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Abstract

. The world's consumption of toxic and hazardous materials has increased in this

century. Their contribution to raise the living standard in modern society cannot be

ignored. This is because the attitude of the industries towards hazardous materials,

the main components of many important commercial products, has undergone a

definite change in recent years. Not very long, usage of hazardous materials was

relatively small and restricted to special uses that justified its negatives or

draw5acks. A~ t.'Jeir name implies, these materials require special attention as they

may result in severe health and environmental effects.

Industries in Bangladesh, are the prime consumers of toxic and hazardous materials

and they are producers as well. Among them are steel, non-ferrous metals, fertilizer,

pesticides, asbestos, cement, toxic chemicals and leather. Many of them produce lots

of hazardous wastes. They discharge their wastewater untreated and the high

biological and chemical contaminants degrade the aquatic life in the nearby rivers.

Ground water pollution is a strong possibility too.

The growth of industries in the country has generally been unplanned without

keeping the issue of environment protection in careful considerations. There are

many industries in the residential areas causing air and water pollution through

smoke emission and dumping of untreated effluent. Industrial wastes have polluted

the water of major rivers in the country like the Buriganga, the Sitalakhya, the

Karnaphuli and theRupsha rivers. The Bay of Bengal is also not spared.

Effluents frOl~ tanneries are extremely harmful to human beings since they contain

high concentration of chromium compounds. About 250 tanneries in Hazaribagh area

within the Dhaka City are causing serious environmental pollution and health hazard

making the area unsuitable for human habitation.



Not only industries but also agricultural development exploits toxic and hazardous

materials to suit its purpose. Production of food grain and other crops has increased

significantly since the use of fertilizers and pesticides while quality of our land has

. suffered due to indiscriminate use of such chemicals. Farmers spraying pesticides

and using fertilizers, in many cases, are suffering from heart and skin diseases.

Cows, goats and other domestic animals eating fertilizer-fed and pesticide-affected

grass are reported to be suffering from diseases. Fish population in the rivers and

other water bodies have drastically decreased due to water pollution by toxic and

hazardous chemicals includingfertilizers and pesticides.

Until very recently, however, scant attention was paid to the damage to the

environment and ecology done by these industries. The absence of any legal

framework for preservation of environmental quality and lack of public awareness

about the issues involved have allowed companies to set up industries without any

built-in safe-guards against poliution of the environment.

This project aims at reviewing the present management practices of toxic and

hazardous chemicals and hazardous wastes in Bangladesh. It provides information on

various aspects of use of those chemicals. The material contained in this document

brings together environmental and health impacts and risks, legislation, regulation,

technological aspects relating to hazardous chemicals and hazardous wastes

management. It provides some procedures for identilYingand evaluating hazards to

safe ways of storing and handling of hazardous including highly toxic materials. The

different ways of eliminating, treating and detoxilYinghazardous materials are also

discussed.

Finally, the project emphasizes the gaining of intelligent awareness of the unique

requirements in handling such materials when they are encountered in a chemical

emergency and thl!t the loss of lives and property will thereby be reduced.
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CHAPTER 1

Introduction

Tmlay's industries use materials unknown a century ago: synthetic plastics and

fibers, explosives, corrosive acids, pyrophoric liquids, combustible metals, poisonous

and radioactive materials, highly flammable petroleum fuels and many more. They

may burst into flame, explode, react chemically with the oxygen or moisture in the

air, or cause illness or death by inhalation or absorption through the skin. The use of

chemicals will be increasingly wider and thus exposure will be greater. [4]

No chemical can be considered completely safe, because in sufficient quantities any

chemical can be harmful. There is no precise safe level of chemical exposure for all

people, because individual responses may vary significantly. In addition, safe

exposure levels are based on somewhat subjective interpretation of incomplete

scientific information on human exposure. Health hazards from long-term or chronic

exposure are more difficult to detect than effects of short-term acute exposure, which

produces immediate health hazards. [16]

Records show that. since World War II, there has been a drastic surge in the

production and development of chemicals, particularly organic chemicals. Most of

these chemicals have generally played a significant role in our industrial progress

and overall prosperity. However, they have also accounted for certain bitter

consequences by increasing the risks to human health and the envirolL'nent. Some of

these chemicals have been found to be too hazardous or toxic. They have been

confirmed or suspected of causing cancer in human beings and animals exposed to

such chemicals.

With the advent of the industrial revolution, there has been an insidious proliferation

of waste materials .of virtually every kind. As the nation's appetite for industrial

chemicals grows, so do the complexity and nature of waste and waste products.



Proper handling and disposal of these wastes have become absolutely essential. It

also makes good business sense to plan for the proper handling and disposal of the

wastes that eventually result from the chemicals, through use, storage, further

processing, or discarding. Unfortunately, a significant portion of such wastes is

.composed of hazardous and toxic substances which may generally grouped as

hazardous materials. Hence, today's hazardous materials require a comprehensive

approach for their safe and effective handling and disposal.

With the passage of time, any plan for the safe handling and disposal of hazardous

materialS' which may -be in the form of toxic chemicals, hazardous suhstances, or

hazardous wastes takes on a more complex form. Whenever industrial progress

reaches another milestone, public concern about the proper handling and disposal of

various hazardous materials generated by industries moves up another notch. For

public health and safety and environmental protection, there is a continuing need to

assess the nature of the hazardous materials that are directly or indirectly created by

the nation's industries. Also as new knowledge is constantly gained through medical

and scientific research, there can never be a final word as to their impact on public

health and the environment. Hence, the status of all potentially harmful substances

and wastes products which are comprised of hazardous materials must be

periodically assessed based on the best available information.

Such risk assessment should include not only those hazardous and toxic materials

that are presently making an impact on public health and environment, but also those

materials that may be commercially available in the future and have the potential to

adversely affect" public health or environment. This knowledge is crucial to

ameliorate the consequences of the improper release and disposal of hazardous

materials. [10]

Currently, pollution prevention and control of hazardous materials are no longer

voluntary. In response to public concern over environmental and hazardous wastes

problems, governments in a number of nations have passed legislation to deal with

these concerns. [2] Bangladesh has also joined others in the race.

2
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1.1. Distinction Bet}veen Toxic and Hazardous Materials

A toxic material is one which on contact with a living organism is capable of killing,

injuring, or ofherwise impairing that organism. These poisonous substances are

hazardous in that there is risk depending on the exposure and the manner in which

• such a substance is handled. Hazardous materials are those which have substantial

potential to endanger life as well as environment.

To distinguish between toxic substances from hazardous substances one may state

that toxic denotes the capacity of a substance to produce injury, while hazardous

denotes the probability that injury will result from the use of (or contact with) a

substanc.e.[I]

1.2. Classifications of Hazardous Materials

Many ~pecifk chemicals in widespread use are hazardous because of their chemical

reactivities, fire hazards, toxicities, and other characteristics. There are nwnerous

kinds of hazardous substances, usually consisting of mixtures of specific chemicals.

A quick overview of these'may be had by considering some of the major classes of

hazardous materials according to the criteria of the United States Department of

Transportation DOT. One of the most obvious of these consists of explosives.

Examples include Class A explosives, such as dynamite or black powder, that are

sensitive to heat and shock; DOT Class B explosives, such as rocket propellant

powders, in which contaminants may cause explosion; and Class C explosives, such

as ammunition, which are subject to thermal or mechanical detonation. Compressed

gases and special forms of gases may be hazardous. Examples of the former are

hydrogen and sulfur dioxide, whereas acetylene gas in acetone solution is an

example of the latter. DOT recognizes a wide range of flammable liquids, such as

gasoline and aluminum alkyls, as hazardous materials. Flammable solids are those

that bum readily, are water reactive, or spontaneously combustible; they include

substances such as magnesium metal, sodium hydride, and calcium carbide.

Oxidizing materials in~lude oxidizers (for example, lithium peroxide) that supply

oxygen for the combustion of normally nonflammable materials. Examples of

3
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corrosive materials, which may cause disintegration of metal containers or flesh,

are oleum, sulfuric acid and caustic soda. Poisonous materials include Class A

poisons, such as hydrocyanic acid, which are toxic by inhalation, ingestion, or

absorption through the skin; Class B poisons, such as aniline; and etiological agents,

.including causative agents of anthrax, botulism, or tetanus. Radioactive materials

include plutonium, cobaIt-60, and uranium hexafluoride. [2]

According to EU ( European Union), generally, chemicals are first to be classified

according to one of 15 'danger' categories depending on their dangerous properties,

some of which are subdivided (and given symbol-letters), as follows:

--physico-chemical properties(5): explosive(E), oxidizing (0), extremely

flammable (F), highly flammable (F), flarmnable;

-health effec~s(9); very toxic(T), toxic(T), harmful(X,,), corrosive(C), irritant(Xj),

sensitizing (by inhalation(Xn), and by skin contact(Xj», carcinogenic(3 sub-

categories (T, T, XJ), mutagenic(3 sub-categories (T, T, Xn», toxic for

reproduction(3 sub-categories (T, T, Xn»; and

-- environment(I); dangerous for the environment (N) (not for mixtures). [3]

1.2.1. Characteristics and Listed Wastes

Under the authority 'of the Resource Conservation and Recovery Act (RCRA) the

United States Environmental Protection Agency (EPA) defines hazardous materials

in terms of the characteristics of ignitability, corrosivity, reactivity, and toxicity.

Among the substances classified as ignitable are liquids whose vapors are likely to

ignite in the presence of ignition sources, nonliquids that may catch fire from friction

or contact with water and which bum vigorously or persistently, ignitable

compressed gases, and oxidizers. Corrosive substances may exhibit extremes of

acidity or basicity o~a tendency to corrode steel. Reactive substances are those with

a tendency to undergo violent chemical change; an explosive substance is an obvious

example.' The characteristic of toxicity is defmed in terms of a standard extraction

procedure followed by chemical analysis for specific substances.

In addition to classification by characteristics, EPA designates more than 450 listed

wastes whicp, are specific substances or classes of substances known to be

4
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,- hazardous. Each such substance is assigned an EPA hazardous waste number in the

format of a letter followed by 3 numerals, where a different letter ( F, K, P, or V) is

assigned to substances from each of the four following lists:

• Wastes from non- specific sources (F-type wastes)

• ,. Wastes from specific sources ( K-type wastes)

• Acute hazardous wastes( P-type wastes)

• Generally hazardous w&Stes(V-type wastes)

An example of an "F' waste is quenching wastewater treatment sludges from metal

heat treating operations where cyanides are used in the process (FOI2). A typical "K"

waste consists of heavy ends from the distillation of ethylene dichloride in ethylene

dichloride productio~ (K019). Acute hazardous wastes are mostly specific chemical

species such as fluorine (pO56) or 3-chloropropanenitrile (P027). Generally

hazardous wastes are also predominantly specific compounds such as calcium

chromate ( V032) or phthalic anhydride (U190).

Waste dust from cement kilns, byproducts (such as ash) of fossil fuel combustion

and stack gas cleanup, mining overburden returned to the mine site, domestic

sewage, and return flow from irrigation are excluded from RCRA regulation. [2]

1.3. Identification of Hazardous Materials

Hazardous materiws are usually labeled by their manufacturers with such terms and

phrases as " Caution," " Danger,"" Warning," and" Handle with Care." However,

these self-descriptive terms do not indicate the specific hazard involved with the

material. [4] Labels are symbolic representations of the hazards associated with a

material. Labels are required for most packages containing hazardous materials and

must be printed on or affixed to a spot near the marked shipping name. Examples of

DOT labels are &hown in Figure 1.1. Like labels, placards are symbolic

representations of the hazards of a given cargo. They are placed on the ends and

sides of motor vehicles, railcars, and freight containers. Figure 1.2 shows some

sample placards. Placards are particularly important in case of accident because they

are highly visible. [16]

5
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1.4. Sit1i~.tionin Bangladesh

Bangladesh does not have a large industrial sector, but industrialization is being

given high priority and is gaining momentum. The level of industrial pollution in the

country is not high, but is quite significant in localized areas .. Concerns and

apprehensions remain that as the country becomes more industrialized in near future,

'serious environmental pollution problems will be encountered.

There are about 900 polluting industries in the country which ultimate discharge

their toxic and hazardous effluents into water bodies. The rivers of Dhaka,

Narayanganj, Chittagong, Khulna, are the main receivers of these untreated effluents

which also contain heavy metals like mercury, copper, cadmium; lead, chromium,

arsenic etc. and other toxic compounds like cyanide.

Increased use of agro-chemicals including some toxic pesticides (the dirty dozen) is

also posing threat to the human health and the environment. Since 1986 there is a

rapid increase of fish diseases, a careful examination may reveal a correlation with

the increase use of agro-chemicals, disposal of untreated industrial and municipal

wastes etc. to water bodies.

. The use of DDT for the preservation of dry fish is alarmingly high in Bangladesh.

The government has imposed ban on the use of DDT and certain other insecticides a

few years ago. Still this trend is being continued due to virtually nonexistent

restrictions.

Hospital and radioactive wastes are another hazardous source of growing concern.

The hospital waste constitutes a wide variety of matter including highly toxic

chemicals. It has been found that most of the hospital wastes are not infectious but

are hazardous. The grim picture is that they are routinely disposed of with the cities'

domestic wastes without prior treatment exposing the people to the risk of infections

with HIV and hepatitis-B viruses and other infectious diseases.

In recent days, the public has become increasingly aware of the environmental and

health damages that can result from hazardous chemicals being used or hazardous

wastes being generated. At the same time many are not at all aware of these risks

and moreover even the officials, managers are often practically fully or partially do

8



not unacrs:and the complexity of the risks to public and environmental safety posed

by toxic chemicals and hazardous wastes.

In Bangladesh, with its program of industrialization, the use of hazardous chemicals

and generation of hazardous wastes is likely to increase in the future. It is imperative

. that industrialists, workers, farmers, the people, and the government be aware of the

problems relating to hazardous chemicalS! wastes, and appropriate action be taken to

control these so that the harm caused by these substances are minimized. [1]

'..
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CHAPTER 2 .

Environmental Impact

Environmental impact can be defined as any change in the environment that is

. caused by an activity or a factor. This change may be physical, chemical, biological,

social, or economic. The environmental change may be caused directly by the

activity, as when application of an insecticide to a forest kills the insects that are

food species for the forest birds and the birds subsequently move out of the affected

area. The sew!1dary impact of the insecticide factor is a reduction in forest bird

populations. Accordi,ngly, environmental impacts may be immediate or may require

varying amounts of time, depending on the underlying processes, to occur. It has

been seen that some kinds of environmental. impact are extremely subtle and

complex. [12]

Industrial and agricultural development is accompanied by increasing use of toxic

chemicals and generation of hazardous wastes. Some of the toxic and hazardous

chemicals also come out as industry waStes. These along with the hazardous wastes

unless properly treated generally find their way into the environment causing

problems for man, animal and plant life. [I]

Chemic!!l substances may harm humans and the environment in many ways. They

may be flammable or explosive, causing burns or bodily harm. Synthetic organo-

chlorine compounds ( e.g., DDT, PCB's) are responsible for some of our most

serious environmental hazards; such substances are often acutely toxic, or produce

long-term danalige such as carcinogenesis. [38]

Major disasters have occurred when toxic chemicals polluted the environment A

recent example is the Bhopal incident Leakage of deadly methyl isocyanate from

underground storage tanks caused death to about 2500 people and injured thousands.

Another incident is that of mercury poisoning in Minamata in Japan. About 100

people died and more than 100,000 were maimed. [I]
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In most cases, however, the effect of toxic chemicals were not recognized over a

long period of time, as the efTect was slow. An example is the initial use of DDT and

subsequent restrictions on its use when its harmful effects were recognized. The

residues of this persistent pesticides could be detected even after 30 years of

application. [9)

Hazirdous wastes and their products may be encountered in water, .the atmosphere,

soil, and living systems. Pollutant species are always interchanging between them by

environmentai chemical processes. These interactions are illustrated in Figure 2.1.
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Figure 2.1. Interchange of pollutant species among the atmosphere, hydrosphere,

geosphere, and biosphere. [2)

2.1. Water

A number of chemical phenomena occur in water. Many aquatic chemical processes

IIrc influenced by the action of algae and bncteria in water. Most of the many
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oxidation-reduction reactions that occur in water are mediated (catalyzed) by

bacteria. Gases are exchanged with the atmosphere, and various solutes are

exchangea between water and sediments in bodies of water.

Groundwater is of the utmost importance insofar as hazardous wastes are concerned .

• This is because of groundwater's susceptibility to contamination by improperly

disposed wastes, such as those in poorly constructed landfills. Once a groundwater

source is'contaminated, it is extremely difficult to restore to its original conditions.

Several important characteristics of unpolluted water should be noted such as gas

solubility, alkalinity, hardness etc. Gas solubility is required to support aquatic life

and maintain water quality, oxygen is the most important dissolved gas in water.

Water in equilibrium with air at 25°C contains 8.3 milligrams per liter (mgIL) of

dissolved O2,

In natural water, waste water, and soil, most significant oxidation-reduction

reactions are carried out by bacteria. They use these reactions to extract the energy

that they need for their own growth and reproduction. Bacteria are single-celled

organisms roughly a micrometer in size. Some bacteria require elemental molecular

O2 for their metabolic needs and are called aerobic bacteria. Other anaerobic

bacteria extract their oxygen from sources such as NO)', sot, and organic matter,

represented as {CH20}.

One of the most comm~n bacterially mediated reactions In oxidation-reduction

processes in water and soil is the oxidation of organic matter,

O2 + {CH20} ~ CO2 + H20 (2.1)

a process called aerobic respiration. It provides the means for degrading organic

wastes, such as sewage. If this reaction occurs at a rate faster than processes for

replenishing oxygen. in a body of water, the level of dissolved oxygen may become

so diminished that the water no longer supports fish life.

Bacteria interact with hazardous wastes in a number of ways. Some very toxic

materials impede, or even totally stop, bacterial action. A number of organic wastes

are partially or completely degraded by bacteria. In a few cases, the organic products

are even more,toxic than the original wastes. Bacteria can modifY the soil and water
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medium in which hazardous wastes are contained, thus affecting the mobility of the

wastes. Prominently, bacterial degradation of organic matter can consume all the .

oxygen in a landfill and greatly lower the pE. pE is a parameter analogous to pH and

is defined conceptually as the negative log of the electron activity. [2]

.2.1.1. Water Pollutants

Natural waters are afflicted with a wide variety of inorganic, organic, and biological

pollutants, a significant fraction of which come from the improper disposal of

hazardous wastes. In some cases, such as that of highly toxic cadmium, a pollutant is

directly toxic at a relatively low level. In other cases the pollutant, itself, is not toxic,

but its presence results in conditions detrimental to water quality. For example,

biodegradable organic matter in water is often not toxic, but the consumption of

oxygen during its degradation prevents the water from supporting fish life. Some

contaminants, such as sodium chloride (NaCI), are normal constituents of water at

low levels, but harmful pollutants at higher levels. Table 2.1 summarizes the major

water pollutants and their significance.
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Table 2 I General Categories of Water poll"tants

Pollutant category

Asbestos

Alkalinity, acidity,
, salinity
Biochemical oxygen
demand, BOD
Carcinogens

Detergents

Fertilizers (algal
nutrients)

Inorgatl'ie pollutants

Metal species with
organic entities
Pathogens

Pesticides
Petroleum wastes, " oil
spills"
Radionuclides

Sediments

Sewage

Trace elements and heavy
metals
Trace organics

Examples and significance

Fibrous minerals known to cause lung cancer when inhaled.
Effects in water are unknown.
HCO]-, H2S04, and NaCl, respectively. Harmful pollutants if
in excess.
Organic matter that consumes oxygen when degraded.
Affects water quality, reduces dissolved O2 levels.
Aflatoxins, nitrosamines, polycyclic aromatic
hydrocarbons(p AHs), others. May cause cancer.
Surface active agents and their builders. Harm wildlife,
affect esthetics.
Phosphates, K+, NOl- . Cause excessive algal growth.
Subsequent decay of algal biomass consumes oxygen and
causes eutrophication of water.
CN', NHl, S02. Toxicity, esthetics, general detrimental
effects on water quality.
Heavy metal chelates, organometallic compounds. Toxicity,
metal transport.
Disease-eausing bacteria and viruses. Cause illness. Impose
constraints on water reuse and increase difficulty of water
treatment.
Parathion, carbaryl. Toxic to humans and wildlife.
Petroleum and petroleum products. Harmful to wildlife,
esthetics.
Radium, plutonium. Allowable only at very low levels in
drinking water.
Detrimental to wildlife and esthetics. Fill streams and
impoundments.
Sanitary and other wastes discharged into sewer systems.
Toxic, contains pathogens, consumes oxygen during
biodegradation.
Cadmium, lead, arsenic. Directly toxic to wildlife and
humans.
Aromatics, organohalides. Toxic, poorly biodegradable.

--------.--------------------------

14



"'~... '

" ,. 'r ',' .~' .:'

I "> .,'.~

!

I

; "

2.2. 'Soil

Soil consists of a large variety of material composing the uppermost layer of the

earth's crust upon which plants grow. In addition to its essential role as a medium for

plant growth, soil is often the repository for a number of substances produced by'

human activities, including pesticides, petroleum, and hazardous wast7s. Typically,

soH consists of about 95% mineral matter and 5% organic material, although it may

vary from almost pure mineral matter to almost pure organic material. The bulk of

finely divided mineral matter in soil consists of weathered products of bedrock,

Some of the main environmental chemical aspects of soil are illustrated in Figure2,2,

Parcnt Rock

Figure 2.2. Layers of soil. [2]

The most active and important part of soil is t?psoil, the layer in which plants are

rooted and 'in which most biological activity occurs. In addition to finely divided

mineral matter, topsoil contains water and air. During the growing season substantial
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amounts of water are lost to the atmosphere by sorption through plant roots followed

by evaporation from leaves, a process called transpiration. Soil is a very active

medium for biochemical processes, including bacterial fixation of atmospheric

nitrogen, biodegradation of degradable organics, and oxidation-reduction transitions

o~ inorganic substances, such as the bacterially mediated oxidation of fertilizer

ammonia to nitrate, which can be utilized by plants:

NH) + 202 (bacteria) ...• It + NOl" + H20 (2.2)

2.3. The Atmosphere

The atmosphere consists of the thin layer of mixed gases covering the earth's

surface. Exclusive of water, atmospheric air is 78.1% (by volume) nitrogen, 21.0%

oxygen, 0.9% argon, and 0.03% carbon dioxide. Normally air contains 1-3% water

vapor by volume. In addition, air contains a large variety of trace level gases at levels

below 0.002%, including neon, helium, methane. krypton, nitrous oxide, hydrogen,

xenon, sulfur dioxide, ozone, nitrogen dioxide, ammonia, and carbon monoxide.

The most significant feature of the environmental chemistry of the atmosphere is the

occurrence of photochemical reactions resulting from the absorption by molecules

oflight photons. One of the most significant photochemical reactions is responsible

for the presence of ozone in the troposphere. The ozone serves as a very valuable

filter to remove ultraviolet radiation from the sun's rays. If this radiation reached the

earth's surface, it would cause skin cancer and other damage to living organisms.

Physical phenomena in the atmosphere have a strong influence on atmospheric

chemistry. Temperature inversions, in which a layer of cold air is trapped beneath

hot air, are particularly influential because they limit vertical circulation air and trap

bodies of air for long periods of time. In the presence of pollutant nitrogen oxides

and hydrocarbons an~ sunlight, which initiates photochemical reactions,

photochemical smogs develops in air masses held stationary by temperature

inversions.[2]

2.3.1. Oxides in the Atmosphere

Oxides of carbon, sulfur, and nitrogen are important constituents of the atmosphere

and pollutants at higher levels. Of these, the most abundant is carbon dioxide, CO2,
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which is required for plant growth. As of now, carbon dioxide is present at a level of

about 340 parts per million (ppm) by volume in the global atmosphere and is

increasing. at a rate of about I ppm per year. [2] This gas reabsorbs some of the

infrared radiation by which the earth's surface re-radiates energy absorbed from the

sun. increasing COz levels resulting from accelerated use of fossil fuels and

destruction of C0z-fixing forests may cause an increase in the earth's

temperature(greenhouse effect) with disastrous effects on climate.

Carbon tilonoxide, CO, is a serious air pollutant in areas where automobile exhaust

emissions result in excessive levels. Carbon monoxide combines with the blood's

hemoglobin preventing it from transporting oxygen to body tissues. Illness and death

can result.

Several oxides of nitrogen are significant air constituents and pollutants. Nitrous

oxide, NzO, is a nontoxic atmospheric gas formed by bacterial action on nitrate salts.

Although it participates in atmospheric photochemical reactions, NzO is not

generally regarded as a pollutant. Nitric oxide, NO, and nitrogen dioxide, NOz, are

collectively denoted as "NOx." Both are regarded as pollutants in the atmosphere.

Most pollutant sources of NOx produce predominantly NO. Internal combustion

engines produce this gas by the high-temperature, high-pressure reaction of Nz and

Oz:

Nz + Oz'" 2NO (2.3)

Much of the chemically-bound nitrogen in coal and residual fuel oils is converted to

NOx during combustion. Photochemical processes in the atmosphere tend to convert

NO to NOz. Further reactions can result in the formation of corrosive nitrate salts or

nitric acid, HN03. Nitric add is a constituent of acid precipitation, consisting of

rain water, snow, or fQghaving a very low pH.

Sulfur dioxide, SOz, is a reaction product of the combustion of sulfur-containing

fuels, such as high-sulfur coal. Part of this sulfur dioxide is converted by the

following overall atmospheric chemical process to sulfuric acid, HzS04:

2S0z + Oz + 2HzO .•• 2HzS04 (2.4)

In most localities, sulfuric acid is the predominant contributor to acid precipitation.
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2.3.2. Hydrocarbons and Photochemical Smog

The most abundant hydrocarbon in the atmosphere is methane, CH4, released from

underground sources as natural g~ and produced by the fermentation of organic

matter. Methane is one of the least reactive atmospheric hydrocarbons and is

produced by diffuse sources: so that its participation in the formation of pollutant

photochemical reactio!! products is minimal. The most significant atmospheric

pollutant hydrocarbons are the reactive ones produced as automobile exhaust

emissions. In the presence of NO, under conditions of temperature inversion, low

humidity, and sunlight, these hydrocarbons produce undesirable photochemical

smog manifested by the presence of visibility-obscuring particulate matter, oxidants

such as ozone, and noxious organic species such as aldehydes.

Many of the irritating qualities of smog are due to the production of aldehydes and

oxidants. Of the latter, the two main types are ozone and organic oxidants, such as

peroxyacetyl nitrate, PAN. These compounds cause eye and respiratory tract

irritation. The oxidants are quite toxic to animals and plants and cause damage to

rubber and othermaterials.

Although the automobile IS tne major culprit contributing to atmospheric

hydrocarbons pollution leading to photochemical smog formation, other sources of

hydrocarbons are likewise important. Even pine and citrus trees contribute highly

reactive terpene hydrocarbons to the atmosphere, which contribute to smog

formation. Volatile hydrocarbons emitted from improperly disposed hydrocarbon

Ml,(irdous wastes Can also add to photochemical smog. [2]
2.3.3. Acid Rain

The removal of S02 and also Nox from the flue gases of coal and oil burning is

becoming a very important ecological issue. Smokestacks have been built higher and

higher to discharge the pollutants high into the atmosphere so that they would not

contaminate the surrounding air. However, these noxious gases now are caught by

the prevailing winds, changed into nitric and sulfuric acids by contact with moisture

in the air, and deposited as "acid rain" perhaps hundreds of miles away from their

source. This acid rain"may have a pH as low as 1.5, but more often it is about pH 3.5.
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The cflcct ..cf lhi~; on plant and marine life is disastrous and is certainly not desirable

for humans. Forests arc rendered Cjuite unhealthy, primarily because of the decrease

in soil microorganisms that fix nitrogen. The fish in the lakes thai the rain falls upon

are becoming stunted or dying. [14]

2.3.4. Particulate Malter

Particlcs ranging from aggregates of a few molecules to pieces of dust readily visible

to the naked eye arc commonly found in the atmosphere. Very small particles called

condensation nnclci serve as bodies for atmospheric water vapor to condense upon

and ~lre essential for the formation ofpreeipilation.

Colloidai-siz.ee! particles in the atmosphere arc called aerosols. Those formed by

gl.inding up bulk maller arc knoll'n as dispersion aerosols, of which the latter tend to

be smaller. Smaller particles arc in general the most harmful because they have a

greater tendency to scalier light ane! are the most respirable ( tendency to he inhaled

inlo the lungs).

I'articles unciergo a nllniber of [Jrocesses in the atmosphere as summarized in Figure

2.3.
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Figure 2.3. Major processes that particles undergo in the atmosphere .

.rhe aggreg~tion of small particles into larger ones is called coagulation and often

precedes removal of particles from the atmosphere. Particles come out of the

atmosphere by sedimentation, scavenging by precipitation, and dry deposition in

19

... :"\
l ..-<.0;.-..-",



which they slick' upon the surface of soil or plant leaves. Particles are required for

the condensation of water vapor from the atmosphere, so they are involved in

rainL111. Particles serve as reaction sites for atmospheric chemical processes. These

heterogeneous reactions may occur on the surfaces of particulate oxides or carbon or

.inside water droplets.

2.4. Indicator Chemic"ls

The release of chemical species into the environment is one of the most common

and troublesome aspects of the hazardous waste problem. A large number of

chemical species may be released from waste sites, and it is diftlcult to monitor them

all. Instead, indicator chemicals arc chosen for monitoring on the basis of their

toxicities, mobilities, persistence, quantities present, and amenability to analysis.

Indicator chemicals arc selected for a site on the basis of their indicator score, lSi, a

unitlcss number calculated by the formula,

IS = '~(C T)• 1 L. lJ IJ
(25)

where Cij is the concentration of species i in medium j and Tij is a toxicity value for

the same chemical in the medium under consideration. The units of Cij are mg/L,

l11[ykg, and mg/ m1 for water, soil, and air respectively and units ofTij are reciprocals

of the units of e,j' Values of lSi may also be adjusted for frequencies at which

chemicals arc dctcctcd, and timc trcnds for spccific chemicals at the site.

The spccies most often sclected as indicator chemicals arc organic compounds and

hCftv)' mctals. [2]

2.5. The Impact of Toxic and Hazardous Matedals on the Environment of

Bangladesh

Air and water arc among the most valuable resources on which life on thc earth

depends Any substantial changes in their quality can seriously hamper life support

systems and proces~;es, thereby affecting thc environmcnt and human lifc. In

developing countries like Bangladesh fast urbanization, environmentally unsound

mdustrialization and poor agricultural practices associatcd with lack and/or poor

el'nucnl trcatment practices, inadequate emissions controls and poor or non-existing

environmcntal'managcmcnt practiccs and capabilities arc major lilctors which have
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resulted in the deterioration of the environmcnt in gcneral and water and air quality

in particular. [1]

The rate of urbanization in this country is in no way significant or impressive. It is

essentially a riverine country with rich alluvial plains and a deltaic-coastline. By and

large, the populace of Bangladesh inhabit rural regions and thrive on agricultural

occupations. The industria! sector is yet to pay a decisive or dynamic role in the

nation's economic framework. The industrial sector is concentrated largely to the

urban and sub-urban locations and this sector contributes no more than II % to the

nation's GDP [23]

Thc prev,uiing slate of the environment in Bangladesh is not difficult to discern.

Compared to the developed and industrialized countries of the world, the magnitude

of pol Iution in Bangladesh today is indeed insignificant. This can be easily explained

by the fact that industrial pollution has not assumed alarming dimensions due to the

slow paee of industrial growth and the very limited sphere of industrial dynamics.

Ycl the stale of the environment is rapidly deteriorating, especially in the urban

areas.

The principal polluting, agent of our riverine water are those industrial units which

have becn established on thc rivcr banks. Thcse industries simultaneously usc rivcr

water for watcr sourccs, and as transmitting mcdia of different industrial waste,

without treatmcnt. Differcnt typcs of chcmicals arc used by these industrics of which

some are very toxic and hazardous, and make major contribution to thc pollution

C,\tcn\ of watcr quality. [31] Thc other rivcrine watcr pollution is caused by

indiscriminatc usc of pesticides and insecticides, Arter indcpendence use of

insecticidcs and pesticidcs in thc agricultural fields have increased manifold, As all

chcmical pesticides arc pollutant, only judicious use by the farmers could minimize

its toxic elTects. Indiscriminate use of insecticides and pesticides has been posing

grave threat to aquatic life of our riverine water. [9]

2.5.1, Effecls of Agricultural Development

Rapid growth of population in Bangladesh demands more food, Hence, the country

has to adopt modern agricultural proccsses to meet this need a long time ago. This
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type of agriculture is called "industrial agriculture" in which high inputs in the form

01' chemical fcrtilizers, pesticides and irrigation are used to harvest higher yields.

