) Running cost ?

2. Annual gapacity of the factory

3. ' Present annual costs of waste disnosal ?

D Wages ?
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ll) Material ?

i i i )  Equipments? ...  .

iv) Services ' ' l  . . .  . .

v )  O the rs? . . . . .  . . spec i f y .

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

a )  Max imum ? . . .  . . .

b )  M in imum 1  . . .  . . .

c) Cost ?

5) What a1e the total wages of employees involved in

waste disposal? Per month.

per year,

6) Is there any emendable suggestions to change in

productive processes to reduce the volume and composition

of wastes to reduce treatment cost ?.

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

tf Yes on what bases do you treat in the plant?

a) Paymenl i)Liquid

ti)Solid

b) Volume or concentration of certain ingredient ?
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Universiry of Khartoum

Institute of Environrnertal Studies

Omdurman Industrial Waste

Questionnaire (2)

1 )  Se r ia l  No . . . .

2) Name of tnt.*i.*., .

3) Job of Interviewee.

4) Age of Interviewee.

5) Marital status.

i) Single.

ii) Married.

iii) 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 ? .. .  . . .

i) temporary ( ) ii) Permanent ( )

9) Are you satisfied with this job at present?

Yes  (  )  . . . . . . .why?

No  (  )  . .why?

l0) Have you got any other Job ?

Yes (  )  No  (  )

I f  yes what is i t  ? .. .

How much you earn from that job ?

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

12\ Would you like to change your job?

Yes(  )  No(  )
' knu

Date
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lJ) Do you work overtime hours ?

Yes  (  )No (  )
If yes how many hours/day?

Money earned ?. . .  . . .

14) Do you live near the industrial area ?

Yes (  )No  (  )
If yes is there any inconvenience caused to your family by .
Odours  (  )  No ise (  )
Streetcongestion ( ) Others( )
Specify

If no how far do you live.

l5) Do you make use of industrial wastes ?
Yes  (  )No  (  )
If yes specify (how much) . ...in Dinnar

l6) Do you wash yourself after work ends ?
Yes (  )  No (  )
If yes is it : with soap ?.

Only water ?

Others ? . . .  . .  . . . .  Speei fy
17) Is there any gervices provided to you by the faaory ?

Yes (  )  No (  )
If yes is it : Medical ?

C lo thes  ?  . . .  . . .  .  . . .  .

Free transportation ? ... ..

Mea l s  ?  . . .  . . .

Others ? . . .  . .

Specify

18) How many hours do you work/day.

i) During nlght?.

i i)  Part ly daily, and part ly nightly ?...  . . .
l9) Does your job cause you any diseases ?

Yes (  )  No(  )
If yes (specify).

a) Allergy .( )
b) Chest disease. ( )
cl Eyedisease. . ,  ( )
d)  Sk in d iseases. . .  . . .  .  (  )
e) Accidents. ( )
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20)

2t)

22)

23)

24)

Have you been admitted to hospital last year?

Yes (  )  No (  )

I fyes d iseases ? . . .  . .

Duration?.

Do you have any extended family?

Yes (  )No  (  )

If yes do you send them money ?

Yes ( ) How much ?

No(  )  . . .Why?

How frequent do you visit your home province ?

a) Weakly ( )

b) Monthly ( )

c) Six monthly ( )

d) Annually ( )

e) Others ( )

Is the condition inside the factory healthy ?

Yes (  )

No (  )

If No specifu why?

Do you have problems with public ?

Yes (  )

No (  )

If yes explain
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Appendix VI: Studied Industries Effluent characteristics

Elmadeh Oil Mills waterwaste analvsis

Babiker Oil Mills Efiluent wastewater analysis

Suliman Tannery Effluent Wastewater Analysis

Nile Soft Drinks Bottling Factory Effluent Wastewater Analysis

BOD

mg/l

COD

Mgn
o&G
mgl

T.S

mg/l

D.S

mgA

s.s
mg/l

pH Temp

oc
Conductivity

mScm-1

996 1636 6847 1 8030094200 86100 12.8 42 187 .8
990 1615 13189 17600092800 83200 t2.4 40 181 .6
896 t472 10018 1671008850078600 11.7 5 l t69 2

BOD

mg/l

COD

Mgl

o&G
mg/l

T.S

mg/l

D.S

Mgn

s.s
mg/l

PH Temp

oc

Conductivity

mScm-1

978 1494 7947 14410080700 63400 l 0  I 40 t62 .7
953 I  563 7932 1403007860061700 9 .9 42 158
958 l 569 7939 14200079700 92300 9 .4 45 163

BOD

mgil

coD
mgl

Cr

mg/l

T.S

mgl

D.S

Mgn

S.S

mgl

pH Temp
o c

Conductivity

lllScm-l

974 l 8 l 4 5.8 37400 1010027300 12.l 22 20.2
962 t79l 5 .4 3 1400 7800 23600 I  1 . 8 25 15.9
984 1821 6 .5 42500 l 170030800 I  1 . 8 25 24.8

BOD

mg/l

coD

mg/l

T,S

mdl

D.S

mdl

S.S

mg/l

pH Temp

o c

Conductivity

mScm-l

89 .1 109.6 270 200 70 8.4 33 0 383
165 203 500 380 t20 88 35 071
186 214 590 410 180 86 22 0 8 l2
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Tagoug Soap Factory Effluent Wastewater Analysis

Tawfig Soap Factory Effluent Wastewater Analysis

National Industries Sweetes and Biscuits Effluent Wastewater
Analvsis

Yareem Tahnia Factorv Effluent Wastewater Analvsis

BOD

mgil

coD
mg/l

o&G

mg/l

T.S

mg/l

D.S

mg/l

s.s
mgfl

PH Temp
oc

Conductir"ity

mScm-1

661 918 t7930 7t400 398003 1600 10.7 62 809

668 941 3780 81500434003810012.8 76 868

665 928 10855795004280036700 12.4 - a
I J 846

BOD

mg/l

coD
Mgt

o&G

mg/l

T.S

mg/l

D.S

mg/l

S.S

mg/l

PH Temp

OC

Conductivity

mScm-l

675 968 947 85100 45200 39900 104 47 98 l
681 972 860 92400 49600 4280010.8 55 97.4
684 985 883 97500 4830039200 t2 .6 47 882

BOD

mg/l

COD

mgil

T.S

MC/l

D.S

mg/l

s.s
mgl

PH Temp

oc
Conductivity

mScm-l

978 1 591 14570082300 63400 9.6 22 165.3
972 1 588 14450079700 64800 9.8 20 160.3
986 1605 1 50800 82500 68300 9.6 24 166.2

BOD

mgl

COD

mg/l

T.S

Mg/l

D.S

mg/l

S.S

mg/l

PH Temp

oc
Conductivity-

mScm-l

982 l  580 141 500 80800 60700 10.3 25 161.9
885 1428 14840082600 65800 9.6 23 166.7
878 t412 157200 87900 69300 9.8 25 175.9
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r ; :  l : ;  l '1 ,  '  ,  i '  i
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:;-r. ; ; ; ; ;6f '  :" ' .  i i r  f '
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j;r !.q{Tallygly.r,9rgY9, crucible 34{ filter com'
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nrriiinlanbven at j103 to l05lC for I h..If volatile

. l l i  r r  .  i , . r : . r  l lr;, iqlidl qig tq.be'measq169, ignite'at 5I0 J
, .50lCrfor:tI5 min' in a'mdfl le furnace. Cool
iii'iid;ir""ioi'id.l.uutoi..',t.rfirature and
weidtr. :Repeat: iycle o[,drying,oi igniting,

:' r9o9liqe"lbqqi9ii1i,qgJ; qpd r.veighils until a

il ' i.q r l1 T ! Y "1 et' t'1e,qh I 3jlpg, 85,19,1 li I v.vp i gh t
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; ; s.gtion.2s4o*.' ^iiindii'ili'iiio'ogeneous
, samplel qltc| as,raw wastewatcr, use a large
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'. 
to'."balance temperature;' rattd

weigh.. Ripeat"th-e,cycle of $Uin8, cooling,
desiccotin'!,' and, p.qighjqg',Vntil a constant
weight is.oblained,ort11.nli l ,the weight loss

.is less .thqn,4Eo of,the previous weight or
0.5 mg, which-ever,iis less.

where:
zl : weiblrt of filter

and
Il : weight of f i l ter,

5. Precision

'  
t ,  l

1 , . ' .

