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COVER: 
lnformal factories and workshops 
cluster in and around Dhaka city, 
Bmgladesh, near the Burigange River. 
One such industry specializes in the 
recycling of dry cell batteries gathered 
from around the a m .  Hundreds of 
women and children are employed 
in this industry. All day long the 
children break qart  used 
batteries to remove tiny pieces 
of metal that are sent for recycling. 
In the process d breaking used 
batteries, children inhale millions 
of fine carbon dust perticles from 
the M&s throughout the day 
Depending on how much work 
they do, each of them get 
between 5-15 Taka per day 
(US$ 1.00 = Taka 60). 
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LETTER FROM 
THE DIRECTOR 

People living in poverty in developing 

countries must struggle every day to 

gan the most basic necessities of 

life. Environmental problems- 

degraded land, poor air and water 

quality-make the struggle more 

difficult. In extreme cases, such as 

exposure to toxic substances, these 

problems are often life-threatening. 

Exposure to toxics can lead to a 

range of consequences, from a 

weakened ability to combat disease 

to death. The exposure is particularly 

dire for children, whose small bodies 

and early development make the 

effects all the more severe. 

Economic conditions that force 

children to work to help their families 

often increase oppoltunities for 

exposure. 

Although the adverse impacts of 

toxics on poor people seem all too 

apparent, it is essential to take a 

critical look at the issue in order to 

understand how to mitigate the 

effects and improve the conditions 

in which people live. With this 

report, Toxics and Poverty: The 

Impact of Toxic Substances On 

the Poor in Developing Countries, 

we hope to illuminate the links 

between people living in poverty and 

their exposure to toxic substances 

and draw some policy implications. 

In its recent Environment Strategy, 

the World Bank outlined three main 

objectives: improving the quality of 

life, improving the quality of growth, 

and protecting the quality of the 

regional and global commons. 

This report focuses on all three 

objectives, but primarily on the 

quality of life-environmental issues 

affecting people's health, livelihoods, 

and vulnerability. We hope this 

report contributes to a better under- 

standing of the dangers toxics pose 

to the health and well-being of the 

poor in developing countries as part 

of a broader global chemicals agen- 

da and the ongoing efforts toward 

achieving sustainable development. 

Kristalina Georgieva 
Director 
Environment Department 
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EXECUTIYE 
SUMMARY I is a fact of life in many developing countries that poor 

1 I people are living and working in close proximity to toxic 

L chemicals. In rural areas, exposure risks are associated 

with agriculture and other aspects of rural life. In urban areas, 

where many of the poor are moving and entering the informal 

sector of the economy, there are many new kinds of toxic hazards. 

The consequences-illness, and in many cases death-are 

preventable tragedies. 

This report takes a critical look at the linkages between toxic 

exposures and poverty and the implications for policy. I t  is part 

of the Bank's increasing focus on the positive contribution that 

environmental policies can bring to the quatlty of life in developing 

nations. 



r POVERTY AND THE BURDEN OF CHRONIC DISEASE 

In many parts of the world, public health institutions focus on 

communicable diseases of epidemic proportions, like HIV infection in parts 

)f Africa, enteric diseases from contaminated drinking water and food, and 

malaria. Increasingly, however, chronic diseases-caused in part by exposure 

to toxic substances--are emerging as problems in developing countries and 

I 
among those in poverty. 

Overall, the World Health Organization (WHO) projects that the burden of 

chronic disease in developing countries is becoming relatively more important, and 

will outweigh the burden from infectious disease by 2020 (Murray and Lopez, 1997). 

Disease is an enormous burden for the global economy. In 2000, WHO estimated 

that nearly $3 trillion-almost 8 percent of world gross domestic product (GDP)- 

was spent on health care (WHO, 2000). 

Exposure to toxic substances is an important contributor to chronic disease, 

along with other factors like smoking, alcohol consumption, excess intake of 

food, and obesity. Pollution is a factor in the development of cancer and 

chronic respiratory diseases. It probably also plays a role in birth defects and 

a number of chronic diseases in adults, including neurodegenerative 

diseases such as Parkinson's Disease (Lockwood, 2000). Recent data also 

iodicate that certain pollutants may play a role in diabetes (Longnecker and 

others, 2001). Most likely, those who are more poorly nourished and who 

have concurrent disease are more susceptible to toxic chemicals than those 

, who are better off. For example, lead is known to be more toxic to children 

whose diets are deficient in calories, iron, and calcium (Mahaffey, 1995). 

Poor children employed in the informal labor secto r... are exposed 
to a multitude of toxic chemicals. Working children must also 
commonly contend with low wages, long working hours, appalling 
living conditions, and food scarcity 



Many documented cases of exposure 

to toxic metals, pesticides, and ndustri- 

al chemicals involve chddren. In all 

these cases, children were the most 

vulnerable and suffered the most harm. 

Children's participation in certain kinds 

of labor further magnifies their exposure 

to toxic chemicals. Of the roughly 250 

million working children' between the 

ages of 5 and 14 in the poor develop- 

ing regions of the world, the 

International Labour Organisation (ILO) 

estimates that more than 60 percent' 

have been exposed to hazardous con- 

dit ion~.~ Approximately two-thirds of the 

exposures occurred in rural areas. With 

the rapid urbanization of most develop- 

ing countries and an increasing number 

of youngsters migrating to towns and 

cities, the total volume of child labor at 

urban centers is also expected to grow 

steadily (ILO, 1992). In urban areas, 

child labor is found mainly in trade, 

services (especially domestic work), 

and the manufacturing sectors. Poor 

children employed in the informal labor 

sector or engaged in scavenging activi- 

ties are exposed to a multitude of toxic 

chemicals (Laraqui and others, 2000). 

In addition to toxic exposures, working 

children must also commonly contend 

with low wages, long working hours, 

appalling living conditlons, and food 

scarcity. 

linkage between Poverw 

populations of extremely poor people 

are threatened by sanitary conditions 

that result in contamination of drinking 

water and food with pathogens. By 

burning wood for cooklng and heating 

in poorly ventilated homes, these same 

populations also are more likely to suffer 

from exposure to high levels of house- 

hold air pollution from hazardous com- 

bustion products. Exposure to toxic 

substances also plays an important role 

in the health of poor people. 

Data compiled by the World Bank indi- 

cate that poor countries face higher lev- 

els of pollution. Emissions of sulfur diox- 

ide (SO2) from burning fossil fuels, espe- 

cially coal, and from certain industrial 

sources have been decreasing world- 

wide since 1980, yet per-capita levels of 

SO2 em~ssions in developing countries 

remain above those of high-income 

Organisation for Economic Cooperation 

and Development (OECD) countries. 

Studies by the World Bank also show 

that developing countries have higher 

emission levels of organic water pollu- 

tants than high-income OECD countries 

(World Bank, 2000). 

Exposure to a toxic chemical may 

occur when a person has contact with 

the chemical. Toxics can enter the body 

in a variety of ways. They can be 

inhaled, ingested, or absorbed through 

the skin. A pregnant woman can trans- 

fer toxics to her fetus, and mothers can 

transfer toxics to children through 

breastfeeding. All chemical substances 

can cause injury or disease in humans 

at sufficient doses. 

and Toxic @sure Some chemicals may cause injury to 
one or more organs of the body, such 

Poverty and adverse environmental as the lungs, liver, or kidneys. Others 
condit~ons go hand-in-hand. Large may adversely affect the functioning of 

In this document the terns "won?ing chid" and "child laboy have been interpreted to mean "econofi 
labor force': All these terms have been used interchangeabk 
Sixty percent (2.27 million) of the 3.67 million economically active children included in the /LO survey 
Hazardous conditions included biological, chemical, and physical hazards. 

the nervous system, the immune sys- 

tem, the reproductive system, or the 

endocrine system. Some can cause 

specific diseases, such as cancer or 

various types of birth defects. Some 

may irritate the skin or eyes; in some 

cases, the irritation may be serious 

enough to cause permanent damage. 

while in other cases the injury may be 

completely reversible. Depending on 

the size of the exposure and its dura- 

tion, a single chemical may produce 

several different types of toxicity. 

There are some case reports on toxic 

exposures in the developing world. 

Nevertheless, the data are sparse and 

have not been systematically collect- 

ed. This paper summarizes the avail- 

able evidence in the peer-reviewed lit- 

erature that shows the connection 

between poverty and toxic exposure. 

POVERIY AND TOXIC 

Lead, mercury, arsenic, cadmium, 

manganese, and chromium pose seri- 

ous threats to human health. Exposure 

can occur through contamination of 

food or drinking water. Metals can also 

be emitted during the combustion of 

fuels and wastes, posing the risk of 

exposure through inhalation. 

The risks to human health of most 

toxic metals have never been studied 

in developing countries. Nevertheless, 

there is ample evidence of significant 

environmental and/or human expo- 

sures in poor and developing coun- 

tries; 

nically active child': "child workforce'; or "child 



examples include industrial discharges 

in Rwanda (Gasana and others, 1997), 

wastewater spreading in Morocco 

(Lekouch and others, 1999), and min- 

ing activities in Mexico (Villanueva and 

Botello, 1998). With industrialization, 

more exposures to toxic metals are 

likely, mostly in the context of work- 

place environments, poorly contained 

wastes, and communities that are near 

mining, smelting, and certain industrial 

activities. 

Of all toxics, the ones that affect people 

living in poverty the most are lead and 

mercury. 

LEAD. Lead is a toxic metal that has 

adverse effects on the brain, kidneys, 

blood pressure, and blood cells. Lead 

exposure is particularly dangerous for 

children: it can affect the growth of 

the fetus and child-and can have 

particularly adverse effects on IQ and 

the behavior of developing children. 

Poverty and lead exposure have gone 

hand-in-hand everywhere in the world, 

even in developed nations like the 

United States, where average lead lev- 

els among poor children are four times 

higher than levels among children 

who are not in poverty (Brody and 

others, 1994). 

Lead exposure has been extensively 

studied in Mexico and in China. 

Studies in the early 1990s document- 

ed very high lead levels among chil- 

dren in Mexico. Numerous investiga- 

tions have concluded that leaded 

gasoline and industrial activities have 

created pervasive problems of lead 

exposure to children in China. The sit- 

uations in Mexico and China are repli- 

cated everywhere in the developing 

world, suggesting that other countries 

withthe same patterns of development 

have s~milar problems. Many studies 

have found higher blood lead levels 

associated with certain activities, 

including: 

Lead pottery usage in Arab countries 

(Manor and Freundlich, 1983) 

Children employed in the ceramic tile 

industry in Ecuador (Harari and 

Cullen, 1995) 

Children in Manila whose parents 

repaired and recycled batteries at 

home (Suplido and Ong, 2000) 

Adults recycling batteries in Taiwan 

(Wang and others, 1998), Jamaica 

(Matte and others, 1989) and the 

Dominican Republic (Kaul and 

Mukerjee, 1999) 

People living near battery- 

manufacturing facilities in Nicaragua 

(Morales Bonilla and Mauss, 1998) 

People l~ving near a former lead 

smelter in Jamaica (Lalor and others, 

2001) 

Uncontrolled lead waste disposal in 

Chile (Sepulveda, Vega and 

Delgado, 2000). 

Poverty and proximity to roadways are 

often important factors in lead exposure. 

In Bangladesh, air-lead levels and low 

parental educat~on (an index of poverty) 

both significantly increased the odds of 

having high blood-lead levels (Kaiser 

and others, 2001). Similar findings were 

reported from Saudi Arabia (Al-Saleh 

and others, 1999); Indonesia (Heinze 

and others, 1998); China (Shen and 

others, 1997); and South Africa (Nriagu 

and others, 1997; von Schirnd~ng and 

others, 1991). 

mRm Exposure to hazardous 

mercury levels can cause permanent 

neurologic and kidney impairment. 

With rapid industrialization, mercury 

processing is being carried out in 

developing countries with poor work- 

place control; a predictable conse- 

quence is mercury intoxication of 

workers. This has been documented in 

many cases, including Zulu workers in 

a mercury processing plant in 

South Africa (Powell, 2000) and 

people eating fish in communities 

downstream from that plant 

(Oosthuizen and Ehrllch, 2001). 

In another case, poorly controlled 

mercury-containing waste caused 

hazardous exposures to mercury 

among workers in Cambodia (Hess 

and Frumkin, 2000). Small-scale 

("artisanal") gold mining is another 

important source of mercury in 

developing countries. Studies in 

Brazil were the first to document that 

gold miners were using mercury to 

extract gold from river sediments, 

whlch caused high levels of the toxic 

organic compound methylmercury in 

fish (Malm, 1998). Researchers have 

documented elevated levels of mercury, 

and neurotoxic effects, among people 

who consumed those fish (Lebel and 

others, 1998). This has also been 

documented in Suriname (de Kom, 

von der Voet, and de Wolff, 1998), 

Tanzania (van Straaten, 2000), and the 

Philippines (Drasch and others, 2001 ; 

Appleton and others, 1999). 

Pesticides 

Pesticides have great variations in their 

potential for adverse effects. Three 

classes of pesticides-chlorinated 

hydrocarbons, organophosphates, 

and dithiocarbamate pesticides-have 

a high index of toxicity. Chlorinated 

hydrocarbons also are highly 

persistent in the environment. An 

analysis of data collected from 1990 to 

1998 by the Food and Agriculture 

Organization of the United Nations 

(FAO) indicates that developing 

countries other than the least- 

developed nations4 consumed the 

bulk of reported organochlorines, 

organophosphates, and dithiocarba- 

mates. This finding is not a surprise, 



since pesticides are expensive inputs Poisoning incidents in these countries me ~ ~ ~ ~ C I D E S  MD 
to agriculture. These pesticides are often ~nvolved organophosphates, 

older pesticides that are off-patent, carbamates, paraquat, and diquats 
COIIHRUU# SU#StACrCfS 
[FUR MISj 

and therefore are much less expensive (Ecobichon, 2001 ; Ramasamy and 

on the world market than some of the Tajol Akos, 1988, cited in Castro- 

newer, and often safer, pesticides. 

Exposure to pesticides can cause a 

range of health effects, including acute 

poisoning; chronic long-term effects 

on the nervous or immune systems; 

and cancer. The figure on this page 

shows the great variability in acute 

toxicity of pesticides compared with 

other substances. Aldicarb is among 

the most toxic; a dose of only 

0.9 mg/kg is lethal to half the animal 

population ingesting it (the "LD50"). 

Nonetheless, it is less toxic than 

Gutierrez and others, 1997). These 

numbers mostly reflect very severe 

incidents that involve hospitalizations 

and thus are an underestimate and 

also are likely to over-represent 

suicides. The WHO is currentiy 

attempting to improve its capability 

to detect incidents that are treated 

outside hospitals. 

A number of pesticide poisoning cases 

in impoverished countries of Africa 

have been reported. Examples of 

overexposure include worker exposure 

Comparison Substances 
Chemicals and Pesticides 

botulinum toxin and diox~n (lethal at 

0.0001 and 0.001 mg/kg, respectively.) 

The herb~cide glyphosate is less acutely 

lethal than common table salt. Chronic 

effects of pesticides in people are more 

difficult to assess; most information is 

based on animal studies. 

Pesticide poisoning is a major public 

health problem in developing countries 

(Ecobichon, 2001 ; Koh and others, 

1996). The extent of the problem is 

unknown; the World Health 

Organization (WHO, 1990) has esti- 

mated an annual worldwide incidence 

of 3 million cases of acute, severe poi- 

sonlng (including suicides), matched 

possibly by a much greater number of 

unreported cases of mild-to-moderate 

intoxication, with some 220,000 

deaths (Koh and Jeyaratnam, 1996; 

Ecobichon, 2001). Approximately 99 

percent of these deaths occurred in 

developing countries, with suicides 

making up about two-thirds of the 

total (McConnell and Hruska, 1993; 

Koh and Jeyaratnam, 1996 ). 

due to poor handling and storage 

practices in the Accra Plains, Ghana 

(Clarke and others, 1997); 

organophosphate (parathion) poisoning 

in Nairobi, Kenya (Obel, 1984); and 

high rates of illness among agricuitural 

workers on farms producing cotton, 

tobacco, flowers, and horticultural 

crops (Ohayo-Mitoko and others, 

1999). In Africa, it is estimated that 

11 million cases of pesticide 

overexposure occur annually 

(Choudhury, 1989, cited in Koh and, 

Jeyaratnarn, 1996). Although not all 

the exposures would result in acute 

illness, such exposures may increase 

the risk for chronic health impacts. 

In Asia, India has had a large number 

of poisoning cases (see page X). An 

estimated 5 percent of Sri Lankan 

workers and 13 percent of Malaysian 

workers have been poisoned by 

pesticides, mainly paraquat, 

organophosphates, and organochlorines, 

according to a study conducted during 

the 1980s (Jeyaratnam, Lun, and 

Phoon, 1987). In Thailand, a total of 

4,046 cases of pesticide illness 

resulting in 289 deaths was recorded 

in 1985 (Kritalugsana, 1988, cited in 

Koh and Jeyaratnam, 1996). Local 

studies in Indonesia indicate that 

30,000 cases of pesticide poisoning 

occur annually in the nation as a whole 

(Jeyaratnam, 1990, cited in Koh and 

Jeyaratnam, 1996). 

Stories of exposure to toxic pesticides 

among the poor are also common 

throughout Latin American. In Costa 

Rica, pesticides-the only widespread 

chemical pollutants in rural areas- 

are the main sources of agricultural 

workers' exposures and illnesses 

(Wesseling, Castillo, and Elinder, 

1993). In El Salvador, studies have 

found that subsistence farmers are 

widely exposed to organophosphates 

(Azaroff, 1999). In Chiapas, Mexico, 

peasants from the poorest communities 

face the greatest risk of pesticide 

Using the available UNDP income and human poverty indicators, the Bank's data on international poverty lines (r.e., $7 and $2 a day per person), 
and the UN's "least developed" coun6y classification, deveioping countries were dichotomized. As a group, developing countries below the line have 
a 53 percent rate of overall poverly and a 30 percent rate of extreme poverty These rates are iwo times higher than other developing countries and 
SIX times those of high-income OECD countries. 



exposure (Tinoco-Ojanguren and 

Halperin, 1998). On Nicaragua's cot- 

ton farms, pesticide poisoning has 

also long been a major public health 

problem; studies have shown that 

children in nearby households have 

been poisoned by organophosphates 

(McConnell and Hruska, 1992); 

(McConnell and others, 1999). The 

1999 tragedy of Peruvian children 

dying after eating a government- 

donated breakfast contaminated with 

parathion is further evidence that poor 

children in poor nations are very 

vulnerable to toxic exposures. 

Characteristics assoc~ated with 

poverty-lack of education, poor 

housing, high-risk jobs, and child 

labor-are intertwined with toxic 

exposures. Many health concerns are 

closely associated with particular 

occupations. For example: 

Farmers in developing countries are 

unaware of the short- and long-term 

hazards associated with exposure 

to many pesticide products. 

In many developing countries, 

pesticides are used neither efficiently 

nor safely. Advanced technologies 

such as chemical pesticide 

application require knowledge that 

goes beyond traditional agricultural 

practices. 

Poor knowledge and understanding 

of safe pesticide use, deficiencies in 

safety training (often leading to 

careless handling), excessive use of 

pesticides, eating and drinking while 

working, lack of water and facilities 

for personal hygiene, lax storage 

practices, and careless disposal of 

empty pesticide containers all lead 

to toxic exposures. 

Poor maintenance facilities for spray 

equipment can lead to hazardous 

contamination and use of pesticide 

mixtures. Occupational poisoning 

occurs largely during spraying, 

mixing, and diluting of pesticides. 

Other concerns are not directly associ- 

ated with occupations. For example : 

Bystander poisonings can be 

attributed to spray drift and residues 

in homes of populations living near 

sprayed fields (Ames, Howd and 

Doherty, 1993; Richter and others, 

Too often, b r  the p o o ~  there is tittle 

sepmtion between work and home 
enviranmenk and work m&md Bxic 
substances expose children, Exposures 

to toxic chemicals can occur through 

contaminated food and watec skin 
absorption, inhalatian, or tranmission 
fmm mather fu chHd auos the 
plecentq and In breast milk 

A study of childhood poisoning-using data from eight regional hospitals in India- 

found that accidental poisoning was common, and that 50-90 percent of the cases 

involved children below 5 years of age. Pesticide poisoning was more prevalent in 

Punjab and West Bengal. Various regions in the country showed some variation in types 

and frequency of childhood poisoning, which could be attributed to different 

geographical and socioeconomic backgrounds (Dutta and others, 1998). Pulmonary 

studies on 489 pesticide workers engaged in spraying operations on mango plantations 

revealed that occupational exposure to pesticides had a direct bearing on respiratory 

impairment. These workers were exposed to a variety of organochlorines and 

organophosphorus pesticides (Rastogi and others, 1989). 

