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Objectives 

Introduction 

L eaming Unit 2 is designed to a.::.quaint you \\lth en\iron
mental problems that have led to a world~ide call for 

ecologic.ally sustainable industrial d~·elopment (ESID). It also 
contains a glossary of environmental terms that may be useful 
to you throughout the course. 

The spC\.WC learning objectives of this unit are as follows: 

• To relate trends in economic development since 1970 to 
the most important industJy-related environmental issues. 

• To describe the main environmental probl~s that result 
from industri~I developmenL 

• To begin to use the language of en\ iroomental managanent 

Key Learning Points 

1 Pa:>t development trends have resulted in very limiteJ well
being for developing countries. In 19'12. 80 per cenr of the 
world population received only about 20 per cent of the world's 
income and produced only a small share of industrial output. 

2 Industrial activity is a major contributor to environmental 
deterioration. 

3 It currl!ntly seems inevitable that both global population 
numbers and per capita income \\ill in.:rease. The challeng•.: 
we face is 10 reconcile die demands of population grO\\th. the 
desire for .:ontinued industrial dc:\"elopment and the nttd to 
preserve our environment. 

I 
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L. _______ _ 

The nttd far nologically SMSlainable indKSb·ial development 

.t We must find new approaches to industrial development, both 
in da·eloped and developing countties, that will allow us to 
preserve the ability of our environment to sustain us. In short, 
we must achieve ecologically sustainable industrial de
velopment 

5 The only way to do this is to reduce the .. pollution intensity" 
of industrial activities. 

Suggested Study Procedure 

1 Look at the test at the beginning of the Review. Think about the 
questions raised and what you need to learn from this Leaming 
Unit. 

2 Work through the Study Materials, including the Reading 
Excerpts and the \ideo. 

3 Prepare answers to the questions posed for the Case Studies. 
If possible. work with a small group to di.i\:uss the questions 
raised. Compare your answers with those su~gested. 

4 Complete the exercises in the Revieu·. 

·------ ·------------- ---- ___________ _J 
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Study Materials 

This L~ming Unit is designed to help you become familiar 
with world\\ide en\ ironmental problems that have prompted 

the call for ecologically sustainable industrial development. 
Leaming Unit .'.! contains information on economic and environ
mental trends. water pollution, atmospheric pollution, toxic 
chemicals and hazardous wasres, acidification and global climate 
change. 

Economic Trends 

·-.. -·--···---··,----

Since 1970. overa!I world industrial output (manufacturing 
value added. or MVA) grew at about 3.6 per cent annually, 

C(\mpared with a population increase of about 1.8 per cenL 

Compare the average annual growth rates, 1970-1990, in 
developed and developing countries: · 

Region !\IVA Population 

Developed countries 3.1% 0.7% 
East Asia South-East Asia 9.1% 2.1% 
Latin America 1.0% 2.1% 
Africa 2.1% 3.0% 

The gro\\th in industrial output of developing countries 
failed to meet expectationio. Overall, their share of global 
industrial output. in current prices, increased from only 9.3 per 
cent to 13.8 per cent between 1970 and 1990, mainly in the 
years 1970-1980. 

This small share of global industrial output was achieved 
by only a few developing countries. Thus. 60 per cent of the 
growth was achieved by I 2 of the 118 cou~tries and 80 per 
cent by 18ofthem. 
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LU2 Environmental Trends 

L.--~--- ---- ---------· 

While there are natural emissions of most major pollutants,. 
industrialization is still a major threat to the biosphere. 

Emissions of carbon dioxide (COi) from fuel burning are a 
primary contributor to the grec :lhouse effect. 

F.missims of chloroOuorocaJboo:s (CFCs) fiom refiigerators 
and air-cmditimers, solvents and plastic foam blowing are major 
causes of the .. omoe hole", leading to ultraviolet ndiation, skin 
cancers, loss of immunity, crop/fishery yield reduction, smog ett. 

Emissions of sulphur dioxide (SOi) and n~trogen oxides 
(NOx) create acidity in the natural en~ -ironment (freshwater lakes, 
river~ forests and soils) and the deterioration of metal and 
building structures etc. 

Emissions of toxic chemical subSlances, heavy metals (lead, 
cadmium, mercwy and arsenic) and aromatic polychlorinated 
compounds (PCBs, pectachloropheool, dioxin) threaten aquatic 
ecosystems a:ld soils in whole regions and seas. 

Industry is a major contributor to these environmental con
cerns with its manufacturing. mining., utilities and construction 
activities. The table on the next page summarizes the environ
mental effo."1s of some of the major industrial polluters. 

For a long time such energy- and pollution-intensive in
dustries were confined mainly to deveioped countries. but they 
are now growing t\\ice as fast iri developing countries. 

___ _J 

4 
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.. _.....__~. _,_ -.. ........=...-- _,. -·· --· -·-· -· --~-------·----·------"-- - -
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The Challenge: To Develop Industry While 
Protecting the Environment 

T he challenge is to reconcile the demands of population 
gro~ the desire for continued industrial development and 

the need to protect our eO\-ironmeot 

Trends 1900-1990 19~2040 

(actual) (projected) 
Population -tx 2x 
Fconomic activity 20x 3.5x 
Fossil fuel use 30x 3x 
Indusuial production 50x 3x 

Past development trends have resulted in very limited 
well-being for developing countries. In 1992, 80 per cent of the 
world population received only about 20 per cent of the world 
income and produced only a small share of industrial output. 

In 1990. \\'HO admitted that the goal of health for all by the 
year 2000 could not be achie\·ed under the existing world 
conditions of poverty and inequality. Will UNIDO find in the 
year 2000 that environmental protection cannot be achieved under 
such conditions? 

New approaches to industrial development must be found, 
both in developed and de\·eloping countries, that will allow us to 
preserve the abilit'; of our environment to sustain us. In short, we 
must achiC\ e ecologically sustainable industrial development. 

Na1 Steps 

1 Look at the questions below. 

2 Read the excerpt from "The road to ecologically sustainable 
industrial development", included at the end of this Leaming 
Unit. 

3 Test your comprehension of the infonnation by answering the 
questions belo\\. Compare your answers \\ith those suggested. 

~--------------------··---·-------------·---···--···-----·-· 
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Questions 

1 Wha is industry's share of fossil fuel combustion? Is this share 
increasing or declining? 

2 The anthropogenic emissions of which heavy metal dramati
cally exceed its emissions from natural sources? 

3 What are the "smokestack" industries? During 1970-1988, 
how did the growth of smokestack industries in developing 
counaies compare with their growth in developed countries? 

4 Is industry the sector that uses the most water? 

7 
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Stu.iy .\lat61aLT 

5 What is the difference bdwa:n ambient standards and total load
ing standards? 

61n 1985. what were the indu..'triali7.ed countries' share of emis
sions of COi. CFCs and SO?? 

·1u:ow 
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Questions 

-- ------·--------- --------·--------~ 

Next Steps 

1 Look over the questions below so that you have some idea of 
what you will want to learn from the "ideo. 

2 Watch the video Our Common Future. 

3 Test your comprehension of the \ideo by answering the 
questions beiow. Compare your answers \\ith those suggested . 

1 What are sor. e of the unintended en'1ironmental consequences 
of development? 

2 How did the World Commission on Environment and Develop
ment (WCED) define sustainable development? 

3 What did WCED call for? Do you think this is a controversial 
statement? 

I 

i 

.._ ____ -------------------------------------,-
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4 Is protection of the environment incompatible with economic 
growth? 

5 Does WCED believe that the world has the potential to achieve 
sustainable development? 

----- · 1 
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Next Steps 

The following sections are designed to acquaint you \~ith the major 
environmental problems associated ''°ith industrial development. 
Read each section carefully and answer the questions that follow. 
Compare your answers with those prmided. 

\\.ater Pollution 

Selected and adapt~ with pennission. from Sm:i11g Our Plllllet: Challenges 
and Hopes (UNEP, 1992), pp. 25-40. 

Marine Pollution 

The two pathways by which most potential pollutants reach 
the oceans are the atmosphere and rivers. The atmospheric 

pathway accounts for more than 90 per cent of the lead, cadmium, 
copper, iron, zinc, arsenic, nickel, PCBs, DDT and bexachlor~ 
fluorobexane found in the open oceans water. River inputs are 
generally more imponant than those from the atmo~here in 
coastal zones, although in cenain areas and for some substances 
(e.g. lead and hexachlorofluorohexane in the Nonh Sea and 
nitrogen in the Mediterranean) atmospheric inputs are similar or 
even dominant. 

Aside from physical degradation of the coastal and near
shore z.ones, pollution is the main problem affecting these zones. 
Most of the liquid wastes and a growing fraction of the solid 
wastes from man's activities on land are introduced into the 
oceans through the land/sea interface. Coastal areas receive 
direct discharges from rivers. surface run-off and drainage 
from the hinterland, domestic and industrial effluents through 
outfalls. and various contaminants from ships. 

Most types of wastes, once introduced into the sea, cannot 
be removed. Their fate is determined by their chemical com
position and by the physical transpon processes (e.g. mixing, sea 
currents) of the recipient waters. The distance they can reach 
depends on these processes and on the rate of their decomposition, 

II 
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with the non-degradable wastes having the ability to travel for 
long distances. 

Some wastes are easily decomposed into harmless sub
stances, although their end-products, if excessively concentrated, 
may seriously disturb the ecosystem (e.g. eutrophication, which 
is due to an excess of outrientsi Other wastes, such as metals and 
persistent organic compounds. cannot be degraded; they usually 
remain adsorbed on bottom sediments near the sources of 
discharges. 

Some marine organisms have a remarkable ability to accum
ulate such substances from sea water, even when the substances 
are present in extremely low concentrations. Others can convert 
some substances into more toxic ones; for example, the well
known conversion of inorganic mercury into methylmercury, 
which causr.d the outbreak of disease at Minamata in Japan in the 
1950s and 1960s. 

The principal problem for human health on a worldwide 
scale is the existence of pathogenic organisms discharged with 
domestic sewage into coastal waters. Bathing in sea water that 
receives such sewage and the consumption of contaminated 
fish and shellfish cause a variety of infections. 

Epidemiological studies have provided unequivocal evi
dence that swimmers in sewage-polluted sea water have an 
above-normal incidence of gastric disorders. Studies have 
also indicated an increased inddence of non-gastric disorders, 
such as ear, respiratory and skin infections. The consumption 
of contaminated seafood is firmly linked with serious illness, 
including viral hepatitis and cholera. 

Many compounds discharged into the sea tend to accumulate 
in various o~sms. Halogenated hydrocarbons accumulate in 
fatty tissues, and the amount ac~ulated may increase through 
the food chain, so that high concentrations are found in the bodies 
of the top predators among birds. fish and mammals. Where the 
contamination bas built up m·er decades, such as in enclosed 
bodies of water like the Baltic and the Wadden Sea, the re
productive capacity of marine mammals and birds has been 
affected. 

Polychlorinated biphenyls (PCBs) accumulated in seafood 
can reach WJacceptable levels. Tributyltin affects a wide range 
of invenebrates, and its use in marine paints was recently 



! 
I 

I 
I 
I 

Study Mata-ials 

restricted in f rDce, the United Kingdom of Great Britain and LU2 
Northern Ireland, and several states in the United States of 
America. 

Freshwater Pollution 

Assuring m adequate supply is not the only water problem 
facing many counuies: they also need to wony about water 
quality. Concerns about water quality have been growing since 
the 1960s. At iirst_ attention centred on surface-water pollution 
from point sources (industrial plants and cities). More recently, 
however, groundwater pollution and non-point sources (agri
cultural lands, forests, roads etc.) have been found to be at least 
as serious problems. 

The basic type of pollution is that caused by the discharge 
of untreated or inadequately treated waste water into rivers, lakes 
and reservoirs. With the growth of industry, industrial waste 
waters discharged into water bodies have created new pollution 
problems. One important water quality problem is the increasing 
eutrophication of rivers and lakes, caused mainly by the run-off 
of fertiliz.ers from agricultural lands. The acidification of 
lakes by acidic deposition is common in some European coun
tries and in North America. Wastes can also be carried to lakes 
and streams along indirect pathways, for example, when water 
leaches through contaminated soils and transports the contam
inants to a lake or river. 

Dumps of toxic chemical waste on land have become a 
serious source of groundwater and surface-water pollution. In 
areas of intensive animal farming or where large amounts of 
nitrate fertilizers are used. nitrates in groundwater often reach 
concentrations that excttd guidelines established by the World 
Health Organization (\\"HO). The problem has become a cause 
for concern in some European countries and in the United States 
and is growing in magnitude in some developing countries. 

About 10 per cent of all the rivers monitored in the water 
project of the Global ED\ironment Monitoring System (GEMS) 
may be described as polluted (they have a biochemical oxygen 
demand (BOD) of more than 6.5 mg/I). The two most important 
nutrients, nitrogen and pbos-phorus, are well above natural levels 
in the monitored waters. The median nitrate level in unpolluted 

rivers is I OOµg.l The Ewopean rivers monitored by GEMS show 
a median value of 4,500J1g/I. In contrast, rivers monitored by the 
GEMS project ootside F.urope show a much lower median value, 

·---·· ·---·--···----··--------------------------------' 
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LU2 250µg.1l The median phosphate level in rivers monitored in the 
project is 2.5 times the average for unpolluted rivers (I Oµg/I). 
Since 1970, regulatory measures have led to a marked decrease 
of lead in most ri~·ers of countries that are members of the 
Organization for Economic Cooperation and Development 
{OECD). Trends for other metals and toxic substances are less 
encouraging, despite efforts to reduce discharges. Such sub
stances are often persistent. accumulate into bottom sediments 
and can be released over long periods of time once initially 
deposited. Le\·els of organochlorine pesticides recorded in some 
rivers in developing countries (e.g. Colombia, Malaysia and the 
United Republic of Tanzania) are higher than those recorded in 
Elll'"OJ>ean rivers. 

The quality of fiesb water depends not only on the quality 
of waste entering the water but also on the decontamination 
measures that have been put into effect. Although organic waste 
is biodegradable, it nooetheless presents a significant problem, 
especially in developing counuies. Human excreta contain path
ogenic micro-organisms, \\ilich are water-borne agents of 
cholera, typhoid fever and dysentery. Contaminated water has 
caused the outbreak of epidemics of these diseases in several 
developing countries. 

Industrial waste may include heavy metals and many other 
toxic and persistent chemicals not readily degraded under natural 
conclitions or removed in conYaitional sewage-treatment plants. 
Unless these wastes are adequately treated at the source or 
pr~·ented from being discharged into watercourses, the fresh
water quality can be seriously impaired. The high content of 
nutrients in rivers and Jakes has led to eutrophication. A pan from 
~ological and aesthetic damage. eutrophicarion brings increasing 
difficulties and costs for water treaunent plants that have to 
produce safe, palatable drinking water. The acidification of fresh
water lakes has affected aquatk life to various degrees. 

In most developing countries, the pollution of rivers by 
municipal and indcstrial wasres is on the increase and decon
tamination efforts are often neglected. In these countries. in
dustrializ.ation has had a higher priority than the reduction of 
pollution. As a consequence. in some regioos (East Asia. for 
example) the degradation of water resources is now considered 
the gra\·est environmental problem. In many of these countries, 
aquatic life has been affected. The deterioration of water quality 
is a growing threat to aquaculture, which provide:; a si1eahle 
amount of fish for the population. 

-------------·-----------·----·---· --·--. --
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Questions 

r. 

I 
I 

1 Name two land-based toxic pollutants lhat affect coastal areas. 

2 Why do small quantities of metals and persistent organic com-
pounds cause a problem in aquatic environments'? · 

3 Describe two types of contamination of fresh water that can be 
partially attributed to industrial activities. 

------------·---. -- --
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LU2 Atmospheric Pollution 

'' 

Selected ad adapted. with permim~ fiom Saving Oru PlaMt: Challmgu 
and Hopes {UNF.P, 1992). PP- 1-8. 

A ir pollution is defined for me pwposes of this document as 
the presence in the outdoor or indOOI' abDosphere of one or 

m~ gaseous or putic:ulate contaminants in quantities, daan~ 
teristics or dumions such as to be injurious to laU1Dany plant or 
mimal life or to property or to umasonably interfere with the 
comfortable enj~"IDCllt of life md property. 

The combuslion of fcmiJ fuels results in the exothermic 
oxidation of~ hydrogen, sulphur and nitrogen. If complete 
combustion is achieved, C02, water vapour, .>~ NOx and 
volatile md ooa-\"olatile trace metals such as arsenic; cadmium, 
lead and meremy are the principal pollutants emitted. Ia prac:lice, 
complete combuslioa docs DOI occur nd additional panicubte 
and gaseous pollutants arc produced. These include carbon mon
oxide and organic and demental calboa particulates; polycyclic 
aromatic hydrocarbons may also be evolved, either absorbed oa 
to particulate matter or as a gas. Further emissions may be 
produced by fuel additives such as tctnctbyllcad, tetramctbyOead 
and various dydrocarbons. 

Generally, pollutant emissions are determined by the method 
of combustion and the type of fud used. Coal is the most 
polluting fud per unit energy produced, based oa current com
bustion technology. It provides 20-2S per cent of the total energy 
consumed in mos1 regions. In China, however. 80 per cent of all 
primary energy is derived from coal, representing 22.6 per cent 
oftbe world's coal consumption. This presents unique pollution 
problems associated with SOi and particulate matter. Similar 
pollution problems were common in industrialized countries W1til 
the 19SOs and 1960s, when dean air legislation was introduced. 
It is predicted that coal will once again play an increasingly 
important role in energy production. World trade in coal has 
increased by 40 per cent since 1980. 

Abnospheric pollution is a major problem facing all the 
countries of the world. Various chemicals are emitted into the air 
from bodl natunl and man-made sources. Emissions from natural 
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sources include those from living and non-living sources {e.g. 
plants, ndiological decomposition. forest fires, volcanic 
eruptions and emissions from soil and water)_ These emissions 
lead to a natural background concentration that varies according 
to the local source of emission and prevailing weather conditions. 
People ha\·e caused air pollution since they learned how to use 
fire. but man-made air pollution (anthropogenic air poUution) has 
increased npidly since industrializ.atioo began. 

Resear.:h over the past two dn-.ades has revealed thaL in 
addition to the praiously kno"n common air pollutants (S~. 
NOx. paniculate matter, hydrocarbons and cubon monoxide). 
many volatile organic compounds and trace metals are emitted 
into the atmosphere by human acri\ities. Although our know
ledge of the o.-ture, quantity, physiCCH:bemical behaviour and 
effects of air pollutants bas greatly increased in recent years, more 
needs to be learned about the fate and transformation of different 
pollutants and about their combined (synergistic) effects on 
human health and the covironmmL 

Data from the Global F.nvironmental Monitoring System 
(GEMS) air project from 1980 to 1984 indicate that of 54 major 
cities. 27 have acceptable levels of S02 in the air. among them 
Auckland. Bucharest. Bangkok. Toronto and Munich, \\lth S02 
concentrations below 40mglm3 (\VHO established a range of 
40-60mg/m3 as a guideline for exp0$UTC to avoid increased risk 
of respiratory diseases). Eleven cities. among them New York. 
Hong Kong and London. have marginal air quality. with S02 
concentrations between 40 and 60mg/m3. The remaining 16 
cities. including Rio de Janeiro. Paris and Madrid. have una~
ceptable air quality. with S02 concentrations exce:ding 
60mg/m3. 

Data for .i 1 citi.:s indicate that S. including FrankfurL Copen
hagen and Tokyo. have acceptable air quality \\lth respect to 
suspended panicula1e maner (SPM). with concentrations below 
60mg/m3 (the WHO range is 60-90mg/m3 ). Ten cities, including 
Toronto. Houston and Sydney. have borderline concentrations of 
suspended particulate maner. between 60 and 90mg/m3. and 23 
cities. including Rio de Janeiro. Bangkok and Tehran, have SPM 
concentrations exceeding 90mglm3. The extraordinary levels in 
some cities in developing countries can be paniall:v explained hy 
natural dust: other "'-ulprits include the black. paniculatc-ladcn 
smoL.e spC\\ed out by vehicles fuelled on low quali1y dic~d 
without C\~n rudimentary pollution con1rol. The GEMS 
assessment ~oncluded that nearly QO(J million people livin~ in 
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urban areas around the world are exposed to unhealthy levels of 
SOi and more than I billion people are exposed to excessive 
levels of particulates. 

Air pollution affects human health, vegetation and various 
materials in the following ways: 

• The notorious sulphurous smog that occurred in London 
in 1952 and 1962 and in New York in 1953. 1963 md 
1966 clearly demonscrated the link between excessive air 
pollution and monality and morbidity. Such acute air 
pollution episodes occur from time to time in some urban 
areas. In JanuaJY 1985, an air pollution episode occurred 
throughout western Europe. Near Amsterdam. the 24-
hour average concentrations of suspended particulate 

matter and SOx were both in the range 200-250µglm3
, 

much higher titan the WHO guideline values. During the 
episode. several people were affected; pulmonary func
tions in children were 3-5 per cent lower than normal This 
dysfunction persisted for about 16 days after the episode. 
Athens is known for frequent acute air pollution episodes. 
Evm in the absence of such episodes, loog-tenn exposure to 
air pollution can affect several susceptible groups (the 
elderly, children and those with respiratory and bean 
conditions~ 

• Air pollution can cause substantial damage to many 
materials. The most striking examples of such damage are 
illustrated by the effects of air pollutants (especially S~) 
on historical buildings and monuments. The Acropolis, 
the Coliseum and theTaj Mahal withstood the influence 
of the atmosphere for hundreds or even thousands of years 
without any great damage. yet in the past few decades their 
surfaces have suffered great damage because ofincrea~d 
air pollution. 

• Indoor air poJlution has a number of effects. The sick 
building syndrome can cause a substantial amount of 
disease and absenteeism from work or school. Recently. 
attention bas focused on the possible health hazards of 
radon emissions in houses. 

• Emissions from the burning of biomass fuels. especially 
in rural areas of developing countries, are a major source 
of indoor air pollution. The most imponant identified 

·------------·------·----------J 
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Questions 

adverse effects are chronic obstructive pulmonary disease 
and na~pbal)'Dgeal cancer. 

1 List three common air pollutants along with their chemical 
names or their acronyms. 

2 What is the primary source of common air pollutants? 

3 Name two air pollutants of special concern in cities. 

4 Describe the health effect:-, that result from burning biomass. 
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LU2 Toxic Chemicals and Banrdous Wastes 

I 
I 

Selected and adapted. with permission, from Savi11gOur Planet: Challenges 
and Ht.p's(UNE.P, 1992ipp.75-83. 

W orld\\ide. ao001 I 0 million chemical compounds have beai 
~lhesizeJ in labonrories since the beginning of the pn:scot 

centwy. Approx.mardy I per COit of theso-100,000 organic ar.d 
inorganic chcmi;als are produced commtlcially (the &ropean 
JnwntoryefF.W.1ingCommercia/Chemica/SubstanceslislsllO,OOO 
chemicals} 8f.twem 1,000 md 2,000 new chemicals appear each 
year. Some of there chemicals, including pesticides and fertilizers. 
are used direaly, out most of them are '"basic" or "interrnediate" 
chemicals used for the maoufactu-e of millions of end-products for 
human use. There is \inually no sector of human activity that does 
not make use of chemical producas. many of which have mdeed 
benetitted man and his envirooment 

In recmt years. hOWe\o·er, there has been growing cooce:n 
worldwide about the h.ann.ful effects of chemicals on human health 
and the en\ irooment The deleterious effects of pesticides, vinyl 
chlGride and polychlorinated biphenyls (PCBs) have been \~ell doc
umented since the J 960s. Over the past two decades many other 
substances have caprured public attention, e.g. dioxin, methyl i~ 
cyanate, lead, mercury, Olher hea\'y metals and chlorofluoro
carbons. 

All chemicals are toxic to some degree. The health ri:ik from a 
chemical is primarily afimctioo of toxicity and exposure. Only a few 
pans per billion of a pOLentially roxic compOWJd like dioxin may ~ 
sufficient ro cause a health hazard following brief exposure. In 
contrast, only high doses of other compounds like iron oxide or 
magnesium carl>onate pose problems after extended exposure. An 
important developmc:ot in the past two decades bas been the shift 
from a focus on just lhe acute health effects of chemicals to a focus 
on their chronic effects as wdl. These chronic effects, Miich include 
birth defects.. genetic and newological disorders and cancer, are of 
particular cmcem to the public, and this makes regulatmy decisions 
both more \isible and more difficult 
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Toxic chemicals are released into the environment directly as a LU2 
result of human application ( e.g_ the use of pesticides, fertilizers and 
various solvents) and indin:cdy by waste streams from various 
human activities. such as mining, industrial processes, incineration 
and fuel combustion. The chemicals may be released in solid, liquid 
or gaseous form and the release may be to air, water or soil. The 
distribution and fate of chemicals in the environment is a highly 
complex process. governed by the physico-cbemical properties of 
the chemicals and of the envirooment itself. Many chemicals do not 
remain confined to the vicinity of their sources of release and are 
transported locally, regionally or globally to cause widespread con-
tamination of the envirooment The use of pesticides in California, 
for example, led to fog contamination there; 16 pesticides and their 
alteration products have re.cently been f0W1d in fog far from the place 
where the pesticides were used.. PCBs have been ttansported by the 
atmosphere from the places of their release in industrial countries to 
as far as the Amie. Mainly because they eat contaminated fish and 
aquatic mammals, inhabitants of the Arctic are experiencing near-
toxic levels of PCB exposure. 

Other examples of such toxic substances that are distnl>uted to 
distant places include DDT, mercmy, lead, other metals and hexa
chlorocycloh~ane. General concern about growing global chemical 
pollution is reflected in concern about the effects of chloro
fluorocarbons and other chemicals on the ozone layer and of 
greenhouse gases on climate. 

Wastes are substances or objects that are disposed of, intended 
to be disposed of, or required, by law, to be disposed of Certain 
wastes produced by human activities are described as hazardous. 
Although the term has a different connotation in different COWJtries. 
wastes containing metallic compounds. halogenated organic 
solvents, organohalogen compounds, acids, asbestos, organo
phosphorus compounds, organic cyanides. phenols or oth~;s are 
considered hazardous. 

Most hazardous wastes are produced by industry, but it is 
now recognized that there arc hundreds of thousands of small
quantity generato~s of hazardous wast~s. each generating up to 
1,000 kg of waste per month. These include households, medical 
facilities (their wastes are referred to as biomedical wastes), 
garages and auto-repair workshops, petrol stations and 
small-scale industries and businesses. In the United States, 
115,000 such small-scale ha1.ardous waste generators are now 
being regulated under the Resource Conservation and Recovery 
Act and the Ua1.ardous and Solid Waste Amendment. 

11 
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h has been estimated that. worldwide, about 338 million tonnes 
of hazardous wastes are produced mnually. of \\hich 275 million 
tonnes. or 81 per cent, are produced in the United States alone. 
For comparison. hazardous waste generation in Singapore 
amounts to 28,000 tonnes per year. in Malaysia. 417,000 tonnes 
per year and in Thailand, 22,000 tonnes per year. It should be 
noted that these figures represent conservative cs:imates since 
many countties have no records of the amounts of wastes generated. 
This is panicularly true for small-scale waste generators. The 
variable composition of the wastes adds to the problem (constituents 
that are considered hazardous in some countties may not be 
considered so in others~ In general. most hazardous wasleS are 
cliemicak In the E.uropean coontries that are members of OECD, 
the main hazardous wastes are solvents, waste paint, heavy metals, 
a~ds and oily wastes. 

The tnditional low-cost mediods of haz.ardous waste disposal 
are land.fill, storage in surface impoundments and deep-well 
injectioo. Thousands of landfill sites and surface impoundments 
used for dumping haz.ardous wastes have been found to be entirely 
unsatisfactory. Corrosive acids, persistent organics and toxic metals 
have accumulated in these sites for decades. For example, the largest 
site identified in the United Stites is the Cluk Fork Mining Complex 
in westii=m Montana, \\here wastes from copper and silver mining and 
smelting aai\ities have acaunulated for I 25 years. his coosidered the 
laigest hiwrdous ·waste dmnp in the world. At the time such sites were 

established. little thought was given to their environ- mental impacts.. 
When leaks occurred, threatening public health and contaminating 
groundwatcr and soil, policy makers took remedial actions in response 
to growing public concern and pres....;ure. 

By 1990. the United States Environment Protection Agency 
(USEPA) had identified 32.000 sites in its inventory of pOlential 
haz.ardous sites; about 1.100 of these need immediate remedial 
action. In ~urope. some 4.000 unsatisfactory sites have been 
identified in the Nedierlands. 3200 sites in Denmark and 50.000 sites 
in western Germany. Although some industtializ.ed eowttries ha\e 
initiated steps to clean up the problem sites. the cost of remedial action 
has been found to be very high. fatimates indicate that abOUl USS 
30 ~illion are needed for remedial operations in the fonner Federal 
Republic of Gennany. US-$ 6 billion in the Netherlands and USS I fl() 
billion in the United States. 

Other 1D1satisfactory dumping ofhu.ardous wastes has expoSc.-d 
people directly to hu.ardous chemii:a!s. Perhaps tl1e moss notorious 
incident of all was the outbreak of disease in the toY.n of Minamata 

-·-----·-----------------------·------··- -
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00 Kyushu J..ilmd, Japan, in the 1950s and 1%05. Discharges LU2 
fi:om a chemical faaory into the sea led to the cmtaminatioo of 
fish by merauy. When the local people ate fish. thousands of 
them suffered neurological disorders. As a result of this and a 
similar incident at Niigata on the east coast of Hoash11y about 
400 people died. Although the dumping of waste at sea is con-
trolled under international and regional conventions, seven) 
countries are still using this route for the disposal ofhaz.ardous 
wastes. Between 10 and 15 per cent ofhaz.ardous wastes pro-
duced in Europe are dumped at sea. 

1 List two heavy maals of environmental ooocem. 

2 Give three examples for the direct release of chemicals and three 
for their indirect release. 

3 List some health effects associated "ith exposure to toxic 
chemical:". 
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LU2 Acidification 

i 

Selected and adapted, with pennissi~ ftom Chemical Pollution: A Global 
Overview, a joint public::.tion of IRPfC and the Monitoring and Assessment 

Research Centre of GEMS, 1992, pp. 35-117. 

J 
I 

Acidification, in an environment contex-r, can be considered 
as a change towards more acidic conditions in one or more 

compartments of the biosphere or a reflection of the processes that 
bring this change about. This definition recogniz.es that, initially, 
acid deposition may be absorbed, even in sensitive areas, by the 
natural buffering capacity of the environment and that the ooset 
of acid conditions in an environment may occur long after an 
increase in acid deposition. 

The predominant anthropogenic source of acid-forming 
gases, primarily sulphur dioxide and nitrogen oxides, fossil 
fuel combustion; additional sources include metal ore smelt
ing, sulphuric acid manufacture and other industrial pro
cesses. Other sources of acid-forming gases that may assume 
greater significance in less industrialized regions include 
the burning of biomass for fuel, deforestation and grassland 
management. The treatment, decomposition and incin
eration of human excreta and other wastes can release 
significant quantities of NO, into the atmosphere or directly 
into watercourses. Similarly, the application of nitrogen fertil
izers may affect soil pH levels. 

A 1986 survey of the pH of precipitation over western 
Europe showed that typical AtJantic background values of pH, 
above 5.0, drop to less than 4.4 over Scandinavia. Similarly, a 
1985 survey of North American precipitation showed pH values 
above 5.0 in the west of the continent, dropping to less than 4.2 
in the northeast Other regions of known high levels of acid 
deposition include the Czech Republic, Gennany, Hungary and 
Slovakia, where the pH of the rainfall is typically 3.9-4.5. Evi
dence is also now available from south-western China 
(pH<J.5) and frol.D tropical areas such as south-eastern Brazil 
(pH<4.0) and Venemela (pH<4.0) that acid rain is occurring in 
developing countries. It appears that if the average pH of a station 
is below 5.0 the possibility of anthropogenic sources of acid 
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deposition should be suspected; below an average pH of 4.5, the LU2 
possibility becomes a probability. 

The gradual onset of anthropogenic acidification and the 
concurrence with the gro"th of air pollution generally, as ~-ell as 
the episodic occurrence of natural climatic even~ often makes it 
difficult to ascribe observed effects to acidification alone. 
Nevenheless, there is at least circumstantial evidence that acid 
deposition is implicated in the follo\\ing effects: 

• Acid deposition is suspected as one of the causal factors 
in the reponed decline of European and Nonh American 
forests. In the I 980s, a striking increase in foliar damage 
to plan~ particularly the forest trees in Europe, was 
reported. European forest damage surveys provide strong 
circumstantial evidence for pollution-related foliar dam
age. It has been suggesled that the level of damage 
observed in coniferous forest trees can be correlated with 
air pollution loading. 

• Most countries in Europe have lakes and rivers that are 
suscepb"ble to further acidification. There are also many 
river and lakes systems in Africa, Asia and South America 
with low pH and buffering capacity, "ilich makes them 
potentially SU5ceprible to acid rain. It is important to 
realize that fish may die not as a result of average condi
tions in streams but during shon-lived acid flushes 
brought on by heavy nins after a dry spell or by the 
melting of snow, when water of high acidity melts first 
and causes very low pH levels in melt-water run-off. 

• The impact of acidification on human health is both direct 
and indirect. Direct effects have been reponed when acid 
sulphate aerosols come into contact with sensitive mucus 
membrane surfaces of the respiratory tnct and lungs. For 
example, the bronchial clearance function has been shown 
to decline in adolescent asthmatics. In tests on animals, 
high long-term exposure leads to changes in surf ace cells 
and a narro\\ing of the airways. 

• All materials suffer degradation from natural weathering 
processes. but air pollution l H accelerated degradation 
rates since the mid-nineteenth century. Acidic deposition 
causes corrosion and tarnishing of metals; erosion and 
soiling of surface stone, brick and concrete; and erosion, 
discolouration and peeling of paint. Limestone and 

-· ·--------------
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marbl~ which Vlr"Cre commonly used in historic buildings 
and monuments, are also highly susceptible to damage by 
gaseous SOx. Irreversible damage has also been caused 
to stained glass windows in historic churches. In the past 
remedial measures sometimes compounded the damaging 
effects. For example, corrosion of the iron rods used to 
strengthen limestone blocks has produced severe cracking 
of monumental suuctures. 

1 What is the major ca115C of acid deposition? 

2 What are the four main adverse effects of acid deposition? 
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Global Climate Change 

i 

Selected and adapted, with permission. from Saving Our Planet: Challenges 
and Hopes (UNEP, 1992). pp. 25-40 . 

.l_ n important descriptor of climate is temperature. Sunlight 
~eats up the sea and land. The wanned surface of the eanh 
then radiates heat back towards space. On its way out. some of 
this heat (inftared radiation) is absorbed by trace gases in the 
amiosphere, aoubly COz ud water vapour, and thereby keeps 
the earth's temperature suitable for life. Without this natural 
greenhouse effect of C(}z ud water vapour, the temperature at 
the earth's smface would be some 33°C cooler thu it is today, 
i.e. below the freezing point. The natural cooceattation of COz 
in the atmosphere is controlled by the interactions of the at
mosphere, the oceans and the biosphere in what is known as the 
geochemical carbon cycle. Human activities can disturb this 
cycle by injecting carbon dioxide into the atmosphere. This leads 
to a net increase in cubon dioxide concentration in the at
mosphere. which enhances the natural greenhouse effect. 

It had been thought that COz was the only greenhouse gas. 
However, research over the last two decades has identified other 
gases such as nitrous oxide. medJane. chlorofluorocarbons and 
tropospheric ozone as potential greenhouse gases. 

The atmospheric C02 concentration is now 353 pans per 
million by volwne (ppmv). 25 per cent greater than the pre-indUSlrial 
( 1750-1800) value of about 280 ppmv. and it is currendy rising at 
about 0.5 per cent per year O\\iog to anthropogenic emissions. 
The latter are estimated to amount to about 5,700 million tonnes 
of carbon per year due to fossil fuel burning. plus 600-2,500 
million tonnes of carbon per year due to deforestation. Between 
40 and 60 per cent of the C(}z emitted into the atmosphere remains 
there, at least for the short term: the rest is taken up by natural 
sinks. particularly the oceans but also forests. Future atmospheric 
C02 concentrations depend on the amounts of COz released from 
fossil fuel burning. which will be determined by the amount and 
type of energy sources to be used~ the C(}z released from biotic 
sources, which is detem1ined by the rate of future deforestation 
and changes of other vegetative cover~ and the uptake ofC02 by 
various naaural sinks. lnc Intergovernmental Panel on Climate 
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Change (IPCC) has estimated that if anthropogenic emissions of 
COi could be kept at present-day rates. atmospheric C01 would 
increase to 460-~60 ppmv by the year 2100 because of the long 
residence time of C02 in the annosphere and the long lead-time 
for its removal b~- natural sinks. 

Over the pa 100 years, the atmospheric C01 concentration 
increased by about 25 per cent. A range of model calculations 
suggests that the corresponding equilibrium temperature rise 
should t~ 0.5°-1 0°C If this is correm~d for the effn~ of th~ 
thennal inertia oi the oceans. which slows do\\D climate change 
for a period of 10-20 years, the changing composition of the 
atmosphere should have produced a wanning of 0.35°-0. i°C 
superimposed oo the natural fluctuations of the atmosphere. 

Delailed analysis of temperature rec-0rds of the past I 00 
years indicates that the global mean temperature has risen by 
0.3°-0.6°C. Mu.::h of the wanning since 1900 has been coo
centrated in two periods. the first between about 1910 and 1940 
and the Olher sine~ 1975; the five wannest years on record were 
all in the 1980s. The size of the warming over the last century is 
broadly coosistent with the predictions of climate models. but is 
also of the same mag- nitude as natural climate variability. 