* dried residue, mg,

mg.

i . , , '

l . , t  , . i

l l  ,
'l[ 1

i l l '
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l,

. {
1 , .

ri
: [ , '
i
L i
h

I
l,
tl
!:
t .
I

' i l
' f
'  

. i .  , , '
.  i r  i

Jlu"

r l
(coeflicient of variation )17.d at 15 mg/L,
24 mg/L (107o) at 24,2,".mg/L, and 13
mg/L (0.76%) at l7O7 1ng/L in,studies by
two analysts of four set!,'lofilO determina- ,
t ions each. :  l , 'h ' ' t t i ; i t : t ; ' r : ; "  " '  

t '

Single-laboratory duplicater analyses of
50 samples of water and;wastewater were.
made with a standard'deviation of differ-

The standard deviationjwas 5.2 mg/L

ences. of 2.8 mg/L.
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See llame atomic absoriition spectro- electrothermal atomic absorption, speitro-'
metric method, Sections 3i l , lB atrcl C, attd metric method, Section,3l !3. 1,, , ,  , ,  , i , , , , . , ; !  ,r ic  method,  Sect ions 311lB ancl  C.  and metr ic  method, .Sect ion,3t l l :  l i , , , ; i  , . ,  uvy. , . . . . i i  ,  .L. . , , , ,  i  , , ; . - , . , 1 , 1 . 1 . ,  , i

,  1. .  '  , . ,  i ,  , , ; ) i ; ; ; r l  .  , i . , ' , , ,1 1 ' , i ,  t . , : ' .  ' '  
l "  

' , ,J l i i ' : I , 'Ul  
, ,  : ; i  i l . ' t '

r ' I l  , ' ;1 t * t  ' '  ,  
;  r1 :

i  : , ; :  
- ' : : - - i  

\ J  Y  " ' t ,1 . : . : : i i ; ' "1 ;  1 ' . , , i  ( ; : , i' \-/ ' '' :  '  " '  ' t : r  : i "  r r  
'  ' -  

" t t ' ' . ' " : l ' r i ' t ' 1 i \1 r \  

' t '  i ' .  i ' l i t ' j t l t  
i i ; ; :

1 .1 General Discusslon :ii' ' 'l t' 1 interferes strongly-Uut 
"on".ntr.ai,ons 

up,16 : !. 1 ,:i ;l j,i' | .  ugng ta l  u l scuss to l t " '  i j ' i  i l l r e f re rcss r rung ry .ou rsu r l ccn l ra r runsuP , ro . ' f . ' l  : ' ; ; ] i : .
'  '  'r ' ' :"' l: ' '_li l^r:]_^ -.^^^ ' 10 times that of.chroiniumrWill,,not.,cause:':j! i i. ' ' 'S;:
a' ' Princip.le; This,' P1qc9dur9 measl::s ;-;;i". notential,,interferenbe.i'i'r#lp;iiri i;,i'i' i..*

:lll l':1T:91,:1i::il,:fl1ll lT::; ;;;;;;,iJ.ri*inared.by,pri",';il:"n#,.,i ,,1iiii
l ' ^ r ^  l ^  z l a f a * a i l a  t ^ t ^  |  ^ l r ? ^ f f

. , . '  : ' i . .  Ir  ,  . . , l  r  t

fo--r.,. tg determine tolal,flltoqiunr convert. ililTrtd"'i-"'i".""";;;l;;il"'*.","ai,;i;:i ,lL;;l
arr the. chror4iuL tt-rlli,rT.i1fl"1i':^tllle trran t- ms/L may produce a yettoi{'color.'ir 'i ',:',ii!
by.,oxidation,,with ' potass-iuni permansa- rrri if* i.iri" f"" tnelii ar.i ii;"r;i1,";j1; i;:;;;i;i;
TT:iTll,l"::i,lfnl,.'lr.tsrii'' .'' o',T-l- ;;;';; ;ilrt;,i;;nffi;,.!;noq'iutt';li$i:;iimined;lcolorimefrically;,;blli,riaction with ,r'1r,.;;;;.ilii"il;Ul;rru4;H-,i$jili;li1*diphinylcarbazide in acid solirtion. o111' *,i,i,^", "t n; #;iilii,,;+,*lielieiiiig;ii11ii;,
:f::::+n"i;::i,:ll,: t"*ti:*:l,l*'ffi ffi:ii:T"tul o'ouni. iroi,, ;iiil'!",iili*+:'t"" ':Jii :

.  .  
'T.tt  (ve.ry"senslt lve', vanaorum, rron,, andljco'ppel ' 'can, be,.re- ' ;  . ' i i . '  1, , . '

molar 'absorptlvlty'  oased;'on cl lromlum moved by extraction of,t-hi,cui l ferrates;ofj i . l" , : ' .  , i '  ; :
being about 4o ooo L s;' cin-ir at 540 nm' |ffi"#o|j inro'chroroform.,(cHCr,),',A,, .,
To Jeterrnine total,c^nT,iliT:1it_:::.:tl: procecture for ttris extiactionlisiprqvided-' ,.r ,
sample with n'strlfuric-nitric acitl nrixture i; i t; i ;,rot ur" it unr..rrn.".rtury, because',: '  ..r. . r l ' ,a^d then oxidize 

T:1 ?.:l?:Ti':.,H:ll- ;;;;,r*i 
-;,ipr.r.on,i 

andr,cHCl, rinrifihe t :,: r ,,i :ganate'Yel9r-q reaqttltE,ytllt i l lt drplrenyl' aqueous solution.complicate thejatei'oii.1', ,. .;,i;,,
carbaz ide '  j " , ' ' j  . ' i ' t . ,1  I i j  :  . . ,s2 dat ion. r t r .oror l ; f " i f f i :1 i l ; ;a l * , i . i t i Iy i ; , r ,  , i : , .
:ro:,!:,j::{:::'"'i::!:,:i::::',""1 ,:'1':: ilr,ril ,;;;,*.;i *rii,,;iiali""'r;s;i;,'. :::': 'i:;,
pnenylcaroazloe ls nearly,specll lc lor 

"1lo; decompose these compounOi. 
' i . ' ,  

. ,  ,  ,  . '  ' ,  - ; l
mium.. . Hexavalent,,, qolybdenum and ',, i. . , ..,. .
;;;ru;;#;ii;eact,to foirh color, witn I ii",i i' i-.i. ,: i' :. .:rgi

l p , l i n tend i i l es&re ,much  2 .Appara tus .  , ' ' , ' l  
' : r f ' ' ! : r : " [ l r f " t ' ' ' i ' ; i ' " ' : 1U1 i

the .reagent but tl
l ow i r , t f ,an , t l i a t fo r * "h ro - iu - fn t  t l respec-  

- ' . ,  ' , , ' , "  f i , "  i : r , ' , ' : { : i r i ' ' ; '  : ,  ' l l "
ified pH. Concentrationi as higli as 2O0 mg ' a. Colorimetric'equipment.' One.of the"
Mo or Hg/L can be,tole.1ated,, Vanadium fol lowing is required: ,.  i . :  ' .  , . . t  , .  , . , , , ,  . ' i ' l  i  , , . , , . . .  ,
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. : l) Spectropholometer, for use at 540 nnt,
i  lwi th a; l ight  path of i ! 'cm or longer.