Outbmeks of M I  food poisoning are common. For example, on July 6, 1997, 60 men 

aged 20-30 years attended a communal lunch cooked in the community kitchen. They 

ate chapatti, cooked vegetables, pulses, and halva. They all developed nausea, vomiting, 

and abdominal pain over the next three hours. All were successfully treated, except for 

one who died from the exposure. Malathion was found m leftover food samples from the 

shared lunch (Chaudhry and others, 1998). 



1992; Scarborough and others, 

1 989, cited in Azaroff, 1 999). 

Especially high levels of community 

pesticide exposure can be expected 

in poor countries. Conditions 

contributing to such exposure 

include excessive use of very toxic 

compounds; uncontrolled patterns 

of spraying; lack of washing facilities; 

improper storage of pesticides in 

homes; improper use of empty 

containers for the storage or transfer 

of water, vegetable oils, or food; 

short time intervals between 

pesticide applications and workers 

doing farm work; not observing 

intervals between the last pesticide 

application and the harvesting and 

eating of produce; and hand 

washing of clothes worn by farmers 

during pesticide applications. 

Occupational health legislation and 

regulations are extremely weak In 

the developing countries. Most 

developing countries still do not 

require that imported pesticides be 

registered in the country of origin. 

Pesticides banned or restricted in 

the country of origin are used widely. 

Persistent Organic Pollutunts 

Twelve of the persistent organic 

pollutants (POPS)-all chlorinated 

compounds-have become the focus 

of international action through the 

convention on POPs signed in 

Stockholm in May 2001 : polychlorinated 

biphenyls (PCBs), dioxins, furans, 

aldrin, dieldrin, DDT, endrin, chlordane, 

hexachlorobenzene (HCB), mirex, 

toxaphene, and heptachlor. PCBs are 

industrial chemicals; dioxin and furans 

are unwanted by-products of various 

technological processes, but were 

never produced commercially and 

have no intended use. Aldrin, dieldrin, 

DDT, endrin, chlordane, HCB, mirex, 

toxaphene, and heptachlor were initially 

developed as pesticides. 

Because POPs persist in the 

environment and accumulate in body 

fat, the major pathway of human 

exposure to POPs is via the food chain. 

Contamination of food may occur 

through environmental pollution of the 

air, water, and soil. Short-and long-term 

exposure to POPs can be associated 

with a w~de range of adverse health 

effects, from acute toxicity to intergen- 

erational endocrine-disrupting effects. 

A growing body of evidence suggests 

that there may be a relationship 

between exposure to some POPs and 

reproductive dysfunction and cancers 

(Ritter and others, 1995). 

The risk of exposure to POPs in 

developing countries IS high. Their use 

in agriculture in the past resulted in a 

large number of deaths and injuries. In 

1990 in the Philippines, for example, 

endosulfan was the number one cause 

of poisoning among subsistence rice 

farmers and mango sprayers (Ritter 

and others, 1995). With an annual 

average consumption of 16,354 

metric tons during the 1990-98 period, 

India is the largest consumer of POPs 

(FAO, 1999). While Costa Rica 

consumes much less than India, its 

consumption rate in metric tons per 

square k~lometer of land area is among 

the highest (8.83 ~ t / k m ~ ) .  POP 

insecticides left over from past use 

now form a significant proportion of 

obsolete pesticide stockpiles and pose 

significant ongoing risk of exposure in 

the developing world. DDT used for 

public health purposes-notably, 

control of mosquito vectors of malaria, 

yellow fever, dengue fever, and 

lymphatic fiariasis-is probably the 

largest current use. 

Once POPs are in the bodies of 

mothers, they are readily transferred 

to the fetus via the placenta and to 

infants via breast milk. Breast milk is 

the best food for newborn infants, so 

the contamination of food and breast 

milk by POPs is a particular concern. 

Available data demonstrate that 

contamination of breast milk and food 

by POPs is a worldwide phenomenon. 

Nevertheless, there has been little 

monitoring of POPs body burdens and 

environmental levels in the developing 

countries. A limited number of peer- 

reviewed journal articles on environ- 

mental contamination, population 

exposure to POPs, and possible 

health effects in poor and developing 

countries is available. 

The most extensive published, peer- 

reviewed studies were found for 

Kazakhstan and VietNam. The POPs 

story in Kazakhstan, part of the former 

Soviet Union, involves historical 

agricultural use of pesticides in cotton 

fields. Human consumption of fish 

contaminated with industrial pollution in 

the A d  Sea Region is another source of 

exposure. Reportedly, many children in 

Kazakhstan are in poor health and 

suffering from myr~ad neurological 

defects due to toxic exposures. 

In VietNam, the U.S. military's use of 

the defoliant Agent Orange during the 

VietNam war resulted in a widely 

documented and persistent dioxin 

contamination and human exposure 

(Schecter and others, 2001). Studies 

have also uncovered en\/ironmental 

contamination involving other POPs- 

including hexachlorocyclohexane 

(HCH), DDT, and HCB-as the 

result of ongoing use of pesticides in 

this region. 

Obsolete Pesticide Stocks 

The FA0 defines obsolete pesticide 

stocks to include all pesticide stocks 

not in current use because they have 

been banned, are deteriorated or 

damaged, have passed their expiration 

date, or are not wanted by the current 



owner. More than 20 percent of obso- 

lete stockpiles consist of POP pesti- 

cides. Organophosphates are the 

other important group of pesticides 

often found among obsolete stocks. 

Carbamates and synthetic pyrethroid 

insecticides, various fungicide and her- 

bicide groups, and even some botani- 

cal and microbial products are also 

included in obsolete stockpiles. 

Quantif~cation of obsolete stocks is dif- 

ficult because of the wide distribution 

of pesticides and the remote location 

of many of the storage points. The 

FA02s recent inventories, completed for 

53 countries in Africa and the Near 

East, recorded a total of more than 

47,000 tons of obsolete pesticides (FAO, 

2001 ; FAO, 2001 b). Two countries, 

Botswana and Mali, had the highest 

quantities of obsolete pesticide stocks 

in their inventories-over 10,000 tons. 

In countries where they exist, obsolete 

stocks are distributed widely. In Ethiopia, 

hazardous pesticide waste is stored at 

nearly 1,000 sites around the country. 

Although pesticide stores were initially 

constructed away from residential 

areas, populations have grown and 

urban areas now surround many 

pesticide storage sites. It is common 

to find pesticide stores with obsolete 

stocks in densely populated areas, a 

situation that obviously presents the 

threat of human exposure. 

Open or damaged containers present 

a particularly serious public health 

concern. Spills and leaks from 

containers can find their way into 

surface waters from runoff or into 

groundwater from leaching through 

soil. Where pesticides are stored in the 

open, people who work, live, travel, or 

play in the vicinity are likely to be 

exposed and may suffer acute or 

chronic health effects. For example, in 

the village of Arjo, Ethiopia, family huts 

where women prepare food and 

children play are located a few meters 

away from a pesticide dump site and 

an unsecured dilapidated barn that 

stores 5.5 tons of obsolete 

pesticides- including DDT and 

organophosphates (malathion, 

pirimiphos-methyl, and fenitrothion)- 

in drums, boxes, and bags. 

There are many barriers to solving 

the problem of obsolete pesticide 

stockpiles. The FA0 has identified 

several of these barriers. For example: 

Developing countries lack the exten- 

sive training and sophisticated safe- 

ty and handling equipment required 

to deal with hazardous wastes such 

as obsolete pesticides. 
The removal and destruction of 

obsolete stocks is expensive, and 

fundrng from donors has been slow. 
There are few alternatives to chemi- 

cal pesticides. 

The problem is compounded by the 

lack of infrastructure, the wide dis- 

persal of obsolete stocks, and their 

deteriorated condition. 

Pesticide distribution in developing 

countries is slow and inefficient. As 

a result, obsolete stocks continue to 

accumulate in developing countries. 

Industrial Chemicals 

In relative terms, there has been a 

steady shift in chemical production 

from OECD countries to non-OECD 

countries over the past 40 years 

(OECD, 2001). With the globalization 

of trade, this shift is likely to continue. 

Generally, the shift in production has 

involved large-scale production chemi- 

cals like petrochemicals and plastics. 

The most dramatic increases have 

occurred in India, where there was a 

33.8 percent increase in petrochemical 

production and a 20.8 percent 

increase in plastics production 

between 1990 and 2000. 

Likewise, the Pacific Rim, the Middle 

East, China, and Africa had large 

increases. There was little or no 

growth in Eastern Europe, Russia, and 

Japan. The outlook for 2000-10 is for 

slower growth on a global basis, with 

a rate of between 4 and-6 percent in 

China, the Middle East, Africa, India, 

the Pacific Rim, and Latin America 

(European Chemical News, 1999). 

(See figure next page.) 

The productron of chemicals in the 

developing world raises several envi- 

ronmental issues. POPS emitted by 

chemical plants are likely to lead to 

soil, air, and water pollution. While 

cleaner technologies are available, 

circumstances of poverty may prevent 

their use. Additionally, the production 

shift to developing countries has often 

involved the most hazardous chemi- 

cals. Benzidine dye production is a 

case in point. In the 1970s studies 

confirmed that benzidine dye caused 

bladder cancer in dye workers. It was 

classified by the WHO International 

Agency for Research on Cancer as a 

known human carcinogen. As a result, 



GROWTH RATES FOR CHEMICAL PRODUCTIOlV BY REGION informal labor sec- 

tor to be exposed --- Petrochemicals 1990-00 
+ Petrochemicals 2000-1 0 + Plastics 1990-00 + Plastics 2000-1 0 

to a multitude of 

toxic chemicals 

(Laraqui and oth- 

ers, 2000). 

production-of benzidine and benzi- 

dine dye-was phased out in devel- 

oped countries in the 1970s-90s. 

Unfortunately, during that same period, 

production was increased in develop- 

ing countries (Woodward, and Clarke, 

1997). Furthermore, the lack of laws 

regulating chemlcal production in 

developing countries increases the 

opportunities for environmental pollu- 

tion and subsequent human expo- 

sures. No one knows exactly how 

many or which chemicals are in use in 

these nations. 

At a country level, the least-developed 

nations have the fewjest chemicals. 

Nevertheless, at an individual level, the 

poorest still face the greatest risk of 

exposure to chemicals. The most 

exposed are likely to be people who 

work directly with chemicals, such as 

Mexican service station workers being 

exposed to the carcinogen benzene 

(Meneses and others, 1999; Romieu 

and others, 1999); workers in paint 

manufacture in South Africa (Nell and 

others, 1993); and petrochemical 

workers in Brazil (Saretto and others, 

1997). There are also ample opportu- 

nities for poor children employed in the 

Worldwide, com- 

munities involved 

with scavenging of 

wastes have high 

exposures to toxic 

chemicals. An 

investigation in 

Bangkok of a 

waste dump- 

where approxi- 

mately 400 people 

of all ages work 

on a daily basis as 

scavengers-found high levels of a 

number of chemicals in the air, includ- 

ing toluene, benzene, ethylbenzene, 

xylene, methylene chloride, and methyl 

chloroform (Kungskulniti and others, 

1991). These chemicals have a variety 

of toxic effects, including cancer and 

toxicity to the nervous system. 

Industrial chemicals have also contam- 

inated foods, pharmaceuticals, and 

consumer products, causing harmful 

exposures. There are many stories of 

toxic exposure to d~ethylene glycol 

throughout the developing countries. 

In 1998 in India, 36 children were hos- 

pitalized with kidney failure due to 

cough syrup contaminated with dieth- 

ylene glycol; 33 of them died (Singh 

and others, 2001). A similar episode 

occurred in Haiti in 1998, when aceta- 

minophen was contaminated with 

diethylene glycol; 109 children fell ill 

and 85 died (O'Brien and others, 

1998). Likewise, in Bangladesh in 

1990, 339 children were exposed to 

diethylene glycol-contaminated parac- 

etamide (Hanif and others, 1995), and 

47 children died after exposure to con- 

taminated paracetamide in Nigeria that 

same year (Okuonghae and others, 

1992). What all these cases had in 

common was that children were the 

most vulnerable and suffered the most 

harm; in all cases, the use of poorly 

manufactured glycerin in the manufac- 

ture of a pharmaceutical caused expo- 

sure to diethylene glycol. Good manu- 

facturing practices can completely pre- 

vent this problem, but many of the 

least-developed countries have not 

established legal systems to ensure 

that such practices will be put in place. 

Poverty, development, and potential 

exposure to toxic substances are 

closely related. While development can 

lead to overall economic benefits, 

exposure to toxic substances can also 

occur at each stage of development, 

though with each new stage the kinds 

of hazards are likely to change. 

Unfortunately, most of the negative 

impacts are also likely to be borne 

disproportionately by the poorest 

Two boys working at a sugarloaves field in 
Naivasha Horticulture, Kenya. Worldwide, an 
estimated two-thirds of hazardous workplace 
exposures to working children occur in rural 
areas. Working children are at particular risk 
from exposure to hazardous pesticides in 
farm work because of their smaller size (and 
greater potential contact w~th  contaminated 
vegetation) and because they are actively 
growing and developing. 



communities. Short-term health 

impacts from heavy metals and highly 

toxic pesticides have been particularly 

devastating among those in poverty. 

The combination of rapid industrializa- 

tion and persis-tent poverty create the 

riskiest situations. Working children in 

poverty are especially at risk of expo- 

sure to toxics. They often work around 

highly toxic substances, they are less 

able to protect themselves, and they 

have long work hours. In addition, they 

may have other serious risk factors like 

malnourishment and poor living condi- 

tions. 

In both the short and long term, the 

environmental and public health threats 

associated with POPs are real for 

children living in the developing world. 

These children are exposed to high 

levels of POPs in utero, vla breast milk; 

through consumption of contaminated 

foods; and by playing or working in 

areas with soil or sediment contamina- 

tion. Living in substandard conditions, 

often undernourished and typically with 

poor health status, they are also more 

vulnerable to environmental chemical 

insults. Simply put, children living in 

these impoverished countries are most 

vulnerable to high levels of exposure 

and harmful effects of POPs. 

There is a need for long-term efforts 

to develop legislation, regulations, and 

infrastructure for enforcing such 

legislation in poor countries; adequate 

financial support to maintain such 

infrastructure; and scientific expertise 

to conduct environmental and human 

health monitoring and surveillance. 

This is a large undertaking. Strong 

regulatory institutions will not emerge 

in developing countries overnight. 

There are many more pressing prob- 

lems, including urgent socioeconomic 

needs, disease control, and other pub- 

lic health problems. Health problems 

posed by chemicals cannot be dealt 

with in isolation separate from other 

dire socioeconomic needs. Moreover, 

many exposures related to poverty 

may be best addressed via general 

improvements in living and working 

conditions, increased educational 

opportunities, and the elimination of 

inappropriate forms of child labor. 

Several important policy reforms can be 

implemented in the short term, 

including: 

Prior Informed Consent: The 

Rotterdam Convention on Prior 

Informed Consent (PIC) will provide 

countries with the means to exclude 

from import any chemicals that have 

been determined by an international 

body to be very hazardous. This is 

an important short-term area in 

capacity development. 

Persistent Organic Pollutants: 
The global POPs convention is the 

first international agreement to ban or 

restrict chemicals based on human 

health concerns. To be workable, 

developing countries must be able to 

inventory and manage the use and 

production of POPS within their own 

borders as well as across borders. 

Globally Harmonized System: 
The ILO, the WHO, UNEP, and the 

OECD are collaborating on the 

development of a globally harmo- 

nized system for classifying and 

labeling industrial chemicals and 

pesticides. To be workable, devel- 

oping countries will need to build 

the capacity to understand the new 

labels and to take protective actions 

in response to their warnings. 

Assistance Efforts: Given the 

worldwide scarcity of scientific and 

technical resources to address 

chemical risks, it is incumbent on 

developed countries to provide tech- 

nical information, assistance, and 

resources to assist developing coun- 

tries in putting in place chemical- 

risk-management efforts. In addition, 

all countries need to engage in 

efforts to develop international sys- 

tems for managing chemicals. 

lntegrated Pest Management: 

Methods of integrated pest manage- 

ment (IPM) that seek to minimize 

unnecessary pesticide use can be 

taught. Sustainability is ensured 

through community preparation, 

building on available local resources 

and commitments, weaving IPM 

into local community development 

planning processes, and situating 

program concerns within the local 

government system. Women and 

children may be important targets 

of these efforts, since they handle 

pesticides. 

Integrated Waste Management: 

In many developing countries, nation- 

al and local authorities have only limit- 

ed resources for managing toxic 

waste. It is imperative that pesticide 

suppl~ers and their distribution net- 

works be involved in the development 

and implementation of the safe man- 

agement and disposal of pesticide- 

related wastes. NGOs and farmers' 

organizations are invaluable channels 

for information and advice in rural 

communities. The chemical industry 

"Responsible Care" initiative, which 

has been adopted internationally, can 

play a role in bringing private sector 

resources to bear. 

Responsible Care and Product 

Stewardship: Chemical and pesti- 

cide suppliers should be encouraged 

to implement product stewardship 

systems that cover all stages of 



chemical and pesticide production, 

distribution, and use, as well as man- 

agement of wastes. Incentives need 

to be in place to encourage "leap- 

frogging," using environmentally 

benign chemicals and production 

processes in the first instance rather 

than building facilities that would be 

unacceptable in the developed world. 

Pesticide and chemical companies 

need to engage in responsible pro- 

motion, packaging, and advertising of 

their products in the developing world 

to prevent untoward exposures. 

Manufacturers should be given incen- 

tives to include chemical and pesti- 

cide disposal facilities that allow their 

customers to dispose of empty con- 

tainers and related waste materials 

safely. They can also invest In the 

capacity of communities to prepare 

for and respond to chemical emer- 

gencies and spdls, which often 

require special equipment for 

cleanu~. 

Obsolete Pesticide Stockpiles: 

International coordinated action is 

needed to address the current prob- 

lems of obsolete pesticide stockpiles 

in the developing world, ~ncluding 

international financial aid in disposing 

of existing hazardous chemicals as 

well as for capacity building and train- 

ing to help prevent future accumula- 

tions of obsolete stocks. 

Empowering Civil Society via 

Participation and Right to 

Know: Even in the absence of 

strong regulatory systems, commu- 

nity mobilization and awareness- 

raising on issues such as child labor 

and toxic exposures, appropriate 

use of pesticides, and toxic wastes 

can be a powerful force for change 

in developing countries. Information 

and disclosure are tools that are 

non-regulatory yet can prompt 

act~on by companies to change their 

practices. 





INTRODUCTION C oncern for environmental sus- 

iinability within developing 

countries is an intrinsic part of 

the World Bank's mission to fight pover- 

ty with lasting results. The Bank's new 

environmental strategy (approved by its 

Board on July 17, 2001) places empha- 

sis on developing country priorities that 

have three objecti\~es: 

Improve the quality of life-people's 

health, livelihood, and vulnerability, 

all affected by environmental condi- 

tions; 

lmprove the quality of growth-by 

supporting policy, regulatory, and 

institutional frameworks for sustain- 

able environmental management 

and by promoting sustainable pri- 

vate development; and 

Protect the quality of the regional 

and global commons-such as cli- 

mate change, forests, water 

resources, and biodiversity. 

This new strategy builds on taking 

stock of several decades' of work in 

the environmental 

arena. It began with a 

series of safeguard poli- 

cies designed to limit - damage to the environ- 

Poverty and pollution, Mexico. 

ment. More recently, the 

Bank's focus has shift- 

ed to the positive con- 

tribution that environ- 

mental policy can bring 

to the quality of life in 

the developing nations. 

Poverty, an intrinsic 

quality-of-life factor, is often accompa- 

nied by h~gh rates of morbidity and 

mortality of most diseases. Poor peo- 

ple In developing nations are also 

more likely to be exposed to toxic 

chemicals. It has been estimated that 

5 million to 6 million people die each 

year in developing countries due to 

water-borne microbiological diseases 

and air pollution (World Bank 2002). 

This briefing paper describes the 

effects of exposure to toxic sub- 

stances on the poor, on both country 

and individual levels, in developing 

countries. These issues have assumed 

critical importance as countr~es have 

made a rapid transition toward indus- 

trialization. 

There is clearly a strong interrelation- 

ship between poverty and exposure to 

toxic substances. Today, most poor 

people live in rural areas and have 

risks associated with agriculture and 

other aspects of rural life. However, a 

rapid transition is occurring: many of 

the poor are moving to large urban 

areas and entering the informal sector 

of the economy, bringing to the fore 

new kinds of toxic hazards. From the 

limited number of scientific studies 

that evaluate toxic exposures in the 

developing nations and anecdotal 

case reports of poisoning incidences, 

it is clear that the poor, in both urban 

and agricultural communities, and 

especially children, are at the greatest 

risk of exposure to toxic substances 

and ill health as a result. 