The main impacts of climate change are as foUO\\S: 

• Sufficient evidence is now available to indicate that 
changes in climate would have an important effect on 
agriculture and li\·estock. Negative impacts could be f eh 
at the regional la el as a result of changes in we.a th er (e.g. 
more frequait and more severe storms) and the arrival of 
pests asSO\..;ated \\ith climate change. necessitating inr.o
va1ioos in technology and agricuhural management 
practices. There may be a severe decline in production in 
some regions (e.g. Brazil. the Sahel region of Afiica. 
Soutb-Easa Asia. the Asian region of the former So\iet 
Union and China). but there may be an increaSc: in other 
regions b~use of a prolonged growing season. 

• Natural terrestrial ecosystems could face significant 
consequences as a resuh of climate change:". Their 
evolution would lag behind these climate shifts: they 
might sunive in their location hut flora and fauna could 
find themselves. in effect, in a differen1 dimari~ 
regime. These regimes may be more or less hospitable 

-----------------------··· ---·-- .. ··--·· - . 
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and coold increase the productivity of some species and LU2 
decrease that of others_ 

• Relatively small changes in climate can cause large water 
resource problems in many areas, especially in semi-arid 
regioos and in those humid areas where demand or pollu
tion has led to water scarcity. 

• Global wanning \\ill accelerate the rise in sea level, 
modify ocean circulation and change marine ecosystems, 
\\ith considerable socio-economic consequences. The 
IPCC predicted that under the business-as-usual scenario, 
an average rise in the global mean sea level of about 6 cm 
per decade could occur over the next century. The pre
dicted rate would mean a 20 cm rise in global mean sea 
level by 2030 and 65 cm by the eod of the century. 

'----------------- ------------------
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LU2 Questions 

1 Name five greenhouse gases. 

2 Which of these causes the most bum? 

3 Name two natural carbon sinks. 

-- --- -- I 
· s1Sa..of~1 put1"""°111.l ·r I 

~O.> ., I 
I 
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Ozone Depletion 

- -Sel~-ed adopted. widt permissioa, fiom ~Our Plmwt: Chalkngu l 
and Hopa (lJNEP. 1992). pp. 25-40. I 

·------
-1 

I n contrast to the harmful ozoc:! formed as a photochemical 
oxidant at ground le\·el (tropo~heric ozone), oz.one in the 

stratosphere, between 25 and -10 L.-m above the eanh • s swface, is 
the natunl filtertb11 absorbs and blod~s the sun's shon-wavdength 
ultraviolet (UV-8) radiation, which is hannfuJ to life. 

07.one exists in equihl>rium in the stratosphere, balanced 
between formation from molecular oxygco and destruction by 
ultraviolet ndiation. ne presen~ of reactive chemicals in the 
stratosphere, such as the oxides of hydrogen, nitrogen and 
chlorine, can accdente the process of ozone destruction and 
therefore upset the natural balance. leading to a net reduction of 
the amount of ozone. These chemicals can participate in many 
ozone-desb'oying reactions before they are removed from the 
stratosphere. 

In 1974, it \\.'3S fOWJd that man-made CFCs. although inen 
in the lower atmosphere, can survn·e for many years and migrate 
into the stratosphere. nere. they are destroyed by ultraviolet 
radiation, releasing atomic chlorine. which attacks the strat
ospheric ozone layer. This leads to another reaction that 
regenerates atomic chlorine. which in tum destroys more 
stratospheric ozone. This chain reaction can cause the destruction 
of as many as I 00.000 molecules of ozone per single atom of 
chlorine. 

CFCs are used as propellants and solvents in aerosol sprays; 
fluids in refrigeration and air-conditioning equipment; foam
blowing agents in plastic foam production; and solvents, mainly 
in the electronics industry. Studies in the 1980s showed that 
emissions of bromine can also lead to a significant reduction in 
stratospheric ozone. BromoOuorocalbons (halons 1211 and 130 I) 
are widely used to extinguish fare:;. and ethylene dibromide and 
methyl bromide are used as fumigants. 

The concentration of chlorine in the stratosphere is set 
mainly by anthropogenic sources of CFCs. carbon tetrachloride 

31 
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and mcdaylchlorof orm. Mcdayl chloride is the ooly natw'31 organo
chlorine compound found in the atmosphere. The concentration 
of chlorine in the atmosphere due to methyl chloride has remained 
unchanged since perhaps 1900. The major additions of chlorine 
to the abnosphere have occurred mainly since 1970 and have been 
attnl>uted to anthropogenic sources. At present the total chlorine 
in the atmosphere due to organochlorine compOWids is approach
ing 4.0 parts per billioo by volume (ppbv), a 2.6-fold increase in 
onlv 20 vears. 

UV-B radiation is known to have a multitude of effects on 
humans, animals. plants and materials: 

• Exposure to increased UV-B radiation can ~ppress the 
body's immune system, which might lead to an increase 
in the occurrcnce or severity of infectious diseases such 
as herpes. leishmaniasis and malaria and a possible de
crease in the effectiveness of vaccination programmes. 
En- hanced levels ofUV-B radiation an lead to increased 
damage to the eyes, especially cataracts, and to an increase 
in the incidence of non-melanoma skin cancer. 

• Plants n.ry in their sensitivity to UV-B radiation. Some 
crop species. such as peanut and" beat. are fairly resistant. 
while others, such as lettuce, tomato, soybean and cotton, 
are sensitive. UV-B radiarioo alters the reproductive capacity 
of some plants and also the quality of harvest.able pro
ducts, seriously affecting food production in areas that 
already suffer acute sbonages. 

• Increased UV-B radiation has negative effects on aquatic 
organisms. especially small ones such as ph~1oplankton, 
zooplankton, lal'\·al crabs and shrimp. and juvenile fish. 
Because many of these small organisms are at the base of 
the marine food web, increased UV-B exposure may have 
a negati\·e effect on the productwity of fisheries. 

·-----·· -----·-··---------------·-------------~---·---- ------. -- -- ·--- ---·-
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Questions 

Study Materials 

1 What are the two kinds of ozone? What is the difference 
between them? 

2 How do CFCs affect the ozone layer? 

3 Name six uses of oz.one-depleting substances. 

4 Name four adverse heahh and mvironmental risks resulting 
from increased UV-8 radiation. 

:J»#I03 11.DfS jo JSU f"n»l:J 

•II! (WO "S/110/d ~OS uo puo Slll~llD&O Mll!JU- uo 'IM1'1£V --- u_n,, M(l UO SP~I l,VJ021N "t 

·Slllo&wnj (WO spmlf .MlfllR~I~ 'UM(nnlMrJD "!i "°'"npo.J ruooj'SJUl"fOS 'sM.lds f"m.llY ·r 
"(UOfPt1a.I U.l"'f:J /D.'IWM{:J) 

1110:0 .'U."fdSOJWJt ll(J MJJSIP S/llMll.•p 8u.11r1a1 Mfl pur W>IJDlf'GI l>]l>f-llUl/n .<q f»-WJDp a.JO ·Uct.L ., 
·ul>fJOlf'GI Pf"l.VUll" JJ11.1o:tln .11>1t!f o ro SAu>t puo l:Jt!ilnS ~ 'fl"'I M{11.10qo ""f Ot puo 

f i U.._, °'J.>'f l"/J'fl.t ,>utr:t> .>U,ll(dSn/IUJ~' ·1nf11Uf11/ n pun f"·'-'f pu"41i . .,I lfl S/tlV IUO:O .'1.lll(dmdn.1.l · r 

33 

LU2 



LU2 

Exercise 

Next Steps 

A glossary of environmental terms is provided at the end of this 
Learning Unit Read through the definitions in the glossary 
and then answer the questions below. 

Locate the technical term for each of the following in the 
glossary: 

1 The level of atmospheric pollutants prescribed by regulatioos 
that may not be exceeded during a specified time in a defined 
area. 

2 The amount of ox-ygen consumed in the biological processes 
that break do~n organic matter in water. 

3 Treating pollutants at the end of a prO\:e~s. by filters. cataly$1:> 
or scrubbers, instead of preventing their occurrence. 

4 lbe slow aging process in which a lake. estua~· or bay becomes 
a bog or marsh and eventually disappears. 

5 A site used to dispose of solid waste~ \\ithout environmental 
controls. 

' i __________________________ , ___ ·----------··-. --· _J 
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---------

6 Minimizing the generation of waste by recovering usable pro
ducts that might odierwise become waste. 

1 A pollutant remaining in the environment after a natural or tech
nological process has taken place. 

8 An air pollution control device that uses a spray of water or 
reactant or a dry process to trap pollutants in emissions. 

9 Market mechanism for cootrolling pollution; it entails issuing 
permits to pollute up to fixed limits and grants the right to sell 
unused portions of these permits. 

·;tui/W>H ·9 

·aw"</ ·r 
·um1n.'1ydn.J1n:=1 ·t 
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Slwl:; Materials 

Additional Suggested Reading 

' ' 
II I I 11 I I II 111 

This concludes the sbldy section of Leaming Unit 2. For addi
tional information on global cnviroomeotal problems, you may 
refer to the following sources.. 

UNEP. The World E.nvironmelll 1972-1992: Two Decades of Challenge, 
M.K Tolba and odiers. eds. (London, Chapman and lWl, 1992)_ 

UNIDO, Industry and Developmenl: Global Report 1990,9 J (m.lDO 
publication, Sa!es No. E.90.fil.E.12), chap. m 

WCED, Sustainable Development-A Guide to Our Commo11 Furure: 
The Report of the World Commission on Em:iro11me111 and Dn·e/op

ment (Geneva, The Centre for Our Common Future, 1990). 

World Resources Institute, World Resources 1992-93: A Guide to tM 
Global Environment (New York, Oxford University Press. 1992)_ 
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Ca~e Studies 

Next Steps 

1 Study the case below, adapted from UNIDO, Industry and 
Dn·elopment: Global Report 1990/91 (UNIDO publication. 
Sales No. E 90.filE. I 2), pp.132-133, and answer the questions 
that follow, if possible working in a small group. 

2 Compare your answers with those suggested. 

Case Study 1: Mel4ll Contaminants in Poland 

I ndustrial pollution problems encountered in the region around 
Kato\~ice, Poland, situated 250 km south ofWarsaw, adjacent 

to the Czech Republic. may typify the severity of environmental 
damage caused by industrial pollution in other highly indus
tria lized regions o~ eastern Europe. Most of the strcalled dirty
process plants in Poland are concentrated in the Katowice region. 
The bulk of these plants use out-of-date technologies. 

This region accounts for nearly all the zinc and lead 
minerals mined and processed in Poland.. 98 per cent of the 
hard coal produced, 52 per cent of the steel and 31 per cent of 
the coke manufactured, and 32 per can of the coal-tired 
electric ?Ower generated. All these activities occur in an area 
that covers 2.1 per cent of Poland. As a result, more than 20 
out of 54 pollutants listed by the Council of Ministers of 
Poland exceeded national standards in the Katowice region; 

worse yet, many of these pollurants ha\'e annual ave:J 

37 

LU2 



Case Studies 

LU2 

The nttd for «Olcgically S1lSlainable ind'll..ftrial development 

concentrations that exceed the national standards by 500-2,000 
percent. 

Air and water pollutants in the Katowice region contain a 
large variety of hazardous substances. including carcinogenic 
compounds. hydrogen cyanide,. phenol and heavy metals. The 
Institute ofEovimunental Proteclioo at Katowice receody measured 
the exposure of the local population (IO per ceut of the Polish 
population live in that region) to two toxic metals, lead and 
cadmium, by the consumption of vegetables grown in the metal
contaminated soils of the region. 

Lead is known to be harmful to the circulatory system and 
to cause neurological disorders. The main sources oflead emis
sion is noo-ferrous metallurgical plants, mainly 7inc and lead 
smelters in this region. Other sources, such as iron and steel 
plants (mainly open-hearth furnaces) and automobiles, are also 
important. Cadmium is known to damage the lungs, blood, 
liver and kidneys. The main sources of cadmium emission are 
7inc smelting plants (cadmium is a trace element in 7inc ores). 
Not swprisingly, the highest concentrations of cadmium are 
found around such plants in the Katowice region. 

To estimate the average weekly per capita intake oflead and 
cadmium through vegetable consumption by the local population. 
a study was conducted covering 43 I vegetable plots in the 
Katowice region. on the basis of a random sample of the most 
commonly consumed vegetables from each plot, that is, carrots, 
parsley, celery, red beets and potatoes. From each selected plot, 
30-50 sample vegetables were picked, washed as normally done 
in households, dried, ground and mineralized, and then the metal 
content for each vegetable was measured. 

The sample results show that vegetable leaves are, not 
surprisingly, more readily exposed to met.al contamination than 
roots. Thus, the highest concentrations were found in celery 
leaves and parsley leaves, followed by celery roots, carrot roots, 
red-beet roots, parsley roots and potatoes. The study group also 
estimated the average weekly per capita consumption of selected 
vegetables from a sample survey of 205 households in the 
Katowice region to arrive at the weekly intake of lead and 
cadmium through vegetable consumption. The estimates of 
weekly vegetable consumption and weekly met.al intake are given 
below. Particularly notable is a very high per capita consumption 
of potatoes, around 2 kg per week. 
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l\fetal Consumption from Selected Vegetables in the Katowice Region 

District l\letal Weekly metal intake (mg) 

.Katowice Lead 2.80 
Cadmium 0.71 

Chorzow Lead 3.30 
Cadmium 0.81 

Zabkowice Lead 3.50 
Cadmium 0.99 

Source: R. Kucharski and E. Marchv.in~ "Exposure of edible and pasture 
plants and consumers in the .Katowice District", Institute of Enviroomental 

Protection (Katowice, 1990). 

Given the maximum concentration limits, recommended by 
the Food and Agriculture Organization of the United Nations 
(FAO) and WHO, of 3 mg per week for lead and 0.4-0.5 mg for 
cadmium, the estimated lead intakes of the local population all 
exceeded the desired limits except in the .Katowice region. Cad
mium intakes are almost twice the maximum limits for all 
districts. These estimates of metal intake are based on the 
measurement of metal concentrations in a small number of 
selected vegetables grown in the region and exclude the local 
consumption of many other vegetables and fruits that may be 
exposed to metal contamination, as well as intakes from other 
sources such as inhalation of air-borne pollutants and consump
tion of contaminated livestock products. They are, therefore, 
likely to be considerable underestimates. 

These results are much more shocking than comparable 
results obtained from west European countries. Investigations 
carried out in Austria, Belgium, Denmark. France and the Federal 
Republic of Germany in 1979-1982 showed that the weekly per 
capita consumption of vegetables, fiuits and com products re
sulted in an intake of between 0.5 and 1.5 mg oflead and between 
0.11 and 0.34 mg of cadmium. The intakes oflead and cadmium 
in the Katowice region are several times higher than comparable 
figures in west European countries. 

The study showed that the thorough washing of vegetables 
in tap water reduced their lead content by over 20 per cent but had 
little effect on their cadmium content. Peeling root vegetables 
also removed some of the metals: 20 per cent of the lead and 20-30 
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Questions 

per cent of the cadmium. Over 90 per cent oflead and cadmium 
was removed fivm potatoes and deposited in the "-aste when 
potatoes were subjected to alcoholic fermentation. These con
taminated wastes are, however, often fed to lives1ock as a fodder 
in the Katowice region. 

Given the rdativdy large quantities of potatoes consumed 
in Poland as a staple food (the per capita weekly consumption 
ranges between 2 and 5 kg. nearly twice the consumption in olher 
countries). scientisrs at the Institute of ED\ironmental Protection 
at Kato"ice investigated lead and cadmium concentration in raw 
potato samples fiom 13 regioos in Poland. Four of these regions.. 
including the Katowice region. are highly industrialized and the 
remaining nine are less so. As expected. all the districts in the 
Katowice region as \\'Cll as the region as a whole showed much 
higher concentrations oflead and cadmium than other regions. In 
fact, most of the districts in the Katowice region greatly exceeded 
the maximum tolerance limits set by the Gov- emmeot of Poland 
for lead and cadmium concentrations in potatoes, 0.4 and 0.6 
mg/kg of potatoes. respectively. By contrast, lead and cadmium 
concentrations in raw potatoes in other regions of Poland appear 
to be less serious, with a few exceptions. 

1 What activities are most likely to he responsible for the high 
emissions oflead in the Kato"ice region? For cadmium? 

2 Are the estimates oflead and cadmium consumption produced 
by this swvey likely to be close to the actual IC\.·els oflead and 
cadmium consumed? Why or why nOI'? 
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3 Do you think that dae people of Poland can reduce their con
sumption oflead ad cadmium significaody if they wash their 
vegetables? Why or why not? Can you suggest any other 
things that the people might do to reduce lead and cadmium 
content of their veg«ables? 
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Case Study 2: Industrial Pollution in Pakistan 

Next Steps 

1 Read the exCCipt from TJ1'? Paias1a11 _\aru»1ai L-011Sen-a11011 

Strategy, included in this Leaming Un.it.. 

2 Prepare a table like that outlined on r.he oppo;ite page :iUID

m.ari.zmg the ...,rincipal industries that coauibutc to pollution in 
Pakisran and the mvirOlllDClltal problems they create. If it i; 
pOSS1l>le to get the relevant information (from. for example, a 
national report to UNCED), prepare a table for your o"-:i 
counuy. Obviously, no single correct answer an be prmided 
for this assignmcnL 
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Industrial Pollution Problems in Pakistan 

I Polluting industries i Major pollutants 
I I 

I i 
Media Environmental 

problems 
------------~--- --- --- -- --------------------

Water 

Land 

i 

--- ------- ____________ ; ______________ --- ___ I 

----------------------------------------··--
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Test ~~ 

The following test will help you review the 012terial presented 
in Leaming Unit 2. 

1 The devdoping countries' share of industrial output in 1990 
was approximately 

a. IO per cent 
b. 15 per cent 
c. 20 per cent 
d. 25 per cent 

2 The region with the highest growth rate in industrial output in 
1970-1990 was 

a. Developed countries 
b. East Asia South-East Asia 
c. Latin America 
d. Africa 

3 The region with the lowest growth rate in industrial output in 
1970-1990 was 

a. Developed countries 
b. East Asia South-East Asia 
c. Latin America 
d. Africa 
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LU2 4 In developing countries. the main cause( s) of pollution is (arc) 
usually 

a. Old heavy industry 
b. Populati~ poverty and agriculture 
c. Women 
cl. Business 

5 Industry uses approximately 

a. One fifth of the world's energy 
b. One quarter of the world's energy 
c. One third of the world's energy 
d. One half of the world's energy 

6 Emissions of COi from fossil fuel buming are a major cause of 

a. Greenhouse effect 
b. Aquatic system damage 
c. 07.oae depletion 
d. All of the above 

7 Emissions of CFCs come from 

a. Refiigerators 
b. Soh·cots 
c. Foams 
d. Ail of the above 

8 Increases in lN-8 ndiation, as a result of the destruction of 
the ozone layer. contribute to all of the following effects except 

a. Suppression of the body·s immune system 
b. Alteration of the reproductive capacity of plants 
c. Non-melanoma skin cancer 
d. Leulemia 

9 Acid rain results primarily from emissions of 

a. Sulfur dioxide 
b. Nitrogen oxides 
c. Hydrocarbons 
d. Parti~ulate matter 

----------------------·-- -·· -·· 
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10 Which of the following is not a toxic bea\)' metal? 

a.M~-

b. Lead 
c. Cadmium 
d. Dioxin 

11 The most polluting fuel per unit energy is 

a. Oil 
b. Coal 
c. Nuclear 
cl Natural gas 

12 The official name of the report prepared by WCED is 

a. Bnmdtlmd Report 
b. Sm·ing Our Planet 
c. Our Common Future 
d. Sustainable Development 

13 The WCED called for 

a. Zero ecooomic growth 
b. Economic gro~th that is equitable and compatible with 

the en\ ironment 
c. Large-scale financial transfers to devdoping countries 
d. Prese1varion of the world's resources 

14 Which percaitage (approximately) of world income did 80 
percent of the world population receive in 1992? 

a. 30 
b. 20 
c. 40 
d. 50 

15 The challenge for industry is how to reconcile environment 
with projected 

a. Growth of population and gross natiooal product (GNP) 
per capiu 

b. Growth of technology 
c. Pollution 
d. Growth of industrial output 
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Some Ideas to Think About 

P'l'l''l rr-11 

poppa 01-9 

, 'l"' 'l'l r-1 

~ 

The following are some additiooal questions about the environ
ment. Take some time to think aboot them. If possible, work 
in a small group and tty to achieve a consensus. 

1 Which pollutioo do you find most distwbing? Why? 

2 If the eanh • s axis were to tip by jUSI two degrees. would it make 
any difference to the environment and the world of business? 

3 Is zero pollution possible in old or new industries? 

4 Should a developing country ha\"e lower environmental stand
ards than developed countries? 

5 Which is more fragile, the environment or mankind? 

./8 



Glossary of Environmental Tenns 

Acid deposition. A complex chemical and annospheric phe
nomenon that occurs when emissions of sulfur and nitrogen 
compounds and other substances are transformed by chemical 
processes in the aanosph~ often far from the original sources, 
and then deposited oo earth in either a wet or chy form. The wet 
fonns, popularly called acid rain, can fall as rain, snow or fog. 
The chy fonns are acidic gases or paniculates. 

Acid rain. See Acid deposition. 

Air quality standards. The level of pollutants prescribed by 
regulations that may not be exceeded during a specified time in a 
defined area . 

. ~ELL Awareness and Preparedness for Emergencies at a 
Local Level. UNEP training courses off erred by the Industry and 
Environment Programme Acti\"ity Centre of UNEP. 

Assimilation. The ability of a body of water to purify itself of 
pollutants. 

Basel Convention. The Basel Convention on the Control of 
Transbowidary Movements of Hazardous Wastes and their Dis
posal ( 1989) aims to control the transboundary movement and 
disposal of hazardous wastes. 

BATNEEC. Best available techniques not entailing excessive 
cost. 
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LU2 lbghouse f'alter. Large fabric bag,. usually made of glass fibers. 
used to eliminate intermediate and large (greater than 20 microns 
in diameter) particles. This dC\ice operates in a way similar to 
the bag of an electric vacuum cleaner, passing the air and smaller 
particular matter while entrapping the larger particulates.. 

Biochemiul os~-gen demand (BOD). A measure of the amount 
of oxygen consumed in the biological processes that break down 
organic matter in ""ater. The greater the BOD. the greater the 
pollution. 

Biodegr•dable. The ability to break down or decompose rapidly 
under natural conditions and processes. 

Biological magnification. Refers to the process whereby certain 
substances such as pesticides or heavy metals move up the food 
chain~ work their way into a river or lake and are eaten by aquatic 
organisms such as fish, which in tum are eaten by large birds, 
animals or humans. The subswices become concentrated in 
tissues or internal organs as they move up the chain. 

Biological oxidation. The way bacteria and micro-organisms 
feed on and decompose complex organic materials. Used in 
self-purification of water bodies and in activatoo sludge waste
water treatment. 

Biological treatmenL A treatment technology that uses bacteria 
to consume waste. This treatment breaks do\\11 organic materials. 

Biosphere. The portion of the earth that suppons life. including 
the surface waters and the air. Similar to ecosphere. 

Biotechnology. Techniques that use living organisms or parts of 
organisms to produce a variety of products, from medicines to 
indusuial enzymes, to improve plants or animals or to develop 
micro-organisms for specific uses such as removing toxics from 
bodies of water or killing pests. 
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Brunddand Report. Popular name for repQJt produced in J 987 
by the World Commission on Environment and Development 
This United Nations-sponsored body produced a global agenda 
for change and specified how sustainable development could be 
achieved. The commission was chaired by Gro Harlem Bnmdt
land. the then-and subsequently re-elected-Prime Minister of 
Norway. 

Cadmium. Toxic heavy metal used mainly for metal plating and 
as a plastic pigmenL Significant by-product in zinc smelting and 
concern in phosphate manufacture. 

Carbon cycle. The circulation of carbon in the biosphere. 
Carbon is an essential part -a building block-of the molecules 
that make up all living cells. In the atmosphere it circulates as 
carbon dioxide, which is released by resriratioo.. combustion and 
decay and fixed in complex carbon c-0mpounds during photosyn
thesis in plants and certain micr~rganisms. 

Carbon dioxide (COl). A colorless, odorless. non-poisonous 
gas that results from respiration. combustion and decay and is 
nonnally a pan of the ambient air. 

Carbon sink. See Sink. 

Carcinogen. Any substance that can cause or contribute to the 
onset of cancer. 

Catalytic converter. An air pollution abatement device that 
removes pollutants from motor vehicle exhaust. either by oxidiz
ing them into carbon dioxide and water or reducing them to 
nitrogen and oxygen. 

Chemical oxygen dem1nd (COD). A measur~ of oxygen re
quired to oxidize all compounds in water, both organic and 
inorganic. 

------------------- .... 
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Chloroftuoroarbons (CFCs). A family of inert, nontoxic and 
easily liquefied chemicals used in refrigeration, air coodit!t>n
ing, packaging and insulation or as solvents and aerosol pro
pellants. Because CFCs are not destroyed in the lower at
mosphere they drift into the upper atmosphere, wher~ their 
chlorine components destroy ozone. 

Oeaoer Production. A concept of industrial production that 
minimizes all em.ironmental impacts through careful manage
ment of resource use, ~f product design and use, systematic waste 
avoidance and management of residuals, safe working practices 
and industrial safety. Sometimes called pollution prevention or 
waste minimintion. 

Oean technologies. Production processes or equipment with a 
low rate of waste production. Treatment or recycling plants are 
not classed as clean technologies. 

Cradle-to-grave. Tenn used to imply the whole life cycle of a 
product, from nw material to final disposal. 

DDT. The first chlorinated hydrocarbon insecticide (chemical 
name: dichlorodipheoyltrichloroetbane). It has a half-life of 15 
years and can collect in fatty tissues of certain animals. USEPA 
banned registration and interstate sale of DDT for virtually all but 
emergency uses in the United States in 1972 because of its 
persistence in the environment and accumulation in the food 
chain. 

Dilution ratio. The relationship between the volume of water in 
a stream and the volume of incoming water. If affects the ability 
of the stream to assimilate waste. 

Dioxin. Any of a family of compounds known chemically as 
dibenzo.p-dioxjns. They are of concern because of their potential 
toxicity and contamination in commercial products. Tests on 
laboratory animals indicate that dioxins are among the more toxic 
man-made chemicals known. 

·-------··---------·------- ---------· -·- ...... . 
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Disposal Final placement or destruction of toxic, radioactive or LU2 
other wastes; surplus or banned pesticides or other chemicals; 
polluted soils; and drums containing haz.ardous materials from 
removal actions or accidental releases. Disposal may be accom-
plished through use of approved secure landfills, surface im-
poundments, land farming. deep well injection, ocean dumping 
or incmeration. 

Dissolved 01.ygen (DO). The oxygen freely available in water. 
Dissolved oxygen is vital to fish and other aquatic life and for the 
prevention of odors. Traditionally. its level has been accepted as 
the single most important indicator of a water body's ability to 
suppon desirable aquatic life_ Secondary and advanced waste 
treatment are generally designed to protect DO in waste-receiving 
waters. 

Dump. A site used to dispose of solid wastes without environ
mental controls. 

Eco-capacity. Refers, on the one hand. to the capacity of an 
ecosystem to be resilient. that is. to maintain its patterns of 
behaviour in the face of disturbance and. on the other band. to its 
capacity to remain stable. that is. to maintain its equilibrium in 
response to normal fluctuations in the en~;ronment. 

[co-efficiency. Maximiz.atioo of industrial output from a given 
level of resource input. thus ensuring waste minimiz.ation and 
appropriate use of human. renewable and non-renewable re
sources. 

Ecology. The relationship of li'\,;ng things to one another and 
their environment or the study of such relationships. 

Ecologically sustainable industrial denlopmtnt (ESID). Pat
terns ofindustrializ.ation that enhance the contribution of industry 
to economic and social benefits for present and future generations 
without impairin{! basic ecological processes . 

.____ ____ -----------------·-·--· .. ·-·-·-J 
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Ecosystem. llle intencting system of a biological community 
and its non-living environmental surroundings. 

EEIS. Energy and Environment Information System. 

End-of-pipe treatment (abatement). Treating pollutants at the 
end of a process (by. for example, filters, catalysts and scrubbers) 
instead of preventing their occurrence. 

Environment. The sum of all external conditions including 
physical and social factors, affecting the life, development and 
survival of an organism. 

Environmental compliance audit Systematic review and test
ing by professional environmental auditors of the management, 
production, marketing, product development and organizational 
systems of an enteq>rise to determine and assess compliance with 
environmental regulations.. 

Environmental impact assessment. An analysis to determine 
whether an action would significantly affect the environment. 

Equity. I. The opporrunity for all countries to share the wealth 
ofindustrial development at present. i.e. intra-generational equity. 
2. Equal opportunity for present and future generations to share 
such wealth. i.e intergenerational equity. 

Eutropbication. The slow aging process in which a lake. estuary 
or bay becomes a bog or marsh and eventually disappears. During 
the later stages of eutrophication the water body is choked by 
overabundant plant life as the amounts of nutritive compounds 
such as nitrogen and phosphorus increase. Human acti\ities can 
accelerate the process. 

[1ternality. The cost or benefits to parties other than the supplier 
and the purchaser of an economic uansaction . 

... --·--------------
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F.40. Food nd Agriculture Orgmiz.ation of the United Nations. 

GDP. Gross domestic product. The tOla.I market value of all the 
goods and services produced within a nation (excluding income 
from abroad) during a specified period. 

GEMS. Global F.nvirooment Monitoring Syst~ managed by 
UNEP Makes comprehensive assessments of major environ
mental issues and thus provides the scientific data needed for the 
rational management of natural resources and the environment; 
provides early warning of environmental changes by analyzing 
monitoring data. 

Global wanning. The coosequences of the greenhouse effect, 
caused by rising coocenmtions of greenhouse gases. The suspi
cion is that global warming will disrupt weather and climate 
patterns. It could lead to drought in some areas and flooding io 
others. One of the most serious environmental problems facing 
the world. 

GSP. Gross national product. The total market value of all the 
goods and services produced by a nation (including income from 
abroad) during a specified period. 

Good housekeeping. Efficient management of the property and 
equipment of an institution or Of!anizatioo. In the context of 
Cleaner Production. it often refers to the procedures applied in the 
operation of a production process. 

Greenhouse effect. The wanning of the earth ·s atmosphere. 
caused by a build-up of carbon dioxide or other trace gases. It is 
beiieved by many scientists that this build-up allows light from 
the sun· s ray to heat the earth but prevents a counterbalancing loss 
of beat. 

Greenhouse gases. The gases, such as carbon dioxide, water 
upor. methane. nitrous oxides and CFCs. that trap the sun's heat 
in the lower atmosphere and prevent it from escaping into space. 
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LU2 Major source ofinaeased concentration in the atmosphere is the 
combustion off ossil fuels. See Greenhouse effect. 

Groundwater. The supply of fresh water folDld beneath the 
earth's smface (usually in aquifers) that is often used for 
supplying \\-ells and springs. Because groundwater is an im
portant source of drinking water. there is growing concern 
about areas where agricultural or industrial pollutants or sub
stances from leaking underground Slongc tanks are contaminat
ing groundYoater. 

Haloas. Bromine-containing compounds ~itb long atmospheric 
lifetimes whose breakdown in the stratosphere can cause depl~ 
lion of 07.0lle. Haloos are used in fire-fighting_ 

Hazardous waste. By-products of society that ~ pose a sub
stantial baz.ard to human health or the environment when improp
erly managed. Characteriz.ed by at least one of the following: 
ignitability. corrosivity, reactivity or toxicity. 

Heavy metals. Metallic elements \\lth high atomic weights, e.g. 
mercwy, chromium. cadmium. arseaic and lead. They can dam
age living things at low concentrations and tend to accumulate in 
the food chain. 

Hydrocarbon (HC). Chemical compounds consisting entirely 
of carbon and hydrogen. 

ICC. International Chamber of Commerce. 

ICPIC. International Cleaner Production Information Clearing
house. 

IDA. Industrial Development Abstracts databa!-( of INTIB. 

·-------------------
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IE/PAC. lndusuv and En'\"ironment Proenmme Activitv Centre - - -
of UNEP, in Paris: formerly called the lndusuy and f.nvironmcot 
Office. 

ILO. International Labour Or!anisatioo of the United Nations. 

Incineration. L Bumiog of solid. liquid «gaseous nwerials. 2. A 
treatment technology in\·on ing destruaioo of waste by controlled 
burning at high temperarure. e.g. burning sludge to remove the 
water and reduce the remaining residues to a safe, non-burnable 
ash that can be disposed of safely on land. in some waters or in 
undergny..md locations. 

Ut.~M. International Environmental Management Association. 
Coordinates and supports national associations of environmental
ist business management associations or business enterprises. 
Described in the European Community publication Business and 
Em:ironment. 

INTIB. Industrial and Technological Information Bank of 
UNJDO. 

IPCC. IntergoYemmental Pand on Climate Change. 

IRYTC. International Register of Potentially Toxic Chemicals, 
at Geneva. A cooperative acti\ ity of UNEP WHO.lLO. Main
tains 11 global system for as~ssing e1nironmental effects of 
chemicals. Topics include idaitification of knowledge gaps; 
chemical hazards: evaluation and control of chemicals in the 
environment; nwnerical data: production. use and characteristics 
of chemicals; laws and regulations affecting man. liYing species 
and natural resources. 

Landfills. I. Sanitary landfills are land disposal sites for non
ha1.ardous solid wastes.. where the waste is spread in layers, 
compacted to the smallesr practical volume and cover material 
applied at the end of each operating day. 2. Secure chemical 
landfills arc disposal sires for ha1.ardous waste. They are selected 

[ ___________ ... --------------·---·----------
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and designed to minimize the chance of hazardous substances 
being released into the environment_ 

Leachate. A liquid produced "hen water collects contaminants 
as it trickles through wastes. agriculnual pesticides or fertilizers_ 
Leaching may occur in fanning areas, feedlots or landfills and 
may result in hazardous substances entcri:a,g surface water, 
groundwater or soiL 

Media. Specific environments-air. water, soil-that are the 
subject of regulatory coocem and acti~ities. 

Mercury. A heavy metal that can accumulate in the environment 
and is highly toxic if breathed or swallowed_ See Heavy metals. 

Minimization. Actions to avoid. reduce or in Olber ways dimin
ish the bUMds of wastes at their source. Recycling is. strictJy 
speaking. not a minimiz.atioo technique but is often included in 
such programmes for practical reasons. 

Minamata. A fishing village in Japan. In the 1950s and 1960s 
the people who lived there were poisoned by mercury pumped 
into the bay by a local company. The mercury was absorbed by 
fish later eaten by the people. The mercul)· caused nervous 
disorder in adults and cerebral palsy in children. 

Montreal Protocol. The Montreal Protocol on Substances that 
Deplete the Ozone Layer. adopted 16 September 1987. sets 
limits for the production and consumption of damaging CFCs 
and batons. 

MVA. Manufacturing value added. 

NGO. Non-governmental organization. Examples are Green
peace, International Chamber of Commerce, International Envi
ronmental Management Association and many others. 
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Nll\IB\". Acronym for .. not in my back yard.·· Political jargon 
to describe a situation in which the electorate might agree to, say, 
industrial dumping or incinention, as long as it does not take 
place near their homes. 

Nitrate. A compound coolaining nitrogen that cm exist in the 
abnosphere or as a dissolved gas in water and that can have 
harmful eff~""IS on humans and animals. Nitrates in \\o-ater can 
cause se,·ere illness in infants and cows. 

Non-point source. Pollution sources that are diffuse and do not 
have a single point of origin or are not introduced into a receiving 
stream from a specific outlet. The pollutants are generally carried 
off the land by storm-water run-off. The commoely used catego. 
ries for non-point sources are agriculture, forestry, wban areas. 
minin~ consuuction. dams and channels. land disposal and salt
water inuusioo. 

NOs. Chemical formula that stands for all the oxides of nitrogen, 
mainly NOi. but also N10, NO, N10J. N10.i and NC}J, \\hich is 
unstable. 

NutrienL Any substance assimilated by living things that pro. 
motes growth. The tenn is generally applied to nitrogen and 
phosphorus in waste water but is also applied to other essential 
and trace elements. 

OECD. Organization for Economic Cooperation and Develop
ment. Twenty-four countries. all market economies. are mem
bers: Australia. Austria, Belgium, Canada. Denmark. Finland. 
France. Gemaany, Greece, Iceland, Ireland. Italy, Japan. Luxem
bourg. Netherlands, New Zealand, Norway. Portugal. Spain. Swe
den, S\a.itzerland, Turkey, United Kingdom and United States. h 
collects and analy7..es infonnation, including data on environ
mental degradation and spending on environmental protection. 

Off-site f ac:ility. A hazardous waste treatment, storaize or dis
posal area that is located away from the generatin!? site. 
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Ozone (OJ). Found in two layers of the atmosphere. the stratosphere 
and the troposphere.. In the str3tosphere (the atmospheric layer 
beginning 7-10 miles above the earth's swface). ozone is a form of 
cnygen found naturally ~bic:b provides a protective layer. shidding 
the earth from ultrniolet radiarioo's hannful health effects on hu
mans md the enviroomeoL lo the troposphere (the layer extending 
..., 7-10 milesabovett.eeaith'ssurf..ace), omneis a chemical oxidant 
and a major component of photochemical smog_ Ozone can 
seriously affect the human respintory sySlem and is one of the 
most prevalent and widespread pollutants. Ozone in the tropo
sphere is produced through comple.x chemical reactions between 
nirrogen oxides, which are among the primary pollutants emitted 
b~.- combustion sources. hydrocarbons, ~\iricb are released into the 
aunosphere by the combustion. handling aud processing of 
petroleum products, and sunlighL 

Ozone depletion. Destruction of the stratospheric ozone l:tyer, 
"bicb shields the eanh from ultraviolet radiation harmful to life. 
This destmction of ozone is caused by certain chlorine- and/or 
bromine-containing compounds (chlorofluorocarbons or halons). 
"bicb break down when they reach the stratosphere and catalyse 
the destruction of ozone molecules.. 