,' 2) Filter photometer) providing a light
, lpu,t\,,of.1,:crq,oq 19ngq. and equipp6d with
, J,a'greenish" yellow'fi l ter having maximunl

, ' '  i  transmittance near 540 nm.
, ., '  

tt b',": S' arari 'ry funn)els,'. ' ,125-mL, Squibb
' 
form,.with glass or TFE stopcock anrt stop-

i ;  Pe , r ' , .1  r ' , ,  ; .
I ' ; : , i 1 '  ; . ' , i ' ' '  l j l  . ,
:  :  3:t  Reagents i '

|  ;  , t  r

,' ii'' Use redistilled water to prepare reagents.
l'1,' a. $tock chromiutn'solution: Dissolve

, 141,4 mg {;CrrOr in water and dilute to
1000 mL; li00 mL i f50.0 pg Cr.

b. Standard chibnium solutiott: Dilute
" 10.0 mL stock chromiurn solution to 100

' '  ml-i l .00,ml-': 5.00 pg Cr.
c, Nitric acrd, fINO3l conc.,
d. Sulfitric,'dcid,t H'SO.;'l + l.
e. t{ethyl orange iiidicotor solutiort.

'' 
f, Hy/rogen' peroxide,'HrOr, 307o.

' gi Redistilledtwater:;Distilled water re-
' disti l led in'all-glass. appaiaius.

, '  . ' "h, '  Arnmonium hydroxide,NFI.OI[ ,  conc.

solve 4'g KMnO. in'100 6I, water.

, : jJ'sodiunt azide'solutiorr.' Dissoli,e 0.5 g
NaNr' in' 100 mL'watir."

' 
, . .' k:' Diphenylcarbozide solution: Dissolve
; 'ZSO mg'I ;5 ld iphenylcarbazide (1,5-<l iphcn-
' ylcarbohydrazide) in'50 mL acetone. Store
. . in:a brownlbottle.'} 'Discard when solution' ' '  

becomesrd i i co lo red ; ' ,1  '  ' '
', ;.:''L phlqioform,iCHCl,, Avoid or reclistill
Imaterial ithat: 'comes' in containers witlr

r; metal 'or m'etal-lined 
'iaps.

"ttn) i Cupferion ,\'s,olution:' ' Dissolve 5 g

, C6H'N(NO)ONH;jin'95 mL water.

", 
'n. 

Phosploric''acid,lH3POo, corrc, 
'

. ' ' 'o. ' 'sulfuric acid;' l l2SO1, 0.2N.' Dilute l7
mL 6N HrSO. to 500 mL.with water.

' r  
,  '

4, ,Procedure, ,
' 
a. 

'Preparalion 
of calibratiott curve: To

compensate' for possible sl ight losses of
chromium'during digest ion or ottrer ana-

:

i
I

METALS (3000)

lytical bperations, treat chromium stand.
ards by the same procedure as the sample.
Accordiirgly, pipet measured volumes of
standarql chromium solution (5 pglml)
ranging from '2.00 . to 20.0 

' 
mL, to 

'give

standards for t0 to 100 Fg Cr, into 250-
t t . .  . . .

nil- beakers or*r'conical rflasks. Depending
on pretreatment.'used iq!L4 below, proceed'
with subiequent treatm6nt of standards as
if they were sar,nples, also carrying out cup-
ferron treatment of standards if this is re-
quired for samplesr r' l- , ;: \,r

Develop colol as for samples, transfer a
suitable portion 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 reagcnt blank carried. through the
method. ltr i i , I l .
, Construct a calibration curve by plotting
corrected absorbance yalues against micro-
grams chromium in 102 rn[- f inal volume.

b, Trearnient of sample: If sample has
been fi l tered and acidif ied'and only hex-
avalent chromium is'desired, proceed to
ll 4e.lf total dissolved chromium is desired
and there are'interfering amounts of mo-
lybdenum, vanadium,.copper, or iron pres-
ent, proceed;to'11 4c. If interfer.ences are
not present, pfoceed to l l 4d.If sample'is'
unfi ltered and itotaltchroniium is desirbd,
digest with I{NO, and H.SO. as in Section
3030G. If interferences are present, pro-
ceed to fls 4c,:4d, and 4e. lf there are no
interferences',lproceed to fls 4d and 4e.

c. Rentovol of molybdenunr,' vanadium,
iron, and copper' with,cupferron: Pipet' a'
portion of digested sample containing l0
to 100 pg pf into a .125-mL separatory '

funnel. Dilute to about 40 mL'with distilled
waler and chill in'an ice bath. Add 5 mL'
ice-cold cupferron solution, shake well,'and'
let stand inilce bath for I min. Extract in
separatory funnel with three successive 5-
mL portions of CHCI,; shake each portion
thoroughly'with aqueous solution, let lay-
ers separafe, and withdraw and discard

136
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CHROMIUM (3500-Cr)/Colorlmetric Method

l

ClICt, extract. Transfer extractid aqueous
solution to a 125-mL conical flask. Wash
separatory funnel with a small amount of
distilled water and add wash water to flask.
Doil for about 5 min to volatilize CltCl,
and cool. Add 5 mL HNO3,and su{licient
II2SO. to have about 3 ml,present. Boil
samples to the appearance of SO, fumes.
Cool slightly, carefully acld 5 rnl- I{NO,,
and again boil to fumes to'colnplete de-
composition of organicmntief.rCool, whsh 

'

sides of flask, and boil once nibre to SO,
fumes to eliminate all FINOT.'Copt ancl add
25'mL water . t , ,  , .  '  ,1 t  ; ' , , ' i r , . ,  i .

d. Oxidation of trivolent chronliunr.'Pipet .
a portion of digested saimple:with or with-
out interferences removed,,Biid pontaining
l0 to 100 ILE Cr, into.a 125-mL conical
f lask. Using methyl orange' 'asl indicator,
add conc NIIIOII unti l  solution is 

' just.

basic to methyl orange.;Add,1 t I  H2SO1,
dropwise until it is acidic, plusi I mL (20
drops), in excess.' ,{djqstivqlume to about
40 mL, I add a, boiling i qlipr l.a{d heat , to .,
boi l ing.,Add 2 drops KMnO, solution to
give a dark red color. If fadiirg <iccurs, add
KMnO. dropwise to maintain an excess of
about 2 drops. Roil for 2 min longer. Add
I mL NaN; solution ana ediliiiiue boiling
gently. If recl color does'not"'iade com-
pletely after boiling for approximately 30
s, add another I mL NaN, solution, Con-
tinue boiling for I min after color has faded
completely, then cool. Add 0.25 mL (5
drops) HrPQ.. ;

e. Color developntent and.meosurernent:
Use 0.2.ff H2SOI and a pH nreter to adjust
solution to pH 1.0 t 0.3. I{gl.*f"r solution
to a 100-mI-: volumetric flask,rdilute to 100
mL,  and mix.  Add,2.0 mL'd iphenylcar-
bazide solution, mix, and let stahd 5 to l0
min for full color develonmend Transfer
an appropriate portion to'a' llbrm nbsorp- -,

3-93,

:
'  ' t

through the method (see also note below). ..-
From the corrected absorbanc.e, determine,,.
micrograms chromium present by refer-
enbe to the calibration curve.