Toxic releases can also create poverty. 

Environmental pollution can persist for 

decades and can make resources 

unproductive. In Eastern Europe, for 

example, short-term decisions to allow 

high levels of toxic pollution in a devel- 

oping economy led to devastating 

economic impacts within just a few 

decades. Even in the United States, 

past mistakes in handling toxic chemi- 

cals have incurred costs through haz- 

ardous waste cleanups that have had 

a negative impact on the economy, 

and especially on poor communities in 

"Brownfields" areas. 

Although the adverse impacts of toxi- 

cs on the poor worldwide are all too 

visible, the World Bank has not yet 



taken a critical look at the extent of the 

evidence for those impacts and their 

implications for policy. This paper does 

just that. It provides an overview of the 

impact of toxics on developing coun- 

tries and economies in transition. On 

the individual level, the paper focuses 

on the impacts of exposure to toxics 

on specific populations within develop- 

ing countries. The paper addresses 

the following questions: 

What are the linkages between 

toxics and poverty? 

Are the poor exposed to the effects 

of toxic compounds, what are 

the exposures of most concern, 

and what is the extent of the 

exposure? 

What are the pathways of exposure 

(sources and routes) for the overall 

population and, more specifically, for 

the poor? 

What impacts are POPS (persistent 

organic pollutants) having on human 

health? 

How are specific subpopulations- 

including children, women, the 

urban poor, and the rural poor- 

affected by toxics? 

What steps can be taken to mitigate 

the negative effects of toxics on the 

further degradation of the quality of 

life of those living in poverty? 



Exposure: Sources and 

Path ways 

T he ancient Greek physician 

Paracelsus said, "The dose 

makes the poison." This is still 

one of the fundamental tenets of toxi- 

cology and why there is a major 

emphasis on evaluation of exposure. 

Exposure here refers to the amount 

(dose) of a chemical or other sub- 

stance that reaches a target. 

Conceptually, exposure begins with 

sources of the chemical in the environ- 

ment, whether by manufacture, acci- 

dental or intentional release, or use in 

products. Exposures are complex 

because a toxlc sub- 
F l l W R ~  1. W U W S  AII MTOSED m IYY I I  U#Imt1L ,tan,, 
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with byproducts that 

arise during manufac- 

ture of a chemical and 

as ~t breaks down in 

the environment. The 

presence of a chemi- 

cal in commerce, in 

the community, or in 

the workplace is nec- 

essary but not suffi- 

cient for exposure to 

occur. 

There must be a path- 

way between the 

source and the per- 

son. The pathway can 

be via alr, release to 
Source: U.S. Department ol Energy, as reported in National Academy of water, or direct con- 
Sciences 1 989. tact with the chemical 

in the work environment or in con- 

sumer products. Pathways for expo- 

sure may be "direct," when the chemi- 

cal moves straight from the source to 

the person, or "indirect," when the 

chemical goes through some interme- 

diate pathway. For example, expo- 

sures to POPs often occur through the 

food chain. The chemicals are first 

taken up and concentrated in the food 

chain, and most exposure to humans 

is through the diet (Figure 1). 

Once the chemical reaches the per- 

son, common routes of exposure are 

oral ingestion (food and drinking 

water), inhalation (dusts, vapors, 

fumes, and aerosols), and absorption 

through skin and mucous membranes. 

Prenatal exposure to chemicals occurs 

primarily across the mother's placenta. 

Less frequently, exposures occur intra- 

venously, as can happen, for example, 

with plasticizer chemicals in IV tubing 

and blood bags. 

Once inside the body, the chemical 

causes damage only if it reaches sus- 

ceptible tissues. The route of exposure 

at that point may be very important. 

For example, compounds that are 

ingested pass through the liver, where 

they may be detoxified and/or eliminat- 

ed. Compounds that are inhaled or 

absorbed through the skin can reach 

certain targets before they are modi- 

fied by the liver. Compounds may be 

detoxified or made more toxic as they 

are metabolized by the liver or by 

enzymes in other tissues. The kidney 

and the lungs also play a role in the 

elimination of chemicals. 

Compared with compounds that have 

a short half-life (resident time in the 

body), compounds with a very long 

half-life, such as POPs, can cause 

more damage because the duration of 

exposure is longer. Metals are el~minat- 

ed at various rates. Lead, for example, 

is stored in bone and released slowly 

into the blood over time. 

Some organ systems are more pro- 

tected than others. The blood-brain 

barrier forms a very effective block 

against certain chemicals but not oth- 

ers (such as lead, methylmercury, sol- 

vents). 



People who have impaired liver or kid- 

ney function (and newborn infants) 

may have more difficulty detoxifying 

and eliminating toxic chemicals and 

thus have more exposure relative to 

other people in the same environment. 

These individuals will manifest toxic 

effects at lower exposure levels. 

Poor nutrition can increase the uptake 

of certain pollutants. For example, chil- 

dren who have deficiencies in certain 

micronutrients (calcium and iron) gen- 

erally have higher concentrations, or 

levels, of lead in their blood than do 

children who have adequate dietary 

amounts of those nutrients. Similarly, 

children downwind from the Chernobyl 

nuclear power plant who were iodine 

deficient had higher thyroid cancer 

rates from the radioactive iodine that 

was emitted during the 1986 accident 

there because their uptake of radioac- 

tive iodine was greater and thus their 

thyroid glands were exposed to higher 

levels of radiation. 

It is ~mportant to quantify exposures, 

but data are often lacking. When expo- 

sure data are available, they are usually 

limited to information on the patterns of 

how chemicals and pesticides are 

used, the quantities produced, and, 

more rarely, the quantities released. 

Although these are proxies for actual 

internal dose, they can be very valu- 

able. Other useful data are the levels of 

chemicals and pesticides in media that 

are likely pathways for exposure, such 

as air, food, drinking water, bathing 

water, and consumer products. Only 

rarely do we have body burden levels 

available (for example, blood mercury, 

hair mercury, blood lead, and urinary 

pesticide metabolites). 

The effects of a chemical can very 

much depend on the precise timing of 

exposure. For example, methylmercury 

evidently causes the most damage to 

the infant's brain when exposure 

occurs during the last trimester of 

pregnancy, presumably because of 

vulnerability of the developmental 

processes (National Academy of 

Sciences 2000). Duration of exposure 

is also an important attribute. Some 

health effects require chronic, long- 

term exposure, and others do not. 

Generally, exposure is thought of as 

being acute (days), chronic (90 days or 

more), or subchronic (in between). 

Exposures to carcinogens are usually 

evaluated as average daily doses over 

an entire lifetime of exposure. Diseases 

are also classified as "acute" and 

"chronic" by whether effects are short 

term or long term, even a lifetime. 

However, acute exposures can cause 

chronic disease; for example, expo- 

sure to a teratogen during a brief time 

in pregnancy can cause a congenital, 

lifelong malformation. 

Exposures can vary greatly among differ- 

ent populations. For example, children 

eat more food, drink more water, and 

breathe more air per unit body weight 

than do adults. They consume relatively 

larger amounts of a more limited array of 

food items. Toddlers and preschoolers 

are closer to the ground and normally 

put their hands and objects into their 

mouths much more Frequently than 

adults do and thus are more exposed to 

chemicals in dust and soil. 

Cultural factors are also important. 

Dietary patterns, the use of folk reme- 

dies, and constituents of common 

household items such as pottery are 

among the important ones. In addition, 

climate and weather are important fac- 

tors. In hot climates, people consume 

more water per unit body weight per 

day, so they are more exposed to con- 

taminants in drinking water at any 

given level. Workers are much less apt 

to use personal protective equipment 

when it is hot, which increases the 

potential for exposure to agents such 

as pesticides. 

People's activities can vary greatly 

from one population to the next, and 

that can lead to variations in exposure. 

Obviously, children who work as scav- 

engers in dumps will have much 

greater likelihood of contact with toxics 

in wastes than will children who are 

spending their days in school and resi- 

dential environments. 

Various measures provrde different 

types of valuable information. 

lnformation about uses and releases 

helps point to sources of exposure 

and opportunities for preventing 

releases. lnformation about activities, 

work, diet, and cultural practices 

points to where to look for potential 

routes of exposure. lnformation about 

levels of toxics in food, water, air, and 

consumer products is essential for 

preventing excessive exposure. 

lnformation about body burden levels 

is the best kind for risk assessment, 

but it is often not available because 

gathering it is expensive and technical- 

ly challenging. Level of exposure is 

important in understanding how risky 

the exposure can be. 

A fundamental principle of toxicology 

is that specific chemicals cause specif- 

ic effects. Strictly speaking, hazard 

refers to the innate ability of a chemi- 

cal to cause an adverse effect on 

either human health or the environ- 

ment. What are the health hazards of 

concern? Chemicals that cause can- 

cer (carcinogens) have been the major 

focus for chemical regulation, but 

other toxic effects are also important. 

Other hazards include damage to the 

brain or peripheral nerves (neurotoxici- 

ty), the immune system (immunotoxici- 

ty), or the reproductive system (repro- 

ductive toxicity); disruption or modula- 

tion of the endocrine system; and 



alterations in the normal development 

of the fetus and child (developmental 

toxicity). Acute high-level exposures to 

certain chemicals and pesticides can 

cause severe illness and death. 

An estimated 100,000 chemicals have 

been in commerce world~~ide. The 

U.S. Environmental Protection Agency 

(EPA) estimates that between 1,500 

and 3,000 new chemicals are devel- 

oped by industry every year and that 

between 200 and 300 are brought to 

market. Unfortunately, it is unknown 

which of these have been marketed in 

developing countries. Thousands of 

chemicals have been used in that con- 

text; moreover, there are many large 

gaps in current knowledge about such 

chemicals. 

What are the important toxic hazards 

in communities of poverty? In much of 

the world, little assessment has been 

carr~ed out to allow one to answer this 

fundamental question. The data from 

develop~ng countries are sparse. 

Furthermore, much of what is known 

about the toxicity of chemicals that 

might be in the environment in devel- 

oping countries is from toxicology 

assessments of animals, not from 

human studies. This report describes 

the data as they have been reported in 

the peer-reviewed literature and by 

international agencies. 

Children as a Vulnerable 

Population 

While the dose makes the poison, the 

timing of the dose during development 

can be critical. Developmental toxicity 

encompasses a number of areas 

including birth defects (teratology), 

damage to the brain and nervous sys- 

tem (developmental neurotoxicity), and 

impaired growth and maturation. There 

are critical windows of development of 

these systems during which very low 

doses of toxic chemicals can exert 

deleterious effects. For example, the 

developing heart is susceptible for a 

br~ef period during the first trimester of 

pregnancy. Once the heart is formed, 

it is no longer possible to create a 

heart defect. Some populations are 

much more vulnerable to the impacts 

of toxic chemicals than others are. 

These include pregnant women, chil- 

dren, people who are malnourished, 

and those who have genetic suscepti- 

bilities. 

In many work environments, children 

can be exposed to devastatingly high 

levels of toxics. While all people In 

poverty are most likely to be exposed 

to toxics in the work place, working 

children in poverty are especially at 

risk because of their rapid growth and 

development. They work around highly 

toxic substances, they are less able to 

protect themselves, they have long 

work hours, and, in addition, they may 

have other serious risk factors such as 

malnourishment and appalling living 

conditions. Children should not have 

to work; however, it is important to 

recognize that under appropriate cir- 

cumstances, child labor provides 

income that is benefic~al to children 

and their families and that promotes 

the education, nutrition, and economic 

advancement of children but that often 

children are exploited in the workplace 

(Grootaert 1995). It is a priority to f~rst 

eliminate work that is most detrimental 

to the development of children 

(Bequele and Myers 1995; Egger 

1996). 

According to the lnternational Labour 

Organisation (ILO), there are some 250 

million working children1 (ages 5-1 4) in 

the developing countries (Ashagrie 

1998). Around half of these children 

(1 20 million) work full time, and the 

remainder combine work with school- 

ing or other non-economic activities. 

These overall estimates do not include 

those who provide full-time domestic 

services in their own parents' or 

guardians' households. In absolute 

terms, Asia (excluding Japan), the 

most densely populated region, has 

the largest number of child workers 

(approximately 61 percent of the 

world's total); approximately 21 per- 

cent of children work. Africa, with 32 

percent of the world's working chil- 

dren, has the highest rate of working 

children: 41 percent of children aged 

5-1 4 are workers (Ashagrie 1998). The 

linkages between poverty and child 

labor have been well established and 

reported worldwide (see Box 1). 

A recent, large ILO survey showed that 

there are twice as many working chil- 

dren in rural as in urban communities 

(Ashagrie 1998). The vast majority of 

children (9 out of 10) working in rural 

communities are engaged in agricul- 

tural or similar activities. However, with 

the rapid urbanization of most devel- 

oping countries and the increasing 

number of young people migrating to 

towns and cities, the total volume of 

child labor at urban centers is expect- 

ed to grow steadily in the future. 

' In this document the tenns "working child" and "child labor" have been nterpreted to mean "economiWly active chrld, '"'child workforce, " or "child 
labor force. " Ail these t m s  have been used interchangeably. Sim~larly, the broad terms "labor force" and "economically active population" are used 
to mean the same thing. Howevq according to the revised international standard of concepts and definitions as adopted by the 13th International 
Conference of Labour Statistic~ans (ICLS) in 7982, the former term refers to the "currently active population" as measured in relation to a very brief 
period such as one day or week, whereas the latter term refers to the "usually active po,ouIation" as measured over a long reference period, such as 
72 months. 



Health and safety information on work- 

ing children was also collected in the 

survey. Of the 3.67 million economical- 

ly active children ~ncluded in the sur- 

vey, more than 60 percent (2.21 mil- 

lion) were exposed to hazardous con- 

ditions. These conditions include bio- 

logical (1 9 percent), chemical (26 per- 

cent), and environmental (51 percent) 

hazards.%pproximately two-thirds of 

all exposures to hazardous conditions 

occurred in rural areas. Of the 2.21 

million children exposed to hazardous 

conditions while working, more than 

39 percent suffered injuries or illness- 

es, and of these injuries and illnesses, 

49 percent were injuries and 51 per- 

cent were illnesses. Approximately 74 

percent of the reported injuries and ill- 

nesses were in the rural communities. 

Examples of hazards ~n rural employ- 

ment include pesticide exposures, falls 

from ladders, and lacerations and 

amputations from cutting equipment 

(Ashagrie 1 998). 

Given that most working children in 

the developing nations are agricultural 

workers and the use of agricultural 

pesticides is widespread, it is not sur- 

prising that children are exposed to 

hazardous chemicals. Various case 

studies have reported child workers' 

exposure to hazards associated with 

the inappropriate use of agrochemicals 

(ILO 1996a; Bosch and Gordon 1996; 

lshengoma and Nchahaga 1996; 

Nyanda 1996; Ohayo-M~toko and oth- 

ers 1006). In the commercial agricul- 

tural sector in Africa, child labor is very 

extensive (ILO 1996b). In Kenya, chil- 

dren constitute 20-30 percent of the 

casual labor force on all types of plan- 

tations (Federation of Kenya 

Employers 1996). In Malawi, children 

Several case sfudies of child labor on planfahiis afidckm- 
merclal farms confirmed that children who work an? poor and 

Child Labor and Poverty Rate, 1999 
they work to supplement low family Income flntemmtbnsl 

Labour Organisation $8988). This is particularly true for chil- 

dren from hauseholds with low incomes who Uve and WQ& on 

plantations. Low economic returns for education In distant 

rural areas and poor housing condtions are among other 
incentives for children to work. In general, cNbl labor rahs 

are higher in countries w.&h lower per capita gross natfrznai 

product (GNP) and a higher share of the bta l  labor force In 
agricutture. Based on reports from the United N& 

Children's Fund (UNICEF 1994) and the Wortd Bank (1995) an 

selected African countries, more than 30 p e m t  of chlldren 

ages 10-14 work in the agricultural sector in YO of tho 13 

A-n countries that are predominantly egricuH~rel. Only 

countries whh a per capita GNf of mom than U S $ I , W  
(Tunisia, Swth Africe, and Mauritius) have parirrirc&wtion riltss 

less than 30 percent. Countdes with a child hbw fime of 

mom than 30 percent are listed in this tab& W#h the kxoep- 

tion of Kenya, all these countries are least-developed (LD] 

countries, wlth Nepal belng the only Asian LO country; the 

rest are African. Mall has the hlghest level of w W n g  diildrw, 

(52 percent) as well as poverty (728 percent below the 

International Poverty Line of less than $1 a day), T h W  is a 
strong positive corrdatIon between b w  level of country 

development and child labor. 

Counlry Chkiren agcrcl 10- 14 Population 

m tabor fone below $1 a day 
Wcent) (parcent)' 

Malt 52 72.8 
gurundr 49 N A 

Burhmg F d d ~  45 61.2 

N ~ g w  44 61 -4 

Cfssnda - 44 NA 
43 37.7 

Rhio~la 41 31.3 

Rwbcda . 41 35 7 
411 26.5 

Enm s N A 
Chad 37 NA 

Gurn~-Ei&~ 37 NA 
Tanram 37 199 

GambiRLThe 34 53 7 
M a w a r  34 63 4 
Monunhw 33 37 9 
Guinea 32 w 
AlfaIa~ 32 N4 

'The ~~ k m l y  Urn ' 
Mnot8wi44'8 
s c v r ~ e s  WED rw; w m m k  1995 

- MW~cal ~mIudes ural, bactmU, fun@, and parask, cheniichemical lnd&s liqurd (&, gasdne, irwcwyj, rmst banes, vqma &a&, kmmd& 
&), and gas (oxygen, ammne); and envitwrnerrlal miudt?s tsmpe~ature and prawm, M h a t b ~ ,  eand N 
rnernwave radlwtmon 



under 15 years of age make up 

approximately 22 percent of the total 

labor force among both permanent 

and casual laborers (Mkandawire, 

Jaffee, and Bertolli 1990). In the United 

Republic of Tanzania, children consti- 

tute 15 percent of the total labor force 

on rubber plantations (ILO 1996a). In 

Zimbabwe, 4 percent of children in the 

10-1 4-year age group are working 

(that is, are economically active) and of 

these, 55 percent are employed in 

peasant farming (Loewenson 1996). $ I 
Several urban work scenarios can be 2 
particularly hazardous to children, C 

including selling goods along the road- Out of economic necessity, many poor children scavenge in dumps for saleable products. 

side, scavenging from dumpsites, 

working in industrial settings with high 

exposure to toxics (for example, arti- 

In some cases up to 20 percent of chemicals. For example, lead is known 

working ch~ldren are 5-9 years old in to be more toxic to children whose 

sanal trades, tanneries, and dye fac- the rural areas and around 5 percent diets are deficient in calories, iron, and 

tories), and mining. In addition to toxic In the urban centers (Ashagrie 1998). calcium (Mahaffey 1995). 

exposures, low wages, and long work- Also, as previously indicated, poor 

ing hours, appalling living condlt~ons children employed in the informal labor Exposure to toxic substances is 

and scarcity of food are common haz- sector or engaged in scavenging activ- among the contributors to chronic dis- 

ards confronted by these working chil- ities are exposed to a multitude of ease, wh~ch also include smoking, 

dren. Children who work in such con- toxic chemicals (Laraqui and others alcohol consumption, excess intake of 

ditions are depr~ved of educational food, and obesity. Pollution is involved 

opportunities and may become 

trapped in lifelong poverty. 

in the development of cancer, chronic 

respiratory diseases, and certain birth 

The Burden of Chronic Disease defects. ~t probably also plays a role in 

An in-depth study in West Bengal may other chronic diseases such as 

give a snapshot of some of the riskier Why is exposure to toxic chemicals Parkinson's disease (a neurodegenera- 

forms of child labor in both rural and important, from the public health per- tive disease) (Lockwood 2000). Recent 

urban areas in that country. According spective, when there are still other data indicate that certain pollutants 

to the study, most West Bengali work- pressing public health problems? may play a role in diabetes 

ing children work in filthy mud with Certainly, in many parts of the world (Longnecker and Daniels 2001). 

polluted water, and many may have the focus of public health agencies is 

been exposed to chemical toxins. on communicable diseases of epidem- Health care services are a substant~al 

These children reportedly have suf- 

fered from toxic effects of chemical 

fertilizers, pesticides, and herbicides 

ic proportions, such as HIV infection in burden to the global economy. In 2000 

parts of Africa; enteric diseases from the World Health Organization (WHO) 

contaminated drinking water and food; estimated that about $2,985 billion 

because they have not had personal insect-borne diseases like malaria; and (nearly $3 trillion), or almost 8 percent 

protective equipment (ILO 1994). In 

urban areas, child labor was found 

immunization programs. However, of the world gross domestic product 

chronic diseases are also a problem in (GDP), was spent on health care 

mainly in trade, servlces (especially 

domestic work), and the manufactur- 

ing sectors. Rural children, particularly 

developing countries and among those (WHO 2000b). Overall, the WHO proj- 

in poverty. The people who are most ects that the burden of chronic dis- 

vulnerable--those with poor nutrition, ease in developing countries is 

girls, tend to begin work at an early 

age, some at 5, 6, or 7 years of age. 

those with concurrent diseases, and becoming relatively more important, 

children-are most susceptible to toxic and will outweigh the burden from 
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infectious disease by 2020 (Murray 

and Lopez 1997). One measure of dis- 

ease burden is the disability-adjusted 

life year (DALY), which factors in the 

premature loss of life and loss of 

healthy years of life. In 1990, 36 per- 

cent of DALYs in developing countries 

were due to chronic diseases. The 

WHO projects that this will rlse to 57 

percent by 2020 (Figure 2) (WHO 

2000~). This enormous difference is 

due to the successes in reducing 

deaths related to infectious diseases 

and childbirth, and it is directing the 

focus of public health, worldwide, on 

preventing chronic disease. 