Unfortunately, the residues of fertilizers, pesticides and irrigation water have great

impact on the environment.

A ..Fcrtiliz~r
Bangladesh has got one of the most fertile lands. But the per acre yield in the country

is one of the lowest in the world. The loss of fertility for continuous crop production

is not fully replenished by slow natural processes. The present land use pattern

indicates that there is practically no scope for the cxpansion of cultivable land. So

the only option left for the increase in food production is to industrialize agriculture.

In industrial agricl.J1ture a very high production is achieved by nourishing a high yield

variety of crop by adequate chemical fertilizer and irrigation and protecting the crop

from disease, insects and weeds.

Urea, triple super phosphate (TSP), and muriate of potash (MP) are the major

chemical fertilizers used in Bangladesh as sources of nitrogen (N), phosphorus (P)

and potassium (K). But these fertilizers are not quite harmless. The residues of those

have considemble polluting effects on environment. Residual fertilizers in soil

inflitrate in the soil with applied irrigation water or rain water and percolate a long

way to join the ground water. Wastes from fertilizer plants, drainage and leachate

from fertilized land are major sources of nitrate pollution of ground and surface

waters. Scrious and occasionally fetal poisoning in infants have occurred following

ingestion of well water containing nitrate. [9]

B. Pesticide

Pesticides have numerous side efTects on public health and the environment. They

can create environmental pollution in air, waler, soil, crops, foods etc. Pesticides are

designed to kill living creatures and, hence, are always cause for concern. The major

classes of pesticide are insecticides and acaricides, fungicides and herbicides.

RoC!enlicides, allhough less used, may pose particular problems because the close

similnrilY in the physiology of rodents and humans means that chemicals which are
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(oxic (0 one species arc almost invariably equally toxic to the other. In general, the

greatest risks of human intoxication occurs with insecticides and aearicides.[3]

Insecticides and fungicides arc widely used in Bangladesh. It is also known that

herbicides arc used in the tea garden and some experimental stations. In most cases

. hand weeding is done by the fanners. Organochlorine and organophosphorous

compou:,ds arc mostly used, of which organochlorine pesticides are highly persistent

and can exist in the environment for many years. Somc chcmicals arc also used as

household, store-room and cowshed pesticides. [9]

In addition lO affecting humans, pesticides may also cause damagc (0 wild life. This

may be due to lack of specificity, for example older insecticides had a much broader

specificity than modern chemicals, and to side effects. Hence, when considering the

environmental effects of a chemical one must consider not just the properties of the

chemical but how it interacts with the local ecosystem. The ecosystem of

Bangladesh is almost unique so special considerations may apply. Fortunately these

are generally j~lvorable, the flushing action of the floods limiting the possibilities of

accuillulation or residues in the soil. [3]

No published dala are lound on the residues of pesticides in Bangladesh soils. The

average residues of organochlorine pesticides in Bangladesh soil is shown in Table

22. [9]

Table 2.2. Average residues of organochlorine pesticides In Bangladesh soils

(a vcrage or 24 chromatograms) .

Pesticides Incubation, Days

0 28 84 168 336

Aldrin 100 82 68 43 35

Dieldrin 99 81 70 58 37

Endrin 99 81 64 54 43

Lindane 99 80 63 44 30

Heptachlor 99 79 51 36 23
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2.5.2. Effect of lndustrial Development

Although Bangladesh is predominantly an agricultural country but a large number of

large scale industries based on both indigenous and imported raw materials have

been set up. Many of thcse industrics use toxic and hazardous materials to serve their

purposes Se.rious environmental impacts occurs as these industries discharge the

ef1lucnto without trcatment containing hazardous wastes.

The tragic decline in fish availability is a direct reflcetion of unplanned

cnvironillental disruption. Water projects have destroyed fish habitats over vast

areas, biocide applications and toxic and hazardous chemicals pollution from

untreated industrial ei'lluents have had unmeasured destructive effects on fisheries

(!eeline in Bangladesh. [11] These effects including others will be discussed more

elaborately in the latcr chaptcr.
Based on the above findings, it can be concluded that there is an urgent need for

developing a def,niU' program for the managemcnt of hazardous materials/wastes in

Bangladesh.
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CHAPTER 3

Hazardous Materials

In general tenns a hazardous substance is a material with a substantial potential to

pose a danger to living organisms, materials, structures, or the environment. Such

dangers may consist of explosion or I1re haza~ds, corrosion, toxicity to organisms, or

Mher detrimental effects. Many spccilic chemical,. in widespread usc arc hazardous

because of their chemical reactivities, fire hazards, toxicities, and other

characteristics. These materials require special attention as they may result in severe

health and environmental effects.

Each day countless kinds and types of matter are encountered by everyone. Matter

occurs in three different states of aggregation: gaseous, liquid and solid. As a general

policy, gases are more hazardous than liquids, and each of these is more hazardous

than solids. Flammable or toxic solids arc especially hazardous when they arc

powdered or pulverized. On the other hand, flammable gases generally ignite readily

when their concentration in air exceeds roughly! to 5 percent by volume. The same.

is true of the vapors of a flammable liquid. Furthermore, gases and vapors eaU~;e

serious internal injury in the body more readily than liquid or solid forms of matter.

[4]

3.1. Hazards Associated With Hazardous Materials

Hazardous materials exhibit special hazards, including corrosion, I1re, heat damage,

explosion, pollution, and toxicity depending upon the conditions. In some cases they

may also exhibit radioactivity.

3.1.1. Chemical Hazards

Many chemicals can cause severe burns if perrnitted to come into contact with living

tissue. Dehydration by strong dehydrating agents, digestion by str~ng acid and bases,

and oxidation by strong oxidizing agents can destroy living tissue. Eyes ulld the

mucous membranes of the nose and throat are particularly susceptible to the effects

of corrosive dusts, mists, and gases. In addition to having the ability to destroy

living tissue, many chemicals are very toxic, flammable, 01' detonable. [15]
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Because they arc so cold, all et)'ogenic gascs arc a d~lnger to flesh. They will "burn"

the skin. An exposure too bricf to injure hands or skin can dUinage one's eyes by

freezing the liquid (largely water) in them. [8]

3.1. 2. rire and Explosion Hazards

A large number of fire incidents involving hazardous materials occur during the

period that they are transported from place to place. Train derailment, vehicle

collisions and other accidents involving the bulk transponation of hazardous

materials have been responsible for numerous extremely severe fire incidcnts. The

possibility of encountering hazardous cargo exists almost anywhcre, since lmzardous

materials are transported by all modes except postal shipmen! airline, barge, train,

truck, and pipeline.

Vapor density of 1\ gas is a useful I)Urameter il\ the cvallialii11l 01' its hazardous

featurcs. If the vapor density ofa gas IS grcater than 1.0 ..the gas must bt.l heavier th;'tll

air. A leak of these gases from a cylindcr housed in an enclosed room tend:; (0

concentratc ncar the floor or to flow in low nreas A large cOI1t.cl1tnllion 01' n

flammable gas or of the vapors of a tlammable liquid constitutes an especifl!iy

serious fire hazard. If the substance is toxic, its increased conccntration 1:\ a

relatively small area may pose a serious health hazard as well. [4]

One of the more disastrous problcms that can (J'ccur with flammable liquids is :\

boiling liquid expanding vapor explosion,. BLEVE. These nrc eauscd by rapid

prcssure bUildup in closed containers of flammable liquids heated by an external

source. The explosion occurs when the pressure buildup is sunlcient to break the

containcr walls.

Dust explosions can occur with n large variety of' soliJs thal have been ground to il

finely divided statc. Many metal dusts, particularly those of magncsium one! its

alloys, zirconium, titanium, and aluminum can burn explosively in air. [2J

3.1.3. Hazards of Vapor Cloud Release

Gases and vapors emitted from equipment as well as vapors resulting fran:

evaporation of mists or spilled liquid can form vapor clouds having various

properties such as flul11mability, toxicity, visihility nile! odor. Thc Icrm "vnpar" as
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used here in the general sense 01' any substance in the gaseous state whereas the term

"cloud" indicates that the vapors are essentially uneonl1ned iii the lltl1iosphcrc; Le,

they are not inside a building or enclosure.

Release of a hazardous material can create a cloud near the source 01' release thai

may extend downwind (or downhill, for densc vapors and low wind speeds). The

I'raetion 01' the released material that I'orms a vapor cloud varies with the properties

of the matcrial. Nearly all vapor release events are caused by loss 01' containment 01'

a volatile material. However, toxic clouds can rcsult ii'()m releases 01' less toxic

materials- (1) by thc burning of some matcrials or mixtures which results in tbe

gcneration of toxic combustion products, such as the burning 01' chlorinated organics

producing hydrochloric acid; and (2) by the chemical rcaction of a spilled material

with water or some other commonly present material, such as the reaction of

chlorosulfonic acid with humidity in the air to produce sulfuric or hydrochloric acid

mists. Toxic clouds can also be formed by the vaporization ofa low-volatility liquid

I'rom a fire involving a mixture of the toxic material with a combustible substance,

such as the burning 01' a PCB/oil mixture (with the possible formation of dioxins in

tbis case).

The consequence of accidental vapor cloud releases having tbe greatest severity in

terms of acute health hazards arc usually toxic releases, fires, and explosions. [27J

3.1.4. Radiation Hazards

Radioactive materials are usually present in such extremely small quantities as to

present no real fire or explosion hazard even when their chemical nature is such that

they do burn or explode. Nevertheless, when involved in fires or other cmergencies,

they become a serious health hazard to the general public as well as to the lirc-

lighting forces. Also possible is increased delay in salvage work and in resumption

of normal operation following fire, explosion or other damage due to loss of control

over radioactive substances and the consequent necd for decontamination of

buildings, equi pment and materials.

Radioactive elements and chemical compounds have fire and explos.ion properties

identical with those of the same materials when not radioactive. Radioactive
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example, as oxidants. Strong acids and strong buses are highly corrosive. Many

inorganic compounds arc toxic. A large number of inorg<lnic eOllip0tinds arc

hazardous for more than one reason. For example, extremely Im,ic hydrogen cyanide

is also flammable. Table 3.1 shows some examples of h"zardous

compounds.

Table 3.1. Examples of Hazardous Inorganic Compounds

. .
1I10rg8J11c

Name and formula Properties and effects

Aluminum phosphidc, AlP Insecticide and fumigant, rele~ses toxic phosphine (PI-I]) in
contact with water
Toxic
Reactive and toxic, releases Hel with water
Flammable, explosion hat.ard, toxic to the central nervous
systeril
Toxic
Powerful reductant, explosion hazard, skin sensitizer,
systematic poison
Toxic
Flammable, very toxic
Flammable, very toxic
Dcadly poison

Highly toxic, used "s rodenticide------,-----_._-----_._-

Toxic
Toxic, reacts strongly with some chemicals
Very toxic flammable gas producing cOITosive fumes when
burned
Powerful irritant, reacts with water to produce heat and
corrosive fumes
Very unstable explosives, toxic
Powerful irritant, reacts with water 10 produce toxic,
corrosive fumes

as Toxic, thalliul11 suI/tHe used as rodenticide

A rscn ic salts
Boron trichloride, BCI)
Carbon disulfide, CS2

Cyanide salts (CN')
Hydrazine, N2H4

Gallium trichloride, GaCI]
Hydrocyanic acid, HCN
Hydrogen sulfide, 1-12S
Mercury (II) chloride,
"corrosive sublimate,"
HgCI2
Nitric oxide, NO
Nitrogen dioxide, N02

Phosphine, PH)

Thallium salts such
thallous sulfatc, TI2SO,1
Zinc phosphidc, Zn]P2

Phosphorous oxychloride,
POCI)
Sodium azide, NaN)
Sulfur tetrafluoride, SF4

3.2.1. Hazards of Metals

Metals are unique environmental and industrial pollutants in that they arc neither

ereatcd nor dcstroyed by hUl11ans but arc only transport~d and tfal1s!()fIncd into
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various products. Oftcn these activities result in cxpqsure 10 (race metals by persons

not ordinarily in contact with thcm, and sometimcs chcmical limns arc crcated that

are not usually present in nature.[3 ] Metals can be toxic or corrosive. No less than

20 metals are radioactive and most metals have another hazard that they will burn.

Any metal which rcacts with oxygen and releases heat is a candidate for ignition, if

conditions arc favorable. [8]

3.3. Hazards of Organic Compounds

Organic compounds are associated with a number of collcctive hazards. Most of

thcm are flammable. Organic compounds melt and boil at relatively lower

temperatures than most inorganic substances. They cal;ily vnifltilizo nl room

temperature and possess relatively low specific hents and ignition temperature.

These physical properties account for the ease with which organic ~ubstanees burn.

The ignition of a mixture of an organic vapor and air is generally possible with a

vcry small flame or spark, as from brush-typc motors. The accompanying heat of

combustion is usually so great that virtually anything nearby is raiscd to its ignition

temperature and also bursts into flames. This feature is the reason that hydrocarbons

are such excellent heating fuels. The excessive radiant liGSt accounts for thc rapid

sprcad of the accompanying fire.

Organic compounds that have a relatively high carbon content tend to burn with a

very sooty flame, even in a plentiful supply of air. Aromatic hydrocarbons burn with

more accompanying soot than the aliphatic hydrocarbons that contains five or less

carbon atoms per molecules. The incomplete combustion or organic compounds is

always accompanied by the formation of C,Hhon monoxidc. Most organic

compounds are much less stablc to heat than inorganic compounds. Even confined to

their containers in the absence of air, organic compounds tend to char and pyrolyze

when exposed to heat as from an impinging fire. Generally, the pr.esenee of onc or

more halogen atoms in the molecular structure of an organic compound increas(';s its

stability and inertness toward combustion

Most organic compounds are insoluble in water. They tend to react easily with

oxidizing agents. A mixture of an oxidizing agent and organic matter is usually
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susceptible to spontaneous ignition. Other than flammability and oxidation, organic

compounds tend to react somcwhat slowly with other chemicals. Organic reactions

involve the breaking of covalent bonds and. the formation of new ones. By

comparison, inorganic reactions occur rapidly, since they gencrally occur between

lomc species.

The ease with which organic compcunds volatilize .is partially responsible for the

health hazards associated with them. Thesc compounds are similar in molecular

structure to those responsible for life processes, and it is il')[ unlikely to expcct that

ingestion of certain organic compounds into living systcms would cause thc

alteration of some cellular functions. Thc toxic effccts of organic compounds vary

considerably. Upon inhalation, many organic compounds act as ancsthetics.

Cyclopropane, ethylene, ethyl chloride, and diethyl ether are in common use in

medical practice as anesthetics. Other organic compounds are irritants, such as

formic and acctic acid. Still others arc poisonous. [4]

3.3.1. Volatile Organic Chemicals (VOCs)

VOCs are those organic chemicals which have boiling points below about 180°C, or

vapor pressures greater than 10-2 kPa at 25°C. This definition is not a standard one

rather generally accepted. VOCs comprise some thousands of compounds, many of

which are in wide use as solvents, fragrances, and consumer products. Compounds

with vapor pressures between about 10.2 and 10.R kPa nrc onen described as

"semivolatile" organic compounds (SVOCs), a class that includes pesticidcs,

herbicides, polychlorinated biphenyls (PCJ3s), polychlorinated benzodioxins, and

polyaromatie hydrocarbons (PAl-Is).

Human exposure to most VOCs is mainly through inhalation; a small mimbcr of

VOCs are in drinking water, food, and beverages as contaminants. Thcsc includc

particularly chloroform, severn I other trihalomethanes, and limonenc. Somc VOC$

may travel in groundwater or through soil from hazardous wastc sites, landfills, or

gasoline spills to inhabited areas.

Chronic health cffccts may includc cancer. Acutc cffects from industrial exposurcs

at the parts-per-million (ppm) level include skin reactions and central ncrvous
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systcm (CNS) cffccts dizzincss and fainting. [(cccntly, a set of "new" illnesscs,

including sick building syndrome (SI3S) and multiple chcmieal scnsitivity (MCS) ..

have been linked by some to relatively low (ppb) concentration of' VOCs. [7J

VOC emissions havc major cnvironmental effects on stratospheric O7.0ne, smog, and

visibility. The effects of chlorofluorocarbons (CFCs) used for refrigeration and

packaging in attacking the earth's stratospheric ozone layer arc well documentcd.

3.4. Chemical Perspectives of Hazards

A. Hazardous Compounds and Reaction (Explosivity)

The diverse hazards associatcd with a substance [Ire generally governed by chemical

reactions and by the speed at which they occur. HeHI evolution, i.c., cxolhermicity, is

ordinarily the csscntial rcquircll1cnt for a chornicnlly hazardous cot11pound; such

materials can release potentially dcstructive ()Ilergy upon itltJoduction of .,ui'ii,;ient

activation energy. Compounds with double (ir triple bOllds arc particularly likely to

decompose with potcntially damaging liberation of cncrgy. Also, many oompounds

with nitrogen are unstable, and special caution is prudent with them.

Hazardous compounds and reactions are many and varied. It IS important to

understand the types of compounds and reactions that may cause hazardous

conditions. Certain operations can also create risks that require correction. Thermal

explosions can occur when hazardous materials dccompose c:-;oll1ermically and sclf~

heat to produce a prodigious rate of rcaction. [22J

B.Hazardous Compounds and Flammability

Flammable gases and the vapors of a flammable liquid gcnerally ignite quite readily

when they arc mixed with air and cxposed to a source of ignition. However, cach

substance has a conccntration in air above and below which it does not burn. Thc

minimum concentration of gas or vapor in air below which a substance docs not burn

when exposed to an ignition source is called the lower explosivc/ll,!mmability limit

The maximum concentration of gas or vapor in air above which ignition docS not

occur is called upper explosivelnammability limit. The lowcr and upper cxplosive

limits are generally expressed in percent by volumc of vapor in air. The llammable
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range of a substance IS the numerical diffcrcncc betwccn thc upper and lower

cxplosivc limits.

Gcnerally, liquids and solids do not actually burn as thc liquid and solid statcs of

mallcr. Rather, they give off vapors that ignite only whcn a combustible mixture

with air has been attained.

It has bcen scen that liquids posscssing a high vapor pressure arc gcnerally more

hazardous than those with rclatively lower vapor prcssures. A l1limber of oxygenated

substances, such as nitrates, chlorates, and perchlorates, are potcntially explosivc

when mixed with certain organic materials. Some mixtur~., of thcsc types arc

spontaneously explosive. Others detonatc when tickled by a fcather. 1'1]

C. H'lzardous Compounds and Corrosion

Corrosion is defined as the destruction or deterioration of a material because of

reaction with its environment. Some insist that the definition should be restrictcd to

metals, but often the corrosion engineers must consider both metals and nonmctals

for solution of a given problem. For example, deterioration of paint and rubbcr by

sunlight or chcmicals, nuxing of the lining of a steclmaking furnace, and attack ofa

solidmctal by a anothcr moltcn mctal ( liquid mctal corrosion) arc a]1 considered to

bc corrosion.

Practically, all environmcnts are CorroSIVC to some dcgree. In gcneral, the "

inorganic" matcrials are more corrosivc than the "organics." For example, corrosion

in the petroleum industry is due more to sodium chloride, sulfur, hydrochloric and

sulfuric acids, and water, than to the oil, naphtha, or gnsoline.

Leakage of valuable products and in the worst case, equipmcnt [[Iilures may occur

. because of unexpected corrosion. Slight losses of uranium compounds or solutions

are hazardous and can be very costly. The impropcr handling of hazardous materials

such as toxic gases, hydrofluoric acid, concentrated sulfuric end nitric acids,

explosive and nammable materials, radioactive substances, and chemicals at high

temperature and pressure may lead to corrosion failure or construction mate-ri,lls.

Failure of a small component or control may result in failure or destruction of the

entire structure. Corroding equipment can cause some fairly harmless compounds to
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., becomc explosivcs. Other health considerations are also important such as

contamination of potable water. Corrosion products could make sanitizing of

equipment more diflicult. [6] Table 3.2 lists some of the major corrosive substances

and their effects [2]

Table 3.2. Examples of Some Corrosive Substances

Namc and formula

Nitric acid, HNO)

Hydrochloric acid, HCI

Hydrolluoric acid, HF

Alkali mctal hydroxides,
NaOH and KOH
Hydrogcn peroxide, H202
Inwhalogeri compounds such
as elF, 13rF)
Halogcn oxides such as OF2,

CI20, CI207
Elemental lluorine, chlorine,
bromine(F), Ci2, Sr))

Properties and effects

Strong acid and strong oxidizer, corrodes metals, reacts
with protein in tissue to form yellow xanthoproteic acid,
lesions are slow to heal
Strong acid, corrodes metals, gives off HCI gas vapor,
which can damagc respiratory tract tissue
Corrodes metals, dissolves glass, causes particularly bad
burns to flesh
Strong bases, corrode zinc, lead, and aluminum, caustic
substances that dissolves tissue and cause severe burns
Oxidizer, all but very dilute solutions cause severe burns
Powerful corrosive irritants that acidify, oxidize, and
dehydrate tissue
Powerful corrosive irritants that acidify, oxidize, and
dehydrate tissue
Very corrosive to mucous membranes and moist tissue,
strong irritants

D. Hazardous C()mpounds and Toxicity

Although all hazardous substances are inorganic or orgalllc chemicals, many 01.

which are dangerous bec8use of their biochemical effects. Chemicals, whether

synthetic or naturally occurring, may induce a wide range of adverse biological

effects in humans. When these effects are adverse, they are generically and

collectively termed 'toxicity.' Short term (acute and subacute) or long term (chronic)

toxicity per se may be' expressed in fetal, neonatal, perinatal, childhood, or adult life,

ina wide range of effects extending from impairmcnt of health and fitncss to

mortality. More specific and unique manifestations of chronic toxicity include

induction of canccr (carcinogenicity), induction of birth defects( teratogenicity) and

induction of heritable genetic damage (mutagenicity). The possibility that chronic
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Toxicity may also manifest in immunological impairment or in psychobehaviroal

di:;orders has yet to be explored in depth. [38J

E. Hazardous Compounds and Radioactivity

Radioactive materials emit energy in the form of electromagnetic radiation or fast

Il:oving sub,ltomic particles, which are likely to disrupt, at random, any molecules

with which they collide. The intricate, delicately integrated network of reactions in

living cells is particularly susceptible to this kind of energetic, random intrusion and

we can anticipate an inherent incompatibility between radioactivity and living things.

[38J

The hazards associated with the properties of the atomic nucleus far surpass any

other hazards to which we have been exposed. Radioactivity is unique in that it can

not be detected by any of the five senses of human being. Some form of

instrumentation must be employed to detect radioactivity. [36J

3.5. Handling,. Storage, Use and Transportation of Hazardous

Materials

An industrial material can be hazardous in several ways: it may bum or explode,

react violently when exposed to air, water, or other chemicals stored nearby; it may

be corrosive or poisonous, capable of penetrating unbroken skin. Hence these

materials require special treatment during handling, storage, and disposal.

When hazardous materials arc transported from one place to another, they should be

accompanied by personnel trained in the procedures to be taken in any emergency.
A. Liq uids

Flammable materials should neVCrbc stored in the same area with oxidizing agents.

StOl'l1gc bLliJdings should be of' fire-res/stnn! or non-combustible construction. If

oxidizing agents arc spilled, they must be cleaned up promptly, carefully avoiding

the use of a combustible sweeping compound, and disposed of carefully. Containers,

whether glass bottles or metal drums, should be protected in storage.

Flammab!e liquids in bulk can be stored in tanks, tank trucks, and warehouses; drum

storage is another option. A tank truck can carry thousands of gallons of gasoline

along a busy street for delivery to the service station on the corner. Storage tanks

may be horizontal cylindrical tanks having fixed and floating roof. If flammable
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liquids are stored in vented tanks as in fixed roof tanks, flame arresters must be

installed in all openings except conncctions made bclow the liquid level. As its

namc implies, flouting roof type of lank eliminates potentially explosive vapor space

by having the roof rest directly upon the liquid conlcnts. lnslcad of vents,.this type of

lnnk is built with a deliberately weakened roof seam. Flommable liquid fires often

begin with 1111 explosion. A trlnk with its roof ruptured or missing is not sllbjectto a

pressure explosion. On fire, heat will calise the sides of the tank to fold in, a few feet

above the level of the liquid. Figure 3.1 shows, some examples of tank design.

(~;=J~/1] ijJ 0[j~:3 :-= .-'-' ~

HorUZON 111,l Cml[.TYf'E FI.OATING HOOF 5PII£I1OID

Figure 3.1. Exalllpies of tank design,

Spheroidal and cone-type tanks also have vents for relief of over pressures.

COlllpanies that slore drullls of flammable liquids can reduce the risk of llre and

explosion. in a number ofwQYs, Good ventilation of rooms where flal11mableliquids

are stored or handled can be vilal. Ignition sourccs can bc eliminated wherever

pllssible.

Open /lamcs, sparks, electrical equipment, static, hot surfaces, radiant heat, friction,

overheating, spontaneous ignition and all the other sources that might not be

considered until it is too latc, Automatic sprinkler systel11s are obvious conditions for

such storage. [8]

13. Carles

A gas can supporl combustion, be flal11mable, unstable, explosives, corrosive, toxic,

or combine somc or all of these unpleasant traits. Industrial gases are shipped and

stored in two ways: as liquid which gcnerate a stabilizing vapor pressure, or as .gases

in high pressure cylinders. of various kilids. Most cylinder valve assemblies have

I'rangible (breakable) discs, designed to break at pressure below the bursting poinl of
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the cylinder. While the escape of flammable or toxic gases in a tire situation is a

gloomy prospect, it is the better of the two evils. Poisonous gases mayor may not

have these relief devices. Chlorine and sulfur dioxide gas cylinders generally have

them, ammonia sometimes docs, while hydrogen cyanide does not. Acetylene

. cylinders have a unique system of pressure relief. They have another safeguard.

Instead of frangible discs, acetylene cylinders have soft plugs designed to melt

around the boiling point of water. Depending on the size of the cylinder, there may

be one to four of these soft plugs.

Oxygen, hydrogen, nitrogen, and air are among the many gases which arc

commercially available in steel eylindcrs. Under general conditions they should be

stored In an upright position, strapped securely to a permanent structure, and

protected from higiltemperatures.

Another hazard associated with high pressure cylinders is "rocketing." This occurs

alter accidental rupture or when a valve assembly breaks off. Driven by its content,

thc cylinder becomes a missile. Cylinders take a little time to build up speed, but

once launched, have been known to go through automobiles and concrete walls.

Inside each liquid gas container there is a liquid with a pressurized gas above it. As

the gas is withdrawn for use, the pressure will temporarily lower. A little more liquid

boils until the pressure is once again in line with the prevailing temperature. In this

manner, a gas can be stored at temperature above its normal boiling point for months

or even years.

It can readily be seen both the dangers and convenience inherent in liquefied gas

storage. Containers must be sturdy to withstand interior pressures and external

shock. Wan explosive rupture occurs, all the stored pressure is released at once and

the entire liquid eont~nt of the tank boils away. [8]

C. Cryogenic gases

The handling and storage of all cryogens reqUire special attention, since these

substances are liquid \Veil below their ambient storage temperatures. Their tanks are

double walled, gigantic vacuum bottles. An insulating material, Perlite, or a multi-

layered, crinkled, aluminized Mylar film, under high vaCCUI11fills the space between
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the inner and outer jackets. The inner tanks are built of corrosion-resistant stainless

steel, aluminum, or various copper-alloys. Tanks come in varying shapes: vertical,

spherical, and cylindrical, and in sizes up to 175 thousand barrel. It is protected by

three pressure relief valve devices, such as, a pressure relief valve, a frangible disc,

Iwd a relief device that protects the insulation space. This relief device functions at a

few pounds pressure and guards against leakage from the inner tank. Lack of such a

device may have been the cause of a major cryogenic catastrophe. [8]

D. Solids

flammable solid, such as naphthalene, is shipped in glass bottles, cans, burlap bags,

or molten in tank berges. Camphor is shipped in containers ranging from one pound

tins to two hundred and finy pound barrels or slabs. [8]

Corrosive materials are usually handled using equipment of corrosion-resistant

materials or by the use of containers which adequately protect the equipment.[15]

E. Rlldioaetive Materials

Radionuclides are being widely used in medicine, agriculture, industry, and research

and development nowadays and are likcly to be accumulated (0 hazardous level in

course of work with unsealed radioactive sources, uncontained liquid sources and

other radioactive substances. The Isotopes commonest in medical practices include

Cobalt 60, Strontium 90, Iodine 131, Phosphorous 32 and Gold 198 whereas

industrial applications include Cobalt 60, Cesium 137, Strontium 90 etc.

Laboratory and other practices require special handling of such materials. Liquid

radioactive materials should be packed in tight glass, earthenware or other suitable

inside containers. The inside container should be surrounded on all sides and within

the shield by an absorbent material sufficient to absorb the entire liquid contents.

The absorbent material should be of such nature that its efTtciency will not be

impaired by chemical reaction with the contents.

Radioactive matcrials such as flammable or rcactive solids, liquids or gases having

other hazard characteristics should be packaged, stored and labeled in accordance

wi lh good practice as indicated by applicable standards of the National Fire
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Protection Association (NFPA) and as required by state laws and municipal

I<.adioi:iotopes are used in capsules instead of X-ray equipment for industrial

radiography [36]
Commercial radioactive sources are usually metallic in nature, but may be chemical

salts or gases adsorbed on carbon. The source is encapsulated in a thin protective

covering.This may be a thin sheath of stainless steel or aluminum. By containing the

radioactive material in a capsule of this type, it prevents spillage or leakage of the

material and reduces the possibility of accidental mis-handling. The encapsulated

source is housed in a lead.lined steel container. Two types of container are in general

use. In one type the source remains in a lixed position in the center of the container

and the container has a conical plug which may be swung away to allow radiation to

emcrge. This type of container is sometimes referred to as a "radioisotope camera."

The other type of container possesses remote controlled mechanical or pneumatic

devices that will open the container and move the source out on a telescope stalk.

When the exposurc is completed, the source can be returned to the container and the

lid secured by remote control. This second type of container is the more widely used

typc. The remote-control facility allows the operator to remain at a safe distance

from the source Another advantage is that radiation is emerging from the sourcc at

all angles. The source can be located in the center of a shielded radiation laboratOlY

and a l~iige nun,ber of items for inspection, say a production batch of castings, bc

positioncd around the sourcc and all radiographed simultancously. [40]

Tra nsporta tion
Radioactive materials in a wide variety of chemical compositions and all physical

forms (solids, liquids and gases) are likely to be encountered in transportation.

Shipmcnts of such materials require proper containers that arc classified as inside

and outside containers. The outer container is often a wooden box and, also, the

inside padding or absorptive material is often combustible. The features specified for

the inside container are bascd upon the state in which the material is shipped. For

example, absorbcnt packing is required with liquids. A bulky outsidc containcr is

ordinances.
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often used for the radioactive material which is in a relatively small inside one. This

is an easy way to rcduce the radiation exposure to persons or objects nearby.

Where radioactive material cannot be shielded by a simple distance separation, a

dense matcrial, usually lead, is used. this makes a very heavy container. Lead has no

'great strength, however, so the lead shield is put inside a steel case' equipped with

lugs i(lr handling and for suitably tying down the container, in shipmen\.

Radioactive materials that present special hazards due to their tendency to remain

I1xccl in the humun body for long periods of time, of which radium, strontium and

plutonium are examples, should be packed in additional inside containers of the type

approved for transportation.

Shipments of radioactive material will be accomplished by any of the means

available, including the mail. However, it will be found that shipments by air are

usually restricted to those isotopes in which speed is necessary because of the

rapidity with which they decay. Generally, these materials are less dangerous than

long-lived isotopes. [36]

3.6. Disposal of Hazardous Materials

After a hazardous substance has been used there remains the problem of disposal.

The first method to be considered is its return to stock via reprocessing. If this is not

possible small quantities of combustible material may be burnt in a controlled

manncr so that a hazard will not arise from fire or toxic decomposition products.