PCBs. A group of toxic. persistent chemicals (chemical name: 
polychlorinated biphenyls) used in transformers and capacitators 
for insulating purposes and in gas pipeline ~-gems as a lubricant 

Phenols. Organic compounds that are by-products of petroleum 
refining, tanning and the manufacture of te:\liles. dyes and resins. 
Lo\ .. - concentrations cause taste and odour problems in water: 
higher concentrations can kill aquatic life and humans_ 

Phosphates. Certain chemical compounds containing phosphorus_ 

Phosphorus. An essential chemical food clement that can con
tribute to the eutrophication of lakes and other water bodies. 
Increased phosphorus levels result from discharge of phosphorus
containing materials into surface w.aters. 
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Photochemical smog. Air pollutant formed by the action of 
sunlight on oxides of nitrogen and hydrocarbons_ 

Pollutant. Genenlly, any substance introduced into the environ
ment that has the potential to adversely affect the water, soil or 
air. See Residual. 

Pollution. Generally, the presence of matter or energy ~bose 
nature, location or quantity produces undesired environmental 
effects_ 

PVC. A tough, environmentally indestructible plastic (chemical 
name: polyvinyl chloride) that releases hydrochloric acid when 
burned. 

Recycling. The process of minimizing the generation of waste 
by recovering usable products that might otherwise become 
waste. Examples are the recycling of aluminium cans, waste 
paper and bottles. 

REED. Referral Database on Energy and Environment. 

Residual. A pollutant remaining in the environment after a 
natural or technological process has taken place, e.g. the sludge 
remaining after initial waste-water treatment or particulates re
maining in air after the air passes through a scrubbing or other 
pollutant removal process. 

Risk assessment. The qualitative and quantitative evaluation 
performed in an eff on to define the risk posed to human health 
and/or the environment by the presence or potential presence 
and/or use of specific pollutants. 

Scrubber. An air pollution control device that uses a spray of 
water or reactant or a dry process to trap pollutants in emissions. 

··- -·- ···-------------··---··---·-----. - ···-··--- ----------- -· ----·-·· 
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Sink. In u pollution, the receiving. area for material removed 
from the atmospher~ e.g. by virtue of photosynthesis plants are 
sinks for caibon dioxide. 

Solvents. Liquids that dissolve other substances. Chemical sol
vents are used widdy in industry. They are used by phannacc:utical 
makeis to extract ac:Uve substances; by dectronics manufacturers to 
wash circuit boards; by paint-makers to aid drying. Most sol
vents can cause air and water pollution and can be a health hazard 

Sulphur dioxide (SO;z). A colourless, irritating pungent gas 
formed when sulphur bums in air, one of the main air pollutants 
that contribute to acid rain and smog.. Comes from the c-0mbus
tion of the sulphur present in most fossil fuels. 

Superfund. Levy on industry to pay for cleaning. up the most 
contaminated industrial dumps and sites in the United States. 

Suspended Particulate !\latter (SPM). Fme liquid or S-Olid 
particles such as dust, smoke, mist. fumes or smog.. found in air 
or erruSSJODS. 

Susbinable developmenL Development that meets present 
needs ·without compromising the ability of future generations to 
meet their own needs. Necessarily based on limited data due to 
our current inability to forecast accurately 50-100 years ahead. 

Synrrgistic. Interaction between two or more forces sui:h that 
their combined effect is greater than the sum of their individual 
effects. 

Tradtable permits. Market mechanism for controlling pollu
tion; it entails issuing permits to pollute up to fixed limits and 
grants the right to sell unused ponions of the permits. 

liNCED. United Nations Conference on Environment and De
velopment; it took place at Rio de Janeiro in June 1992 and was 
convened by the General Assembly in its resolution 44/228 . 

... - - --- ·---------------------------- ------------------
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UNDP. United Nations Development Programme. 

UNEP. United Nations Environment Programme. 

USEPA. United States Environmental Prote<..-tion Agency. Estab
lished in 1970 by Presidential Executive Order, it brought t~ 
gether the parts of various government agencies involved with the 
controlofpollution. 

UV-8. Short wavelength ultraviolet radiation. 

Valdez Principles. Ten standards of corporate responsibility, 
formulated by the Social Investment Forum in United States after 
the Erxo11 Valdez accident Encourages sustainabk development 
and good environmental practice by companies. 

Waste. Unwanted materials left over from a manufacturing 
process and refuse from places of human or animal habitation. 

Waste reduction audit Highly cost-effective technique that 
follows material inputs into the production process and accounts 
for them quantitatively, in any fonn (solid, liquid, gaseous), to 
identify losses (wastes), which can then be reduced by changes 
in input materials, process technology, product design and recy
cling. 

Waste minimization. The reduction of waste by changing ma
terials, processes or on-site disposal arrangements in a way that 
is profitable for the enterprise and the environment. Also called 
waste reduction. 

Water quality standards. Ambient standards for water 
bodies. The standards address the use of the water body and set 
water quality criteria that must be met to protect the designated 
use or uses. 

WCED. World Commission on Environment and Development. 

. --· --·-------
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\VBO. World Health Organization. 

WICE. World Industry Council for the Environment. a division 
of the International Chamber of Commerce that raises environ
mental awareness on the pan of indusuy in developing and 
developed countries. 

\\lCEJ\I II. Second World Industry Conference on Environ
mental ManagemenL organized by the International Chamber of 
Commerce in I 991. 
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Reading Exceipts 

The Road to Ecologically Sustainable Industrial 
Development 

Excerpted from UNIDO, Proceedings of the Canference on Ecologically Sustainable 
/11dustri<1l /Jen.•lopmau. Copenhagen, Denmark, 14-18 October 1991 (Pl/112), Working 

paper No. I, chaps. I and I\". 

Chapter I: Past Trends in Industrial 
Growth and Pollution 

For clu.: world :t:' a whole, industrial outpuc I cakcn :ts m:tnufacturing 
,·:iluc :!dded) grl'w :ll :m annu:il r:tlc: of 5 6 per C<'nl during Ill<' l:1s1 20 

Yl':trs 1-;e<: uhlc: I J. while popul:lli•>n grew :ti 1.8 pc:r C<:lll. Tltc.: m:tnufac
lllring ,·af ul· :tddcd <\I\'.-\) of ckn·lorx:d m:1rk<.·1 c:conomics gr<..,,. :ll :111 
:1111111:1' rat\ ,.f .i I r11.:r n·111. while ch<:ir P•'Pul:t1ion gr<..,,. :ll o I p<.-r l"<.·n1 
I 11 I h<.· cit in I '' orld. ll• lit'\\ orihy gains occurrnl in sorn<.· r<.·gions. p:111 icubrh· 
L1s1 :\sia :Iii-I Sou1h-E:1s1 .\sia, which cx1x·ri<.·11n·d :m1111:1I grow11t of 9 I 
pn n·111 in :nd11o.;1r1.1I 0111p111 comp:m·d ,,·i:li :1m111:tl gro\\·111 of 2 I per ccrn 
in popufali, •n 1 

Thi:-. gro.>\\ ch in Iii<.· industri:tl 011cp111 \>f d<.·H·luping <.1>11111ri<.·s did 1101 
mvd t'XJX'l"Ulions. p:irtirnlarly in the 191'\o:; Owr:tll, Iii\· sli:t1<.' of th<.'Sl' 
n >11lllric.'> in glc ,f i:tl induscri:tl 011tpu1, in n1rr<·nt pric<"s. i11uc1snl onlv 

modcs1Iy, lhim 9.-\ per n·nt to l:t81x·r n-nt from 19711 lo ll)HO lfig11rl' ll 
\lnt\'llV<T, 111 l"IJllfllrics :trl·ounlcd for O\l'f hll pn n·n1 of l)w lol:ll M\ .. \ 
of ;ill 11(1 dc\d<iping <.'Olllllril'.'>, and 18 <·0111llric:-. for ll<":irly 80 J"ll:r <.:<"111 

1 
I INll )( !, /1111111/u1rJ.: o/ bu/11.•fl:.1/ Sklll.\11,-' / 1J88, C I fNll X > pul 1lic111n11. '.'>al.-.~ !I;., I'll·,:-;.-; 111.1'. '">I 
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figurr I. Sharr ofDcnloping Countries in World (ucluding China) 
l\bnufacturing Produdioa* 

L: 
pnces 

2000 

Cum."llt pric.:s ( 1960-193')) and consunt I~ prices• I~). 1?:021 ( indudi;,~ forni'I<.' w .:.,·, •. 

"ln~ Llnu Ded:ir:uion :md Plan of Action on lndl!.SUi:il Ik-"·..-iopr.-.o:.>m :Jrh:i 
Co-oix-r.ltion, adopi:ed by th~ Second Gencnl Conierence of l""!'l.'100, hdd :it 

Linu from 12-26 ~brch 1975, c:illed for their sh:ln.- to be irKn-a~ to th.:· 
nuximum po.s.sibk ex<t"nl and as far as pcr;..<:ib!t: to .s: k:ist 2'> !-.,:r .:<·nl r.f er.:.:; 

\'-Orie indu .. .;(ri1I production i,,_. •h~· ·.~·;n 2<H.i 

En:nL' cn:r the: p:i.'< 21J yc:r:- 3fl· di. .. aurliin;.: :1::--, ;:1 •c-:·~-d 

Ul\ ironmcrn:il d<:t<.·riorati0n for all ~-uumric' Mo=-t ~l..:rti:::;-! ::~ct~..- :: !fl.!> 
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Table 1. Population, GDP, MVA and Their Growth Rates, 1970 to 2010 
(Millions of persons and millions of 1980 US dollars) 

l ---
I Growth rate 1 
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--- --------- --
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• I I 

·-- ____ J~_!_ __ L ____ .-\s __ J_ 2.0 3.o 

3.2 --i-· ----,62 1161 r 1 953 I 
--- --;,-;;- l ;;~ - ""'" 1 
.~ __ .'\.O _j_ -~----257 
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De,-eJQpJ!!g __ _ __ _ _ . -- - --- --
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% Vi 5.8 (>.) ------1 
17 I 3.0 5.8 7.0 
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! 

Weslem Asia 99 237 : 
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·l'l·I 

51 ----
... _ .. _. __ !_ .. _____ ,_ ---·------·--

108 140 12 ---
345 128 12 

··-- --·--· ·-·--·-----
.:\Ci.! 7-17 177 

133 424 35 -· 
I 22 2.3 3.2 4.4 

---~-1 2.3 7.7 10.9 ' 
l-

I 
5.6 , ... l ----- ·---- -L------~-

-..--
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Easl and South-East Asi:i :>62 150 r- cPF.MU - ---~-----

---- - - - ·------------------- -- -- ----
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943 232 35 

329 325 75 -
l 06.! :~07 --

--· 
.~ 2.82. -· 2304 345 --·---
I 169 9 101 z 499 
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Fapn 2. Global CO? Concentrations 
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Source: Heaton. G .. R. Repeno. and R. Sobin . .;>ds .. Transjonr.mg Technology: 
An Agenda for Eni'iromru'111al~v Sustainable Grou1h in the.! !st CenJury 

<World R~sources Institute .. ·\pril 1Cl91• 

A second are:i of concern is che concc:m:-:uic :1 in che acmospherc 
of chlorofluorcarbon_.; \CFC..s'. which h:i\·e incrc:i.se.:i dramacically 1 figure 
,3). CFCs are used ir. refrigerators and air-condicic:-ters, in the blowing 
of plas1ic foam and 1." a soln·nc. 1l1ey arc the m:iir. cause of the ··ozone 
hole", the name gi··en to the decline in stratosfheric o:mne. which 
protects the swface of the earth from damaging :.iltraviolt.:t radiation. 
Increased ultraviolet radiation promotes skin cancers and cataracts and 
depresses human inunune systems; it also reduces ..:rop yields. depletes 
marine fisheries, accelerates the deterioration of mlterials and increases 
smog. The higher concentration of CFC..s :Uso contributes to global 
warming. 
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Figutt 3. Concotration ofTrichloroflaoromdhane (CFC 11) 
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•lgurT .a. Global Emissions of:\itr~n and Sulphur Oxidn from 
Fossil Fu~I Consumption 
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Indu...;iry L" :i m::10r comnbulor lo tht"'S<.· c..·nvirr,nntc:n'31 conccm-;_4 [t 

includes ~1<1r.itics Sl!Ch as m,:1.nufa~urin~. mining. uciliti<."S :md construc
tion Of dk-se :o;eccors. m:inufaccurir:~ ,:1.lone ac ... ·om:::..-. for. on :1n:r.tge, one 
third of 1o<:i! fin.11 cr:.c::·rgy co~~1mp'.;Qn ;\iort• spt:::ifi<.":111:-·, fin.· manufac
luring subs<."--:ors :irt• i.:nown to i.>t: 11~: mu"! <:fk.--r~-- :i.nd nuccri3b-in1ensive 
:1s wc..·11 :L."> Ilk:· :nost P'Jllution-imcn-;r.c..- :Kli\"ltic..~ irc,:1 :tnd ~eel: ncmferrou.s 
mc..1:ib: nonr.:c..·t:illic r.tincr:il": d1c..~m: .. ::ib: :md pulp and p::;x•r'l 

Fo~ :i I• ·:<g time.-. indu.<;try !:1 l:.k.--.dopc.:d Cc..'unt::..-s lu ... ' i~.,,_·n the m:ijor 
C<>nlnhutor ; J the~: fm>IJfc:n; ... .:; of ~itc bi•isr:1c:rc hul lZtc..· Silll:iliO!l i." 
d1.1r.:_:!;:_:.>: ,,_ :::! t'.!• ... · ~:<pid in ... :~!Slr::;!iz.il1• ·~ - f ,;, n.·l· •:-:n:-: l·· •arnrit·s 
\\ ii<-:._-;;... .... the.. .l<·" du;:....-J cuuE:~;c.::- r..: ·• .. .- t.' =-· ,;_ .<- <:c.._..,:;c..·•: <::... ,;:•"c..·..; ....-nc..·rgy 
:ind 111duscr:.:.i oulp~ll. dc..-n:ic..,pin_:;: coumn....-" h.:: c.: dv:i.:· rust 1hc..- rc..-
n:rx· In fac:. the celinking pher;.Jmcnon i~ p::~ly d1.!c 10 structural 
shifts. n3meiy the gr2dual reloc:uic~ of rc..-source-b:ised 1 :ind c:nergy-in-
1cn.-.i\·c) industries. such 3S stc:el, :s!uminium 3nd petrochemicals, from 
1he indu5'ri:iEzed cournries to the <le,·cloping countries. Industrial final 
energy consumption in developed countries declined at :in ;annual rate 
of 0 <>5 per cent in 1973-1985 anci I.93 per cem in 19$0-1985, whJe 
industrial outpu1 increased :it an annu3l r3lC: of I. 5(• per cern in 
1975- 1980 ar.d 3.2-i rer cem in 19~-·-198" In sh~rr cor.:r:1st. industri:il 
cncrgY con-.umption in the de\·dopt!&g councrics :-:.._.:; :l whole. excluding 
Chim. grew :!t :in :innual rah: of l' 32 pc..·r 1.·c.:m i~ 1975-1980 :ind ·i.8.3 
per cc..·nt in 1~80-19$3, while indu:"tri:tl oulpul ~t:"w by 3 82 per cem 
and fl 03 p<·r cent in chc same- period-; ~im.ibrh·. four .1ut of chc fin: 
m:11<.-ri:il'.'. <.·n....-rR\- and pollucioa-imc..·nsin· m~nufa.dtirmfO :--<·C1•1rs lisl(·d 
:1hon: ~r<.-w l~sler in devek,pi::~ Cf·~il1!ri1.·:- ih~:n ii: dc:n-J.->;)t·d C<>urllrics 

durinf! 1970- :lJS.~ and _grew l\'-Kc ::.; f:is1 in <it·\l·:. ·r>in~ ,-.• untr:..-s :1s in 
cl..:n:f. •fX·d Ct ·~!nt:;<:S <'iurin~ Jl_;.-.. •· )l'..;:;" 

;.,, 1: 1.: puq">. ....... (,t l••il .. ,tm).! llt~l. u~";u.,lr". i~ dc.inh:·~: : .• in"';lh.f\.· .1ll ,•1"t--:-.1t1.•:." l.11l1n:..= ::.: .. ,' .ah:~··ru.· . ., ~
' -llh: ' .,f rt. •. lrll• ·nl.llh 11ul '>Lm.:.1rd l11d1.:....i:ri.1I ( :l.t'";:;.. .llh or. .1 ... 11. I lh:.·. ,, i: .• ; .. d •. ,. !"";:nr:;.; l ~·Ir. .1.·11111 
..:nd ; '"'' t":°".tr .... ''' ,n . ._.J"' tn<. ity, "·.1: .. ·r., '1rk;o.. .u1d rl·f.11t·\: ..... ti\ 1;:'f,.·, I I, •.. ,"' ... , :-- . 111 ~::ut .• ._ tu:-.::.~ 1 l"'i• -\' j·. rh" · 
~tr~··.< .tncl u I•~·.( in11 • ·r..n1' indu . ....::i.11 ..... 'c, ·~ .ind if j, :~-. rlJi, '-C' f· .r 1f ut r!J.. ".\' .. ·. ' .• I .... ~.: ~ ) I •• n .. '1JI 1.lh ··. 
·: 1·. _,·..,•lo Iii•~-..-. l<•r th.11 rlw lc~I :~1d11..:r"\· .. n1.1inl·. •'."f.-r, ::: .111 \\,·~I.·~.: f'_,. ··~-. 

"Nfl11t \ /11,/;,,.ff1' 1111.; /~"1•'l11f"'1t"71f <,Jt,,\ll Nt7H1fr: "'lfl /•••/ 1(~n1: .. ·,j • ... 111. ···. ,,.,f,: .. ,;1,,r1 ,_if,-. ..,. j\,, 

: •i111.:i: I.'.• 

·~.;u ~ · /1J1l: ... u1 111; •• / 1t·:··l11;'""'., .... 
: ,·i'J i .. I' ·> 1. I' 11 ", 

7.J 

1';•.:1 .~ .. 



'-I 
~ 

I 
I 

I 

Table 2. Worldwide Atmospheric ~m.lssions of Trace Mctal.o; 
(Thousand tonnes per year) 
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LU2 Chapter IV: Progress Towards Ecologically 
Sustainable Industrial Development 

T h(: qucsrion lh:u no-u· :iri....;es i..;, lbw well i.-> i.ndu.'lry d•.:n~ in ac:hic\·ing 
E'-ID) II is :1 difficuh que~ion <o answer bewu$c .. ' t~~·rc is a lack of 

i.ndu...;t_~· ·SJ"-."cific d:ua, bu1 .:s rc:!...;on::ble a.-..o;c:~n;,-m cm iA· m;i<k: us mg 
t:Xi.->lir:~ d:n;i and :ipproxim.::1e n1t.•:15..ires_ 

l "'\J[X) suggt.·st_.; !\YO "'-:lY=' lo r:1easure pr,)grt.::-.' hw.::rlb prutening 
!he hi-·:;phcn: One i..; compii.:mcc \\:'11 :imhieni cr.;:ir,,nr.:~:nul sr:1mbrd.;_ 
·::c..~ • . · · · ·:- i~ ,.! :!1:"~i~!:-:1.·c ''.-if~ :. ·.:I f. :·!in~ ~~::n- !.::-- : .... 

Ambient Standards 

l:ldustry is only one of m:iny CJra~.ributors to the dep-acblion of 1he 
envirc::unenc. Agriculrure, mining, energy, transport, ~n·ices and house
holds :tlso contribute in varying deg;ees. 1\ot enough d.::::J ue :ivailable 
at lhe global level to assess the relative contribution ci these various 
sourer-> co ambienc environmental deterioration. There is inf om1ation, 
howe,~r. on the relali\·e con~iburion of pollut:m1 !~dings into 1he 
envirc ·:"'.mem. 

E.wironmemal dctcrior:uio;i a.s.....-:x:iated with indUSlrci dcvdopmc:m 
occur.- :11 both che irlput and the ou1pul sides of production ;ictivi1ics. 
lndu...;tri;tl production rt:quin:s ihc input of a wide \·ar:ei,· of natural 
rcsour .;(-s. such 1-. w:itc:r, cnc:rgy. minerals, foreSl produCL' :ind olhc:r raw 
rna1cri~!=- whose r:ipid dc:pk1ior: m:i\· cause cn\·irvnmcnul d-inugc and 
t:colo~,·:11 disnipri:>11. On 1he ou1pu1 side. che m:.muf:Kwring pron:ss 
/~<:OC..'U:\.'S Ol}"ri:1d W:.!Sl\•s, indudl.ig h::z.:lrdOUS \\"1S{(:->. toxi.:- CIJc..·mica(.s ;111d 
!ht:rm.,: w;L"ilt·.s, 1h:11 J)Olluk· !h<: ~·ii, !he air and surf.:.-c \\:Her and 
iC'JtJO,'.w:11t.·r Un !hl· •>u!pul sic!c:-. co,}. many manufa.:turn: l·nd-prududs. 
such a.' pc.s!indt.·s. lktngt'lll.S. p;iinL'. pl;L'\lic.'\ and coml1~::--11on n1g11w:-. 
:!dd I<• :!1t· l)(11luli• •ll 

1:-. /111/11.•try t111d /J1relo;.,,;.-11/ <;Jo/Jal R<7x1rl l'J'>J ••/. i '\.II)(> :I> 

'C. ,,n: ·:;,· gl11l>.1I d,-;.:~:1d:llio:: .i:· ·he '.::n·ironmt.·n! fr,•:1? Ii.,::. !!1,· 111;1111 .111d 

• iulpu; ''''":-. ol pr• ,d11d1• 111 :•, ;1·. :::t·:-- < >n lht· inpui :--1<it· .. : i.,. ,k,-,1 :11 111,
u ,n-;uc :;)l 1• in , •I \\ :1ln. t·nt·r;...'\ :ind m:iwral rl.'SOUrll':o-

• 'Water lnduslr-Y use.·;-; n:'-!dl kss \\·:uc:r lh.m :1~1:,·111!111,._ 1>111 i1 

;-..illu1,·s !ht· \\:l!l'r m,,r,· Ahh1mgh more..· rh.111 80 i'"-T u·111 ol 111\

'' .lln u;o;nl for l·oolin~ .1r.d ck.ming is rt:lur11nl. thl· :du111nl '' :lll'I 
:~ 11lll ·11n1111:1111i11:11n I fl\· 1ndu;o;!ri;il (-ftlut·nls :md ti 1, ::11.tl I" •11111j,"1. 

llNllX>. Jru/11.<m· aru/ /\n·l''/""•''11 <;/u/•<1/ H1•/)(•Tf !'/'JO "I CIJnik·d N;U1«10,; p11hli...1l1<111. ~.111·_., No 
E 'JO 111.E. l.!1 
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• Energy In d}(· countries of ::.c.: <)r~;ipj7 .. ativn for Economic Co
opc:r.iti·,n :m<l :Jen.·lopmc..'nr ••)ECDJ. industry used more energy 

th~n :u::. olhc.:r x·ctor in 1971 .. ll/8..,. It-> sh:m: r.inged from 40 per 
0.::11 in :9-:-1) l<' '.\_~per cc.:-111 in >;,:-;- "111<: industri:il stun .. • of energy 

cc.,n.sun:?tiun :.~ dc..·,·doping co-.intric·s \':Irk:-<l from country lo 
count~. r.in~r.<: from <>5 pc..·r ((·;:• in <J1ina t'1 20 pc.:r cent in West 
.\i:-ic:i: 

• 'lincral resources ·n1c.:rc :-co.:::> le, Ix· n<, c:.1u~- for concc..'rn 
:.:L .. •Ul ::!c.: c.·x1.:.:us1 iun ol IL::c:: _ii rc.:.soun.-...-.s within the for(."· 
"n .. 1hl1. :·;:::ire .:~thuli_:,!l: i'•>l:: ... o: ,!i~;up1i1>1> CHl ::'.;.>.:i\·s k:1d l~> 
: .. : .. pu:.;;::- ::-: .. :: .. g1..·:- .\h,:;.. .::1pc.,:i.tl1i ;:, ._·uni'xd1u11 \\·i1h 
m::1c.:r:.t. r...-.s,1u:.:c.:.s ;ire.: lite.: c.:::' ::,)nm...-nul pro!.Jkm.s pu.s<:d by 
cr:c:-!r prtx1uc1ic:t and indu.sln.:i <;5e. 

On tr.:e ol!:pu1 side, the Global RtjY.Jrtan:ilysed air pollution, water 
pollutivn. solid wastes. haurdous "'·:-:Sees and toxic chemicals: 

• Air pollution The manufaauri..~g seaor is not the seaor that 
generates most :iir pollutanLc; !:.ach m:ijor :.1ir pollutant has a 
diff r.:1'Cn: major ~)UrCC: electric::.- ~r:Uion ::CCOUnlS for UlC bulk 
of :mr.hrq)()~eni.: emi.,.,ion." of~) 2: lr.lnSport acti\ icics. for ?\Ox and 
CO: :iO.:: motor whick-s. for :::. 2oc1rbons ;;.ad le:id Industry, 
howev<.":". is :i OUiVf source of pr.ic..ib1c c.:-missions in mm~· countries; 

• u·aicr pollution lnd11s1n: i...; :t.·~;xin.siblc..· for :1 fairh· brge ->hare 
, 'I .. .-:isk·-w:i!<."r (:iscit:1r;.z:t.·:-; cor.:.:~~:ng l!:idi1io:1:1l polld1:m1." E-"li· 
:::::·:<m .·.f c'.ic.· '~1:1w is um1(:,·.,'.t.·d ~,\. the fac1 1~::H in m:iny 
,·, ,L. :·11ri...-:- in<ius::1: disd1:ir.:.:t.·s i:~ \' .. ::.sK ::1io nn:nicip:.l \\ 3..'!(·· \\·;Her 

:--\'~<:Ill'· 1·r.:.:....rr::u11:1n· d.1;:; i1:,::,·:, '.._· 111.ll the..- .;h:irt.· , : 1ndu.;lr\' in 
i .. 1.:: w:::·.:t."'·'-:!!t.: di:-;d1.1r;.:t.·" I>: .... ..:hi\ 2., pc; ll."lll: 

• Solid wa.-.tes .\:1 inter cuull!:-'- ,. ·mp.:risnn • ,f s<1l11i \\;!sit.· gen 
\-..:;.in:~ .ti::1,·;::: (1\\111.:.! 1., 1!11. .'.:::nl'1'.: d1·fiiui1>1J:<> f,: ,·:11t.·~·>1ic.·:-; 

: \• .. 1:-;11.' .\ :·l.·\" .-1•11ni1\·t·'ti11:.,· .. , :nt.· .• ,..f,,I!,•\'-' irl<L1.,,:n :---.h:irc 

, : .. _ ,;1d -.' ... i:--.'.\: ;..:c.ncr.Hh'n ::t"l1 .. :·:_·. f,,r i- pt·i \.CU( t: :he.: 1~·r:d in 

::., · 111;1..i >'..:le.'.•) pc.·: t<·:i: 1r .. ·:.,:.u .:nd 111 f•n '' :li iil l.1i•.111. 

• 11:17..ardou.-. wastes '\:11i. >n:11 ,:_,: .. · ,n h.11:1rd< 1:;.; \\ :1:-;!1..; :1r<' s\:1rn· 

. .ih: HK• :;:p:l'[t.· h1·11 \\lru1 .1 .... ·.:1!ik. llw\· .ire IH>t ,,,111p.1r.1l>k 

(,·,·..:;ll.'it' ,,, ill<· \\hkh \:lr\i::.~ dd!!llli••ll' .111d ,;_,, ... ,,,,._1li<J1l 

-..·hc.sllC• lur il.1;.ird.111:-- \\;1:-;[l' .•. :.,prnl I>\ .i1llc1t·1~; l11llll[11t·:-. 

ik.1~JJ1~ 1:1l'~· lin::1.t111 ill:-- 1111111n.:. \~1<.· lr.1~11<·11;.1n· d.11.1 :--h<1\\ 111:11, 

\\Ill. :-;<11~:l· ;:1111.: 1.·\ltpl1•1ll.'. ::.,. br;:"'' I" ::11111 , .: l1.11.1r.l1111.-. 

\\.I."~<·:-; i.' .:..'.t'l.l'l.l!t•d 11\ 111clll"lr1..: r:11dt1di<J1J f"i>r 111:-;'..HH<'. HJ llW 
l rW« d :-;: .. :c·· • >\' : ~.:; J'l'I n ·11r , · :: .• I 1:11.;rcl< JI I'\\ ;1..,tt.· 1·- .11'"1111!l('d 

t, ': t ·\· I fie. n '·': H l ~ .~, l 111 111.~! .'< ( f, ,~ · · · 111.t :: 1 nd. 1~11 ·~ ~h.tt t · ?~ 1 )\, ( 'Fi 
I ":r < < ·111. 
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e Toxic chemicals. h i.c; diffirnh lo estim:Hc:: the qu:u11i1y of toxic 
chemical wastes produced in difkrem countries c-ach year, partly 
bec-..1usc· lhe l<:rm ··rox1c" is defined diff en..•nt!y in diffcrcm 
countri(:s Some recent data from the..· C:nitc..-d S1:uc..-s ~~.:cm. 
howe\·er, lo pe:rmil the identification .!:&J qu:imific:nion of lfK' 
I~ pc..·:s :md sources of toxic chemic-.;.! wa."lc:s ll1t.> chemic:il industry 
:iccouml..'d for ~ per cem of the !oC."11 relc:-a.<;.c..':s. foll<)\\'(·cf hy 1lw 
p:1pc:r product..c; :ind primary metals subx-ctnrs 

In summ:iry, while.: the :iv:iifable data allo\'- :1 rc..·:1so1uhk as:sc..·s..-;
!Jll·lll f, .: m.lu:<ri:1lizec ~-· mmric..·s. th<: rd:lli\·c..- '' •n:~i! iuti• -:: , l! indu:stn: 11) 
, 1\l."f .11! UJ\ "unmc..-rn:il c .. -grad:nion in cic:\'doping C• 1lllllm::-- is li11lc known 
For OECD c..·oumrics, th: industrial seaor in 198' :iccoumed for 15 per 
cent of the tOlal water u.--e. 25 per cent of NOx, 35 per ccm of fin:il energy 

use, o\·er 40 per cem cf SO.~ emi.'iSions, 50 per cent of greenhouse gas 
emissions. 60 per cent of the waler pollution (biochemical o::i..·ygen 
demand), 75 per cent of non-hazardous inert waste and 90 per cent of 
toxic sub.seances discharge lo w.icer. For developing countries, as well as 
the countries of Eastern Europe, the data on the relative comriburion of 
industry lo em·ironmenul deterioration are very fr:igmentary. as can be 
~en in :i recent reporr from rhe Economic and Soci:il Commission for 
:\si:i and the Pacific <ESCAP). 8 There is ob,·iously si~nific:mt v:.1ri
:Hion. giH n rhc different levels of industrialization, bc:1we<."n devel
oped and dc\"eloping countries as well as among de\·eloping coun
rril..'s. For example, industry's share of total fin:d cncr~' use, which us<.: 
con:s1itu1es :i nujor thre:t to the biosphere, wa_c; 5·1 rcr cem in :\fric1. /ill 
pn n:nt in L-11in :\nwric:; :md around 55 per cent in E:1:stern Europe 9 

Total Loadin~s 

.\kctm.~ n1rrl·nl :1n'."icnt sl:mcbrd..; i.s insuffic!l·:JI t•, ;>rn crn ~I< ili.d 
:1:1d rq~i· ,11:11 un ir.,nml·::ul prohl<:nts ·111l·x· :m:hl·tJI s:.!nd;mb \\("tt· 
f, •rmubtn! I·, p1111ec1 It ,:.ii popubtions :ind 1Ull1T.!! rl"..,tH1r,·cs. :111d 1hn 
f, ·.-it:-- < 111 "ii:l l"l&E r.11 ic Hb . .>r flows. of pollu1:i111s Tt -:.ii f.,.n !:ii;..: :--1.111d:11 tfs 

1, ·: ,. •lilt f'• .. iu1.tr1h rl"l1< _-i !ht· fan 1h.11 lht· n1rn11l.!l1\c .-.1 •• , k:-- • ,f lfw-.t· 

r"·lli11:mr-. II~ :ft,. l"IJ\l[<>l:::Jt'lll, :JS \\("II ;IS !Ill' 111:•.•.s ::ll .. 1: .. :~·· :-.1.::11ific;ul1 

:1:i.I r:!ll'-' ;" rc·'.·:,·t·d ;·,,·cpl in Ill<" Cl'<.' of<.~-,_., :11, , ,., :1i r. · \\ 11:< 11 
11:,·\ 11111-..: Ii.- wt'..rn·d i.' .::l npnl qut·stion 

(,,,ii •.ii \"lll!:--:--1\l!lS ( ,f ':11.! from <.'nt·r)o!y USC.', l"Xprc., ..... ·d I JI) .I lot;tf Llrl JI 111 

I •.1-..1:--. 111, a-.1:--..·d :; .. m ·ill !,,Ilion lonnt·s in 1970 lo ;1pf'l• ''llll:Hc.·h·.:; ~ liillio11 

!•·1111<.·.; 111l'J:-i">11.1hlt- .il H1cy art· proicncd lo n·:1d1 (11 !. h11l1cu11<111Jws 

: .. , ,n, >f1lh .• n .. : "MC" ul' , ,r1u11:·.·.1· .,, f, 1r \-.u .tnt I!·:,· )>;ac. iii<:, Stt.1/<toltlw /:'111·1rr11J'1Jc'•:t 111 .. 1,:.1.1111/1/ 1,· /~1. 1/11 

: I ff I' I f '."I : i ,, . ·\ 1 • ., I . ' 
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lne n.: .. "11 ir .:cu/1 •tea/fr su.\·tamab/e mJu. .. rna/ Ut!\"t:lo!1111<'nl Readmg l'.'.n·.:rpt.,· 

( thc mid-poinl csli.nu:c::) in th<.- year 2025. 1'' Jn .. fus::'(s sh.are of lht.·.se 
emission-; i...; t.>slun:ued to h:.l\'l' IA"en 2 •1 billion lurn"k..~ in 191i5, :.L"--;uming 
lh:ll industry uses sligld~· more.- rh:m one lhird of Ul(- ._,·orkfs erwrgy. In 
1985, lhc induslriJ.lizec countri<:s cmil!c::d al>c•ul .;,) f.>t:r n.·m ,,f lllis lol:il, 
lhc former Union of So,·icl Soci:ilisl R<:publit.:..' cl "SSR •and lhc coumrit.•s 
of E;L"il<:rn Europe :1bou£ 25 1x·r ccul :md lht.· dc\c..'lor::1~ e<1umries :ilxHH 
25 per ccm. In 2025, the distfrHllion ~' projeclni lt• tx.- _'\5 per ccrn, 2') 
pt.•r ccrn and 40 per cent <>Ring lo mort.' rapid :nduslri:.lli7.:llion in 
cfc\•doping Countries :n:d l!K" fX.-°'iliH.' hnk:tgc.: bt:[\\·n:~ erK'r~· COll .. "illlllp· 
lion and industri:.ll outp:.:t l~urrc..·::uly, <lc..-H·lopii:~ 1.·dur-.::ic..-s :m: expcril·nc
ing lhc.: most up id inl"lc.:.:~: ::1 C• 1 ~- "it!. :.:' c.:r:1.:.:1.· :::::1t:c.: .:.....'T• 1\• .. :h , >f 5 - pc.-r 

u.:Jll 1.·.,;11p.uc.:J iu I .2 i"-:~ <.c.:Jl{ ~::..; 2.l; ;: ... ! n::.: •·: • .... l.i) .... ·unlr1c..·:- :md 
clic liSSR and E:i..-;lcrn b.ropc...-:m. n:spc..-Gi,dy. 

l;lob:ll emissions of CFCs i::icrca....;ed from 11 S bil!:on l•>nnt.·s in 1970 
to 1.5 billion lonncs in 1985 and are esrimaced 10 inc:-ea..o;e co 3.9 billion 
lonncs bf 2025 (cabk .3). In 1985, the induscrialized councries e•nincd 
abouc 70 per ccnc cf the world's coca!, che fom1er CSSR and the coun<!"ies 
of Eastern European :ibouc 15 per cem and deYeloping councrie:; 
(including China) about 15 per cern In 2025, the induscrialized 
countries :1re projecled co cmil :i.bouc .;() per cem of che world's col:1l, 
lite former LSSR and ceuncries 0f Eascen Eurorx- :?bell 15 per cent and 
clt·\·dopmi! coumrics :1:1._m: -15 f(·r cen: 

l;Iohal <:mission..; of S02 increased from 65 million lonncs in 1970 lo 
~J) ') million lonrws in !•~') :ind :m: proit·cted lo incrc..-:L..;e lo 25"1 million 
11 >llllt'S by 2iJ20 11:1hk- ·! • "ilw:-<: t·mis.o;?ons :ire..· pnm::.::-ih- 18" pcr cc..·nt ) 
.Hlribu1:1hk l<i f1>ssil fuc.·~ cr.rnht:'iion 1.-0:11 :md • .;]) .::1d ~·<.·•>O<bnh· lo 