A predominance of chronic disease by 

2020 is predicted in all major regions 

of the world (Figure 3). In many 

regions, the overall DALY burden from 

cancers and other neoplasms is 

expected to surpass the burdens from 

all infectious diseases. Only in Sub- 

Saharan Africa are infectious diseases 

expected to continue to be the major 

proportion of the disease burden. 

Other analyses have indicated that 

improvements in communicable dis- 

ease rates will be made slowly among 

the poor in Sub-Saharan nations, 

whose rates of such diseases are 

already the highest in the world 
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(Gwatkin, Guillot, and Heuveline 1999). cially to vulnerable populations. disease, and diabetes. Of these, 

It is clear, however, that chronic dis- What diseases cause the most cancer is the one most strongly 

eases do exact a major toll on public disability and loss of life and, thus, are associated with exposure to 

health among the poor, which is why it of most concern? They are largely environmental toxins, although 

is important to consider the long-term chronic diseases, such as cancer, smoking, diet, and other lifestyle 

health implications of pollution, espe- heart disease, stroke, lower respiratory factors play a major role in the 



development of cancer. The WHO 

International Agency for Research in 

Cancer (IARC) has listed 84 chemicals, 

substances, occupational exposures, 

or drugs known to cause cancer in 

humans and 183 probable human 

carcinogens. The chemicals include 

many commonly used in industrial 

processes on a global basis-and 

used in and around communities as 

solvents, in paints, in pesticides, and 

in consumer products. Lower 

respiratory disease deaths can also be 

caused by exposure to air pollutants, 

particularly particulate matter in air, 

which is composed of chemicals and 

metals emitted by combustion 

processes. 



LINKAGES BETWEEN 

Countries 1975-1 980 19952000 

Least-developed 
develo~~ncl countries 2.6 3.0 

developing countries 2.1 1.3 

OECD countries* 0.6 0.4 

OECD, Organization for Economic Cooperation and 
Development. 
Source: Worldwalch lnst~lute 2000. 

P overty and adverse environ- 

mental conditions go hand and 

hand, for both countries and 

individuals. At the extremes of poverty, 

the most pressing environmental threat 

is lack of access to adequate amounts 

of resources such as food and drink- 

ing water. At the next level of poverty, 

there are large populations of very 

poor people who are threatened by 

unsanitary conditions that lead to the 

contamination of drinking water and 

food by pathogens. These same pop- 

ulations are also likely to suffer from 

exposure to high levels of household 

air pollution from hazardous combus- 

tion products that are formed by burn- 

ing wood and other fossil fuels for 

cooking and heating in poorly ventilat- 

ed homes. Furthermore, the use of 

pesticides, organic chemicals, and 

metals, which increases as develop- 

ment occurs, also affects public 

health, particularly by increasing poor 

people's exposure to toxic sub- 

stances. 

Once the process of development 

begins, chemicals are introduced for a 

multitude of purposes, ranging from 

sewing as raw materials in manufac- 

turing, to solvent and cleaning agents, 

paints and building materials, pesti- 

cides, and consumer products. Sound 

management of chemicals-what is 

called a "cradle-to-grave" or life cycle 

approach--can prevent risks from the 

point of manufacture, through pro- 

cessing and use of the chemicals, to 

disposal of chemical wastes. The legal 

and administrative infrastructure nec- 

essary to take such an approach is 

very often lacking, or incomplete, in 

developing countries. 

This paper explores the global linkage 

between toxic exposure and poverty 

by using existing measures of poverty, 

such as the United Nations 

Development Programme (UNDP) 

income and human poverty indicator, 

the World Bank's data on the interna- 

tional poverty line, and the United 

Nations (UNs) "least developed" (LD) 

classification (see Box 2). Average 

income and human poverty rates for 

countries grouped by the UN classifi- 

cation are summarized in Appendlx 1, 

and detailed summaries of the coun- 

tries included in these groupings are in 

Appendices 2, 3, and 4. The high 

overall poverty rate (53 percent) and 

extreme poverty rate (30 percent) for 

the LD countries are notable. These 

countries also experienced an average 

population growth rate of 3 percent 

between 1995 and 2000. This rate is 

twice that of the non-LD developing 

countries and six times that of high- 

income OECD (Organization for 

Economic Cooperation and 

Development) countries (Table 1). 

Global Trends in Toxics and 

Poverty 

Poverty and rrir pollution 

Air pollution is a direct source of expo- 

sure. It is composed of a mixture of 

numerous toxic and hazardous com- 

ponents; the types of pollutants in any 

one place depend on the sources 

there. Air pollution is associated with a 

number of serious acute and long- 

term health effects, including cancer. 

Data for two pollutants, nitrogen diox- 

ide (NO2) and total suspended particu- 

late (TSP), compiled by the World Bank 

(World Bank 2000b) were available for 

non-LD developing countries and high- 

income OECD countries but not for LD 

countries. TSPs are emitted from 

numerous sources of pollution, includ- 

ing combustion, motor vehicles, manu- 

facturing, and agriculture. NO2 is a gas 

formed by combustion sources and 

motor vehicles. Both TSP and NO2 



Traditional definitions of poverty are based on household 

income or consumption, and people are considered poor if 

their level of consumption falls below a given value, or 

poverty line. Today, the Wwld Bank's definitions of poverty 

are moving beyond a single dimension to include utility- 

and capability-based cancepts. 'Ihese include extent of 

inequality (bath within a country or region and wlthin a 

household), health education, security, political voice, and 

dIsc~y~minatiotl (World Bank a000). The World Development 

Report: XXW Attackmg Poverty groups the different dimen- 

sions of poverty into opportvntfy, empowerment, and secu- 

rity (World Bank m). Much recent work at the Bank fol- 

lows this eppmach, but it also Incluc4s capabilities (or 

human capital) as a separate category. 

The United Nations Development Programm (UnrDpl pro- 

vided two categories of poveny Indicators in Its Poverty 

Report 2000: Ovenwming Human Poverty 2000 (UNDP 

2 0 0 0 ) r : ~  

a 
I )  Income poverty1 which includes two measures' 
"extreme poverty," a lack of inwme necessary to satis- 

fy basic food needs, usually defined on the basis of 

minimum caloric requirements, and M o v ~ l l  poverty, " a 

lack of income necessary I' 
to satisfy essential non- 

f w d  needs, such as for 

clothing, energy, and 

shelter, as well as f w d  

needs. 

2) Human povetfy-a lack 

health, and illness from I 
preventable diseases. Children livrng m poverty are exposed to a 

variety of adverse environmental conditlons. 

The UN has also classified 

countries as %ast developed1 (LD) on the basis of three 

criteria (United Nations Children's Fund 2001): 

1) Income-cumntly set at annual gross domestic product 

(GDP) below $900 per capita; 

2) Quality of lifeincluding life expectancy at birth, per 

capita caloric intake, primary and secondary school enroll- 

ment rates, and adult literacy; and 

3) Economic diversification. 

Air pollution, Estonia. 

emissions are expected to Increase TSPs as OK30 countries, and compa- 

with ndustrialization, and they are both rable levels of NO2 The non-LO devel- 

controllable. The data showed that the oping countries that are lass pooP 

non-LD devel~ing countries are expe- (overall average poverty rate less than 

riencing almost three times the levels of 35 percent) are experiencing slightly 

higher lwels of TSPs and NO2 than 
their poorer counterpart8 (overall a w  
age poverty rate greater than 35 per- 
m) Ir@b 2). 

Indoor cooking a another common 
source of NO2 exposure in developing 
countries, such as Chtna. The levels of 

indoor air contamination from using 
fossil fuels for cooking have not been 
systematically examined. HOWBW, 
studies in many developing countries 
worldwide have demonstrated that 
exposure l eve l s -4  resultant rates of 
respiratory and other diseases--are 
elevated, constituting a serious health 
burden in these countlies (Albalak and 

others 2001; Albalak, Frisancho, and 
Keeler 1999; Amoli 1998; Behera 
1997; Ciuk, Vdkrner, and Edwards 



TSP (1 995) NO, (1 998) 

Countries (mg/m3) (mg/m3) 

Non-least-developed 

developing countries 146 59 

Non-least-developed 

developing countr~es 

w~th overall poverty 

rate > 35 ~ercent 

with overall poverty 

rate < 35 oercent 157 59 

OECD countr~es* 52 57 

'OECD, Organization for Economic Cooperation and 
Development. 
Source. World Bank 2002 

Countries 1980 (kg) 1996 (kg) 

All countr~es 93 50 

developing countries 

w~th overall poverty 

rate > 35 percent 97 73 

Non-least-developed 

developing countries 

with overall poverty 

rate < 35 oercent 101 57 

OECD countr~es" 72 30 

' OECD, Organizafion for Economic Cooperation and 
Deve10,oment. 
Source: World Bank 2002. 

2001 ; Dutt and others 1996; Ezzat~ 

and Kammen 2001 a; Ezzat~ and 

Kammen 2001 b; Ezzati, Saleh, and 

Kammen 2000; Gharaibeh 1996; 

Hodgson and others 2001 ; Lan and 

others 2002; Naeher, Leadere, and 

Smith 2000; Naeher and others 2000; 

Industr~al waste, Latvia. 

Pandit, Srivastava, and Rao 2001; 

Riojas-Rodriguez and others 2001 ; 

Robin and others 1996; Wafula and 

others 2000; Zhang and Sm~th 1996). 

It is important to keep indoor air 

pollution in mind when considering 

people's exposures to tox~cs. 

Trends In emlsslons of sulfur d~oxlde 

(SO2) have also been exam~ned uslng 

data comp~led by the World Bank 

SO2 1s produced by burn~ng foss~l 

fuels, espec~ally coal and certa~n 

lndustr~al processes It 1s very ha.- 

ardous to human health and the envl- 

ronment SO2 levels have been 

decreas~ng worldw~de slnce 1980 

However, per cap~ta levels In non-LD 

develop~ng countr~es cont~nue to 

exceed that of h~gh-~ncome OECD 

countr~es flable 3) 

pollutants that have the effect of causing 

increased biological oxygen demand 

(Bod), which is a very general measure 

of water pollution. BOD combines 

pollution from industrial, munic~pal, and 

certain agricultural sources. Based on 

water-pollut~on data from the World 

Bank (2000a), least-developed and non- 

least-developed developing countries 

continue to experience higher emission 

levels of organic water pollutants than 

the high-income OECD countries. Table 

4 shov~is that the emission levels in 

kilograms per day per worker remained 

constant between 1980 and 1998 for all 

groups of countries except the least- 

developed countries, where water 

pollution had decreased slightly in 1998. 

Non-least-developed countr~es, with 

greater than 35 percent overall poverty 

rate, however, had a slight increase from 

1980 to 1998. 

Poverty and wuier pollution 
Poverty and pesticides 

Water pollution is another important 

pathway of exposure to tox~c chemicals 

Certain organic chemicals and heavy 

metals have caused adverse health 

effects by polluting sources of drinking 

water. Data about the levels of water 

pollution for specif~c hazardous 

pollutants are not ava~lable for most 

countries. However, there are data for 

overall emissions of organic water 

The numerous pesticides now on the 

market have a wide range of potent~al 

for producing adverse effects. More 

often than not, farmers in developing 

countries are unaware of the hazards 

associated with exposure to many pes- 

ticides. In addition, advanced technolo- 

gies assoc~ated with pesticide use often 

require knowledge beyond traditional 



TAME I. AVERAGE EMWOU Of O&GAIVIC il6URE I. PESflCIDt US€ (fit) 4MO UURAl ?OPUUtIOff PER U H D  AREA 
w4m rouUTm (UIOmlUl OXY6Elv 
DIMAMP, OR BUD] ?&R MIRIER 

1980 1998 

Countries (kdday) (kglday) 

Least-developed 

developing countries 0.24 0.21 

Non-least-developed 

developing countries 0.20 0.20 

Pesticide Use (Mt) and Rural Population 
per Land Area 

Rural population density per sq km 
0 

a s  
Developed W&- - - 

Countr~es 0.07 

Countries with overall 

poverty rate > 35 percent 0.21 0.22 

Countries with overall 

poverty rate < 35 percent 0.19 0.19 

OECD countries' 0.16 0.16 

'OECD, Organization for Economic Cooperation and 
Development. 
Source: WoM Bank 2002. 

agricultural practices. As a result, 

unsafe practices are the norm and 

have often led to human exposures to 

toxic pesticides in developing coun- 

tries. Such unsafe practices include 

madequate storage, lack of protection 

for people applying pesticides, and 

waste-disposal practices that pollute 

the environment. Unfortunately, such 

practices also result in unacceptable 

residues of pesticides in food, a "circle 

of polson" that has increased the lev- 

els of banned and toxic pesticides in 

food in global commerce. 

Data from the Food arid Agricultural 

Organization (FAO) and the WHO 

(1 990-1 998) were examined to evalu- 

ate the overall consumption of pesti- 

cides and the consumption of certain 

types of pesticides that generally have 

greater toxicity as the level of poverty 

increases. The annual consumption 

rates for herbicides, insecticides, and 

fungicides/bactericides in metric tons 

(Mt) per thousand square kilometers 

(km2) of land for LD, non-LD develop- 

Ing, and high-income OECD countries 

were calculated and are shown in 

Table 5. As might be expected, as a 

group, the high-income OECD coun- 

OECD 
Countries 

I I I I 
0 5 10 15 

Pesticide Use (Mt lsq krn) 
6 
0 

E 
Y 

tries have the highest pesticide-con- 

sumption rate. 

human exposure in the poorer LD and 

non-LD developing countries is much 

greater than that in the high-income 

When pesticide consumptions are OECD countries. The reason for this is 

viewed in context of rural population that a large number of people in the 

size, as shown in Figure 4, there is a poor countries reside in the rural, 

much greater potential exposure per agricultural areas, where most of 

capita. In other words, the potential for agricultural pesticides would be 

Countries 

Fungicides, bactericides, 

Herbicides Insecticides and seed treatments 

Least-developed 
develoaina countries 

developing countries 4 3 3 

OECD countr~es* 12 5 9 

'OECD, Organizetion for Economic Cooperation and Development. 
Source: Food and Agriculture Organization 200 1c. 



applied. In h~gh-income countries, 

where agriculture is less labor intens~ve, 

there are smaller numbers of people 

li?iing In proxim~ty to pesticide usage. 

Three classes of pest~c~des-chlor~nat- 

ed hydrocarbons, organophosphates, 

and d~th~ocarbamates-have a h~gh 

Index of tox~c~ty (that IS, a h~gh poten- 

t~al for be~ng tox~c) and chlor~nated 

hydrocarbons are h~ghly persistent 

Separate analyses of these com- 

pounds showed that the non-LD 

develop~ng countr~es consumed the 

bulk of the reported organochlorines, 

organophosphates and d~th~ocarba- 

mates Dur~ng the 1990-1 998 report- 

Ing per~od, as a group, non-least- 

develop~ng countries accounted for 84 

percent of the world annual average 

consumpt~on of the organophosphates 

and chlor~nated hydrocarbons and 58 

percent of the d~th~ocarbamates (Table 

6) Th~s IS not a surprise, slnce pestl- 

c~des are expenslve Inputs to agr~cul- 

ture The chlorinated hydrocarbons 

organophosphates, and d~th~ocarba- 

mate pestic~des are older, off-patent 

pest~c~des and are therefore are much 

less expenslve on the world market 

than some of the newer, and safer 

pestlc~des 

Chemical and Pesticide 

Hazards in the Developing 

Countries 

Many metals pose serious risks to 

human health. Surveys of body bur- 

dens of metals commonly find toxic 

metals in the blood of people world- 

wide, because these metals are ubiqul- 

tous. Metals are elements and, there- 

fore, do not break down in the environ- 

ment. When emitted to the air or water 

from industrial activities (such as smelt- 

ing and processing), they can move 

long distances in the environment. 

Some metals are taken up by plants or 

an~mals and accumulate in the food 

cha~n. Exposure to metals can occur 

via ingestion of contaminated food or 

drinking water and via inhalation of air 

contaminated through combustion of 

fuels and wastes. 

Lead, mercury, arsenic, cadmium, 

manganese, and chromium pose seri- 

ous threats to human health. In the late 

1980s, Nriagu and Pacyna estimated 

total emissions to the global environ- 

ment of a number of trace metals, and 

they are enormous (1988). They found 

that the vast majority of these releases 

are due to human activities and not 

natural processes. Heavy metals can 

act alone or In comb~nation and may 

be especially hazardous in the pres- 

ence of nutritional deficiency, especially 

deficiencies in trace nutr~ents such as 

calcium and iron. For example, In 

Mexican school children, arsenic and 

lead exposure and malnutrition were all 

found to be associated with measures 

of intellectual performance, suggesting 

that poverty along with heavy-metal 

exposure can be particularly harmful to 

the developing brains of children 

(Calderon and others 2001). Even In 

wealthier nations like the United States, 

lead exposure is found to be most 

prevalent in children who live in poverty 

and have poor nutrition. 

Of the metals of most tox~colog~c 

concern (Table 7), most have never 

been studled In develop~ng 

countr~es Cadm~um, chrom~um, and 

n~ckel are known carcinogens and 

have other tox~c effects as well The 

tox~c~ty of metals and other lnorganlc 

pollutants varies over a very w~de 

range, as lnd~cated by the WHO 

gu~del~nes for drlnklng water (F~gure 

5) For metals, these gu~del~nes 

range from a low of 0 001 mg/L for 

mercury to 2 mg/L for copper 

lndustr~alizat~on IS expected to lead 

to more exposures to these metals, 

mostly In the context of workplace 

env~ronments, poorly conta~ned 

wastes, and communlt~es that are 

near mlnlng, smelt~ng, and certa~n 

lndustr~al act~v~ties 

Although data are hard to come by, it 

is clear that significant environmental 

and human exposures are already 

occurring in poor and developing 

countries--due, for example, to 

industrial discharges in Rwanda 

(Gasana and others 1997), wastewater 

spreading in Morocco (Lekouch and 

others 1999), and mining activities in 

Mexico villanueva and Botello 1998). 

Clearly, industr~al activity is preced~ng 

the capacity to control these 

emissions, and the total burden of 

exposure and disease in the 

population is difficult to calculate. 

Chlorinated 
Countries* hydrocarbons Organophosphates D~th~ocarbamates 

Least developed 
develop~ng countr~es 341 4,217 569 

Non-least-developed 

develop~ng countr~es 21,444 57,223 28,700 

OECD countr~es' 3,716 6,972 20,577 

'OECD, Organization for Economic Cooperation and Development 
Source Food and Agriculture Organizat~on 2007 c 



Lead is a toxic metal that adversely 

affects the brain (especially IQ and 

behavior of developing children); 

growth of the fetus and child; kidneys; 

blood pressure; and blood (National 

Academy of Sciences 1993). Figure 6 

is a summary of potential adverse 

effects associated with various blood 

lead levels. Once exposure occurs, 

lead stays in the bones for many 

years, causing continuous exposure 

through slow leaching back into the 

circulation. Because of its toxicity, the 

U.S. Centers for Disease Control and 

Prevention (CDC) has suggested 

actions for various blood lead levels 

(Table 8). The United States is the only 

place in the world where there have 

been systematic efforts to monitor lead 

exposure in children. 