Small quantities of less hazardous chemicals can be flushed away to the drain with

copious quantities of water, but if larger quantities are involved the local authority

should be consulted. Highly hazardous chemicals should be reacted in a fume

cupboard to break them down into less Ihazardous compounds which are more

readily disposable. It must be clearly understood that the responsibility for safe

disposal rests with the user and under no circumstances should substances be

disposed. of in such a way as to constitute a hazard either inside or outside plants/

laboratories. [43]
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3.7. Storage, Handling and Transportation of Hazardous Materials in

Bangladesh

At a glance, the scenario involving toxic and hazardous materials in Bangladesh is

far from promising. As the country is not industrialized yet and modern agricultural

. pr~lctices are limited, quantity and type of hazardous chemicals used and hazardous

wastes generated arc limited too. But as most of the end users arc often poor or

ignorant about the ill effects of these substances, they do expose themselves and the

environment to. the damaging effects of these chemicals. Moreover due to various

reasons and needs the use of hazardous chemicals are increasing in the country. DDT

is still being used and there is even a plant to produce DDT, though right now it is

not in operation. Organochlorine pesticides are still widely used in the country and a

good nUllloer c,f I(.\callybanned ones are being smuggled into the country. Untreated

industrial wastes of hazardous nature arc being dumped indiscriminately into the

water bodies from tanne"ries and other industries. Moreover there is a growing threat

of illegal import or dumping oftoxic wastes into thc country or its territorial waters.

Generators of toxic wastes arc in some cases unaware about its hazards. The

management docs not train the workmen properly in handling such substances either

because of ignorance or because of callous attitude towards the safetY.,'af the
• i.

workers.
Highly toxic and dangerous chemicals have to be transported through poptilated

area~: as the roads mostly run through cities. The chemicals are transported through

densely populated areas without any safety code. Perhaps the transporters are not

even aware of the danger in case of accidents. Large plastic drums full of toxic

chemicals have been found to be transported through the city streets on rickshaw

vans without using safety signals for other users of the road. [1]

3.7.1. Pesticides-Handlin\': ,J

Pesticides arc being used in Bangladesh both in agriculture and in public health

programs (malaria eradjeation) since 19505. Records of pesticide usage in

Bangladesh arc maintained by the Bangladesh Pesticide Association and do not

include materials used in public health programs or products such as mosquito coils
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made from natural products. [3]

Here many of the pesticides are sold by trade name without mentioning the group of

class to which they belong. [11] Also the pesticides containers containing pesticides

available in local markets are not uniformly labelled and not all are in accordance

witi, the Pesticide Rules, 1985. The printing on a number of the pesticide containers

(bottles) is so small as to be indecipherable except to anyone with remarkably good

eyesight. This is not so surprising since there is no monitoring of labelling

regulations in practice. [3]
Storage of pesticides in the distribution centers is done with inadequate precaution.

Handling by workmen is more oftcn done with bare hands. Farmcrs using such

pesticides arc usually unaware of the hazards of handling the pesticides with hand

for distribution in the field. This is bccause of illiteracy and inadequate knowledge

of their deadly effect. In some cases it is observed that poor women use DDT or

similar chemicals in head to control of louse from hairs, although such cases are

. always discouraged for sake of life and health.

Lack of pesticide education, lack of pesticide research, lack of the training to the

farmers, lack of registration and enforcement of government regulation, almost non-

existent labeling, improper circulation and distribution of pesticide handling, lack of

knowlcdge of the p~sticidc pollution in the environment, lack of correct spraying

equipmcnt and protective garments, lack of residue limits in all food samples, etc.

are the major problems concerning the handling of pesticides in Bangladesh. [9]

3.7.2. Usage of Radioactive Materials in Bangladesh

The application of radioactive materials in research, agriculture, hospital, industry

etc. has increased significantly in Bangladesh. During 1995-1996, 12 NOCs and 8

perm its were issued to different industries and research organizations of the country

for the import of radioactive sources/materials for the peaceful application of

ionizing radiation ill industry, medicine and research. NSRC (Nuclear Safety and

Radiation Control) Division of BAEC (Bangladesh Atomic Energy Commission) is

responsible for issuing permit. They are also responsible for the implementation of

Nuclear Sarety ancl.Radiation Control Act, 1993. [42]
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BAEC iCl\lows standard procedure from storage through transportation to disposal of

radioactive material. [35]
Some industries in Bangladesh make use of radioactive materials to meet their

purposes. For example, Zia Fertilizer Company, Ashuganj is a consumer 61.5 mCi

(,OCo. [41]
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CHAPTER 4

Hazardous Waste

.HnZllr<!ous wastes is a term that is coupled with hazardous materials. A hazardous

waste is a hazardous substance that has been discarded or otherwise designated as a

waste matcrial, or one that may become hazardous by interaction with other

substances. Such a waste is a material that has been discarded, abandoned,

neglected, or released so that it may pose a danger to living beings, structures, or the

environment. In a simple sense a hazardous waste is a material that has been len

where it should not be and that may cause harm to anyone when encountered.

Uses of hazardous materials Icad to the gcneration of hazardous wastes. Like

hazardous substances such wastes may pose a substantial danger immediately or over

a pcriod of time to human, plant, or animal life. A waste is classified as hazardous if

it exhibits the following characteristics: (I) ignitability, (2) eorrosivity, (3)

reactivity, (4) toxicity. Hazardous wastes may be individual substances or mixtures.

They are dangerous or potentially dangerous to humans or other living organisms.

Direct dangcrs posed by hazardous wastes include fire, explosion, and toxicity. Some

hazardous wastes cause cumulative detrimental effects, such as cancer resulting from

repeated or prolonged exposure, some may undergo biomagnification in exposed

organisms (through food chains) and many hazardous wastes persist in the

envirOl~ment because they do not degrade. Table 4.1 shows characteristics of some

ortbe toxic chemicals otten found in hazardous wastes. [2]

Table 4.1. Toxic Elements Often Found in Hazardous Wastes

Element

Arsenic (As)

Barium (Ga)
Beryllium (Be)
Cadmium (Cd) ..

Characteristics and examples of wastes

Toxic metalloid contained in wastes from arsenic compound
processing and wastes from other sources, such as As2S) removed
from food-grade phosphoric acid
Toxic'
Toxic light metal contained in beryllium dust (waste No. PO 15 )
Toxic heavy metal contained in some wastes from steel production
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Table 4.1 (Continued)

'v

Chromium (Cr)

Lead (Ph)

Mcrcury (Hg)

Nickel (Ni)
Sclenium (Sc)
Silver (Ag)
Thallium (1'1)

1-1eavymetal toxic in the Cr (VI) form contained in some wastes
Crom pigment production, steel production and finishing, and

clectroplating
Toxic heavy metal contained in some wastes Crom pigmcnt
production, lead smelting, and other metal processing operations
Toxic heavy metal contained in brine purillcation muds and
wastewater treatment sludge from the mercury cell process for
chlorine manufacture
Toxic heavymetal containcd in some metal plating wastes
Toxic metalloid
Toxic heavy metal
Toxic heavy metal

4.1. Classification of HazMdous Wastes

4..1.1. Inorganic Substances
Numerous inorganic substances occur Il1 waste materials. Inorganic hazardous

wastes may be subdivided into the four general categories of elements, hazardous

elemental forms, inorganic compounds and organometallic compounds.

Most of the eki"ents that are notable for the toxicities of their ions and compounds

arc the heavy metals, such as chemically bound cadmium or lead or elemental

mercury which is a systematic poison whcn inhaled in the vapor form. Examples of'

hazardous elemental species include reactive and toxic ozone, and highly toxic,

flammable white phosphorus.
Inorganic compounds present a variety of hazards in waste materials. Some are

dangerously flammable and others are very reactive, for example, as oxidants.

Organometallic compounds tend to have properties of both inorganic and organic

compounds. Most exhibits various degrees of toxicity. Many are flammable and

others are reactive. [2J
1.1.2. Organic Hazardous Wastes Form
:Organic materials are encountered in hazardous wastes as organic solvents, solutions

in organic solvents, solutions of organic compounds in water, emulsions, sludges,

still bottoms, residuals, oils, greases, paints, solids, and organic pesticide wastes.
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There are mill ions of known organic compounds, most of which can be hazardous in

somc way and to some degree. A three-digit number following a letter (0, F, K, P,

U) in parentheses after the name oCa compound or waste denotes an EPA Hazardous

Waste Number.

4.'1:3.Organic/Inorganic Interactions
Organic wastes often interact strongly with inorganic constituents of hazardous

wastes Because of these interactions, organic compounds codisposed with inorganic

substances oftcn significantly affect the properties of the inorganic wastes. For

example, orgamc surfactants, complcxing agents, and chelating agents

[nitrilotriacetute(NT A) ion, ethylenedinitrilotetraacetate(EDT A) anion, quadrol,

citrates, gluconates] contained in metal electroplating and finishing wastes may

increase the mobility and solubility of heavy metals and make the metals more

difficult to remove in waste treatment processes. [2]

4,.1.4.Radioactive Waste Materials
Radioactive materials can change, but radioactivity can not be destroyed by burning

or oth'cr chemical means. Smoke, gas and ash of any radioactive material will be

radioactive. [39]
The storage of radioactive wastes has been a problem Irom the first radiological

experiment. Tremendous amounts of waste product are being produced and they

require special handling. It is necessary to store large amounts of radioactive waste

materials in supervised underground vaults especially constructed for this purpose.

Smaller quantities such as short-lived radioisotopes are stored after use in lead-lined

contniners until they have deteriorated sufficiently to be harmless. [36]

4.2. Physical Forms and Segregation of Wastes

Thrcc major categories of wastes based upon their physical forms are organic

matcrials, aqueous wastes, and sludges. These forms largely determine the course oC

action taken in treating and disposing of wastes. The level of segregation, it concept

is very important in treating, storing, and disposing of different kinds of wastes. It is

relatively easy to deal with wastes that are not mixed with other kinds of wastes, that

is, those that are highly segregated. Among the most difficult types of wastes to
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handle and treat are those with the least segregation, such as "dilute sludge

consisting of mixed organic. and inorganic wastes."

Conccntration of wastes is an important factor in their management. A waste that has

becn concentrated or preferably never diluted is generally much casier and morc

. economical to handle than one that is dispersed in a large quantity of water or soil.

Dcaling with hazardous wastes is generally facilitated when the original quantities of

wastes are minimized and the wastes remain separated and concentrated insofar as

possible. [2]

4.3. I-!azardotlsWaste ~v1anagement

Hazardous waste managcment refers to a carefully organizcd system in which wastes

go through appropriate pathways to their ultimate elimination or disposal in ways

that prolect human health and the environment. Three main aspects of hazardous

waste management involve generation, treatment, and disposal as illustrated in

Figure 4. L This figure is a simplification of the total picture. Under generation, for

example, it omits municipal solid wastes and municipal wastewater, which, although

not classified as hazardous, certainly have a relationship to the total schcme of

hazardous wastes. Also not shown spccifically are non-point waste sourccs,

hazardous air emission, and pesticide applications.

The elTectiveness of a hazardous waste systcm is a measure of how well it reduces

the quantities and hazards of wastes, ideally approaching zero for both. In decreasing

order of efTectiveness the options for handling hazardous wastes are the following:

• Measlil'es that prcvent generation of wastes

• Recovery and recyole of waste cOl1siituonts

• Destruction and treatment, conversion to non-hazardous waste forms

• Disposal (storage, .landfill)
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Figure 4. I. Systcm of gencration, treatment, and disposal of haz.ardous wastes. [2]

.'1.ot,),
, "



4.3.1. On-Site Handling, Storage, and Processing of Hazardous Wastes

Whcn hazardous wastes are generated, spccial containers are usually providcd and

traincd personnel are responsible (or should be) for the handling of these wastes. On-

site storage practices are a function of the types and amounts of hazardous wastes

generated, and the time period over which waste generation occurs. Usually, when

large quantities are generated, special facilities that have sufficient capacity to hold

wastes accumulated over a period of several days are used. when only small amounts

of hazardous wastes are generated on an intermittent basis, they may be

containerized, and limited quantities may be stored for periods covering months or

ycars. General information on the storage containers used'for hazardous wastes and

the conditions of their use is presented in Table 4.2.

Table 4.2. Typical Data on Containers Used for Storage and Transport of Hazardous

Wastes.

Biological Sealed plastic bags 120 L
wastes Lined metal drums

"

Flammable Metal drums 210 L
wastes Storage tanks Up to 20 m3

Explosives Shock-absorbing Varies
containers

..c..... ..c...... T_y""-pe
Radioactive Lead encased in
substances coilcrete

Lined metal drums

Waste cate'gory

Corrosive,
fe,active, '8:nd
toxic chemicals

Container

Metal drums
Lined metal drums
Lined and unlined
storage tanks

Capacity
Varies with
waste
210 L

210 L
210 L
Up to 20 m3
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Auxiliary eguipment and
conditions of usc
Isolated storage buildings;
high-capacity hoists and
lighting equipment; special
container markings
Washing facilities for
empty containers; special
blending precautions to
prevent hazardous
reactions; incompatible
wastes stored separately
Heat sterilization prior to
bagging; special heavy-
duty bags with hazard
warning printed on sides
Fume ventilation;
temperature control

Temperature control;
special container markings
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Collection Services

Hazardous wastes for delivery to a treatment or disposal facility normally arc

collected by the waste producer or a specialized hauler. Typically, the loading of

collection vehicles is completed in one of two ways: (I) wastes stored in large-

. capacity tanks are either drained or pumped into collection vehicles, and (2) wastes

storcd in scaled drums or other scaled containers are loaded by hand or mechanical

equipment onto flatbed trucks. To avoid accidents and possible .Ioss of life, two

collectors should always be assigned when hazardous wastes are to be collected.

Equipment for Hazardous-Wastes Collection

The equipment used for collection varies with the characteristics of the wastes. For

short-haul distances, drum storage and collection with a flatbed truck arc often the

pref~rrcd methods. As hauling distances increase, larger tank trucks, trailers, and

railroad tank cars arc used.

Transfer and Transport of Hazardous 'Vastes

The L1cillties ora hazardous- wasles transfer station arc quite different from those or

an industrial or municipal solid-waste transler station. Typically, hazardous wastes

arc not compacted (mechanical volume reduction), discharged at differential levels,

or delivered by numerous collection companies. Instead, liquid hazardous wastes arc

generally pumped from collection vehicles, and sludges or solids are reloaded

without removal from the collection containers for transport to processing and

disposal facilities.

It is un,;:;lIal to find a hazardous- wastes transfer facility at which wastes are simply

transrerred to larger transport vehicles. Some processing and storage facilities are

ortell part of the material-handling scquencc at a transfer station. For examplc,

neutralization of corrosive wastes will result in the use of lower-cost holding tanks

on transport vehicles. [17]

4.3.2. Waste Reduction and Waste Minimization

Many hazardous wastes problems can be avoided at early stages by waste reduction

and waste minimization. As these terms are most commonly used, waste reduction

rders \0 source reduction -less waste-producing materials in, less waste out. Waste
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minimization can include treatment processes, such as incineration, which reduce

the quantities of wastes for which ultimate disposal is required. Reference is

. sometim(;s made to waste abatement in tenns of the four Rs--reduetion, reuse,

reclamation, and recycling, Numerous factors, both economic and regulatory, favor

waste reduction practices.

There exists a hierarchy of waste minimization, rangmg from simple, readily-

accomplished measures through those that involve relatively drastic measures. These

are the lollowing:

• Increascd diligence in housekeeping, such as using minimal amounts of water for

washing equipment

• Substitution ofless hazardous materials

• Recycling and reuse

o Process modification

• Disposal

There are several ways l!l which wastes can be minimized. These include source

rcduction and wastc separation and concentration. Some wastes can be reused and

recycled. Waste exchange between industries can be practiced. The most effective

approaches to minimize wastes center around careful control of manufacturing

processes, taking into consideration discharges and the potential tor waste

minimization at every step of manufacturing. When waste minimization is

considered at a very early stage of process development or redesign, modi ficatiolls

may be made well upstream from discharge and treatment. Viewing the process as a

whole (as outlined for a generalizcd chcmical manufacturing process in Figure 4.2)

often cnablcs crucial identification of the source of a waste, such as a raw material

impurity, which may. be easier to eliminate from the feedstock than to treat as a

waste. Similar approaches may be used with catalysts and process solvents.

Substantial waste reduction can be accomplished by careful inventory management.

This requires that excess amounts of raw materials not be ordered which require

disposal as hazardous wastes when left over or out of date. Feedstocks and materials

used in prcduciion processes can be examined for hazardous substance content and
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in some cases modified to reduce production of ha;,ardous wastes. For this purpose

the manufacturer's Material Safety Data Sheets (MSDS) can be very useful.

Examples 01' hazardous waste reduction by substitution of materials used include

replacement of cadmium iT; inks, pigments, and plating baths; substitution of

chromium(lII) for toxic chromate in plating baths etc.

Modification of the manufacfuring process can yicld substantial waste reduction.

Some such modifications are of a chemical nature. Changes in chemical reaction

conditions can minimize production of byproduct hazardous substances. In some

cases potentially hazardous catalysts, such as those formulated from toxic

substances, can be recycled rather than discarded. Volume reduction can be

imlxlrtant in minimizing wastes. An important means of volume reduction is

dewatering and drying of sludge.

Whenever possible, recycling and reuse should be accomplished on-site; a process

that produces recyclable materials is often the most likely to have usc for them.

Metals can be recovered from waste plating solutions and recycled in the plant,

waste cleaning and rinsing solvents can be used in paint formulations, and solvents

can be recovered by distillation or by condensation of solvent vapor. [2]
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4.3.3. Waste Treatment

Under the category of treatment it IS necessary to consider both municipal

wastewater and municipal solid wastes along with hazardous wastes. The goal of

many industrial wastewater and sludge treatment processes is to produce an effluent

t11atmeets ,'fcandardsfor release to a municipal wastewater treatment plant (publicly

owned treatment works, POTW) and in some cases to produce solids that can be

coclisposed with municipal solid wastes. Incineration of municipal solid wastes may

produce some solids that have to be treated as hazardous.

An overall scheme for the treatment of hazardous wastes is shown in Figure 4.3,

which may serve as a frame of reference for subsequent discussions of waste

treatment.

There arc many options for the treatment of hazardous wastes and they are discussed

in detail later in this work. These include industrial wastewater treatment, hazardous

wastes incinerators, industrial furnaces and boilers, and resource recovery, such as

solvent reclamation. The ideal treatment process reduces the quantity of hazardous

waste material to a small fraction of the original amount and converts it to a non-

hazardous form However, most treatment processes yield material, such as sludge

from wastewater treatment or incinerator ash, which requires disposal and which

may be hazardous to some extent.

Waste treatment may occur at three major levels - primary, secondary, and

pol ish ing, somewhat analogous to the treatment of wastewater. Primary treatment is

generally regarded as preparation for further treatment, although it can result in the

removal of byproduets and reduction of the quantity and hazard of the waste.

Secondary treatment detoxifies, destroys, and removes' hazardous constituents.

Polishing usually refers to treatment of water that is removed from wastes so that it

may be safely discharged.

However, the tellll can be broadened to apply to the treatment of other products as

well so that they may be safely discharged or recycled. These three phases of waste

treatment arc illustrated in Figure 4.4. [2]
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Options for waste recovery m:lYbe divided among the following major categories:

• Physical separation

• Separatio:] by phase transition of wastes

• Separation by transfer between phases

• Molecular separation

~Chemical separation

Many separation processes involve combinations of the above methods.

4..3.4. Recycling

Several classes of substances are commonly recycled. Prominent among these are

metals and compounds of metals. Recycled inorganic substances include alkaline

compounds (such as sodium hydroxide used to remove sulfur compounds from

petroleum products), acids and salts. The greatest quantities of recycled organic

substances consist of solvents and oils, such as hydraulic and lubricating oils. In the

chemical and petroleum industry catalysts are recycled. Commercially, chemicals

that are surplus, are .off-specification, or have expired shelf lives may be recycled.

Some recycled substances have agricultural uses, such as waste lime or phosphate-

containing sludges used to tf':.at and fertilize acidic soils. [2]

4.4. Status of Hazardous Wastes in Bangladesh

4..4.1. Generation of Hazardous Wastes

Wastes are generated in almost all human activities. Apart from the toxic wastes

produced by the industries, there are other wastes such as the municipal and hospital

wastes which arc potentially dangerous.

Needlcss to mention that not all chemicals/wastes are hazardous, but there is a fast

growing trcnd of using more and more toxic and hazardous chemicals and generate

more and more hazardous wastes. It is recognized that, even a developing country

like l3angladesh with' still a low level of development, little industrialization and

agro-chemical i!lPUt, it cannot Live without using certain toxic and hazardous

chemicals or generating their wastes. [1] Table 4.3 shows the status of chemical

waste generation in terms of BOD in Bangladesh.
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Table 4.3 Chemical Waste Generation in Bangladesh [3]

Type of Chemical Waste ( Liquids)

Compounds of nitrates, phosphates, sulfates from fer/ilizer
indh,trv

Generation
estimated BOD
tonslyear

600

Chromium salts, different organic and inorganic compounds from 5280
leather/tanneries

Diffcrcnt organic and inorganic compounds from pulp and paper
industl)'

Differcnt organic compounds from sugar industry

Different organic compounds from soap and detergen/ indUS/I)'

Different organic and inorganic compounds from rubber industries

Diflercnt organic and inorganic compounds from pharmaceutical
i}'}dlfstries

Wastcs I'roml~xtilc ilidustries containing dyeing agents, pigments,
other organic and inorganic compounds

Wastes fromjiJod andfish indus/ries

Wastes Cromdistil/eries (spirits and alcohols)

Wastc and (oxic products from old ships ( ship breaking indus/ries)

Tolal

12000

1200

360

527

210

7800

1800

1000
can not be
estimated

30777

4.4.2. Present Practices Involving Hazardous Materials/Wastes

Industries are the prime users of toxic and hazardous chemicals. These chemicals

produce considerable amount of waste hazardous in nature after use. They are

imported by industrial units, traders and government agencies under different trade

names. The main features of the present practices involving hazardous materials and

generated wastes are summarized below.

58



• More than 5000 MT of different types of pesticides are used annually in

Bangladesh. All these chemicals have different degrees of toxicity. It is known

t!Jat numerous pesticide products are formulated by .local unauthorized

companies. These chemicals pose hazard during storage and use. The residues of

tl\Cse chemicals arc washed out into the water bodies causing pollution and

damage to the ecosystem.

• Tanneries use chromium based compounds and other chemicals for leather

processing and tanning purposes. Many of the chemicals arc highly toxic and

basic chromium sulfate (chromosol), of which about 3000 MT arc used annually,

is bio-aceulllulative in nature. The tanneries are mostly located in the Hazaribagh

area in Dhaka. These do not have treatment facilities for effluents, which contain

a large quantity of processing chemicals, and arc discharged into the river

directly. Chromium (VI), which is listed as toxic metal has been detected in the

water ii'olll deep tubewells dug in the area, and the local soil is also contaminated

witli chromium. Vcgetables arc grown in this area and probably find their way

into the Dhaka market. The flood embankment constructed around greater Dhaka

keeps the effluents within the area and builds up the concentrations of toxic

chemicals from the source at nn alarming rate. In addition, noxious gases such as

hydrogen sulflde and mercaptans are occnsionally released 1'1'0111 these factories .

• During a survey (1993) of the use of ozone depleting substances (ODS) in

Bangladesh it was revealed that as much as 30% of the chlorine produced by the

Chittagong Chemical Complex was lost to the atmosphere in an area which IS

c1en~;cJypopulated.

• Mercury 0:) .~hloride is used in the torch cell industry which is quite large. This

and other highly toxic ~hemicals are handled by workers, in mot cases, without

safety precautions .

• In the textile, dyeing arid printing industry about 3000 MT per year of dyeing

chemicnls arc used. A fraction of these chemicals contain heavy metallic

compounds which arc toxic and have persistency in the environment. The

industry also uses alkali, chlorine and toxic organic matter. With the current
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emphasis on setting up more textile industries in the country, pollution from effluents

from this sector will increase.

• Electroplating industries usc chlorinated hydrocarbons, chromium, nickel,

copper, zinc and silver salts along with other chemicals like cyanide. Effluents

contain these metal ions, acids, alkalis, cyanide, oil and grease. These are

discharged to the environment without treatment.

• Wastcs from paint industries contain heavy metals like chromium, lead, copper,

cadmiulll, organic solvents, cyanide etc. Nothing is being done at present to treat

the waste before it reaches the ecosystem.
The above list is by no means a comprehensive one. There are other large and small

industrir,i units which use and discharge chemicals of various degree of toxicity. [1]

The above picture demonstrates that waste management in Bangladesh, even in the

city of Dhaka, did not receive due importance. It was probably thought that high

flow of the river system could assimilate any waste without affecting the quality of

water. But the actual situation has greatly changed due to rapid growth of population,

and growth of industries and commercial centers along the rivers without effective

waste management facilities. [9]
Besid,:s, belter waste management requires precise definition of hazardous waste

whether it is a solid, liquid or gas. This, in turn facilitates the proper implementation

of rules and regulations. There was no such thing in the earlier regulation (The

National I~nvironment Policy of 1992) until the emanation of ECA 1995. The

National Environment Policy 0.1' 1992 overlooked issue of toxic and hazardous

ehcmieals and hazardous wastes in its article on inc"jstry, though it docs mention the

use of environmentally sound and appropriate technology. [1] Moreover, Bangladesh

did not have so far an effluent quality standard of its own to guide the design of

treatment facilities and regulate the quality of effluent discharge iil water. .In the

absence of effluent quality standard, it is difficult to take any penal measures against

any polluting industry. However, ECA 1995 has attempted to deline waste that refers

to the hazardous wastes and allow the government to set effluent quality standards.

[Appendix 13]
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Hopefully the Environment Conservation Rules'97 under ECA 1995 that have been

promulgated later will improve the existing situation when enforced. [45]

4.4.3. Adoption of Clean Technology
Chittagong Chemical Complex (Ccq has established an example of adopting clean

techn0.l0gy in such grisly situation.
CCC is a producer or caustic soda, liquid chlorine, hydrochloric acid and bleaching

powder in Bangladesh. Its chlor-alkali plant has so long made use of mercury cells

for production of both caustic soda and chlorine. About 3.5 MT of mercury per year

was being lost from its chlor-alkali section for the last 27 years (up to 1994). This

highly toxic metal left the plant with liquid effluent discharged into the Kamaphuli

river. The river flows through densely populated areas and people catch fish from the

river. An e;;timated 80 MT of mercury has been discharged into the river over 27

years. A Minamata type disaster could have taken place along the banks of this river

without anyone tracing it to this toxic material. [1]

I\ortunatciv, befol'e such disasler could have taken place, CCC has decided to adopt

"Ion"b:clwngc Membrane Cell" process for production of both chlorine and caustic

soda. 'I'his is a modern process that is environmentally friendly. Thus the discharge

of mercury into the river was eventually stopped. [32]

A.5. Better Waste Management
Hazardous waste ma;~ug"ment differs from safety risk management of the toxic and

hazardous materials, which are useful raw materials, intermediary or final products,

while hazardous wastes are rejects from the process. Hazardous wastes can be

delined as something, which are of no value to the producer. [I] No wonder,

hazardous waste management is an unattractive option for the users of such

materials.
However, improve waste lnanagement is of major concern for the prevention of

pollution. Treatment of waste will increase the cost of production but improvement

of quality of industrial etlluents is absolutely essential to protect the water sources

for oiher legitimate users. It has been found that a nominal treatment of tannery

waste ill 11 Jll"lll1aryc1aritler removes 89% SS (Suspended Solids), 26% BOD
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(Biochemical Oxygen Demand) and 95% chromium in 4 hrs detention. period and

make the wastc suitable for discharge in city sewer system for further treatment with

domestic sewage. Industries should tind low cost treatment and disposal methods

suitable lor the wastes produccd and relieve the natural body of water by reducing

pol,luting loads. [9]

62



CHAPTER 5

Pollution and Its Effects

Pollution is any deviation from nonnal in the natural composition of a part of thc

'cnvironment that adversely affects not just man, but life in general. Because, in an

ecological sense, man and other forms oflife are interrelated, the narrower definition

of pollution would be acceptable provided that all present and conceivablc

interconnections are taken into account. Hence, the contamination of air, water and

soil with the substunces, which have adverse effect on human beings, animals and

plants, is called pollution of air, water and soil respectively. These substances,

whosc prcsence in air, water and soil makes them polluted, are called pollutants.

Thus a pollutant can be defincd as a substance whose contamination with air, watcr

and soilmakcs thcm polluted and has adverse cffect on living and non-living things.

Pollutants necd not be material substances; noise can be a pollutant, and even

electromagnetic waves can be pollutants. [5] Some of the industrial hazardous

pollutants arc shown in the Table 5.1. Thc next discussions will exclude noise

pollution as it is beyond tlie scope of this project.

Environmental pollution caused by gaseous emissions, industrial effluents, waste

waters, municipal sewage, refuse, garbage use, storage, and disposal of toxic and

hazardous wastes along with excessive exploitation of resources like soil, watcr,

forests, etc. are not only threatening Bangladesh but the entire ecology beyond limits ..

Population explosion, poverty, urbanization and extensive industrialization has

further exacerbated. the already worsening level of pollution leading to more

pollution.

On the global scale, environmental pollution had led to catastrophies like Minamata

1962 (Japan), Seveso 1976 (Italy), Thrce-Mile-Island 1979 (Pennsylvania, USA),

Bhopal 1984 (India) and Chernobyl 1986. These are a grim reminder to all of us that

environment and developmcnt must go together.
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Table 5.!. Identification, Listing and Classification of Specific Hazardous

Industrial Pollutants [1]

Toxic COITosive Ignitable Carcinog-

-CIlIC

,J\cetic anhydratc - X - -
Acetone - - X -
Acetonitrile - - X -
Aldrin X - - -
Benzene X - X X
Cresols - X - -

Carbon tetra chloride X - - X
Chloroform X - - X
DDT X - - X
Dieldrin X - - X
Di (2-ethylhexyl) phthalate X - - X
Dioxane - - X -
Heptachlor X - - X
n-HCX3IlC - - X -
Methyl ethyl ketone X - - -
Naphthalene X - - -
Phthalic anhydride - - X -
Phenol X - - -
l'olychlori,,,,tod biphenyl X - - X
Pyridine - - X -
Naphtilas - - X -
Tet,... ttilyllcad X . - -
TohlCllC X - . -
Xylene . - X -
Ammonia . .X - -
Asbestos X . . .
Cadmium and its compounds X . - X
Chromiulll and its compounds X - . X
Carboll monoxide - X - -
Chlorine - X - -
Copper and its compounds X - - -
Cyanide X - - -
Hydrochloric acid and hydrogen chloride - X - -
Hydrogen cyanide X - X -
Lead (inorganic) X - - -

X - - -Mercury (metal) X - - -
Mercury (inorganic) - X - -
Nitric acid X - - X
Nickel and soluble compounds - X - -
Phosphoric acid X - -
Sodiulll hydroxide -

- X - -
Sul!l.lric acid X - -
Sulfur dioxide -

X X - -
Zinc chlonae

64



5.1. Sources of Pollutants in General

Pollutants arc usually added (0 the environment by man's actions or presence. They

arc predominantly the waste products of his biology, such as domestic sewage, or of

his culture, such as industrial wastes most of which are hazardous in nature. Most of

today's problems arc due to man as a pollutant source. In a larger sense, however,

some natural substances like pollen or dust in the air, methane gas in mines and ncar

swamps, ~:elenium in plants, and even sunlight adversely alTect man and other life,

and at times thcy may be called pollutants.

Many potential pollutants are present as normal constituents of various parts of the

environment. Carbon dioxide and ozone are examples. Some of these substances are

present in infinitesimal amounts or exist only in isolated locations. Natural processes

operate to keep normal constituents of the environment at levels that are fairly

constant and harmlcss. Natural proccsses are of no use in cleansing the environment
of many foreign substances.

There is no way lor nature to decompose many man-made materials and return their

elements to the cycles of nature. Such substances will just remain and work whatever

harmful effects they can until they are somehow dispersed or diluted so their action

isno longer noticeable. For example, plastics do not decompose, and they continue
topoUule aesthetically our landscape.

In summary, man (and sOllletimes nature) has introduced pollutants into the
cnvironment by

J. adding substances .at rates exceeding their rate of removal or decomposition by
natural processes,

2. introducing substances that are concentrated or converted to more toxic forms by
natural processes, and

3. adding substances not removed by natural processes.

I-lenee, Illan must either limit the introduction of pollutants or he insist invest his

resources to augment the natural processes of removal and cleansing. [5J
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5.2. Air Pollution

Air pollution is the presence of undcsirable material in air, in quantities large enough

to produce harmful elfects. The undesirable materials may damage human health,

vegetation, human property, or the global environment as well as create unpleasant

sit.uation in the fonn of brown or hazy air or obnoxious odor.

Our next discussion is going to focus on various aspects of air pollution. This section

excl udcs all except air pollution by toxic and hazardous materials.

5.2.1. Major Air Pollutants and Their Sources

Therc are hundreds of different substances, ranging from asbestos to zinc, that are

placed into the air and are classified as air pollutants. They come from just as many

sources. Yet it is generally agreed that the major primary air pollutants in terms of

the quantitics generated are particulates, sulfur dioxide, carbon monoxide, nitric

oxide, organic compounds (hydrocarbons), and lead.