J">l·lrokum rc..-fining. lhc :<:11d:ing . .-.f sulp!:ur-con::,::-1in~ ir<-:-; < c. >ppc:r .. k:icl 
:~ml zi11,· 1 ;m,1 sulfuric :i.-id ;-;roch:..-iion .b.sumin;<: :h:1: :ndust::-\· 11~·.s , in<.· 
11md1if1hc.· \•.11rld s <.·nn;..•. i: \\·;L' nd1t.:r dirc..·nly • >r indirt d(~· I''' purd1:1~·.s 
.,1 dn·rr1,·i1y J rt·sp11nsihk m :98.; :. ir 50 million r11nr:{·s. ! S1 >.: c. m111n I 11Jlo 

1ltv ;1111111-;plrnc In Iq;-,.;_ ::1d11:-i~i:1lizc·d <."<1urllr1c:-- c.-n~::t{'d :ih Hll ·111 pl'r 
, nH ll! i!rc l• iu'. l'llll..,,: ·~::--. 1l1t :, •min ! ·-;-,1~ :!r:· '. c •. :rllriv .... , if F.1-;rn11 

1"11111p.- :.ir -..fi~:l!ih rtl••:, 1L:,n ."- p..-r ,·,;Ji Ii' 2· 2•· :fl\· 1n.~11-...1rult1nl 

· 1•1111111\·' .11\· f>!•·Jnlnl l-·•·r:-.11 ;1[·,,111 I"i'\·r <l"I>'. •• : ;ti\ worl.i:-- l<•l.d.1i1v 

11·!'11'1!1 ..... , ,f iii<·:. •llli•·r '· '" i< • I 1: .. •ii :uh'. if,,.•• ,:;;::;1 ... l L1:-:1·r11 h11. •p..
·"" •111 I.; p\·r q·IJI .111d ,;,·\c 1p11:_:.: l°<Jllll:rrc' :1h. 01n -,, :•er n·i:: \(.,.;( ol 
rl:,· 111uc.1:-.l' m cmi.o.;.,11111:- h\· .2fJ2t •\\ill 1>1: .111rih111:1fi!t: I•. rlw i11,n·:1st·d !IS<' 

I 11 1·11:il Ill ( :11111.i 

l>.1i.i ••ll llw .1,,·111111:l.111(1Jl of tr.1n· 11;c.·1:1):.. in :--.,rJ, :1::,Isnh:11v11r...,,1\t·r 
rl11· p.1.,r .In-.1dl'.., .11<· lirw:nl. t·..,1)(.\i.11ly in dc.·H·lt>pin,g ,.,1111111<, 11 In rlw 
1•.1·.1dnd11pnl1111111r1w.·. \\< :c rli<· m:1in ,·ulpril:-. 111 tliv .!1sd1:1r;:•· ol tr.1n· 

: °" ""•"11).:d.-., l'.111! .m.I fl.1rr,· ..,,,l.,nk•ll, ·Tn,,._~"\ 1,.,._Jm .. 1.~"""' for r.-drn inl' ~T·~iili . .,_.,.. ;~'' 01111·.·.1.-:i-. 111 
, f, . ., (·I, 11 1u1.'; , 1 •• u1t: ,, . ., .u11 l I .. l«•l( ·rr1 l"urt ~1 )f. •·•• 1 ·n·. ire .r.:nc ill.iii\ "',un~! It"< itnc 11, ·:-:-- :\~-.., ·,-.n,..·r1t 'f ···I:\ J 1 .\( .. ,, 
),.r1 •. • ,,1111· 1,,, >•1<"1111· .md lt·1hn .. lo)>.n; lor ll\".•.·lop11l<·1u, 111111,,1 N;1lrt•l1:>. l'J'JI 
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met:.ils, but the trend is reversing: ~---the combination of natural re . ..;;oun.--e 
e:ndowments, the constraints imposed br population grov.:th :md ecv
n0mic den:-Joprr.enc, and the lack of go\·emmenc regulations can only le:sd 
t<J :in incre1"<.· in th<: ratt.~ of toxi:: metal disclurge in de\•eloping 
countric.:s··. 12 

·111rcx acti,·:ties are usual!~· of gr<:::rest concern: rhe mining. sm<:lting 
:::nd refining of :?1etals; the burning of fo.~'>il fuels for energy produaio:i; 
:1nd thL"" n~nufa.::turing proces..<;CS. espc·ci:dlr the production of mc:tallic 
c. >mnh:rci:il prt~~Cl'>. .\ brief look at ubk 2 confirms th:n these :icti\·~tio 
-=~c 1!11: :1~.:::1 ~-,· :-:rihut··,rs of 1:-.icc: mc.:1~s into dtt.· :itmo....;pht.-:tt: .'1.br:~fa---

1 .... :mg prv~ t:~'C. :- ..1iOlll:. 1~1uru1~ l:IK·;~. u::-c.:, .Ul." !'ipili·1~·..ln; ~u•1inL~:._: :

c,f chromil!m, n:..:.ngan<:-.se, nickel. thall::m1 and zinc. 

lht..· .1nnu.•I pro,!thtion nl 1r.""·t.ib. :·uth frorn "•f~in ort.'~ .uh: rrurn :\C\.un<br~ :-.>11rt.c.·~ ~' ~.H'>\':~ \\,:f:i 

r,·.1.,011:1hl,· :1«11r"" ·11,,· .m:-.u:1I ,. c'umpliun ,,fn •• n f<TT'>ll' :'.:,1.11' h.1~ l,.·,·n r .. uJo:!,h ,, ~'"'-"JI •. ~, •... -, 
• In linini.: in I h<" I ·!:th ·d St.lie.<. I, .r !ht• :L\I 111 \"<·.u:o. 'llw lr.1(1i< .n , ~~-•in< "I I , .... h n·.1r from M· .. •nc!.:.rv ,,. ·urv . .., 
h.1:0. al.'<,· rcnuirwd r. 111;.:hh- <"• .r,•,t;ml <''«"pl in lfw c;1.~· ',( l•-:111. "iw1·,. till' fr.t<ii, "' ,f,Tin:cl :r. •m ~.,. ofl•L:-. 
,,. >1irn-., h:t.• ri.· .. ·n ,h.1rph· .,,..,.ITIJ.: In 1:1,• han on l<.-:1cl Ill P-"'>lin•· \\ l1;il 1h,.,.... <l11.1 nk.-;1n l' d...,1 '""""·-~ 
h.111 .md '"" "" n,.;'1"- < 11 lh<' .mr. u.11 " .•!,1m1p1i. >Ill •I "·'' h oflh,· It,.,, .. \ 11 .. 11 t. TTou:. 11w1.1I' I,.·· . m<·:o. d1:-1 ~ T" ··.! 
.and dj,,,,,I"'""'' 1 ... -, .. nd ''"'"'·~"" r""'<'f.1h1lil\ ·11 ... ,j1u~11i .. 11 :n .i,.,..J,,ptn;.: «•unln•'-" 1::.1·. f,.· ,j:,.:l.r.-. 
f.,·111·r ""ini.: to 1'-"''"'•·r m_.·n:n.-., '" <OllM"f\l', lml d1<· r .. n;.:,- du ...... , j, m11d1 tlw '-Hlk .111<! f,,, 1:1o •• : 

,h ...... -.1p.111' ,. u-..•·.· .. f~, 1111 p.11111 If; i'.l'<::~lh. xl,·~. re, o\rr; i'.' ="'irnply n- ,: ~ .. .-.1.-..1l1h· 

· ~r1.c).;u. I ' ' . ·' .j, ·f 1.11 111( 1.af f • ~i''' 1t ·:·. p• 1i:.t 1nin;: 1hc: hh "'f ,Ju:h · - I 111 ttff.ti ""'"'- \ ~ 1: ~-~. : .~, -.- c 1 • "'., 
l'I' ~ I '. 
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Table 3. Emissions of C02 and CFCs in 1985 and 2020 

Country or 
region 
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Table 4. l!ml-..-.lo1L-. of S02 In 1970, 1985 and 2020 
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The nud for ernl~ical(v sustainable industrial dewlopmmt Reading Exttrpts 

The Pakistan National Conservation Strategy 
r----------- ----------------------------, 

Excerpted, with pcnnission, from 1be Pakistan Nalional Consemalion Strategy (Karachi, 
\X'orld Conservation Union, 1992), chap_ 3-4- (Submined as the national report to UNCED 

by the Go"-emment of Pakistan.) 

Pollution 

Most people think of en'·ironmental conservation in tenllS of the 
prevention of pollution-the control of discharges of unwanted, 

sometimes toxic wastes to the water, the air, or the land. Titis is only 
partially correct and reflects an urban bias; yet the importance of con
trolling pollution cannot be denied and is growing more urgent by the 
year. 

Water Pollution 

··--------

Water pollution has tl i.ree main sources: bacterial and organic liquids 
and solids from urban and n• ral domestic sewage; toxic metals, organics, 
acids, and other less-toxic but still polluting substances from industrial 
discharges; and chemical pollution in tl1e form of pesticide and fertilizer 
run-off from agricuhura' lands. 

All three can contaminate bm'1 ~··rface and groundwater supplies 
of water and render them unfit for other uses such as fLo;hcries and 
recreation, or expensi\·e to treat for industrial and municip<JI water 
supply uses. l11e costs of treatment places a heavy burden on municipal 
authorities and industril'S th:u must rdy on polluted sources 

Domestic and Human Waste-Waler Discharges 

Solid and liquid excreta generated in hun:an scukmems alnng with 
kitchen and wash waste water :.ire the major sources of wat<:r pollution 
in Pakistan and the cause of widespread water-borne diseases. 111e 
seriousness of the situation is clear from a World I lealth Organization 
study: diseases of a gastro-intcstinal nature account for 25-30% of the 
cases seen at public hospitals and dispensaries in Pakistan. Approxi
matdy 60%> of infant deaths arc due to infectious and parasitic diseaSt_·s, 
most of thl.'m w:lll.'r-horne. Lo:-iSl.'S to thl.' nalional economy, not co 
llll.'nt•on the human sufll.·ring, c;1uS<:d hy wat<.·r-hornl.' <.lisc::L'i<.'S arl.' high. 
A study Ill India found 1h;1t 7.-'i million work-days a year wc:n· lost through 
sud1 disc:a.c;c. ·111e co.<;t in tc·mls of medical treatment and lost produc~ion 
was rc:portc:d lo Ix· on till· orckr of l ISS 600 million pn y<.·ar. 
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-~-' indicated, the source of mos~ water-bome ::i.'ie:ise:s is human 
exc:re:lent. Pakistan generates 34,3":70 wet tonnes of excreta per day, 12.5 
millio~- tonnes per year. K:trachi alone di.c;charges :ipproximacely 300 
milliP~- gallons per day of sewage; Lahore, approximately 240 million 
g:tllo:-.s The organic load discharged, measured in terms of biologic:il 
o:\.-ygei dem:ind, for all of Pakistan is 2.265 loMes pe day. 

-=:ie breakdown by source is 26.rl) tonnes excrC:"..3 from rural areas 
3 d.3\ .::.nd 8,000 tonnes from urbm :ireas. An esi:irn31ed 11,096 tonnes from 
:he r_::il :ucas (80'l/r.) i.o; cepo.o;ited in fie!d<;. :\n est!nu:c:d -i.16'> tonnes of 
:: 11.: '-: .ill cxcn:ca ( 52•;, ~' di.-.p.,,L·.: ...,:· into s1.:·-'- L ::'. ·.'. ::L cht: n:nuin<ln 
beint: jepositcd on the ro:idside. into waterw:iys, er incorporated in 
solid -;~·aste. 

~·~:ijor cities dispose of their largel~- umreaced sew:ige into irrig~cion 
systc::!..S, wh..:re the w3Ste water is reused, and !nto streams and 
river~. without any consideration for the rivers· assi.:nilative capacity. 
Consequently, not only does serious bacterial con~:iminacion result, 
threa;.:ning human health, but the organic load of the sewage 
serioLsly depletes the dissoh·ed oxygen content of the receiving 
water~- causing unaesthetic conditions and making them unfit for 
fish. i: has been reported chat pollution of the Rh·er Ra\'i-into which 
Lahore discharges ics uncreated waste water-has me.J.nt 5,000 fewer 
tonne-s of fo;h production per year. 

-:-:,c major industries cre:uing c:nvironm,·ni:il h:tz:irds arc the 
:nani.;: . .1cturc of chc1~1ic:ils (includin~ pesticick-s). :c:xtilcs. pharma
n:uri.: .. ils, cement, ckctrical :ind ckctronic c:quir:ncnt. glass and 
ccran::cs, and pulp and papc:r bo::mJ; katht:r t:inning; food pro
ccssir.~; and petroleum refining Pollutants :i."soci..i.ccd with various 
!n<lu:-:~ial subsectors are shown in t:ihk 1 

' 1 syslcm:u ic or Cl)ffipklc: surn·\· h:is l>n·n d1 •'.:L" c ,f rh11..· sources, 
·•olur.-.<.·s, :ind charactcri:->tics of iodustriJI polluti11r. in :'.1kis1:1n. :ihhough 
?arti.>. surveys, invc.slig.1tion-; of p:irtiL·ul:.ir :-.11ure<.:s .. Uld ol>:-.t:r\'ation.s 
bav(· :'hown the S<.:riousncs.s of industrial r,>llution in a number of 
locati, rt'i. A preliminary study of haZJr<lous d1t:micJ..i industries con
duct,·c: in 1985 for the Environment and Urban :\ff airs Division surveyed 
J 00 pi.mes scattered throughout thl' countr}'· Only th~ir..T, two of which 
w<.·rc· '.1ranches of multi-nation:il cornp:mi<.·s. 1rc:J1t·,f thdr was111..·s to 
comm,1nly accepted stind:.rdo; ·111c· rc·maindc.·r did n. ·ching l·xccpt dis
pose.· , :·their wastes in the most cc1nn·nicn1 '' :1v. 

r.•r all practical purposes. industric.·s du ll!Jt ("1 ·:llrol lhl'ir waste.·· 
'A'alc·r dllucnrs throu~h procc.·s.-. comrols, \\.1st<- rn\ din)l. or t"lld 
of.pif'l' trc:umc·m. In K:tla Sh:1!1 Kaku ifldus1rL1I :un rwar 1.:ihc,rc.-, for 
cxam(l", the.: various chemkal indu~tric.·;,, 1.1nn<.·ri(· ..... tt·xtil(" pl:llll.'>, 
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stt."d n::-rolling mills, and otlx:r operation..c; di.sch:irge effluents containing 
hydrochloric acid and hi¢1 lt,-cls of organic m:mer direaly into streams 
and canals. Biological mqrgen demand k\·cls of 193 to 833 milligr.ims 
per litre :md mercury levels of 5 6 milligrams per litre have been 
measured. (The proposed interim relaxed Gove;runent standards for 
these are 200 and 0.1_ respecti,·ely.) TileSe discharges have rendered the 
nullah [drainage course) water unfit for irrigation use and livestock con
sumption, and have caused an annual reduaion in the fish catch of 400 
tonnes. ,·alued at Rs. 10 million_ 

Ir. th· \!:inicy c.: ~:i:.KL indu«::-i:1l p- ·!'.t:::,•n :.:~-.ch:1rgt·s combined 
with man~o\·e dcsu-..iaion and o.-c·rfishing !u.n_- resulted in a sharp 
decrea.c;e in shrimp produaion, which transla.e-s into lower foreign ex
change earnings. Toxic substances occurring in efiluems from sample 
industries in Karachi are shown in table 2. 

Two large industrial rones in Sindh Pro\·ince-SITE (Sindh Industrial 
Trading E..c;ute) and UTE (Landhi Industrial Trading Estate)--discharge 
large quantities of organic maner, hea\1· metals. oils and greases, and other 
materials into local ri,·ers. In Korangi in K:lrachi, wh;:re LITE is located, 
.35 tonnes of suspended solids. 376 toIUles of di.ssoh-ed solids, 2 tonnes of 
:unmonia, and 1.4 tonnes of :usenic oxide, among other ch~micals, are 
discharged inlo the ciry·s already polluled harbour each <lay. 

Leather canning operations near Peshaw:ir are pollucing the Kabul 
Rin:r, lhrealening iL'i use for domcslic arid irrig:Hion purposes as well as 
il!. frcshwalc.-r fishery. <ft·er 235 industries in Faisabbad discharge high 
lcV<.:ls of solid,, heavy met:Jls, :uomalic dyes. inorjir.lllic salL'i, and organic 
malerials directly inlo the municipal St:wt:r.- \\ ithour any prelreHn~<:m, 
~olluling nearby agricultural bnd 

Anolher area for concc:m io; the t:'om.:imin.'.llioil of sh:illow ground 
waler in urh:lil area_.; near industri:il pl:int.; .:1s induslri:LI wasles are 
discl1ar,,__-d din:crly inlll or <Jnlo the ground_ l~ruu;.d\\ .UL"r pollulion is ohl·n 
pl·rm:inl:nc. in clt:il hundred<; or ncn ti1,1u.s;in,l' .-,f n·.1rs nuy he: m·cc.;sary 
for pollul:mcs :.;uch ;L<; {()Xie nwuls fr.,rn l:llll1l"fil·S t,, Ix: flushed Olll or :1 

C1Jnl:1min:uc:d .1quikr Surfacl· wall·r.s. <in till' , Jlhc:r hand. can Ix: re 
h:ihilil:ltl·d if pollutant loadin~ ;ire rc-dun·d , \r dimin:ued 

Agricultural Run-off 

"llK· u.<;<.· of krlilizcr~ hi.; gJ"O\\ n 7.1" -- :innu:illy during lhl· Sixt It 
Five- Yl·:ir Plan Annual <:Xf><-'ndilurc on pt·st il·id,·:.; currently amounls lo 
l{s_ j 2 hi Iii< ,n :i:1tionalh 111 1981>. 1.1 million ltlllrll·s, •l nilro~·n and 9:~.ooo 
tonnes of phc ~-;phate fl·niiiz<:r \H'r<.· prPdun·d locilly .. ind :inoth<·r 700,000 

tonrws of futilizer w<·n.· impor.1.:d Pl·sticicl<: imp-;n." li.1H· s1mibrly grown 
r.tpiclly. incn·:1.sin~ from -.<18.' tonrw:.; in Ill~•, >-:i i , 211.h 17 lo1111 ·s in 
1986/~C--a growth rail· of 190'o ov<·r th<· six-n·:li pt·riod 

HJ 
-- I 
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LU2 Table 1. Selected Pollutants Associated with Industry 

Industrial Suhscctor Potential Pollutant.-.• 

Chemicals Sulphuric and nitric acids, ammonia fluorocubons 

Pesticides Orpnohalogens, organophosph:ltes orfo~r toxic 
orpn.ics, 3.r.ieflic 

Tci..'liles llyerochloric, sulphuric acids_ high 300 (organic 
cor.:~nt). dye, '1.':lriou..o; o~!'l..i.:: dwni ::il-; :1.nd dt.·lt-r~._-n;_.; 

Phamuceuticals Arr-~onia, acid-;, zinc 

Leather tannin~ Hea\y meuls (chromium, odmlum. etc.), '1.-Z:ious 
orpruc chemicals, acid'.;, high BOD 

Food processing Anm1onia, sulphur dioxide 

Cement Alblines, limestone dust 

fkctrie1.l'dectronics Flu~ocubons, h~a"-y meL1ls 1 ir.clud::ig cidmium. 
nickd, selenium) 

Gla..'>S..'ceramics Ar.<nic, fluorine 

Petroleum refining Phc-nols, sulphides. oily rc.'!;idu.:~. arrJ'Tloni:J. 

l'ulp and p:iperboard Mt.>rClptans (organic sulphidt·s• hi~1 ~)f) and org:rnic 
soli.!s. mercury 

• Qluntitic:s anJ char.1ct.:-ri..~ic.<. dependent on type of nu'lufactu:ing pni..:t·~., 
and whcthc-r waste trcatmc:nc t'xi.st'. 

Soufft•· Dc.•riH'<.I from :\hml"d. Dr. Junaid, /l!C'i Sector Pa;xr 011 bultL~lrirx 

lndiscrimin3t<: u:«.· of agricullur.tl chc.·mic~Js. i~~.1i· 1ly fc.·rtilizn:-; and 
urioll:' rx·stil°i(k-.; in.-:uding irn:clicid<:s, fun,;.(:cicil-'. ;l!ld lu . .-rl iin,ks. i:-
contrihutin;: h> ch<:mic.11 pollution of th<: <:11\ ironnwP: :\grin1hural nm -oll 

frc 1m fic:ld" wh<:rc 1hc.-x- have lx:cn t· 'Cd incom:cily c •: inappropriard~- can 
r:iis<: t!K.' l<:vds CJ( tl1(·x· subst:mc<:s in watc.·rw:iys. 

·111<.· c:ffc.-ns inclu.k cxcc.·ss nulricm loadings fr, 1111 fc.·n ilizc:r run -off 
:~nJ suhS<:<jlll'll( un<ontroJlcd algal W<>Wlh in W;J(('f\\ ap;, ;1nd p<.'Slici(k 
ninlaminalion of w;nc.·rs, resulting in fish kill.-. lk.1d fish. app:1rc.·ntlv 
d1J<: lo pc·sticidc.·s. h;1\c.• hccn rcporll'CI on the· bank-. of the· Kabul R1n·r 
in n·n .1in sc·:1sons. Pc·=-ticidcs :1rc of p:irticubr n Hl< c.·rn I wc111s': of rlic:ir 
hir 1acn1m11l:11ion in fi_..;h and :mimal lissm· .mcl in 11.t· soil. :and hc·c111sc· 
111 1I1c1r pc·r ... i:;tc.·ncc i1~ th<: crwironmc·n1. 

·---- -· - - ·-- -·- ·-·- -·-·- - -- ·-·- -------------------- ·-- ----- -- ·-·-- .. -- - _____ , 
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The nttd ji>r ecologically sustainable industrial d!lwlopmmt Reading Excerpt." 

Other risks include comamination of shallow wdls used for drink
ing-water supplies for villages and cities, and pesticide rt.-siducs on cert-al 
and vegetable crops where care ha..c; not been taken in their applic:nion. 
Such residues may be harmful to humans. At leasl one case of poisoning 
resulting in a number of dcath5, invol·.•ing the pesticide endrin in food
&uffs, has been reported in Pakistan. 

Increasing use of nitrogen fertilizers may also lead to excess nitrate 
levels in groundwater we-Us. Hi~h nitrate 1e,·e1s in drinking water arc.
converted to more toxic nitrites in the stonuch of adull5 and infantc;, and 
:.ue kn<)\\n to c:rn"<:· bloc~! di5orcit:r" in infarl'." "'> 5tud!e5 to d:i1e h:1n: 

assessed groundwater conr:imination in Pakist:m from pesticide or fertilizer 
use in agricuhure. 

Air Pollulion 

The classic source of air pollution is the factory smoke stack. Such 
stationary, point-source emissions arc highly visible and represent a 
significant threat to those living nearby. By volume, however, the}' 
represent less of a threat to the overall health of Pakist:inis than do the 
multiple mobile sources of the automobile and other ,-ehides. Never
theless, the combined emissions of air pollutants from industry, 
power generation, transportation, domestic activities (particularly en
ergy use), agriculture, and commercial institutions arc growing rapidly. 
(Sec table 4). 

Table 2 Toxic Substance Concentrations in 
Efiluents of Sample Industries, Karachi 

Type of Industry Copp tr Cadmium Zinc Nirktl Lt ad 
\mgllitrc) 

Sugge.sll·d si;mdml• I Ol {).)() 5.<X1 i .no 0.50 
Food processing 0.4.i {).();\ 0.21 0.27 0.2.i 
Oil mill 0.0.~ 0 O.i 2.19 O.fr'i 0.48 
Bc·vl·r.1gl' C.Ull.) OJYI 2.()() CJ.11 0 O'i 
Tl·xtik· ().()2 ().()') ';jO 0.51 
Tanm·ry 0 ;'.I) 0.15 7.00 1.1 ·l 1.80 
< :hl·mical-alkali O.l 1 0.0.i 0.22 118 ON1 
l'ainl m.11111f:H·t11rt· {) o- 0.9·1 0.48 0.20 t88 
Shipyard () 28 0.10 1.H2.50 0.7·1 11.75 
< :l'ml'nl {) .~.{ fl Ji 2.66 I.Oil () 79 

·11~~<"<1 on F.fC repon lo l!llA I> 

Sourn-. 1\"<S A1<rin1/t11n•.\.rc'lor Paprrhy l>r. (;.R S;1mU1u. 
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Industry and power gen~r.uion arc becoming major sources of c-.irbon 
dioxide and sulphur dioxide cmis.sions. The rapid increase in themul 
po"ver gt.>Jlerating capacity currently under w:iy will result in suhstantial 
increase in emis..-.ions of these two gases and of nitro~en oxide from 
the burning of oil and coal in new generating stations. Pakistan's low 
thermal-value, high-sulphur coal resen·es will cause a rapid increase 
in these emissions as they come into production to feed the thermal 
generating stations. 

Similarlv. lL"C:- of natur.i.I gas. coal. J.nd oil as fuels by industry i.-. 
expc..·cft.:·d I• C:ll!"<: :1 suhsl:lr.'.'.:11 '.:-:crc:1-.c !~ :!ir pollutic •O ll1e t:xpcct<:d 
effects of 1hese emi.c;sions, unk-ss thc.-y are controlled at the source, 
include deterioration of soil quality in the \·icinity of factories, potential 
damage to crops (particul:irly from sulphur dioxide and nitrogen 
oxides), and possibly human health effects. Many studies in a number 
of countries have quamitati\•ely linked air pollution with respiratory 
disease, including lung cancer. 

Vehicle Emissior.s and Urban Air Pollution 

As table 3 indicates, the truly dangerous pollucams co human 
health-those that can cause bronchial irritation, hasten asthma anacks, 
and irritate the eyes-arise primarily from non-stationary sources in 
urban areas. Motor vehicle emissions in Lahore account for approxi
mately 9()0,t. of the total annual emissions of hydrocarbons, aldehydes, 
and carbon monoxide, and for smaller but still the l:lrgest proportion 
of the emission" of sulphur dioxide and nitrogrn oxides. 

---..---.-..--...-~~-~-""--'·-~-~%=-""-------~ ... ,,..._...__...,,..,_~-~-....- .... --..-,,.--------~-- --...-- __ -..-· --_, 

r fTab!~.l-~~-~~i-~ns_Qf_A4°fQll~~~Q~f!_, 19~5- _ _ __ -1 l Soun:e f Pa_rticu.la~- ___ ~9L ___ : __ cg __ __ JfJd~~J __ NQ2 _J __ ~l_d~ydes l 
[tonnes) -~•--tonnes_ ~o_ l '011~es __ % __ f_Ol!Dts ----~-)tonnesl _%Jtonnes: _ % 

; Mocor 2.014: 26 1.377 -19 123.054 96 29,536 91114,565 73 209j 89! 
vchidcc; I 

I j 

Railway 171 ~ 2 "."56 
,_ 

65; -H-
I 1 

I l,87H <) ,2(,1 ) ) ' 

: !'Jatural 54; 5 195 51 1s;5 8 -I I 

f 
~.,ga. .. j i I I Wood. I 1.119! 14 .~02 11 4,622 4 1,5"9 s: 3A2·1 9 -1 I ---, a>al. I 

! I 
I j solid 

r 

I 

I twa<Jtr 
I 
I 
r 

·i.4od ' 1 Jndustrial 57 ·58 u 285 l,010 3; 162 I --1 I ' 

f Wl" I l 
7,7~ 2 ... 98 : C.8,811 32,61.l i 21,SHl 23~ 1

Total 
• • I ' ! 

' UJlllllil(Jll"i : 

:'o\Jr<."l': Tari·f. Dr. NawJZ and \\"aris Ali. ,\rS So:tor f'a;~·r rm M1mici/"1l l>i.'i<:harp,rs .. 

- -------·-··------·· ···---------------------------------·-·------------------·- .• ------· ---·· - J 
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Table 4 Estimated Air Polluunts from Various Economic Sectors 

Sector 

! 
I i lndu.-.try 
I 

1 Tran-.port 

Power 
i 
I 

/Domestic 
' 
I 
I A "culture I gn 
I 

I C..ommcrcial 
I 

-- ---- ---- ---

(thousmd tonnes) 

1977/78 1987/88 1997/98 

C02 S02 .s°"' C02 S02 NOI C02 SOz NOI 

12.308 19 n.'3 26.680 ·H3 n-'3 53.42<> 9132 nta 

7.0C:lR ~2 fi3 F1.2:;;4 --, ..,, n·a 18 Cp)- F6 nta 

3,640 , :\ : 1.216 95 na 5.":h2 ~,:"" 76 

16,601 5 n:a 24.054 16 n.'3 3.998 -iO n/a 

845 5 n,"3 4,490 28 n:a 6 . .:Y.>8 -iO nta 

1,726 11 n.'a 2,587 13 n/3 4.261 J-_, nta 

<n a=no: :ipplicabld 
Source: SCS Se.-:or Paper on E1U?®'-

Melropolilan rdiancx on buses and lighl commercial vehicles also 
has various air pollution conseC!lJences. Old vehicles suy on the roads 
because of the absence oi emission regulation.-;. lack of enforcement of 
1nolor n:hiclc fitness rcg-.Jacions. :md che owners' llck of capital co 
purcha.c;e replacc.mems. Thus che a\·eragc Pakistani vehicle cmiL'i 20 times 
as much hydrocarbons. 2:; ::mes a_.. much carbon monoxide, and 3.6 times 
;L'i much nitrous OXick-s in t=rams JX-r kilometre :lS lhe an.•rage \"Chicle in 
the United States :\s sue!:.. air pollucion aJong bu.'>y roads and narrow 
scrceto; of che main cities is .m 0rder of magnicude greacer than would be 
predicted from the numhe .->f \"Chicles on the road. 

·1111.: pollutanL'i rcco:..it."d arc: che .standard (.·mis.,ions monitored 
thro11~.'1oul Ch<: \\~1rld. Su:?hur dioxide, :1 prccur.sor nf acid rain, i-; an 
irritant to the.- c:yc:s. O'JS<.' . .ind tlm1.11 ao; wdl :L' to lhl- lung-; It io; also 
phy1< 1loxic, cbrn:1;.:in~ pb:·.:.s .-\ldd:nk.s ;m: p;1rtiu1brl\· n< 1tc:\\ !Jrthy for 
!l)(:ir olmoxi<,u.s .smdl 

C:.irlion mon1>xide is (,,nsi<lcrni lo Ix: the must toxic common urban 
air pollutmc, .sinCl' ii rcducy:s chc oxygcn carryin~ capai.:ic}'· of the hlood. 
Carbon monoxick leH.·ls in chc ranf.?1..' of 8- .~J parts per million I ppm) and 
(1-·iO ppm ha\'(: l>n·n recor..!1..·d for r~1hore and K:trachi n:.spccti\"cly. 

Expn..,ur(.'" for ;m dght-!1our p<:ri1>d al cheS<.· k·vdo; is known lo c;111St.· 

ll'lllp<>rarv irnpairn11..·n1 of :11..·rvou.s s\sCcm funcci1>11.'i, induding eyesight 
.sl i:iq )Jl("~' 
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d.emical smog, in conditim:..s w:-.ere e"--posure to sunlight changes the 
rruterial into an eye a.rid lung irri~nt. Smog is al50 known lo inhibit plant 
gruwth. 

:-.litrogen dioxide is the corqonent of the family of nitrogen oxides 
tlut has the potential for the grea:c;c adverse eff c:cts on human health and 
hen-.:e is the chemical form of nitrogen oxides usually measured. In 
laborarory tests, nitrogen oxide le-.-els of 100 ppm cause illness if breathed 
for a shore tin1e. Levels of -oo PFID are facal if breathed for 30 minures. 
·n:e stancbrd recommendea by :.:...e World Bank for nitrogen dioxide is 
11 ~rpm 

The mosr dangerous of n::-jcle-relaced emission, lead, does nor 
appear in cable 3 because urb:m lead emission levels have been 
measured only sporadically in P::kistan. In Karachi, ambienc lead levels 
h:n·e been measured ac be£ween 0.024 and 0.13 micrograms per cubic 
metre. Estimated lead released f~om emissions co the air in Pakistan is 
521) tonnes. 

Lead is added co gasoline :o increase the ocrane racing and lo 
rc:duce engine knock. \\lien le.:.d is ingested by young and growing 
children, it is deposiced in t11e t:':-ain and has been shown co cause a 
rc:duction in i.melligence quotient. Lead from auto emissions is a 
part~cular hazard for inner-city residents living, workir1g, or playing 
along hea,·ily tra,·elled urban roa.:!s. It is for this reason that all irldustrial 
nations ha,·e mO\·ed towares leac-frec gasolines. In Britain, a reduction 
in the lead content of g:i.so:ine f:vm O.o6'Yr, lo 0 015';:. led lo a halving 
of blood lead le,·els among aff c:-.:~c:d groups. 

Cncontrolled open burning .: :· garba~ is anolll<:r source of urban air 
pollution. Such burning. w:Uch :ypically takc:s plan: :it r<:Jativdy low 
l<:mpc.-ratu~-s, has been found in t::c.: We.st to tx: :1 major source: of dioxin'>, 
an e~"'trcmdy toxic producr. Op<:r. Jump in~ and lre:llmc.:m by wc:athering 
wi'.I eventu:tlly produce :i h:::..~1.k·:'..' product. hut lx:for(· that happ<:n'> the 
dump will Ix: a m:llodorou!- hon:~.- for rats :md flies, :ind, vi:i le:ich:lles, 
an. >!her source of iuoundw:::,·r c\· :11amin:lli1 >11. 

Industrial Emissions 

Little inform:ition c:xi.'>LS on 1.::c.: naturt: of industri.11 air ('IJlissions in 
Paki.o;tan; neither comprc:ht:r~iw :10r spot suf\c..·\·s h:iw hn·n r<:ported. 
But observations in the vicinity of :i numtx:r of industrial zonc:s have: shown 
the..· cffecl'> of these pollut:inl"> In 1'.ila Shah Kaku indu~rial area, gasc:ous 
<:mi.•;sion"> arc tx:lic:ved lo Ix: r<:sp.. ::'..'\ihle for advnsc.: dln:ts on downwind 
crops. 11ic Punjab Environm<:ncal :'rolcction A~c..·1Ky lus rlTcmly hq.~un 
pri:hminary :iir poliution sur.cr \\ ith the..· :1.•;si.,.1.111n· ol the Instilul(' for 
Puhlic lkah.h Engin<:t:rin~ :ir.d lk'<-·:1rd1 .11 lite I 11in-r:-11y ol F11ginn·ring 
and Technology (l.ahord and ch~: Pakis1:1n Ct •111H"il for Scic..·ntific awl 
fn,!11..,lri:.t Rc..·scarch. 

---·-·-·-··---------------·-----·-··--···· ···--·-··------··. - --· -
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Air pollution is primarily an urb'-1 problem, \vhere the density of 
in:'..ustry and vehicles is sufficient to c. •:ercome the ability of the air to 
dis;:>erse the pollucants or dilute them ~.iickly enough. In rural :i.rea.s, air 
quliry is nol normally a problem exc::::pc in the vicinity of pa:ticularly 
oi::noxious and large discharges of pol!.!unts. 

For example, most cemem plan:s in Pakistan have nol inscalled 
e~Jipmem to conlrol dust emissions, ar.d pose a nuisance and a potential 
hc-.ilth hazard for surrounding residen~ Large fuel-burning sources, such 
:l.' :hem1al generating sution.c; and in::Jstrics that bum coal for steam 
f 1 ::t:-;". c.-,u!d Cft·:Hl.' loo!i7t'd f!"•-.'.':t•n:< :·rom ck-position 1>f r:;:-:'.·.-U!:c :L"h 
n-._;;:;:er and sulphur compounds, t:"Sp<.-~:.tlly if the coal used h:is :i high 
SL:?hur content, 3.5 does much oi Pa.~·s indigenous cool $Upplies. 
Pei-urban brick-making kilns are cum:ntly the largest user of coal and 
er.-jt quantities of ash arid sulphur. But iheir effects are usually localized. 
di.:e to the relatively sm:iU :.imoum of c-::tissions they generate. 

Land Pollution 

Pakistan generates 47,920 tonne~ of solid waste per chy-19.190 
tc:-_'1cs from urban areas :ind 28.-.:;i:• tor.:-.~s from rural :irea.c;. This ~ounts 
£(• ~ -. 5 million tonnes per ye:ir. In cities ~:Jch as Lahore :md K:ir:icru, w:iste 
disposal cypically accounts for 20-25'Jtr .. :>f municipal expendirures. faen 
so. only about 55% of these tw0 urt-.m areas, typically the wealthier 
S<:·.:tinns, benefic from municipal collectic,ns. The composition of the waste 
in.::udcs a compostablc concern of -31 · :·or Lahore (56%) for K:ir:ichi 1 :J.nd 
:1 ;-..lpcr contcnc of 5-fr ·. 