All sources of lead exposure stem 

from extraction of lead ores from 

mines or from lead recycling. Lead has 

many uses, including as a pigment in 

pa~nts; as an antiknock addit~ve called 

tetraethyl lead in fuel; to make weights 

(from small weights such as fishing 

weights to large ones like the hulls of 

large ships); in soldering; as a 

component of brass in plumbing 

fixtures; in storage batteries (such as 

the lead acid batteries used in 

automobiles); and in shielding for X-ray 

equipment. Lead-based paints and 

pigments, when used in household 

paint, on toys, or in ceramic glazes, 

have caused epidemics of lead 

poisoning in children and in workers. 

Lead in solder and plumbing fixtures 

has led to high exposures from 

drinking-water systems. Lead in food- 

can solders and in ceramic dinnerware 

has contaminated food. Lead in 

gasoline has been a major contributor 

to exposure worldwide and, 

worldwide, is still the major source of 

lead in the atmosphere. Worldwide, 

TABU 7. WORDWIDE EAISSIOIVS TO THE EMVlIOUIIEMT OF SELECTED HEAW 
MUlus, Y EDlACY AMD RANGE ESnlWATES, 1983 WOUUUDS OF 1IIUl6WS 
PER YEAR)* 

Metal Air Aquatic ecosystem Soil Total to land 

Arsenic 

Cadmium 7,570,000 9,400,000 22,000.000 

(3,100,000- (2,100,000- (5,600,000- (9,900,000- 

12,040,000) 1 7,000,000) 38,000,000) 45,000,000) 

Chromium 30,480,000 142,000,000 896,000,000 

(7,340,000- (45,000,000- (484,000,000- N A 

53,610,000) 239,000,000) 1,309,000,000) 

Lead 322,350,000 138,000 796,000,000 

(288,700,000- (97,000- (479,000,000- (808,000,000- 

376,000,000) 180,000) 1,113,000,000) 1,8973,000,000) 

Manganese 38,270,000 262,000,000 1,670,000,000 

(1 0,560,000- (1 09,000,000- (706,000,000- N A 

65,970,000) 4014,000,000) 2,633,000.000) 

Mercury 3,560,000 4,600 8,300.000 

(91 0,000- (300- (1,600,000- (2,200,000- 

6,200,000) 8,800) 15,000,000) 18,000,000) 

Nickel 55,650,000 1 13,000 325,000 

(24,150,000- (33,000,000- (1 06,000,000- (1 60,000,000- 

87,150,000) 194,000,000) 544,000,000) 673,000,000) 

'Nriagu is updating these numbers, but the new data are not yet available. Total to /and ~ncludes 
minng and smelter wastes as wellas other ~nput to soils. NA, not available. 
Source: Adapted from Nriagu and Pacyna 7 988. 

FlliURE 5. WORD HELTH ORGAMIUT/OCI OUIDEII111ES M I  I U ( I 4 U d  
C O W C ~ ~ ~ O U S  Of /#ORGANIC CHEAlICALS IM PllZll lW6 WATER 

0.000~ 
Source: World Health Organization 1996. 
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Blood Lead Level (microgramsIdL) 
Children playing in an urban housing 
community, Ghana. Source: Agency for Toxic Substances and Disease Registry 1999 

atmospheric lead is in turn the major els among poor children are fourfold 

contributor of lead to aquatic systems higher than levels among children who 

(Nriagu and Pacyna 1988). are not living in poverty (Brody and 

others 1994). Lead exposure has been 

Poverty and lead exposure have gone extensively studied in Mexico and In 

hand in hand everywhere in the world, China, and there have been fewer 

even in developed nations such as the studies elsewhere. Studies in the early 

United States, where average lead lev- 1990s documented very high lead lev- 

els in children in Mexico: Between 40 

and 88 percent of children in various 

populations had blood lead levels that 

were higher than the CDC's standard 

of 10 micrograms/dL (pg/dL). 

Numerous investigations have con- 

cluded that the use of leaded gasoline 

and industrial activities have created 

Studies in Mexico in the earn 1990s documeniod very Mglr 

bbod lead levels (BUs) in children. In vahus populations, 

BLLs exceeded the current U.S. Centers fw Disease Contd 

and Prevention (CDC) standard of 10 m ~ r a m s  per deciliter 

w/dL) for 40 to 88 petcent of children. Rapid industrialization 

along with traditional practices have caused lead exposums 
in Mexico. The most Important sources of exposure wem 

found to be airborne lead from leaded gasoline, lead-glazed 

ceramics, lead in canned foods and beverages, and leaded 

paint (Romieu and others 199d). 

The government of Mexico has taken action to phase down 

lead in gasoline. However, lead still contaminates soil and 

;-k . . 
dust (Romieu and 0th- 7- High lead lev& ate found in 

h o u e e p a r i , t t f s u r d ~ n o d W b t c o n ~ ~ g t u t h e ~ o f  
bsd insd lpnddusta ivundhomas~u l~ .EfForts to  

taduee h use of hd-glazud m I c s  have been made, but 

thk is dbkuR because of the allwrratlves are much 

m ~ ,  mpehdve bemire it requires switching From low- to 

h&-hrre ovens hr f ~ n g  Uh? Oeremics (R&u and 

&em I S @ .  A shrw in a smdW wmnwnm in Region 

IagWWa tbvnd that mom than 98 psn;errt of chlldm attend- 

ing a &ool wMln - metsrs of a lead smelier had BLLs 

e h  16 mldL An e s t o n i w  1 6  m t  had l&s above 

45 pgIdL, a kvd Bat mquhs -1 treatment in the 

U~earaate6. 



pervasive problems of lead exposure 

to children in China. The lead-toxicity 

situations in Mexico and China are 

summarized in Boxes 3 and 4. 

Studies in other nations indicate that 

the situations in Mexico and China are 

replicated everywhere in the 

developing world, in some form or 

fashion, and inferences can be made 

to other countries with the same 

patterns of development. Lead pottery 

has caused lead poisoning in Arab 

~o~u la t ions  as well (Manor and . . 
Freundich 1983). Small, informal 

industries that involve lead are 

everywhere. 

Children are most seriously affected by 

high BLLs because they generally 

have more exposure, and the effects 

of high BLLs are most devastating to 

them. In Ecuador, children ages 6-1 5 

employed in a cottage industry 

manufacturing ceramic tile had BLLs 

ranging from 23 to1 24 pg/dL, with an 

average of 70 pg/dL (Harari and Cullen 

1995). That average level would 

prompt emergency treatment in the 

United States. In Manila, the 

Philippines, children whose parents did 

home battery recycling and repair had 

mean BLLs of 50 pg/dL (Suplido and 

Ong 2000). Likewise, battery recycling 

T M i E  8. CDGSUGGNTED ACTIONS f OR ElEYITiD HOOD 1 UD (ILLS)  

BLL (~g/dL) '  Action 

Less than 10 Reassess or rescreen in 1 year. No addit~onal action necessary unless 

exDosure sources chanae. 

10-14 Provide family lead education. Provide follovd-up testing. Refer for social 

services, if necessary. 

15-1 9 Prov~de family lead education. Provide follow-up testing. Refer for social 

services, if necessary. If BLLs persist (i.e., two venous BLLs in this range 

at least 3 months apart) or worsen, proceed according to actions for 

ELLS 20-44. 

20-44 Provide coordination of care (case management). Provide clinical manage- 

ment. Provide environmental investiQation. Provide lead-hazard control. 

45-69 With~n 48 hours, begin coordination of care (case management), clinical 

management, env~ronmental investigation, and lead hazard control. 

70 or higher Hospitalize child and begin medical treatment immediately. Begin coordina- 

tion of care (case management), clinical management, environmental 

investigation, and lead-hazard control immediately. 

PAicrograms per deciliter: 
Source: Centers for Disease Control and Prevention 1997; available on the Internet at www.cdc.gov 

in Taiwan (Wang and others 1998), in Poverty and proximity to roadways are 

Jamaica (Matte and others 1989), and often important factors in lead expo- 

in the Dominican Republic (Kaul and sure. In Bangladesh, high concentra- 

Mukerjee 1999); living near battery tions of lead in the air and low parental 

manufacture in Nicaragua (Morales 

Bonilla and Mauss 1998) or near a 

former lead smelter in Jamaica (Lalor 

and others 2001); and uncontrolled 

education (an index of poverty) both 

significantly increase the odds that 

people will have blood lead levels 

above 10 pg/dL; air lead levels were 

lead-waste disposal in Chile 

(Sepulveda Vega and Delgado 2000) 

have been associated with higher 

blood lead concentrations. 

highest near roadways (Kaiser and 

others 2001). Similar findings were 

reported from Saudi Arabia (Al-Saleh 

and others 1999), Jakarta, Indonesia 

Box 4. bad todm in C h h  
Numerous Investigations conducted In China have 

concluded that the use of leeded gasoline and industdal 

activities has cmated pervasive problems of lead exposure 

for children. Studies have documented blood lead levels 

higher than 10 pg/dL in 22-68 percent of children from 

various areas of China. Even children in '6unexpased" 

regions of Chirra are more likely to have blood lead levels 

above lOpgldL (Shen and others 1996). China has taken 
action to phase lead out of gasoline h Beijng. However, 

rapid industrialization In the countrysrrysrde, with mines, 

smelters, and various lead industries, has caused local 

Huang 1992). In China, home-based cottage industries are 

also significant sources of lead. These include recycling of 

lead battery cells and cables. Parents also bring lead home 

from work. One study found that 83 percent of workers in a 

smelter wore their clothes home, and 80 percgnt touched 

their children before changing out of their contaminated 

work clothes. High lead levels are also found in products 

that are manufactured for children-paint on colored 

pencils, crayons, and notebook covers (Yu and Ye 1991). In 

addition, househoM coal combustion has been shown to 

produce significant amounts of lead in the home and in the 

ex~osure as well as lead contamination of tice TT$o He and blood of children (Shen and others 1997). 



(Heinze and others 1998), China (Shen 

and others 1997), and South Africa 

(Nriagu and others 1997; von 

Schirnding and others 1991). Because 

lead is more toxic to children who 

have iron and calcium deficiency and 

many poor children are nutrient defi- 

cient, this association between road- 

way lead exposure and poverty is par- 

ticularly pernicious. 

In conclusion, rapid industrialization; 

the use of leaded gasoline; the pres- 

ence of lead in consumer products, 

including toys, canned foods and 

drinks, paints, water suppl~es, and 

pottery; and employment in home lead 

industries have led to a silent epidemic 

of lead poisoning among children 

around the globe. Children in poverty 

are both most exposed and most sus- 

ceptible. This epidemic has resulted in 

a tremendous, but incalculable, loss in 

IQ and learning potential that has in 

turn had a major negative impact on 

productivity and human potential 

worldwide. 

Mercury 

Mercury exists in several forms, all of 

which are toxic in different ways. A sil- 

very liquid at room temperature, this 

element has many uses In industry. It 

is formed via mining and smelting of 

mercury-containing ores. Mercury also 

occurs in salts and in organic com- 

pounds. Globally, large quantities of 

mercury are released into aquatic 

ecosystems and air (Nriagu and 

Pacyne 1988). The most important 

source of mercury to the environment 

worldwide is burning of fossil fuels, 

especially coal, and incineration of 

wastes that contain mercury (which, 

like all metals, does not burn). Another 

major source is chloralkali production, 

an industrial process that uses mercu- 

ry to produce chlorine, a major build- 

ing block for the production of industri- 

al chemicals. There are also natural 

sources, such as erupting volcanoes. 

Once released to the air, mercury trav- 

els long distances and is deposited 

into water, where it is captured and 

converted to methylmercury, which 

then builds up in the food chain. 

Mercury (Hg), a highly toxic heavy 

metal, is widespread and persistent in 

the environment. Exposure to haz- 

ardous mercury levels can cause per- 

manent neurologic and kidney impair- 

ment. Methylmercury effects on the 

brain during fetal development and 

possibly early infancy were first appre- 

ciated in the 1960s in Japan when 

there was an epidemic of severe birth 

defects and cerebral palsy in children 

of mothers who had eaten fish con- 

taminated with methylmercury from 

Minimata Bay. The source of the con- 

tamination was a chemical plant dis- 

charging mercury waste into the bay 

during the 1950s (Harada 1995). 

Another mercury-poisoning incident 

occurred in 1970 when farmers used 

seed grain treated with methylmercury 

to make homemade bread throughout 

the rural areas of Iraq. Delayed effects 

were observed in many adults and 

children who had consumed the con- 

taminated bread over a 2-3 month 

period, Infants born to mothers who 

ate contaminated bread exhibited neu- 

rologic abnormalities even when their 

mothers showed no signs of toxicity. 

Among the signs noted in the infants 

exposed during fetal development 

were cerebral palsy, altered muscle 

tone and deep tendon reflexes, and 

delayed developmental milestones 

(walking by 18 months and talking by 

24 months) (Amin-Zaki and others 

1981 ; Marsh and others 1980; Amin- 

Zaki and others 1979). 

Today, in developing countries, reports 

of mercury poisoning from consumer 

products, such as skin-lightening soap 

in Tanzania, continue, even though 

such products have been banned in 

developed countries (Harada and oth- 

ers 2001). With rapid industrialization 

in developing countries, mercury pro- 

cessing is being carried out with poor 

d-ping oauntties. 8tudles In Btazil were the first to docurnerrt th& gv/d 
minem tbere are uslng mwury to extra& gold from &er sedirnentq whkh 
tams88 high levols of the toxic organic compound methylmemuty in Ush (Walm 8 

'6 lW8). Reseamhen have decumented elevated levels of men:my in me b h d ,  C? 

and neututc)~Ic e m  of people who consumecl these fish (Lobol and otnere ' 
1- Thls phenomenan has alsa been document& in Sunlmme (de Kom van 

gelirl mlnlng processes can result in 
der bbts  and WMll t998), 7?mzanla (ven Stmaim m), and the Phirippines environmental conternination by mercury and 
lDnrrseh and &hers m7; Appleton and others 1991)). other toxic substances. 



workplace control, with the predictable 

consequence of mercury intoxication 

of workers. This has been document- 

ed in many countries, including South 

Africa, where Zulu workers have had 

high exposures in a mercury process- 

ing plant (Powell 2000), as have peo- 

ple who eat fish in communities down- # 
stream from that plant (Oosthuizen @ 
and Ehrlich 2001). The poor control of $ 
mercury-containing waste caused haz- c? 

ardous exposures to mercury among 

workers in Cambodia (Hess and 

Franklin 2000). 

On a global basis, large numbers of 

babies are born with excessive expo- 

sures to mercury. Exposure of preg- 

nant or lactating women to mercury is 

of most concern, and that occurs 

mostly via consumption of contami- 

nated fish. There are two basic 

strategies for controlling this expo- 

sure, both with major challenges: 1) 

reduce emissions to air and water and 

2) prohibit eating contaminated fish. 

Alternatives to the chloralkali process 

exist but are more expensive in the 

short term. 

Burning coal and other mercury-con- 

taining fuels is increasing globally with 

industrialization, and in many 

instances, there are no inexpensive 

ways of reducing mercury emissions 

from th~s activity. Many intentional 

uses of mercury have substitutes, but 

' I.:. 

neries in Morocco, an example of daily chern~cals exposure among poor workers. 

these are often more expensive. Fish 

advisories require monitoring contami- 

nants in fish, which is unlikely to be 

carried out in most regions of the 

world. Besides, people must have an 

alternative source of food, which often 

is not the case in poor communities. 

In addition, excessive exposures are 

occurring in workplaces in association 

with poorly controlled manufacture 

and waste-handling practices and via 

contaminated consumer products. 

h i t  

Arsenic has several toxic effects, 

including cancer of the lung, bladder, 

skin, and other tissues. It may be relat- 

ed to diabetes, as well. It occurs natu- 

rally in the environment, and the inor- 

ganic form is more toxic than the 

organic forms found in seafood. 

Communities around mining and 

smelting industries have historically 

had high exposures to arsenic in the 

air. 

Arsenic has many uses, including as a 

pharmaceutical and in consumer prod- 

ucts such as skin creams, microchips, 

and treated wood for building houses. 

While these products have been 

banned in the United States and other 

industrialized countries, they are still in 

commerce in much of the world. 

Arsenic also has been used in pesti- 

cides. Most arsenical pesticides have 

been banned in industrialized nations, 

but they may still be available in much 

of the world. Some, such as lead arse- 

nate, are likely to persist in the envi- 

ronment for a long time. Although 

arsenic use as a wood preservative 

was recently banned in the United 

States, this use persists worldwide. As 

the cause of emerging chronic disease 

*.#.< ..: 
Arsenic is na tura l ty '~&t  at very high conoentmtions in and the w e  or kbe w& W ihB 

grollndwater in some regions. fhe strong connection 

between arsenic in m l n g  water and cancer k well 

known and was m t &  afPTrmed in a report by the U.S. 

National Reseamh Council (National Acedemy of S c ~ c e s  
#X)1). Bangladeb, is facing an epidemic of arsenic-indud 

illness rlght now, with an estimated 80 millibn peopk3 

ingesting 8xcesslve arsenic in contaminaied groundlvater 

(Mudur 2000; Smith and others 2LWO). Rapid development 

tamhated water have o~ntdmwtd tw the$& dk+ #tzm~- 
stanems h Bangladesh. St&* m- CSR bfbW Ik 
other aouttfHe$ MdudlngCALI$ ERLlmrs arrd @#PUS m, 
hdla (ChowdhuQ and --#MI- 
I= and Taiwan rChiPv md &err SQfl .  - 
me&-free drXnkilng w e  h layl~makR 
absence of cheep, and maihhle -.SO- of 
d e a o ~ ( ~ , ~ p P d m l l t 4 l r c ~ .  



FIGURE 7. PESTICIDE ExroRn FROM THC TOP 30 PIS~IC~DE 
COUUl'fl/€S FOR SLLICfED V A I S  

source: Worlo'watch Institute 2000. 

problems in developing countries, 

arsenic is of great importance. 

Pesticides 

Pesticides are chemicals, biologics, 

and other substances that are market- 

ed for the purpose of killing or control- 

ling organisms defined as pests that 

Industrial 
Developing 

ly manufactured in industrialized coun- 

tries, although production is increasing 

in developing countries. In 1997, only 

12.2 percent of pesticides in interna- 

tional trade were from developing 

countries (Figure 7); however, this was 

an increase from 6.6 percent in 1980. 

Exposure to pesticides can cause a 

range of health effects, from acute poi- 

soning to chronic long-term health 

effects, including birth defects; toxicity 

to the nervous, reproductive, and 

immune systems; and cancer. Figure 8 

shows the great variability in acute 

toxicity of pesticides compared with 

other substances. Aldicarb is among 

the most toxic; a single dose of only 

0.9 mg/kg is lethal to half the rats test- 

ed (the "LD50"). Nonetheless, it is less 

toxic than botulinum toxin and dioxin 

(lethal at 0.0001 and 0.001 mg/kg, 

respectively.) The herbicide 

glyphosate is less acutely lethal than 

common table salt. cause economic damage to humans. 

Pesticides have agricultural, home, 

and industrial uses. Pests include Chronic effects of pesticides in people 
Insects, weeds, molds and fung~, are more difficult to assess, and most 
rodents, and microbes. This paper information is based on animal studies. 
addresses "conventional" pesticides Exposure to pesticides occurs under 
that are used for the control of agricul- many circumstances, including (1) 
tural and household Pests. Pesticides unintentional exposures (dermal, oral, 
in international commerce are general- respiratory) associated with occupa- 

Organophosphates are toxic to the nervous system. 

Important and early symptoms are usually nausea, 

headache, tiredness and weakness, abdominal pain, and 

blurred vision. Measurement of blood cholinesterase lev- 

els is useful for diagnosis. Although symptoms from mild 

exposures may last short periods, overdose can cause 

seizures, loss of consciousness, and death. Some 

organophosphates cause a chronic disease called OPlDN 

(organophosphate-induced delayed neuropathy) that 

occurs after high-level exposures. 

Carbarnates are also toxic to the nervous system. 

Symptoms of poisoning are nearly identical to those of 

organophosphate poisoning. The main differences are 

that signs and symptoms appear earlier and the effects 

last a much shorter peiod compared with organophos- 

phate poisoning. 2 I 

Paraquat and diquat are especially toxic to the lungs, and 

overdose can cause a slow, lingering death over the 

course of several weeks. Direct contact on skin can cause 

blistering, and accidental splashing on eyes causes con- 

siderable corneal and conjunctival (eye) inflammation. 

Nose bleeding and sore throat can follow Inhalation of 

spray mist or dust. 