The major sources of particulates and sulfur dioxide are industrial operations and

fossil-fueled electric power plants. The composition of particulates varies widely and

includes sulfuric acid mists, aeiOsols of organic liquids and solids, metals and metal
compounds.

The internal-combustion engine is responsible for most of the carbon monoxide and

orgflnic C()ll1poUl1d~,principally hydrocarbons, placed in the air by man. Both result

from the incomplete oxidation of fuel. High-temperature combustion processes in

internal combustion engines and in industrial and power-generating plants account

lor J1l0~tof the nitrogen oxides, nitric oxide, NO, and nitrogen dioxide, NOl. The ill-

defined mixture is often designated NOx. Finally, the major source of airborne lead

is the automobile engine. The lead comes from the use of organic lead compounds to

improve the antiknock properties of gasoline. These lead compounds make up the

bulk of the primary particulate pollutants generated by gasoline sources. The lead

aerosol is cventually deposited in water or on land, where it is absorbed into food

those human cats. This represents the primary path for the entry of lead into the

body. Amounts taken in by inhalation arc small, but only about one-tenth of the

ingested I~ad is absorbed by the body and retained in tissues, compared to at least
one-third of the inhaled lead. [5]
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5.2.2. Effects of Air Pollution
The effects of air pollution on the environment may be grouped under at least four

broad headings: biological, economic, aesthetic, and large-scale ecological or global

etTects. Included under biological effects are factors involving human health and

disease, eye irritation and damage to vegetation. The costly economic effects of air

pollution are associated primarily with corrosion and deterioration of materials and

equipment, crop damage, and the cleaning costs resulting from particulate fall-out.

Aesthetic considerations include discoloration, odor, and visibility reduction. The

possibility of change in climate brought about by air pollutants as particutlates and

carbon dioxide includes green-house effect etc. Many of these. effects are

. interrclated. A biological effect, such as respiratory'disease, becomes an economic

effect when the hospital bills are added up.

Here a brief discussion of each of the adverse effects and the contributing pollutants

is being presented.

Biological Effect

Biological EfTect depends on the concentration of the specific pollutant in the air,

length of exposure, other pollutants present, and a whole host of other factors. The

efCecls can be further divided into the faster acting, short-term (acute) effects, and thc

long-term effects caused by prolonged exposure and accumulation of pollutants,

e!fects leading to chronic health problems in human being.

The principal biological effects of most of the common air pollutants center on their

action in the respiratory system of man and animals. 03, NO, and S02 and secondary

pollutants derived from S02, cause respiratory irritation and disease. Particutlates

can cauSe similar respiratory difficulties. Particles in combination with pollutant

gases can give rise to a synergistic effect, and the effect of the two or more pollutants

acting together will be greater than the additive effects of the pollutants taken

individually.

There is some evidence that adsorption of carcinogenic (cancer-causing) pollutants

(generally unsaturated ~romatic hydrocarbons) on particulates contributes to lung

cancer.
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Vegetation is more sensitive to most air pollutants than are animals. Generally, air

pollutants ciam:Jgethe leaf structure of plants, resulting in metabolic imbalance in the

plant The major toxicants for plants are S02. 03 PAN, NOl, gaseous fluorides,,

ethylene, but the oxidants 03 PAN, and N02 are the primary substances causing. ,

photochemical smog-type injury to plants.

Lead is a recognized poison in large enough amounts. Yet there are presently no

clinical indications that lead concentrations in urban air are causing harmful cheers

in humans. Many pollutants not ordinarily considered to be air pollutants spend part

of their life-perhaps the most important part as far as their transmission is concemed-

in the air. Among these are radioactive fallout, pesticides, and many other substances

that, like lead, reach human bodies primarily through the stomach, not the lungs.

Economic Effects
Any action of air pollutants resulting in the loss of money or expenditure of money

to repair damages is included in economic effects. Thus, economic effects include

medical expenses and man-hours of work lost, as well as damage to plants and

physical objects. Some of the more and expensive effects involve the corrosion of

metals.

Large ..seale effects and global effects
The green house effect of COl is one example of air pollution that may have global

ramifications. This is basically a disruption of the carbon cycle in nature. Similar

disruption cOldd possibly occur in the sulfur cycle because of the large quantities of

S02 emitted into the atmosphere.
A potetitial global air pollution problem with very serious consequences for life on

earth arises when the effects of supersonic transports (SSTs) on the chemistry of the

lower stratosphere are considered.

Aesthetic Effects .
Aesthetic effects refer to the appreciation of beauty. With air pollution, the beauty

affected is usually natural beauty and the result is an insult to our senses. The

discoloration of the normally blue sky, the replacement of natural odors by the

stench of air pollutants, and the filth of fallout that settles on surfaces are all aspects

of aesthetic deterioration caused by air pollution.
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The two significant effects thai are further developed here are visibility reduction

owing to suspended particulate matter (aerosols) and discoloration attributed to NO,.

[5]

5.3. Water Pollution
Water is an inexhaustible natural resource that is continually recycled in the natural

hydrological cycle. Water shortages do arise, however, because of inadequacies in

water distribution and because of degradation of water quality resulting from

pollution.
The major sources of pollution are domestic, industrial, and agricultural wastes.

Such wastes, if untreated, can irreparably impair the quality of natural receiving

waters by introducing pathogenic organisms, toxic substances, excess plant nutrients,

and organic substances whose decomposition results in oxygen depletion.

The strength of sanitary sewage and of the effluent from treatment plants is measured

by such parameters as the suspended solid content, biochemical oxygen demand

)(80D), and the chemical oxygen demand (COD). The dissolved oxygen (DO)

content of water must be known for the detennination of the BOD, and it is also a

key factor in deciding the adequacy of natural waters for the life of fish and other

aquatic organisms.

5.3.1. Some Effects of Water Pollution

The effects of water pollution are often grouped under such headings as chelnical

(oxygen demand, toxic effects), physical (temperature changes, sediments, surface

films), and biological (disease, disturbance of species structure of aquatic

community, unchecked plant growth). Aesthetic, recreational, and economic factors

arc included in most of these. Here the discussion will be to effects resulting from

oxygen depletion, eutrophication, thermal pollution, and toxic pollutants.

Oxygen depletion effects
The major cause of dissolved oxygen (DO) depletion in natural water is the aerobic

biological decomposition of degradable organic materials. Some inorganic (mineral)

substances, if present, also exhibit a high oxygen demand.
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Among these are sulfite ion, SO) 2-, sulfide ion, S2-, and iron (Il) ion, Fe2+, which

take part in oxygen consuming reactions such as

2 SO) 2- + O2 --+ 25042- (5.1)

52- + 2 O2 --+ 5042- .(5.2)

4 Fe2 + + O2 + 2H2O --+ 4 Fe 3+ + 40R (5.3)

It should be reemphasized that biological decomposition continually takes place in

even the purest natural waters. It is only when the supply of DO can not keep up with

the demand that the DO content reaches adverse levels. The BOD of secondary

sewage treatment emuent is usually low enough to avoid exceeding the low water in

a stream or pond may be sufflcient to reduce the oxygen supply to levels that will

eliminate nonloierant species from the water.
Below 1-2 mg/liter DO, anaerobic bacterial decomposition of organic matter begins

to take precedence over aerobic decay_ After the free oxygen has been sufficiently

depleted, the nitrate ion produced in aerobic decomposition can serve as a source of

oxygen in a bacterial denitrification reaction.

Eu t roph ication
Eutrophication refers to the processes occurring in an aquatic ecosystem as a greater

supply of nutrients or foods becomes available to the ecosystem from outside

sources. As the ecosystem becomes well fed in this way, the growth of organisms

and the amount. of organisms present increase until limited by the food supply or

other factors. Carbon (as C02), metal ions, sulfur, phosphorus, nitrogen, or any other

essential element may accelerate growth_ Because of the limiting nature of

phosphorus in the growth of both fresh- and salt-water plants, excessive additions of

phosphorus are usually blamed for accelerating eutrophication. Nitrogen is olien

ranked behind phosphorus as a culprit. [5]

Thermall'ollution.
Thermal power station IS a major culprit for themlal pollution. It discharges

unutilized heat that constitutes 70% of the total heat produced in that station. The

effect of discharge would be seen on microorganisms and biotic life present in water

ancl the overall effects on ecology and production of organic matter.
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The heated efiluents are discharged at a temperature 8_lOoC higher than the

temperature of intake waters, This high temperature results in faster degradation of

organic matter at the expense of DO in the receiving waters,

Parasite proliferation is a possible hazard from thermal pollution, [21]

Toxic Substances

A wide range or toxic pollutants find their way into natural waters, Municipal

sewage treat.!,lent methods often have no effect on these substances, and much

industrial sewage is untreated or only partially treated before discharge to receiving

waters or to municipal sewers" In many cases, specific chemical processes must be

used by an industry to remove a given substance from its wastewater. A number of

these substanccs are toxic to aquatic organisms and to humans, so they must be kept

out of domcstic water supplies,

Thc ions of heavy metals are among the most serious of the toxic pollutants finding

their way into natural waters, Among these metals are cadmium, lead, mercury,

nickel, antimony, and arscnic, Most of these metals are cumulative poisons capable

of being assimilated, stored, and concentrated by organisms that are exposed to low

concentrations of the metals or their compounds for long periods or repeatedly,

Eventually, the build up of the metal in tissues will be sufficient to cause noticeable

physiological effects, [5]

5.4, Pollution of the Seas

The sea provides a relatively constant chemical and physical environment. Mankind

is contributing consciously and unconsciously, to a disruption of some of the natural

balancing mechanisms of the marine ecosystem by polluting the seas, He does this

directly by dumping pollutants into the sea and indirectly by polluting the air and the

soil with substances that eventually find their way to the sea,

Industrial sewage containing toxic heavy metal ions also enters the seas, Many of

thcse ions are conccntrated by organisms, often with pathological effects to the

organisms, or to predators, Some of the metals represented here are copper, mercury,

lead, nickel, and the rare earths, Many ions of heavy metals are removed from

solution by adsorption on natural particulate matter so that, in some measure, the
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oceans cleanse themselves of these metals. Nevertheless, natural means are probably

not capable of ~Gpingwith the greater amounts added by industry. [5]

5.4.1. Oil Pollution

Oil is introduced into the sea in large quantities in a variety of ways and constitutes a

widespread contaminant on the surface of the sea. Oil contains toxic, cancer-

producing substances and can be a long-lived environmental contaminant where it is

spilled.

Oil and oil products are very complex mixtures of chemicals. Low-boiling saturated

hydrocarbons produce anesthesia and narcosis at low concentrations and cause cell

damage and death at higher concentrations. The higher-boiling saturated

hydrocarbons occur naturally in marine life and may not be toxic to them, but they

might interfcre with chemical communication.

Aromatic hydrocarbons arc ahundant in pctroleum and its products, and they arc its

most dangerous part. The low-boiling aromatics are acute poisons, while the high-

boiling aromatics are long-term poisons. For instance, among the latter are 3,4-benzo

-pyrene and [! '.vide array of similar 4- and 5-ring aromatics are known to be
. .carclnogemc.

After its release, oil begins to weather, a tenu which describes the sum of a number

of physical and biological processes. The lower-boiling components evaporate most

quickly. Other sets of compounds dissolve in the surface layers of seawater. Neither

chemical oxidation nor bacterial degradation takes place quickly, though after a

substantial amount of time they help rid the sea of oil. Degradation rates for oil in the

li1l\rinc environnient httvc been estimatcd lilld are SUihmarized ill Tablc 5.2. LJncier

optimized conditions, degradation ellil be complete inll few hours to tens of hours.

Large spills and chronic pollution of the sea-lanes present a threat to certain species

of oceanic birds. The .immediate kill of shallow -water marine life may be extensive

and recovery slow, particularly that of preexisting balances. Chronic pollution of

coasts can coat the high-tidal zone, and thereby rcduce the intertidal habitat.

In light of thcse dangers, oil should be added to the growing list of environmentally

hazardc;,,L :;ubswnces. Public policy should prevent continued contamination of the

sea by oil, whether in drilling, transp0l1, sewage disposal, or in use as a fuel. [37]

72

~:



.•..~"'" ."..•.
" "-,

Table 5.2. Biodegradation Rates of Oil in Marine Environment [28]

System Degradation Rate I Degradation

(g/m3/day) Time

Optimized scawatcr 5-2,500 0.3-144 (hours)

I
conditions

Long incubation period 0.5-60 0.5-60 (days)

(natural sceps)

i Short incubation period 0.001-0.030 3-82 (years)

I (oi I spi lis)
L

5.:;. Soil Pollution

Soil pollution is duc to cumulativc effect of air and watcr pollution. Toxic substanccs

and harmful mctals contained in smoke, air and water discharged from industrial

plants finally accumulate in the soil. Soil pollution ultimately affects agriculture and

groundwatcr. [24]
Soil has been defined as that thin layer of the earth's crust in which biological

activity (i.e., life) takes place. A soil is polluted when substances in the surface soil

produce changes in the chemical, physical or biological properties of the soil and

adversely affcct the quality and quantity of crops. Among thc soil pollutants are

many natural and synthetic substanees that can be toxic to organisms, plants, or

herbivores. The adverse effects of some substances on soil fertility, plants, and

animals feeding on t}le plants are quite significant. Here some aspects of the effect of

. toxic Hndhazardous substanccs Ort soil organismS will be treated.
The soil ()OI11i~1'isesun individual ecosystem populated by an enonnous number of
animals and minute plants, exclusive of plant roots. Impressive numbers of different

species of organisn)s are present in any sample of productive soil; and, in a natural

soil, these organisms are responsible for continued soil formation and for soil

structure and fertility. The addition of organic fertilizers and the return or retention

of paJ1 of the crop to the land are measures used to provide food for these beneficial

organisms. On the other hand, residual fertilizers in soil infiltrate in the soil with

applied irrigation water or rainwater and percolate a long way to join the ground
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water. It has been seen that bacteria travel a limited distance in both fine and coarse

soil while chemical pollutants are little altered by passing through a long distance in

soil. Below water table chemical pollutants can travel several miles without any

change. [9]

Other substances, particularly insecticides, herbicides, and fungicides, are tinding

their way into soil in ever larger quantities and may act as soil pollutants by

interfering with the growth of various soil organisms. Although such substances have

been shown to reduce both the numbers of organisms and the number of species

prcscnt, it appears that the affected soil organisms can reestablish, themselves in the

oil and little pennanent damage is done. Recovery is more rapid if the toxic

substance is transient and decomposes through natural processes before too many

organisms have been affected. The persistence of certain toxic compounds, such as

the chlorinated hydrocarbon insecticides (i.e., DDT), creates a more serious problem.

Furthermore, these substances or their toxic residues can accumulate in soil animals

(earthworm) and be transferred in potentially toxic amounts to birds and other

predators farther lip the food chain. [5]
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5.6. Pollution Problems: Bangladesh Context

Bangladesh has achieved some advances in technological, industrial, agricultural and

allicd fields to cater to thc needs of man and to improve the condition and quality of

the human social structure. These factors have compelled more pressure on land,

causing deforestation on a large scale. The lands so cleared were utilized for.
settlements, agriculture, urbanization and industrialization along with consequent

development of communication, power generation, exploration of minerals and oil

and institution of processing units, refineries, etc. But these developments have

burdencd the environment through the release of ha'rmful chemicals, toxic materials,

poisonous gases, pesticides etc,
The main reasons for environmental degradation or pollution of environment In

Bangladesh ar~.:

- Excessive population pressure
_ Sctting up difTerent industries without appropriate environmental considerations

and pollution reduction facilities

_ Unplanned urban growth centers without prior civic amenities and waste disposal

facilities [24]
Here, only the effects of toxic and hazardous materials on air, water following their

use linder various conditions will be discussed.

5.6.1. Air Pollution from Toxic and Hazardous Materials

Bangladesh has very few industries which could cause large scale air pollution

compared to India, Pakistan, Malaysia and Thailand. Most of our air pollution comes

from automobiles and others Irom electric power generating plants, industrial wastes,

space heating with fossil fuels etc. But a considerable amount of air pollution is also

coming from pesticides, insecticides and fumigants. [9]

Pollutibn Due to Automobiles and Fuels [25J

Mechanized vehicles such as buses, trucks, cars, three-wheelers etc. are important

consumers of hazardous materials as fuel containing lead and sulfur as additives.

These contribute significantly to the air pollution in Bangladesh through their

emissions. Fuel consumed by motorized vehicles includes premium motor gasoline
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(octane), regular motor gasoline (petrol) and high-speed diesel (HSD). The lead and

sulfur contains of different fuels being used in Bangladesh is given in Table 5.3.

All these mechanized vehicles are the major source of CO, CO2, NOx, unburned

hydrocarbons and other products such as carbon particles. Vaporization of hazardous

petroleum products at the filling stations and from defective and inefficient vehicles..
of all sor~s contributes to air pollution. [24]

Private cars that are imported nowadays are with air conditioners and they will add

another hazardous pollution of chlorofluorocarbon (CFC) in the country-air.

Table 5.3. Lead and sulfur contents in fuel in Bangladesh

Fucl Type: Octane no./Cetane Lead content as gm/l

index

S content as total %

mass

(min)

Molor gasoline regular

(Octane no. 80)

Motor gasoline premium

(Octane nO.96)

Low S I.ISD

(Cetan~ index 50)

High S HSD

(Celanc index 45)

Light Diesel Oil

High S furnace oil

Kerosene

(max)

0.5

0.84

(max)

0.1

0.1

0.5

1.0

1.8

3.5
1.0

Source: ERL

Pollution from Olher Sources 124]

Suspended particles and other hazardous pollutants come from

1. Friction of tires of all kinds of mechanized vchicles release zinc.
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2. Drilling, spraying, etc. (including paints containing lead compounds). Metal

ilnishing and spray painting are done on the roadside metal furniture shops.

3. Factory tlres like those happened in 1995 in plastic factories in Dhaka City.

4. Odor pollution from the tanneries located within city area. Worst example is

Hazaribagh area in Dhaka City where about 250 tanneries are located. [13]

5. Particulate matters also originate from the piles of leather-waste, which are

duillped just outside the tanneries.

6 !nefTicient and inadequate solid waste disposal system. All garbage bins some of

them contain hazardous wastes located in the cities are always overflowing with

garbage causing odor pollution and particulate matter pollution.

7. Land filling by garbage. Landfill sites are located at the periphery of the cities

creating odor pollution and particulate matter pollution. These landfills are not

property designed landillls hence they are not "sanitary landfills", as they are

understood in environmental engineering.

8. Small-scale industries located all around the cities. This is so because zoning

laws are weak and are rarely enforced in Bangladesh.

9. Slums: it has been estimated that about 30% of Dhaka City's population of about

8 millions live in slums. People living in slums are compelled to use all kinds of

nonconventional fuels for cooking including paper waste, leaves, waste form

garment industries, etc.

10. Industries l~cated in Tejgaon Industrial area at the heart of Dhaka City. Industries

making soaps, soft drinks, rubber products, cast iron products, pharmaceutical

products etc. are located at Tejgaon.

11. Industries located in Tongi industrial area producing pharmaceutical products,

pcsticidcs, pulp & paper, electric cable, metal plating, plastics, steel pipes,

electric fans, M,S, rods & angles, ccramic products, etc.

12, Industries located near Chittagong City producing TSP fertilizer, cement,

gasoline and other petroleum products, lubricating oils, bleaching powder,

chlorine, etc. There is a gas-fired power plant at Rauzan.
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13. Industries located near Khulna City producing newsprint, malches, hard board,

telephone cable, jute products, etc. There is also an oil-fired power plant near
Khulna.

Greenhouse Effect

Th~ grecnhouse elTect is a product of abuse of our Own reSOurces like fossil fuels and

industrial chemical emission of greenhouse gases like CO
2
, CH

4
, N

2
0 and CFCs.

Fortunately, the fuel consumption in Bangladesh is one of the lowest in the world.

The emission of CO2 which one of the important greenhouse gases is 0.15 mctric
tons per capita that is also very low. [24J

The contribution of Bangladesh to thc greenhouse effect is very little but Bangladesh

will be very adversely affected. It has to pay the greatest price in terms of loss of

human habitation and resources to this global ecological disaster. [47J

Finally, urbanization, industrialization and economic growth contribute to air

pollution problem. These activities will continue at a higher rate than at present to

meet the demand of a fast growing population. Therefore, there is every possibility

that air quality will degrade further and air pollution problems in the country will
increase in tlHure.

Gencral Suggestions Ucgarding Ucduction of Contributions of Toxic and
Hazardous Materials to Air l'oJ/utiotl in Bangladesh

I. Eastern Refinery (E;RL) should be revamped so that it can produce lead free

gasoline. It would need some capital investment. Use of leaded gasoline should
be gradually phased out.

2. Sulfur content of some of the ERL products like HSD may be reduced. The

product specifications of ERL products need to be reviewed and reset.

Appropriate investments may be made to produce products with lower sulfur
content.

3. Import and operation of too old/dilapidated buses (petrol/diesel) may be
restricted.
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4. Reg,ulations over automobile exhausts: Fitness tests of earslbuses/trueks three

wheelers should be mandatory and worthwhile. Cars, buses, trucks of

Government agencies e.g. Police Department should also undergo same fitness

tests. Newspaper reports suggest that vehicles belonging to Government agencies

,. are often defective from emission point of view.

5. Paints containing lead may be gradually phased out within a time frame of 5

years so that the paint industry gets sufficient time for the switchover to

appropriate raw materials.

6. Three wheelers with two-stroke engine using a blend of gasoline/lube oil as fuel

may be gradually phased out.

7. To reduce air pollution in big cities due to carslbuses/three wheelers mass transit

system needs to be introduced. In Dhaka, it may be in the form of a circular

railway service or trolley buses with rubber wheels running on overhead power

lines. Once, luxury trolley buses are introduced, three wheelers, buses, rickshaws

etc. will automatically be phased out because of discomfort/dislike or the

consumers riding these.

8. Trame Regulation and Control: Private cars with single passenger and driver,

three wheelers, ricksha'ws etc. may be banned from busy commercial areas like

Motijheel or Dilkusha CIA in Dhaka between 9 a.m. to 5 p.m. Arrangements can

also be made for private cars/three wheelers to enter these areas with extra permit

available on payment from BRTA. Singapore has this kind of disincentives.

9. With the Introduction of well organized, well maintained, clean mass transit

system, ownership of private cars may be discouraged in big cities with heavy

taxes like they have done in Singapore.

J D. Spray painting, metal surface preparation, etc. on wayside shops may be phased

out by law in 3 to 5'years time.

I I. Garbage carrying trucks must be covered as in other civilized societies.

12. Dumping of city garbage at landfills at the outskirts of cities/towns must be

stopped. In Bangladesh,. landfill sites do not mean sanitary landfill as is meant in

western society. Landfill sites should be properly selected and environmental

engineers specializing in landfill design should appropriately design landfill.
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13. Once the DOE enacts the regulatory measures for the pollution control under the

Environment Conservation Act of 1995, and sets emission limits to control air

pollution, concerned industries should be given grace period to take necessary

and appropriate measures for air pollution control.

DOE may start implementing its program in the State Owned Enterprises e.g.

Fertilizer Factories and the Pulp and Paper Mills of the Bangladesh Chemical

Industries Corporation (BCIC). These state-owned large industrial units should be

able to afford to take necessary measures. These large units should be examples to be

cited by DOE to the private sector smaller industries. Gradually, the rules should be

applied ",0 the smaller industries owned by the private sector. There must always be a

dialogue with DOE and the owners of the industries. The owner must be made to

understand the benefits obtained through air pollution control. [24]

5.6.2.Water Pollution Due to Toxic and Hazardous Materials

Water pollution is a serious problem in Bangladesh. Run-off water carry fertilizers,

pesticides, herbicides, human and animal waste into the water bodies. Rivers flowing

around urban/industrial areas are polluted by industrial efTIuents and untreated

scwage. Ground water is also being contaminated because of improper disposal of

toxic and hazardous wastes. Ground water pollution is a serious problem aggravated

by un ever-increasing intrusion of seawater along our coastal plain areas.

Some of the major industries responsible for water pollution in Bangladesh are:

leather (tanneries), textiles (including dyeing & printing), pulp & paper, sugar and

distillery, fertilizer etc. Other industries responsible are: chemicals, pharmaceuticals,

pesticides, electroplating and galvanizing, steel re-rolling mills. A preliminary list of

indust:;,;s using toxic and hazardous chemicals in Bangladesh is given in Appendix-

A. Also a preliminary list of hazardous wastes generating establishments in the

country is presented,in the same appendix.

The textile industry is growing rapidly in Bangladesh. With the success of

readymade garment industry, serious efforts are being made by GOB and private

entrepreneurs to have composite textile mills to provide the backward linkage for the

garment industry.
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Textile industries are major polluters due to the high discharge levels of organics and

chemicals associated with the finishing, dyeing and printing of textile products. [24]

Reduction of Water l'ollution from Toxic and Hazardous Materials

Proper monitoring of the water quality is the preliminary step for prevention of water

pollution. This requircs detection of the presence of all pollutants in the water.

Unfortunately, appropriate data regarding water quality in Bangladesh is yet to be

gathered. Hence tests should be carried out to detect toxic and hazardous pollutalits

such as CN, Cd, Ba, As, chloroform extract, phenols etc. in the water. Also, tests for

residues of pesticides or heavy metals are required to ascertain fully the quality of

water. Tests for river water should be complimented by testing for heavy metals and

pesticides residues in water and in the bottom sediment as many metals absorb into

particulate matter and cannot be accurately detected from water samples alone. [31]

5.6.3. Industrial Pollution

Industries in Bangladesh contribute significantly to the degradation of air, water and
.,

soil. Most of the iarge and small-scale industries in the country are concentrated in a

few urban-industrial areas. The major urban-industrial zones are:

o Dhaka city and the adjoining industrial areas

• Chittagong city and the adjacent industrial areas

o Khulna city and the surrounding industrial areas

Besides thcse major urban-industrial complexes, the following zones also have

clusters of industries: .

Ghorasal-Polash Area

.2 urea fertilizer factories

• Major power generation center (natural gas based)

o Several jute mills

o Other small industries

Ashuganj Area

o I urea fertilizer factory

• I major powcr generation center (natural gas based)

• other sillull industries
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Next discussion will treat morc elaborately air and water pollution by the industries

as 'Nell as pollution load of three major cities of the country. Pollution load of all

sectors will be presented under separate heading.

5.6.4. Pollution Problems of Small and Cottage Industries (SCI) [I]

Small and cottage industries occupy a unique position in the economy of

Bangladesh. Its contribution to povcrty alleviation can not be underestimated. The

SCI is an area where large-scale employment opportunities exist. It has been

estimated that there are about 24,000 small scale industries in the country and there

could be an equivalent number of unregistered small and cottage industries (SCls).

While the industrial sector does contribute substantially to the national income, what

is significant is that nearly half of its income from the SCls. Presently there is

considerable amount of emphasis and efforts by the government to promote SCI

units through a number of fiscal incentives and policy measures.

Lar[;c and mcdiulll size industrial units generally do possess the requisite tcchnical,

financial and legal capabilities to solve their pollution problems, but lack a firm

commitment to do so. On the other hand, despite their higher aggregate pollution

potential, SCfs are far less equipped individually, to resolve their pollution problems.

The SCls are characterized by lack of information, absence of technical expertise and

paucity of financial resources.

SCls generate effiuent, emission and solid wastes that create pollution problems for

air and water. There is noise and odor problem too. The present SCIs in the country

are chcmical industries, engineering, electrical, elcctronics, garments, rice mill, food

proccssing, tannery, match manufacturing, pulse and flour mill, etc. Small tanneries

are visible in many parts of the country and are left unnoticed, since they are small.

The major hazardous waste being discharged by the tanneries is heavy metals,

amongst which chromium is the most significant.

The overriding matter of concern is that, SCIs are neither aware that they are

polluting do they possess the information on legal repercussions if they do not

comply. Outflow of wastewater, emissions of solid waste frolll SCI units may be

small blllit constitutcs a vcry large quantity if one encompasses the large number of

SCIS.
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A small stone crusher may be discharging only 100 kg of dust everyday, but if one

adds up all the dust emissions from hundreds of them, it will .be considerable

anl0unt.

Stainless steel pickling units are small-scale industries, but the quantum of waste

generated per tonnage production is very high and their coiJtents are extremely

polluting and toxic. For an estimated production of I ton of stainless steel per day,

these units discharge a pollution load of33.5 kg of iron, 3.55 kg of nickel, and 0.7 kg

of total chromium. Besides about 70 kg of solid wastes from spent pickling bath and

cooling bath is also generated per day per ton and also some amount of spent acid.

SCi type chemical industries discharge:

I. Used acid which is highly soluble in water and can percolate to ground water.

II. Organic chemicals which are soluble, often colored, toxic, even carcinogcnic

sometimcs and percolates to ground water.

An H-acid producing SCI unit is capable of polluting water. If in a unit producing H-

acid, which is a dyeing intermediate and wastes from this unit is very high in COD

(chemical oxygen demand), color and toxicity. Dyeing wastes contain color,

inorganic, toxic materials, SS (suspended solids), high BOD, alkalinity.

Food processing industrial wastes contain organic matter and has high BOD and SS.

Gcnerally, there is no problem of toxicity or ground water pollution; but the wastes

p()lll1l~surface water,

SCI sources of air pollution by gaseous and SPM (suspended particulate matter)

gencration aluminum factory, rice mill, chemical industries, molding-casting-

foundry workshops, match factories, pulse and flour mill, etc. Solid wastes come

from most of the SCI units, particularly engineering, foundry etc. Solid wastes may

contain scrap metals, irop. dust, sludge, chemicals, waste sheets, papers, fabrics,

emp'y drums earlier ~ontaining harmful chemicals etc.

As no serious and organized effort has been made so far to assess the intensity, share,

span of influence, etc., of pollution trom SCI units, it should be of no surprise, ifthc

shan~ of SCIs in total industrial pollution comes to 60-65%.
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Policy Hecommendations

There is hardly any primary data exists on the quantity of SCI units in Bangladesh.

No formal survey has been done, though limited surveys by private bodies have becn

conducted. Identification of the number of SCI units in Bangladesh and their types

should be the iirst and foremost task of any environment regulatory body. Only after

the SCI units have been identified along with their products, a simpie screening
should be able to determine the extent of their pollution potential.

SCI units considered to be polluting can then be monitored in detail to quantify the
discharges, and only then can appropriate measures be introduced.

Since the excuse shall always be given that SCIs are smaJi and financially weak
units, thoughts should be given to:

• Location of similar types of SCI within an area;

• Execution of common-facility treatment systems for SCI;

• Control by DOE of SCI units capable of producing hazardous wastes.
5.6.5. Pollution Load Estimation: Dhaka

The major industrial locations in Dhaka City are: Tejgaon, Hazaribagh, Demra,

Tongi and Gazipur. Various industries in the city includes tannery, textile,

phannaceutical, pesticides, plastics, pulp and paper, electroplating industry etc. [9J
Air I'oJiution

Air pollution is a major problem in over populated urban areas like Dhaka. It has

been found that the level of air pollution in Dhaka City has deteriorated from the past

mainly because of the increase in number of the mechanized vehicles. In general, the

emission from a vehicle is directly dependent on the combustion efficiency of the

vehicle. The vehicle whose combustion efficiency is Jess, high is the emission.

Often it is seen that buses, trucks, three-wheelers (auto-rickshaws and tempoos) on

the street carry higher load than their allowable limits and thus exerts excessive

pressure in their engines and consequently combustion efficiency decreases resulting

in an excessive black smoke. Apart from that, presence of higher level of sand lead
(us tetraethyl lead) .in fuel is responsible for higher emission of sulfur dioxide (

S0
2)

ltnd pntticulatc load, These factors arc aggravated by the three-wheelers with two-
stroke cngin(:s.
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More nitrogen oxides also form in the two-stroke engines than in the four-stroke

automobile engines because they operate with an excess of air. Paint and type-

foundry are other sources for particulate lead in the City. Combustion of

unconventional fuels (such as plastics which often produce toxic gases upon burning)

that nr~ ,burnt i'n the slum areas for heating and/or cooking purpose is another major

source of particulate and gaseous air pollutants, Emissions from different industries

also contribute to the air pollution of the city.