Norr,: If the solution is turbid after di-
lution to 100 mL in fl e above,'take an
absorbance reading before' adding .carba-
zide reagent and correct absorbance readl
ing of final colored solution.by subtracting
the absorbance measured previously. '' I

5. Calculailon

, . j  
' , '  

, '  . . : . r : l i . i l i i - . . 1 . .  . i
/ 4 . I  : .  :

mg cr/L l !  ;  t_, ,  r . r , , , , i i i , ,  ; , i . ' t ! , , . i . . i  ,  .  .
rrs Cr ( in 102 mL f inal  volume). i .  "  r  . , ' , ' .

. t :

ffi;lli[jr,i,
where: i t ""rlr. ' .. l i , j : ' . , ' ; .r; ' .:: i ,I!1:i l ,.J.l:":,.1i:

A : mL original si'rnple,-ind , r l. .. : 11 l.' i ,t; '1'. ;. ' 't

R - mL portion from 100 mL digested sam-" .! | 
'.

ple.' i  , : , . 11  ' i r t ; i : : . .  , i . , j ' , , ,
. ;  . i . r ' . -

chromiurn was determined in 3l labora- '. .,'"
tories in a synthetic sample containing I l0
pg Cr/L,500 pe Al/L,50 pg Cd/L, 47O
pg Ca/L, 30O pg .Fe/L,.7Q,pe Pb/L, l2O
pg Mn/L, 150 pg AglL; ahd 650 pg Zn/ . i i:
L in disti l led rvatcr. The'relative'standard : ' : l ' '
deviAtion was 47.\Vo and thi relative errcir , ., .'
l6.3Vo. '  ,  i '  i ' ' .  I  

' ]  '

7.

tion cell and meSsure its absorbance at 540
nni..Use"'disti l led watei di ' iefeiLnce. Cor-'
reci abi6rbanc! reading or sutittle by'sub-
tracting, abiorbarice ef ,'irilUtlit 

carriecl
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AGGHEGATE OBGANIC CONSTITUENTS

i r
l ,  r .
l  j  l .  '

end of compositingr,pqrlpd; State storage ,
, time and conditiols.4A part:of the results,.

. , i . ' . ' ' . ' :
2.  Appara tus  . i . : . r1 i  , .  ;  ,  ,

a: Incubotion bottlei,250- to 300-mL ca-
pacity. Clean bottles.with a'detergent, rinse. ,
thoroughly, and drain before useJAs a pre- 

' 'l

'caution against rlrawing air into the'dilu-
tion bottle during incubation,,use a rvater-

. seal. Obtain satisfactqry., water, seals by

24 h atter.grqb eri*pf..,rpUection. When
samples,'ard to be r1si,{,1{qriieldldtory pur] i 

'

poses makd"every g{gJt;to,$etiver samples :
for analysis'withinl6 ,f ,bf,collectit in. r i,
," ; 2) I Composite:'sAifip,leglKeep, samples

lat or below 4"C duiirigicompositing; Limit
: compositing perioditol24,,h.r.Use,.the same . .

criteria as foritorale of grab samples, start-'. ing the rheasurementiof.hotding time from

(5000)

l lucltttot"r, C.C. 194.1,: Rcporl on the cooperative 
I

study of ditution waters made for the Stand.
r ard lr{ethods Committee of the Federation'of

t Sewage Works {ssociaiions.' Sewage lYorks
J .  13 :669 .  . l i t .  l l  r l r ; , . t , t r i  '  ,  . , :  |  |  . .  . .  .

MorrLMnN,.  F.W., ,E.  iHunwlrz,  G.R. .BnnNerr
& I l .K.  Rntren.  i950.  Exper ience wirh mod-
ifi-ed methods fori nOO,l Se tvage I nd.' tyost es
2 2 : 3 1 .  l , l i : i , . r ' : " . . i .  ,  : '

'  
t  l , .  r ' .  I '  ,  -  , : " , 1 .  . , .  , r , , ,

'  S-DaY BOD Test i . '  i ." '  rr i :" '

t : , . ;  I . , ' : ,  l

. inverting bottles in a,water bath or by add-
ing water to ,the flared, mouth o{ ipecial
BOD bottles. Place a paper or plastic cup'
or foil cap over flqre{ mouth of bottle .to ,
reduce evaporation'of the water seal during

: uba t i on .  1  ; , t ; : ' ; '  '  " ' .  . , " .
b. Air incubatorl or il,ater bath, thermo-

statical ly control led'at '20 t I 'C. Exclude
alt light to preventlpossibility of plrotosyn-

incubation. 1  ; 1 ; :  ' . i i

thetic production of.DO., ' , ' . '  ' ,r  I '
l , ' , . , . . , , ' . 1 , . , . . , , .  : r . ,

3. Reagents i .  i , .1 i : r  ,  i l  ,  ' i  
:

|  ,  I . ' '' 
a. Phosphate buffei\'soiution: DissolvJ

8.5'g'KH:POI, 2t. ' ,75'g K;HqOr, 33.4 i
NarI{PO..7H2O, afpl.7 g NH.CI in aboui.

l ,  t '  , ' i  , ,

|  , . : . t r , ,  I  :  : . . ,  
. i  .1 3 8  .  t '
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BIOCHEMICAII OXYGEN DEMAND (8210)/s-Day BOD Test 2 :. ,  ,  . i  .  ;6-s

i 
' : . 

' 'l' '

. 1 i , . .
about 500 mlldistilled water and dilute to describecl lnif i4d,:Test,and;storeldiluiicin
I L. The:pH'should be7.2 without further water as,described'i i i ' f ls,4Dldndlc;so.that
adjustment. Disbard reagent;(or any of the water of asSurEd.quality alwhi'$'is onlhand.
following reagints) if there is any sign of Before use'bring,dilution.watet,tiinper:
biological growth in the stock bottle. ature to 20'Cr,saturate,with DO by shaking
. b. 'Magnesium'sulfate solution: Dissolve in a, partially ifilled ;bottle,or..by:a.rating
22.5 g MgSO,'.:lttrO in distilled water and w'ith organic-free filtered air.\Alternhtivily;
d i lute to 1 'L. ' i : , :  i l ' ,  .  s toreincotton-pluggedbott lestongenot igh

c: .Calc[um:,bhloiricle solution: Dissolve for watbrt'to blcome saturrited,jwittr':nO.
27.5 g CaCl, in distilled water and dilute Protebt'waterrquality,by.using.'dleait lldss-
to ,1 .L. , '  i ' ; i i t  . l tt i ' i{,t ware, tubirig,. and.bottle3l ' i . 'r 'r,;;r;rl i i{.1,rr;1.r,;
' d.; Ferric chloride solution: Dissolve 0.25 ', b.i Dilutionr.$rater, cfieck.'.rUse:this pro-
g FeCli ', l6HrO;iir 'disti l led water and dil irte cedure.as ja roirgh:check ori 'quality'of!di.
to l 'L. .  ; ,  ' i , ' { f  , , ' i i i  lut ion water. ' l i ' , . - ' t ' r ' i ; ; i . , . ' , r . . ' ,1 ' i , iL i . l l r r r r . . ' .1,r .

e, Acid and'alkali solutions, lly', for neu- If the oxygen' depletion, bfr'a, candidate
tralization of chustic or acidic waste sam- water exceeds.0,2'mg/L".oblain:a"ilritisfac-
p les .  , i . , : 1 . t , ' t i tory' water : byi, improvingt,i i ir i i f icatibn, or