Solid domestic w:iscc is t\·pic.:ilh· Jumped onto low-lyin;z land in 
r:.:..ist:in. and not even with the.: bcr:..:fic of m~)dt·rn sanit.Jry bnJfill 
nk~hods. 111c rcsulc is un.si.i.dnh· :in.: unsanicary conditions at .lnd 
ar..:·und dump sites, chc use of l.Jnd th:H could be curnt·d ((; more 
pr:-ductin: purposes, and the lo~s (•: potentially nluabk rccycl..ihlc 
m.~:l."rials ll1l." v(·ry clcmt·nts rh.ll c:iusl· 1hc prohkm. rhc or)o!.mic m.mcr 
("1 :-.:u11, ~i\·l." it a poll'.nli:J.I \'allll' -'' c, :::pi>.Sl if it is cnc1p.sul.1Ct·d in :<uil 
:1r .. : chc organic matter is rnlucul :.· an l'nricl1 ·d slcrik :·t·rtil:1t·r 
f{l ,·\clin~ 1hc or~;inic l·onll'.nt l>f so::.: wa.sl<:s has hcgun \\ 1c:1 a ""'J 
co::m..-/d:i\' composcing pl:inc oper::.1i;1_.: in Karachi. < >lh(;'rs art· plan~1:d 
for Lahor(', Islamabad, :md \Jllwr cirk-s :'anil:&r\' l:indfills an: ;1ls-:1 ur.,k·r 
n•:'-'idcr:11ion for l.:1hort• and l~lamah.;J 

Of considl·rahk- concern i~ tht: li:.-1.:lihood 1ha1 quanlilil's '1f 1.,xic 
inl:ustrial wasccs luv(· hn:n dump<:d ii: munidp:il disposal arl·as or .m: 
i>l·::1~ dumped din:l"lly <>fllo lanll' :idjall"lll to bctoril·s with n, 1 rccor,! cif 
Iller loclliun, quanlily, •>r loxi• u)r.1p.·:'ilion. The l'XJX:ri<·n. ,. i:1 rr:.my 
CP.;rllril'.s has shown 1h.11 .sud1 ·cuxic ~t·;il l'.SL11e· ha." gT:&\'l' ~,<i;il .• nd 
n, numic implicll1u11.s lor lhl" furun.: Sl·::. ·us hl':1ltli prol>k-riL" .1:111,:-1x 1. .::11 
rc•:d<:nL-;, brgl' li:1l>ili1il's for ci<:.11H1p in;urrl'.d l>y lhl' ind11-;1ril :-. i1 j\\ l ~t·d 

----------------- ------·-------·-----------·----- - .. -. --·-... --- - .. 
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property values, and considerable public expenc;e fc.- iden1ifica1ion and 
rehabilit.alion of contaminared sires. 

Coastal Pollution 

Pakistan has two pons (Kanchi and Pon Qasim) and four f c;h 
harbours either operational or under construction (Karachi, Pasni, Gwadar, 
and Korangi). Karachi port and harbour :ue the mo.st used are:is, and it is 
here thar the grearest pollurion is seen. both from \·essels (illegally 
pumping our bil~es and refw;e), and fr0:n the port·s oil terminal. An 
c:stim.J.tc:c 90,•: ·J4) tonnc:s per year of 0ily d~..::;....rgc:s arc pump(:<l out within 
port limics. I'o oily ship waste rC\..--eption or 1.re:itment facility exists within 
the port. Dredging operations, necessary 10 keep the approach channels 
open. also ha\·e a major impact. 

Tile shipping lanes in the Arabian Sea are some of the busiest in the 
world, and it is fortunare that Pakistan has not eJ1.-perienced a spill greater 
than that of the •Akbar', an oil barge that sank and discharged 700 tonnes 
of crude in 1984. Pakistan h:is no capaciry 10 cope with an oil spill, minor 
or m:ijor, or with any other kind of shipping :iccident with environment:il 
consequences. 

Recently, another potential hazard has al'iO come to light: rhe 
possibility of toxic waste dumping either al sea or, through the subterfuge 
of wrongly labelled containers on ships, on land. The port authoriries are 
untrained and ill-equipped lo recognize and deal with such cases . 

. \bout 45% of Palcistan·s industry (hy \·:ilue added) is located in 
K:irachi. All its cffluentc; plus rhe domestic se:\"\·agc from a city of more 
than 8 million people and all agriculrural run-off from the hinterland and 
in the Indus Ri\·er find their way, untreated. into the sea. ~o comprehen
sive, systematic assessmem of industrial or dome:-tic/municipal pollution 
in the coastal zone of Pakist:in ha" been done. Some studies indicate that 
cutro?hication caused by pollution from Sl'WJ~ (or other organic biodc
gr.idablcs such as fo•h processing w:istl-:<). though increasing on:r:ill 
biom:L'\..'i in th(.· form 0f :ilgal bloomc;. !us rniuccd (.'conomically important 
marinl.' fauna. \\"atc.:r-l>orne dis<.-asc n:c1or!' .md thl.' interaction of scwagt: 
with ochc."T materials :llso h;1ve serious implications for hl!man health, 
particularly for villages on the coa.4't 

TI1c three main coastal industries with the largest volumes of effluenL'> 
arc the steel mill, power plantc;, and rdin(.·rics But the m;any smaller 
industrial unit" have more significant polluting dfcctc; on the marine 
environment. 

Surveys of industrial pollution, bv virtu(.' of l~ing localized and ha.<;<:cl 
on a limited number of watcr and S<:dinwnl sampks, cmnot rc.:pr<:sc.·n1 
accur.udy th(.· degrcc or cxlcnt of waccr polluli11n or lhl· problem ol 
mal<:ruls lc.:adting into soil and groundwat~·r rl·sourn:s. ·111c syncrgistic 
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and cumulath·e effects of interactions ar.1ong different inorganic chemical 
compounds and be~n-en these compounds and organic maucr remain to 
be in\·escigaced. For t-xampk. the effluent from the Karachi Shipyard L" 
recorded as h.l\·ing a pH level of 4 with l lfJ milligrams per litre of zinc in 
suspen.'>ion. The ~nergi.slic effects of thi.." level of zinc in acid effluents i.c; 
likely to be far more dangt.-rous to the coastal environment than i..'i 
recognized in current reports. The continuing piecemeal srudy of pollut
ants and lack of cor.sideralion of incer:iaions among different ones 
reprcsenL.;; a rr..:ijor we1kness in current assessmenLc;. 

Otht:r nc ..::..::·. e ir:·.::>:i.t:l" nn the U1:.l..'I indude chac of th<.:rm:il pollucion. 
increased curb:dicy :i.nc siltation due to dredging, oil spills, tarb:ills, plastics, 
and toxic effil;ents, induding hea\1· metals. Field studies of heavy metal 
concentratio~ in coastal scdin1ents and f LSh indicate levels typical of 
coastal wace~ off an industrial city. However, certain 'hot spots' of 
chromium ar,d mercury indicate that caution is now required in effluent 
d!sposal. Baseline surveys have yet to be undertaken co assess nacur:il 
radioactivity le\·els along the coast. so as to asses..c; the inlpacc of the 
K.\'.\'L"PP nucle:ir power plant. 

If presem trends continue, with no checks being inc;tituted, it is 
expected that ;.he present zone of o::\.·vgen-deficient bottom conditions in 
~rachi harbour will e::\.1end to co\•er most of chat area and its back-waters, 
except the channels where tidal flushing is effective in dispersing pollution 
loads. These conditions will slowly spread into the creeks, with serious 
consequences to marir.e bouom-dwelling s~cics and bcmhic fauna. l11e 
r<:sulting det<:rior.Hion in waler qualicy will adversely affect pelagic flora 
:ind fauna, tht: extent cif cutrophication will increase, and phytopl:inkton 
blooms and red tides ""·ill become regular fe:i.tures. ·111c hioaccumulation 
1>f toxic subst;mces in m:irinc fauna will incre1"<: :ind hewy mc1al pollution 
will spread se;1w:irdc;, t:\·cmually appro:lching toxicity levels within com
mt.-rcially irnpc·:"l:lnt fis!1 stock. with potenti:illy di."astrous implicationc; co 
!ht· fishing <:C1 •:1omy. 

---·--·-------------------·--. ------------ ··- -----· ---------·--. --·-· 
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@CHAPTER # = Introduction 

Tune required 
Page<f> (mir.utes)<P13> 

@FIRSTPAR = <°/o-2>L<°/ol>eaming Unit 2 is designed to acquaint you with environ
mental problems that have led to a worldwide call for ecologically sustainable industrial 
development (ESID). It also contains a glossary of environmental terms that may be useful 
to you throughout the course. <°/d>> 
@MAJOR HEADING= Objectives 
The specific learning objectives of this unit are as follows: 
@BULLET= To relate trends in economic development since 1970 to the most important 
industry-related l'!llvironmentaJ issues. 
@BULLITT = To describe the main environmental problems that result from industrial 
development. 
@,,BULLITT= <°/o-2>To begin to use the language of environmental management.<°/d>> 
@MAJOR HEADING = Key Leaming Points 
~UESTIONS = I Past development trends have resulted in very limited well- being for 
developing countries. In 1992, 80 per cent of the world population received only about 20 
per et.."Tlt of the world's income and product..-d only a smaJI share of industrial output. 
~UESTIONS =: 2 <°/o2>1ndustrial activity is a 1n1jor contributor to environmcntal<-o/J>,;. 
deterioration. 
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Q'QLESllONS = 3 It currently seems ine\itable rhat both global population numbers :.and per 
capita income will increase. The challenge we fa.:.e is w reconcile the demands of population 
gro\\'th. the desire for continued industrial <b·elopment and the need to preserve our 
anironment. 
E'Ql,BllONS = 4 We must find new approaches to industrial development both in 
developed anrl developing countries. that will allow us to preserve the ability of our 
environment to sustain us. In short. ~ ~ nmt achieve ecologically sustainable industrial 
de-~<O> velopment. 
~tSilONS = 5 The only way to do this is to reduce the "'pollution intensity" of industrial 
a;:riyities. 
aPAGE BREAK= 
acH...\PrER #=Stum· \-laterials 
~- -
;FIRSTPAR =This Leaming Lnit is deS~ed :J hdp you become familiar \\lth worldwide 
environmental problems that ha\·e pr~ted ~02>the call for ecologically sustainable 
industrial development.<°/cO> Leaming lrut 2 C(11ltains infonnation on economic and environ
<°lo2>mental trends, water pollution.. :innospheric pollution. toxic<°/<D> chemicals and 
ha7.ardous wastes, acidification and global clirmle change. 
a~WOR HEADING = Economic Trends 
aARSTPAR = Sinre 1970, o\·erall world indmtrial output (manufacturing value added, or 
\IV A) grew at about 3.6 per cent annually. ~ "ith a population in~ of about l .8 
per cent. 
Compare the average annual growth rares. 1970-1990. in developed and de\·eloping countries: 
gOODNOIND= 
g:BOONOIND = <T><T>Reg.ion<r _,, MV A Population 
'lVBODNOIND = 
@BODNOIND = <T><T>De\·eloped cmmtries<T>3.1°o <f>0.7% 
~BOONOIND = <T><T>F.asl . .\sia/South-F.asl . .\sia<T>9.1% <f>2.1% 
aBODNOIND = <T><T>Latin America<T><T> 1.0% <I> 2.1 % 
~OODNOIND = <T><T>Afiica<T><T>2.l% <T>3.0°o 
<°/o2> The growth in industrial output of developing c:ountries failed to meet e'.\-pectations. 
Overall. their share of global industrial output in current prices, increased from only 9.3 per 
cent to 13.8 per cent between 1970 and 1990. rnrinly in the years 1970-1980.<°/cO> 
<°/o2> This small share of global industrial output was achieved by only a few developing 
oounnies. Thus, 60 per cent of the growth was achiC\·ed by 12 of the 118 countries and 80 
per cent by 18 of them <°/d>> 
'iiPAGE BREAK= 
-aMAJOR HEADING= Environmental Trends 
~flRSTPAR =While there are natural emissions of roost major pollutants. industrialization 
is still a major threat to the biosphere. 
Emissions of carbon dioxide (CQ) from fuel bWTiing are a primary contributor to the 
e:reenhouse effect. 
"<oio-2>Einissions of chlorofluorocarbons (CFC':i) from refiigerators and air-conditioners, 
solvents and plastic foam blo\\ing are major~ of the "ozone hole", leading to ultraviolet 
radiation, skin cancers. loss of irmrunity. crop fishery yield reduction, smog etc. <°/cJ)> 
Emissions of sulphur dioxide (SQ) and nitrog01 oxide; (NQ) create acidity in the natural 
environment (freshwater lakes. <°/o2>t'h-ers, forests and soils) and the deterioration of metal 
and<° cJ)> hui lding stmctures etc. 
f:missions of toxic chemical substance& heavy n-.:tals (lead, cadmium, mercury and arSt.'Tlic) 
and aromatic polychlorinated compounds <PCB~ pentachlorophenol. dioxin) threaten aquatic 
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ecosystems and soils in whole reg.ions and seas. 
lndustrv is a major ~ontributor to these em;ronmental con- cems \\ith its manufacturine.. 
rrijnini utilities -and construction acthities. The table on the next page summarizes the 
em·iron- mental dfo.."1s of some of the major industrial polluters. 
For a long time such enerh~·- and pollution-intensi,-e in- dustries were confined mainl~· to 
de\·elopt'd countries. but they are now gro,,ing t\\ice as fast in developing countries. 
~PAGE BREAK = 
@.\-fAJOR HE..\Dl~(J = The Challenge: To Develop Industry While<R>Protecting the 
Environment 
@ARSTPAR =The challenge is to reconcile the demands of population gro'"1h. the desire 
for cor.tinued industrial de,·elopment and the need to protect our environment 
'llSPACE = 
tiBOD~Ol~D = <T>~T>Trends <T> 1900-1990 1990-20-tO 
rtiBODXOIND = <T><T><J><f>(acrual) (projecred) 
tf!BODNOIND = <T>-T>Population<I> <T> 4x<J> 2x 
@BODNOIND = <T><T>Economic acti\ity<T> 20x<I> 3.5x 
'?!BODNOIND = <T><J>Fossil fuel use<T> <I-> 30x<I> 3x 
1!BODNOIND _; <T><T>lndustrial production <T> 50x<J> 3x 
Past development trends haYe resulted in yery limited well-being for de\·eloping countries. In 
1992, 80 per cent of the world population recei,·ed only about 20 per cent of the world 
income and produced only a small share of industrial output. 
In 1990, WHO adrnined that the goal of health for all by the year 2000 could not be achieved 
under the existing world conditions of po,·erty and inequality. Will lJ~lOO find in the year 
2000 that environmental protection cannot be achie\·ed under such conditions? 
New approaches to industrial development rrrust be found both in de\·eloped and de\·eloping 
countries. that \\ill allow us to preser\"e the ability of our environment to sustain us. In shon 
we must achie\·e ecologically sustainable inciustrial development. 
rti\fAJOR HEADll\G =Questions 
~QUESTIONS = l What is industry's share of fossil fuel combustion? Is this share 
increasing or declining? 

'ilQUESTIONS = 2 The anthropogenic emissions of which heavy metal dramati- cally exceed 
its emissions from nJtural sources'? 

@'QUESTIONS= 3 \\'hat are the ··smokesrack" industries? During 1970-1988, how did the 
growth of smokestack industries in de\·eloping countries compare \\ith their gro"th in 
developed countries·~ 

({IQUF~~TIONS = 4 ls industry the sector that USt."S the most water? 



@PAGE BREAK= 
@QUESTIONS= 5 <1>/cr2>Wh~ is the difference between ambient standards and total<(1>1cfJ> 
load- ing standards? 

@QUESTIONS= 6 In 1985. \\bat were the industrialL'.ed countries' share of emis- sions of 
~ CFCs and SC>i? 

ll'P_-\GE BREi\K = 

:@i\WOR l-IEAOO\G = Questions 
00-JFSTIONS = I \\bat are some of the uninteuded environmental consequences of 
de\-elopment? 
~TIONS= 
E;QUF.SllONS = 
~<mONS= 
~TIONS = 2 How did the World Comnission on Environment and Develo~~,~ 
ment (WCED) define sustainable development? 
~TIONS= 
~TIONS= 
~TIONS= 
g'QUESTIONS = 3 \\bat did WCED call for? D> you think this is a controversial 
statement? 
~JESTIONS= 
~TIONS= 
~.-\GE BRFAK = 
~TIONS = 4 Is protection of the environment inooJ11>3tible with economic growth? 
~TIONS= 
~TIONS= 
~TIONS= 
~TIONS= 
~TIONS= 
gQUESTIONS = 5 rh:s WCED belie\·e that the world has the potential to achie\·e 
susrainablc development? 
~TIONS= 
~TIONS= 
~TIONS= 
-gQUESTIONS = 
t@P.-\GE BRFAK = 
~l.\JOR HFADING = Understanding Environmental Problems 
~DNOR HEADING = Global C1imate Oiange 
~RSTPAR =The narural concentration of cq in the atmosphere is controlled by~ 
interactions between the attnosphere, the oceans and the biosphere in what is known as th~ 
geochemical carbon cycle, Human acth-ities can disturb this cycle by injecting additional (Q 
into the atmosphere. thereby ~l!l'avaring the natural greenhouse effect. O\.·er the ~ JOO 

' ' ' ' 
I 11 Ill I 11111111 I I I I I 1111 II I Ill I Ill 111111 I I I I II 1111 II I II I 111 11111 1111111111 I II I I I Ill Ill I I 11111 



---------------------------------- - -- --- -

years, the global mean ten~e ha5 risen by 03= to 0_6"('_ . .\ doubling. of atmospheric 
concentrations of CQ is expected to increase the global mean temperat~ in the range of 1.5° 
to 4.5'-'C. 
It has been thought that CQ was the only gra!nhouse g.as_ Howe\-~. research over the last 
two decades has found thar other gases such as nitrous oxide. methane. chlorofluorocarbons 
(CFCs) and tropospheric oz.one may al50 be greenhouse gases. 
@\'UNOR HFADING = Ozone Depletion 
In contra.C\t to the hannful oz.one formed as a photochemicaJ oxidant at ground level 
(troposphere ozone). ozone in the stratosphere. between 25 and 40 km above the earth's 
swface., is a natural filter thar absorbs and blocks the sun's short-wa~length ultraviolet 
(lJV-B) radiation, which is hannful to life. 
CFCs are used <-s propellants and soh"ents in aerosol sprays: as fluids in refrigeration and 
air-conditioning equipment; as foanrblowir.g. ag.er.<s in pl~-Uc foam productiC'n; and as 
solvmts, mainly in the electronics industry. Studies in the 1980s showed that emis,goos of 
bromine can also lead to a significant reduction in stratospheric ozone. Bromofluorocarbons 
are \\'idely used to extinguish fires. and ethylene dibromide and methyl bromide are used as 
fumigants. 
@\'UNOR HEADING= Acidification 
<°/o2>Acidification refers to the !?J'3dual increase in acidic conditions in soils, forests and 
lakes. Such an inaease occurs in urban en\ ironments as well where it contributes to the 
deterioration of metals and stone_ .-\cid deposition nny be absorbed even in sensitive areas, 
by the natural buffering capacity of th\! en\ironment Howe\·er. the onset of acid conditions 
in an en\'ironment may occur long after an increase in xirl deposition.<°/cD> 
The main anthropogenic sourc.e of acid-fonning g~ primarily SQ and Nqv is the burning 
of fossil fuels. Additional sour~ include metal ore smelting.. suJphu.;c acid manufacture and 
other industrial processes. 
@\.flNOR HEtj)ING =Toxic Cltemi'31s and Hazardous Wastes 
AJI chemicals are toxic to some degree_ The health risks from a chemicaJ depend mainly on 
its toxicity and on the ~-posure. Only a few parts per billion of a highly toxic compound like 
dioxin may constitute a threat to health after only brief exposure. In contrast, only high doses 
of compounds like iron oxide or magnesium carbonate pose problems after extended exposure. 
An important development has been the shift from a f01..\lS on ju.C\t the acute effe.cts of 
chemicals to a focus on their chronic effects as well. Thest: chronic ctTe.cts include birth 
defects. genetic and neurological disorders and cancer. 
Although the tenn "hazardous"" ha'> different connotations among countries, it is widely 
applied to wastes containing metallic compounds. halogenated organic solvents, organohalogen 
compounds, acids, asbestos, organophosphorus compounds. organic cyanides and phenols. 
tvfost hazardous wastes are produced by industry, but it is now recognized that there are 
hundreds of thousands of facilities that generate hazardous ·wastes. These include households, 
medical facilities, garages and auto-repair workshops, petrol Siations and small-scale industries 
and businesses. 
@PAGE BREAK = 
@MINOR HEADING= At1mspheric Pollution 
Air poilution refers to gaseous or particulate contaminants in quantities. characteristics or 
durations that 1fC injurious to human. plant or animal life or to property_ The combustion of 
fos.c;il fiicls. both for power generation and transportation. is the ~jor source of atmospheric 
pollution. 
·n1c previously kno"11 comnon air · %-2::-pollutants<°/c{)/ ~~->are S<YMVo/o4.--2 ..... D>. 
• 0i.2 ~No- MY -x..--D :.-." .01"). .... suspended particulate matter (Sl'M). hydrocarbons (I IC'). carbon 
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rmnoxide 1CO) and lead (Pb). \fore recently. research has demomtrared the am·erse effects 
of ,·olatile organic COl11X>Wlds and trace metals. Both particulate matter- and le.ad are serious 
threalS to human health in the rapidly urbanizing. areai in developing. countries. 
@'.\U~UR HE-\DING = Water Pollution 
Some water pollutants. such as organic ~es from agr<rindustries aad hmmn settlements. 
are e,ag1y decorr.,osed ir.to substances that are nmnally harmless. Howa·er-. at high 
concentrations. they may seriously disturb the ecosystem Other- pollutants. such as metals and 
persistent organic co~ds. cannot be degraded; they usually remain 4dsorbed on bottom 
sedim::nts near the source of discharge. Some Of?llsrm have a renmkable ability to 
aca.um.late such pollutants. even when they are present in exbemely low conc.entrations. 
Both the amosphere a:id river-s contribute to marine pollution. The atmospheric pathway 
accotmts for more th:m 90 per cent of the lead cadmum copper. iron. zinc. arsenic nickel. 
PCB5.. DDT and hexachlorotluorohexane found in th~ w:Jters of the open ocean. The chief 
contaminant of fresh waters is untreated or inadequately treated waste water- from cities and 
industrial plants. Contaminants from agricultural lands.. forests and roads can be significant 
in rural areas. 
@PAGE BRE.\K = 

@~l-~OR HE.\DING =Questions 
@QL ESllO~S = I Name five greenhouse gases. 

@QL F.STIO~S = 2 \\'hich of these causes the most harm? 

~ F.SllO~S = 3 Ncune two natural caroon sinks. 

1lQLF.SllONS = 4 What are the two kinds of ozone? What is the difference between them? 
'<i'PAGE BREAK = 
~F.SllONS = 5 How do CFCs affect the ozone layer? 

@QLESllONS = 6 Name six uses of ozone-depleting substances. 

@QCESllOi\IS = 7 Name four adverse health and environmental risks resulting from 
increased l V-B radiation. 

l(f'QL"f...(\110NS '" 8 What is the m~jor cause of acid ~·posirion? 



@QUESTIONS = 9 \\'hat are the four m.lin adverse effects of acid deposition? 

(f~l'\0(\.lJM = <Pl6BJ243>10<P255DJO> List two heavy metals of environmental 
concern. 

@QUESJ\:ONUr\-1 = <PJ 6BJ243> I I <P255DJO> Give three exarq>les for the direct release of 
chemicals and three for their indirect release. 

:if PAGE BRE.\K = 
@QUESl'\0!'-1.JM = <Pl6BJ243>12<P255DJO> <%2>List some health effects associated 
<°/a4>with exposur<°/c6>e t<°/n4>o toxi<°/o2>c<R>chemicals. <°/dl> 

@QUESNONUM =<Pl 6BJ2..J3> 13<P255DJO> List <°/o2>three conmon air pollutants a!ong 
with <°/o4>thei<°/a2>r chemica<°/c:D>l<R>names or their acron~. 

@'QVES!\0:\1JM = <Pl6BJ243>14<P255DJO> What is the primary source of common air 
pollutants? 

@QUES!\O~l JM = <Pl 6BJ243> I 5<P255DJO> Name two air pollutants of special concern 
in cities. 

@QUESNONUM = <P16BJ243>16<P255DJO> Describe the health effects that result from 
burning biomass. 

@QUESNONUM = <Pl6BJ243>17<P255DJO> Name two land-based toxic pollutants that 
affect co~al areas. 

@PAGE BREAK == 
@QlJESNONUf\·I =-·- <Pl6BJ243>18<P255DJO> \Vhy do small quantities of metals and 
persistent organic co~ pounds cause a problem in aquatic environments? 

l'iiQUE.<.iNO!\:Uf\I = <1'16BJ24~;· I 9<P255DJO> Describe two types of contamination of fresh 



water that can be partially attributed to industrial :icti\ities_ 

@P.-\GE BRE.\K = 

~-IAJOR HEADING = Exercise 
@BODY4 = L<i>/~2>ocate the technical term for each of the following in the 
<Ml>Glo~y<D>:<i>/cl>> 

~ONS =I The level of abmspheric pollutants prescribed by regulations that may 
not be exceeded during a specified time in a defined area 

!!QL'FS"007'S = 2 The amount of o\.·ygen con5Ul11ed in the biological processes that break 
do\\n organic matter in water. 

~ONS = 3 Treating pollut31ts at the end of a pr~ by filters, catalysts or 
scrubbers, instead of preventing their occurrence_ 

@QUF.STIONS = 4 The slow aging ~ in which a lake. estuary or bay becomes a bog 
or marsh and eventually disappears_ 

@QUESTIONS = 5 A site used to di1>0se of solid wastes without environmental controls. 
@QUESTIONS = 6 Mnimizing the gaieration of waste by recovering usable pro- ducts that 
might otherwise become waste. 

@;QUESTIONS = 7 A pollutant remaining in the environment after a natwal or tech
nological process has taken place. 

@QUESTIONS= 8 An air pollution oontrol de\ice that uses a spray of water or reactant or 
achy proces.s to trap pollutants in enis.9ons. 

@QUESTIONS= 9 Market mechanism for controlling pollution; it entails issuing permits to 
pollute up to fixed limits and grants the right to sell unused portions of these permits. 

@PAGE BREAK= 
@MAJOR HEADING = Additional Suggested Reading 

@BIBLIOGRAPHY2 = 1JNEP. The World Hnvimnment /972-1992: Two l"Jeca/es <f 
Challenge., M.K Tolba and others. edi (London. Clmpman and Hall, 1992). 
@8IBLIOGRAPHY2 = UNIOO. lndu.<try and /Jevelopment: ( i/ohal Report I 9'JW9 J{UNI DO 
puhlication. Sales No. E.CX>.ill.E 12). i:hap. Ill. 
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1qBIBLIOGR..\i'HY2 = WCED. SmtaindJ/e I x.-e/opment -.-1 <jr1ide to Our< ·ammon J-i11ure: 
The Report of the World Conmis.sion on Emironment and Development (Gene'\·a The 

Centre for Olr Comnon Future. 1990). 
~BIBLIOGR-\PHY2 == \Vorld Resources ln:ititute.. World Resozm.:es l<.192-93: A tiuitk to the 
<Tlohd E11riro11111e1111,ew York. Word University Pres.5. 1992). 
1fPAGE BRE~= 
'ilCHAPTER = = Ca5e Studies 
1?!YWOR HE-\DIJ\:cJ = Case Study I: f\letal Contaminants in Poland 
'f!FIRSTI>AR = Industrial pollution problerm encountered in the region arOlllld KarO\'\ice, 
Poland situated 250 km south of \Varsaw, adjacent to the Czech Republic. rmy typify the 
severity of em ironmental damage caused by industrial pollution in other highly indus
trialized reg.ions of eastern Europe. \-lost of the scxaJled dirty- process plants in Poland are 
concentrated in :he l(aro\\ice r~ion_ The bulk of these pl311ts use out-ot:date txhn0log.ies_ 

<1>/o2> This regioo ao:ounts for nearly all the zinc and lead minerals mined and processed in 
Poland 98 per cent of the hard c-'lal produced. 52 per c.ent of the steel and 31 per cent of the 
coke manufactured.. and 32 per c.ent of the coal-fired electric power generated All these 
acti\'ities occur in an area that co\·ers 2.1 per cent of Poland. .-\s a result. more than 20 out 
of 54 pollutants listed by the Council of Ministers of Poland exceeded national standards in 
the Katowice region: worse yet. mmy of these pollutants hm·e annual average 
<1>/d>>concentrarions that exceed the national standards by 500-2.000 per cent. 
Air and waler pollutants in the Kato\\'ice reg.ion contain a<°-02> <1>;({)>1arge \·ariecy of 
haz.ardous substances.. including carcinogenic compounds. hydrogen cyanide, phenol and hea\y 
metals_ The Institute of Environmental Protection at Kato\\ice ra:ently measured the exposure 
of the local population (IO per cent 11f the Polish population live in that region) to two toxic 
metals. lead and cadmium by the consumption of vegetables grO\\TI in the metal
contaminated soils of the reg.ion. 
Lead is knO\\TI to be hannful to the circulator\· svstem and to .:ause neurolocicaJ di50rders. - - -The main sources of lead ernis- sion <°/~2>is non-ferr<°({)>ous metallurgical plants. mainly 
zinc and lead<° 02> smelters in this region. CJ.her sources, such as iron and steel plants 
(mainly open-hearth furnaces) and automobiles. are aJso imponant. Cadmiwn is knO\\TI to 
damage the lungs, blood, li\·er and kidneys. The main sources of cadmium emission are 
zin~<,J> <1>12>sme!ring plants (cadmium is a trace element in zinc ores). l\ot surprisingly. 
the highest concentrations of cadmium are found around such plants in the Katowice 
region.<1>/d)> 
To estimate the avenge wrekly per capita intake of lead and cadmium through Yegetable 
conswnption by the local population, ~~>a study was conducted cm·ering -G I \·egetable 
plots in th~CO> Katowice region. on the basis of a random sample of the most cotm10nly 
consumed vegetables from each plot. that is, carrots, parsley, celery, red beets and potatoes. 
From each selected plot, 30-50 sample vegetables were picked.. washed as nClnnally done in 
households. cbied, ground and mineraJized and then the metal c.ontent for each vegetable ~ 
measured. 
<1>/o2>The S3J11>le resillts show that ,·egetable leaves are. not<1>/cD> surprisingly. more readily 
exposed to metal contaminarion than roots. Thus. the highest concentrations were found in 
celery leaves and µar:;ley lean.'S. followed by celery roots. carrOI roots. red-btxt roots. parsley 
roots and potaroes. The study g.roup aJso c.'Srim1tc.'d the average weekly per capita 
consumption of sda:tcd ·/0 o2 "vcg.c.1ables from a sample surn.·y of 205 houscholili in the 
Katm,icc reeion to arrive at the wccklv intaki: of lead and ~admium throul!h n.'\!i:tabk 
consumption~ The estimates of:.01~) · wce'kly vcgc.1ablc ..:onsumprion and week I~~ ITK..1af intak~ 
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are given below_ Particularly notable is a ,.ery hig.h per capita consumption of potatoes.. 
around 2 kg per week_ 
Given the maximum concentration limits. recommended by the Food and Ag.riculture 
Organization of the tnited Nations (F . .\O) and WHO. of3 mg. per week for lead and 0.4-0.5 
mg for .::admium the estimated lead intakes of the local popt.larion all exceeded the desired 
limits except in the Katowice re<~ion_ Cad- miwn intakes ~02>are almost twice the 
maximum limits for all districts_ These estimates of metal intake are based on the 
measurement of metal concentrations in a small number of se<°;Cll>lected vegetables grown 
in the region and exclude the local consumption of many odter vegetables and fruits that may 
be exposed to metal contamination. as well as intakes from other sourc.es such as inhalation 
of air-borne pollutants and ~ tion of contaminated livestock products. They are, 
therefore. likely to be considerable underesti111.1tes. 
These r~-ults are much more sh1Xking than comparable results obtained from \Vest European 
countries. Investigations canied out in . .\ustria Behtium Denrr.ark. Frcmce and the Federal 

~ ~ 

Republic of Germany in 1979-1982 5howed that the weekly per capita consumption of 
vegetables. fruits and com products re- 5Ulted in an intake of between 0.5 and 1.5 mg oflead 
and between 0.11 and 0-34 mg. of cadmium The intakes of lead and cadmium in the 
Katm,ice region are several tirres higher than comparable figures in west European countries. 
The study showed that the thorough \\ClShing of ,·egetables in tap water reduced their lead 
content by over 20 per c.ent but had little effect on their cadmium content Peeling root 
vegetables also removed some of the metals: 20 per cent of the lead and 20-30 per cent of 
the cadmium Over 90 per catt of I~ and cadmium was removed from potatoes and 
deposited in the waste \\hen potatoes were subjected to alcoholic fermentation. These con
taminated wastes are. however. often fed to livestock as a fodder in the Katowice region. 
Given the relatively large quantities of potatoes consumed in Poland as a staple food (the per 
capita weekly consumption ranges between 2 and 5 kg. nearly mice the consumption in other 
countries). scientists at the Institute of Environmental Proteaion at Kato"ice in\"estigated lead 
and cadmium concenttation in raw pottto samples from I 3 regions in Poland. Four of these 
regions. including the KalO\\ice region. are highly industrialized and the remaining nine ar~ 
less so. As e~-pected. all the disuicts in the Kato\\ ice region as well as the region as a whole 
showed much higher conc.entrarions of lead and cadmiwn than other regions. In fact, most 
of the districts in the Katowice region greatly exceeded the maximum tolerance limits set by 
the Government of Poland for lead and cadmium concentrations in potatoe'i. 0.4 and 0.6 
mg/kg of potatoes. respecti\·ely. By contrast. lead and cadmium concentrations in raw 
potatoes in other regions of Poland appear to be less serious. with a few exceptions. 
@MAJOR HE.\DING = Questions 
@QUESTIONS= I Whal acti'iries are most likely to be responsible for the high emissions 
of lead in the Kato\\ ice region? For cadmium? 

@'QUESTIONS = 2 .-\re the estimates of lead and cadmium consumption produced by this 
survey likd~ to be close to the actual l~e1s of lead and c.admium consumed? Why or why 
not? 

ri~PACiE BREAK 
(ii'(){ JFSnC>NS -~ J Do you think that the people of Poland can reduce their l:on- smnption 

' 
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of lead and cadmium significantly if they wash their ~,a2>\·egetables? Why or why not? 
Can you suggest any other<°/cl>> things that the people might do to reduce lead and cadmium 
content of the~r \"egetables? 
@PAGE BREAK = 
@J\WOR HEAJlING = Case Study 2: Industrial Pollution in Pakistan 
@PAGE BREAK= 
@Till.ECIR =Industrial Pollution Problem; in Pakistan 

@Z _ TBL _BEG= COLUMNS( 4). DIMENSION{IN), HGUITFR(.0555). VGUITER(.0555), 
BOX(Z_DOUBLE). HGRID(Z_SINGLE), VGRID(Z_SINGLE), KEEP(OFF), 
RULF.(QuesnoindROCO .. R I C4) 
'ifZ TBL BODY:: TABLEI, T.-\BLEI. TABLEI. TABLEI 
"""""' - - . 
tvfedia<$! BO I>, Po11uting industries<$! BO I>, Major pollutants<$! BO I>, Environmental 
problam<S! BO I> 
@Z_TBL_BODY = TABLE4, TABLE4. TABLE4, TABLE4 
'\later<$!BOI>, , , 
Air<$! BO I>, , , 
Land<$!BOI>,,, 
@Z_TBL_END= 
@PAGE BREAK= 
@(1IAPTER # = Review 
~IAJOR HEADING = Test 

@fFST? = I The developing countries' share of industrial output in 1990 was approximately 
@TEST2 = a I 0 per cent 
@TFST2 = b. 15 per cent 
@TEST2 = c. 20 per cent 
@TEST2 = d. 25 per cent 
@TEST? = 2 The region with the highest growth rat~ in industrial output in 1970-1990 ~ 
@TEST2 = a Developed countries 
@TEST2 = b. East Asia/South-~ Asia 
@TEST2 = c. Latin America 
r@TF.ST2 = d. Africa ,_., 
@TE'ST? = 3 The region with the lowest growth rate in industrial output in 1970-1990 ~ 
@TFST2 = a Devel0ped countries 
@TFST2 = b. East AliialSouth-East Asia 
@TEST2 = c. Latin America 
@TEST2 = d. Africa 
@Ql.JE~110N~2 = 
@TEST?= 4 In developing countries, the main causc(s) of pollution is (are) usually 
@fFST2 = a Old heavy industry 
@TEST2 = b. Population, poverty and agriculture 
@IF..ST2 = c. Women 
@fEST2 == d. Business 
@fF.ST? = 5 Industry uses approximately 
@TEST2 ==a One fifth of the world's energy 
r'ii!fF.ST2 ·-= h. One quarter of the world's energy 
r{irtr~~T2 -= c. One third of the world's energy 
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@TFST2 = d. One half of the world's energy 
@IFST? = 6 <1>/~2>Fmissions ofCO<MV>2<0> from fossil fuel burning. are a major cause 
of<°/cD> 
@TFST2 = a Greenhome effect 
@TEST 2 = b. Aquatic system damage 
@TFST2 = c. Ozone depletion 
@TFST2 = d. All of the above 
@TFST? = 7 EJnis,gons of CFCs come from 
@TFST2 = a Refrigerators 
@TFS12 = b. Solvents 
@fEST2 = c. Foams 
@TEST2 = d. All of the above 
@IFST? = 8 Increases in C\--B radiation.. ~ a result of the destruction of the ozone layer. 
contribute to all of the foUo\\ing effects except 
@fFST2 =a Suppression of the body's imnune system 
@TEST2 = b. Alteration of the reproductive capacity of plants 
@TFST2 = c. Non-melanoma skin cancer 
@TFST2 = d. Leukemia 
@IFST? = 9 Acid rain results primarily from emissions of 
@fFST2 = a Sulfur dioxide 
@TFST2 = b. Nitrogen oxides 
@TFST2 = c. Hydrocarbons 
@TFST2 = d. Particulate milter 
@PAGE BREAK= 
@fFST? = <Pl5RJ243>10<P255DJO> \\hich of the following is not a toxic hemy metal? 
@TFST2 = a 1\-fercury 
@TFST2 = b. Lead 
@TEST2 = c. Cadmiwn 
@TEST2 = d. Dioxin 
@fFST? = <Pl5RJ243>1 l<P255DJO> The most polluting fuel per unit enagy is <P15B> 
@TEST2 = a Oil 
@TFST2 = b. Coal 
@TEST2 = c. Nuclear 
@TEST2 = d. Natura] gas 
@fF..ST? = <Pl5BJ243>12<P255DJO> The official name of the repon prepared by WCED 
JS 

@TEST2 = a Brundtland Report 
@fEST2 = b. Saving Oii' Planet 
@fEST2 = c. Our Common Future 
@fEST2 = d. Smtainahl~ Developmem 
@fEST? = <PISRJ243>13<P255DJO> The WCED called for 
@TF.ST2 = a l.ero economic growth 
@TF.ST2 = b. Economic growth thar is equitable and compatible \.\ith<R> the 
environment 
@TESTI -= c. Large-seal~ financiaJ transfers to developing countries 
@TESTI = d. Preservation of the world's reso1 1rces 
@ff.ST?-= <Pl5BJ243>1.J<P255DJO> Which percentage (approxirmtely) of world income 
did 80<R> percent of th~ world population ra;eive in 1992':' 
rii!TEST2 ·: a. JO 
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@TfST2 = b. 20 
@TfST2 = c. 40 
@TEST2 = d. 50 
@TEST?= <Pl5RJ243>15<P255DJO> Th~02> challenge for industry is how to reconcile 
~/c:D>nvironment<R> "ith projected 
@TfST2 =a Growth of population and gross national product (GNP)<R> per capita 
@fFST2 = b. Growth of technology 
@TFST2 = c. Pollutioo 
@fFST2 = d Growth of industrial output 
@tvDNOR HEADING= 
@tvWO~ HE-\DING = Some Id~ to Think About 
@QUESTIOr~s = 
@:QL'E.STIO~S = I \\ '.-Jch pollution do you find roost disturbing·: \\ hy? 