It was found from the observation that presence ofTSP (total suspended particulate)

was about 2 to 4 times than that of the standard limit. However, presence of S02. and

N02 were somewhat within the limits though on few sampling days they were bound

to exceed the limits. The standard limits for TSP, S02/NOZ are 400 llg/m3 and 100

,lg/m3 respectively for commercial areas in our country. So far we do not have any

standard limit for lead. [25]

A report recently published by Bangladesh Atomic Energy Commission reveals that

lead pollution in the air of Dhaka City is alarmingly increasing, The sole

responsibility for this type of pollution goes to the leaded petrol being used as fuel in

the vehicles, It was found that the air contained 463 ng (I ng = 10.9 g) lead per cubic

meter during November 1997 to January 1998. It was also mentioned in the report

that the amount of lead ,aries in the air from monsoon to winter. The lead content

increases as far as 463 ng/ m3 air during the dry season and comes down to 160 ng

when it rains. However, this limit is still well below the limit set by WHO (World

Health Organization) which is equal to 1.5 Ilg (I Ilg = 10-6g) or 1,500 ng lead per

cubic meter of air. [19]

Water Pollution

The city of Dhaka is expanding rapidly. The greater Dhaka is located within the

Buriganga, Sitalakhya and Balu river system. These three surface water sources

around Dhaka directly or indirectly receive large quantities of wastes from the City

some of that are hazardous. The River Buriganga is a tidal river and flows by the side

of the densely populated area of the city. The dumping of wastes in the river by the

by the public and industries around is rather indiscriminate. Large and small-scale

industries have been established on both banks of the river and innumerable
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municipal drains carrying sewage and sullage find their way into the river. The River

Sitalakhya flows by the eastern side of Dhaka district and falls into Dhalleswari at

Madanganj near Narayanganj. Tidal effect is observed as far as Lakpur in winter and

up to Demra during monsoon. The river receives domestic and industrial wastes

having hazardous constituents from residential and industrial areas around the banks..
of the river. The Balu River carries some of the. drainage from the Bhawal forests

through the Chilaikhal and wastes from Tongi industrial area.

A huge amount of water is required for different industrial processes, only a small

fraction of the same is incorporated in their products and lost by evaporation. The

rcst finds its way into the watercourse as wastewater. Pollution potential of industrial

wastes arises from high concentration organic and inorganic loads, presence of toxic

and hazardous substances, acids or alkalis, oils and other floating substances.

Wastes from industries in Tongi industrial area are discharged in low-lying areas that

finally. fl:iJ their way into the River Balu. The wastes from industries as well as

major commercial installations of Dhaka- Narayanganj industrial belt located on the

banks between Postogola and Fatulla directly reach the River Buriganga. The River

Burignga also receives highly polluted wastes from 250 tanneries located at

Hazaribagh and untreated eftluent from nearby glue factories. [9]

The major industries along the course of the three rivers include Pulp and Paper, Jute

and Textile, Rubber,' Paint, Pharmaceutical, Fertilizer and Detergent factories, oil

mills etc.

Atomic Energy Center, Dhaka analyzed water quality of two rivers that is shown in

Table 5.4.

Table 5.4. Water Quality Analysis

Location Consti tuents Concentration

(mgll)

Buriganga River at Chandnighat, Cr 0.005

1992 Pb 0.012
_.
Sitalakhya River at WASA Plant, er 0.008

1986 Pb 0.012

.. 304 - 24.6
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Both parameters Pb and Cr were found below permissible limit. A study regarding

the water quality of the three rivers was carried out later in 1996. Analysis of the data

indicated that based on proximity to industrial areas and dense population, River

Buriganga is the most polluted river. It was found that the concentration of Pb ion

(1.599 to 17.215 mg/l) for all the three rivers exceeded the standard values for, .
drinking, fishing, industrial, irrigation, and livestock water. So the waters from

different rivers around Dhaka City can not be used without treatment of lead for any

purpose. In Buriganga River at Chandnighat, there is a water treatment plant for the

city. Unfortunately, the plant has no system for the removal of the heavy metal such

as lead. Therefore, the users of this water having high concentration of Pb could be

affected to serious illness or even death by brain damage. On the other hand, the

concentration of Cr for all the rivers around Dhaka City exceeded the drinking and

fishing waler standard. [31]

Tanneries

Worst example of pollution in an urban industrial area is the Hazaribagh Area within

the city limits of Dhaka. There are about 250 tanneries located there. [13] Many of

the tanneries in this area are small, built in the 60s if not earlier. However, the

number of these small tanneries is quite large, and cumulatively, they contribute the

larger portion of hazardous wastes, in comparison to the larger tanneries. Some of

them are seasonal.

Tanneries produce a large quantity of solid waste consisting mostly of trimmings and

skin lashings. These are deposited outside the tanneries, creating severe pollution in

the open spaces, drains and roads in the tannery neighborhood. [1]

All these tanneries discharge their wastewater untreated and the high biological and

chemical contaminants degrade the aquatic life in the nearby Buriganga river. The

ilood protection embankm~nt by trapping the wastewater flow further deteriorates

the situation. Ground water pollution is a strong possibility too.
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There are two options for the Hazaribagh problem:

(a)To shift all the tanneries to a new industrial site as proposed by GOB Committees.

Tire'. new location will have facilities for collection, treatment, storage, and

disposal of liquid and solid wastes.

(b )1'0 provide a common central waste water treatment plant at Hazaribagh for all

the tanneries.

As of now the first option is likely to be implemented as the second option cannot be

undertaken because of lack of space and the nature of the area urban-industrial. Of

course, the problem with the first option is who is going to bear all the relocation and

infrastructure costs at the new location. [24]

5.6.6. Marine Pollution

The development of Bangladesh will depend on industrial growth. Industrial growth

itself, however, docs not necessarily lead to economic development, for the form that

gro\\th takes is critical to its long-term economic impact.

Unfortunately, for the Bangladesh environment and for the Bangladesh life-support

system, one of the attractions of Bangladesh for industrial investment is its total lack

of enf0:ced industrial and marine pollution regulations. For pesticide factories

t1ecing the aftcnnath of Bhopal and Sandoz, for tanneries and ship-breaking

operations prohibited in most advanced industrial nations and for merchant vessels

stopped from discharging sewage, bilge washings and oil residues in the waters of

other countries, Bangladesh is a welcome heaven. Here anything goes.

The Karnaphuli River, Fauzdarhat Beach and the oil slicks all along the coast bear

witness to the hidden costs of the "pollute at will" policy. But these are merely the

early and obvious signs of the problem, for the effects on human health of toxic and

. hazardous chemicals ingestion take time to appear and to diagnose, and since the

etTects on fisheries are not usually direct and obvious, the can be ignored for the time

being.

The most alanning aspect of the situation is the threat of oil spills and the devastation

they will cause to the Sundarbans. It is to be hoped that, it is not too late to take steps

now to prevent or at least minimize their effects.
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This section documents the total lack of even minimal treatment facilities, the sloppy

handling of petroleum products, the alarming levels of heavy metals in tile marine

environment and the attitude that treats as "waste" shrimp parts that are not

exportable to Japan or the United States. What it does not document is the cultural

and moral pollution that accompanies the unhindered poisoning of the Bangladesh

environmcnt. [11]

A. Marine Pollution by Oil

It is rcported that every year 6000 tons of crude oil from spills and 240,000 gallons

of bil~~water from ships is dumped into Karnaphuli river and Chittagong Harbor,

creating severe estuarine pollution. This has serious implications for fish and other

aquatic life. [1]

1. Oil spills- Generally more than 50 percent of the oil pollution in the manne

environment comes from urban and river run-off. Localized oil pollution is said to be

heavy in the vicinity of the Chittagong and Chalna harbors. There have also becn

persistent reports of oil slicks in the territorial waters of the country and the uppcr

Bay of Bengal. There is, however, as yet to monitoring system in place to document

these occurrences systematically.

Moreover, numerous river craft, launches and steamers ply along watenvays and

discharge waste oil, spillages and bilge washings. These vessels could be the main

source of oil pollution of thc marine environment in the coastal areas of Bangladesh.

Crude oil and its derivatives are among the worst pollutants that enter the Chittagong

coastal area owing to crude oil transportation operations in and around Chittagong

Port. Damaged flexible hoses are not maintained regularly. Oil discharges due to

dripping from hoses, overfilled sumps and deteriorated packing in flanges all

contribute to chronic oil pollution within the harbor. There is also the risk of leaking

pipelines.

In addition to chronic spillage of oil into the sea during oil transfer and bunkering

operations, there are possibilities of chronic oil discharge. from the oil refinery at

Chittagong and also oil-water emulsion from the repairing and manufacturing

industries situated near the coastal areas. There is also the constant danger of severe
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accidental oil spills at Chitk1gong and Khulna 10 the case of extreme natural

calamities causing ship collisions.

2.Ball:::.:;~waters- After the discharge/transfer of crude oil from tankers, some oil

remains left on board in the pumps and lines and also adhering to internal tank

surfaces. Unless provision is made for sufficient separate ballast tanks, a portion of

these dirty tanks must be washed before the vessel can safely leave port. Huge

quantities of ballast washing water cannot be discharged directly into the sea or at

the next port owing to the active surveillance and strong penal provisions in eiTcct in

most other countries of the world. Bangladesh is a convenient exception for shipping

companies because it permits discharge of ballast waters.

Ballast watcrs used for washing the cargo tanks or oil tankers are another source of

oil pollution if discharged directly into the sea. These ballast waters from tankers can

be emptied in special coastal installations where the oil is separated and recycled.

But the ports of Chittagong and Mongla do not have such a reception facility for

waste-oil water treatment.

3.Bilge waters- Another source of oil pollution in the manne environment of

Bangl~desh is bilge and bunker waters, which contain oil drippings from the engine

1'00111 and cquipmcnt of sen-going vessels, The ports of Chittagong and Khulna do

not have facilities for reeeiving bilge-waters for trcatment. Therefore, ships directly

discharge the oil-water emulsion (bilge-water) into the sea.

4.Ship-breaking operations- Ship-breaking operations have been started on an

industrial scale in Bangladesh more than a decade. Old-sea going vessels and oil-

tankers collected from abroad are dismantled on the seashore from Kumira to

Fauzdarhat in Chittagong and near Mongla Port at Khulna. Nearly 50 ship-breaking

units have started functioning since the beginning. The bottom sludges of residual

heavy oil in the oil ~hambers of the tankers and other lubricants and engine oils from

condemned tankers/ships constitute a considerable amount of oil spilled during

washing and dismantling operations. This discharge of waste heavy oil has been the

cause of severe pollution of sea water and destruction of the amenities of the nearby

sea beaches.
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Not only is there oil pollution ship-breaking; in addition, huge amounts of refuge

iron scraps are thrown away haphazardly in the seashore area. Iron particles

'produced during cutting operations are also strewn about. Degradation or corrosion

products of these scrap iron materials pollute the seawater in the areas concerned.

B. Chemical Wastes

Chemicals carried by tankers present potential environmental problems if

accidentally discharged into the sea. Ballast waters containing toxic and hazardous

chemicals can pollute the sea if discharged into it. Most of the imported chemicals

are handled at Chittagong Port, which is not yet equipped with the installations

required for disposing of or recycling ballast waters containing chemicals.

After use, the arsenic-containing poisonous chemical (geomarkovetrock) used for the

absorption Of C02 gas in the absorbing tower of the urea fertilizer factory of

Ghorashal is poured into drums, sealed and disposed of in the sea. The toxic

chemicals discharged from tanneries, the Karnaphuli pulp and paper industry, the

Khulna newsprint mills and CIB at the Barabkunda pesticide manufacturing industry

ultimately pollute the Bay of Bengal. [11]

5.6.7. Pollution Load Estimation: Chittagong

Industries have been placed in eight industrial zones of Chitta gong, namely,

Kalurghat, Nasirabad/Sholoshahar, Patenga, Kaptai, Bhatiari, Barabkunda and

Fauzdarhat, situated on the bank of the River Karnaphuli and the coastal area of the

Bay of Bengal. All industries discharge their untreated toxic and hazardous wastes

directly into tlTeRiver Karnaphuli or the Bay. None of these industries have any

existing or planned pollution treatment facility.

The polluting industries in the Chittagong area mainly consists of tanneries, textile

mills, oil refinery, TSP plant, chemical complexes, fish processing plants, asphalt

bitumen plant, steel. mill, paper mill and rayon complex, soft drink factory, cement

. factories, soap and detergent plants, pesticide manufacturing plants, paint and dye

manufacturing units and other light industry plants. The effluent generated daily by

these industries is huge in quantity and contains both degradable and persistent

organic and inorganic wastes and toxic metallic compounds and hazardous

chemicals. Ne.\\' industries are being set up in Chittagong and a few major industries
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are at the planning stage. With the rapid growth of industries without treatment

plants, the pollution load in the river and estuary will increase, posing a threat to

aquatic lite and the ecosystem.

I.l'ollution load estimation as biodegradable organics

The estimated pollution loads as biodegradable organics in sewage and industrial, .

wastes in terms of kg of BODl day for various industrial zones and domestic and

municipal sources are summarized below in Table 5.5.

Table 5.5. Estimated pollution load estimation as biodegradable organics in terms of

kg of BOD/ day in the Chittagong area
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Tablc: 5s'(Continued)

Bay of Bengal

Pollution load
from domestic and
industrial sewage
from the south-
eastern part of the
• ~ollntry through

run-ofT along the
Karnaphuli River
system

Projected ciomestic
waste load by the
year 2000

Projected load for
industrial sewage
by the ycar 2000

20,000

5,070

2,000

Source: Chittagong waste-water mission report, 1985.

It is found that nearly 40,000 kg BOD/day load is dumped into the River Karnaphuli

and 45,500 kg BOD/day into the Bay of Bengal as well. Under the normal physical

condition of the River Karnaphuli, the BOD level should not exceed 5 ppm if the

fishery is to be saved. But the BOD level in the river water is found to vary from 0.7

to 38 ppm in certain locations at certain times, with the average being 3.0 ppm. The

dissolved oxygen content of the river is found to drop down to 0.1 ppm, which is an

alarming situation for fish and other aquatic fauna. The report on the analysis of the

river water done by the Department of Environment Pollution Control in 1985.

Althoug!, ;he average BOD level in the river water is within the tolerance limit, the

high BOD level of the industrial effluents causes localized pollution problems at the

points of discharge. In fact, certain portions of the river near outfall pipes at

Kalurghat, Chandraghona and Patenga are seriously polluted.

Liquid and solid w~stes from tannery industries at Kalurghat are dumped in the

surrounding areas and find their way through open drains to the Karnaphuli River,

causing a noxious odor and organic pollution having a BOD level of from 6,000 to

12,000 ppm for vegetable-tanning wastes and 800 to 1,200 ppm for chrome-tanning

wastes. Nearly, 1,450 ml' /h of waste water containing BOD levels of nearly 60 ppm

with sulfur cmllPounds and mercury are discharged continuously into the Karnaphuli
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river, causing a major localized water pollution problem in Chandraghona. Huge

amounts of acidic wastes containing DDT, other hazardous chemicals including

mercury are discharged directly into the estuary near Patenga by the DDT factory,

the Chittagong chemical complex, the TSP fertilizer plant and other industries. By

the year 2000 and beyond the population in the Chittagong area will increase several..
times. As a result, the enormous amount of sewage generated, together with rapidly

increasing industrial wastes will cause severe pollution problems for its ultimate

disposHL3ink, the Karnaphuli River and estuary.

2. Pollution load estimation as persistent organics (by type)

A few potentially toxic persistent organic compounds from chemical and

pharmaceutical industries situated at Chittagong enter the river water and also the

Bay of Bengal. Polycyclic aromatic hydrocarbons present in crude oil continuously

enter the seawater. These organic hydrocarbon arc known to be carcinogenic and

have a severe damaging impact on marine resources, but no specific study or

quantitative analysis of the run-off, discharge amount or residue level in any waters

of Bangladesh his so far done. The facilities for the pesticide residues or other

persistent organics in seawater are at present very poor.

3. Pollution load estimation as insoluble inorganics (especially heavy metals)

The principal constituents of the insoluble inorganic pollutants are brokcn glass,

broken metallic containers and metallic scraps from domestic and municipal wastes

that are directly dumped into rivers. Also, a considerable amount of iron particles

enters ,;,c Bay of Bengal from cutting operations and corrosion of iron scraps

dumped on the seashore in the ship-breaking zone of the coastal area. Heavy metals

such as mercury enter the Karnaphuli River from the Chittagong chemical complex

And Karnaphuli paper mill, lead enters from the refinery, chromium from tanneries,

cadmium from the dyeing, printing and paint industries and arsenic compounds from

UFFG (Urea Fertilizer Factory Ghorasal).

A detailed study should be undertaken to ascertain the probable to ascertain the

probable harmful impacts of these toxic inorganics and metals in the marine

environment. Available information on the estimation of the insoluble inorganics

entering river ,:nd seawater is given in Table 5.6.
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Table 5.6. Estimated amount of insoluble inorganics entering the water

-----<

Insoluble j'rob'lbk quantity Concentration Conccntration Standard

inorganics discharged level in level in allowable

directly or ground water surface water concentration

indirectly to in Chittagong and in Bay (ppm)

coastal water (ppm) of Bengal

in Chittagong (ppm)

Mcrcury 500 kg/year 0.05-0.27 0.01

Lead 0.5-2 1.8 0.025

Chromium 220 0.05

Arsenic +ve 0.015

compounds

Cadmium 0.3~2.9 0.015

Silicon 1.9-12.12

Aluminum 0.53-2.32

Iron 0.97-3.42 2.62-5.6 0.3

Calcium 3.2-25.2 5.2-23.2

Magnesium 0.0-70 6.57-10.36 125

From the table we see that 220 ppm of chromium near tannery waste outfalls in the

Karnaphuli River. This is alarmingly high and can be toxic to aquatic fauna and to

humans as well. The mercury, lead and iron contents of surface waters of the Bay of

Bengal are also very much higher than the acceptable limits. Toxic metals can pass

through the food chain t~ human beings and damage the brain and nervous system.

In a joint study conducted by DE PC (Department of Environment Pollution Control),

the Department of Marine Biology and the Forestry Institute, water and sand from

the ship-breaking yard at Fauzdarhat, Chittagong, were collected and analyzed for

iron, copper, zinc, chromium and ammonia. The unpublished analysis report showed

no evidenCe"cf copper, zinc and chromium in the samples of that area.
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The analysis report is shown in Table 5.7 below. Ammonia and iron contents in

water and soil of the Bay near the ship-breaking yard were found to be much higher

than the acceptable ranges.

Table 5.7. Analysis report on water collected from the ship-breaking yard at

Chittagong

Sample location Fe Cu Zn Cr NH3

Ship-breaking yard at

. b<:ginning of high tide 9.4 0.0 0.0 0.0

(affected an:a)

Ship-breaking yard,

stagnant water":"ring low 10.0 0.0 0.0 0.0

tide (affected area)

'Ship-breaking yard, high

tide 9.4 0.0 0.0 0.0

5.6.8. Pollution Load Estimation: Khulna Area
Most of the factories in Khulnu City suburbs are situated in three industrial zones,

namely, (a) Rupsa Industrial Zone, (b) KhalishpurIndustrial Zone and (c) Shiromony

Industrial Zone. Khulna city also has a considerable number of industries which

discharge their untreated effluents directly into the water. Some match factories, the

.Khulna ship-yard and fish processing units from the Rupsa industrial area discharge

effluents directly into the Rupsa River. The Khulna Newsprint Mills, hard-board

mills, the Goalpara power station and some jute mills and steel mills from the

Khalispur in(:';';tria\belt discharge untreated waste directly into the Bhairab River.

A cursory report in 1983 by a visiting British Council specialist, Mr. D.C. Roberts,

shows that the Khulna Newsprint Mills continuously discharge nearly 4,500 m
3
/h of

waste water containing high levels of suspended solids (300-500mg/l) and sulfur
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compounds. It has bcen estimated that suspended solids may amount to (70 x 50,000)

kg/year. BOD data are not available, but BOD is assumed to be (95.9 x 50,000)

kg/year for the chemi-mechanical process of the mill.

The mill has no primary or secondary treatment system but discharges its untreated

etl1uent directly into the River Passur and pollutes it.

No industries have monitoring or treatment activity, nor has the Department of

Environment Pollution Control (DEPC) carried out any detailed survey in this region

. to assess the extent of the pollution. From the scanty analysis work done by DEPC

on the river water Passur, it can be seen that the salinity of the river has increased

several times, to 8,300 micro-mhos/em in 1986, compared with 1,500 micro-mhos/

cm in 1979, measured in terms of conductivity. The dissolved oxygen level was

found to be 3. J to 7.9 ppm, and BOD was found to vary from 1.4 to 6.1 ppm. This

indicates that localized pollution of the river water causes oxygen depletion and

organic pollution.

MarineJ'ollution

The. Sundarbans are now 111 danger because of chronic spillages of oil. With the

increase in port activities and the consequent increase in the probability of

accidental oil spills from oil tankers accidents, the forest and its ecosystem may be

irreversibly damaged.

The effects of industrial effluents with or without hazardous constituents on the

mangrove ecosystem of the Sundarbans are still not clearly understood. It is believed

that sewage eftluents containing high concentration of organochloride pesticides

might affect the l11angrove ecosystem seriously. Oil spills have a serious damaging. . ,
impact on mangrove swamps. Jarnelo',' and others observed defoliation and mortality

of mangroves due to oil pollution in 1976.

Mangrove species are generally susceptible to oil pollution. Thc breathing roots of

the trees become covered by thick tar of spilled oil, resulting in defoliation and

death, The mortality of the Sundarbans trees may also be aggravated by pollutants

other than oil. Forest surveys have revealed that the mortality rates in the younger

generations. of trees having tender and undeveloped root and shoot systems were the

highest, as they could not"tolerate the unfavorable conditions.
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A conservative estimate by the Forestry Department shows that Bangladesh has

sustained a loss to the tune of over $ US 100 million owing to 1,440,000 mJoftimber

loss caused by the death of sundari alone since 1976.

The destruction of quality timber sources from the Sundarbans would not only cause

.a loss of SUS 30 million per annum but also adversely afTect the overall environment

and weather of the region. [11]

The above report depicted the picture prevailing in1985. The situation has

deteriorated much since then with some exceptions. CCC has .stopped DDT

production since 1991 and they have also stopped discharge of mercury into the river

a few years ago. A few major industries that were in planning stage at that time have

become operable now and are contributing to the existing pollution problem.

5.6.9. Policy Recommendations [11]

1. Waste treatment requirements

(1) Direct discharge of untreated hazardous and toxic pollutants into fivers from

industries in.Chittagong and Khulna should be stopped with immediate effect.

The chromium, mercury and lead content of the Karnaphuli River and the Bay of

Bengal has already exceeded the safe limit. Thus, the bio-accumulation of

persistent metallic and organic pollutants in the people of Bangladesh eating sea

food can be expected to cause severe damage to human health, necessitating

huge costs for medical care.

(2) Ports in foreign countries have special installations for receiving and treating oil

and oily ballast and bilge washings from ships and tankers at anchor near their

harbors. The ports of Chittagong and Mongla, however, do not have such

faciiilies. T-J reduce accidental or wilful discharges, ballast water treatment

plants for Chittagong and Mongla should be taken into consideration as soon as

possible.

2. Need to develop a monitoring and surveillance

A marine water quality monitoring and surveillance program should be started soon

to detect the existing and P9tential pollution level due to continuous accumulation of

toxic and persistent agrochemicals, toxic metals, oil and oily substances and

persistent toxic industrial effluents. For this purpose, the existing water quality
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analytical laboratories of DOE at Chittagong and Khulna should be used and updated

with modern analytical eCjuipment and sampling facilities with the aid of donor

agencies willing to help.

3. Need for marine pollution eontrollegislation

(1) The existing Marine Pollution Control Ordinance is ineffective and cannot, .

provide a sufticient deterrent to prevent polluters from polluting by spills of oil and

oily substances and noxious and toxic substances intentionally or accidentally.

Owing to lack of staff, it is not being enforced.
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CHAPTER 6

Biohazards

Biohazard is used as a general term to refer to potentially harmful substances

. produced by organisms or by facilities that deal with organisms. For example, a toxin

produced by bacteria or waste materials produced by laboratories that deal with

research animals are both discussed as "biohazards". Another characteristic that

could be used for classifying hazardous substances is etiology, having to do with the

potentia! to cause disease. [2]

6.1. Biomedical Waste

This is a term that has come into use to describe wastes that originate from sources

involved with the treatment of, or research on, humans or animals. Facilities that

generate biomedical wastes obviously include hospitals and clinics, as well as

pathology laboratories, nursing homes, dialysis centers, veterinary facilities, research

laboratories, and pharmaceuticals, cosmetics, and food industries. [2] In Bangladesh,

concern has increased over biomedical wastes because of reports that such materials

are being disposed on places where exposure to the public occur. The fearbf AIDS

infections from contaminated hypodermic needles and blood has also added to

concern over biomedical wastes.

Hospitals and clinics produce a large variety of waste materials. These include

plastics, glass, paper, pads, swabs, gauze, disposable clothing, disinfectants, fluids,

fecal matter, and even anatomical parts. Veterinary clinics and animal research

facilities produce similar kinds of products as well as bedding material and shavings.

The generation of hospital waste per patient per day is about 9 Ib to over 20 Ib in

some cases depending on the type of hospital, service rendered by the hospital,

manpower, socio-economic character of the consumers, climate etc. [I]

In addition to' wastes of biological origin, hospitals, clinics and animal research

laboratories produce a variety of solvent and chemical wastes. These include

hydrocarbon solvents, such as cyclohexane, pentane, petroleum ether, and xylene;

alcohols, including methanol, ethanol, and butanol; diethyl ether, acetone;
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tetrahydrofuran; and methyl cellulose. Other waste chemicals from biomedical

sources include acids alkalis, chromates, disinfectants, formalin, pharmaceutical. ,

agents, chemical reagent and staiiling solutions, ethyl oxide, and nitrous oxide.

Radiotsotopes .are also produced as byproducts of nuclear medical diagnostic and

treatment procedures. [2]

6.2. Infectious Wastes

Infectious wastes are those that are capable of causing disease in individuals that

come into contact with the wastes. The U.S. EPA has placed infectious wastes into

several major categories. Two of these consist of isolation wastes and pathological

wastes. Another category is made up of cultures and stock of infectious agents and

biological materials associated with these materials. Because of the danger of

infection from blood- borne diseases such as AIDS and hepatitis, human blood and

blood products are in a separate class. Contaminated sharps (hypodermic needles)

are classified as infectious wastes. Another category consists of animal carcasses,

body parts, and bedding and a final one of miscellaneous contaminated wastes.

Infectious wastes now make up 10 to 15 percent of total hospital wastes. About 20%

of infectious wastes consist of plastic (compared to only about 7% of general

municipal wastes).

The most obvious sources of infectious wastes are hospitals and other health care

facilities. Examples of areas in these facilities that contribute to infectious wastes are

surgery, pathology, and histology laboratories, oncology, blood bank, dialysis, and

the morgue. Veterinary Care and pharmaceutical industries also contribute to

infectious wastes, as do academic and non-academic research laboratories, food

processing, and the cosmetic industries. For case of identification, infectious wastes

are collected in red plastic bags of a special kind, which has given rise to the name of

"red-bag wastes". [2]

All the infectious wastes are hazardous. Infectious hospital wastes are potential

source of various micro-biological diseases. From this waste many infectious

diseases may be transmitted to human body. If the disposal of this waste is

inadequate and improper, it is not only risk to the patients and staff but also

dangerous to the community.
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It has been found that most of the hospital wastes are not infectious rather hazardous.

In a study conducted in the National Taiwan University Hospital, it has been found

that the daily waste generation rate was 4,600 kg/day, of which 4,100 kg/day IS

noninfectious waste, but most are hazardous. [I]

6.3. Principles of Handling Hospital Wastes [I]

All wastes generated within a hospital termed as hospital wastes. The collection,

transpor:ation,storage and disposal of hospital wastes should be very carefully done

to reduce the risk of hazard to human health and environment. Following principles

should be considered during handling of hospital wastes.

I. Hospital medical wastes should be stored in double thick, airtight, leak proof,

puncture resistant bag.

2. Medical wastes should be disposed of within 48 hours of generation; unless it is

determined that t;arlier disposal is necessary to. prevent undesirable nuisance or

unhealthy conditions.

3. Wastes should be stored in an area so as to prevent unnecessary exposure to

patients.

4. Storage of waste should not be close to food preparation area.

5. The storage area shall be of easily cleaned and disinfected and designed so as to

mlIllmlze any unnecessary access and exposure and shall not contaminate

surrounding.

6. Space and facility should be provided for sanitary storage and final disposal.

7. Hazardous material should be carried away from its point of generation or use

without contact and with minimum handling.

8. Adequate safety precautions or measures should be taken before and after

handling hospital wastes.

6.4. Disposal of l;Iospital Wastes

The disposal of biomedical wastes has become more of a problem in recent years

with the increase of single-use disposable medical items. Increased use of disposable

syringes, "sharps", and other single-use materials has increased the proportion of

biomedical wastes designated as infectious. Another factor leading to ali increase in

quantities of biomedical wastes has been the growth of facilities outside of hospitals,
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including nursing homes, kidney dialysis centers, blood banks, home-care sickrooms,

and walk~in medi"al and dental clinics.

Disposal of infectious wastes has become a major problem for hospitals and other

facilities that produce it and a subject of much concern for environmentalist,

. regulatory agencies a.ndwaste handlers. [2]

6.4.1. General Guidelines for the Disposal of Hospital Wastes [1]

I) Sorting:
Sorting of medical wastes is necessary for different treatment. This should be carried

out at the point of generation. The items should be discarded into appropriately

marked container. Once item is discarded into container with waste it should not be

recovered (even if discarded in error) and if necessary, there must be adequate

decontamination of item before use.

2) Containment:

All potentially contaminated waste should be discarded into an impervious leaded or

closeable container which should be kept closed and should not be over filled. Care

should De tak~n that the outside of the container does not become contaminated.

Portable steel bins may be used as containers. The containers must be lided. In

plastic bag sharp object can not be disposed. The container should be sealed when

nearly full and removed promptly from patient's environment. Plastic bag should be

handled with care since vigorous handling can split bags.

3) Collection:
Waste should be removed from the patient's environment at regular interval to avoid

multiplication of microbe.

• Collection should be approximately twice daily and not less than daily from

wards.

• During collection sorting can be done in separate container such as:

hazardous material e.g. human tissues, sputum pots

sharp and metallic objects

cotton, gauze, and other dressing materials

cii,carded fruit skins etc.

• Special care and attention should be given for the following objects:
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o sputum containers, material contaminated with blood from patients, cotton,

dressing materials cannot be disposed of with bedpan contents; minimal and careful

handling and disinfection is required for these wastes before disposal. Autoclaving is

best for disinfection .
.' human tissues and other offensive waste should be carried in a sealed, rigid

container for final disposarthat will not expose the contents even in a major accident.

• Sharp objects: discarded syringe needles and sharp objects should be collected into

specified labeled rigid container near to the point of use.

o needles should not be detached from syringe or handled after use.

o containers should be rigid, easy to assemble and should be capable of holding at

least I day supply of discarded syringes but not more than 3 days, to prevent leaking

or penetration. The sides of the containers should be of sufficient thick'ness.

o temporary storage should be secure and final destruction should provide sufficient

heat to blunt points and cutting edges.

4) Storage

Storage sites should b7 properly planned:

o to avoid offe!1;;ivesituation and odor
o to secure against access by unauthorized personnel, dogs, cats, birds, rodents and

pests

o to protect from adverse weather e.g. rain, storm

o could be cleaned at regular interval

o could not pollute air, water and soil
o easy access for authorized personnel to prevent skin contact with waste and mJury

the capacity would be sufficient

• storage site should be cleaned daily

6.4.2. Final Dispbsal of Hospital Waste
Hospital waste is basically a system problem involving removal and disposal of the

waste as hygienically and economically as possible. The idea is to minimize the

health risk and risk to the environment. Final disposal is the last step of management

of hospital waste that includes generation, segregation, collection, storage,

processing, tt~atment, transporting and disposal.