1) Acid-:Slowly and while stirring, add from, anotherr source.r.Altirnritivelyjiiftiiii.
28 mL conc sulfuric acicl to distilled water. trification inhibitiori. is usediiitbiaithe-hi-
Di lute to 1 L. '  ' , ' l lution. water;'seeded as presciibed; beloiv

2) Alkali-Dissolve 40 g,sotlium hy- in a darkened:rooni,at roomiteinperatirrt
droxide in dist i l led water. Dilute to' l  L. unti l  the.oxygen'uptake.is:suff icientlyi l te

f,'Sodium sulfte.solution.'Dissolve 1.575 
'duced 

to meet'the'dilutiori-wbt'eCcheck'cii
g NarSO, in, l0O0 mL dist i l led water. This teria. Checkl,quali ty'of, isiored:idi l t i i io'
solution,is'nbt'stable; prepare daily. rvater od' use,!butido nott add,s€edrtotdi

g. Nitrifcoiloitri inhibitor, 2-chtoro-6- lution wiier lStored.;for {irality;imprcive
(trichlordtmetliyl);pyridine.t ment. Storagb;is not'recommended:.wh6,

h..;,Gluiose:gliidmic acid solution: Dry BODs arcito'bb determinedtwithout.nitri
reagent:graderlgldcose and reagent-grade fication irihibitionibecause.lnitrifyingior
glutamic,,acidiatl i l03"C'for l h: Add 150 ganisms'i,may,. 'rdevelopl!;during:',1$torage
mg,glucosbland:ril50 mg glutamic acid to Check.stored"dilutibn.rvaterito;detCnirin
dibtilled.Whtei.l;dd'dilute to I L. Preppre whetfirrsuflicienlammoniaiiemaiirs.afte
fresh iinmedihlely ibefore'use., storag'e,hlf lnotilaAOtbmiiiOiriuniTchloric'i. iAmiioi;ttiini:bntoride' solution.' ' Dis-. soluttn, tb;proVide ldi totaiiof,ois jingiiri.t
solve,l:15,g;,NHiCl in about 500 mL dis- monia/I-las'riitroge'h.'If dituticin'nlatJ;ln,
titled. water; j ailjusi pfl to 7.2 with NaOH not been:istoied;.for 'qualityi.imprd,Vimfn
solution, andidilute to I L. Solution con- add suflicient',seeding:material,totfr,iodur
ta ins 0.3rmg N/mL. a' DO uptakC'of 10.05 rtoi 0. L mi/Lt>in|S :

at 20"C;,Ihcubate,a{;BODi bottli: futlrdfjb
lution! driter,ifor I i a[ at;;2CC,tilte'dit
i n it i ali ddd ; n ii irt b o ;as, t n\J[l'.' $i q{rdy:il|!
Do, uprake ;iii i5'rd iarii06|lh;irlb1niftt;
tno." ihdn ,o.2 mg/L andipreferrbty;tn
more than;' O.l, mg/L.', ;; i. l:;-i0flf$t,.tt

c.' G I u.cos e g I u t a m i c acra cilakl$?ddn
the BOD test:is'raibioassiy'iti:tAutCJd.'
be in fl uenced' greaiIy,';'by.i the: .iri*eniil'
toxicants bi rbyi use' of a' pborjsieOin-fim

, ;:q,.,,,,, ,li: ,.,;,;ir:,iffii

,  r  r l , ' . ' r i , t i - ; - , '  ; l  [ 1 . ; t ' i  '

4.. ,Procedurei iq l i l  ,  I  i  i  .
' j ;, i,'i i"'i'i', ;ii:;itl;:";t d i r u i i o n w a t e r : p r ace' 
desiied volilriiE of water'in a suiiable bottle.' 
and''aad'',t1miliidcfr of phosphate buffer,'MgSo., 

.Cacllliiirria nect;'.sotutions/L of
water.' SeijO'iituiion water,'if desired, as
' , 1 r , , . ' l l l i ! t !  j ! ' i t r l l ' . h f l i r l  t d  '  .

.Ni,.tn;,f"l I i"l,hiil I 2s7 s-24 (2.2Eo Tc:Mp),'I rach
co,, or eoitfll]enti1 rqlf

.  .  i l  , '  . r l
. l
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t r i f icat ion i i r reconimended. r .  , '  r .  . ,1. , ' ; . . : i  : ,  r .  . :
l  ' . '  '  .' ,  Some samples;mhy contain materials not

degraded 4gt+gfr.eli'rate$ by the;micrb-
organisms in;settlbd;'dom'estic wastewater.
Seed such Sarnples with an adaptCd. micro-
bial population obtained from the undisin-
fected eflluent.i of ' a : biological process
treating tlre waste. In the absence of such
a facility, obtain seed from the receiving
water betow:.'(preferably.3 io 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 sampleiof settted domestic.waste-'water 
anO iedClng,qmlll daily increments

of.waste. Qn{iqnatly;use.a soil suspension'
or activated'sludge| or a commercial 'seed

'preparatiori ' to obtain the init ial microbial
population.l i,Determine'the existehce of a
satisfactory,'poirulation by'testing the per-
formance of;the:seed in BOD tests'on the
sample. DOD:ivalues that increase with

, t irne of adaptqtion .to a steady lrigh value
indicate successful 'sced adaptat ion. ' i '

2) Seecl doiitrot-Determine DOD of the
. seeding mateiial as'.for any:other,,sampte.

Tlris is the seed control, Fronlthe value of
the 'seed 

",iri15ti1 
. and' a , knowledgb iof the

seeding mqterial '$ilution (in the;dilution
water) deteimirie s.eed DO uptake.. Ideally,'
make dilutibnsiof seed such that therlargest
quantity . results inl al., least'50%,iDO de-
pletion., A plq!ipf.DO;,depletioni in milli-
grams per litef,"yersus milliters seed should
present a straight:liire foriwhich the slope
indicates DO depletioni.per mill i l i ter of
seed. The DO-axis intercept is oxygen de-
pteiion caused by'the dilution wa[er'and
slrould be less thatl:,9.1:mg/L (fl a/r)..To
deternrine a ,sample DO uptake subtract
seed DO uptake from total DO uptake. The
DO uptake of.seeded dilution water should
be between,q.0 bnO. 1,0 mg/L. , . i . ,  j  . .  ; ,

Techniquesl for.adding seeding' material
to dilution water,are described for trvo sam-
ple cl i lut ion.methods Q 4f).
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BIOCHEMICAL OXYGEN,DEMAND (5210)/5-Day BOD Test 6-7
:

I

; e, :Sa,nple pretreatmerft:',
r , ; ,  l) ,  Samples containing.caustic alkal inity
or..acidity-;Neutralize'samples to pFI 6.5
to '7 .5; .wi th i  a .  so lut ion, ,o f  su l fur ic  ,ac id
(H,SO{) or iodium hydroxid'e (NaOH) of
such strength tllat the.quantity of reagent
does not dilute the, sample by more than
O.SVo, The, pH,,of iseeded di lut ion water

. should not be affected by. the lolest sample
d i l u t i on . , ,  ;  , ,  j , r ,  . , i  , r : . ,
. '2), Samples containing residual chlorine
compounds-If possible, I nv6i6 . samples
containing, residual. chlorine by sampling
ahead of chlorination processes. If the sam-
ple has been chlorinaitiO b.ut no ddtectable
chlorine residual,is,present, seed the dilu-
tiori ,water. If residual, chlorine.is present,
dechlprinate sample,,and s'eed the dilution
wateq (!|,4/):, Pq Irdij,t.st i "hlorinated./de-chlorinated, $amplgl, Ivi tltout seeding the di-
lution water. In somq samples chloiine will
dissipaie within ,i ' tq,l, l i  of standing,in the
Iight. This.ofteri iogcurgf during sample
trpnsport .and,,handling. For samples in
which chlorine rbsiduil hoes not dissipate
in a reasonably short time,rdestroy chlorine
residual by, addingiNarSO, solution. De-
termine requirecl v<jtiim6 bf NarSO, solu-
tibn' on a , 100: to .10b0-ml portion of