@QUESTIONS = 2 If the earth's axis were to tip by just two degrees, wouJd it make any 
difference to the awirooment and the world of business? 

~UESTIONS = 3 Is zero pollution possible in old or new industries? 

@,QUESTIONS= -t Soould a de\·eloping country have lower emironmental stand- ards than 
developed countries? 

~UESTIONS = 5 \\bich is more fragile, the en\iromnent or mankind? 
@CHAPTER = = Glos.'11)' of Einironmental T enns 
@,GLOSSARY = Acid deposition A complex chemical and annospheric phenomenon that 
occurs when emismon5 of sulfur and nitrogen compounds and other substances are 
transfonned by chanical pr~ in the annosphere, often far from the original sources, and 
then deposited on earth in either a wet or dry fonn The wet fonns, popularly called acid 
rain, can fall as rain, snow or fog. The dry forms are acidic gases or particulates. 

@GLOSSARY = Acid rain See Acid deposition 

@GLOSSARY= Air<pllity slandalm. The le\·el of pollutants pr~bed by regulations that 
may not be exceeded during a specified time in a defined area 

@GLOSSARY= APEL Awaren~ and Preparedness for Ein!rgencics at a Local Level, 
UNEP training courses off erred by the Industry and Environment Prograrmne Activity Centre 
ofUNEP. 

@GLOSSARY = . .\Binilation. The ability of a body of water to purify itself of pollutants. 

~LOSSA RY = Bmel Convention. The Basel Com·ention on th~ Control of Transboundary 
~fovements ofHaz.ard<'lls Wastes and their Disposal ( 1989) ai~ to control the transboundary 
movement and dispos.11 of hazardous wastes. 
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@GLOSSARY = R.\Th-UC. <°/o.1> Best avaiiable tochniques not entailing excag,·e 
cost.~/d)> 

@PAGE BREAK= 
@GLOSSARY= Baghome filter. Large fabric bag. ll5Wllly made of glass fibers, used to 
eliminate intermediate and large (greater than 20 microns in diameta) particles. This device 
operates in a way similar to the bag of an electric vacumn cleaner, passing the air and smaller 
particular matter \\bile entrapping the larger partiailates. 

@GLOSSARY = Biochemcal oxygen demand (BOD) •. .\ measure of the amount of oxygen 
consumed in the biological pr~ that break down organic matter in water. The greater 
the BOD. the greater the pollution. 

1?GLOSS . .\.RY = Biodegradable. The ability to l"-reak do\\n or decompose rapidly under 
natural conditions and processes. 

@'GLOSSARY= Biological magnificatioIL Refers to the proces.s \\hereby certain substances 
such as pesticides or hem-y metals 1110\·e up the food di~ work their way into a river or 
lake and are eaten by aquatic organisms such as fish, "hich in turn are eaten by large birds, 
animals or humans. The substances become concentrated in tissues or internal organs as they 
move up the chain. 

@GLOSSARY = Biological oxidaDolL The way bacteria and micrCH>rganisms feed on and 
decompose complex organic materials. Used in self-purification of water bodies and in 
activated sludge waste-waler treatment. 

~ARY= Biological CJ'ea11mnt A treatment technology that uses bacteria to consume 
waste. l}ijs treatment breaks down organic materials. 

@GLOSSARY= Bios(Rre. The portion of the earth that supports life. including the surface 
waters and the air. Similar to eoosphere. 

@GLOSSARY= Bioteclmlogy. Techniques that use li,ing organisms or parts of organisms 
to produce a variety of products, from medicines to industrial ~mes.. to improve plants or 
animals or to develop micro-organisms for specific uses such as remO\ ing toxics from bodies 
of water or killing. pests. 

@GLOSSARY= Bn.nldanl Report Popular name for report produced in I 987 by the World 
Corrmi~on on Environment and Development This United Nations-sponsored body 
produced a global agenda for change and specified how sustainable development could be 
achieved. The comnission was chaired by Gro Harlem Brundtland, the then-and 
subsequently re-elected-Prime Minister of Norway. 

@GLOSSARY = Cadmhm Toxic heavy metal used mrinly for metal plating and as a plastic 
pigment. Significant by-product in zinc smelting and roncem in phosphate manufacture. 

@GLOSSARY = Gubon cycle. <°/a2>The circuJatioo of carbon in the biosphere.<°/ci>> 
Cabon is an essential part - a building block - of the mola:ules that make up all living 
cells. In the atmosphere it circulates ~ carbon dioxide. which is released by respiration. 
combustion and decay and fixed in romplex carbon 1."0mpounds during photosynthesis in 
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plants and certain micro-organigm_ 

@GLOSSARY= Carbon cioxide (CQ). A colorless, odorless, non-poisonous gas that results 
from respiration, combustion and decay and is nonnally a part of the ambient air. 

@GLOSSARY = Carbon sink See Sink 

@GLOSSARY= Gudnogen. Any substance that can cause or contribute to the onset of 
cancer. 

@GLOSSARY = Catlly1ic convener. An air pollution abatement device that removes 
pollutants from rootor vehicle exhaust, either by oxidizing them into carbon dioxide and water 
or reducing them to nitrogen and o:-..·ygen. 

@GLOSSARY= Oierncal oxygen derlllnd (C:.00). A me3.5Ufe of oxygen required to oxidize 
all compounds in water, both organic and inorganic. 

@GLOSSARY = CHorotluorocaabom (CKS). A family of inert, nontoxic and easil<%2>y 
liquefied chemicals used in refrigeration, air conditioning. packaging and insulation or as 
solvents and aerosol propellants. Because CFCs are not destroyed in the«>/a4> IQ<.1>/a2>wer 
at- mosphere they drift into the upper atmosphere, where their chlorine components destroy 
ozone.<°/J)> 

@GLOSSARY = Oeaner Procb;tion A concept of industrial production that minimizes all 
environmental impacts through careful management of resource use, of product design and 
use. systematic waste avoidance and management of residuals, safe working practices and 
industrial safety. Sometimes called pollution prevention or waste minimi.zation. 

@GLOSSARY = Oean reclDJlogies. Production processes or equipment with a low rate of 
\Vaste production. Treatment or recycling plants are not classed as clean technologies. 

@GLOSSARY = Oal~•grave Tenn used to imply the whole life cycle of a product., 
from raw material to final disposal. 

@GLOSSARY = DDT. The first chlorinated hydrocarbon insecticide (chemical name: 
dichlorodiphenyltrichloroethane). It has a half-life of 15 years and can collect in fatty tissues 
of certain animals. USEP A banned registration and interstate sale of DDf for virtually all 
but emergency uses in the United States in 1972 because of its persistence in the environment 
and accumulation in the food chain. 

@GLOSSARY = Dilution m1io. The relationship between the volume of water in a stream 
and the volume of incoming water. If affects the ability of the stream to assimilate waste. 

@'GLOSSARY =- DioxirL Any of a family of compounds known chemically as 
dibenzop·dioxins. They are of concern because of their potential toxicity and contamination 
in commercial products. Tests on laboratory animals indicate that dioxins are among the 1oore 
toxic man-made chemicals knm\11. 

((i'Gl.OSSAR Y Disprn~al. Final plaet.'ITlCllt or cle!ot1n1ction of toxic, radioactive or other 
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wastes: surplus or banned pesticides or other chemicak polluted soils: and drums containing 
hazardous materials from removal actions or accidental releases_ Disposal may be 
acco111>lishoo through use of approved secure landfills. surface iiq>oundm=nts. land farmin~ 
deep well injection, ocean dwq>ing or incineration_ 

@GLOSSARY= Dissolnd oxygen (DO). The o:\.·ygen freely aYailable in water_ Dissoh-ed 
oxygen is 'ital to fish and other aquatic life and for the prevention of odors. Traditionally. 
its le\-d has been accepted as the single most ~t indicator of a water body':; ability to 
suppc>ll desirable aquatic Ii fe_ Secondary and ach-anced waste treatment are generally 
designed to protect DO in waste-recei,ing waters. 

@GLOSSARY = 1>m1J. A site used to dispose of solid wastes \\ithout emironmental 
contrnl::;_ 

@GLOSSARY=f.ro..caplcity. Refers. on the one hand, to the capacity of an eab--ystem to 
be resilient that is. to maintain its patterns of beha\'iour in the face of disturbance and on the 
other hand to its capacity to remain stable. that is.. to maintain its equilibrium in response to 
nonnal fluctuations in the en\ironment 

@GLOSSARY = ~flidency. Maximization of industrial output from a gi,-en level of 
resource input thus ensuring waste mi~on and appropriate use of human_ renewable 
and non-renewable resources. 

@GLOSSARY = Ecology. The relationship of li,ing things to one anolher and their 
en\ironrnent or the study of such relationships. 

@GLOSSARY = <Bo/o-2>EcologicaJly sustainable industrial da-elopment <1?-dl>(ESID). 
Pattem.3 of industrialization that enhance the contribution of industry to economic and ~;al 
benefits for present and future generations \\ithout i1J1>airing basic ecological processes. 

~ARY = Ecosystem The interacting system of a biological conmunity and its 
non-Ii\ ing C"lvironmental surroundings. 

@GLOSSARY= ms. Fnergy and Fn\ironment lnfonnarion System 

riiGLCl)S.-\RY = Fnd-of-ppe treacmtnt (abatmelt). Treating pollutants at the end of a 
process (by. for example, filters, C3lalysts and scrubbers) instead of pre\·enring their 
occurrence. 

@GLOSSARY = Fnvirommt. The sum of all external conditions including physicaJ and 
social factors, affecting the life. development and SUJ"\ival of an organism 

@GLOSSARY :..: Fnviro1111eldal coqjiance adt Systematic review and testing by 
professional environmental auditors of the management. production. nmketing.. product 
development and organi7.3tional syst~ of an enterprise to detennine and ~ oompliance 
with enviroomentaJ regulations. 

@XJLOSS..\RY = Fnvirorwnentll i~t~mem. ..:_1>Q2>An analysis to dctennin~ "hether 
an action would significantly affect the environment.--°lrl>-" 
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@GLOSS_-\RY = F_qg~-. 1. The opportunity for all countries to share the wealth ofindustrial 
de\-elopmatt at present i.e. intra-generational equity 2. E.qual opportunity for present and 
foture generations to share such wealth. i.e intergenerational equity. 

@GLOSSARY = F.utro(OcaCion <-~1~1> The slow aging process in which a Jake. estuary or 
bay becomes a bog or marsh and eventually disappears. During the later stages of 
euttophicarion<~Jl> the \\'ater body is choked by oYerabwldant plant life as the amounts of 
nutritive compounds such as nitrogen and phosphorus iiicrease. Human activities can 
accelerate the process. 

@GLOSSARY = E.1:temality. The cost or benefits to parties other than the supplier and the 
purchaser of an economic transaction_ 

riiGLOSS.-\RY = F..\Cl Food and .-\!!:riculture Or!!anization of the Lnited Nations. ,_ - -
@GLOSS.-\RY =GDP. Gross domestic product The total nmket ,-alue of all the goods and 
SCf\ i~ produced within a nation (excluding income from abroad) during a specified period. 

@GLOSS.-\RY = GE\lS. Global fJnironment ~·~toring System mmaged by UNFP. 
~lakes romprehensive assessments of major emirrnmental issues and thus provides the 
scientific data needed for the rational management of natural resources and the environment; 
prO\ id~ early warning of en\ ironmental changes by analyzing monitoring data 

~GLOiS.-\RY = Gloml warning. The consequenc..!S of the greenhouse effect, caused by 
rising concentrations of greenhouse gases. The suspicion is that g.Jobal warming will disrupt 
weather and climate patterns. It could lead to drought in some areas and flooding in others. 
One of the most serious emironmental problem:; faL"ing the world. 

@GLOSS.-\RY = GNP. Gross national product The rotal nmket ,-alue of all the goods and 
smi~ produced by a nation (including income from abroad) during a specified period. 

@GLOSS.-\RY =Good houselitep~. Efficient management of the property and equipment 
of an instirurion or organiz.ation. In the conte:\1 of Cleaner Production. it often refers to the 
procedures applied in the operation of a production process. 

@GLOSSARY = Greenhouse effect. The warming l,f the earth's atroosphere, caused by a 
build-up of carbon dioxide or other trace gases. It is believed by many scientists that this 
build-up allows light from the sun's ray to heat the eanh but prevents a counterbalancing loss 
of heat. 

@GLOSS.-\RY = Greemouw gaws. The gases, 5Uch as carbon dioxide. water vapor. 
methane. nitrous oxides and CFCs, that trap the sun's heat in the lower abnosphere and 
pre\·ent it from escaping into space. M~or solll\:e of increased concentration in the 
atmosphere is the combustion of fossil fuels_ Se.eGrttnhome effect 

rUGLOSS.-\RY :: C.mmdwatrr. ·n.e supply of fresh water found beneath the ea<°/o.?>rth's 
~1rface (usually in aquifers) that is often uSt.-d for :'llppl~ing \\dis and springs. &"Cause 
groundwater is an important source of drinking water. there is gro\-..ing ~oncem about area~ 
where agriculturn.I or industrial pollutants or subst~mccs from leaking u•o/rl> -ndcrground 
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storage tanks are contaminating. groundwater. 

'f!GLOSSARY = Halons. Bromine-containing compounds '"ith long attnospheric lifetimes 
\\hose breakdo\\TI in the stratosphere can cause depletion of ozone. Halons are used in 
fire-fighting. 

-~OSSARY = Hazanlom ll-Zle. By-products of society that can pose a substantial hauud 
to hwnan health or the environment \\hen ifl1>roperly managed Characterized by at I~ one 
of the following: ignitability. corrosi\ity. reactivity or toxicity. 

~OSSARY = Heavy metals. l\.1etallic elements \\ith high atomic weights. e.g. mercury, 
chromium cadmium arsenic and lead They can damage li\ing things at low concentrations 
and tend to accumulate in thi! food chain. 

@GLOSSARY= Hydrocarbon (H(). CbemicaJ 0001>0W1ds consisting. entirely of carbon and 
hydrogen. 

~GLOSSARY = ICC International Cbani>er of Comrrerc.e. 

1!GLOSSARY = ICPIC International Oeaner Production Information Oearinghouse. 

·£?GLOSSARY= IDA. Industrial IJe\·elopment Abstracts database of Ii'.'118. 

~ARY= IFJPAC Industry and finironment Programne Acthity Centre of UNEP. 
in Paris: formerly called the Ind~· and &t\ironment Office. 

·f!GLOSSARY = IUl International Labour Organisation of the United Nations. 

@GLOSSARY = lncinenltion <°/~2> I. Burning of solid. liquid or gaseous materials. 2. A 
treatment technology invohing destruction of waste by control<°/cO>led burning at high 
temperature, e.g. burning sludge to remove the water and reduce the remaining residues to a 
safe, non-burnable ash that can be disposed of safely on land in some waters or in 
underground locations. 

'f!GLOSSARY = INEl\l International Einironmental Management Association. Coordinates 
and supports national associations of environmentalist business management associations or 
business enterprises. Described in the European Community publication /Ju~ine.t~ and 
J:nv imnment. 

@'GLOSSARY= <B%2>1NTIB<D>. Industrial and Technological Infonnarion Bank of<°/cO> 
Ul\100. 

@(Jl,OSSARY = IPCC Intergovernmental Panel on Oimate Cllangc. 

%LOSSARY = IRPTC International Register of Potentially Toxic Chemicals, at Geneva 
.. \ coo~ative acti\ity of UNEP;\VHO'ILO l\tfaintains a global system for a'iSCS.c;ing 
environn~tal effects of chemicals. Topics include identification of knowledge gaps; chemical 
ha7.ards: evaluation and control of chemicals in the environment: nurnt.'fical data: production. 
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use ~md char.x.1eristics of chemicals: laws and r~ularions aftC..-Cring man. l!\ing ~;es and 
natur..ll resources. 

ti!GLOSS.-\H.Y ::.: Lanlfills. 1. Sanitary landfills are land disposal sites for non-hazardous 
solid wa...~c!S. where the \\&Ne is spread in layers.. ~ed to the smallest practical volume 
and co\»!r matc.>rial applied at the end of each operating. day 2. Secure chanical landfills are 
dispo5al sites for h37.3'dous waste. They are selected and designed to minirri.ze the chanQ! 
of hazardou. ;;ubstances being released into the en\irorunent. 

@GLOSS.· ~ Y = l..nchalr.. A liquid produced when water collects contarrinants as it trickles 
through wastes. ~culnmll pesticides or fertilizers. Leaching may occur in fanning. areas. 
feedlots or landfills and 1113\. result in hazardous substances entering. surface water. 
g.rour:d\\Jter (Jr soil. 

@GLU>S.-\RY = :\lecia Specific ell\ironments-air. w:ner. soil--that are the subja."1 of 
regulatory concern and acti\ities. 

(ciGLOSS.-\RY = \lemn. .-\ he:i,,· mdaJ that can accmnulate in the en\ironment and is 
~ - -
highly toxic if breathed or S\\allowed. See Hea\·y nrcak 

@GLOSSARY = \inirDDDolL Actions to a\·oid. reduc.e or in other \\a~-s diminish the 
hazards of wastes at their source. Recycling is.. strictly speakin~ not a minimization technique 
but is often included in such progiat111ies for practical rea500S. 

@GLOSSARY= ~lnamala. . .\fishing village in Japan. In the 1950s and 1960s the people 
who Ji,·ed there were poisoned by mercury purr1>fd into the bay by a local con..,any. The 
mercury was absorbed by fish lc!ter eaten by the people. The mercury caused nm·ous 
disorder in adults and cerebral palsy in children. 

@GLOSSARY = :\bmal Protocol The \lontreal PrOlocol on Substances thar ()q>lete 
th<1>a2~ Ozone Layer. adopted 16 Septetri>er 1987. se6 limits for the production and 
CODSUJ11>tion of damaging CFCs arid halons.~00> 

@'GLOSSARY= '.\1\"A. rvlanufacturing value: added. 

@GLOSSARY = NOO. l"on-gO\·ernmental organization. E~les are Green~. 
International Cnamber of Conmerce. International fnvironmental l\lanaganent .~Jrion 
and many others. 

@'GLOSSARY= NIMBY. Acronym for .. nOl in my bade ~~d." Political jargon to ~-ribe 
a situation in which the elcctorare might agree to. say, industrial dwnping or incineratioo. as 
long as it docs not take place near their homes. 

~ARY= Nitr.llt. A compound containing nitrogm that can exiSI in the atmosphere 
or as a dissolved gac; in water and that can have hannftil effects on humans and animals. 
Nitrares in water can cause SC\·ere illnes.c; in infanrs and cows. 

(ti'GLOSSARY · · Non-point solftr. Pollution sources thJJ arc diffuse ;md do not ha\ e a 
single point of origin or arc not introduced into a rc.'-Xiving :o>tn::cun from a spc~.:ifi~ ourk.1 lhc 
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pollutants are generally carried off the land by stomrwater run-off The convnonly used 
categories for non-point sourres are agriculture.. forestry. urban areas. mining. construction. 
dam5 and channds, land disposal and salt-water intrusion_ 

!!GLOSSARY = NO.- Oiemical fonmla that stands t0r all the oxides of nitr~~en. mainJy 
~~ but also NiO, NO. N2G:t. ~o .. and '~· "hich is unstable_ 

!~OSSARY = :\~ Any substalre ~ated by living things that promotes gro"th
The tenn is generally applied to nitrogen and phosphorus in waste water but is also applied 
to other essential aid trace elements. 

'f!'GLOSSARY = OECD. Org.aniz.ation for Economic Cooperation and De,-elopment 
Twenty-four countries. all market economies. are members: Australia. _-\ustria Belgium 
Canada Cbunark, Fmland, France. Gomany. Greece, Iceland, Ireland, Italy. Japan. 
Luxembourg. Netherlands, New Zealand. Norway, Portugal, Spain. Sweden.. Switzerland. 
Turkey. United Kingdom and Lmted States. It collects and analyzes information. including 
data on en\ ironmental degradation and spending on en' ironmerital protection. 

·!!GLOSSARY = OIJ.site facility. A hazardous waste treatrn:nt, storage or disposal area thaI 
is locared away from the generating site_ 

1!GLOSSARY = <B°/~2>0zone(~B\">3<8>)_<[)> Found in two layers of the annosphere. 
the stratosphere and the troposphere_ In the stratosphere (the atimspheric layer ~_inning 
7-10 miles above the earth's surface). ozone jj a fonn of oxygen found nanually which 
provides a protective layer, shielding the earth from ultraviolet radiation's harmful health 
effects on humans and the en\ironment In the troposphere (the layer extending up 7-10 miles 
abo,-e the earth's surface), ozone is a chemical ox~~>idant and a major component of 
ph()(ochemcal srmg_ Ozone can seriously affea the hwnan respiratOJY system and is one of 
the rmst prevalent and widespread pollutants_ Ozone in the troposphere is <°/n!>producOO 
through COfllllex chemical reactions between nitrogen oxides, which are among the pri11131Y 
pollutants emitted by combustion sources, hydrocarbons, which are released into the 
atm>sphere by the combustion. handling and proc,es.gng of petroleum products, and 
sunlight.~ JJ> 

IQ:GLOS£.\RY =Orone de~diolL Desttuaion of the stratospheric ozone layer. which shields 
the earth from ultraviolet radiation harmful to life. This destruction of ozone is caused by 
certain chlorine- and' or bromine-containing con-p:>unds (chlorofluorocarbons or halons), "hi ch 
break do\\n when they reach the stratosphere and catalyse the destruction of ozone molecules. 

'f!GLOSS:\RY == PCBs. A group of toxic. persistent chemicals (chemical name: 
polychlorinated biphenyls) used in transformers and capacitators for insulating purposes and 
in gas pipeline ~-stems ~ a lubricant. 

'a',GL(l5SARY =Phenols. Organic COf11K>U11ds that are by-products of petroleum refining. 
tanning and the nmufacture of textiles.. dyes and resins. Low concentrations cause taste and 
odour problems in water: high(!" concentrarions '211 kill aquatic life and humans. 

'«GLOSS.-\RY - 'll°IP-2 ..... Phosphates.<D;. Certain 1.:hcmical compound> containing 
phosphoms · 0 /rl) · 
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@GLOSSARY= PhosJft>n& .-\n essential chemical food elc!l11ellt that can contribute to the 
eutrophicarion of lakes and other water bodies. Increased phosphorus levels result from 
discharge of phosphorus-containing materials into surface wat~. 

@GLOSSARY = PIDmhnrical snmg. Air pollutant fonned by the action of sunlight on 
oxides of nitrogen and hydrocarbons. 

@GLOSSARY= Pollulant. Generally, any substance introduced into the enviroDllEllt that 
has the potential to adversely affect the water, soil or air. SeeResidual. 

@GLOSSARY = Pollution. Generally, the presence of matter or energy whose nature, 
location or quantity prod-..:ces undesired en\ironmental effects. 

@GLOSSARY = PVC A tough, environmentally inde&ructible plastic (chemical name: 
polY'inyl chloride) that releases hydrochloric acid ''hen burned. 

~ARY = Rtty~. The process of minimizing the generation of waste <°/o2>by 
recovering usable products that might othen\ise become<°/d>> waste. Examples are the 
recycling of aluminium cans. waste paper and honles. 

@GLOSSARY= RllD. Referral I:>dtabase on Energy and Environment. 

@GLOSSARY = <mQ>Residual.<D> A pollutant remaining in the environment after 
a<°/cl>> natural or technological process has taken place, e.g. the sludge remaining after initial 
waste-water treatment or particulates remaining in air after the air passes through a scrubbing 
or other pollutant removal process. 

@:GLOSSARY = Risk ~essllEllf. The qualitati,·e and quantitative evaluation perfonned in 
an effort to define the risk posed to human health andior the environment by the presence or 
potential presence andior use of specific pollutants. 

@GLOSSARY= Scrubber. .-\r1 air pollution control dC\ice that uses a spray of water or 
reactant or a dry process to trap pollutants in emissions. 

@GLOSSARY =-Sink. In air pollution. the recei,ing area for material removed from the 
atmosphere. e.g. by virtue of photosynthesis plants are sinks for carbon dioxide. 

@GLOSSARY= Solverm. Liquids that dis.50lve other substances. Chemical sol<°/o-2>vents 
are used widely in industry. They are used by pharmaceutical makers to extract active 
substances; by electronics manufacturers to wa.~ circuit <°fol >boards; by paint-makers to aid 
drying. Most solvents can cause air and water pollution and<°/o-2> can be a health 
hazard. -::0/J)> 

<Bo/o2> 
ri?(JLOSSARY c~ S~plu-dioxide (SO<BV%2>2<8>). <D> A colotBless, initati~ ~ent 
gm<"/.f)> fonned when s~p.r burm in air, one of che m1in air pollutants that contribute fD 
acid rain and srmg. ( omes from the cornludon of the s~phlr pment in most fos.~il fuels. 

ra~GI .(};SARY = Superfmd. I .c,·y on industry to pay for deaning up the roost contruninated 
industrial clumps and sites in the l Jnitcd States 



@GLOSS.-\RY = Suspenled Partima .\lalRr(SPl\f). Fine liquid or solid particles such as 
dust smoke. mist fumes or smog.. found in air or emi5Sions. 

@GLOSS . .\RY = <B~02>Sustainable de\·elopment. <D,.. Development that meets present<.1>/d)> 
needs without compromising the ability of future generations to meet their own needs. 
N~ly ba.5ed on limited data due to our current inability to forecast accurately 50- I 00 
years ahead. 

@'GLOSS.-\RY = Syneigistic. Intera:tion between two or more forces such that their 
combined effect is greater than the sum of their indi' idual effects. 

@GLOSS.-\RY = TmdtaUe permts. \larket mechanism for controlling pollution; it entails 
issuing JX"'rm.its to pollute up to fixed limits und grants the right to sell unused portions of the 
permits. 

@GLOSS.-\RY = UNcm. lruted l\arions Conference on Emironment and Development; 
it took place at Rio de Janeiro in June 1992 and was convened by the General Assembly in 
its resolution 44/228. 
@'GLOSS.-\RY = UNDP. United ~ations Developm!nt Programme. 

(ll'GLOSS:\RY = UNEP. United ~ations Einironmcnt Pro21a11u11e. 
~ ~ 

@:GLOSS.-\RY = USEPA. United Stares FJnironmental Protection Agency. F.stablished in 
1970 by Presidential Executive Order. it brought togcther the parts of various government 
agencies involved with the control of pollution. 

@GLOSS.-\RY = UV-8. Short wavelenhrth ultr3\iolet radiation. 

@:GLOSS.-\RY =Valdez Principes. Ten standards of ccaporate responsibility, formulated by 
the Social ln\"estment Forum in Lnited States after the Exxon V aide:: accident. Encourages 
sustainable development and good en'ironmental pra..."tice by companies. 

~ARY = <B°/~\\~ir. <D> UrM·anRd DDterials left over from a 
mnifacturi...:<°/c0> ~ anl RfiR from paces of lumn or anrml habitaeion. 

ra:GLOi.SARY = \Vmre mluc1ion adt Highly cost-eftective technique that follows material 
inputs into the production process and accounts for them quantitatively. in any form (solid, 
liquid, gaseous), to identify losses (Wclites), which can then be reduced by changes in input 
materials. process technology, product design and recycling. 

@PLOSS.-\RY = Wmtr mimnm.borL The reduction of waste by changing materials. 
processes or on-site disposal arrangenleflts in a way that is profitable for the enterprise and 
the environment. Also called waste reduction. 

(t~LOSS.-\RY = <Bo/e>J>Water quality standardi;<D> Ambient standard<; for water 
<%2>bod<°/d>>ics. The standards address the use <'f the water body and<°/o2:;.. set water 
quality criteria that must be met to prCllect the designated use or uses.<~(0.:--

l/i'GLOSS.-\RY ·=\\(,ID. World Crnrmission on Emironmcnt and [)e\"clopm1...'t1t. 



@GLOSSARY= 
@GLOSSARY = \\'HO. World Health Organization. 

@GLOSS . .\R'{ -= \\ICE World Industry Council for the Emironment, a division of the 
International Cbamber of Comnerce that raises emironmental awareness on the part of 
industry in de,·eloping and de\·eloped countries. 

@GLOSSARY = \\ICEM ll Second World IndustJy Conference on Fnvironmental 
Management organized by the International Cbamber of Commerce in 1991. 



~CH.\PTIR i= = Reading. Excerpts 
~CH'\PTER 1111.E =The Road to F.cologically Sustainable Industrial Developnll!llt 
·q)~L-\JOR HEADING= Cllapter I: Past Trends in Industrial<R>Gro,\th and Pollution 
'?!FIRSTPAR =- Fur the world as a whole. industrial output (taken as manufacturing value 
cdded) grew at an annual rate of 3_6 per cent during the last 20 years (see table I), \vhile 
population grew at 1.8 per cent The manufacturing \-alue added (ivlV A) of developed market 
economies grew at an annual rate of3_ I per cent. V1ibile their population grew at 0.7 per cent 
In the third world, noteworthy gains occurred in some regions, particularly East Aqa and 
South-East Asia. which experienced annual groV1ith of 9.1 per cent in industrial output 
co~ with annual growth of 2.1 per cent in populatiorl_ 
This gro,,th in the industriaJ output of de\·eloping countries did not meet expectations, 
particularly in the 1980s_ Q\·eraJL the share of these countries in global industrial output in 
curr~1t prices. inl.Teased only modestly, from 9-3 per .:ent to 13.8 per cent from 1970 to 1980 
(figure I). \-loreover. I 0 COlllltries accowited for OYer 60 per cent of the total !VIV A of all 
116 de\·eloping cowitries.. and 18 cowitries for nearly 80 per cent. 
fa·ents O\-er the past 20 years are disto..ubing also in respect of environmental deterioration for 
all countries_ \lost startling are the threats to the biosphere, to which industrialization 
contributes a significant share_ 
One such threat is the concentration in the annosphere of carbon dioxide (Cg, a primary 
contributor to the greenhouse effect. which has increased by I 0 per cent over the last 20 years 
(Figure 2)_:: As a result of incr~ng emissions of CQ and other greenhouse gases. the 
anr.1ge glob?J tanpernture \\ill probably increase from 15.1 C in the 1980s to between 16_7 
and 19.7' C by 20:0_3 

• .\pproximately two thirds of the CQ released into the atmosphere can 
be attributed to human activities., particularly f~I fuel combustion; and about one third of 
fos.5il fud combustion is either directly or i11directly connected to industrial activity. 
~/o2> A second area of concern is the concentration in the atmosphere of chlorofluorcarbons 
(CFCs). which hav~ increased dramatically (figure 3)_ CFCs are used in refrigerators and 
air-conditioners. in the blowing of plastic foam and as a solvent. They are the main cause 
of the .. ozone hole". the name given to the decline in stratospheric ozone, which protects the 
surface of the earth from damaging ultra\iolet radiation. Increased ultraviolet radiation 
promotes skin cancers and ~aracts and depresses hwnan irrunwie systems; it also reduces 
crop yields. depletes marine fisheries. accelerates the deterioration of materials and increases 
smog. The higher concentration of CFCs aJso contributes to global warming.~/<D> 
ll'P...\GE BREAK :.: 
-\ third area of concern is the increasing emissions of sulphur dioxide (SQ) and nitrogen 
oxides ('QJ. \\hich increased by 40 per cent and 100 per cent respectively, from 1960 to 
1980 (figure 4 ). These pollutants are the main n:asoos for the growing acidity of the natural 
emironment especially fresh\\nter lakes, rl\-ers. forests a'ld soils. and they contribute to the 
deterioration of the man-made environmenL ~ally stcne buildings and metallic 
infrastructure. These pollutants are produced mainly by the combustion of fossil fuels, 
primarily frcm power plants. It should he noted that the effects of acidification may have 
been m'lSked until comparati\·ely recently by the buffering effects of alkaline fly ash. 
However_ the increasing use of smoke-control tec:hnologv, especially electrostatic precipitators, 
may tend to accderate the acid build-up by decreac;ing the buffering ctlect. 
'ii'P AGE BREAK .-.: 

<.%2>;\ fourth area of concern is wastes. primarily f(1xic cht.'lnicals and heavy metals, which 
are dispersed 10\:ally <Uld build up in soils or sediments. ·rne roost polluted arc<t~ arc probably 
l 'nited States <Uld Furopca· 0 rJ ·n rivt.T hasins.. such as those of the ·nmmcs. the 



Rhine-<°o2>Schelde. the Elhe. the Danube. the Vistula. the Po. the Hudson-Rari<0 ~>tan. the 
Delaware. the Ohio and the lower \fis.sissippi. which re.:ame industrialized in the la.c;t 
I 00-150 years. There are no global data on such accumulations. There are. ho\\e\·er. global 
estimates of annual atmospheric emissions of heavy merals 1 table 2 ). Anthropogenic 
emis.5ions of lead cadmium vanadium and zinc exceed emissions from natural sources bv 
factors of 28. 6. and 3. respectively. Industrial contributions of arsenic. copper. mercury. 
nickel and antimony are as rmch as l\\ice those from natural sources. In addition. 
atmospheric fallout domestic and industrial wastew<°/CL!>ater discharges and urban runoff 
ha\·e caused significant inputs of tra:e metals into aquatic a.--osysterns and soils. threatening. 
the biosphere as a whole. including regional seas and the <>rems.<°/~> 
Industry is a major contributor to these etnironmental concern~ It includes acti,;ties such 
as manufacturing. mining. utilities and construction. Of these sa..--t:ors. manufacturing alone 
accounts f\."'r. on m·erage. one third c{ total final energy consumption. \for\! spa:ifically. fin: 
manufacturing subsectors are knO\\TI to be the most energy- and materials-intensi,·e as well 
as the most pollution-intensi\·e acti\ities: iron and steel; nonferrous metals: nonmetallic 
minerals: chemicals; and pulp and paper. 
For a long time. industry in developed countries has been the major contributor to there 
problems of the biosphere. but the situation is «}Q2>changing \\ith<°/~> the rapid 
industrialization of developing countries.<°/CL!> Whereas the developed countri::s ha\·e to some 
degree delinked energy and indusuial output, developing cowttries have done just the 
reverse. In fact. the delinking phenomenon is partly due to structural shifts. namely the 
gradual relocation of resource-ha'-~ (and energy-intensive) industries. such as steel. 
alwniniurn and petrochemicals, from the industrialized countries to the developing countries. 
Industrial final energy consumption in developed countries declined at an annual rate of 0.65 
per cent in 1973-1985 and L 93 per cent in 1980-1985. while industrial output increased at 
an annual rate of 1.50 per cent in 1973-1980 and 3.24 per cent in 1980-1985. In sharp 
contrast in<°/<l>>dustrial energy consumption in the de\·el<° 02>oping countries as a \\hole. 
excluding Otina grew at an annuaJ rate of 6.32 per cent in J 973-1980 and 4 .83 per cent in 
1980-1983. \\hile industrial output grew hy 3.82 per cent and 0.03 per cent in the same 
periods. Similarly, four out of the five materials, energy and pollution-intensive manufacturing 
sectors listed abovr.: grew faster in ck\·eloping countries than in developed countries during 
1970-1988 and gr.:lv twice as fast in developing coun<°l<i>>tries as in developed countries 
during 1980-1985~ 
~PAGE BRE-\K = 
raPAGE BRE.\K = 
'-· 
@~WOR HE.\DING = Chapter IV: Progress Towards E:ologically<R>Sustainable 
Industrial De\·elopment 
@FIRSTPAR = l11e ouf;stion that now arises is, How well is industry doir1g in achieving 
ESID? It is a difficult question to answer because there is a lack of indust:ry-spec.ific data, 
but a reasonabl·~ assessment can be nme using existing data and approximate measures. 
Ut'\I DO suggests two ways to measure progress towards protecting the biosphere. One is 
compliance wi1.h ambicrit emironmental standard.'- the other is compliance with total loading 
standards. 
((i)MINOR HL\DING =Ambient Stmdards 
i~dustrv is onlv one of manv connihutors to the degradation of the environment. Agriculturf!. 
mining: t..'Tlerl!~·- trwsport. ~'f\·ices Md houscholct~ also wntributc: in v~ing degrees. Not 
enough cfata an: avaihsblc at the global level to <L~scss the relative contribution of these various 
sources to amhic..'Tlt t..'11\·ironnk.'Tltal dctr...,-joration. ·nK·rc is infi.mmrion. however. cm the rdativc 
1.:ontrihution of pollutant lo;idings iml) the L'T1Vironnl<..'11t. 