104

tJ.(-)



Only hazardous waste should be treated for safe disposal. Several methods are

available to treat infectious wastes to make them non-hazardous. Some .of the

modern technologies' used for disposal of hospital wastes are autoclaving,

microwave, chemical treatment and bio-oxidation that are very expensive to

111aintain.[20]

Incineration is very effective, and both destroy the infectious agents and get rid of

the combustible fraction of the wastes. Infectious agents can also be destroyed by

chemical disinfection or irradiation. Sterilization in an autoclave (under pressurized

steam) effectively destroys pathogens, although it is relatively expensive and limited

in capacity. [2]

Two methods are mainly employed for final disposal of hospital waste. These arc as

follows:

(a) Sanitary land-filling

(b) Incineration

(a) Sanitary land-filling: Land-filling of hospital wastes without sorting or special

treatment is unacceptable. The hospital wastes are contaminated by infectious

microbial agents. Before land-filling the hospital wastes should be separated as:

I. General wastes and non contaminated wastes and

2. Infectious or contaminated wastes.

All hospital wastes particularly infectious or contaminated wastes reqUIre

sterilization or autoclaving before land-filling. To do so it would be very expensive

and require large sterilizing unit that is practically impossible. Without proper

sterilization the disposed hospital wastes may cause contamination of subsoil water

tables, soil and air. For this reason land-filling is dangerous and impractical for

disposal of hospital wastes. [1]

(b) Incineration:

Incineration (waste consumed in flames) is economically as well as scientifically

best the known technology for medical waste management. But it is not a very good

idea in the context of protecting environment. [20] It may cause problem for disposal

of ashes. Besides, many of the plastics in biomedical wastes are organochlorine

polymers, which complicates their destruction by burning because of emissions of

105



acidic Hel and perhaps minute amounts of chlorinated dioxins. It is expensive too.

[2]

The incineration is of two types:

I. Off-site incineration

;2. On-site incineration

Off-site incineration-
This incineration is placed out side and far away from hospital. It is used for disposal

of both community and hospital wastes. During transportation of hospital wastes,

they may cause hazards to the people and contamination of environment.

On-site incineration-
This facility is built inside or near the hospital area for disposal of hospital waste.

This does neit require transportation of wastes and extra cost of conveyance. For this

reason it .is preferred most and in some cases it is the only option available.

To build an incineration plant, it is expensive. But it can be overcome by utilizing the

heat produced during burning as a source of energy. [I]

6.5. Hazards Due to Improper Disposal of Hospital Wastes [1]

The hospital waste constitutes a wide variety of matters ranging from completely

inert materials to highly toxic chemicals, pathogenic microorganisms, combustible

and incombustible, radioactive wastes, drugs and light to heavy materials. There are

potential risks to health and to the environment from improper handling and disposal

of these wastes. Among patients it may cause nosocomial infection, among statT may

cause occupational hazards, and in the envirorunentmay cause pollution of air and

water and in the community, source of various hazards.

During removal, collection, transportation and final disposal of solid waste, exposure

to the waste may cause:

I. Accidents and injuries: abrasion, cut injury, punctured wound, laceration etc.

2. Patiwgenie organism: bacterial, tetanus, gas gangrene and other wound infection,

anthrax, cholera, diarrhea, typhoid, paratyphoid, bacillary dysentery etc.

Viral: hepatitis, poliomyelitis etc.

Protozoa: amebic dysentery, giardiasis etc.

Helminthic: round worm, hook worm etc.

106



Mycotic: fungal infections.

3. Chemicals: may cause poisoning and the manifestation depends upon the nature.

of the chemical. Some common manifestations are nausea, vomiting, diarrhea,

abdominal cramps, dennatitis, toxic anemia etc. In chronic cases there may be

involvement of1iver, kidney etc.

These disease-causing agents from solid wastes may enter into the body by one or

more of the following routes:

I. Inhalation - through nose and throat

2. Ingestion - through oral route

3. Skin - absorption through skin

6.6. Hospital Waste Management in Bangladesh [18]

Waste management in Bangladesh regarding hospitals and clinics are far from being

improved in these years. Hospital wastes often containing toxic and hazardous

materials are found to dump in the nearest drain or garbage heap. Most of the wastes

generated in the hospitals including used syringes etc. are being disposed otT

indiscriminately. Various studies show that the incidence of air and water-borne

diseases due to infectious characteristics of hospital waste has alarmingly increased

over the years. [20]

In a recent study conducted by Bangladesh Center for Advanced Studies (BCAS) has

found that because of lack of waste management hospitals, clinics and diagnostic

laboratories in Bangladesh have ironically become places that could spread diseases,

incllldi~g HIV that causes fatal AIDS. The study discovered that none of the

country's hospitals or clinics has incinerator to burn the waste or proper place for

lime burial. The only operable incinerator in Bangladesh belongs to ICDDR,B. but it

is a small one that serves only the institution's own needs. A few years ago Dhaka

Medical College HO,spital)nstalled an incinerator, but it did not operate for long.

That incinerator has now remained abandoned.

Under the existing laws, there is no specified method for waste disposal by hospitals

and clinics. Absence of a guideline for safe disposal of clinic waste leads to

environmental pollution, causing deadly infections.
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It has been observed that the existing official rules regarding disposal of hospital

waste have many drawbacks. For example, there is no specific definition of hospital

waste; no specific and separate regulation for proper disposal of hospital waste, the

disposal is not a priority for the authorities and even th~ existing rules are not fully

enforced. Besides, the Ministry of Health and Ministry of Environment,. responsible

for enforcing whatever laws are there, to safe disposal of hospital waste, lack power

and resources to enforce those. [20] Another problem is the lack of coordination

between the Ministry of Health and Family Welfare, Ministry of Environment, City

Corpor~tions and other local authorities who are responsible for the job.

Lack of public awareness is also responsible for this undesirable situation.

6.6.1. Generation of Hospital Wastes

In Bangladesh there are about 73 I small and large hospitals. Among these hospitals

the number of bed is about 32,969. But regarding the waste generated in these

hospitals no such study particularly of characteristics and volume of waste has been

reported. The hospital waste generation in the country can be estimated by number of

patients staying in the hospital, if fully occupied by patients, the daily waste

generation will be ranged from 300,000 Ibs to 700,000 Ibs. So it is a great concern in

respect of environmental pollution as well as human health. [1]

6.6.2. Present Disposal Practices of Hospital Wastes

The current mode of waste disposal is a big threat to public health. The existing

practice of waste disposal, according to a recent study by BCAS show that liquid as

well as solid waste from hundreds of city clinics- containing toxic materials, human

organs, syringes, needles, tissue, chemical waste, blood stained cotton and other

deadly waste- are simply dumped in the city corporation garbage bins or in open

drains. All these waste contain sufficient quantity of potential toxic pathogens that

can cause deadly dis!lases. [20]

When the infectious hospitals waste is dumped in the city garbage they contaminate

the whole mass of solid waste. Then the diseases can spread by vectors like

mosquitoes, flies, and dogs, cats, cockroaches and mice.
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a. State-Run Hospitals

In a study in 1992 conducted by NIPSOM in two Thana Health Complex near

Dhaka, it has been observed, most of the time (64%) the wastes generated in these

hospitals. were not disposed properly in proper place. In a comparative study, also

done by NIPSOM in a Medical College Hospital and in a Thana Health Complex in

the same year, it has been observed that in Medical College Hospital the wastes are

disposed more frequently than that of Thana Health Complex (Table 6.1).

Table 6.1. A comparative study of disposal practices of hospital wastes between

Medical College Hospitals and Thana Health Complex.

Place Medical College Hospital Thana Health Complex

. Disposed Indisposed Disposed Indisposed

I. Ward 66.7% 33.33% 48.9% 51.l%

2. Operation theater 80.0% 20.0% 73.3% 26.7%

3. Out patient department 71.l% 28.9% 83.3% 16.7%

4. Pathology department 83.3% 16.7% 73.3% ,26.7%

5. Hospital kitchen 68.9% 31.l% 55.61% 44.4%

l .
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It has also been observed during the study period that the wastes of Medical College

were disposed 84.4% times in a fixed place but iIi Thana Health Complex the

disposal was only 46.7% times.

In both study it has been observed that the system of disposal of hospitals wastes in

Medical' College Hospital and in Thana Health Complex were unsatisfactory. The.. .' ..
wastes were disposed by dumping without being any sorting. The hazardous and

infectious wastes were not being treated before disposal or burnt by incineration.

This is due to the fact that there is no proper system for sanitary disposal of hospital

wastes and no training of the concern personnel regarding proper disposal of hospital

wastes. [1]

b. Private Clinics

Private clinics and laboratories are mushrooming in the country because health

facilities at the state-run hospitals are still inadequate. But the mushrooming of those

health-care facilities are not well planned and designed and hence lack

envi ronmental aesthetics. [18]

During a sLlrveyby SCAS, it was found that majority of the city clinics did not have

proper facilities for waste disposal and no awareness regarding risk and hazards of

toxic waste. The survey also showed that most of the clinic managements lacked

accoun:,;;1:Jilityregarding disposal of waste even the medical professionals were

found to give no priority to medical environment management. Till now, there is no

consensus among clinic owners on safe waste disposal. [20]

c. Waste disposal in Dhaka City

According to an official estimate Dhaka, the capital city of more than nine million,

produce nearly 3,000 tons of garbage and waste every day. Hospitals wastes

accounts for 0.5 % of the garbage. On more occasions than not the clinical waste is

jLlst thrown on the streets from where it is carried to the City Corporation's bigger

waste dumping places. [18]

Although medical waste is a small portion of the total waste collected every day by

Dhaka City Corporation but when mixed with other waste these contaminate the

'entire' as micro-organisms in our sub-tropical condition are able to multiply at an

alarming rate., .

110



Street urchins, who collect waste from DCC (Dhaka City Corporation) dustbins, are

found to have been badly affected by deadly diseases like Hepatitis B, C and other

diseases. Even people living next to clinics in residential areas were not spared from

health hazards of hospital waste. [20]

?6.3. Usage of Radioactive Materials in Hospitals of Bangladesh

Radioactive materials are used in the hospitals of Bangladesh mostly for therapeutic

purposes. Radioactive Cobalt, 6OCOand radioactive Cesiwn, I37Cs are used for cancer

treatment and radioactive iodine, 1311finds its application in the treatment of diseases

of thyroid gland. Radioactive Iodine is used for diagnostic purpose as well.

Radioactive materials for treatment-

Radioactive materials are being used 10 some special hospitals in Bangladesh

exclusively for cancer treatment. There are three centers for such treatment in Dhaka

and four others are in different districts of the country. All of them make use of

cobalt m~chine.

The Radiotherapy Department of Dhaka Medical College Hospital was the pioneer in

introducing radiotherapy for cancer treatment in the country. It has started its journey

since July 1970. Both 6OCOand I37Cs are employed for treatment. Only Cobalt

machine is now in operation because the other machine is out of order due to

breakage of a part of it. Room for the therapy is per international standard having

lead door. The. radiation doses to the occupational workers are being measured

regularly using mainly film badge technique. These badges are sent later to the

Atomic Energy Center, Dhaka for weekly check-up. The radiation doses received by

them are maintained much below the permissible level. [41]

Half-life for 6OCOis 5 years but it is being used longer here, may be up to 7 years.

Only two replacement of the radioactive material has been made from its start.

No disposal of radioactive material is done here. Radioactive wastes of Cobalt are

sent back to the country of origin (Canada) according to the contract with the selling

company: [DMCH Source]
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Hospital and radioactive wastes are the hazardous source of growing concern in

Bangladesh. Hence an immediate introduction of environmentally sound waste

management practices for all hospitals and clinic, in the country is required and

policy makers must devise an appropriate regulation to deal the hospital wastes

specifically.

6.7. Hazardous Natural Products
Organisms of various kinds produce a variety of natural products that are hazardous

because of their toxicities. Natural products may even present other hazards. Some

plant materials are dangerously flammable when dry, and grain dusts have caused

many fatal explosions in grain elevators. Perhaps the most acutely toxic substance

known is botulism toxin produced by the anaerobic bacterium Clostridium

botulinum. Mycotoxins generated by fungi (molds) can cause a number of human

maladics; some mycotoxins (aflatoxins) are carcinogenic to experimental animals.

Allergy-causing pollens are much more likely than hazardous wastes to inflict misery

on the average citizen. Venoms from wasps, spiders, scorpions, and reptiles can be

fatal to humans. Behavior of some of the natural products such as mycotoxins and

alkaloids as contaminants or atmospheric pollutants (such as aflatoxins in dust from

moldy grain) is similar to that of hazardous waste chemicals in some respects. [2]

Mycotoxins pollute the environment through food chains. Aflatoxin has been

detected in some food commodities of Bangladesh. Aflatoxin contamination can be

reduced by altering harvesting and storage procedures that is reducing dampness of

stored food (by less than 9% moisture) using better agricultural technology and

health policy. [9]

"'-',
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CHAPTER 7

Treatment and Disposal

Somewhat paradoxically, measures taken to reduce air and water pollution have had

a tendency to increase production of hazardous wastes, Most water treatment

processes yield sludges or concentrated liquors that require stabilization and

disposal. Air scrubbing processes likewise produce sludges. Baghouses and

precipitators used to control air pollution all yield quantities of solids, some of which

are hazardous.

The problems of handling a liquid waste effluent are considerably more complex

than those of handling a waste gas effluent. The waste liquid may contain dissolved

gases or dissolved solids, or it may be a slurry in either concentrated or dilute form,

Because of this complexity, priority should first be given to the possibility of

recovering part or all of the waste products for reuse or sale. Frequently, money can

be saved by installil]g recovery facilities rather than more expensive waste-treatment

equipment. If product recovery is not capable of solving a given waste-disposal

problem, waste treatment must be used. This treatment can be either physical,

chemica!, or biological in nature, depending upon the type of waste involved and the

amount of removal necessary (Table 7.1). [2]

7.1. Treatment Options

The appropriate treatment technology for hazardous wastes obviously depends upon

the nature of the wastes. The three major classes of treatment processes are available

for this purpose and they are strongly interrelated. Hence, before considering any

specific process for the treatment of a particular hazardous waste, it is useful to have

an overview of the various kinds of treatment, to which it may be subjected,

including their advantages and disadvantages. Safety dictates that the first thing to do

with hazardous waste is to consider any acute hazards that it may pose and take

appropriate preventive action. In designing any treatment process, waste segregation

should have a high priority.
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One of the first steps to consider in waste treatment is separation, which can save

tremendous amounts of effort and expense by resegregating wastes in forms that can

be treated most economically or which may not even be hazardous. Separation

frequently results in resource recovery that yields material of economic value. Any

w~stcs re~aining after the above measures have been applied. will require

stabilization and land disposal. [2]

7.2. Physical Treatment

7.2.1. Physical Forms of Wastes

Hazardous wastes may occur as solids, liquids, or gases, as well as mixtures of these

states of matter. Examples of mixtures are solids suspended in liquids, gases

dissolved in liquids, and liquids held in solids, such as wet sludge material. In

considering physical treatment methods, it is useful to classify wastes in the forms

listed below:

• Volatile wastes (including gases, volatile solutes In water, gases or volatile

liquids held by solids, such as catalysts)

• Liquid wastes

Wastewater

Organic solvents

• Dissolved or soluble wastes

Water- soluble inorganic species

Water- soluble organic species

Compounds soluble in organic solvents

• Semisolids

Sludges

Greases

• Solids

Dry solids (including granular solids with a significant water content, such as

dewatered sl",dges)

Solids suspended in liquids
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Table 7.1. Treatment Operations and Processes for Hazardous Wastes" [17]

Operation or process Functions Types of wastesC Forms of

performedb
wasted

l'hysica! Treatment

Adsorption' Se 1,2,3,4 L
;

Aeration Se 1,2,3,4,5 L

Ammonia stripping VR,Se 1,2,3,4 L

Carbon sorption VR,Se 1,2,3,4,5 L,G

Centrifugation VR,Se 1,2,3,4,5 L

Dialysis VR,Se 1,2,3,4 L

DistiJlationC VR,Se 1,2,3,4,5 L

Electrodialysis VR,Se 1,2,3,4,6 L
..

Encapsulation
. St 1,2,3,4,6 L,S

Evaporation VR,Se 1,2,5 L

FiltrationC VR,Se 1,2,3,4,5 L,G

Flocculation or settling VR,Se 1,2,3,4,5 L

Floatation' Se .
1,2,3,4 L

.Reverse osmosis VR,Se 1,2,4,6 L

Screening Se 1,2,3,4,5 L

Sedimentation' VR,Se 1,2,3,4,5 L

Solar evaporationC VR,Se 1,2,5 L

Solvent cxtraction Se 1,2,3,4,5 L

Thickening Se 1,2,3,4 L

Ultra-filtration Se 1,2,3,4,5 L

Vapor scrubbing VR,Se 1,2,3,4 L

Chemical Treatment
L

Calcination VR 1,2,5 L

Chemical dechlorination De 1,3 L

Ion exchange VR, Se, De 1,2,3,4,5 L

-
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Table 7.1 (Continued)

Operation or process Functions Types of wastesC Fonnsof

perfonnedb wasted

Neutralization" De 1,2,3,4 L.
Oxidation De 1,2,3,4 L

Precipitation" VR,De 1,2,3,4,5 L

Reduction De 1,2 L

Sorption De 1,2,3,4 L

Stabilization or solidification" De 1,2,3,4 L

Thermal treatment

Incineration" VR,De 3,5,6,7,8 S,L,G

Pyrolysis VR,De 3,4,6 S,L,G

Biological treatment

Activated sludge" De 3 L

Aerated lagoons De 3 L

Anaerobic digestion De 3 L

Anaerobic filters De 3 L

Trickling filters De 3 L

Waste-stabilization ponds" De 3 L

eAdapted from Report to Congress: Disposal of Hazardous Wastes, U.S. EPA Pub!'

SW-115,1974.

bFunctions: VR, volume reduction; Se, separation; De, detoxification, St, storage.

cWaste types: 1, inorganic chemical without heavy metals; 2, inorganic chemical

with heavy metals; 3, organic chemical without heavy metals; 4, organic chemical

with heavy metals; 5, radiological; 6, biological; 7, flammable; 8, explosive.

dWaste fonns: S, solid; L, liquid., G, gas.

CMostwidely used technologies for hazardous-waste management.
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7.2.2. Methods of Physical Treatment

Physical treatment of wastes depends upon the physical properties of the material

treated. These properties include state of matter, solubility in water and organic

solvents, density, volatility, boiling point, and melting point. Knowledge of the

physical behavior of wastes has been used to develop various unit operations for

waste treatment that are based upon physical properties (Table 7.1).

7.2.3. Soil Flushing and Washing

. Extraction with water containing various additives can be used to cleanse soil

contaminated with hazardous wastes. When the soil is left in place and the water

pump~d into and out of it, the process is called flushing; when soil is removed and

contacted with liquid the process is referred to as washing. Extraction of hazardous

species from soil frequently involves chemical reactions between these species and

solutes in the water used. The elutriate water remaining from washing soil is treated

and recycled to remove contaminants for subsequent disposal and to avoid discharge

of poll uted water.

7.3. Chemical Treatment

The applicability of chemical treatment to wastes depends upon the chemical

properties of the waste constituents. These properties include acid-base, oxidation-

reduction, precipitation, and complexion behavior; reactivity; flammability!

combustibility; corrosivity; and compatibility with other wastes. The chemical

behavior of wastes translates to various unit operations for waste treatment that are

based upon chemical' properties and reactions.

An attractive feature of chemical treatment is the opportunity to treat wastes with

other wastes.

704. Biological Treatment

7A.!. Biodegradation of Wastes

This section covers biological treatment of hazardous wastes. It does not consider

directly the widely practiced biological treatment of municipal wastewater, food

processillg byproducts, and other wastes for which biological treatment has long
been established.
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Although it has some shortcomings in the degradation of complex chemical

mixtures, biological treatment offers a number of significant advantages and has

considerable potential for the degradation of hazardous wastes, even ill silu.

Biodegradation of wastes is their conversion by biological processes to simple

inorganic molecules and to a certain extent, to biological materials. The complete

bioconversion of a substance to inorganic species Such as CO2, NHJ, and phosphate

is called mineralization. Detoxification refers to the biological conversion of a

toxic substance to a less toxic species, which may still be a relatively complex, or

even more complex material.

Usually the products of biodel,'fadation are molecular forms that tend to occur in

nature and that are in l,'feater thermodynamic equilibriwn with their surroundings.

The definition of biodegradation is illustrated by an example in Figure 7.1.

Biodegradation is usually carried out by the action of microorganisms, particularly

bacteria and fungi. The most common type of biodegradation is that of organic

compounds in the presence of air, that is, aerobic processes. However, in the absence

of air, anaerobic biodegradation may also take place. Furthermore, inorganic species

are subject to both aerobic and anaerobic biological processes.

An important biochemical process that occurs in the biodegradation of many

synthetic and hazardous waste materials is cometabolism. Cometabolism does not

serve a useful purpose to an organism in terms of providing energy or raw material to

build biomass, but occurs concurrently with normal metabolic processes. An

example of cometabolism of hazardous wastes is provided by the white rot fungus,

I'hallerochaele chrysosporium, which degrades a number of kinds of organochlorine

compounds, . including DDT, PCBs, and chlorodioxins, under the appropriate

conditions. [2]
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7.5. Compo sting and Land Treat.TJlent

Composting and land treatment are two means of treating solid utilizing the

biological activity of naturally occurring organisms. These two techniques have

many similarities.

In land tre~tmellt the waste to be treated is mixed with soil, whereas compo sting does

not involve soil as a major part of the medium. Both of these techniques are useful

for solid or solidified wastes.

7.5.1. Land Treatment

Land treatment, in some cases called land farming, makes use of biological

processes by microorganisms to degrade wastes spread on the land and often mixed

with soil. Microorganisms in soil exhibit a variety of enzyme activities. Some of

these enzymes are hydrolase enzymes, such as those that catalyze the hydrolysis of

organophosphate compounds. Soil may be viewed as a natural filter for wastes. Soil

has physical, chemical, and biological characteristics that can enable waste

detoxification, biodegradation, chemical decomposition, and physical and chemical

taxation. A number of soil characteristics are important in determining its use for

land treatment of wastes. These characteristics include physical form, ability to retain

water, aeration, organic content, acid-base characteristics, and oxidation-reduction

behavior. Soil is a natural medium for a number of living organisms that may have

an effect upon biodegradation of wastes.

Wastes that are amenable to land treatment are biodegradable organic substances.

Land treatment is most used for petroleum refining wastes and is applicable to the

treatment of fuels and wastes from leaking underground storage tanks. It can also be

applied to biodegradable organic chemical wastes, including some organohalide

compounds. Land treatment is not suitable for the treatment of wastes containing

acid, bases, toxic inorganic compounds, salts, heavy metals, and organic compounds

that are excessively soluble, volatile, or flammable.

7.5.2. Composting

Composting of hazardous wastes. is the biodegradation of solid or solidified materials

in a medium other than soil. Bulking material, such as plant residue, paper,

municipal refuse, or sawdust may be added to retain water and enable air to penetrate

120



to the waste material. Composting can be carried out in a container, often with air

pumped through it to aid biodebrradation. Alternatively, the waste material may be, .
placed in open piles or rows (windrows) which are reformed periodically to facilitate

penetration of air.

As with other treatment technologies, composting requires consideration of potential

environmental pollution factors. Volatile, toxic or noxious organic compounds may

be emitted to the air from composting operations. Leachate from composting may

contain undebrraded organic substances, heavy metals, and other inorganic solutes, so

it must be collected, analyzed and treated.

7.6. Thermal Treatment

Thermal treatment of hazardous wastes can be used to accomplish most of the

common objectives of waste treatment. For example, a reactive, combustible

material can be burned to produce a much lower volume of ash with recovery of heat

from the waste. In some cases, however, thermal processes produce even more

dangerous byproducts, and proper control measures must be employed (Table 7.1),

[2]

7.7. Disposal of Hazardous Materials

The story of hazardous materials begins in the industry. It ends with the disposal of

hazardous wastes, produced or generated from it through uses in industry,

commercial establishment and domestic, purposes.

7.7.1. Immobilization, Fixation, and Disposal

Immobilization and stabilization are used here as general terms to describe

techniques whereby hazardous wastes are placed in a form suitable for long term

disposal. Fixation is sometimes used to mean much the same thing.

Immobilization serves several purposes. It usually improves the handling and

physical characteri~tics of wastes. It isolates the wastes from their environment,

especially groundwater, so that they have the least possible tendency to migrate.

This is accomplished by physically isolating the waste, reducing its solubility, and

decreasing its surface area. Immobilization includes physical and chemical processes

that reduce surface areas of wastes to minimize leaching.
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Immobilization may involve both physical and chemical processes, as well as

combinations of two or more processes. The major immobilization processes are the

following:

• Chemical fixation of waste

• Physical fixation of waste

Solidification with cement (Portland cement)

Solidification with silicate materials

Sorption to a solid matrix material

Imbedding in thermoplastics

Imbedding in organic polymers

Surface encapsulation

Vitrification (in glassy material)

Sta bilization

Stabilization means the conversion of a waste to a physically and chemically more

stable material. Stabilization may include chemical reactions that produce products

that are less volatile, soluble, and reactive. Solidification by chemical means

(formation ofa precipitate by a chemical reaction) or physical means (evaporation of

water from aqueous wastes or sludges) is a means of stabilization. Stabilization is

required for land disposal of wastes.

7.7.2. Ultimate Disposal

Regardless of the destruction, treatment, and immobilization techniques used, there

will always remain from hazardous wastes some material that has to be put

somewhere. A very favorable case is that of hydrocarbon wastes that are incinerated;

the products are carbon dioxide and water that is discharged to the atmosphere. At

the other extreme is contaminated soil; it can be detoxified, but little or nothing can

be done to reduce .its bulk. In some cases even the incineration product is still

considered to. be a hazardous wastes (specifically, residues resulting from the

incineration or thermal treatment of soil) contaminated with some chlorinated

benzene and phenol compounds (F028). This section briefly addresses the ultimate

disposal of ash, salts, liquids, solidified liquids, and other residues that must be

placed where. their potential to do harm is minimized.
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Disposal Aboveground

In some important respects disposal aboveground, essentially in a pile designed to

prevent erosion and water infiltration, is the best way to store solid wastes. Perhaps

its most important advantage is that it avoids infiltration by groundwater that can

result in leaching and groundwater contamination common to storage in pits and

landfills. In a properly designed abovel,'Tound disposal facility any leachate that is

produced drains quickly by gravity to the leachate collection system, where it can be

detected and treated. Aboveground disposal can be accomplished with a storage

mound.

Landfill

Landfill is basically a simple technique that involves spreading and. compacting solid

wastes into cells that are covered each day with soil. Landfill involves disposal that

is at least partially underground in excavated cells, quarries, or natural depressions.

Usually fill is continued aboveground to most efficiently utilize space and provide a

grade for drainage of precipitation. Care needs to be exercised that wastes disposed

of in this fashion are either inert to begin with or are capable of being degraded by

microbial attack to harmless compounds. The principal problems encountered in

landfill operation are the production of leachates that may contaminate the

surrounding groundwater and the potential hazards associated with the accumulation

of flammable gases produced during the degradation of the waste material. A number

of methods are available to prevent these hazards.

Modern hazardous waste landfills typically have dual leachate collection systems,

one located between the two impermeable liners required for the bottom and sides of

the landfill and another just above the top liner of the double-liner system. The upper

leachate collection system is called the primary leachate collection system, and the

bottom is called the secondary leachate collection systems. Leachate is collected in

perforated pipes that are imbedded in granular drain material. The landfill is

designed so that the leachate flows by gravity to sumps, where it can be pumped out

for treatment. A well-maintained, low permeability cap over the landfill is very

important for leachate minimization.
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Capping

Capping is done to cover the wastes, prevent infiltration of excessive amounts of

surface water, and prevent release of wastes to overlying soil and the atmosphere. In

cases where the wastes may generate gases, such as methane from anaerobic

biodegradation, provision should be made for gas collection. Caps come in a variety

of forms and are often multilayered. Some of the problems that may occur with caps

are settling, erosion, ponding, damage by rodents and penetration by plant roots.

Surface Impoundments of liquids

Many liquid hazardous wastes, slurries, and sludges are placed in surface

impoundments, which usually serve for treatment and often are designed to be filled

in eventually as a land disposal site. Most liquid hazardous wastes and a significant

fraction of solids are placed in surface impoundments in some stage of treatment,

storage, or disposal.

A surface impoundment may consist of an excavated "pit", a structure formed with

dikes, or a combination thereof

Deep-well Disposal of liquids

Deep-well disposal of liquids consists of their injection under pressure to

underground strata isolaied by impermeable rock strata from aquifers. Brines, acids,

heavy metal solutions, organic liquids, and other liquids are being disposed of in .

these wells. The most serious consideration involving deep-well disposal is the

potential contamination of groundwater. Major routes of contamination include

fractures, faults, and other wells. The disposal, itself, can act as a route for

contamination if it is not properly constructed and cased or if it is damaged.

In-Situ Treatment

In-situ treatment refers to waste treatment processes that can be applied to wastes

disposed aboveground, in a landfill, or in a surface impoundment without removing

the waste. In those limited cases where it can be practiced, in-situ treatment is highly

desirable as a waste site remediation option. For in-situ treatment to work, any

reagents must be transferred efficiently to wastes. Wastes held in porous sandy soil

or coarse silt b~st meet this requirement. [2]
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7.7.3. Disposal of Radioactive Materials
Radioactive wastes are derived from many sources and may be liquid, solid or

gaseous in form. These waste products include "hot" tools, worn out equipment,

sludge deposits, recaptured air (which has circulated around .the atomic pile), gas

. which forms when radioactive wastes are burned, radio-active chemicals and organic

matter They may be found, not only where reactors are used, but also in

laboratories, research institutions, hospitals, cancer clinics and in various industrial

establishments.

Disposal methods fall into a number of categories, for example:

(a) Dilution and dispersal.

(b) Concentration and confinement.

(c) Incineration

(d) Burial in soil.

(e) Burial at sea.

Dilution and dispersal is generally used when the waste is of a low level of

radioactivity. For example, radioactive carbon 14 may be mixed with stable carbon

and then diluted by placing it in river water. In some cases, where the level is

extremely low, it can be washed down a drain without possibility of significant

contamination. Some radioactive wastes can be diluted by the atmosphere. Gas

wastes are collected. by using a standard chemical laboratory hood with an exhaust

system that pushes the air out well above the highest part of buildings.

Concen!ration .and confinement is used for high level wastes such as fission products.

Usual practice puts this highly. radioactive waste material in concrete or stainless

steel tanks in vaults underneath the ground where it can be kept, if necessary, for

hundreds of years.

Some radioactive IJ;)aterials can be incinerated if the radioactive content is not too

concentrated. In cases where animal carcasses have been used in experimentation,

the remains can be burned and the gases drawn off and sent through an exhaust

system into the atmosphere.

Radioactive material may be buried in soil. Such burying may not be indiscriminate.
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Significant quantities or long-lived material would have to be buried in a location set

aside for such purpose exclusively and chosen because there is no probable exposure

due to soil erosion.

Burial at sea requires packaging the material so it will not rise to the surface nor be

affected by the pressure or corrosive action of seawater. Deep areas of the sea are

employed, 1,000 fathoms or more. [36]

7.8. Situation in Bangladesh
Bangl~desh is still far behind from the developed countries in case of treatment and

disposal of hazardous wastes. Major industries in the country who use lots of toxic

and hazardous chemicals and generate huge volume of hazardous wastes include

tanneries, pesticides, cWor-alkali plant, dyeing chemical, electroplating industries,

paints etc. All these industries discharge their wastes indiscriminately without any

prior treatment.

Unfortunately, most of the industrial units are located near densely populated areas

in the country. Where the installation is situated in remote areas substantial slum

areas have sprung up in the neighborhood of the installation. These are used for

housing of workers and their dependents. These people are exposed to the effluents

of such industry.

In the case of discharge of effluents to water bodies, management is either ignorant

of the dangers that such.effluents may cause or are reluctant to introduce treatment

facilities in view of the additional costs involved. Absence of appropriate legislation

covering these issues and abstinence from enforcing existing rules whatsoever in

most cases is responsible for this grave situation. [I]

However, there are few industries in the country that treat their effluents. Treatments

applied in industries in Bangladesh are shown in Table 7.2.

Most of the fertilizer factories especially the newer ones employ treatment for the

effluents. Figure 7.2 represents typical treatment measures being adopted by the

fertilizer factories in Bangladesh.
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Table 7.2. Types of pollutants and applied control measures in major polluting

industries in Bangladesh [24]

..
j Type of Type of Pollutants Treatment Applied III

Industries Emission Bangladesh

Leather wastewater Dissolved lime, Old tanneries do not have

tanneries hydrogen-sulfide, acids, treatment plants.

chromium dyes, oils, SS Only the Bata tannery at

organic matter Noyarhat and the new

gaseous HS,SPM Dhaka Leather Complex

solid waste Lime and chromium sludge, have a modem waste

fleshings, shavings, trimmings water treatment plant.