' neutralized'sanrple by aOaing lb mL of I
*  I  acet ic dcid c i1 I '+ '50 I I2SO4, l0 mL

"potassium iodide'(KI) solution (10 e/lOO
mL), and'titratin!'with,Na2SOr solution to
the.starch-iodirie,'bnd, point for residual.
Add to neutralized'sanipli the relative vot-
um6 of NarS,O, solution''d6termined by the
above',test', 'mix,' and aftdr l0 to 2O min

,. check sample for residual chlorine. (Norr:
Excess NarSO, exertb'hn: oxygen demand
and''reacts slowly: with, certain organic
chloramine'compounbi that may be pres-
ent in chlorinated samples).
, 3) Samples,contairl i irf lother toxic sub-

stanbes-C6rtain: industrial wastes, for ex-
hmple, plating wastes, contain toxic nretals.
Such samples often :require special study
andtreatment.  I  .  i
'  .4) Sampleb iupersaiurated with

,  . . t  .

Samples containing more than 9.mg DO/.
L. at 20'C'mAyr.be encountered,.inr cold
waters or .in waier:where. photosynthesis
occurs. To prevent loss of .oxygeni during
incubaiion of such samples, reduceiDO to
saturation at 20'C by bringing sample to.
about 20'C in.partially f i l led bottle,while
agitating by,vigorous shaking or,,by;aer-
nting'witlr clean, f i l tered compressed air. ,.

5) Sample temperatulsr;,.adjustment-
Bring samples to 20 +.,I 'C,before making
tlilutions. , . r . . 1  I  r 1 . : '  l i : . , ' f . i , . . . -

6) Nitrification inhibitioh-If. nitrifica-
t ion inhibit ion . is ,rdesired i add . 3 ,mg !2-,
ch I oro - 6- ( t ri c h I o rd';: i'-l m e t tiy l), .,.,. py ri-d in e i

(TCMP) to each 30GmL bottle beforecap-:, ,
ping or' add sufficient amountsliciiitri*ii+,:
lution water to make,a final, coriceniraiion :1,.
of l0 mgll. (Norei,PureTCMPlmayidis;1i I
solve slowly and:!can' floatlon,itbpib[jt]idi i,:.
sample. Some,: coihrhercial irforinulations;l'
dissolve more'readily;but; larelnoti{ l0O7oi, '  . ,
TCM P; r adjust i dosa ge' acc<irdi n gly.), Samr'i'1 "
ples that may' require,nitrificatiorl; inhibi-,:: .:i
t ion include,,, but..;are' ,not ' ;  I imited{.1e;'" I '

biologically treated; r effluents, ,: samples j
seecled with biologically trcated:elTIuents, I I ,
and river waters. Note theiuse of,nitrogen
inhibit ion in report ing results. . ' ,- ' i : i  ,r :  t i i . : , .

f, Dilution technique; Dilutions that;re-
sult in a residual DO of at least , l .mg/L :
and a DO uptake of at least 2 .mg/L after '  '  , '
5 d incubation produce lhe'mosfirel iable . r
results. Make'several dilutions of,prepared ' ,
sanrple to obtain,DO.uptake in this;rang.. t . i

Exper ience ,wi th ,a par t icu lar  sample,  wi l l '  ' . ' i

permit use of a smaller number of dilutions.
A more rapid analysis, such as COD,;may .-
be correlated approximately with BOD and. ,.,
serve as a guide in selecting di lut ions.,In. , : ,
the absence of prior,'.knowledge, usepthe- ', i
fol lowing di lut ions:0.0 to l . \Vo for,strong ,;,
inctust ri al wastes; (, I lto. ; 5 Vo,' for,lrqqi'al,d ;i,.l;.ii,
se t tl ed w a s t e w a t e r,' | s;to :2 ? Vo. for; ;Ui oi oii ii I l,i.i1 f 

'
cal ly  t reated ef l luent i iand '25 ' to i l } }Vot ' for ' ' i ' i
po l l 0 t ed  r i ve r  wa te r s . '  .  . r ' , , ,  . , '  .  . ,  i i .

Irrepare di lut ions either in graduated iyl-
inders and then transfer to.DOD.bott les br

. . ,' ,,,, ., ' li ,; .;,.j;li j,i'..i.:
DO-
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bottles' at' each dilution.'rDetirmine init ial,.
DO on one bottlelrStopperisicond bottte ,
tightly, rvater-seal,iand, irrcirbate'for 5 d at
20"C. If the membian'e'eli[irpde method i$ i .
used for DO meaiurement,: prepate;ontyt!:; .,
one DODrbottle fq4thcfr qituiion: netei-.,; r1,.' '.,'rnine'lnitiat oo orlr;itrii ',botite and rentac",. l '. .'."
any'cl isptacea.contprits'wit l i 'dl lut ion *. i . , , ' , ' .
to lill tlre bottle. St6'p'pi.iibtrilyfiivater-feat, i r'
and irrcubate for 3ld"ai. ' ig'Cr RinseiDO
elcctrodc : between!'.deterntinatioris to rrrlj:
vent crosi;"ontamlirlti{n''tir.sL;ples. i :J

;

r42

'
.

. :  . |
,  | i

i  ; l

:;t .

' \ '



BIOCHEMICAL OXYGEN
t

DEMAND (5210)/5-Day BOD Test

n)r

In
each

5-9-..: r'

incubation determine, DO in sample tlilu-
tions,.blanks, ,and checks as in fl 49;

! ' :

wltere: i 
"l' ' ' D, : DO of dihited inmple immerliately after

preparation, ng/L,,t ;, i
, Dt ,: DO of diluted sample'after i d incu-

. ,, 
' 

, bation at 20'C,'ig,/L,'
P .: decimal volumetricgfraction of snmple

,  |  . U S e d r . . .  1 . . ' , . ,  1  
i. ,. .8, : DO of, seed control before incubation,

'mg /L  (11  4d ) , r  :  i ' ' , ' ' . .  I
Rt : DO 

'of ,seed ' conirol ifter incubation'
' r '  

me/L ' (11.4d) , rand' : t . t i t

f - ratio ;f iiea lir Oituied snmple to seed
in:seed contrdi 7, (m;. see<l in rliluted
sample)/(%'seed in Sebd control).

'  ' .  !

If seed material is added tlircctly to sam-
ple or to seed control bottles:

. . , t .  ,  
. r ; " t i  r i i . i

: / : (volume of seed in diluted sample)/(vol-
r .. , ume of seed.in seed control)

, ;  i , r , i 1  i . , i i ; 1 i.  , :  . .  , ' 1 , r ' . r ' . , . l l i ' i'Repoit 
results as CBOD'lif nitrification

is  inh ib i ted , i ,  , : r  
r .  