+!  



and Jeyaratnam 1996). The full extent 

of the problem is unknown. The World 

Health Organization (1990) has estl- 

mated an annual worldwide incidence 

than 200 metric tons of dithiocarba- 

mates Fables 9 and 10). lndia con- 

sumed the largest amount of 

organophosphates (23,375 metric tons; 

Table 9), and Colombia consumed the 

largest amount of dithiocarbamates 

(over 5,000 metric tons; Table 10). 

 cornp par is on Substances of 3 million cases of acute, severe poi- 
m~hern ica ls  and Pesticides soning (including suicides), and others 

I.., have found a much greater incidence 

of unreported, mild-to-moderate intox- 

ication, with some 220,000 deaths 

(Ecobichon 2001 ; Koh and 

Jyarathnam 1996). Approximately 99 

percent of these deaths occurred in 

developing countries, with suicides 

The consumption in metric tons per 

thousand square kilometers of land 

area is also presented in these tables. 

Costa Rica had the highest consump- 

tion for organophosphorus pesticides 

applied per area of crops planted, 

39.4 metric tons (Table 9). A "con- 

sumption-poverty" index was also 

developed to examine the relationship 

between poverty and exposure. This 

index was based on the product of 

annual consumption (metric tons) and 

overall poverty rate (percent of popula- 

tion in poverty). These indices were 

generated for all non-least-developed 

developing countries with reported 

organophosphate and dithiocarbamate 

consumption and then rank-ordered. 

Non-least-developed developing coun- 

tries with high consumption-poverty 

indices are lndia for organophosphates 

(Table 9) and Honduras for dithiocar- 

bamates (Table 10). 

5 making up the largest proportion " (about two-thirds) (McConnell and 

Hruska 1993; Koh and Jeyaratnam 

1996). Poisoning incidents in these 

countries often involved oraano~hos- 
Source: World Health Organization 1990. 

- .  
phates, carbamates, paraquat, and 

diquat (Ecobichon 2001 ; Ramasamy 

and Jajol Akos 1988). tional and nonoccupational uses and 

contaminated water, air, and food, and 

2 intentional exposures from suicide 

and homicide attempts (see Figure 9). 

Generally, the largest sector of the 

population is exposed to pesticides on 

In developing countries, the wide- 

spread use of organophosphates has 

been accompanied by an appreciable 

increase in the incidence of poisoning 

a long-term basis at low dose levels 

(chronic exposure), and smaller seg- 

ments of the population are exposed 

at high levels, either as a single dose 

with these agents (Chaudhry and oth- 

ers 1998). FA0 data compiled 

between 1990 and 1998 show con- 

sumption trends for organophosphate 

or for short periods of time (poisoning). and dithiocarbamate pesticides. 

During this period, 25 non-least-devel- 

oped developing countries annually 

consumed more than 200 metric tons 

In general, pesticide poisoning is a 

major public health problem in devel- 

A perusal of the peer-reviewed litera- 

ture also finds a number of document- 

ed cases of pesticide poisoning in oping countries (Ecobichon 2001 ; Koh of organophosphates and 17, more 

Un~t>t~nt lonal  E x p o s i ~ l e  
(der ~ n a l  oral resi,rl~tc)ry) 1 lntentlonal Exporun- 

(from water, air, food) 

Suicides Homicides 
horioccupa~~urial 

Exposure 
(from water, air, food) I 

Short term I Long term I l ~ h o r t  term 1 ~ o n ~ i q  



TA8ilE 9. MOM-IEAST-DEVEf@PED DEVEiOPllVG COUNTRIES COMSUMING MORE THAN 200 MFTRIC TONS 
OF OR611VOPWOSPHATE PESTICIDES PER YEAR, RANKED BY IMPICES Of COMSUAIPTION AND POVERTY, 
1WO-# 

90-98 Average annual 

consumption 

of organo- 

Rank by 

Consumption I consumption I 

Rank by Rank by 

consumption consumption 

poverty index poverty index 

Country phosphates (Mt) land area land area (<$Uday) (overall poverty) 

India 23,375 7.9 12 1 1 

Araentina 4,088 1.5 34 N A' 3 

Brazil 3,499 0.4 53 5 2 

Korea, Republic of 3,109 31.4 2 N A 6 

Thailand 2,473 4.8 16 6 N A 

Egypt, Arab Rep. 2,106 2.1 25 3 8 

Costa Rica 2,010 39.4 1 9 10 

Turkey 1,642 2.1 24 11 N A 

Honduras 1.469 13.1 6 4 5 

Iran, Islamic Rep of 1,325 0.8 46 N A 15 

Yugoslavia, FR 1,303 12.8 7 N A N A 

Hungary 1,043 11.3 8 20 N A 

Malaysia 732 2.2 23 N A 7 

Zimbabwe 652 1.7 3 1 10 11 

Peru 554 0.4 52 12 17 

Moldova 523 15.8 4 14 16 

Dominican Republic 469 9.8 10 2 1 20 

Kazakhstan 467 0.2 61 22 N A 

Congo, Rep. 462 1.3 37 N A N A 

Panama 445 6.0 15 18 18 

Sri Lanka 271 20.5 3 16 2 7 

Iraq 233 0.5 49 N A N A 

Senegal 230 1.2 39 15 N A 

Bulgaria 212 1.9 26 24 23 
- 

'IVA, not available. 
Source: Food and Agriculture Organization 2001~. 

poor countries in Africa, Asia, and 

Latin America. In Africa, a figure of 11 

million annual cases of pesticide expo- 

sure has been cited (Choudhury 

1989). (Although not all such expo- 

sures result in acute illness, some do, 

and they may increase the risk for 

chronic health impacts as well.) The 

extent of the problem in some of the 

African countries is summarized in 

Table 1 1. Cases of workers being 

exposed due to poor pesticide-han- 

dling and -storage practices in the 

Accra Plains, Ghana (Clarke and oth- 

ers 1997); organophosphate 

(parathion) poisoning in Nairobi, Kenya 

(Obel 1984); and high rates of illness 

among agricultural workers on cotton, 

tobacco, flower, and horticultural crops 

farms (Ohayo-Mitoko and others 1999) 

are among the documented studies. 

(See Box 8.) 

In Asia, the country with the h~ghest 

consumption rate and poverty-con- 

sumption index for organophosphates 

among the developing countries, India, 

has had a large number of poisoning 

cases involving these pesticides (see 

Box 9). In Sri Lanka, pesticide poison- 

ing has resulted in high mortality and 

morbidity; about 5 percent of Sri 

Lankan agricultural workers have 

reportedly been poisoned by pesti- 



cides (Jeyaratnam, Lun, and Phoan 

1987). Paraquat, organophosphates, 

and organochlorines were responsible 

for most of the cases. In Thailand, 

data collected by the National 

Environmental Board recorded 4,046 

cases of pesticide illness resulting in 

289 deaths in 1985 (Kritalugsana 

1988). In a 1987 survey, 13 percent of 

agricultural workers in Malaysia report- 

ed having been poisoned by pesti- 

cides, and 7 percent of them had a 

poisoning per year (Jeyaratnam, Lun, 

and Phoon 1987). Two hundred sixty- 

five different pesticides are registered 

in Indonesia (Kishi and others 1995). 

Local studies estimated that 30,000 

cases of pesticide poisoning occur 

annually, of which approximately 2,400 

require hospitalization (Jeyaratnam 

1990). A prospective cohort study of 

rice and vegetable farmers showed 

them to be at considerable risk of 

acute pesticide poisoning when spray- 

ing their crops. This study also 

showed that increased risk of poison- 

ing is associated with dermal exposure 

(that is, when pesticide spills on bare 

skin and absorptive clothing that peo- 

ple keep wearing without washing the 

pesticide out first) (Kishi and others 

1 995). 

The 1999 tragedy of Peruvian children 

dying after eating a government- 

donated breakfast contaminated with 

Girl working in a field, Nigeria. 

TAME 10. MOM-IEASFDEW€fO?ED DWELOPIIYb COUNTRIES CONSUMIIY6 #ORE THAN 290 HETlllC TONS (Mi) 
OF DITUIOCARPM4TE PESrlCIDES PER YEAR, RMHD OY INDICES O f  CO1PSUdC~ON AETD POVERTY, 1990-98 

90-98 Average annual Rank by Rank by Rank by 

consumption Consumption l consumption / consumption consumption 

of dithio- 1,000 km2 1,000 km2 poverty index poverty index 

Country carbamate (Mt) land area land area (<$2/day) (overall poverty) 

Colombia 5,309 5.1 14 3 2 

Honduras 4,398 39.3 4 2 1 

Russian Federation 1,656 0.1 59 4 6 

Costa Rica 1,626 31.9 5 5 7 

Thailand 1,320 2.6 22 6 N A 
- - 

Kazakhstan 

Malaysia 1,050 3.2 2 1 N A 4 

Iran, Islamic Rep of 668 0.4 42 N A 10 

Hungary 634 6.9 12 18 N A 

Turkey 627 0.8 32 11 N A 

Peru 566 0.4 41 7 9 
-- 

Dominican Re~ublic 

Uruguay 380 2.2 24 22 N A 

Czech Republic 351 N A N A N A N A 

Croatia 239 4.3 16 38 N A 

Sri Lanka 

'NA, not available. 
Source: Food and Agriculture Organhation 2001c. 



fMlE I I. NUMBER OF POlSONIUbS IW 
SOME AFCIICM COUNRIES IIY fHlE 
1 980s 

Agricultural Number 
labor of pesticide 

Population force intoxications 

Country (millions) (percent) per year 

Sudan 24 80 384,000 

Tanzania 23 85 368,000 

Kenva 22 80 350,000 

Mozambique 15 70 240,000 

Cameroon 11 80 175,000 

Zimbabwe 10 80 160,000 

Ivory Coast 10 80 160,000 

Malawi 8 85 128,000 

Seneaal 7 80 1 12.000 

Mauritius 2 75 3,200 

Source: Adapted from Koh and Jeyaratnam 1996 

parathion clearly demonstrates that 

poor children in Latin America (and In 

other poor develop~ng nations in gen- 

eral) are probably most vulnerable to 

toxic exposures (see Box 10). Many 

studies evaluat~ng pesticide exposure 

and poisoning In the developing coun- 

tries of Latin American have been car- 

ried out. In Costa Rica, where agricul- 

ture is the principal economic activity, 

pesticides are the only widespread 

chemical pollutants In rural areas and 

the main source of agricultural work- 

ers' exposures and illnesses 

(Wesseling, Castillo, and Elinder 1993). 

In El Salvador, known for its extenslve 

use of extremely toxic chemicals, sub- 

sistence farmers are widely exposed to 

organophosphates (Azaroff 1999). In 

Chiapas, Mexico, studies have shown 

that economic disadvantage has 

placed peasants from the poorest 

communities who cannot afford the 

less tox~c insecticides at greatest risk 

for pesticide exposure Vinoco- 

Ojanguren and Halperin 1998). 

Pesticide poisoning has also long been 

a major public health problem on 

Nicaragua's cotton farms, and children 

who live nearby have been poisoned 

by organophosphates once their 

homes have become contaminated 

(McConnell and others 1992; 

McConnell and others 1999). Box 11 

summarizes the pesticide exposure 

and poisoning studies in Costa Rica, 

Mexico, and Nicaragua. 

From the limited number of scientific 

studies that evaluate toxic exposures 

in the developing nations and 

anecdotal case reports of poisoning 

incidences, it is clear that poor 

agricultural workers, including children, 

and their families are at the greatest 

risk of exposures to toxic pesticides 

and po~soning. Emerging from these 

reports and studies are several 

common themes that greatly influence 

8. EmbWr, pdroliq on a mbn farm in Benin, 
HEddAdrka 
On August 24, 1999, in the village of Maregourou in Benin, West Africa, three 

boys aged 12-14 years went to weed their father's cotton field. The cotton was 

being grown alongside corn. The day before, their father had sprayed the fielcl 

with endosulfan, a highly toxic pesticide. The boys did not know thls. After 

work, they were hungry and took a few corncobs to eat. Fifteen minutes leter, 

they started to vomit. They were taken to the nearby hospital at Bembereke, 

the potential exposure of poor people. 

Many aspects of poverty, including 

lack of education, poor housing, 

hazardous working conditions, and 

child labor, are common themes. The 

themes can be divided into 

occupational and nonoccupational 

concerns. 

Occupationa~ concerns 

Farmers in developing countries are 

generally unaware of the short- and 

long-term hazards associated with 

exposure to many pesticide products. 

Advanced technologies such as 

chemical pesticide application 

require knowledge that goes 

beyond traditional agricultural-prac- 

tices. Generally, in rural areas of 

developing countries, pesticides are 

used neither efficiently nor safely in 

circumstances where there are small 

farm size, low-income levels, and 

low levels of education and invest- 

ment in human capital. 

Lack of knowledge and understand- 

ing of safe pesticide-use practices 

and deficiencies in safety training 

where one of them died. Boy cawing cotton in West Africa. 



are the norm among the developing 

countries. Frequently documented 

unsafe practices include: 

Careless handling during 

preparation and application, 

Use of pesticides in higher-than- 

required concentrations, 

Consumption of food and 

beverages while working, 

Lack of water and personal 

personal hygiene, 

Exposures to children at work 

and at home, 

Laxity of safekeeping of the 

chemicals, and 

Careless disposal of empty 

pesticide containers. 

Poor maintenance of facilities for 

spray equipment has led to 

contamination and hazardous use 

of pesticide mixtures. 

Occupational poisoning occurs 

largely as pesticides are sprayed, 

mixed, and diluted. 

The use of malfunctioning or 

defective equipment is an 

important factor contributing to 

accidental acute poisoning 

among agricultural workers. 

Poverty leads to a lack of availability of 

personal protective equipment. Even 

where available, people may avoid 

Without access to training and information, farmers can be unaware of the hazards 
associated with exposure to many pesticides. 

such equipment because of heat- 

related discomfort and heat stress. 

Nonoccupational concerns 

Bystander poisonings have been 

attributed to spray and residues of 

pesticides drifting into homes of 

people living near sprayed fields 

(Ames, Howd, and Doherty 1993; 

Richter and others 1992; 

Scarborough and others 1989). 

Soil becomes contaminated in 

areas where mixing and loading 

occur, which can affect nearby 

residents. 

Especially high levels of community 

pesticide exposure are expected in 

poor countries when conditions 

include: 
Excessive use of very toxic 

compounds, 

Uncontrolled patterns of 

spraying, 

Open houses located next to 

fields, 

Lack of washing facilities, 

lmproper storage of pest~cides in 

homes (under beds, on kitchen 

shelves), 

lmproper use of empty 

containers for the storing or 

transferring water, vegetable oils, 

or food, 

Workers or residents not 

observing field-reentry-delay 

Data on childhood poisoning from eight regional hospitals were exposed to a variely of o r g a n o c l k e  did, 

in India showed that accidental poisoning was ommdn, mganophosphorus p a *  m . N &  

involving 50-90 percent of children below 5 years of age. 

Pesticide poisoning was more prevalent in Punjab and Outbtssks d W ~ ~ ~ ~ & ~ K b i ' ~ + ' .  

West Bengal. Various regions in the country shawmd S M  I#, 86 1 ~ l l  mPDjb*j 
variation in types and frequency of childhood poisculifl#, = e h l ~  k d . w b * h ~ ~ -  , 

which could be attributed to different g e o g r a p ~ l a ~ d  a& O h m  mom.-- d l  
socioeconomic backgrounds (Dutta and others 1W. a d - 0 ~  .LWIL m . r ~  m m e I  -, 1 
Pulmonary (lung) studies on 489 pesticide workers 

engaged in spraying operations on mango plantations 

revealed that occupational exposure to pesticides was ~ r f o Q d ~ . ~ ~ ~ d ~ i q f ~  
I 

associated with respiratory impairment. These workers 1- 



intervals after, pesticide 

application 

Not observing intervals between 

the last pesticide application and 

harvesting and eating the 

produce, 

Hand washing of clothes worn 

by farmers during pesticide 

applications, 

Poor people's likelihood of living 

closer to their workplace 

A weak regulatory infrastructure is a 

common contributing factor. 

Occupational health legislation 

and regulations are extremely 

weak in developing countries 

(Gomes, Lloyd, and Revitt 

1 999). 

Most developing countries still 

do not require that ~mported 

pesticides be registered in 

the country of origin, and 

pesticides banned or restricted 

in the country of origin are 

used widely in developing 

countries. 

Penis fen! organic pp/!utun ts 

(POPS) 

POPs are organic compounds that 

resist photolytic (sun), biological, and 

chemical degradation; break down 

slowly in the environment; and 

accumulate in the body fat of animals. 

POPs can be divided into two 

subgroups: polycyclic aromatic 

hydrocarbons and halogenated 

hydrocarbons. Halogenated 

hydrocarbons include several 

organochlorines that have been 

proven to be very resistant to 

degradation and have had wide 

production, use, and release. 

Generally, they are characterized by 

low water solubility and high lipid 

solubility, leading to their 

bioaccumulation in fatty tissues and 

semi-volatility, which enables them to 

be transported by climatic and 

environmental processes over long 

distances (Ritter, Forget, and Solomon 

1 995). 

While breastmilk is tilc; ~ e s t  food for 
newborns, POPs can also be passed to 
infants via breastfeeding. 

Many POPs are highly toxic, having 

the potential to injure wildlife and 

human health at very low concentra- 

tions. Some populations of wildlife 

species (includ~ng some fish, seals, 

On October 22, 7999, at least 24 childrefi ded in a n m t e  

Andean village after eating a government-donet& hmak- 

fast contaminated with the organophosphate inseetrade 

parathion. Another 20 children were poisoned and rsqubd 

medical treatment The breakfast was served to school- 

children ages 3-14 in the village of Tauccamarca, provlnce 

of Cusco. The milk substitute, based on wheat, corn, soy, 

and barley, and packets of cookies were provided by the 

National Fund for Social Development and CompensaKon 

(FONCODES) as part of a government-sponsored nutMion 

program. The children began vomiting and convulsing 

within a half hour of eating the contaminated food. 

have mixed some of the mllk substitute with insecticide 

with the intention of pobming a dog. 
: 

flL -... - 
Advocacy gmupe heve called on the Peruvian govemment 

to recognim that Jt h impodMe to guarantee the safety of 

highly toxio otganophosphate pesticides. Many pesticide 

users in Peru are ilUterete and have no way to learn about 

the rfsks asst?dated with pextkiales. Many villagers speak 

on& thdr native language of Quechua and do not know 

Spantsh. Among the mmmmandations made for ensuring 

pubtic safety in Peru am to: 

create high-quail@ monttoring pmgmms to ensure that 

Children in other parts of the country haw elso w#b& govemment-donalred fvod is not cpntaminated with toxic 

subSta--. 
y.7 -;,7 . 

symptoms of poisoning after eating govemment4mted 
@.!... .+ . . 

food, but all have survived. Initially, government o#Wcials start a program to treck pedticide poisoning throughout 

suggested that the milk substitute had been prepared in the country, and 

containers previously used for pesticides. Later. the enfone &ting pesticide laws (Gomero 1999; Tvedten 

Peruvian minister of health said that a local resident might 2007; Cheong 7999). 



and polar bears) and humans are 

known to suffer significant injury from 

certain POPs in polar and temperate 

regions despite having major sources 

that are thousands of miles distant. 

Concentrations may be highest in 

these far northern regions due to a 

gradual process whereby POPs move 

from polychlorinated biphenyls 

(PCBs), dioxins, furans, aldr~n, dieldrin, 

DDT, endrin, chlordane, hexa- 

chlorobenzene (HCB), mirex, 

toxaphene, and heptachlor. PCBs are 

industrial chemicals, and dioxins and 

furans are unwanted byproducts of 

various technological processes but 

were never produced commercially 

and have no intended use (see Box 

12 ). Aldrin, dieldrin, DDT, endrin, 

chlordane, HCB, mirex, toxaphene, 

and heptachlor were initially devel- 

oped as pesticides. Even small quan- 

tities of certain POPs can convey sig- 

nificant risks. 

Costa Rica 
During 1990-98, Costa Rica was the number one con- 

Burner of organophosphates among the developing coun- 

tries, with an average annual consumption of 40 metric 

tons of organophosphates per square kilometer (Food and 

Agriculture Organization 2001~). It also consumed an 

annual average of 32 Mt of carbamateslkm2 during the 

same period (Food and Agriculture Organization 21U)lc). 

With agriculture as its principal economic activity, pesti- 

cides are the only widespread chemical pollutants in the 

country's rural areas and the main source of agricultural 

workers' exposures and illnesSes. From1980 to 1986, expo- 

sures to organophosphates were documented in 71 per- 

cent of the reported occupational accidents, 63 percent of 

the related hospitalizations, and 36 percent of occupation- 

ally related deaths. Paraquat was the culprit in 21 percent 

of the occupational accidents, 24 percent of the hospital- 

izations, and 60 percent of the deaths. Hospitalizations 

and deaths were 13 and 11 times more frequent, respgc- 

tively, in agricultural workers than in the rest of the popu- 

lation. Farm workers age 15-29 years and females have 

Castillo, and Elinder 1993). 