Environmental deterioration associated with industrial development occurs at both the input 
and the output sides of production acti' ities. Industrial production requires the input of a 
\\ide variety of natural resources.. such as water. energy. minerals. forest products and other 
raw materials whose rapid depletion may cause en\ironmental daJll..:ige and ecological 
disruption_ On the output side.. the manufacturing proces.5 generates myriad wastes, including 
haz.ardous wastes. toxic cheminls and thermal wastes. that pollute the soil. the air and surface 
water and groundwater.. On the output ~de.. too. many manufactured end-products, such as 
pesticid~ detergents. paints. plastics and combustion engines. add to the pollution_ 
In Indmtry and /Je\·e/opment: (j/ob<i Report /'}')019/ L~lIX) assessed the global 
degradation of the en\ ironment from both the input and output sides of producti~n activities .. 7 
On the input side, it looked al the consmnption of water. energy and mineral resources: 
@BULLET= \Vater. Industry uses much less '''3ter than agriculture. but it pollutes the water 
more. Although more than 80 per ..:dlt of th>! watcr used for cooling. and cleaning is retumeJ, 
the returned water is often contaminated by industrial effluents and thennal pollution; 
@BULLEf = Fnergy .. In the countries of the Organiz.ation for Economic Co- operation and 
Dr!velopment (OECD). industry used more energ~' than any other sector in 1970-1987 .. Its 
share ranged fi-om 40 per cent in J 970 to 33 per cent in 1987. The indust.;al share of energy 
conswnption in de\·eloping countries varied from country to country. ranging from 63 per cent 
in China to 20 per cent in \\-est . .\fri~ 
@BULLET = l\ineral resmnes. T <1>/o2>here seems to !le no cause for concern about the 
exhaustion of mineral resources \\ithin the fore- seeab!e future. although political disruptions 
can always lead to tempor .. .ary shonages .. \lore important in connection "ith mineral resources 
are the em,ironmental problems pcsed by their production and indusL;aI use .. <.-<>/cl» 
<1>/o2>0n the output side. the <tv0°Cl>>Global Report-«>102> <D>anal)-sed air pollution. water 
pollution. solid \\CIStes. hazardous wastes and toxic chanicals:«>/cl>> 
@BULLEf = Air pollution The mmufacturing sector is not the sector that generates most 
air pollutants_ Each ma,ior air pollut<o.~2>ant has a different major source: electricity 
generation accounts for the bulk of anthropogenic emissions of SO<MV>2<D>, transport 
acriv!ties. for NO<l\,IV>x<D> and CO: and motor ,-ehicles. for hydrocarbons and lead. 
Industry, however. is a nnjor source of particulate emissions in many countries;<-1>/cl)> 
r~ULLET = \Vater pollution Industry is responsible for a fairly large share of waste-water 
dis...:harges containing traditional pollutants. E.sri- mation of the share is complicated by the 
fact that in many countries industry discharges its waste into municipal waste-water systems. 
Fragmentary data indicate that the share of industty in total wasre-water discharges is roughly 
20 per cent; 
(@BlJLLEf = Solid wastes ... .\n inter-country comparison of solid waste gen- eration is 
difficult owing to the different definitions for caregories of wastes ... -\few country estimates 
are as follows: industry's share of solid waste generation accounts for 17 per cent of the total 
in the United States. 9 per cent in France and 60 per cent in Japan; 
@BULLEf = Hazanlom wmti National data on ha7Ndous wastes are scarce and 
incomplete. Even when available. they arc not comparable bt.-cause of the widely varying 
definitions and classification schemes for na7Ndous wastes adopted by different countries. 
Bearing these limitations in mind the fragmentary data show that. with some minor 
exceptions. the largest portion of haz.ardous wastes is generated by industrial production. For 
instance. in the l Jnited States over 85 per cent of the ha7..ardous wa'ite is accounted for by the 
manufacturing sector; in lnailand this share is on.T 95 per C\.'flt: 
(ivBULLET " Toxic chemcals, It is ditlicult to e!-!1imate th~ qucu1tity of toxic ch1..inical 
wa'itcs produced in ditTcrt."llt countries each year. partly hccaa~ the k'TITI .. toxic" is defined 
differently in ditli.Tt.'flt C<lllfltrics, Some n."Ceflt data from the l 'nitcd Stmcs S1.!<.i11. however. 



' 

to permit the identification and quantification of the types and sources of toxic chemicaJ 
wastes. The chemical industrv accounted for 54 per cent of the total releases, followed by 
the paper products and primary metals subsectors. 
<o/o2>In sunnnary. while the available data allow a reasonable assessment for 
industrial<i>/cl>>ized countries, the relative contribution of industry to overall environmental 
degradation in developing countries is little knm\n. For OECD countries, the industrial sector 
in 1987 accounted for 15 per cent of the total water use. 25 per cent of NOx, 35 per cent of 
final energy use, O\·er 40 per cent of SQ emissions, 50 per cent of greenhouse gas emissions, 
60 per cent of the water pollution (biochemical oxygen demand), 75 per cent of 
non-ha7.3fdous inert waste and 90 per cent of toxic substances discharge to water. For 
developing countries, as well as the countries of Eastern Europe, the data on the relative 
contribution of industry to environmental deterioration are very fragmentary, as can be 
s·~·02>een in a recent report from the f.conomic and Soci<°/o4>al Connnission for Asia and 
the Pacific (ESCAP).<M">8<D> There is obviously significant variation, given the different 
levels of industrialization. between developed and developing countries as well as<i>/o2> 
among developing coun- tries. For example, industry's share of total final energy use, which 
use constitutes a major th<i>/cl>>reat to the biosphere, was 34 per cent in Africa, 40 per cent 
in Latin America and around 55 per cent in F.astem Europ<'.°/o2>e.<l\.f">9<00/cfl> 
@MINOR HEADING = Total Loadings 
Meeting current a.'llbient stal!dards is insufficient to prevent global and regional environmental 
problems. These ambient standards were formulated to protect local populations and natural 
resources, and they focus on concentrations, or flo·vs, of pollutants. Total loading standards 
for some pollutants reflect the fact that the cumulative stocks of these pollutants in the 
environment as well as tht. flows into it are significant and must be reduced. Except in the 
case of CFCs. the extent to which they must be reduced is an open question. 
Global emissions of COi from energy use. expressed on a to!al carbon basis, increased from 
4.0 billion tonnes in 1970 to approximately 5.2 billion tonnes in 1985 (table 3). They are 
projected to reach l 0.2 billion tonnes (the mid-point estimate) in the year 202~? Industry's 
share of these emissions is estimated to have been 2.0 billion tonnes in 1985, assuming that 
indr;stry <°lc.2>uses slightly more than one third of the world's energy. In 1985, the 
industrialized countries emitted about 50 per cent of this total, the fonner Union of Soviet 
Socialist Republics (USSR) and the countries of F.astem Europe about 25 per cent and the 
<°/<l>>developing countries about 25 per cent. In 2025. the distribution is projected to be 35 
per cent, 25 per cent and .JO per cent owing to roore rapid industrialization in developing 
countries and the positiYe linkage between energy consumption and industrial output. 
Currently, developing countries are experiencing the roost rapid increase in CQ \.vith average 
annual gro\\th of 3.7 per cent compared to 1.2 per cent and 2.6 per cent for OECD countries 
and the USSR and Eastern European, respectively. 
<°/o2>GlobaJ emissions of CFCs increased from 0.8 billion tonnes in 1970 to 1.5 billion 
tonnes in 1985 and are estimated to increase to 3.9 billion tonnes by 2025 (table 3). In 1985, 
the industrialized countries emitted about 70 per cent of the world's total, the former USSR 
and the countries of Eastern European about 15 per cent and developing countries (including 
China) about 15 per cent. In 2025, the industrialized countries are projected to emit about 
40 per cent of the world's total, the fonner USSR and counLries of E".astern Europe about 15 
per c1.:nt and developing countries about 45 per cent.<°/<l>> 
Global emissions of sq im .. Tcai;;ed from 63 million tonnes in 1970 to 80.5 million tonnes in 
1985 and are prqjected to increa'IC to 235 million tonnes by 2020 (table 4), "These emissions 
are primarily (85 pl.'T cent ) attritmtahlc to fossil foe) combustion (coal and oil) and 
secondarily to petroleum rdining. the smelting of sulphur-containing ores ( coppt."f. lead ruld 
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zinc) and sulfuric acid production. Assuming that industry uses one mird of the world':; 
energy, it was either directly or indirectly (by purchases of electricity) responsible in 1985 for 
30 million tonnes of SQ emitted into the atmosphere. In 1985. industrialized countries 
emitted about 40 per cent of the total emissions. the fonner USSR and countries of Ea.stem 
Europe for slightly more than 30 per cent In 2020, the industrialized c.ountries are projected 
to emit about !5 per cent of the world's toral, the republics of the fonner SO\iet Union and 
the countries of Ea.5tern Europe about 15 per cent and de\·eloping countries about 70 per cent 
Most of the increase in emissions by 2020 will be attributable to the increased use of coal in 
Cbina 
Dala on the accwmlation of trace metals in soils and sediments over me pa5t decades are 
limited especially in developing cuuntries~i In the past de\·elopec! countries were the main 
culprits in me discharge of trace metals. but the trend is re,·ersing: .... ___ me combination of 
natural r~urce endo\\lnents, the constraints imposed by population gIO\\ th and economic 
de\·elopment. and the lack of government regulations can only le.ad to an increase in the rates 
of toxic metal discharge in developing countries'~2 

Three acti\iries are usually of greatest concern: the mining. smelting and refining of metals~ 
the burning of fossil fuels for energy production; and the manufactming processes, especially 
the production of metallic commercial products. A brief look at table 2 confum; that these 
acthities are the main contributors of trace metals into me aonospher-e. ~lanufactming 
processes alone. ignoring energy use, are significant contributors of chromiwn manganese. 
nickel. thalliwn and zinc. 
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'il'Cl-l.\PlT:R Till..E = Understanding fmironmental Problan:; 
'~:\t-\JOR HE-\DING ~ Globa! Climate Change 
!IFIRSTP.-\R = .-\n i1J1>0l1ant dt!S(.'riptor of climaie is t~e. Stmlight heats up the sea 
and land. The warmed surface of the earth then radiates heat back towards space. On its way 
out some of this heat (infrared radiation) is absorbed by <1>02>trace gases in the abmsphere. 
notably C<J.:1\1\">2<0> and water ,-apour. and thereby keq:>s the earth·:; t~ 5Uitable 
for life. Without this naluf31 greenhouse effect of CO<\IV>2<D> and water vapour. the 
t~e at the eanh's surface would be some 33<1\f" >o<D>C cooler than it is today. i.e. 
below the freezing point The natural concentration ofCO<M\">2<0> in the anno~ere is 
controlled by the interactions of the at- rmsphere, the oceans and the biosphere in \\bat is 
kno\\n as the geochemical carbon cycle. Human acti\cities can disturb chis cycle by inja:ting 
carbon dioxide into the atmosphere. This leads to a net increase in carbon dioxide 
~'-"'nct.~rrarion in the Jtmosphere. \\hid1 enhances the naturJI gr~hc--'.!..~ efl:·.:t.<0 J.1 :· 

It had been thought that cq was the only greenhouse gas. Howe'\·er. research over the lasl 
two decades has identified other gases such as nitrous oxide. median>!. chlorofluorocarbons 
and tropospheric ozone as potential greenhouse gases. 
<1>ol>The atmospheric CO<l\·tV>2<D> ooncentration is now 353 part5 per<1>~2> million by 
,·olwre (pplD\·). 25 per cent greater than the pre-industrial (1750-1800) value of about 280 
PJJl11'·. and it is currently<°/cD> rising at about 0.5 per cent per year O\\ing to anthropogenic 
emissions. The latte· are estimated to armunt to about 5. 700 million tonnes of carbon per 
year due to fossil fuel burning. plus 600-2.500 million tonnes of carbon per year due to 
deforestation. Between 40 and 60 per cent of the CQ emitted into the annospha-e rcnmns 
there. at leag for the short term: the rest is taken up by natural sinks. particularly the oceans 
but also forests. Future atmospheric CQ concentrations depend on the amounts of CQ 
released from fossil fuel burning, \\hich ~ill be determined by the a'OOUnt and type of energy 
sourc.es to be used~ the cq released from biotic sources. \\bich is determined by the rare of 
future deforestation and changes of other ,·egetati\-e co\· er~ and the upclk.e of CQby ,·arious 
natural sinks. The Intergovernmental Panel on Climate Cbange (IPC'C) has estimated that if 
anthropogenic emissions of CQ could be kept at present-day rates. annospheric CQ would 
increase to 460-560 ppmv by the year 2100 because of the long residence rime of ('9in the 
annosphere and the long lead-time for its remo\·al by natural sinks. 
Q\·er the past I 00 years. the atmospheric CQ concentration increased by about 25 per cent. 
.-\ range of model calculations suggests that the corresponding equilibrium t~arure rise 
should be 0.'1- J.()')C. If this is corrected for the effects of the thermal inertia of the oceans. 
\\hich slows dO\\TI dimate change for a period of 10-20 years. the changing composition of 
the atmosphere should have produced a warming of035-0.7'(' superif11>0Sed on the natural 
fluctuations of the annosphere. 
Detailed analysis of temperature records of the past I 00 years indicale:i that the global mean 
temperature has risen by 0.3'-0.6"C. \.fuch of the warming since 1900 has been conQ.'fltrated 
in two periods. the first between about 19IO and 1940 and the other since 1975: the fh·e 
wannest years on record were all in the 1980s. The size of the warming O\"er the last century 
is broadly consistent \\ith the predictions of climate models. but is also of the same rmgnitude 
as natural climate variability. 
·111e rmin impacts of climate change are as follows: 
mBULLEf == <°/o2>Sufficient evidence is now available to indicate th~tO>t chanl!es in 
cfim1le would have an imponant etlect on 3!_!.riculture and lives1ock. ~i\ e impacts~ could 
be felt at the regional level ac; a result of changes in weather (e.g. m.lre frequent and mor~ 
SC'\·ere storms) and the arrival of pests ac;sociatcd with dimatc ~hang·· nea""S...;itating 
innm·arions in technology and agricultural mm1agcmcnt pr<h.1ices. There 1m~· be a seven: 
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decline in production in some regions (e_g_ Brazil. the Sahel region of Africa South-F~-t 
Asia. the Asian region of the former Soviet Union and Cbina). but there 1my be an inl.TeaSC 
in other regions because of a prolonged growing ~-
@BULLEf = N<°;Q2>atural terrestrial ecosystem; could face significant conse- quences as 
a result of climate chang~ Their evolution would lag ehind these climate shifts: they might 
survive in their location but flora and fauna could <°/G'l>find them;eh·es. in effect, in a 
different climatic<°/Ol> regime. These regimes may be more or les.s h<°/<l>>ospitable and 
could increase the productivity of some species and decrease that of others_ 
@BllLLEf = Relatively small changes in climate can cause large water resource problems 
in many areas, especially in semi-arid regions and in those humid areas where demand or 
pollution has led to water scarcity. 
@BULLEf =Global wamnng will accelerate the rise in sea level. nxxlify ocean circulation 
and change marine ecosystems, <°/o.?>with considerable socicreconomic consequences_ 
The<°/cl>> IPCC predicted that 1D1der the busines.s-as-usual scenario. an average rise in the 
global mean sea level of about 6 an per decade could occur over the next century. The 
predicted rate would mean a 20 an rise in global mean sea level by 2030 and 65 cm by the 
end of the cmtury_ 
~fAJOR HEADING = Ozone D:pletion 
@FIRSTP AR= In contrasl to the harmful ozone fonned as a photochemical oxidant at ground 
level (tropospheric ozone). ozone in the stratosphere. between 25 and 40 km above the earth's 
surface. is <°/~2>the natural filter that absorbs and blocks the stm's---"'o/cl>> short-wavelength 
ultraviolet (UV-B) radiation. which is harmful to life. 
Ozone exists in equilibrium in the stratosphere. balanced between fonnation from molecular 
oxygen and destruction by ultraviolet radiation. The presence of reactive chemicals in the 
<°/o2>stratosphere. such as the oxides of hydrogen. nitrogen and<°/cl>> chlorine. can accelerate 
the process of ozone destruction and therefore upset the natural balance. leading tc a net 
reduction of the amount of ozone. These chemicals can participate in many ozone-destroying 
reactions before they are removed from the stratosphere. 
In 1974. it was found that man-made CFCs. although inert in the lower atmosphere, can 
survive for many years and migrate into <°/o2>the stratosphere. There, they are destroyed by 
ultraviolet radiation. releasing atomic chlorine. which attacks the stratospheric ozone layer. 
This leads to another reaction that <°/cl>>regenerates atomic chlorine. which in tum destroys 
more stratospheric ozone_ This chain reaction can cause the destruction of as many as 
I 00,000 molecules of ozone per single atom of chlorine. 
CFCs are used as propellants and solvents in aerosol sprays; fluid-; in refiigeration and 
air-conditioning tX')Uipment; foan~blo\\ing agents in plastic foam production; and solvents., 
mainly in the electronics industry. Studies in the 1980s showed that emis.sions of bromine 
can also lead to a significant reduction in <°/o-2>stralospheric ozone. Bromofluorocarbons 
(halons 1211 and 130 I) ar<°/cl>>e widely used to extinguish fires, and ethylene dibromide and 
methyl bromide are used as fumigants. 
The ooncentration of chlorine in the stratosphere is set mainly by anthropogenic sources of 
CFCs, carbon<°/o2> tetrachloride and<°/cD> methylchlorofonn Methy<°/o-2>1 chloride is the 
only natural organ~lcl)>-chlorine compound found i<°/o-2>n the atrno<°/cl>>sphere. The 
concentration of chlorine in the atmosphere due to methyl chloride has remained unchanged 
since perhaps 1900. The major additions of chlorine to the atmosphere have occurred mainly 
since 1970 and have bet.'11 attrihuted to anthropogenic sources. At present the total chlorine 
in the atmospht.."fe due to organochlorine compounds is approoching. 4.0 pcu1s per billion by 
volume (pphv). a 2.6-fold increa.c;e in only 20 years. 
l JV-H radiation is kmmn to have a multitude of effects on hun~ms. animals. plru1ts cu1d 
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materials: 
@Bl.iLLEf = Exp<b"llre to increased U\--B radiation can suppress the body's immune systt:m 
which might lead to an increase in the occurrence or ~,·crity of infe .... ""tious diseases such as 
herpes. leishmaniasis and malaria and a possibie da..Tea.5e in the eft~,-~ess of vaccination 
progranmes. Enhc:nced levels of UV-B radiation can lead to increa.'-..~ damage to the eyes. 
especially cataracts. and to an increase in the incidence of non-mdan\M113 skin cancer. 
@BULLEf =Plants vary in their sensiti\ity to UV-B radiation_ Sonr crop ~es. such as 
peanut and wheat are fairly resistant \\'ilile others. such as lettuce. tomato. soybean and 
cotton, <"°/~3>are sensiti\·e. UV-8 radiation alters the reproductiYe-:::>cD> capacity of some 
plants and also the quality ofharvestable products. seriously affecting tOod production in areas 
that already suffer acute shortages. 
@BULLEf = Increasec! CV-B radiation has negative effects on aquati.: organisms.. especially 
small ones such as ph) toplankton, zoo- plan"-1on. Ian .ii crabs Jnd sf:=-imp. and jm·enik fish. 
Because many of these small organisrm are at the ba.'I! of the marin.! food web, increased 
UV-B exposure may ha,·e a negative effect on the producti\ity of fisheries. 
@f..-ltjQR HEADING = Acidification 
@ARSTPAR =Acidification. in an en\ironment cont~-i. c.an be considered as a change 
tO\\ards more acidic conditions in one or more compamnents of the biosphere or a reflection 
of the processes that bring this change about This definition recognizes that. initially. acid 
deposition may be absorbed even in sensitive areas. by the narural buffering capacity of the 
emironment and that the onset of acid conditions in an en\irorurent may occur long after an 
increase in acid deposition. 
The predominant anthropogenic source of acid-forming gases. primarily sulphur dioxide and 
nitrreen oxides., is fossil fuel combustion; additional sources include metal ore smeltine.. - -sulphuric acid manufacture and other industrial processes. Other S('Ufces of acid-fonning 
gases that may assume greater signific.ance in less industrializ.ed reg.ioo.s include the burning 
of biomass for fuel. defore:5tation and grassland management The treatment decomposition 
and incineration of human excreta and other wastes can release signitiwnt quantities of NQ 
into the atmosphere or directly into watercourses. Similarly. the applicnion of nitrogen fertil
iz.ers may affect soil pH levels. 
A 1986 survey of the pH of precipitation over western Eur~ showed that typical . .\tlantic 
background values of pl-l above 5.0. drop to less than 4.4 o\·er Scandina\ia Similarly. a 
1985 survey of North American precipitation showed pH values abo\ .-! 5 .0 in the west of the 
continent dropping to less than 4.2 in the northeast. Other regions <.'f knO\\TI high le\·els of 
acid deposition include the Czech Republic. Gennany. HWlgary and SIO\·akia. \\here the pH 
of the rainfall is typically 3.9-4.5. Evi<.1>;02>dence is also ~'of>now available from 
south-western (nina<°/o2> (pH<<3.5) and from tropi~ areas such as south-ea.'item Brazil 
(pH<<4.0) an<"°/d>>d Venezuela (pH<<.J.O) that acid rain is occurring in d~·eloping countries. 
It appears that if the average pH of a station is below 5.0 the posgbility of anthropogenic 
sources of acid deposition should be suspected: below an average pH of 4.5. the possibility 
becomes a probability. 
The gradual onset of anthropogenic acidification and the concurrenc.e \\ith the gro"th of air 
pollution generally. as well a5 the episodic occurrence of natural clinmc events. often makes 
it difficult to a~be observed effects to acidification alone. ~e\·erthd~ there is at least 
circumstantial cviden~ that acid deposition is implicatc.-d in the foll(lwing etlix:ts: 
rit'lBl II J .ET : Acid dt.-position is suspcctc.'d a'i one of the causal factors in the n.-ported decline 
of Europc.-u1 and North .-\rneric.'Ul forests. In the 1980s. a striking in ... Tease in foliar dcunage 
to plants. particularly th(! forc~1 trees in Europe. wa.; rcpon1.-d. European forest daJn.ig(! 
sun·c.j'S provide stronJ.! 'ircmrn.1antial cvidc.-ncc for pollution- related foliar damage_ It ha..; 



~ suggested d1a1 the le\·d of darmge obserYed in coniferous forest trees can be correlated 
\\lth air pollution loading. 
-~BlLLET =~log countries in Europe haYe lakes and rivers that are susceptible to further 
acidification. There are also many ri\·er and lakes ~~ems in Africa Asia and South America 
\\lth low pH and buffering capacity. which makes them potentially susceptible to acid rain. 
It is important to realize that fish may die not as a result of average condi<1>/o2>rions in 
streans but during short-li\·oo acid flushes<°/cl>> brought on by heavy rains after achy spell 
or by the melting of snow. when water of high acidity melts first and causes very low pH 
la·els in melt-water run-off 
@Bl.JLLET =The ifi1>3Cl of acidification on hwnan health is both direct and indirect. Direct 
effects have been reported when acid sulphate aerosols come into contact with sensitive 
mucus membrane surfaces of the respiralory tract and lungs. For example. the bronchial 
dearance tlinction has been shO\\TI to decline in adolescent asthmatics. In tests on animals. 
high long-term ~ix>sure leads to changes in surface cells and a narro\\ing of the airways. 
@BULLET = .-\II materials suffer degradation from natural weathering processes, but air 
pollution has accelerated degradation rares since the mid-nineteenth century. Acidic 
deposition causes corrosion and tarnishing of metals; erosion and soiling of surface stone, 
brick and concrete: and erosion. <1>/o2>discolouration and peeling. of paint. Limestone 
and~al> marble, \\hich were comnonly used in historic buildings and monwnents, are also 
highly susceptible to damage by gaseous SQ. Irreversible damage has also been caused to 
stained glass \\'indows in historic churches. In the pag remedial measures sometimes 
compounded the damaging effects. For example, corrosion of the iron rods used to strengl'ten 
limestone blocks has produced severe cracking of monwnental structures. 
@\.IAJOR HE.\01:\G =Toxic Otemicals and Haz.ardous Wages 
@FIRSTPAR = <1>1o-2>Worlm"ide. about IO million chemical compounds have been 
S}11thesized in laboratories since the beginning of the present century. Approximately I per 
cent of these-100.000 organic and inorganic chemicals-are produced commercially (the 
<~D>European Im·entory of Existing Commercial Cbemical Substances<D> lists 110,000 
chemicals). Between 1,000 and 2.000 new chemicals appear each year. Some of these 
chemicals. including pesticides and tertiliz.ers. are used directly. but mog of them are .. basic" 
or ""intermediate" chemicals used for the manufacture of millions of end-products for human 
use. There is virtually no sector of human acb\ ity that does not make use of chemical 
products, many of \\hich ha\·e indeed benefitted man and his en\ironment.<°/cl>> 
<°/~2>1n recent years. howe\·er, there has been gro\\ing concern world\\ide about dte harmful 
effects of chemicals on hwmn health and dte environment. ·111e deleterious effects of 
pesticides, ,·inyl chloride and polychlorinared biphenyls (PCBs) have been well documented 
since the I %Os. Over dte pasl two decades many other substances have captured public 
attention, e.g. dioxin. methyl iso<~/ol >cyanate. lead, mercury. other hea\y metals and 
chlor-ofluorocarbons. <°/cl>> 
<°/~2>AJI chemicals are toxic to some degree. The health risk from a chemical is primarily 
a function of toxicity and exposure. Only a few parts per billion of a potentially toxic 
compound like dioxin may be sufficient to cause a health ha7Nd following brief exposure. 
In contrast, only high doses of other compounds like iron oxide or magnesium carbonate pose 
problems after extended exposure. An important development in the pa.c;t two decades has 
been dte shin from a focus on just the acute health effects of chemicals to a focus on their 
chronic effects ac; well. ·111esc chronic etlects, which include hirth dcfi .. -cts. gl.'Tll.1ic and 
neurological disordt.'TS and ~ancer. arc of particular concl.'ITI to the public. ;m<l this makes 
regulatory dc."Cisions both m . .'re visible and more diflicult.- 0/J) .. · 
<°/~2·:·Toxic chemi..:als arc rdcac;c:,"li into the en\·ironmc.'llt <lirt."Ctly ;L'\ a n:sult of hum•m 
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applicuion (e.g. the use of pesticides.. fenilizcrs and \·arious soh·ents) and indira.1ly by \\3."1e 
~lti from various human a:thiries. such as mining. industrial processes. incineration and 
foel combu..'1ion The chemicals may be released in solid liquid C>r'--odJ> gaseous tl.10T1 and 
the rdease may be to air. water or soil. The distribution and fare of chemicals in the 
emironm.-nt is a highly COf11>lex process. ,..-0 o-2>g.o\·erned hy the physia>chemical properties 
of the chemicals and of the emironment itself l\·lany chemcals do not remiln oonfined to 
the \ icinity of their sources of release and are transported locally. regionally or globally to 
cause widespread con- tamination of the emironment The use of pesticides in California. 
for ex3111>le.. loo to fog contamination there: 16 pesticides and their alteration products ha\·e 
recently bo!:rt found in fog far from the place \\-here the pesticides were used PCBs ha\·e 
been transported by the annosphcre from the places of their release in industrial countries to 
as for 35 the .-\retie. \lainly because they eat contaminared fish and aquatic nmmals. 
inhabitants ._"lf th;! .-\r~1ic are l!\.fk.Ticrtcing. n~-toxic le\·cls of PCB .!xposure. · 0 ,f• ·. 
<..'o/o-2>0lher examples of such toxic substan~ thar are distributed to distmt places include 
DDT. mercury. lead other metals cmd hexachlorocyclohexane. General oonc:an about 
grO\\ ing global chemical <° ol >pollution is reflected in c.oncem about the effects of 
chlorofluorocarbons and other chemicals on the ozone la\·er and of<1>1o-2> !!Jeellhouse !!ases 
on climate.<°1J>> - - -
~o-2>\\"asres are substanc.es or objects that are dispose.do( intended to be disposed o( or 
required by law. to be disposed of Certain wastes produced by hwnan acthities are 
described as hazardous. Although the tenn has a different connotation in different countries. 
·~ol >wastes containing metallic ~unck hal0t.:_!atated organic soh·ents.. organohalogen 
compounds.. acids. a.-;bestos.. organophosphorus compounds. organic ~-an ides. phenols or 
ethers 35 constituents are considered hazardous. -~-JJ> 
!\.·lost hazardous wastes are produe.eti by industry. but it is now recognized that there are 
hundreds of thousands of small-quantity generators of h322rdous \\astes. each generating. up 
to 1.000 kg of waste per month. These include households. medical ra ... ;liries (their wastes 
3fe referred to a' biomedical wastes). ~02--garages and auto-repair workshops.. petrol stations 
and small-scale industries and businesses. In the L'.nited States.<° d>> 115.000 ~ch 
small-scale hazardous \\aste g.eneralors arc= now being rc:tJulated under the Resource 
ConserYarion and Recon~ry Act and the Hazardous and Solid Waste Amendment 
<°/~2>1t has ~ estimated that worlch\ide. about 338 million tonnes of hazardous wastes 
are produced annually. of \\hich 275 million,..-0 JJ> tonnes. or 81 Jk'T cent are produced in the 
United States all1ne. For conv<Uison. hazardous waste generation in Singapore amounts to 
28.000 tonnes ix,. year. in \L11aysia .i 17.000 tonnes per yt2' and in ·Thailand 22.000 tl1nnes 
per year. It sh0uld he noted that these figures rcprest.."llt ·-0 ~2~-consen·ari\·e cstimares since 
many counaics have no records of the amounts of \\ll'>1es gr..."lleratr...'CI. This is particularly true 
for sm'lll-scale waste g.r..."llerators. The variable composition of the wastes adds to the problem 
( constitur..."llts thar are considered hazardous in some countries may not be considered so in 
others). In general. most h37.3rdous wastes are chemicals. In the European countries that are 
members of OECD. the main hazardous wa<;tes are soln..'11ts. waste paint heIDy metals, acids 
and oil\· wastes -..01J):--