Textile wastewater alkali, chlorine, dyes, organic Few apply lagooning for

Industries matter, detergents, N.P. SS storage and water hya-

(Dyeing & gaseous SPM cinths for wastewater

Printing) . :olid waste yam, cloth, packing materials, treatment

ink waste

Paper and wastewater organic matter, SS, NH), No treatment

Pulp
.
color, ln,Hg

Industry gaseous SOx particulate matter,

odorous compounds

solid waste wastewater sludge, ash, bark,

.
wood waste, paper trash

Sugar wastewater SS, organic matter Only lagooning for sto-

Industry gaseous SPM rage in almost all sugar

solid waste bagasse mills and distilleries

127



Table 7.2 (Continued)

Fertilizer . wastewater H2S04, H)P04, HF, fluorides, In Ghorashal, only lagoo-

Industries phosphates, NH), ~ salts, ning; in CUFL and JFCL

amines, CH)-QH, H2S modem waste treatment

gaseous SPM, fluorides, NH), H2S facilities have been insta-

solid waste ash, gypsum, arsenic sludge lied with ammonia stripp-

mg

Electroplating wastewater oil, grease, chlorinated hydro- Occasionally alkali treat.

Industries carbons, acids, alkalis, H2S, ment for metal recovery .

CN, Cr, Cd, Ni, Cu, Zn, Ag. and neutralization.

gaseous acid mists, vapors Gaseous emissions are

solid waste. metals and lime sludge not controlled

Caustic wastewater Hg, Chlorides Sedimentation

Chlorine gaseous Ch, NOx

Plant solid waste Hg, brine mud

H2SO4 wastewater acids Neutralization and wet

Plant gaseous S02 scrubbing

Paint wastewater Cr, Pb, Cu, Cd, Organic sol. No treatment

Industries vents, cyanides

gaseous Organic solvents

solid waste packing materials (rejected ,
paint cans)

Pesticides and wastewater acids, organic solvents, CN, Some plants apply

Insecticides Ct, phenolic compounds,Pb, neutralization, solid

Industries Cu, As, Hg waste incineration and
.

gaseous CI, organic solvents, acid bag filtration

vapors

solid waste packing materials, filter dust,

sludge
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7.8.1. Disposal of Hazardous Wastes

It is not quite uncommon in the country to dump industrial hazardous wastes in the.
City Corporation's garbage bin. Domestic wastes and in some cases, industrial

wastes containing hazardous constituents are dumped in landfill by uncontrolled

tipping. The situations in a large city like Dhaka in alarming. Domestic and

sometimes industrial waste is dumped in dilapidated concrete garbage bins. These

are scavenged by a large number of persons salvaging plastics, paper, and metallic

wastes, and in the process scatter the garbage around the garbage bins. These people

are mostly barefooted and pick the salvageable materials out with their hands.

Collection of garbage by the municipality teams is infrequent. resulting in

putrefaction of materials, which causes health hazards to the people living in the

immediate neighborhood of these garbage bins. Garbage and waste after collection is

dumped in landfill areas close to densely populated areas. Hospital wastes also find

their way i<1tothese areas. The stench in the neighborhood is unbearable. [I]

From legislative point of view, Bangladeshi legislation does not recognize solid

hazardous waste as a category of waste. It does not distinguish between liquid or

solid waste, or (generally) between hazardous and non-hazardous waste. Most

legislation relates to the disposal of liquid waste. Even the ECA does not expressly

recognize solid hazardous waste as such, although its wide rule-making pOwers are

sufficient to enable rules to be made under it to control the management of solid

hazardous waste. Institutional responsibility for solid waste disposal does exist, and

this is vested in the local authorities. No waste collection or disposal functions are

currently performed by private companies. [3]
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CHAPTER 8

Risk Assessment and Hazard Evaluation

The chemical process industries are extremely diverse, producing hundreds of

chemicals. that are used in the manufacturing of consumer goods. The materials

created and used in chemical process plants range from the relatively innocuous to

those that pose significant risks to people and the environment. Industry is constantly

being challenged to manage the risks associated with the production and use of these

materials, while remaining competitive in the global market place.

Nonetheless, because of the presence of extremely hazardous chemicals, the

potential for catastrophies exists. The accident of Bhopal was such a catastrophe that

became reality. Bhopal and Flixborough and accident like them have left an indelible

imprint on the public, making risk management an imperative for the chemical

process industries (CPl). It was just such disasters that prompted CPI leaders to set

up their own risk management programs in the 1970s and 1980s. Today, all agree

that risk assessment is a valuable way to improve safety and efficiency. [34J
8.1. Risk, Risk Assessment, and Risk Management

Risk is-in the simplest of terms- the product of the probability of occurrence of an

event and the consequence or net effect of that event if it Occurs. A risk assessment is

a numerical ,model that estimates the potential risks posed by a facility or an

emissiOJi source. On the other hand, risk management is concerned with the decision-

making process that tackles the risks. Many think that risk assessment and risk

management is one and the same thing, although this is not the case. Risk assessment

yields technical and quantitative information about the nature and extent of the

hazards posing the risks to be utilized by risk management decision makers; as such,

risk assessment deals with technical and factual issues, whereas risk management

considers policy and societal issue about risk as well as the cost, feasibility and
. schedule to handle the risks. [44J

Safety and risk management are two sides of the same coin. Vlhile safe practices can

lower risks, they cannot eliminate the hazards altogether. Hence, the need for the

management of risks through reliability, engineering, for example. To this end,
131
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government regulations often provide guidelines as to what must be done to ensure

safety in the work place and minimize the impact of potential mishaps resulting from

"human error" or equipment failure. [34]

8.2. Risk versus Hazard

According to the Center for Chemical Process Safety, "hazard is a chemical or

physical condition that has the potential for causing damage to people, property or.
the environment," and "risk is a measure of economic loss or human injury in terms

of both the inc.ident likelihood and the magnitude of the loss or injury."

More simply stated, hazard is a measure of the potential to cause harm, whereas risk

is a measure of the harm actually occurring. The significance of the difference

between risk and hazard lies in the ability to more effectively manage risk, whereas

hazards must be either tolerated or eliminated completely. [44]

8.3. Risk Assessment

Risk assessment or risk analysis provides a numerical estimate of the probability of

potentially adverse health effects from human exposure to environmental hazards. It

identifies what the potential hazards may be, their potential impact, how many

humans could be impacted, and what the overall impact might be.

Risk analysis is a central element of all process safety regulations and industry

suggested practices. The purpose of risk analysis is to gain an understanding of the

risks in a facility so that decisions can be made to enhance safety, prevent accidents,

and control losses. It provides a basis for almost all safety-related activities. [44]

8.3.1. Risk Assessment of Toxic and Hazardous Materials

Risk assessment can be used to identifY and rank the substances that have the

greatest potential environmental impact. This helps companies identifY and prioritize

efforts. to ensure environmentally safe operations. Risk assessment studies also

document envirolll1)entally responsible actions and can be used as a scientifically

defensible study iflitigation occurs. Risk assessment studies are expensive, however,

and may not be feasible for small operations. They are normally required only for

new emission sources or modified stationary sources. The calculations are complex

and based on various exposure pathways.
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Risk assessment consists of four steps: hazard identification, dose-response

assessment, exposure assessment, and risk characterization.

Hazard identification determines the nature and amount of toxic and hazardous

pollutants that could potentially be emitted. It identifies the potential adverse health

e£t:ects associated with those pollutants. Hazard identification includes a qualitative

review of the available information of each substance to determi ne which substances

should be included in a detailed assessment.

It also determines the potential exposure path-ways for the spread of the pollutant

following a release e.g., ground-water or airborne transport, and the affected

populations. Information for hazard identification can be obtained from relevant

federal, state, and local regulations, risk assessment studies from similar facilities,

Material Safety Data Sheets, and technical journals.

Dose-Uesponse Assessment determines the relationship between the magnitude of

an exposure to a substance and the occurrence of specific health effects. It involves

determining the actual toxicity of each substance identified in the. hazard

identification. Dose-response assessment includes obtaining a description of the

toxic properties of the substances, including acute (short term) effects,

noncarcinogenic chronic (long-term) effects, and the carcinogenic potential for

different dose levels. The result of this assessment is a probability estimate of the

incidence of the adverse effect as a function of human exposure level to the

substance.

Exposure Assessment determines the extent of potential human exposure to any

emitted substances. Its goal is to accurately estimate both the dose that reaches the

person (the administered dose) and the dose that reaches the target tissue within the

body (the target dose). It quantifies all potential transport routes for each substance,

e.g., groundwater or ajrborne transport, and considers three types of exposure-

ingestion, inhalation, and dermal (skin) adsorption. Human exposures are reported as

maximwn daily doses for noncarcinogens and lifetime average daily doses for

carci nogens.

Uisk Characterization describes the nature, magnitude, and uncertainty of the

health risks associated with each pollutant. It is the combination of the dose-response
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assessment and the exposure assessment. Risk characterization determines a

quantitative estimate for the risk. This risk level can then be compared to a risk level

that is considered to be insignificant. In humans, risk levels of one in ten thousand

and one in one million are often used by regulatory agencies as benchmarks for

acceptable risk levels.

Risk assessment studies have uncertainties, particularly when conservative data are

used. If more realistic data are used with Monte Carlo simulation, a more realistic

estimate of risk can be obtained. [28]

8.3.2. Risk AssessIl}ent of ADesign or Operating Facility Handling

Toxic and Haiardous Materials

To determine the existing risk that a design or operating facility presents it is

necessary to identify and evaluate all of the existing hazards and all of the potential

accidental events (accidental scenarios) that make up that risk. The risk reduction

that is possible by a particular mitigation measure can then be determined by

repeating the evaluation with the candidate mitigation measure in place.

The risk analysis may take the form of flow chart shown in Figure 8.1. This series of

steps starts with hazard identification and proceeds from very qualitative estimates of

consequences, prohability, and the effectivenes" of candidate mitigation measures to

highly quantitative evaluation of probabil;,) and consequences, if that is necessary.

It permits terminating the analysis at uny point that qualitative estimates are

sufficient to determine if mitigatiOil is needed and which measures to select. If

qualitative analysis does not provide the degree of certainty needed, the analysis can

continue with quantitative analysis, building on the knowledge gained from the

previous steps. At each step there are risk analysis methods that have been accepted

by the chemical process industry that can be used to identify and evaluate hazards,

accident scenarios, prebabilities and consequences. [26]
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Revise
design!
procedure

Step 1. Identify hazards

Hazard
identified

Step2. Estimate consequences

No obvious
opportunities

Step 4. Identify accident
initiating events and cause

Initiating events and
causes identified

,....--- ._---_.

Consequences
deemed
acceptable

Opportunities
identified

Slep5. Estil' ,e probabilities
of; ",:"ting events'-----
Probabilities

not acceptable

Step6. Identify opportunities to
reduce probabilities of
initinting events

No obvious
opportunities
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Step7. Identify accident
event sequences

StepS. Estimate probabilities
and consequences of
event sequences

Probabilities and/or
consequences not acceptable

Probabilities and
consequences deemed
acceptable

Opportunities
Step9. Identify opportunities to

reduce probabilities and/or
consequences of event sequence

No ohvj"us
opportunitic~

Step 10. Proceed to more quantitative
hazardous evaluation analysis.

Figure 8.1. Risk analysis sequence.
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8.4. Hazard Evaluation

The purpose of hazard evaluation is to identify possible accidents and estimate their

frequency and consequences. For this purpose, an accident is defined as a specific

unplanned sequence of events that has an undesirable consequence. The first event of

the sequence is the initiating event. Usually there are one or more events between the

initiating event and the consequence. These intermediate events are the responses of

the system and its operators to the initiating event (Table 8.1).

It is important to see the accident as a sequence of events because in theory, each

individual event presents an opportunity to reduce the frequency or consequence of

the accident. The system and operator responses are of two types: propagating,

where the accident continues to propagate through the system, and ameliorating,

where special sy~tems or special procedures come into play to reduce the level of

consequences of the accidents.

The term "hazard" has been used in many different ways. In this document a hazard

is defined as a characteristics of the system that represents a potential for an accident

with an undesirable consequence. Such hazards may involve loss of containment of

flammable, combustible, highly reactive or highly toxic materials in amounts

sufficient to seriously endanger the he-;]1h Pld safety of the plant employees and

neighboring public and! or cause senuuo <,conomic loss. The process of identifying

and evaluating the hazards of a particular system/plant is one of the identifying and

evaluating the hazards inherent in the plant and all the important accident event

sequences that can happen to the plant which involve those hazards.

This section describes a selection of hazard evaluation procedures for identifying and

evaluating process hazards. They include the procedures that have been developed,

adopted, and used over past 20 years by many chemical and petrochemical

companies in !.Ile l!SA, Canada, Europe and elsewhere throughout the world. The

procedures can be used in the design, construction, and operation of the process

industries. They include procedures for identifying and analyzing hazards not easily

identified from past experience.
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Table 8.1. Elements of Accidents

Intermediate Events
(System and Operator Responses to Upsets)

Hazards Initiating
Events/
Upsets

Propagating Ameliorating

Acci-
dent

Con-
sequ-
ences

Significant Machinery & Process Parameter Safety System
Inventories Equipment Deviations Responses

of Malfunctions

a)Flarnmable a)Pumps, a)Pressure a)ReliefValves
Materials Valves b)Temperature b)Back-up Utilities Fires

b)Combustible b)!nstruments, c)FlowRate c)Back-up
Materials Sensors d)Concentration Components

c)Unstab1e e)Phase/State d)Back-up Systems Explo
Materials Change Slons

d)Toxic
Materials Imp-

e)Extremely acts
hot or cold
Materials

t)lnert Gases
(Methane
Carbon
Monoxide)

Highly Containment Containment Mitigation System Disp-
Reactive Failures Failures Responses ersion

of
a)Reagents a)Pipes a)Pipes a)Vents Toxic
b)Products b)Vessels b)VesseIs b)Dikes Mate-
c)Intermediate c)Storage c)Storage c)Flares riuls
Products Tanks Tanks d)Sprinklers

d)By- Products d)Gaskets d)Gaskets, Disp-
Bellows etc. erSlOn

e)Input / Output of
or venting .High-

ly
Reac-
tive
Mate-
rials
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Table 8.1 (Continued)

Reaction Rates Human Errors Material Releases Control Responses
Especially Operator Responses
Sensitive to

a)lmpurities a)Operations a)Combustibles a)Planned
b)process b)Maintenance b)Explosive Materials b)Ad Hoc
• Parameters c)Testing c)Toxic Materials

d)Reactive Materials

Loss of IgnitionlExplosion Contingency
Utilities Operations

a)Electricity a)Alarrns
b)Water b)Emergency
clAir Operator Errors Procedures
d)Steam c)Personal

Safety
a)Omission Equipment
b)Commission d)Evacuations
c)DiagnosislDecision- e)Security

Making

External External Events External Events
Events

a)Floods " ,:)eluyed Warning a)Early Detection
b)Earthq uakes UjUnwarned b)Early Warning
c)Electrical

Storrns
d)High Winds
e)High
Velocity
Impacts

f)Vandalism

Method/ Method/Inforrnation Inforrnation Flow
Inforrnation Failure
Errors

a)As Designed a)Amount a)Routing
b)As b)Usefulness b)Methods
Communicated c)Timeliness c)Timing
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The application of these procedures can be effective in the identification and

subsequent management of process hazards, especially those with potential major

consequences for the public. Actions based on the use of these procedures can lessen

the probability of accidents with high consequences and reduce the consequences of

the accidents that do happen. These procedures are intended to apply to process

hazard analysis (or risk analysis), although some of the methods can be applied in

other areas such as transportation of hazardous chemicals. The procedures can be

used b~th for existing plants and for new plants. [26]

8.4.1. Hazard Evaluation Procedure

Hazard evaluation procedures have been developed to identify the hazards that exist,

the consequences that might occur as a result of the hazards, the likelihood that

events might take place that would cause an accident with such a consequence, and

the likelihood that safety systems, mitigating systems and emergency alarms and

evaluation of plans would function properly and eliminate or reduce the

consequences.

Hazard evaluation procedure comprises of the following:

• Process/System Checklists

• Safety Review .

• Relative Ranking - Dow and Mond Hazard Indices

• Preliminary Hazard Analysis

• "What If' Analysis

• Hazard and Operability Studies

• Failure Modes, Effects, and Criticality Analysis

• Fault Tree Analysis

• Event Tree Analysis

• Cause-Consequence Analysis

• Hurrian Error Analysis

Once the proper corporate policy and management procedures are in place, there are

two approaches to hazard evaluation and control: adherence to good practice, and

predictive hazard evaluation. Many standards, codes, procedures. rules, and other

forms of good practice have been proven and accepted by the chemical process
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industry over the years. By making certain that these good practices are adhered to in

design, construction, operation and maintenance and in making changes in design,

equipment, or procedures, a high level of safety can be achieved.

When a process or plant involves process or equipment designs, process materials,

procedures etc. that .are different from established practice, an additional approach is

necessary to identifY hazards and potential accidents involving those hazards. This

approach has been called predictive hazard evaluation. Procedures have been

developed for predictive hazards evaluation which facilitl!tes a through, systematic,

element-hy-element examination of a process, plant, or system to. identify hazards

and the ways in which equipment malfunction or human error could cause an

accident. There are procedures for determining the severity of the consequences and

for determining the likelihood that such accidents could occur. These procedures, by

identifYing the individual events in the accidents, often lead directly to measures that

will affect those events and reduce the risk.

Hazard evaluation procedures can be used at any phase of process development,

from laboratory process research through plant shutdown and decommissioning. For

example, attention to hazard control in the research phase might lead to a substitution

of materials that are less toxic or materials whose reaction rates are less sensitive to

process parameters. In the manufactUflllg phase, hazard evaluation is vital whenever

changes in equipment or procedures are considered which might introduce a new

hazard or make an accident more likely.

Hazard evaluation procedures differ from each other in some ways and are similar in

other ways. Attributes which are important to their selection for a particular

application are:

• Purpose- e.g., hazard identification, initiating event identification

• When to use- appropriate to use at particular phase(s) of process development

• Types of results- e.g., lists, ranking of hazards, events

• Nature ofresults- qualitative and I or quantitative

• Data requirements- e.g., piping and instruments drawings, through understanding

ofa process

• Staffing requirements- skills, knowledge, number of participants
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•

• Time and cost requirements

The hazard evaluation procedures that are used most frequently by the chemical

process industry for identitying deviations from good practice and to identity

previously recognized hazards are Checklists and Safety Reviews. A somewhat

different approach which also makes use of previous experience is the use of Dow

and Mond Hazard Indices to develop a relative ranking of risks and an estimate of

plant damage and economic loss based on the characteristics of the process materials

and experience with plant layout and safety and mitigation system. For predictive

hazard analysis, Hazard and Operability (HazOp) Studies, Failure Modes, Effects,

and Criticality Analysis (FMECA), the "What If "Method and, to a lesser extent,

Fault Tree analysis (FTA) are used routinely by many companies. Preliminary

Hazard Analysis (PHA) is a procedure used by the military by that name and by

chemical companies under other names. Event Tree Analysis and Cause-

Consequence Analysis complement Fault Tree analysis, and although their concepts

are implicit in the hazard analysis of many companies, they are not commonly used

under that name. Human Error Analysis provides input to some ofthe other hazard

evaluation procedures, similar to input from data analysis of equipment failure rates.

[n most cases, such analysis can be pe •.~orrned by line or staff engineers. [26]

8.4.2. Factors Affecting Which Procedure is Selected

The factors are the following:

I. Phase ofProcesSIPlant Development

2. Purpose of Hazard Evaluation

3. Potential Consequence Levels

4. Complexity ofProcessIPlant

5. Familiarity with Procedures

6. Infonnation an(,iData Requirements

7. Time and Cost Requirements

8. Opportunities for Risk Reduction
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8.4.3. Selection Process

In principle, one could select the most appropriate hazard evaluation procedure for a

particular need by reviewing the factors which characterize the need and the

Attributes which characterize the hazard evaluation procedures and select the best

match, giving due consideration to the relative priorities of the Factors and the

Attributes that the situation demands. In practice, the Factors are difficult to quantitY,

as are differences in the Attributes from one procedure to another; so a simpler

approach is suggested. [26]

8.5. Bhopal Tragedy

Many of the major chemical accidents that have occurred recently have involved the

release of toxic or flammable vapors in quantities sufficient to have severe health &

environmental impacts. The accident of Bhopal was such a disaster. It demonstrates

the need for critical examination of the design by hazard and operability (hazops) or

similar techniques.

The worst accident in the history of the chemical industry occurred in the Union

Carbide pesticide plant at Bhopal, India on December 1984, when a leak of over 25

tonnes of methyl isocyanate (MIC) from a storage tank spread beyond the plant

boundary, killing about 2000 people. In ,lddiiion about 200,000 people were injured.

It was found later that the protective equipment which should have prevented or

minimized the discharge was out of action or not in full working order. In this

incident, operator training, or rather the lack of it, was a significant factor.

Concerned experts opine that operators do not just need training in their duties but

also need an understanding of the process and the hazards.

So far as is known no hazard and operability (hazop) study was carried out on the

design though hazop is a powerful tool, used by many companies for many years for

identifyir:g routes by which contamination (and other unwanted deviations) can

occur. If it would have done earlier, the name might still be unknown. [30]
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8.6. Risk Management Practices in Bangladesh

Risk management practices in Bangladesh are very poor. Toxic and hazardous

chemicals are handled carelessly in the industry or by other users disregarding the

necessity of extreme precaution. It is not uncommon to see that highly toxic and

hazardous 'imported chemicals are transported through populated areas without safety

codes or emergency preparedness in a manner that would never be allowed in the

countries of their origin. The management of many industries is not fully aware of

the safety requirements in chemical plants. The equipment and installation, being 15

to 20 years old, were designed when safety requireme:nts were very basic, and create

a potential for serious large-scale accidents.

Many industries do not have any emergency response and action plan for accidental

release of toxic and hazardous chemicals. Simple devices such as windsock,

detectors and alarms are 'absent even in newer ones. The local administration and the

factory management are not even aware of such needs.

Reportedly accidents involving transport of these chemicals have occurred. A severe

accident took place on 9 February 1993 involving chlorine cylinders near Chittagong

that killed six persons and injured an unknown number. [I]

Manpower skills for risk assessment and risk management for toxic chemicals and

hazardous wastes urgently needed in Bangladesh, since only a few industries are

aware of the risks involved.

Risk assessment

Capacity for risk assessment is one of the basic element for the sound management

of hazardous chemicals. Two particular problems have been identified, particularly. .

for regulatory bodies in developing countries: lack of sufficient scientific

information fo~ the assessment of risks; and lack of resources for the assessment of

chemicals for which. data exist. The capacity in Bangladesh for such assessments at

present is very limited. These problems will become more significant in Bangladesh

as its industrialization proceeds,

Existence of laboratories is a vital requirement for the monitoring and control of

toxic and hazardous materials. However, whether naturally-occuring or man-made,

toxic and hazl!rdous materials are either organic and inorganic in nature.
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The techniques required to analyze for toxic metals and for organiCS are

fundamentally different and require different skills from the analysts and different

equipment. There is, therefore, no automatic requirement to combine these two

activities in a single laboratory.

It has been found that there are several laboratories in Bangladesh specializing in one

or other of these areas off analysis, and there is no reason why they could not serve

the requirements of the toxic-materials monitoring program, whilst retaining the

existing organizational structure. [3]
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CHAPTER 9

National Management Practices

Increasing use of toxic and hazardous materials and disposal of hazardous wastes by

industries and development activities has become a national as well as global

concern. The chemicals that are recognized as highly toxic or hazardous, their

routine release into the environment from manufacture, use, storage and handling is

continuously endangering human health and the environment. On the other hand,

with regard to such materials the area of common concern is the need for

identification, classification, regulation and management of potentially toxic and

hazardous materials and their wastes. In developed countries the governments and

the environment-specialists have combined to take effective steps in the safe usage,

handling, storage, transportation and control of these hazardous substances in their

own areas. Reports have appeared of cases where attempts have been made to dump

such wastes in developing countries.

Bangladesh is yet to enact any comprehensive law to regulate production, use and

disposal of toxic and hazardous chemicals and hazardous wastes compared to

developed countries. Though inadequate, however, there exist some provisions to

this direction in different laws, rules and orders. The Environment Conservation .

Rules '97 under Environment Conservation Act 1995, which have been promulgated

recently have removed many existing difficulties. Once this law is enacted it will

pave the ground towards proper management of toxic and hazardous materials and

respective wastes in the country.

9.1. Management Problems

Regulatory practices to protect our environment in general very poor in the country

due to various reasons ...This section will focus on some management problems that

require immediate rectification to improve the prevailing situation in Bangladesh.

Industries

Information on the number and types of industries is necessary for effective

management of chemicals while government authorities do not have recent

information on t~e number and types of industries in Bangladesh.
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This practice has started since the liberalization of the economy and the removal of

licensing procedures in 1986. Information on types of chemicals used and hazardous

wastes generated is extremely limited, while that on quantities generated is

nonexistent.
There is ntl "National Industrial Siting Plan" and there exists only a few designated

industrial areas in the country. Pollution control measures are generally non-existent

from the part of the industrial entrepreneurs or the estate operators, and siting of

industries is not always environmentally sound.

The management of many industries does not appear to fully aware of the chemical

safety requirements. The workers are either not properly instructed about safety or

the workers pay little heed to the instructions, if it is given. It is not unusual to find

workers handling hazardous chemicals with bare hands and without masks.

Land use planning, requirements of safety or buffer zones for industries classified as

hazardous to public health or the environment are not enforced, though many

developed and developing countries have enforcing them for new industries for

many years.
Out of the 45 pieces of legislation concerning environment issues, only 11 are

relevant to toxic chemic;als and hazardous wastes. Others are enacted for different

objectives as shown in their titles. [Appendix B] The Environment Conservation

Rules '97 has just added to the list.

The National Environment Policy of 1992 has overlooked issue of toxic chemicals

and hazardous wastes in its article on industry, though it does mention the use of

environmentally sound and appropriate technology.

Also, The National Environment Management Action Plan (NEMAP), finalized

recently, has overlooked issue of toxic chemicals and hazardous wastes safety except

.for a reference to the tannery wastes disposal. [13]

Research and development oqndigenous technology for environmental' pollution and

hazard control does not find a place in NEMAP or environmental policy. It is a vital

national activity. [I]
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Illegal Import2tion

There is a wide-spread problem in Bangladesh of the illegal importation across land

borders from neighboring countries, and particularly from India, of materials (and

particularly fertilizers and pesticides) that are either banned in Bangladesh, or are of

sub-standard qU!ility.For example, illegal import of DDT from neighboring countries

pas not yet stopped. [3] Although the production of DDT plant stopped since 151

December 1991 according to a decision taken by the National Economic Executive
Committee. [32]

The import of contaminated milk powder has also been detected in Bangladesh.

llIegal import of contaminated and banned pesticides from neighboring countries are
often reported in the press.

Since import is illegal the scale of the problem is, by definition, unquantifiable; but it

is generally believed to be significant. Illegal transboundary smuggling is a question

of considerable importance for Bangladesh that has significant bilateral (at least)
Regional ,implications.

It has been reported that a MOU has been signed between the Ministry of Energy and

Mineral Resources and Solar International for a power plant based on imported

waste. Not much has been reported on this project.

Risks from various food additives and contaminants and its relationship with high

incidence of liver disease in Bangladesh needs investigation and action. [24]

There are also many hazardous materials/waste management inadequacies in

Bangladesh. These are causing serious harm to people and the environment.

9.2. Present Status of Control of Toxic and Hazardous
Chemicals/Wastes

The measures for control of pollution from toxic and hazardous materials available at

present are not enough. Progress in industrialization in Bangladesh will increase the

danger to people and. the. environment from this source. The government of

Bangladesh is aware of the situation and taking steps to enact a comprehensive

environmental management act under which an appropriate rule on the management

of toxic and hazardous chemicals as well as hazardous wastes will be framed.
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The recent emergence of The Environment Conservation Rules'97 is recognition of

such efforts. The National Environment Management Action Plan (NEMAP) is also

finalized lately:

The Department of Environment of the Government of Bangladesh is charged with

the responsibility of ensuring the safe use and disposal of hazardous

chemit"i:;/wastes from different industries. The relevant industries have been

directed by DOE to take steps to neutralize harmful chemicals before discharge into

the environment. However, manpower shortage in the DOE and the absence of

designated personnel to implement measures to monitor and control of hazardous

chemicals/wastes is hampering its activities in this regard.

For setting up new industries an environment impact assessment (EIA) has been

made mandatory and the approval of DOE has been made a requirement at the

planning stage so that the industry is safe for the people and the environment. [45]

The linking of health, safety and environmental issues in the context of regulating

hazardous substances makes it necessary to have a clear view, institutionally, of

where responsibilities lie. This is especially so now, since a relatively new DOE has

been added to the previously-existing number of regulatory bodies. [3]

Besides national efforts for effective management of such chemicals in the country,

Bangladesh is actively participating in all international efforts concerning these.

issues ~mdis a signatory to the Basel convention on the transboundary movement of

hazardous wastes.

International Efforts

Environment is' nature's gift to be enjoyed and shared by all; to conserve and protect

it should also be a shared concern. This has led many countries in the world to join

together to relieve the. nature from undesirable burdens imposed by hazardous

materials and their wastes.

Bangladesh has so far signed, ratified and acceded to 22 international conventions,

treaties and protocols related to environment. The important ones, among them,

signed at the UN Conference on Environment and Development (UNCED), held at

Rio de Janeiro, Brazil in 1992, are the Agenda 21, Climate Change Convention and

Bioadversity.<;onvention.
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The Agenda 21 is a basis to attain sustainable development through policies initiated

and coordinated at the national level. The second phase of the Bangladesh National

Conservancy Strategy (BNCS), the Forestry Master Plan and the National

Environment Management Action Plan (NEMAP) all reiterate Bangladesh's

commitment to implement the international conventions and treaties signed from

time to time. [I3]

Bangladesh acceded to the Basel Convention in 1993. Basel convention is the

primary international legal instrument controlling transboundary movements of

hazardous wastes.

Presently, Import Policy Order (11'0) imposes a virtual ban on the import of all kinds

of wastes into Bangladesh. [24]

As chemical risks do not respect national boundaries, strengthening of both national

and international efforts are therefore essential to address the issues.

9.3. Waste Import in Bangladesh [1)

1. Australia exported 165,000 kg of tin waste III 1992, the United States

exported16,500 kg of plastic waste in January, 1993 and United Kingdom

exported 7,176 kg of tin waste in April, 1993 to Bangladesh.

2. During 1991.1992, the Bangladesh government purchased more than 6,000 tons

of iinc oxy"sulfate (ZOS) fertilizer from an U.S. company, with fund provided

by the Asian Development Bank. Stroller Chemical Company of South Carolina

allegedly mixed 1,000 tons of toxic copper smelting furnace dust ("bag- house

dust") into the feJ;lilizer prior to shipping it to Bangladesh. Tests of the fertilizer

showed that it contained hazardous levels of lead that causes neurological

problems in children, and cadmium that causes kidney problems. The

Bangladesh government reportedly stopped distribution of the toxic fertilizer

after half of it 'Yas sold. The remaining 3,000 tons is presently under sealed

storage in Bangladesh and waiting reshipment back to the USA.
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3. In 1989, Bangladesh government examined a proposal to import millions of tons

of toxic and other wastes from the USA and Europe. A firm proposed burning the

wastes near the city of Chitta gong. Electricity generated from burning the wastes

was to be used to convert saline water into chlorine bleach, hydrochloric acid,

caustic soda and table salt. Bangladesh government eventually rejected the

proposal.

4. [n 1990, after Chernobyl disaster, unscrupulous traders in Singapore managed to

export radio-activity contaminated powder milk, originating from Europe, In

Bangladesh. On being detected this was sent back to the consignor.

5. Bangladesh imports waste paper and old ship for local breaking and recycle the

scrap materials.

6. Bangladesh being the lower riparian state in the southeastern Himalayan basin,

the hazardous wastes discharged in the river-systems at the upper reaches affects

the [lora and fauna and degrade the riverine ecosystem of Bangladesh while

passing through and flushing their waters into the Bay of Bengal. The sharp

decline in fresh water fish catch and increased fish diseases in these rivers is

understood to be partly due to this pollution problem.

9.4. Existing Policy Measures in Bangladesh [1)

The EnvironmentPolicy, 1992 among others, has called for following measure in

order to deal with problem relating to toxic and hazardous materials and hazardous

waste:

Control on the use of those agro-chemicals including chemical fertilizers which

have adverse effect on the fertility and organic properties of the soil;

Safety measures for workers handling agro-chemicals;

Phase out production, import and use of pesticides such as DDT, chlorinated

hydrocarbo!!s ets;. which are persistent and keep on accumulating in the

environm(;:1t;

Promote the use of natural fibers discouraging synthetic fibers;

Corrective measure in polluting industries;

Ban establishment of industries using potentially hazardous waste as raw

materials (The present it:nport policy has also imposed ban on import of waste);
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Facilitate environmentally sound treatment and disposal of wastes generated

within the country through establishing "Waste Permit/Consent Order" System;

Ensure safety measures of industrial workers exposed to toxic and hazardous

waste.