Over half of the population in Chiapas, Mexico, is 

engaged in agriculture-related occupations (Tinoco 

Ojanguren and Halperin 1998). In one survey, 80 percen 

of the farm population in Chiapas used organophosphate 

insecticides, 12.3 percent used pyrethroids, and 5.6 per- 

cent used carbamates and organochlorines (Tinoco- 

Ojanguren and Halperin 1998). Twenty-five cases of 

paraquat poisoning occurred in Chiapas between 1988 

and 1990, and 80 percent were the result of improper dilu- 

tion and storage (Tinoco-Ojanguren and HaQerin 1998). 

Residents who produced food for themselves showed 

mom signs of toxicity than those who produced for the 

market, suggesting that peasants from the poorest com- 

munities or who are not as well informed cannot afford 

less-toxic chemicals (Tinoco-Ojanguren and Halperin 

1998). Another study that looked at seasonal workers 

showed that 45 percent of the seasonal farmers in north- 

west Mexico are migrants from southern Mexico. As in 

other developing countries, these seasonal workers are 

young men (about 20 years old) who lack education and 

are poor (Lopez-Carillo and Lopez-Cervantes 1993). Few 

receive information about pesticides or wear personal 

protective gear, and many have experienced acute pesti- 

cide poisoning (Loper-Carillo and Lopez-Cervantes 1- 

Tinoco-Ojanguren and Halperin 1998). 

Nicaragua 
Pesticide poisoning has long been a major public health 

problem on Nicaragua's northern Pacific coastal plain, 

comprising the departments of Leon and Chinandega 

(McConnell and others 1992). This is the country's principal 

cotton-growing w o n  The large cotton fields are tradition- 

ally sprayed with acutely toxic organophosphate insecti- 

cides by crop-dusting aitphnes as many as 28 times in one 

season (Sweezey, Mutray, and Daxl1986). In 7-27 poi- 

sonings were reported in one year among only 20[)-300 

mixers-loaders (that is, workers who mix pesticide formula- 

tions and load the spray equipment) in the region. Keifer 

and others (1996) found that only 35 percent of treated 

"probable" poisonings had been reported by clinicians 

under the country's mandatory repoNng system and that 

younger workers wwe at increased risk of intoxication. 

Children in a Nicaraguan community in the path of rainwa- 

ter runoff from a large crop-dusting airport were fiund to 

have clinical signs of pesticide poisoning; contamination of 

the children3 living environment by organophosphate pes- 

ticides was conside& the likely muse (McConneU and 

others 1999). Symptoms of poor respiratory health, espe- 
cially shortness of breath, have also been documented 

among banana plantation workers who have been exposed 

to paraquat (Castro-Gutierrez and others 19973. 



Humans can be exposed to POPs 

through diet, occupational accidents, 

breast milk by POPs is a particular 

concern. Very little monitoring of POPs 

and the environment (including body burdens and env~ronmental lev- 

indoors). For some POPs, occupation- els has been carried out in the devel- 

al and accidental high-level exposure oping countries where POP insecti- 

is of concern. Generally, substandard cides have been extensively used and 

working conditions and lack of training now form a significant proportion of 

and equipment are major obstacles to obsolete pesticide stockpiles. The 

managing and preventing worker available data demonstrate that con- 

exposures in conditions of poverty. tamination of breast milk and food by 

The major path for human exposure to POPs is a worldwide phenomenon. 

POPs is via the food chain, because 

POPS persist in the environment and Acute and chronic exposure to POPS 

accumulate in fat. Food may become can be associated with a wide range 

contaminated through environmental of adverse health effects, from acute 

pollution of the air, water, and so~l. toxicity to'intergenerational endocrine- 

which can occur through previous use disrupting effects. One of the earliest 

of POPS (see Box 13). reports of human health impacts due 

to environmental exposure to POPs 

Once POPS are in the body of moth- was an episode of HCB poisoning of 

ers, they are readily transferred to the food in southeast Turkey that resulted 

fetus via the placenta and to infants in the death of 90 percent of those 

via breast milk. Breast m~lk is the best affected (Ritter, Forget, and Solomon 

food for newborn infants, and, there- 1995). The risk is high in developing 

fore, the contamination of food and countr~es, where the use of POPS in 

agriculture has resulted in a large num- 

ber of deaths and injuries (Ritter, 

Forget, and Solomon 1995). Certain 

POPs cause cancer when given to 

animals in standard cancer bioassays, 

and several are endocrine disruptors, 

that is, cause alteration in endocrine 

system function. More recently, evi- 

dence of a possible relationship 

between exposure to some POPs and 

human disease and reproductive dys- 

function has been accumulating. The 

WHO recently evaluated the UNEP list 

of POPs and published a monograph 

on the risks to health and the environ- 

ment (UNEP 1999). Associations have 

been made between human exposure 

to certain chlorinated organic contami- 

nants and cancers in human popula- 

tions (Ritter, Forget, and Solomon 

1995). 

None of the nine chlorinated hydrocar- 

bon pesticides on the UNEP list is rec- 

ommended for agricultural use in 

Dioxins and furans are persistent organic pollutants, or 

POPs, that pose health and environmental concerns for 

countries worldwide. They are unintended byproducts of 

combustion and many industrial processes. In the past, 

environmental contamination due to dioxins and fumns 

came primarily from the production and use of chlorinat- 

ed aromatic organic chemicals, including poEychlorinated 

biphenyls and pentachlorophenol. The pulp and paper 

industry was a major source to the aquatic environment, 

and it still is in many developing countries. 

Today's major sources - at least in industrialized coun- 

tries - are combustion processes of all types. These 

include incineration of municipal hazardous and clinical 

wastes, the iron and nonferrous metal industry, and, on a 
smaller scale, automobile emissions (especially when run 

on leaded gasoline), home heating, open garbage burn- 

ing, and landfill burning. 

with increased risk of severe skin lesions (chloracne and 

hyperpigmentation), altered liver function and lipid 

metabolism, general weakness due to drastic weight loss, 

depression of the immune system, and etrdocrlne and 

nervous system abnonnalitiee. 

Today, trace amounts of dioxins and furam am present in 

virtually ail ecosystems on the planet. Once emitted, they 

can travel long distances far from the source and last for 

a long time. In the process, they build up in fatty tissue of 

living species, accumulating as they move higher in the 

food chain and with time. They are transferred in breast 

milk. Although levels in breast milk are decreasing in cer- 

tain cases due to control meirsures, they are still high 

enough to be cause for concern. More than 90 percent of 

the intake of dioxins and furans by humans is through 

food consumption, primarily of dairy products, meat, fish, 

and eggs. 

Potential health effects from dioxins and furans are 

numerous. Dioxin exposures to humans are associated Source: United Nations Environmt Fmgramme 1999. 



According to the IimIYed hfomation from the Food and 

Agriculture Organization of the World Health Organization 

(FAOIWHO), the highest dietary intakes of organochlorine 

pesticides were reported for poorer and less-developed 

countties (FAO/WHO 1996), including the following POPS. 

The estimated average daily intakes of total HCH isomers 

by infants from human milk are generally around 1 4  

mglkg body weight, much higher than the intake for older 

children and adults. 

Aldrln and Dieldrin 
The use of aldrin as a pesticide has been restricted or 

banned in many countfies. One continuing use is in treat- 

ment of soil around buildings for termite control. Aldrin is 

readily converted to dieldrin by plants and animals. As 

recently as 1988, the mean intake of aldrin reported by 

Egypt was 1.36 mg/kg body weight, which exceeds the 

FAOIWHO Acceptable Dietary Intake (AID) of 0.1 mglkg. 

Total Hexachlo~vcyclohexane (HCH) Isomers 
Technical-grade HCH consists of a mixture of alpha-, 

beta-, gamma-, and delta-isomers. It has been banned or 

severely restricted for use as an insecticide in most devel- 

oped countries. Dietary intake levels in Indja, however, 

exceeded the FAOIWHO AD1 of 0.04 mglkg body weight. 

Lindane 
Consisting of about 99 pement gamma-HCH, Lindane is 

not on the UNEP POPS list. However, it is persistent and it 

does acwmulate in animal tissues. In OECD countries, it 

is either restricted in use or banned from use. For exam- 

ple, in the United States, it k used as a seed treatment. In 

developing countries, it is still in widespread use and is 

chiefly applied to protect residential buildings against 

household pests. In two studies in India, intakes of about 

5 percent of the AD1 were reported. In Egypt, the reported 

intake was about 125 pement of the AD/. 

DDT Complex 
The use of DDT for pest control has been banned in many 

countries, but the WHO still approves of DDT for limited 

public health uses, such as malaria control in and around 

houses. Overall, WHO food-sampling 

data indicated that DDT and its deriv- 

(standordid b ppn f@$ I I 
* n  4 

1 

Total DDT 

Country DE Complex Reference 

Mexico, V ~ ~ a c m  94-95 0.27 5.0 6.4 (Watiszewski and othrs 1996) 

Mexco, Mexlco Cty 94-95 0.14 0.6 0.9 (Tol~es-Arm1a and others 1 999) 

Nigeria, Benin 81-82 1.1 (Atuma 1986) 

Kenva 83-85 1.7 IKania and others 1986) 

Uaanda 92-83 0.06 2.4 (Eiobi and others 1996) 

Zimbabwe. K&r 1994 13.6 25.3 (Chikuni and others 1997) 

lndia 85-86 1.43 7.3 (Zaidi and others 1969) 

lndia 1 988 2 (Tanabe and others 1 %XI) 

Tha~land, Bangkok 85-87 3.6 (Schecter and others 1989) 

V~etnam 86-87 6.7 (Schecter and others 1989) 

U.S A,, N w  York 85-87 0.5 (Schecter and others 1989) 

Maximum Residue 

Limit (MRL) h milk (Food and AgricuRure 

and milk prcd~t8  1.2 Organization 1999) 

'DDT= ortho, &. D E W ,  
Source: Ad;toied kom WwW WMfe FbnO 1999 

atives (DDE and DDD) have the high- 

est levels in the food supply direct& 

in countries where DDT is still in use 

or only recent& has been banned; 

they continue to be found in the food 

chain in countries where DDT use has 

been prohibited for many years. 

Substantial quantities of DDT and its 

metabolites are found in human 

blood, fat tissue, and breast milk in 

surveys around the world (World 

Wlldlife Fund 19991. Levels of DDT in 

breast milk of women living in Mexico 

(Veracruz), Nigeria (Benin), Kenya, 

Uganda, Zimbabwe (Kariba), India, 

Thailand (Bangkok), and Vietnam are 

well above the FAO/WHO maximum 

residue limit (MRL) for DOT in milk 

and milk products (MRL = 1.25 ppm, 

fat-weight basis); see summary table. 

In Kariba,level of DOT is over20 times 

the MRL (Food and Agriculture 

Organization 1999). 



OECD nations, and countries have 

agreed to phase out their use. Of the 

remaining pesticide POPs, demand is 

probably highest for DDT for public 

health purposes-notably, control of 

mosquito vectors of malaria, yellow 

fever, dengue fever and lymphatic filari- 

asis. This use will continue until the 

POPs convention agrees that ade- 

quate substitutes are available (see 

Box 14). Chlordane and heptachlor are 

still used in termite control, and 

toxaphene is used as an insecticide 

against certain cotton and rice pests. 

Dieldrin and aldrin appear to be in cir- 

culation in certain areas (UNEP 1996). 

On the basis of the FA0 data on 

country-specific consumption of chlo- 

rinated hydrocarbon pesticides from 

1990 to 1998, developing countries 

with annual average consumption 

exceeding 50 metric tons were identi- 

fied and the data are summarized in 

Table 12 (Food and Agriculture 

Organization 2001 c). Of the develop- 

ing countries with reported annual 

consumption of more than metric 

tons of chlorinated hydrocarbon pesti- 

cides, only two are least-developed 

countries (Sudan and Tanzania). lndia 

is the developing country with the 

highest consumption (annual average 

of 16,354 Mt from 1990 to 1998). 

Costa Rica consumes much less than 

India, but its consumption rate in met- 

ric tons per square kilometer land 

area is among the highest in the 

world (8.83 Mtlkm2). As with the pes- 

ticide-consumption analysis, the con- 

sumption-poverty indices were devel- 

oped for all non-least-developed 

developing countries with reported 

chlorinated hydrocarbon consump- 

tions and then rank-ordered. These 

rankings were used to identify very 

poor countries w~th highest relative 

pesticide consumptions. Based on 

poverty-index rankings, India, 

Malaysia, Pakistan, Ghana, and 

Columbia are the five poor countries 

with highest relative levels of chlori- 

nated hydrocarbon consumption dur- 

ing 1990 to 1998 (Table 12). 

There are very fev~ peer-reviewed jour- 

nal articles on environmental contami- 

nation, population exposure to POPs, 

and possible health effects in poor and 

developing countries. The lack of infor- 

mation points to the need for a sys- 

tematic evaluation of the connections 

among poverty, POP exposures, and 

health outcomes, in particular for 

countries with a high poverty-con- 

sumption index. The most extensive 

published, peer-reviewed studies of 

developing countries were available 

and reviewed for India, Kazakhstan, 

and Vietnam. Organochlorine insecti- 

cides have been extensively used in 

lndia since 1954 in agriculture, as well 

as in the public health sector (Gupta 

1986). Although banned or restricted 

in most developed countries, 

organochlorines are still being used in 

India. Ahmad reported that most 

Indians accumulate about 26 mg DDT 

in their body over time, through con- 

sumption of food (Ahmad, Ajmal, and 

Nomani 1996). A reproductive-health 

study of 1,016 couples in which the 

Boa 14. b q u i b t r a l ~ l m d  diseases and DDT 
About two-fifths of the world's population (2.1 billion) is banning is responsible for the rising deaths from malaria 

potentially at risk from mosquito-transmitted diseases. and other mosquito-borne diseases. However, DDT has 

Annually, 400 million people are at risk, of whom 270 mil- accumulated in breast milk, is a carcinogen and 

lion are infected and 2 million die. The problem is com- 

mon in about 100 countries; Sub-Saharan Africa is the 

most affected area for malaria, with about 90 percent of 

all malaria and 80 percent of deaths from malaria. In 

some parts of Sub-Saharan Africa, 1 in 10 infant deaths 

and 1 in 4 deaths of children under age 4 are attributed 

to malaria. Dengue and yellow fever also have resurged 

in recent years and have spread into the Americas. Of 

2.5 million dengue cases reported from 1956 to 1989, 70 

percent occurred in the past 10 years. This is clearly a 

serious problem. It has a major impact on the health of 

enormous numbers of individuals and communities and, 

thus, on the economies of many countries. 

There is a strong perception that DDT was the solution 

to mosquito-control programs, and that its widespread 

endocrine disruptor, and has been linked to preterm 

birth of infants (Longnecker and others 2001). 

Furthermore, mosquitoes had become resistant to DDT 

and chemicals developed later. Alternative methods of 

mosqutto control are available (for example, chemical- 

impregnated bed nets, ultra-low-volume spraying, and 

biological controls), although cost is one factor limiting 

the use of these alternatives. DDT is still recommended 

by the WHO for mosquito control. In 1993, the WHO 

changed its recommendations after reviewing evidence 

that linked DDT to its occurrence in breast milk and 

carcinogenicity and now recommends it only for indoor 

spraying. Public health use of DDT will continue until the 

POPS convention agrees that adequate substitutes are 

available (United Nations Environment Programme 

19963 



RBLE 12. DEVElOfllVG COUNTRIES W l T '  CHLORIIYATED HYDffOCAR4OU fES7ICIPE COUSUHPTIOU 
GREATER MAW 50 I lEtRlC TOUS, 1990-98 

Average annual 

consumption of 

chlorinated hydrocarbon 
Consumption / 

Rank by 

consumption / 
Rank by 

consumption 

poverty index 
Country pesticides (Mt) land area land area (overall poverty) 

India 16,354 5.5 4 1 

Malaysia 950 2.9 6 2 

Pakistan 770 1 .O 14 3 

Costa Rica 

Ghana 406 1 8  Q 6 

Yugoslavia, FR 338 3.3 5 NA* 

Colombia 334 0.3 24 4 

Turkey 302 0.4 22 N A 

Argentina 22 1 0.08 37 10 

Thailand 174 0.3 23 N A 

Sudan' 133 0.1 41 6 

Honduras 1 23 1.1 11 8 

Eav~t.  Arab Rea. 115 0 1 33 1.1 

Hungary 90 1 .O 15 N A 

Tanzania+ 89 0.1 36 6 

Cameroon 85 0.2 28 11 

Sri Lanka 78 5.9 3 19 

CBte d'lvoire 69 0.2 26 16 

Guatemala 62 0.6 2 1 N A 

Moldova 59 1.8 10 17 

Oman 57 0.3 25 14 

'NA, not available. 
'Least-developed develop~ng country. 
Source: Food and Agriculture Organization 2001 c. 

males had been directly exposed to 

organochlorine pesticides in cotton 

fields in lndia showed an increased 

risk of adverse reproductive outcomes, 

including miscarriage, stillbirths, 

neonatal deaths, and congenital 

defects (Rupa, Reddy, and Reddi 

1991). 

Little information is available on 

impacts of PCBs in developing coun- 

tries. Manufacture of PCBs was dis- 

continued in the United States and 

Western Europe by the early 1980s. 

However, it is known that PCB trans- 

formers, capacitors and other equip- 

ment with PCBs were exported from 

the United States and Europe into 

developing countries before their man- 

'ufacture was banned in those coun- 

tries. As these pieces of equipment go 

to the end of its life cycle, the PCBs 

will be released into the environment 

via equipment failures, disposal to 

land, or incineration. There currently is 

little capacity in developing countries 

for safe disposal of these PCBs, which 

contributes to exposures in the local 

environment as well as to the global 

emissions of PCBs. A recent study in 

Mexico indicated that there were large 

amounts of PCBs in use and that 

there was little capacity for disposal of 

them (Commission for Environmental 

Cooperation 1996). 

The POPS story in Kazakhstan, a for- 

mer Soviet state, also involves histori- 

cal agricultural use of pesticides on 



cotton fields. Human consumption of 

fish contaminated with industrial pollu- 

tion in the Aral Sea Region is another 

source of exposure. The children of 

Kazakhstan reportedly are of poor 

health, and many are suffering from 

myriad neurological defects due to 

toxic exposures (see Box 15). 

Much has been written and document- 

ed about the persisting dioxin environ- 

mental contamination and human expo- 

sure in Vietnam as the result of the U.S. 

military use of the defoliant Agent 

Orange during the Vietnam War 

(Schecter and others 1989). Studies 

have also uncovered environmental 

contamination with other POPs, includ- 

ing HCHs, DDT, and HCB, as the result 

of ongoing use of POP pesticides in this 

region (see Box 16). 

On the basis of the review conducted 

during the course of writing this policy 

paper, several common themes 

emerged about the current situation of 

POP contamination and human expo- 

sures in the developing countries: 

Environmental and food contamina- 

tion, human exposure, and potential 

health effects are the legacy of histori- 

cal use of POPs in many developing 

countries. The continued use of many 

POPs IS expanding the magnitude of 

POP contamination and human 

exposures in the developing world. 

Studies and ongoing monitoring of 

POP contamination and human 

exposure are limited to nonexistent in 

most developing countries that have 

ongoing high consumption of POP 

pesticides. 

k I S .  hrhteat organic pdlutant (POP) erposun in K o z a k ~  
Kazakhstan, a former Soviet Union state in the Aral Sea 

basin in Central Asia, is currently grappling with a multi- 

tude of issues relating to environmental degradation, 

human exposure to POPs, and potential health impacts 

(Hooper and others 1997). Agricultural use of pesticides 

on cotton fields, fish consumption from the heavily con- 

taminated Aral Sea region, and use of PCBs in industtial- 

ized areas are possible sources of exposures. People in 

this region have long been exposed to vast quantities of 

agricultural pesticides that were first applied in the 1950s 

as defoliant over cotton fields (Zetterstrom 1999). 

Organochlorine pesticides and PCBs have been detected 

in breast milk samples taken from women living in south- 

em Kazakhstan. Beta-HCH, DDT and metabolites, HCB, 

and alpha-HCH were among the most commonly detected 

residues (Jensen, Mazhitora, and Zetterstrom 1997). 

Overall, beta-HCH levels (z210 nglg fat) were much high- 

er than what is considered background in Europe (200 

nglg fat), with the highest levels found in the rural areas 

(3,470 nglg fat). Higher levels of para, para'-DOE were 

also found in the rural areas (3,330 nglg fat), which sug- 

gests that although banned in 1972, DOT has been used 

again in this region recently. 