<°/o-2>"fbe traditional low-cost method.Ii of ha7.ardous wa<;te dispo$3) arc landfill. storage in 
surface impoundments and dC\..-p-well injection. Thousands of landfill sites and surface 
impoundments used for dumping hv..cudl'llS wa.;tt..--s ha\·e lx"'r..."ll found to be entirely 
1ms.'lfisfa,tor-y. ( 'orrosi\·c acids. pc..Tsistcnt ,,r~;Ulics ;Uld toxic trk..1als have ac"m•datoo in 
these sitr...-s for ck'\:adcs For L-x;unplc. the lar~1..~1 site idL"Tltitic<l · 0 o-.'l --in the l Jnitcd Stat1..-s is 
the Clark Fork \lininµ Compkx in \\~1L'111 \lont;Ul;l whr..."l'C w;t--1r...-s from coppi..T CDld silver 
mining :md smdring a1.:tivitiL-s have xcurnubtcd for 12:' ~cars. It i"' 1..:tmsidL"l'r..."tl the l;U-!!L~1 
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h~d005 waste dllfl1> in the WlYld . .\I the tirre such sites were established, little thoul?ht 
was gi,·m to their emironmental i~. \\'nm leaks occurred threatening public health ~d 
contaminating ground-\\'aler and :;oil. plli~· makers took remedial action<°/~2>s in response 
to g:n."lwing public concern and pressur~_<-0 fl)> 

~~~>By 1990. the Lnited Stales fn,1ronment Pr()(edion .-\gency (USB>A) had identified 
32.()()() sito!S in its invmtcxy of ~ential hazardous sites: about 1.200 of these need inmcdiate 
~al <°/ol>action. In Emope. some-1.000 tmsarisfactcxy sites have been<°/~2> identified 
in the l\iedterlands. 3.200 sites in Derumd and 50.()00 sites in '''estern ~Y- Although 
some industrialized countri~ ha\·e initialed steps to clean up the problem sites, the cost of 
rellk!dial action has been found to be nry high. Fstimates indicale that about US$ 30 billion 
are needed for remedial operations in the former Federal Republic of Germany. lJS$ 6 billion 
in the l'\aherlands and USS 100 billirn in the Litited States.~«» 
.-:1> o-2 ~o_ii!'f unsatisfactory ~ing :--f haz.ardous \.'- astes has exposed people directly to 
hai.ardOlli chemicals. Perhaps the nxs notorious incident of <JI was the outbreak of disease 
in the to"n ofl\.finamata on K~ushu 15bnd Japan. in the 1950s and 1960s. Discharges from 
a chemical factocy into the sea led to the contamination of fish by mercury. When the local 
people ate fish. thousands of than suff~iO> neurological disorders. As a result of this 
and a similar incident <°/a'Z>ar ~iigara on the east coast of Honshu. about 400 people died 
Although the dur.1>ing of \\asle at 5ea is controlled tmder international and regional 
c.om·entioos. several countries ar-e still using this route for the disposal of hai.ardous wastes. 
Between I 0 and 15 per <°/cl>>cent of hazardous wastes pro- duccd in Europe are dun-.x:d al 

sea 
@\ L .\JOR HEADING = Atrmspheric Pollution 
@FIRSTI>.-\R = Ai<°/o2>r pollution i5 defined for the purposes of this document as the 
presence m the outdoor or indoor amosphere of one or rmre gaseous or particulate 
contaminants in quantities, chara."leristi.::s or durations such as to be injurious to hwnan, plant 
or animal life or to property <X to unr~~ably interfere with the comfortable mjoyment of 
life and property.<1>/cl>> 
The combusrion of ros_g1 fuds results in the exothermic oxidation of carbon, hydrogen. 
sulphur and nitrogen. If ~ete <-> o.2>combustion is achieved. CO<~IV> 2<0>. water 
vapour. SO<MV> 2<0>. NO<\ I\ >x<D> ant!~(/.)> volatile and non-volatile trace metals such 
as ar:aiic. cadmiwn, lead and mercury are the principal <1>/o2>pollutants emitted. In practice. 
COf11>lete combustion does not occur and additional particulate and gaseous pollutants are 
produced These include car00n tmn('l'\ide and organic and elemental carbon particulates: 
polycycli~ aromatic hydrocarbons may also be evolved. either absorbed on to particulate 
matter Clr as a gas. Further ernis_gl~S may be produced by fuel additives such as 
tetraethyll~ tetramethyllead and varioos hydrocarbons.~cl>> 
Generally. pollutant emi~ons are detc:nnined by the method of combustion and the type of 
fuel used Coal is the ITlOSl polluting fuel per unit energy produced. based on current 
c.ont>usrioo technology. It pro\ ides ~0-25 per cent of the total energy conswned in most 
regions. In Cliina, however. ~G1>80 per cent of all primary energy is derived from cocaj. 
representing 22.6 per cent of the world's c.oaJ consumption. This presents unique pollution 
problems ~ated with SO<\f\ '>2<0> and particulate matter. Similar pollution problems 
were c.onmon in industrialized countriC$ until the 1950s and I %Os. when clean air legislation 
~ introduced. It is predicted that cool "ill once again play an increasingly important role 
in energy production. World trade in c."031 hac; increased by ·lO pt.'T cent since 1980:-:~fil> 
Atmospheric pollution is a ~jor problem facing all the countries of the world. Various 
chemical::; are emitted into the air from both narural and m.-u1-madc sources. Emissions from 
natural SClnrces include those from Ii' 1ng and non-li,·ing sonro..-s (e.g. pl<mts. radiological 
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dec001J0sition. forest fires. \·olcanic eruptions and emissions from soil and watc!r). Th\!Se 
emissions lead to a natural background concentration that varies accordine. to the local source 
of emission and prevailing. wealher conditions. People ha,·e caised air Pollution sinc.e they 
learned how to use fire. but 1nan-tmde air pollution (anthropogenic air pollution) has 
increased rapidly since industrialization began. 
Research o-.'er the past two decades has re\·ealed that, in addition to the praiously kno\\n 
comron air pollutants (SQ .. t\O,_ particulate maner. hydrocarbons and carbon monoxide). 
many volatile organic C0111JOU11ds and trace metals are emitted into the attnosphere by human 
acti'1ities. Although our knowledge of the nature, quantity. physico-chemical behaviour and 
effects of air pollutants has greatly increased in recent years. more needs to be learned about 
the fate and transformation of different <°/02>pollutants and about their combined (synergistic) 
effects on<°/cl>> human health and the emironment 
Data from the Global En\·ironmemal \fonitoring System (GE\IS) air pr~ject from 1980 to 
1984 indicate that of54 major cities. 27 ha\·e acceptable levels ofS02 in the air. among them 
Auckland Bucharest. Bangkok, Toronto and ~hmich. \\ith S02 concentrations below 
40mg/m3 (WHO established a range of -t0-60mg/m3 as a guideline for exposure to cn·oid 
increased risk of respiratory diseases). EJC\·en cities, among them ~ew York. Hong Kong. and 
London, have marginal air quality. \\ith SQ concentrations between 40 and 60mg/m3. The 
remaining 16 cities, including Rio de Janeiro. Paris and Madrid fun·e unacceptable air quality. 
with S~ concentrations exceeding 60rngtm3. 
lRta t0r 41 cities indicate that 8. including Frankfurt Copenhagen and Tok-yo. have 
acceptable air quality with respect to suspended paniculate matter (SPMt \\ith concentrations 
below 60111!im3 (the \\HO range is 60-90mg/m3). Ten cities. including Toronto, Houston 
and Sydney. have borderline conc.entrarions of suspended particula1e mmer, between 60 and 
90mg/m3, and 23 cities, including Rio de Janeiro, Bangkok and T~ have SPM 
concentrations exceeding 90mg/m3. The 01ra0rdinary lC\·els in some cities in developing 
countries can be partially explained by natural dust: other culprits include the black. 
particulate-laden smoke spewed out by ,-etiicles fuelled on low quality diesel \\ithout e'\·en 
rudimentary pollution control. The GE\15 as.sessment concluded that nCU"ly 900 million<° Q?.> 
people living in urban areas around the world are exposed to u~'CD>nhealthy la·els of S9 
and more than I billion people are ~-posed to excessive IC\·els of particulates. 
Air pollution affects human health. \·eget:ttion and various ma1erials in the follo\\ing ways: 
@BULLEf c:: The notorious sulphurous smog that occurred in London in 1952 and 1962 and 
in NC\v York in 1953, 1963 and 1966 clearly demonstrated the link between excessi\·e air 
pollution and mortality and morbidity. Su~h acute air pollution episodes occur from time to 
rime in some urban areas. In January 1985. an air pollution episode occurred throughout 
western Europe. Near Amsterdam the 2-1- <°/o2>hour average ~oncentrarions of suspended 
parriculate<1>/cl)> matter and S4 were both in the range 200-250..::FI 28\\"I >m<F255D>g. n\ 
much higher than the WHO guideline values. During the episode. Se'\·eral people were 
affected; pulmonary functions in ch<1>/o-2>ildren were 3-5 per c.ent Iowa- than normal. This 
dysfunction persisted for about 16 days after the episode. Athens is knO\\TI for frequent acute 
air pollution episodes. Even in the absence of such episodes, long.-tenn exposure to <° ol >air 
pollution can affect several susceptible groups (the elderly. children and those with respiratory 
and heart<°/~2> conditions).<°/J)> 
@J3lJLLEf:: <°/o2-·Air pollution can cause substantial damage to man~~~:O/J)> materials. The 
most striking examples of such damage ~e illustrated by the efTt.'-1S of air pollutants 
(especially SO~) on historical buildings and monuments. The .·kropolii. the Coliscwn and 
the Taj Mahal with~1ood the influence of the atrnospht..-rc for hundred' l)f en.'11 thous.'Ulds of 
years ~thout any !!rcat drunage. yc.1 in the past few dccacks their surfo~(.'S have suffered great 
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damage because of increaSt.'Ci air pollution_ 
1ilJBLLLIT =Indoor air pollution has a nurmer of effects. The sick building ~ndrome can 
cause a substantial amount of disease and absenteei5111 from work or school. Recenth·. 
attention has focused on the po~ble health hazards of radon emissions in houses_ -
([~CLLET = &ni~ons from the burning of biomass fuels. especially in rural areas of 
developing countries. are a major source of indoor air pollution_ The most important 
identified am·erse etlects are chronic obstructi\·e pulmonary disease and n~ph31)ngeal 
cancer. 
@\'L-\JOR HE.\DIXG = Water Pollution 
@\'UNOR HEADING = l'vlarine Pollution 
@FIRSlPAR =The two pathways by ''hich most potential pollutants reach the oceans are 
the atmosphere and rivers. The annospheric pathway accoWlts for more than 90 pcr cent of 
the lead cadmiwn. copper. iron. ziJ.:. ar~-'Tlic. nickd. PCB5... DDT anJ 
hexachlorofluorohexane found in the open oceans water. River inputs are generally moce 
i111X>rtant than those from the annosphere in coastal zones. although in c.atain areas and for 
some substances <°/o.1>( e.g. lead and hexachlorofluorohexane in the Nxth Sea and<° cl)> 

nitrogen in the ~ lediterranean) annospheric inputs are similar or C\·en dominant 
Aside from physical degradation of the coastal and near- shore 7.0lles. pollution is the main 
problem affecting these zones. i\ lost of the liqu<°/o.1>id wastes and a gTO\\ ing fraction of the 
solid wastes from man's activities on land are introduced into the occms through the land sea 
interface. Coastal areas receive direct discharges from rh·ers. surface run-off and drainage 
from the hinterland domestic and industrial effluents through outf3!1s.. and various 
contaminants from ships. <°/cl)> 
Most types of wastes. once introduced into the sea cannot be remo,·cd Their fate is 
determined by their chemical corr.,osition and by the physical transport processes (e.g.. 
mixing. sea currents) of the recipient walers. The disrance they can reach depends on these 
processes and on the rate of their decomposition. with the non-degradable \\astes h3\ing the 
ability to tra\·el for long distances. 
<°/o.1>Some wastes are easily decomposed into harmless substances. although their 
end-products.. if excessively concentraled. may seriously disrurb the ecosystem (e.g.. 
eutrophicarion. \\hich is due to an excess of nutrients). Other wastes. such as metals and 
persistent org.ank compounds. cannot be degraded; they usually remain adsorbed on bonom 
sediments near the sources of<°/cl.)> discharges. 
Some marine organisms have a remarkable ability to accumulate such subslances from sea 
water. e\·cri ·when the substances are present in extremely low concentrations. Others can 
convert some substances into more toxic ones: for example. the well-knO\\Tl com·ersion of 
inorganic mercury into methylmercury. \\hich caused !he outbreak of disease at \ finamata in 
Japan in the J 950s and 1960s. 
The principal problem for human health on a \\Orldwide scale is the existence of pathogenic 
organigm discharged \\ith domestic sewage into coastal \\'1lers. Bathing in sea water that 
receiv~ <°/o2>such sewage and the consun1J(ion of contaminated fish and<°/cl.)> shell fish 
cause a \·ariecy of infections. 
<°/o2>Epidemiological studies have provided unequivocal<°/cl>> evidence thal <"°/o2~irrmers 
in sewage-polluted sea water have an ahove-nonnal incidence of gawic disorders. Studies 
have also indicated an incr~ incidence of non-ga'1ric disorders. such as car. respiratory 
and skin inf~<D>tions. The consumption of ~~''\.:ontaminatcd seaf01.xi is finnly linked 
with serious illn~ <°/cl)> including \iral hepalitis and chok-ra 
M'llly compounds discharged into the sea tend to accumulate in 'arious organisms. 
Halogenated hydrocarhons accumulare in fany tis.<;llt.'S.. and the amount accumulaied n~y 



im .. Te<ise throug.h the food chain. so that high concentrations are found in the bodies of the top 
predators among birds. fish and mannnals. \\here the contamination has built up over 
decades.. such as in enclosed ..:._1>,Q2>bodies of water like the Baltic and the Wadden Sea 
the-:...0 d).:· reproducti\·e capacity of marine mannnals and birds has been atlected. 
Polychlorinated biphenyls (PCBs) accumulated in seafood can reach unacceptable levels. 
T ributyltin atlects a wide range ~/Ol>of invertebrates, and its use in marine paints \\'as 
recently·,~C:D> restricted in France. the United Kingdom of Great Britain and Northern Ireland 
and se\·eral states in the United States of America. 
~:Mli\OR HEADING= Freshwater Pollution 
.~-uring an adequal\.! supply is not the only water problem facing many countries: they also 
need to worry about water quality. Concerns about water quality have been growing since 
the 1960s. At first. attention centred on surface-water pollution from point sources (industrial 
plants and cities). \lore recently. howc\·cr. groundw<Uer pollution and non-point sources 
(agricultural lands. forests. roads etc.) have been found to be at least as serious problems. 
The basic type of pollution is that caused by the discharge of untreated or inadequately treated 
waste water into rivers. lakes and reservoirs. With the gT0\\'1h of industry. industrial waste 
waters discharged into water bodies have created new pollution problems. One important 
water quality problem is the increasing eutro~lo2>hication of rivers and lakes, caused mainly 
by the run-off of fertilizers from agricultural lands_ The <-~CD>acidification oflakes by acidic 
deposition is connron in some European countries and in North America. Wastes can also 
be canied to lakes and streams along indirect pathways. for example. \\'hen water leaches 
through contaminated soils and transports the contaminants to a lake or river. 
Dumps of toxic chemical waste on land have become a serious source of groundwater and 
surface-water pollution. In areas of intensive animal tanning or \\-Tiere large amounts of 
nitrate fertilizers are used, nitrates in groundwater often reach concentrations that exceed 
guidelines established by the World Health Organization (WHO). The problem has become 
a cause for concern in some European countries and in the United States and is gro\\'ing in 
magnitude in some developing countries . 
.-\bout I 0 per cent of all the ri\·ers monitored in the water pr~ject of the Global Environment 
\lonitoring System (G8..-iS) may be described as polluted (they have a biochemical m.-ygen 
demand (800) of 1rore than 6.5 mg/I). lhe two most important nutrients, nitrogen and 
phosphorus. are well above natural levels in the monitored waters. The median nitrate level 
in unpolluted rivers is IOO<Fl28Wl>m<F255D>g/1. The European rivers monitored by 
GErvlS show a median value of 4.500<F I 28WI >m<F255D>WJ. In contrast, rivers monitored 
by the GE\IS project outside F.uropc show a much lower median value. 
250<Fl28Wl:m<F255D>g;l The median phosphate le\·el in ri\·crs 1mnitored in the project 
is 2.5<Fl28WI> <F255D>times the average for unpolluted rivers 
(IO<Fl28Wl>m<F255D>g/I). <°/o2>Since 1970. regulatory measures have led to a marked 
decrease of lead in most rivers of countries that are members ofthe<°/cl>> <°/o2>0rgani7.arion 
for F...conomic Cooperation and Development<1>/c0> (OECD). Trends for other metals and 
toxic substances are less encouraging. despite efforts to reduce discharges. Such sub- stances 
are often persistent, accumulate into bottom sediments and can he rel~-d over long periods 
of time once initially deposited. Levels of organochlorinc pesticides recorded in some rivers 
in developing countries (e.g. Colombia, f\-lalaysia and the United Republic of Tan1 .. ania) are 
higher th<m those recorded in European rivers_ 
·Jlle quality of fresh watc..-r dc..-pl.'Tlds not only on the quality of wac,;tc 1..i1tc..-ring the watt..-r hut 
also on the dc..'\:ontamination ncL"iUrt..-s that have hc.."'\..'11 put into ctli.'\:t. AhhouJ:?,h orgm1ic wac,;te 
is hiodeg.ratfahle. it nonetheless presc.'Tlts a signific.u1t prohkin. esix'\:i<~ly in developing 
countries. I l11mcu1 excreta contain path· 01n1 ·ogcnic mil:ro-orµ;mismc,;. \\hi ch rn·c water-home 



agents of< .. 1>/cl)> cholera !yphoid te\"er and dysentery. Contaminate.d water has causul the 
outbreak of epidemics of these diseases in several de,·eloping countries. 
Industrial waste may include hea'<y metals and many other toxic and persistent chemicals not 
readily degraded und~ natural conditions or removed in conventional sewage-tr~.ument plants. 
<.1J/o2>Unles.> these wastes are adequately treated at the source or<-<> JJ> pre\·ented from being 
discharged into w3lercourses. the fresh- water quality can be seriously impaired. The high 
content of nutrients in rivers and lakes has led to eutrophication. Apart from ~'Olog.ical and 
aesthetic damage, eutrophication brings increasing difficulties and C05lS for warer treannent 
plants ti .... t h3\·e to produce safe, palatable drinking water. The acidification of freshwater 
lakes has et.~cx:ted aquatic life to various degrees. 
In most devei;.'oing countries. the pollution of ri\·ers by municipal and industrial wastes is on 
the increase a 1d decontamination efforts are often neglected. In these countries. 
industrialization h~ had a higher priori~ than the rcdu.:tion of p0lluti0n. .-\s a .:onsequ\!11c~. 
in some regions ,Fast Asia for example) the degradation of warer resources is now considered 
the gravest o,·. rronmental problem In many of these 1.X>untries. aquatic life has been affected 
The deterioration of water quality is a grmving threat to aquaculture. ''hich prmides a 
sizeable amount of fish for the population. 
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·aCHAPTER TIRE = The Pakisian 'ational Consen·ation Strat~· 
-../ --
@J\'WOR HE.\DING =Pollution 
@FIRSTPAR =Most people think of emironmentaJ consen·ation in tatn5 of the pre\·ention 
of pollution-the control of discharges of unw<Utted sometimes toxic wastes to the water. the 
air. or the land. This is only partially corra..1 and reflects an urban bias: ya the ~ce 
of con- trolling pollution cannot be denied and is gTO\\lng more urgent by the year. 
@tvllNOR HE.\DING = Water Pollution 
Water pollution has three main sources: bacterial and organic liquids and S0"--~1~ids from 
urban and rural domestic sewage: toxic metals,, organics. acids. and other less-to'.\ic but 5till 
polluting substances from indusnial discharges: ?nd chemical pollution in the form of 
pesticide and fertilizer run-off from agricultural lands.<1>/J.I> 
<i!lo2>Ail three can contaminate both 5Urface and groundwater supplies of water and render 
them unfit for other us.!s such as tish.:ries and rl!l.TeJtion. er expensh·e to tr~ for i;ldusuial 
and municipal water supply uses. The costs of treatment places a h~l\ ~, burden on rmnicipal 
authorities and industries that l11U5t rely on polluted sources.~·CD> 
@DECKHEl\D = ~lo2>Domestic and Human Waste-\Vater Discharges<° JJ> 
<1>/o2>Solid and liquid excreta gen~ed in hwnan settlements along "ith kitchen and \\ash 

waste water are the ~jor sources of\\ater pollution in Paki5lan and the cause of\\idespread 
water-borne diseases. The seriousness of the situation is dear from a World He.aJth 
Organi7.alion study: diseases of a g.astro-intestinal nature acoount for 25-300'0 of the cases seen 
at public hospitals and dispensaries in Pakistan. Approxirnaiely 600 o of infant dealhs are due 
to infectious and parasitic diseases.. most of them water-borne. Losses to the national 
economy. <o/JJ>not to mention the human suffering. caused by water-borne dise;t_..;es are high. 
A study in India found that 73 million work-days a year were losr through such disease. The 
cost in tenm of medicaJ treatment and<°/o2> <°/JJ>lost production was reported to be on the 
order of US$ 600 million per year. 
As indicated the source of most \\ ater-bome diseases is human excrement. Pakistan generates 
34,370 wet tonnes of excreta per day. 12.5 million tonnes per year. Karachi alone discharges 
approximately 300 million gallons per day of sewage: Lahore. approximately 2..JO million 
eallons. The organic load dis.:harl!ed measured in terms of biolocical oX\·gen demand for all - - - - ·-of Pakistan is 2.265 tonnes per day. 
The breakdO\\TI by source is 26.3 70 tonnes excreta from rural areas a day and 8_()()0 tonnes 
from urban areas. An estimated 21.096 tonnes from the ruraJ areas (8000) is deposited in 
fields. An estimated 4. 160 tonnes of the urban <°/o2>excreta ( 5 2%) is disposed of into sewers. 
\\ith the remainder being deposited on the roadside. into warerways.. or incorpor.ued in ~)lid 
waste. <_0,;.JJ> 
<1>/o2>l\t.tjor cities dispose of their largely untreated sewage into irrigario<--o/O'l:;n sysram. 
\\here the waste water is reused. and into strerum and rivers. without any consideration for 
the rivers' assimilative capacity. Consequently. not only does serious bacterial contamination 
result. threatening human he.aJth. but the organic load of the sewage seriously depletes the 
dissolved oxygen content of the recei,ing wafers, causing unaesthetic conditions and making 
them unfit for fish. It has been reponed that pollution<'/o2> of the River Ravi-into \\hich 
Lahore discharges. its untreated ~e \\ater-has meant 5,000 fewer tonnes of fish production 
per ycar.<0/Jl> 
1{1l1EC'KHEAD = <%2>1ndustrial Waste-Water Discharges<-%/J:..-
-:0/~>"lnc rn.~jor industries creating en\ironmental hazardc; are the manufo1 .. 1ure of chemil.4lls 
(including pcstiddes). textiles. phanna- ceuticaJs . .:einent. ck"\..'tlical and clc:\..'tronic c.>qUipn~l 
ghLc;s ;md et..'Tamics. and pulp and paper board; leather tanning: food pr<r ~"t."SSing: ;md 
JX.1Tolc11m rdining. Pollutants ac;sociarcd with \'arious industrial suhsectors are sho\\TI in table 
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~02>No systematic or con1Jlete survey has been done of the sources. volwnes.. and 
charai.."'teristics of industrial pollution in Pakistan. although partial surveys. inve&igations of 
particular sources. <md observations have shmm the seriousness of industrial pollution in a 
nmnber of locations. :\ prelimnary study of haz.ardous chemical industries con- ducted in 
1985 for the Emiron~t and Urban Affairs Oi\ision surveyed 100 plants scattered 
throughout the country. Only three. two of which "~ branches of multi-national companies. 
tr<~ol >eat<%2>ed t<0 ,.ol >heir wastes to co<%2>rnrnon!y ac<%1 >cepted 
~Q>tand<%1 >ards. The rerminder did <'°/o2>nothing except dispose of their w.Nes in the 
most com·enient \'iay.<°/cD> 
<%.~>For all practical pmposes. industries do not control their \\ast~water effluents through 
proces.s controls. waste recycling. or end- of-pipe treabnent. In Kala Shah Kaku industriaJ area 
near Lah0re. for cxarnpk th;: \·ariou.5 chl'Tlr-~·Ot>ical indllilries.. tmmerics. textile plants. 
<'°/c:O>steel re-rolling mills. and other operations discharge effluents containing.<°/o2> 
hydrochloric acid and high levels of organic matter directly into stream; and canals. 
Biological m.-ygen demand la·ds of 193 to 833 milligrams per litre and mercury levels of 5.6 
milligram5 per litre have been mea.5UTed. (The proposed interim rela<'°/cD>xed Government 
standards for these are 200 and O. L respectively.) These discharges have rendered the nullah 
(drainage course) water<° 02>wtfit for irrigation use and li\·estock con- swnption. and ha\·e 
caused an annual reduc.tion in the fish catch of 400 tonnes. valued at Rs. IO million.~({)> 
In the vicinity of Karachi. indu_qria) pollution discharges combined ,,;th mangrove destruction 
and m·erfishing have resulted in a sharp decrease in shrimp production. which translates into 
lower foreign ex- change earnings. Toxic substances occurring in effluents from sample 
industries in Karachi are shO\\TI in table 2. 
Two large industrial zones in Sindh Province-SITE (Sindh Industrial Trading Estate) and 
LITE (Landhi Industrial TraCing Estate}----discharge large quantities of organic matter. heavy 
metals. oils and greases. anL \..cher materials into local ri\·ers. In Korangi in Karachi. where 
LITE is located 35 tonnes of 5Uspended solids. 376 tonnes of dis.solved solids. 2 tonnes of 
ammonia and I .-t t"nnes of arsenic oxide. among other chemicals. are discharged into the 
city's already polluted harbour each day. 
Leather tanning operations near Peshawar are polluting the Kabul River. threaten::'g its use 
for do~-ric and irrigation purposes as well as its freshwater fishery. Q\·er 235 industries in 
Faisalabad discharge high )C\·ds of solids. heavy metals. aromatic dyes. inorganic salts. and 
organic 1mterials directly into the municipal sewers \\ithout any pretreatment. polluting nearby 
agricultural land_ 
Another area for concern is the contamination of shallow ground water in urban ar~ near 
industrial plants as industrial wastes are discharged dire\.1ly into or onto the ground. 
Groundwater pollution is often permanent. in that hundreds or a en thousands of years may 
be n~ for pollutants such as toxic metals from tanneries to be flushed out of a 
contaminated aquifer. Surface waters. on the other hand can be re- habilitated if pollutant 
loadings are reduced or eliminared. 
(trDECKHEAD = <°/a2> . .\irricultura1 RJn-ofl<-1>/~> 
·rile use of fertilizers has i"o\.m 7. I% annually during the Sixth <° o2>Fi\"e-Y ear Plan. Annual 
expenditure on pesticides currently amounts to Rs.<°/J>> ~.2 billion nationally. In 1986. I.I 
million tcmnes of nitrogen and 93.000 tonnes of phosphate fertilizer were produced locally. 
and anothc."T 700.000 tonnes 0f fertilizer were imported. Pesticide irnports have similarly 
t~ro\\TI rapidly. im.Tcasing from 7.08:; tonnes in 1980/81 to 20.6-t7 10nnes in 1986/87--a 
gro\\th rah: of 190% <Wer the six-year period. 
Indiscriminate !ISC of agricultural chm1ic.1ls. mainly tl."Ttilizt-rs and' arious pesticides includinµ 



insecticides. timg.icides, and herbicides. is contributing to chemical pollution of the 
en\-ironment. Amicultural run-off from fields where these ha\·e bt.'l."11 used incorrt.."CtlY or 

~ . 
inappropriately can raise the le\·els of these substances in waterways. 
ll1e effects include excess nutrient loadings from fertilizer run-off and S"-() n2::11b~uent 

uncontrolled algal growth in waten\<l} -s.. and pesticide contamination of waters. rn-ulting in 
fish kills. Dead fish. apparently due to pesticides. have been reported on the banks of the 
Kabul River in certain seasons. Pesric.1des are of particular concern because of their 
bioaccwnularion in fish and animal tis.sue and in the soil. and because of their ~istence in 
the environment.<--o/JJ> 
<°/n2>0ther risks include contamination of <°/JJ>shallow wells used for drinking-water 
supplies for villages and cities, and pesticide residues on cereal and \·egetable crop~ \\here 
care has not been taken in their application. Such residues may be harmful to humans. .-\t 
h:~L"t one GL'\C of poi::iOning rcsultin:; in a number of dcath5.. inYohing. th.: pcsti..:id-: t.'Ildrin in 
foodstuffs, has been reported in Pakistan. 
Increasing use of nitrogen fertilizers may also lead to excess nitrate le\·els in groundwater 
wells. High nitrate levels in drinking water are com·erted to more toxic nitrites in the stormch 
of adults and infants, and are knm\n to cause blood disorders in infants. No studies to date 
have assessed groundwater contamination in Pakistan from pesticide or fertilizer use in 
agriculture. 
@DECKHEAD = Air Pollution 
<°/n2> The classic source of air pollution is the factory smoke stack. Such stationary. 
point-source emissions are highly \isible and represent a significant threat to those li\ing 
nearby. By volume. however, they represent less of a threat to the overall health of Pakistanis 
than do the multiple mobile sources of the automobile and other vehicles. '.\:e\-er
the<°/ot>less, the combined emissions of air pollutants from industry. power<°/o2> generation. 
transportation, domestic activities (particularly energy use). agriculture. and co1TD11eTciaJ 
institutions are grm\ing rapidly. (See table -i).<°/d)> 
Industry and power generation are becoming ~jor sources of carbon dioxide and sulphur 
dioxide emissions. The rapid increase in thl!llTlal power generating capacity currently under 
way \\ill result in<°,02> substantial increase in emissions of these two gases and of nitrogen 
oxide from the burning of oil and coal in new generating stations. Pakistan's low 
thcnnal-valuc, high-sulphur coal reserves \\ill cause a<°/dt> rapid increase in these 
cr11issions":1>/n2> a" they come into production to feed the thennaJ generating stat<°/JJ>ions. 
Similarly, use of natural gas, coal. and oil as ti.leis by industry is expa.--ted to c<°/o2>ause a 
substantial increa-;e in air pollution. The expected effects of these emissions. unless they are 
controlled at the source, include deterioration of soil quality in the \·icinity of factories. 
potcr1tial damage to crops (particularly from sulphur dioxide and nitrogen oxides). and 
possibly human health effects. TvL'llly studi~ in a numbt.--r of countries have quantitariYely 
linked air pollution with respiratory disease. including lung cancer.<°/JJ> 
<WDECKHEAD -= -=-~·02>Vehicle Emissions and Urban Air PollutionA>/J)> 
~/o2>:\s table 3 indicates, the truly dangerous pollutants to hum'Ul health-those that can 
cause bronchial irritation, hasten asthma attacks, and irritate the eyt..-s-,1rise primarily from 
non-stationary sourct .. "S in urban areas. I\ k)tor vehicle t."lllissions in Lahore account for 
approximately 90% of the totaJ annual crnissions of hydrocarbons, <~dehydes. and carbon 
monoxide, :md for ~1nalk'f hut still the lar!!c..~1 proportion of the crnissions of sulphur dioxide 
and· 0 cl> • nitrogt..'Tl oxides. 
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!!1Z_IBL_~U = 
\1etropolitan reliance on bu...;;es and light commercial \·ehicles also has \-arious air pollution 

consequences. Old \·ehicles Slay on the roads because of the absence of emi~on regulations, 
lack of enforcement Clf motor vehicle fitness regulations, and the O\\ners' Id of capital to 
purchase replacements. Thll5 the a\·erage Pakistani vehicle atlits 20 tilD!S as rmch 
hydrocarbons. 25 times as rmch carbon monoxide, and 3.6 times as rmch nitrous oxides in 
grams per kilometre as the a\·a-age vehicle in the United States. As such. air pollution along 
busy roads and narrow streets of the main cities is an order of magnitude greater than would 
t..: prOOi.:ted from the num~ of·- ;!hides on the road. 
~Q> The pollutants recorded are the standard emis.5ions monitored thJ<1> cD>oughout the 
world Sulphur dioxide, a precursor of acid rain. is an irritant to the eyes. nose.. and throat as 
well as to rhe lungs. It is also ph}totoxic. damaging plants. Aldehydes are particularly 
noteworthy for their obnoxious smell. 
Carbon monoxide is considered to be the most toxic commn urban air pollutant since it 
reduces the oxygen C3II) ing capa.:ity of the blood. Carbon monoxide levels in the range of 
8-30 parts per million (ppm t and 6-40 ppm have been recorded for Lahore and Karachi 
respecth·ely. 
Exposure for an eight-hour period at these levels is knmm to cause ta11>0rary impairment of 
nm·ous system functions. including eyesight sharpness. 
Hydrocarbons are an important source of particulate air pollution in Pakistan's major cities. 
These substances are the precursoG of<°/o.1> photo<°/cD>chemical smog. in conditions where 
exposure to sunlight changes the material into an eye and lung irritant Smog is also knO\\TI 

to inhibit plant growth. 
'ltrog.en dioxide is the colllJXlnent of the family of nitrogen oxides that has the potential for 
the greatest adverse effects on hwnan health and hence is the chemical fonn of nitrogen 
oxides usually measured. In laboratory tests. nitrogen oxide levels of 100 ppm cause illnes.s 
if breathed for a short time. l...e\"els of 700 ppm are fatal if breathc!d for 30 minutes. The 
standard recorrmended by the World Bank for nitrogen dioxide is O.O; ppm 
<°/o2> The roost dangerous of vehicle-related emission. lead. does not appear in table 3 
because urban lead emission levels have been measured only sporadically in Pakistan. In 
Karachi. ambient lead le\·els have been measured at between 0.024 and 0.13 micrograms per 
cubic metre. Estimated lead released from emissions to the air in Pakistan is 5 ~O tonnc!S. <°/cD> 
<°/o2>Lead is added to gasoline fl' inc.-rease the octane rating and to reduce engine: knock. 
\Vhen lead is ingested by young 3lld gTO\\ing children. it is depositc!d in the brain and has 
been shown to cause a reduction in intelligence quotient. Lead fr001 auto emi~ons is a 
particular hcmlrd for inner-city residents living. working. or playing along hemily travelled 
urban roads. It is for this reason that all industrial nations have rooved towards l~free 
e.asolines. In Britain, a reduction in the lead content of gasoline from 0.06°0 to 0.015% led 
to a hal\cing of blood lead levels among affected groups. <°/cl>> 
Uncontrolled open burning of garbage is :mother source of urban air pollution. Such bwning. 
which typically takes place at relatively low tempc:ratures. has been found in the Wes1 to ~ 
a major source of dioxins. an extremely toxic product. Open du1"11>ing and treannent by 
weathering \\ill eventually prcxlu~ a harmless product but before thal lidJ>J>alS the dwnp \\;n 
be a malodorous home for rats and flit.-s. and via lcachatcs. another source of groondwat~ 
contamination. 
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Little information t!Xists on the nature of industrial air emissions in·~ 0 ~- - Pak' 0 cD>istan: 
neither COf11>rehensi\·e nor spol 'illf\-~"S ha\·e been reported. But obsen·arions in the \icinitv 
of a nwnber of indlb"'trial zones han~ shO\\TI the etl~1s of these pollut.'.Dlts. In Kala Shah Kak~ 
industrial arl!a.. gaseous emissions are bdieYed tO be responsible for am·crse effects 00 

dO\\TI\\ind crops. The Punjab Emironmental Prola.~on .--\gen1.~· has rocently begun 
preliminary air pollution sun-eys \\ith the assistance of the Instirute for Public Health 
fngin~ng and Research at the Lni,·ersity of fng.ineering and T c=chnology f Lahore) and the 
Pakistan Council for Scientific and lndll5bial Research . 
.-\ir pollution is primarily an urban problem \\here the density of industry and ,-dticles is 
sufficient to on.·rcome the ability of the air to disperse the pollutants or dilute them quickly 
enough. In rural areas. air quality is not nonnally a problem ex~ept in the 'icinity of 
parri1.-ubrly L)hnoxi,,u:; and largl! di~hJ.:" ;-.--s l)f p1Jllutr.ts 
For example. most cement plants in Pakistan ha,-e not installed equipment to control dust 
emis.sions. and pose a naisance and a potential health hazard for surrounding. residents. Large 
fuel-burning sources. such as thmml generating stations and indll50ies that bwn coal for 
ste<Dll boilers. could create localized problems from deposition of particular ash matter and 
sulphur compounds.. especially if the coal used has a high sulphur content as does much of 
Pakistan's indigenous coal supplies. Peri-urban brick-making kilns are currently the largest 
user of coal and emit quantities of ash and sulphur. But their effects are usually localized due 
to the relati,·ely small amount of emis.sions they generate. 
tjj\H~OR HE-\01'.\G = <-~Q>Land Pollution<1>J)> 
Pakistan generates -l 7.920 tonnes of solid waste per day-19.190 tonn~ from urban areas and 
28. 730 tonnes from ruraJ areas. This am:>unts to 17.5 million tonne!S per year. In cities such 
as Lahore and Karachi. waste disposal typically accounts for 2~25% of municipal 
expenditures. Even so. only about 55°0 of these two urban areas. typically the \...-ealthier 
sections. benefit from municipal colla.--rions. The composition of the waste includes a 
compostable content of 73% for Lahore ( 56% for Karachi) and a ~Q>aper content of 
5-6%. <°lcD::-. 
<1>102>Solid domestic waste is typically dwnped onto low-lying land in Pakistan. and not e\·en 
'"ith the benefit of modem sanitary landfill methods. The result is unsightly and unsanitary 
conditions al and around dump sites.. the use of land that could be turned to more productive 
purposes. and the loss of potentially ,-aJuable recyclable mareriaJs. The ,-ery elements that 
cause the problem the organic mancr content give it a potentiaJ Yalue as compost if it is 
encapsulated in soil and the organic trotter is reduced to an enriched sterile fertiliz.er. 
Recycling the organic content of solid wastes has lx..1_!un \\ith a 500 tonn~ day composting 
plant operating. in Karachi. Others are planned for Lahore. lslarmbad. and other cities. 
Sanitary landfills are also under consideration for Lahore and Islanubad.~~0cD> 
Of considerable concern is the likelihood that quantities of toxic industrial \\<lstes have been 
dumped in municipal disposal areas or are being dwnped directly onto land'> adjacent to 
factories \\ith no record of their location. quantity. or toxic composition. The experience in 
manv countries has shm\n that such ·toxic real estate' has grave social and economic . ~ 

implications for the future: serious health problents among local residents.. large liabilities for 
cleanup incurred by the industries. lowtTed<°/B1> <° (l)>property 'alues. &01d considerable 
public expense for identification and rehabilitation of contaminated sites. 
f{tl~ONOR HEAOl~G ~ <0/n1~'oac;tal Pollution.,.1>/J>> 
Pakistan ha .. two ports (Karachi and Port Qa'>im) and four fish harbours eith~-r opt..-rational or 
undt-,. constmction (Karachi. Pasni. Owadar. and Kon01gi ). Karachi port and harbour arc the 
most used area.'>. and it is here that the great~1 pollution is St."t."11. hoth from \"esscls (illegally 



pumping out bilg.t.-s and refose). and from the pon·~ oil tt."l1Tlinal .-\n estimated 90.000 tonnes 
per yc:-..JT of oily di5'..ilarg.es are purrped out within port limits. :\o oily ship waste reception 
or tr~t facility exists within die port. Dredging. ~Jtions. na.-ess.uy to keep the 
approach channels OJX"ll- also ha,·e a major impact 
The shipping lanes in the .-\rabian Sea are SOID! of the busiest in the ''orld <Uld it is fortunate 
that Pakr5t<lll has not expt.'liencoo a 51>ill g.rearer than thal ofthe'Fl-IWI> '<F255D> . .\kbar'. 
<ll1 oil barge that sank and discharged 700 tonnes of crude in 198-t Pakistan has no capacity 
to COJl'! ''ith an oil spill. minor or rmjor. or with any other kind of shipping ao.,--jdent with 
em ironm=ntal consequences. 
Recmtly. another potential hazard has also come to light: the possibility of toxic waste 
dumping either at sea or. through th~ subterfuge of \\Tongly labelled containers on ships. on 
land. Th~ port authorities are untr.linoo and ill-equipped to recognize <Uld deal with such 

.-\bout .t:'0 oof Pakistan"s industry (by ,-aim! added I is locatoo in Karachi. All its effluents plus 
the don10lic sewage from a city of more than 8 million people and all agricultural run-off 
from the hinterland and in the Indus Ri,-er find their way. untreated into the sea No 
comprehensi,-e. systenlatic 3SSQ.Sm."Dt of industrial or domestic. municipal pollution in the 
coa:,1aJ zone of Pakistan has bren done. Some studies indicate that eutrophication caused by 
pollution from sewage (or other organic biodegradables such as fish processing wastes). 
though increasing 0\-erall biorms.s in the form of algal blOOllli. has reduced economically 
important marine fauna. Water-borne disease \\~tor; and the interaction of sewage \\ith other 
matt.-rials also ha\·e serious in111i.::atil-.ns<.0 ,02> for hwnan health. p2"~·Cl>>rticularly for \illages 
on the ~0~1. 
The thr« main coastal industries \\ith the largest ,-olumes of effluents are the steel mill, 
power plants, and refineries. But the many smaller industrial units have more significant 
polluting effects on the marine em ironment 
SurYeys of industrial pollution. by 'irtue of being localizoo and based on a limited number 
of water and sediment samples. cannot represent accurarely the degree or extent of water 
pollution or the problem of matcrials leaching into 50il and groundwater resources. The<°/o2> 
S\Tier!!isric <°/c:D>and cumulative eft~s of intera..lions amom! different inorganic chemical - - - -cotnpounds and bt.·tw~ these compounds and organic maner remain to be im·estigated. For 
exarnple. the effluent from the ~hi Shipyard is recorded as having a pH level of 4 '"ith 
110 milligram; per litre of zinc in suspension. The S}itergistic effects of this level of zinc in 
acid effluents is likely to be far mor~ dangerous to the coastal en\ ironment than is recognized 
in current reports. The continuing. piecemeal study of pollutants and lack of consideration of 
intcractil'ns among different ones represents a ~il)r weaknes.s in current ass<,.·ssrnents. 
Olher nt.-gati,-e imp3'..1S on the coast include that of thermal pollution, i!tcreascd turbidity and 
siltation due to dredging, oil spills. tarballs. plastics, and toxi~ effluents, including heavy 
metals. Field studies of hea\y metal concentrations in coastal sediments and fish indicate 
IC\·els typical of coastal waters off an industrial city. Howe\·cr, certain <F14WI >' <F255D>hot 
spots' of chromium and mercury indfoate that caution is now rt."quired in effluent disposal. 
Baseline surveys have yet to be undc!11aken to ~..;ess natural radioactivity levels along the 
coa'\t. so as to ~ the impact of the KANL"PP nuclear power plant. 
If pres..."llt trends continue, "ith no ch«ks being instituted it is expected that the present 7..one 
of oxygt.--n-deficient bottom conditions in ~arachi harbour \\ill C:\.1en<l to con.-r must of that 
area and its backwaters. except the ~hannds where: tidal flushing is effective in di!->-pt.'Tsing 
pollution l01:ds. These condition~ \\ill slowly sp~.al into the \..Tccks. with St.'lious 
conscqut.'1lct."S to marine botton-..dwdling. spt.'Cics anJ bcnthi..: fauna. ·n1c rt.-sulting <lt.1t.'lioration 
in water quality \\ill adversely atft.."\:I pda~i~ nora iUUI fauna the: l!Xtt..'1lt of eutrophicarion will 



increase. and ph~1oplankton blooms and red tides \\ill b«onk! rc.1_!ular features. The 
biooccumulation of toxic substances in marine fauna \\'ill increase and h~l\~· metal pollution 
\\ill spread seawards. e\·entually ~iling toxicity le,·els \\ithin commercially import;mt 
fish stcx.-k.. ''ith potentially disastrous implications to the fishing economy. 