Regulate'strictly the discharge of industrial, municipal and other wastes into.
water bodies;

Protect public health from adverse impact of all radioactive substances and their

wastes;

Promote use of fossil fuel free from sulfur and lead;

Control vehicular and industrial emissions.

Control disposal of wastes in the sea;

Generate public awareness;

Undertake necessary R&D activities;

Develop necessary legal framework;

Buildup capacity as appropriate.

9.5. Problems and Constraints

Under the present context the present policy enunciation are quite inadequate to

address the magnitude of problems of management of toxic and hazardous chemicals

and hazardous wast;;s jn Bangladesh. Given the expected population increase, the

inevitable expansion of agriculture and industry and the probable increase in the

standard ofliving the use oftoxic substances and the generation of hazardous wastes

are likely to increase despite a substantially increased emphasis government has

given on environmental protection measures. The following constraints may

generally be identified in sound management of toxic and hazardous chemicals and

hazardous wastes in the country.

Lack of sutlicient tecl1nical know-how to deal with the problems associated with

the use, prevention, treatment, and disposal.

Lack of initiative in the industrial sector for adoption of new technologies

related to environmentally sound processes, avoiding or reducing waste

generation, recycling of wastes or producing environmentally safe products.
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Absence of a comprehensive legislation, poor R&D (Research and

Development) activity for development of appropriate and cost effective

technology.

Lack of infrastructural facilities

Inadequate safety measures in handling, storage and movement operations.

organizational inadequacy

Dearth of trained manpower

Poor'ii1fom:~tion dissemination mechanism

Inadequate public awareness

Absence of networking to effectively monitor and exercise vigilance, as is needed

to control illegal movement of hazardous wastes within and between countries.

- Absence of emergency response measures.

9.6. Suggested Policy Measures

The present environment policy requires updating. Government may consider among

other the following issues towards environmentally sound management of toxic and

hazardous chemicals and .hazardous wastes. A special note has to be taken of the

environmental damage caused recently, at Magurchara while exploring gas.

Attention needs to be intensified on drilling for gas and oil in offshore areas as well.

[13]

Efforts should be made so as to facilitate implementation of Agenda 2 I and the Basel

Convcntion on the control of Transboundary Movement of hazardous Wastes and

their Disposal as..far as practicable.

a. Emphasis should be laid on elimination of waste at source to avoid hassle of

subsequent disposal.

b. Volume or weight reduction and the attenuation in hazardous characteristics in

production process are beneficial both from health risk and cost effectiveness in

treatment as well as disposal point of view.

c. Recycling, reuse and recovery conserve raw materials, improve the economics

of the overall process and allow for the potential marketing of by-products and

energy as compared to treatment and subsequent disposal.
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d. Replacement of hazardous chemicals by more easily treatable benign chemicals,

or introduction of technologies which do not require the use of chemicals could

be an option to avoid pOllution and health risk.

e. Liquid hazardous wastes should be banned from, landfilling and pretreatment

required before disposal.

f. Wider use should be made of the facilities and information of the International

Cleaner Production Clearinghouse (ICPIC) which provides information

materials on clean technology and process; the International Program on

Chemical Safety (!PCS), WHO, ILO, UNIDO, FAO.

g, Judicious use of pesticides with biological control methods should be given

priority consideration along with traditional crop rotation practices in integrated

pest management.

h. Chemical registration scheme may strictly be enforced for controlling import

distribution, sale and use of pesticides. Quality control measures through strict

specification should also be a part of the scheme to avoid adulteration and

inferior quality.

1. In the workplace exposure to toxic and hazardous materials and processes

should be reduced to avoid or minimize occupational health risk.

J. Emergency response strategy should be drawn at unit level as well as nationally.

Adequate legal coverage should be given to the management needs of toxic and

hazardous materials and hazardous wastes.

k. Institutional strengthening including capacity building should be resorted too.

I. Interagency coordination should be strengthened so as to ensure proper

monitoring and vigilance of toxic and hazardous materials in their use,

generation, movement, treatment, disposal etc. for sound management.

m. Emphasis should be given on training, awareness generation and information

dissemination.

The Environment Conservation Rules'97 have met needs largely those being

mentioned above.
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CHAPTER 10

Recommendations

Bangladesh is yet to be an industrialized country. But whatever industrial /,'fowth has

• 'been achieved in the country has not made due appreciation of environmental

considerations. As a result pollution of air. water and soil from these industries is

steadily rising and becoming a major environmental problem in the .country. As

Bangladesh is at the crossroads of industrial development, we must learn lessons

from the mistakes committed in the past and take corrective measures.

All of the participants such as government, DOE, industries and public related to the

sound management of toxic and hazardous materials should play active roles to

achieve this goal. It is unlikely to completely get rid of the hazardous wastes

generated, but it is possible to reduce the pollution caused by them to a minimum.

The following measures are recommended bearing this in mind.

10.1. Immediate Steps

(1) A full-scale scientific survey should be undertaken to prepare an inventory of

b(lth toxic and hazardous materials (radioactive materials must be included) and

hazardous wastes in Bangladesh. It should identify the industries or processes

using those chemicals and! or those generating such wastes, determine their

characteristics and the quantities of hazardous chemicals used and! or the

hazardous wastes generated, and identifY critically polluting industries or those

that are a potential risk to the community.

(2) Effluent standards should be laid down under ECA 1995 (Environment

Conservation Act) for identified hazardous industries and enforced. This may

reduce by 80 percent the amount of hazardous wastes released as liquid effluent

from units as tanneries, metal plating, paints, pharmaceuticals and varnish

manufacture.

(3) DOE should be strengthened with additional skilled manpower.
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Th~ new legislation should cov~r all Issues that have been exempted In

Environment Conservation Rules '97.

The procedures for the. registration of potentially toxic chemicals should be

notified and a system for and regulations established in DOE.

The rules and regulations should recognize local resource constraints, small-

scale uneconomic units with financial constraints, and limitations regarding

available skills.

Management of chemicals by prohibition should preferably be avoided.

The use of hazardous chemicals should be controlled by safety codes and

prescribed procedures.

Public safety standards to reduce the risk to people and property, such as

minimum buff~r zone widths, acceptable thermal radiation levels and distance

and pressure wave area should be prescribed.

Emergency preparedness and response systems should be made obligatory.

Public liability insurance for selected hazardous industries should be prescribed.
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Besides, zoning laws should be framed for all cities and towns of Bangladesh. There

must be strict enforcement of zoning laws. No industry or commercial enterprise

should. be allowed to be setup and produce/process any commodity within the

residential areas. Also, they should not be located in a radius of a minimum distance

set by DOE from the periphery of the residential areas.

Decentralization of industries should be kept in mind. Green belts inay be created

between existing industrial areas and receptor areas.

(2) Institutional Development

DOE needs to be strengthened to meet its expected function of planning and

development of environment management programs, their enforcement and

monitoring.

Institutional Strengthening

(a) To improve inter-ministerial cooperation. The Director-General of DOE should

establish an inier-ministerial coordination committee with representatives from the

Ministries of Industries, Labor, Agriculture, Health, and Trade and Commerce for

advising the toxic and hazardous chemicals and hazardous wastes management

program, as it overlaps the responsibilities and jurisdiction of these ministries.

(b) The Ministries of Industries, Commerce, Agriculture, Road Transport, Health,

Controller of Export-Import and the Bangladesh Investment Board should have a

professional knowledgeable person as technical adviser to assist policy-makers in

matters related to toxic and hazardous chemicals and their wastes. These advisers can

also serve as linkages with DOE.

(c) The DOE set-up appears to be adequate to meet additional activities for toxic and

hazardous chemicals and hazardous wastes management. In this case, the present

staff strength should be raised.

(d) The present tec~nical capability of DOE is limited due to inadequate monitoring

facilities. DOE should establish one good central laboratory at Dhaka to take up

complex or sophisticated analysis for monitoring activities and to serve as a national
•

reference center. Four divisional laboratories equipped with adequate staff and

equipment for routine sampling and analysis in the four divisions should also be

established.
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(3) Manpower Development

There is an urgent need to develop technical skills for risk assessment and

management of toxic and hazardous chemicals and hazardous wastes. The prob'Tam

should consist of.

(a) A crash training program In chemical safety and risk management for the

employees at existing plants.

(b) Universities or technical institutions should be encouraged to introduce programs

or discipline of "Chemical Safety including Risk Assessment and Risk

Management", prevention and control of environmental health hazards in the post-

graduate course of the environmental engineering program.

(c) Shoi1-term ~ourses in chemical safety risk assessment and risk management,

emergency and chellJical accident preparedness, and control of environmental health

hazards should be conducted in order to develop national capability and pool of

safety engineers.

(4) Technology Development

In course of time, DOE should consider establishing an Environment Pollution

Control Research Institute for finding operational solutions to local problems. This

institution can be located in Dhaka and international agencies such as UNDP,

UNIDO and WHO and bilateral agencies should be approached for funding a

feasibility study for its establishment. In the mean time, DOE should sponsor

research projects to be carried out by technical institutions such as universities and

colleges. This will help to solve local problems and to develop academic teaching

and research activities in environmental management technologies and at the same

time, providing training to personnel.

Besides the .above measures the existing industries should play its role by

establishing their se.lf-monitoring system. All the polluting industries are required to

assess their pollution status and undertake abatement plan including installation of

treatment plant wherever necessary. Small industries are required to take

collaborative efforts to address the problem. Most of all, the industries must employ

clean technologies as far as practicable.
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Media and NOOs are being required to undertake bigger roles to grow public

awareness. DOE should provide them with the necessary technical information.

Preference to be given on Bangia text for technical write up.

Finally, the need of the hour is to bring environment, economics and social

objectives together in the new concept called sustainable development. We should..
make an effort to locate our developmental concerns within the framework of the

environment.
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Appendix A

Table A. I. Preliminary List of Industries Using, Handling, And Storing Toxic and
Hazardous Chemicals in Bangladesh [1]

S~rial TradelIndustry

No.

Chemicals No.

I. Acid handlers suppliers

2. Adhesiv",s & glue makers

3. Bleaching powder

4. Battery manufacturer

5. Chlor alkali(caustic soda)

6. Fertilizer N.P.

3

3

8

185

21

80

85
480

Mercury, chlorine

Nitric acid, sulfuric acid, oleum, 6

hydrochloric acid

Methylethyl ketones, toluene, acetone 5

Chlorine 3

Lead, sulfuric acid 36

Chlorine, mercury, hydrogen gas I

Ammonia, carbon monoxide, phosphoric 7

acid, sulfuric acid

Solvents, metallic oxides oflead, titanium 20

Benzene, toluene, butane, 16

organo- phosphorous materials

Organic chemicals

Sulfuric acid, sodium silicate

PVC solvents, phthalates

Paint and varnishes

Pesticides

Pharmaceutical

Industrial chemicals

Plastics

Rayon manufacture

Synthetic foam Cyanides, solvents

T•.a.13formers PCB stabilizers

Vegetable oil, Vanaspati Hydrogen

ghee

Textile dying & printing Toxic dyes

Total

7.

8.

9.

10.

II.

12.

13.

14.

15.

16.
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Table A,2. Preliminary List of Hazardous Wastes Generating Establishments in
Bangladesh [l]

Serial No. Name of Industrial Sector

1. Fertilizer

2. Drugs and pharmaceuticals
3. Tannery
4. Paint, varnishes and lacquers

5. Caustic soda
6. Disinfectants, insecticides and pesticides
7. Dyes, pigments and colors
8. Synthetic foam
9. Industrial gas (nitrous oxide, carbon dioxide)
10. Industrial chemicals (sodium silicate, sulfur, potassium

chlOlide, sulfuric acid, chlorine etc.)
11. Duplicating and offset printing ink
12. Vegetable oil refinery
13. Soap and detergent (mechanized)
14. Steel and special alloys
15. Transformers
16. Vanaspati ghee
17. Iron and steel rolling mills
18. Pulp and paper
19. Printing press
20. Government and private hospitals

Industries total
No. of chemicals released
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No. of
Industry

7

185
160
34
I
16
1
3
3
21

8
72
25
8
9
8
IO
10
41
12

626
62
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Appendix B

Appendix B.1. List of Main Legislation Related To Environment in

Bangladesh, June 1993 [1]

I. The Environment Pollution Control Ordinance, 1977*

2. Territorial waters and Maritime Zones Act, 1974.*

3. Pesticide Ordinance of 1971 and 1983 and pesticide Rules, 1985. *

4. Petroleum Act, 1984.*

5. Factories Act, 1965 and the Factory Rules, 1979.*

6. Motor Vehicle Ordinance, 1939 (modified up to 1983).*

7. Mines Act, 1927.

8. Dangerous Drugs Act, 1930 and Dangerous Drug Control Order, 1982.

9. Forest Act, 1927.

10. Local Government Ordinance, 1982 (Upazilla Parishad and Upazilla

Adntinistflllion ReorSllnization),
II. Pourasbava Ordinance, 1977.

12. Water Supply and Sewerage Authority Ordinance, 1963 (with

amendment of 1989).

13. The Boilers Act, 1923.

14. Agriculture and Sanitary Improvement Act, 1920.

15. Water Hyacinth Act, 1936.

16. Tanks Improvement Act, 1939.

17. Embankment and Drainage Act, 1952.

18. Opium Act, 1978.

19. Dangerous Drugs Act, 1930 (Amended upon 1988).*

20. Chittagong Hill Tracts Regulation, 1900.

21. The Town Improvement Act, 1953.

22. Labor Laws (Amended upon 1987).

23. The Municipal Ordinance, 1983.•
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24. The Explosive substance Act, 1908 (modified up to 1983).*

25. The Explosive Act 1884*

26. Poisons Act, 1919.*

27. The Factory Rules, 1979.* .. ',
; . 28. Bengle Smoke nuisance Act, 1905.*

29. Loca! Government Ordinance (Union Parishads) 1982.

30. Bengal Irrigation Act, 1876.
31. Bangladesh Water and Power Development Boards Ordinance 1972.

32. Wildlife (Preservation) order 1973.

33. East Bengal Conservation and Protection of Fisheries Act, 1950

(Amended in 1982).

34. The Bangladesh Fisheries Development Corporation Ordinance 1983.

35. Marine Fisheries Ordinance, 1983.

36. Shops and Establishments Act, 1965.

37. Bangladesh Pure Food Ordinance 1953.*

38. Bangladesh Penal Code 1960 (as amended from time to time).

39. Antiquities (Amended) Ordinance 1976.

40. Antiquities Act, 1968.

41. The Tea Plantation Labor Ordinance 1962 and Rules, 1977.

42. The Forest (Amended)Ordinance 1989.

43. Merchant Shipping (Amendment) Ordinance 1989.*

44. The Inland Shipping (Amendment) Ordinance 1989.*

45. The Dhaka Municipal Corporation Ordinance 1983.

* Indicates those relevant to toxic and hazardous materials and their wastes.
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Appendix B.2. Unofficial English verSIOn of the Bangladesh Environment

Conservation Act, 1995 which has been enacted in Bengali. [29]

THE BANGLADESH ENVIRONMENT CONSERVATION

ACT, 1995

(Act NO.1 of 1995)

Whereas it is expedient to provide for the conservation, improvement of

environmental standard and control and mitigate the pollution of the environment.

It is hereby enacted as follows:

I. Short title and commencement.- (1) This Act may be called the Bangladesh

Environment Conservation Act, 1995.

(2) It shall come into force on such date as the Government may, by notification

in the official Gazette, determine and shall apply at different areas on different

dates.

2. Definitioris.- In this Act, unless there is anything repugnant to the subject or

context,

(a) "department" means the Department of Environment constituted under section

3;

(b) "pollution" means such contamination or other alteration of the physical,

chemical or biological properties of air, water or soil, including change in

temperature, taste, turbidity, odor or any other characteristics of these or such

discharge of any liquid, gaseous, solid, radio active or other substances into

air, water or soil or any elements of the environment as will or is likely to

create nuisance or render such air, water or soil harmful, detrimental or

disagreeable' to public health, or to domestic, commercial, industrial,

agricultural, recreational or other bona fide uses, including livestock, wild

animals, birds, fish, plants or other forms of life;
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(c) "occupier" in relation to any factor or premises means a person who has control

over the affairs of the factory or the premises and includes, in relation to any

substance, the person in possession of the substance;

(d) "environment" includes water, air, land and physical properties and the inter

relationship which exists among and between them and human beings, other

living beings, plants and micro organism;

(e) "ellViromnental pollutant" means any solid, liquid or gaseous substance present

in such concentration as may be or tend to be, injurious to environment and also

includes ~eat, noise and ray;

(f) "environment conservation" means the quantitative and qualitative

improvement of different components of environment and prevention of

deh'fadation oftheir standard;

(g) "ecosystem" means the inter dependent and balanced complex conjugation of

all components of environment which can support and influence the growth and

conservation of flora and fauna;

(h) "person" means any person or persons and also includes any company,

association or corporation whether registered or not;

(i) "handling" in relation to any substance means the manufacture, processmg,

treatment, package, storage, transportation, collection, destruction, conversion,

offering for sale, transfer or the similar arrangements of such substance;

(j) "'hazardous, ~ubstance" means the substance which by reason of its chemical or

physio.chemical properties is such that its manufacture, storage, discharge or

unregulated responsible for the damage of environment;

(k) "rule" means rule prescribed under this Act;

(I) "waste" means any liquid, gaseous, solid and radioactive substance the

discharge, disposal and dumping of which may cause adverse change in the

environment; .

(m)"Director General" means) the director general of the Department.
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3. Department of Environment.- (I) For the purpose of this Act, the Government

shall establish a department to be called the Department of Environment of which the

Director General shall be the chief.

(2) The Director General shall be appointed by the Government and the terms and

• conditions of his service shall be dctermined by the Government.

(3) For the effective performance of the functions of the Department, necessary

officers and employees shall be appointed subject to the procedure and conditions

prescribed in the rules.

4. Powers and Functions oCthe Director General.- (1) Subject to the provisions of

this Act, the Director General may take all such steps as may be deemed reasonable"

and necessary for the conservation of environment, improvement of environmental

standard and control and mitigation of pollution of environment and may give

necessary direction, in writinC, to any person for performing his duties under this

Act.

(2) In particu!at:md without prejudice to the generality of the foregoing power, such

measures may include all or any of the followings, such as:-

(a) co-ordinate with any authority or agency having relevance with the objectives of

this Act;

(b) prevent probable accidents which may cause degradation and pollution of

environment, adopt safety measures and determine remedial measures against

such accidents and give direction in this regard;

(0) advise or in appropriate cases, direct the concerned person regarding the

transportation, import and export of hazardous substance or its components;

(d) research and inquire about the information regarding the conservation,

improvement and pollution of environment and assist any other authority or

agency in the similar function;

(e) examine any place, premises, plants, equipments, manufacture or other

processes, ingredients or substances for the purpose of improvement of

en',ironment and control and mitigation of pollution and may give orders or

directions to appropriate authority or person for the prevention, control and

mitigation of environmental pollution;
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(f) collect, publicize and disseminate information regarding environment pollution;

(g) advise the GoveilUTlent to reject such manufacturing process, materials and

substance as are likely to cause environmental pollution;

(h) conduct drinking water quality surveillance program and submit report and

aqvise, or, in appropriate cases direct, every person to follow the standard of

drinking water.

(3) A direction issued under this section may provide for the closure, prohibition or

regulation of any industry, initiative or process and the person shall be bound to

comply with such direction: .
Provided that, the Director General shall, before closing or prohibiting any

industry, initiative or. process, give under written notice, to the owner of such

industry, initiative or process, reasonable opportunity to make its functioning

environmentally sound:

Provided further that, the Director General may, in cases of urgency, instantly

give necessary direction, if it appears that public life is about to be disrupted due to

environmental pollution.

(4) The time limit for the performance of the direction issued under this section by

the Director General may be specified.

5. Declaration of Ecologically Critical Area.- (I) If the Government is satisfied

that due to degradation of environment the ecosystem of any area has reached or is

threatened to reach a critical state, the Government may, by notification in the

official Gazette, declare such area as ecologically critical area.

(2) The Government shall specifY, in the notification provided in subsection (I) or

in any other separate notification, which of the operations or processes shall be

carried out or shall not be initiated in the ecologically critical area.

6. Prohibition regarding.the driving of vehicles emitting -smoke detrimental to

environment.- (I) The driving of vehicles which emit smoke injurious to health or

detrimental to environment is prohibited.
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(2) If the Director G,eneral or any other officer empowered by him is satisfied that, a

running vehicle is emitting smoke injurious to health or detrimental to environment,

he may immediately stop such vehicle and examine or give such direction as may be

deemed necessary, regarding such examination.

7. Direct or indirect damage to eco-system.- If it appears to the Director General

that any particular activity is causing damage to the ecosystem, whether directly or

indirectly, he may, after assessing the amount of damage, direct the person

responsible for such activity for applying corrective measures and such person shall

be bound to comply with such direction.

8 . Information to the Director General regarding environmental pollution or

degradation.- (1) Any person affected likely to be affected from the pollution or.

deb'fadation of environment, may apply to the Director General in the manner

prescribed by the rules, to & remedying the damage or apprehended damage.

(2) The Director General may adopt any measures including public hearing for

settling an application made under this section.

9. Discharge of excessive environmental pollutant etc.- (1) Where the discharge of

any environmental pollutant occurs in excess of the prescribed limit laid by rule or is

likely to occur due to any accident or other unforeseen act or event, the person

responsible or the person in charge of the place at which such discharge occurs shall

he bound to prevent or mitigate the environmental pollution caused as a result of

such discharge.

(2) The person mentioned in sub-section (1) shall forthwith intimate the fact of such

occurrence or apprehension of such occurrence as referred to in the said sub-section

to the Director General.

(3) On receipt of infoffilation under this section with respect to the fact or accident,

the Director Gener~1 shall, as early as practicable, initiate such remedial measures to

he taken as are necessary to prevent or mitigate the environmental pollution and such

person shall be bound to render all assistance to the Director General as may be

required by him.

172



(4) The expenses incurred with respect to remedial measures to control and mitigate

the environmental pollution under this section, may be recovered by the Director

General from such person as public demand.

10. Powers of entry etc.- (I) Subject to the provisions of this section, any person- ..',

generally or specially empowered by the Director General in this behalf shall have a..
right to enter, at all reasonable times with such assistance as he considers necessary,.",

any building or place-

(a) for the purpose of performing duties entrusted to him under this Act or rule;

(b) to inspect any activity in such building or place in accordance with the notice,

order or direction provide under this Act or the rules made there under;

(c) for the purpose of examining or testing any equipment, industrial plant.

record, register, document or any other material object;

(d) for the purpose of conducting search in any building or place where, such

person has reason to believe that an offence has been committed in

contravention of any notice, order or direction issued under this Act or the

rules made thereunder;

(e) for seizing any such equipment, industrial plant, record, register, document or

other material object if he has reasons to believe that it may furnish evidence

of the commission of an offence punishable under this Act or the rules made
thereunder.

(2) Every person running any industry, operation or process or handling any

hazardous substance shall he bound to render all assistance to the person empowered

to carry out the duties entrusted to him under this Act.

(3) The provisions of the Code of Criminal Procedure, 1898 (Act V of 1898) shall be

followed in respect of any search or seizure under this section.

11. Power to take samph; etc.- (I) Any person empowered by the Director General

in this behalf shall have power to take, for the purpose of analysis samples of air,

water, soil or other substance from any factory, premises or place in such manner as

may be prescribed by rules.
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(2) The.~~sult of any analysis of a sample taken under sub-section (I) shall not be

admissible in evidence in any legal proceeding unless the provisions of sub-sections

(3) and (4) are complied with.

(3) Subject to the provisions of sub-section (4), the person taking the sample under

sub-section (I) shall-

(a) serve notice on the occupier of such place or agent in such manner as

prescribed by rule, of his intention to collect such sample;

(b) collect the sample in the presence of such occupier or the agent;

(c) cause the sample to be placed in a container which shall be marked and

sealed and shall also be signed both by the person taking the sample and the

occupier or the agent;

(d) make a report of samples collected and get this be signed by both the

inspector and the occupier or the agent;

(e) send without delay, the container to the laboratory recognized by the

,Qirector General.

(4) When a sample is taken for analysis under sub-section (I) and the person taking

the sample serves notice under clause (a) of sub-section (3), if the occupier or agent

wilfully absents himself at the time of collecting samples or being present at the time

of taking the sample refuses to sign the sample or the report, the collector shall, in

the presence of two wi\l1esses, give his signature and attest or seal the same and shall

cause the container to be sent without delay to the laboratory recognized by the

Director General for analysis mentioning the fact of wilful absence of the occupier or

his refusal to sign.

12. Environmental clearance.- No industrial unit or project shall be established or

adopted without obtaining environmental clearance, in the manner prescribed by the

rules, from the Direct~r General. Provided that, nothing in this section shall apply to

particular class of industries or projects, which the Government may, from time to

time, specifY for such purpose.

13. Formulation of environmental guideline.- The Government may, from time to
-'\ '.

time, by notification in the official gazette, formulate and declare environmental
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guidelines for the control and mitigation of environmental pollution and the

conservation and improvement of environment.

14. Appeal.- (I) Any person aggrieved by any notice, order or direction made under

this Act or rule, may, within thirty days from the date of delivering such notice, order

,or direction, prefer an appeal to the appellate authority constituted by the

Govemment and the order passed by such authority on appeal shall be final and no

suit can be filed in any court against such order.

Provided that, if the appellate authority is satisfied that, for some unavoidable

reason, the aggrieved person could not file the appeal within the specified time, such

authority may extend the period for filing appeal for not exceeding 30 days.

(2) The appellate authority constituted under sub-section (1) shall consist of onc

or more members:

Provided that if the appellate authority consists of more than one member,

the Government shall appoint one of its member as Chairman of such authority.

(3) The appeal filed under this section shall be decided within three months from

the date of its filing.

15. Penalty.- (1) Whoever contravenes any of the provisions of this Act or rule or

fails to perform du.ties prescribed under any notice or fails to comply with any

order or direction issued under the said Act or rule, shall, in respect of such

cOlltra.vention.or failure, be punishable with imprisonment for a tenn not exceeding

five years or with fine not exceeding one lakh taka or both.

(2) Where the director of any industry, activity or operation or the user of any

dangerous substance, without any reasonable caUSe, or excuse, fails to render

assistance to any person empowered by the Director General ill this behalf or
wilfully delays or prevents the performance of his duties, shall in respect of such

matter, he punisha~le under sub-section (1).

16. Offenses by Companies.- Where the contravention of any provision of this Act

or the failure to perform duties in accordance with any notice issued under this Act

or the rules made thereunder or the failure to comply with any order or direction,

has been committed by any company, the owner, director, manager, secretary or

any other ofTIcer or agent of that company shall be deemed to have violated such
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provision ~rhas failed to perfonn the duties or order or direction issued under such

notice, unless he proves that he was ignorant of such contravention or failure or that

he had exercised due diligence to prevent such contravention or failure.

Explanation.- For the purpose of this section-

• (a) "Company" shall also include any statutory government authority,

commercial establishment and association or organization;

(b) "Director" in relation to a commercial establishment shall also include a

partner or a member of the Board of Directors.

17. Cognizance of Offence.- No court shall take cognizance of any offence under

this Act except upon a wiitten complaint by any person empowered by the Director

General in this behalf.

18. Action taken in good faith.- No civil or criminal suit or other legal proceeding

shall lie against the Government, Director General, any officer or employee of the

Department or any other person, for anything which injures or is likely to injure any

person, if it is done iii good faith under the Act or the rules,

19. Delegation ofPower.-(I) The Government may delegate to the Director General

or any other officer all or any of its powers under this Act or the rules made
thereunder.

(2) The Director General may delegate to any other officer of the Department

all or any of his powers, under this Act or rule made thereunder.

20. Rule Making Power.-(I) The Government may, by notification in the official

Gazette, make rules for carrying out the purposes of this Act.

(2) In particular, and without prejudice to the generality of the foregoing power,

Such rules may provide for all or any of the following matters, namely-

(a) the quality standards for air, water, noise and soil for different areas for
different purposes;

Provided that at the time of commencement of this Act the Government

may, by notification in the official Gazette, suspend the application of such

quality stanc;ud in respect of existing industry or project, individually or

collectively for a specified period;
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(b) regulate the establishment of industry and other development activity to

protect environment,

(c) formulate safe procedure for the use, storage and transportation of

dangerous substances shall be handled, stored and transported;

d) lay down safety measures and remedial procedure to prevent accidents

which may cause pollution of the environment;

(e) determine the standard limit for discharge and emission waste;

(t) evaluate, review the environment impact assessment of various projects and

activity and procedure for approval;

(g) lay down procedure to protect environment and ecosystem;

(h) determination offees for clearance and other services:

21. (l) Repeal and savings.- The Environment Pollution Control Ordinance, 1\177

(Act XlII of 1977) is hereby repealed.

(2) Notwithstanding such repeal, anything done or any action taken under the said

Ordinance, shall be deemed to have been done or taken under the provisions of this

Ordinance .

.(3) The Department of Environment existing before the commencement of this Act

shail be deemed to have been constituted under section 3 of the said Act and the

Director General and other officers and employees of that Department shaH be

deemed to have been appointed under this Act.

Note: This Act has come into force all over Bangladesh from 5 June, 199) througn a

;"uLtm, Nu,ili,;a,ion oflh,; Ministry of Environment and Forest dated 31 May, 1995.



Abbreviations

AIDS Acquired Immune Deficiency Syndrome ~,t!

BAEC Bangladesh Atomic Energy Commission

BCAS Bangladesh Center for Advanced Studie3

BCIC Bangladesh Chemical Industries Corporation

BLEVE Boiling Liquid Expanding Vapor Explosion

BNCS Bangladesh National Conservancy Strategy

BOD Biochemical Oxygen Demand

BRTA Bangladesh Road Transport Authority

CCC Chittagong Chemical Complex

CFC Chlorofluorocarbon

CNS Central Nervous System

COD Chemical Oxygen Demand

CPI Chemical Process Industries

CUFL Chittagong Urea Fertilizer Company Limited

DCC Dhaka City Corporation

DDT Dichlorodiphenyltetrachloroethane

DEPC Department ofPollution Control

DO Dissolved Oxygen

DOE Department of Environment

DOT Department of Transportation

ECA The Environment Conservation Act

EDTA Ethylenedinitrilotetracetate

EIA Environment Impact Assessment

EPA Environmental Protection Agency

ERL Eastern Refinery Limited

EU European Union

178



FAO

FMECA

F1A

GDP

GOB

HazOp

illV

HSD

ICDDR,B

ICPIC

110

IPCS

IPO

JFCL

MCS

MIC

MOU

MP
MSDS

NEMAP

NFPA

NGO

NIPS OM

NOC

NSRC

NTA

ODS

Abbreviations (Continued)

Food and Agriculture Organization of The United Nations

Failure Modes, Effects, and Criticality Analysis
Fault Tree Analysis

Gross Domestic Product

Government of Bangladesh

Hazard and Operability Studies

Human Immunodeficiency Virus
High-speed Diesel

International Center for Diarrheal Diseases Research, Bangladesh
International Cleaner Production Clearinghouse
International Labor Organization

International Program on Chemical Safety
Import Policy Order

Jamuna Fertilizer Company Limited

Multiple Chemical Sensitivity
Methyl Isocyanate

Memorandum of Understanding
Muriate of Potash

Material Safety Data Sheet

The National Environment Management Action Plan
The National Fire Protection Association

Nongovernmental Organizations

National Institute of Preventive and Social Medicine
No Objection Certificate

Nuclear Safety and Radiation Control
Nitrilotriacetate

. Ozone Depleting Substance
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PAH

PAN

PCB

PHA

POTW

RCRA

SBS
SCI

SPIv!

SS
SST

SVOC

TS?
UFFG
UN
UNCEO

UNOP

UNIDO

VOC

WASA

WHO

ZFCL

Abbreviations (Continued)

Polyaromatic Hydrocarbon

Peroxyacetyl Nitrate

Polychlorinated Biphenyl

Preliminary Hazard Analysis

Publicly Owned Treatment Works

Resource Conservation and Recovery Act

Sick Building Syndrome

Small and Cottage Industry

Suspended Particulate Matter

Suspended Solids

Supersonic Transport

Seinivolatile Organic Compounds

Triple Super Phosphate/ Total Suspended Particulate

Urea Fertilizer Factory, Ghorashal

The United Nations

The United Nations Conference on Environment and Development
The United Nations Development Programs

The United Nations International Development Organization

Volatile Organic Chemical

Water Supply and Sewerage Authority

World Health Organization

Zia Fertilizer Company Limited
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