I
,,.f,more than one s;rirple tlitution meets

thi cri teria of a'r isidrtof nO of at lenst I
, mg/L, and a DO,,depledioil of at least'2

mg/L end there,.is,no elidehce of toxicity
' at higher sainple'boribbntrhtions or ttre ex-
isteirce of ant'obviouslerioiiirity, average re-
sults in thd'acceptable'rangl. , i

; In.these calculaiioni,lao jnot make cor-
. rections for , DO i,uptaket by the dilution
water blgnk duririgliricubation. This cor-
rection is unnecessary;, iF di lut ion water
meets the blank'cri teria.,st ipulated above.
I f  the d i lu t ion:water  does.not  meet  these

, l

s-

0,658
mg/L
0.100
mg/L
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' i ,  Open Reflux

(FA S) t i t ra i, I, a pproximal ely' Q.25 It[ :' Dis-'
solve 98 g Fe(NH.),(SO.);.-6HrO in dis;
tilled water. Add 20 mL boric HrSO., cool,l
and clilute to 1000 mL., Standarclize this
solution daily againit staiidard KrCrrO, so-
lut ion as fol lows: jr , ;  i .1. i : j1:., ;r r :

Dilute 10.0 mI; standard KrCr,O, to
about  100 mL.  Add.30;mL'conc HrSOl

4. Procedure

, fpfS Chcmical Co., Columbul, Ohio.
I .l.+
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CHEMICAU OXYGEN,DEMAND (5220)/Open Reflux Melhod

t .

i  ,  1 r j . t l
, t  '  .  I

ing to'dissolve HgSOo. Cool rvhile mixirig' 
to avoi'd. possib,le. loss of volatile materials.
Add 25.0 mL'0.0417M KrCrrO, solution
and mix..Attach,f lask to condenser and
turn oir cooling wafer. Add remaining sul-
furic acid reagent,(70 mL),through open

. end of .condenser.' Continue swirling and
mixing ,while adding the sulfuric acid re-'
ag"rii., Cairrigr.ii 1 u1i ref ux m i x t ure t hor-\
oighly before applying heat to prevent local I
heatini of fiik,bittom and a possible blow- )

out of fask coilteits. 
'

Cov6r open''t ihd lof condenser with a
small beaker' to' prevent foreign'material
from enteiing refluxing mixture and reflux
for 2 h, Cool'and wash down condenser
withlaistilled'watei.' Disconnect reflux con-
aeriiei'air,i'aitdti''tiiixture to about twice
its volunie' 

rwitir 'aistitt.a water. Cool io
room '1emppp1yiqj, nncl t itratei excess
KrCrrOr 'wi th 'FAS;,using 0.10 to 0.15 mL
(2 to 3'dro'p$ feiibin indicator. Although'
the ouantitv of ferrbin indicator is'not crit-
ibai,' usd'ttle'iliiiiiVdrume foi hll tittations.
, ratb'i ii' iht'ei{ii I'$'oint of t hti' t i t i'a t ion :the'
n iii, ili;[$ Uoiai)tiitti; ge rrom 6nri-green to'
rebb i ili' ui'6ti'ttijf h;l ul u e- giiin may reap:
peai.'Iir ttiE banie mdnner, rdnux'ana titrate
a blaiik Uoirtiinln'[rthe reagints'and a vol-'
ume of distilled.water equal to that of sam-

,  p le l . : : ; ' ; : ' i ; ,  1 i { ' t l . l t r i i l l  '  '  
f

ii b.,Alternate p.roCedure for low-COD sant-
p/es.'' Followllprocqdure of fl 44, with two
exceptions:,;(,) i i9rd . standard 0.OO4l7M
r,ci,or,'iiii,1r1 tiiiate with 0.025M FAS.

,, Exercise;eitremeicare with this proceclurp
bec;d;A ;v.tif i';ii'a"i of orsanic matter bn

'  . .  r i . . ; i  r '  r , r r r l ; i ' . r ^ 1 , , i '

the glasswaie ol.fi,om th-e htmosphere may
cause gross .r.o;5i,;If a further idcrease in

of l0:1, HgSOa:Cl-, ,using th0,.amourrt of,
Cl- present in:the' original toltrme,of.shm-r
ple. Carry , a'blbnk.. r_eagentl thiough: the'.
same procedure.. This technique.has' tlid ad-
vantage of concentrating the'sample, with-
out sighificant losses . of . easily digest'ed,
volatile materials. Hard-td-digest volatile-
materials such as volatite acids are lostJ but:.
an improvement,is'gained' oVlr?'btdinary'
evaporative concentration methodl.;r.\,,,

c. Determination .,of .standard;.sol.ution:.
Evaluate the. technique and..quality, of're--
agents by conducting the test on a'standard,
potassium hydrogen, te sdlutionr;, .1

t .

B.

sensitivity is required, concentrate a larger
volume'of satnirle before digesting under
reflu,x j'ad'fiollowdii,{.dd all reagents to a
simpl6'largef thin 50 mL and reduce total
vbluriib to,tso,'iiirri'by boiling in the re-
nuiirig flislilbpiriltd the atmosphere with-
outl' thb i.tEtlhaeirsil attached.'.' Compute
amdUnt'of HgSO4 td be added (before con-'centrzit ion):on 

the basis of a rveight ratio
i '  ' | '  l  t+s

',t 
\



Neutral Oil
D T T I N I f  I O N
- l ' l r i s  

n re thor l  rk : l c r t r t incs  l l r c  lo l i r l  ne t r t rn l  r r i l ,
f t l l l ) ' l r r t t c r  in  thc  snnrp lc  u , i l l  l r c  i r r r : l t r t le r l .
S C O P I
App l ica t r l c  to  n l l  t ypcs  o [  sor rps l r rck .

ATTARAI'US
L Cylinrlcr-250 rrrl-, glass-sloplrcretl.
2. .Sc;rirrntory frrrrncl--5(X) nrl,.
3. l lc lker--4(X) rnl-,  or Soxhlc: l  l l i rsk, .5OO rrr l . .

R IACINTS
L Aqt reor rs  po tass i r r r r r  hy r l rox i r l c  (KOI I ) -14%,  l (O l l  l r y

wcight (sce Notcs, Carl iorr).
2. lr thyl nlcohol-SDA l irrrrrrr las 30 rrrxl  lA nre pcrrni l-

tct l ,  507o by volrt tne. Mix l0 volutttcs of ()5"/n;r lcolrol

with 9 r,rr lurrres rrI t l ist i l lcr l  rvlrtcr.
3 .  I i t l t y l  a l c o l r o l - - - n s  n h o v c ,  l 0 % ,  b y  v o l r r r r r c .  N ' l i x  2

vrl l rrrtrcs o( 95' i l ,  i r lcolrol with l7 r,olurrrcs oI r l ist i l lcr l
t\';1t c r.

4 .  l ) t : l ro le t r rn  e lhcr - -AOC.5  Spc<: i l i cn t io r r  l l  2 -4  |  (scc
Nolt:s. (-'rlrlirlr).

I 'ROCI I )T 'RE
l .  N , l i x  thc  s l r r rp lc  l l ro rnrg l r l y  n r r r l  rve igh  i r r r r l c< l i l t c ly .
2 .  Wc igh  t l - - l { )  g  o f  t l t c  snurp lc  (4 -5  g  l c i r l r r la lc t l  so : rp -

siot:k) iuto irn t :xtrnct iorr cyl ir t t lcr.  Arft l  125 rrr l ,  of 5{)7,
i r l co l ro l ,  50  r r r l -  r r I  pc t ro lc r r r r r  c l l rc l  i rn r l  s l rakc  t rn l i l  n
horrrogctrcotts rt t ixl t tre is forrncd.

3. Cool to 20--2-5"C and arl t l  l0 rnl.  of the irr lrrcorrs KOll
(Rcngcnts ,  l ) .  Ag i tn tc  gen l l y  u r r l i l  l horo lg l r l y  r r i xc r l .
l rul nvoir l  vigor<lrrs shakirrg,

4. A<lt l  2.5 nrl ,  <t( 50'y'o e(lr1, l  i r lcolrol nrul rrgitnle gert ly
ur r t i l  t l ro rough ly  n r ixcd .  A lk r rv  lo  sc t t l c  r r r r t i l  l he  lwo
l lycrs arc cotrrprlclcly scpunrlct l .  Irrr l  rkr rrol al lorv t lrc
e l h c r / o i l  l a y c r  t o  r e r r r a i n  i t r  c o r r l n c l  r v i t h  t l r r :
alcohollalknl i  layet lortger t l t i rn J0 rrr irr .

.5 . .S ip l ron  the  c thcr /o i l  laycr  i r r to  a .500- r r r l ,  se l ra t .a to r ) ,
l u r r r r e l .  M a k c  a t  l c r s t  f o u r  n r o r e  s i r r r i l a l  e x l r a c t i r r n s

AOCS Off ic ia l lv le l f rot l  G 5-4( ,
l lnr l l r rrrver l  l0r l7

t r r t s : rpor r i l i c t l  o i l  i r r  l l re  s l r r r rg r lc .  Ar ry  uns i rp r r r r i f i r l r l c

r rs i r rg  50  rn l ,  o f  pe l ro lcur r t  e lhcr  fo r  ench ex l rnc t io r r .
Conrlr irre nl l  oI thc exlracls irr  thc separalory lurrrrcf .

6. Wnsh lhc cl lrcr extrncl in lhe scparrtory f lrrrncl with 25-
fn l ,  | ( ) l l i ( )n<  o f  l0To n lcoh<r l .  shnk ing  v igorous ly  ench
l irnc. trrrt i l  lhc washirrgs nre ncrrtrnl lo phcrrolphthalein.' l ' l rrce rvnslr irrgs arc rrsrral ly srrf f icient. [ ; i l ter lhrotrglr
filtcr paper nnd wnsh llrc prJrer free fronr fn(ty nlirttef
with petr oleurn cl lrcr.

7. l)rnw the cl lrcr exlract inlo n lnrcrl  trcnkcr or Soxhlet
{ lnsk wlr iclr  l rns hcen prcvirnlsly t l r ict l  and coolet l  in n
rlcsiccator. I ivapornle lhe clher irr  n rvl lcr hnth under a
gcrr l lc slrcnrn of clcnrr. t l ry nitrogcn. l)ry irr  i rrr air oven
al 10.5 t 2^C frrr 3(l  rrr in. Cool iu n r lesiccnlor to nnrhi-
c i l l  l cn lpcr i l t r r rc  a r r r l  wc igh .  Repent  u r r l i l  cons tur r t
wciglr l  is altaincrl .  A corrstarr l  rvciglrt  is al lninct l  wlrcn
lhe lrrss (or gnirr) in weighl r locs rxrl  ercectl  ().  196 in
strcccssive .1(f rrr iu rhyirtg lrcr irxls.

cAtc ( , l .A i loN
rrrnss of l lcutral () i l

N c r r t r a l  O i l , % =  x l ( X l  : -
t r rnss  o I  snr r tp lc ,  g

NOI  TS
(-autitttt

Whcn workirrg wil l r  extrcrrrcly carrst ic rrrateri l ls l ike sodi-
rurr or polnssiurrr lryrhorir le, always nt l t l  gr l lets lo water nnd
rrot lhc rcversc. Alknl ics nre exircrrrcly exolhcrlrt ic wherr
rrr ixet l  wit l l  rvatcr. ' lhke 

precnulions to corr lnin l fre cnusl ic
solrt l ion irr lhe evenl lhc rnixing contl incr lrreaks frorn thc
exlrcnle herr l  gcncrnle<|.

Pctrolerrru cther is erlrerrely [ Ianlrrnhfe. Avoid stnt ic
c lc< : l r i c i t y .  

' l ' hc  
cx l t los ivc  l i r r r i t s  in  n i t  a re  l - ( r%.  A  fu rnc

Irorrt l  slurukl he rrscrl  at al l  l iurcs wlrerr usirrg Jrlnrlcurn elhcr.

I ' a11 .  I  o f  I

146


	File0001.PDF
	File0002.PDF
	File0003.PDF
	File0004.PDF
	File0005.PDF
	File0006.PDF
	File0007.PDF
	File0008.PDF
	File0009.PDF
	File0010.PDF
	File0011.PDF
	File0012.PDF
	File0013.PDF
	File0014.PDF
	File0015.PDF
	File0016.PDF
	File0017.PDF
	File0018.PDF
	File0019.PDF
	File0020.PDF
	File0021.PDF
	File0022.PDF
	File0023.PDF
	File0024.PDF
	File0025.PDF
	File0026.PDF
	File0027.PDF
	File0028.PDF
	File0029.PDF
	File0030.PDF
	File0031.PDF
	File0032.PDF
	File0033.PDF
	File0034.PDF
	File0035.PDF
	File0036.PDF
	File0037.PDF
	File0038.PDF
	File0039.PDF
	File0040.PDF
	File0041.PDF
	File0042.PDF
	File0043.PDF
	File0044.PDF
	File0045.PDF
	File0046.PDF
	File0047.PDF
	File0048.PDF
	File0049.PDF
	File0050.PDF
	File0051.PDF
	File0052.PDF
	File0053.PDF
	File0054.PDF
	File0055.PDF
	File0056.PDF
	File0057.PDF
	File0058.PDF
	File0059.PDF
	File0060.PDF
	File0061.PDF
	File0062.PDF
	File0063.PDF
	File0064.PDF
	File0065.PDF
	File0066.PDF
	File0067.PDF
	File0068.PDF
	File0069.PDF
	File0070.PDF
	File0071.PDF
	File0072.PDF
	File0073.PDF
	File0074.PDF
	File0075.PDF
	File0076.PDF
	File0077.PDF
	File0078.PDF
	File0079.PDF
	File0080.PDF
	File0081.PDF
	File0082.PDF
	File0083.PDF
	File0084.PDF
	File0085.PDF
	File0086.PDF
	File0087.PDF
	File0088.PDF
	File0089.PDF
	File0090.PDF
	File0091.PDF
	File0092.PDF
	File0093.PDF
	File0094.PDF
	File0095.PDF
	File0096.PDF
	File0097.PDF
	File0098.PDF
	File0099.PDF
	File0100.PDF
	File0101.PDF
	File0102.PDF
	File0103.PDF
	File0104.PDF
	File0105.PDF
	File0106.PDF
	File0107.PDF
	File0108.PDF
	File0109.PDF
	File0110.PDF
	File0111.PDF
	File0112.PDF
	File0113.PDF
	File0114.PDF
	File0115.PDF
	File0116.PDF
	File0117.PDF
	File0118.PDF
	File0119.PDF
	File0120.PDF
	File0121.PDF
	File0122.PDF
	File0123.PDF
	File0124.PDF
	File0125.PDF
	File0126.PDF
	File0127.PDF
	File0128.PDF
	File0129.PDF
	File0130.PDF
	File0131.PDF
	File0132.PDF
	File0133.PDF
	File0134.PDF
	File0135.PDF
	File0136.PDF
	File0137.PDF
	File0138.PDF
	File0139.PDF
	File0140.PDF
	File0141.PDF
	File0142.PDF
	File0143.PDF
	File0144.PDF
	File0145.PDF
	File0146.PDF
	File0147.PDF
	File0148.PDF
	File0149.PDF
	File0150.PDF
	File0151.PDF
	File0152.PDF
	File0153.PDF
	File0154.PDF
	File0155.PDF
	File0156.PDF
	File0157.PDF
	File0158.PDF
	File0159.PDF
	File0160.PDF
	File0161.PDF
	File0162.PDF
	File0163.PDF
	File0164.PDF
	File0165.PDF