Dioxin environmental contamination is also a pervasive 

problem in southern Kazakhstan (Hooper and others 1999; 

Hooper and others 1998). In 1997, dioxin levels measured in 

breast milk were 10 times higher than levels in the United 

States (up to 20B pglg fat (Hooper and others 1998); 6.2 to 

118.2 pglg fat (Lutter and others 1998). The highest dioxin 

levels were found in women who lived most of their lives 

on cotton-growing farms and had worked as cotton pick- 

ers. These women also report having being exposed to 

pesticide spray drift while picking cotton or at home. Dioxin 

has been detected at levels above background in a number 

of foods, including cow's milk, lamb fat, yak butter, and 

local fish. Possible sources of dioxin contamination in the 

region are PCBs and dioxin-contaminated agricultural 

chemicals used as defoliants on cotton farms. 

The children in Kazakhstan are vulnerable, for they are 

not only exposed to toxic chemicals through consuming 

contaminated foods and their mothers' breast milk, but 

they also suffer from poverty-related health hazards. 

These children reportedly are of poor health and have 

high morbidity and mortaliiy (Hooper and others 1999). 

Many are suffering from mental retardation and delayed 

physical development. Clinical features of children in the 

region range from retarded growth, delayed onset of 

puberty, anemia, skin pigmentation with hyperkeratosis, 

and dysplasia of mucous membranes of the esophagus 

and stomach. Many also suffer from cardiac, respiratory, 

liver, pancreatic, and renal diseases. Early neonatal death 

due to neonatal septicemia is extremely common. 

Respiratory and other lethal infections are also prevalent 

during infancy (Hooper and others 1999). These condi- 

tions may indicate immunological incompetence. The 

cause of poor child health is obviously multifactorial; nev- 

ertheless, many of the abnormal findings in the children 

such as hyperkeratosis, skeletal malformation, and kidney 

disease, have been observed in Yusho disease after expo- 

sure to PCBs (Rogan and others 19881. 



Children in the developing countries 

are probably most vulnerable; they 

are exposed to POPs not only 

through consuming contaminated 

foods but also in utero and in breast 

milk. Children in poverty are at high 

risk because they are exposed to 

multiple hazards. 

Pervasive soil and sediment con- 

tamination and bioaccumulation in 

the food chains make the task of 

cleanup daunting, as it is in Vietnam 

and Kazakhstan. 

POPS comprise a significant portion 

of obsolete pesticide stockpiles in 

the developing countries. The cost 

of disposal of obsolete POPs is too 

high for these poor developing 

countries. 

Obsolete pesricide stocks 

The FA0 defines obsolete pesticide 

stocks to include all pesticide products 

not in current use because they have 

been banned, have deteriorated or are 

damaged, have passed their expiration 

date, cannot be used for any other 

reason, or are not wanted by the cur- 

rent owner. Some pesticides may be in 

use despite their legal or physical- 

chemical status, and these are consid- 

ered obsolete. Existing data indicate 

that more than 20 percent of obsolete 

stockpiles consist of POP pesticides. 

Organophosphates are the other 

important group of pesticides that are 

often found among the obsolete 

stocks. Other pesticides in obsolete 

stockpiles include carbamates and 

synthetic pyrethroid insecticides, vari- 

ous fungicide and herbicide groups, 

and even some botanical and micro- 

bial products. Organometallic com- 

pounds, such as arsenic and mercury 

J -:- 
Vietnam has the largest dioxin contamination known to levels are found in people who primarily consume fish for 

date, as the direct result of the U.S. military use of the sustenance, in recent migrants to this area, and even 

defoliant Agent Orange during the Vietnam War. Between among children born after Agent Orange spraying. The 

1962 and 1971, U.S. fixed-wing aircraft sprayed approxi- fact that this problem exists almost 30 years after cessa- 

mately 18 million gallons of Agent tion of spraying is surprising and 

Orange on 10 percent of southern cause for concern (Schecter and 

Viet Nam. Roughly 3 ppt of the others 2001). 

materials consisted of the most 

toxic isomec 2,3,7,8-tetra- In addition, as an agricultural 

chlorodibenzo-p-dioxin (TCDD) economy, Vietnam relies heavily 

(Schecter and others 2001). In 1970 on agmchernicals to improve crop 

and 1973, researchers collected yields. Consequently, it is facing 

samples that documented elevated issues of environmental contami- 

levels of dioxin in southern Vietnam nation and human exposures 

in breast milk, fish, and shrimp. relating to the ongoing use of 

Breast milk levels as high as 1,832 POP pesticides. High levels of 

ppt were noted in these studies, hexaclorocyclohexane (HCHs), 

and between 1973 and 1995, these DDT, and hexachlorobenzene 

levels showed a steady decline (HCB) have been detected in the 

(Schecter and others 1995). More 8 marine environment in the north 

recently, leakage of Agent Orange 5 coast of Vietnam. The highest 

from an underground storage tank 8 - concentrations are detected in 
Q 

in southern Vietnam was investi- the estuaries of the Ca Long 
Elevated dioxin blood kvels have been found 

gated fSchecter and others Igg5)- even in children born after Agent Orange 
River. The Ca Long River valley is 

At least one spill of Agent Orange Spraying in the Bien Hoa area of Vietnam. a densely populated, rice-produc- 

occurred in the Bien Hoa area (a ing area, and the use of HCH and 

city with a population of 390,000,35 km north of Ho Chi HCB is still a common farming practice (Nhan and others 

Minh City). Blood samples collected by Schecter and 0th- 1999). The sustained use of POPS will continue to contam- 

ers in 1999 from residents of the Bien Hoa area showed inate the environment and bod supplies, and increase 

markedlj lvated levels of dioxin. Elevated dioxin blood human body burdens in this region. 



play in the vicinity are likely to be 

exposed and may suffer acute or 

chronic health effects. There are many 

examples of children playing, livestock 

grazing, and people working, cooking, 

drawing water, and growing food 

Boy gathering crops in Mali. 

and tin-based chemicals, are included 

in some inventories even though most 

have been banned for many years and 

are likely to be more than 30 years old. 

Although some stockpiles have been 

accumulating over 40 years, new prod- 

ucts are being added to the stockpiles 

continuously. 

Quantification of obsolete stocks is diffi- 

cult because of the wide distribution of 

pesticides and the remote location of 

many of the storage points. An estimat- 

ed 500,000 metric tons of obsolete 

pesticides are held in non-OECD coun- 

tries. The FAO's recent inventories com- 

pleted for 53 countries in Africa and the 

Near East recorded a total of more than 

47,000 metric tons of obsolete pesti- 

cides (Food and Agriculture 

Organization 2001 a). Among the coun- 

tries surveyed, those with more than 

100 tons are poor (majority with >30 

percent overall poverty rate) and have 

high illiteracy rates (majority with >30 

percent adult illiteracy; see Table 13). 

Botswana and Mali had the highest 

quantities of obsolete pesticide stocks 

in their inventories (over 10,000 tons). 

Mali is among the poorest countries in 

the world. It has an extremely high 

overall poverty rate (69 percent) and 

I around dumped and leaked pesticides. 

In the village of Arjo, Ethiopia, family 

huts where women prepare food and 

I 
. . 

children play are located a few meters 

away from a pesticide dump site and 

an unsecured dilapidated barn that 

J 
stores 5.5 metric tons of obsolete pes- 

ticides, including DDT, and 

organophosphates (malathion, pirim- 

iphos-methyl, and fenitrothion), in 

adult illiteracy rate (65 percent), and its 

people's life expectancy is short (46 

years); almost half of the population is 

children less than 14 years old (47 per- 

cent). Eighty percent of the Mali labor 

force is engaged in farming and fishing 

(Central Intelligence Agency 2000). Its 

rural population is, on average, 

extremely poor: 91 percent are poor, 80 

percent have no safe drinking water, 

and 78 percent lack adequate excreta 

disposal facilities (World Health 

Organization 2000a). 

Open or damaged containers are also 

of serious public health concern. Spills 

and leaks kom containers can find their 

way into surface waters from runoff or 

into groundwater from leaching through 

soil. Poor storage of obsolete stocks 

creates pathways to environmental 

contamination and human exposure. 

Clearly, chronic illness, reproductive 

problems, and birth defects as the 

result of such exposure would bring 

high long-term costs for individuals and 

communities. Just as clearly, such 

exposures are much more prevalent 

around poor people. 

Where pesticides are stored in the 

open, people who work, live, travel, or 

drums, boxes, and bags. It is known 

that pesticide wastes have been leak- 

ing into the groundwater (Food and 

Agriculture Organization 2001 b) 

Examples of such conditions can be 

found throughout the developing coun- 

tries surveyed by the FA0 (Food and 

Agriculture Organization 2001 d) 

Obsolete stocks are distributed widely 

in countries where they exist. In 

Ethiopia, hazardous pesticide waste is 

stored at nearly 1,000 sites around the 

country (Food and Agriculture 

Organization 2001 b). The largest 

stocks may be localized in a few stores 

from which pesticides are distributed 

around the country, and these stores 

are usually properly managed. In 

remote regions, the quantities of pesti- 

cide in each storage site may be small- 

er, but they are more likely to be poorly 

stored and handled because of a lack 

of tra~ning and resources. Although 

pesticide stores were initially construct- 

ed away from residential areas, in 

many cases, populations have grown 

and urban areas often surround the 

pesticide storage sites. It is therefore 

common to find pesticide stores con- 

taining obsolete stocks in densely pop- 

ulated areas, a situation which obvi- 

ously presents a great potential for 

human exposure. 



Obsolete pesticide Overall poverty Adult illiteracy rate, 
Country stock (tons) rate ( percent) 1997 ( percent) 

Botswana 18,249 47 26 

Mali 13,761 69 65 

Morocco 2,265 13 54 
- - 

Yemen 1.540 30 58 

Ethiopia 1,500 46 65 

Iran, Islamic Rep. of 1,139 15 27 

Tanzania 1,136 36 28 

Nicaragua 1,031 50 37 

Tunisla 882 N A 33 

Venezuela 753 45 8 

Sudan 666 85 47 

Eav~t  591 23 47 

Conao, Dem. Re~ublic 591 N A 23 

Rwanda 54 1 70 37 

Mozambique 443 69 60 

Benin 421 34 66 

Syrian Arab Republic 327 N A 28 

Saudi Arabia 24 1 N A 27 

Central African Republic 238 63 58 

l raq 232 N A N A 

Cameroon 225 50 28 

Eritrea 223 N A N A 

Uganda 21 4 46 36 

Algeria 207 14 40 

Lebanon 177 35 16 

Burundi 169 56 N A 

Senegal 151 N A 65 

Equatorial Guinea 146 N A N A 

Malawi 127 60 42 

Niaer 116 63 86 
- - - 

' Unless otherwise specified, data are lor the year 2000. NA, not available. 
Source: Food and Agriculture Organization 2001a. 

The FA0 Obsolete Pesticides Program 

has designated six key factors that 

lead to the accumulation of obsolete 

pesticides in developing countries (van 

der Wulp 1995). 

Product bans, 

Inadequate storage and poor stock 

management, 

Unsuitable products or packaging, 
Donation or purchase in excess of 

requirements, 

Lack of coordination between donor 

agencies, and 

Commercial interest of private sec- 

tor and hidden factors. 

Of serious concern to human health 

and the environment is the fact that 

these obsolete stocks too often are 

not adequately managed and/or 

cannot be identified. Features 

common for obsolete stocks 

throughout Ethiopia include poor 

storage facilities, very poor stock 

management, large amounts of 

pesticides that cannot be identified, 

and leaking containers that 

contaminate groundwater and soil 

(Food and Agriculture Organization 

2001 b). There are many examples of 

inappropriate actions, including the 

illegal burial of pesticides that has 

been reported in Chad, Colombia, 

Poland, Senegal, and Yemen (Food 

and Agriculture Organization 2001 b). 

Several barriers to solutions have also 

been identified by the FAO, including: 

Technology-obsolete pesticides are 

hazardous wastes. Extensive tra~n- 

ing and sophisticated safety and 

handling equipment are needed to 

deal with problems, wh~ch are lack- 

ing in developing countries. 

Lack of infrastructure and wide dis- 

persal of obsolete stocks and their 

deteriorated conditions compound 

the problems. 
Removal and destruction of obso- 

lete stocks is expensive, and fund- 

ing from donor countries and indus- 

tty has been slow. 

Lack of alternatives to chemical 

pesticides. 

Pest~cide distribution in developing 

countries is slow and inefficient. As 

a result, obsolete stocks continue to 

accumulate in the developing coun- 

tries. 

Industrial chemiculs 

It has been est~mated that at least 

100,000 chemicals have been manu- 

factured in the world; many of these 

have probably never been used in 

developing countries, however. As 

documented by the OECD, over the 

past 40 years, there has been a 
steady trend of chemical production 

shifting (in relative terms) from OECD 

to non-OECD countries (OECD 2001). 



This relatlve shift occurred during a 

time of rapid growth; the share of pro- 

duction for non-OECD countries was 

17 percent in 1970, when total global 

production was US$171 billion, and 22 

percent in 1998, when total global 

production was US$1503 billion 

(OECD 2001). Still, according to 

OECD, "80 percent of the world's total 

output is currently being produced by 

only 16 countries: the US, Japan, 

Germany, China, France, the UK, Italy, 

Korea, Brazil, Belgium/Luxembourg, 

Spain, the Netherlands, Taiwan, 

Svvitzerland and Russia" (OECD 2001). 

Multinat~onal chemical countries have 

become global companies and are 

building facilities in developing coun- 

tries. In many developing countries, 

domestic chemical-production lndus- 

tries have emerged that produce and 

export bulk and specialty chemicals. 

With the globalization of trade, this 

shin in production is expected to con- 

tinue into the future. 

Generally, this shift in production has 

involved higher production chemicals 

such as petrochemicals and plastics 

(Figure 10). The most dramatic 

increases have occurred in India, 

where there was a 33.8 percent 

increase in petrochemical and a 20.8 

percent increase in plastics production 

between 1990 and 2000. Likewise, 

the Pacific Rim, the Middle East, 

China, and Africa had large increases 

in these areas. Slow or no growth was 

seen in Eastern Europe, Russia, and 

Japan. The outlook for 2000-201 0 is 

for slower growth on a global basis, 

with a rate of between 4 and 6 per- 

cent in China, the Middle East, Africa, 

India, the Pacific Rim, and Latin 

America (Cozier 1999). 

With shifts in demand, industry is 

expected to develop closer to cus- 

tomers and to suppliers. Producing 

chemicals near customers is environ- 

mentally preferable, since it avoids the 

energy use and risk of transportation 

spills associated with transport of 

chemicals over long distances. 

However, producing chemicals in 

developing countries brings with it 

other environmental concerns. First, it 

generates pollution. Chemical plants 

emit air pollution (including persistent 

organic pollutants). Although cleaner 

A 
.+ Petrochemicals 1990-00 
+ Petrochemicals 2000-1 0 
+ Plastics 1990-00 + Plastics 2000-1 0 

technologies are available, they may 

not be put in place in circumstances of 

poverty. 

Sometimes this shift in production 

involves the most hazardous chemi- 

cals. For example, there is the case of 

benzidine dyes. In the 1970s, these 

were found to cause bladder cancer in 

exposed workers, and benzidine was 

classified by the WHO International 

Agency for Research on Cancer as a 

known human carcinogen. Benzidine 

and benzidine dyes were phased out 

of production in developed countries in 

the 1970s and 1980s. Unfortunately, 

during that same period production 

was increased in developing countries 

(Woodward and Clarke 1997). 

Since many developing countries have 

not yet put into place chemical legisla- 

tion, inventories, and controls of 

imports and exports, no one knows 

exactly how many or which chemicals 

are in use there. The most exposed are 

likely to be people who work directly 

with chemicals, such as Mexican serv- 

ice station workers who are exposed to 

the carcinogen benzene in gasoline 

(Meneses and others 1999; Romieu 

and others 1999) workers in paint man- 

ufacture in South Africa (Nell and others 

1993); and petrochemical workers in 

Brazil (Saretto and others 1997). It is 

clear that the least-developed nations 

have the fewest chemicals and that 

therefore the potential for exposure to 

toxic chemicals increases with reduc- 

tion of poverty on a country level. 

Within countries, the poor have the 

greatest exposures to chemicals. 

Children employed in the informal 

labor sector may have the opportunity 

for exposure to a multitude of toxic 

chemicals (Laraqui and others 2000). 

Worldwide communitres involved wrth 

scavenging of wastes have high expo- 

sures to toxic chemicals. An investiga- 



tion in Bangkok, Thailand, of a waste 

dump, where approximately 400 people 

of all ages work on a daily basis as 

scavengers, found high air levels of a 

number of chemicals, including toluene, 

benzene, ethylbenzene, xylene, methyl- 

ene chloride, and methyl chloroform 

(Kungskulniti and others 1991). These 

chemicals have a variety of toxic 

effects, including cancer and toxicity to 

the nervous system. 

Industrial chemicals have also contami- 

nated foods, pharmaceuticals, and 

consumer products, causing harmful 

exposures to people. For example, in 

1998 in India, 36 children were hospi- 

talized with kidney failure; 33 of them 

died. Eventually, the epidemic was 

traced to cough syrup contaminated 

with d~ethylene glycol (Singh and others 

2001). A similar episode occurred in 

Haiti in 1998, when acetaminophen 

was contaminated with diethylene gly- 

col; 109 people became ill, and 85 died 

(O'Brien and others 1998). Likewise, in 

Bangladesh in 1990, 339 children who 

were exposed to diethylene glycol-con- 

taminated paracetamide (Hanif and oth- 

ers 1995), and a similar episode that 

resulted in 47 deaths to children in 

Nigeria that same year (Okuonghae and 

others 1992). What all these cases had 

in common was that children were the 

most vulnerable and suffered the most 

harm, and that the use of poorly manu- 

factured glycerin in the manufacture of 

a pharmaceutical caused exposure to 

diethylene glycol. Good manufacturing 

practices can completely prevent this 

problem, but, on a country level, pover- 

ty can prevent the involvement of civil 

society and development of systems to 

ensure that such practices will be put in 

dace. 



CONCLUSIONS here is an intimate interrela- 

tionship between poverty and 

potential exposure to toxic 

substances, as shown in Table 14. 

This relationship changes with stage 

of development. Exposures to toxic 

substances occur within a context of 

development, which can be beneficial 

economically. However, at each 

stage, the nature of the hazards is 

likely to change. Unfortunately, what 

does not change is that the potential 

socioeconomic impacts and costs of 

toxics are large and are borne dispro- 

portionately by poor commun~ties. 

These include: 

Health impacts from heavy metals and 

highly toxic pesticides have been par- 

ticularly devastating in the short term 

among those in poverty. Ironically, it is 

the combination of rapid industrializa- 

tion and development, in the face of 

high levels of poverty, which creates 

the rrskiest situations. 

The environmental and public health 

threats associated with POPs are real 

in both the short and long term for 

children living in the developing world. 

These children are being exposed to 

hjgh levels of POPs in utero, via breast 

milk, through consumption of contami- 

nated foods, from playing or working 

in areas with soil or sediment contami- 

nation. Living in substandard condi- 

tions, often undernourished, and typi- 

cally with poor health status, they are 

also more vulnerable to environmental 

chemical insults. Simply put, children 

living in these impoverished countries 

are most vulnerable to high levels of 

exposure and harmful effects of POPs. 

Threats to indigenous practices, 

Increased health care costs, 

Decreased productivity, 

Environmental degradation and 

reduction of clean, safe essentiai 

resources (for example, food, water 

and clean air), 

lmpacts on those at the margins of 

poverty, and 

Impacts on certain populations, 

especially children, women, the 

undernourished 

Families must often depend on water polluted by garbage and toxic substances in their 
daily lives. 



Countries Toxics Hazards (in no particular order) 

Lowest Income Pesticide application, storage, and disposal 
Obsolete stocks of POPs and other hazardous chemicals 
Use of lead-containing pottery 
Hazardous exposures In mining 
Contamination of food and drinking-water supplies 
Lack of availab~lity of appropriate technology and knowledge for safe handling, use, and disposal of chemicals 
Large proportion of women and children employed in risky agricultural work 
Indoor air pollution by fossil fuels 

Transition Chemical plant spills and accidents 
Scavenging in dumps 
Leaded gasoline and other traffic-related pollutants 
Child employment in toxic industr~es 
Large employment in the Informal sector, which brings toxic substances (like lead) directly into the home environment 
Uncontrolled dumping and burning of hazardous wastes 
Contamination of food and drinking-water supplies 
Transfer of manufacture of hazardous chemicals and unclean chemical-manufacturing processes 
Lack of workplace and environmental standards in the face of rapid development of industry 
Lack of safe manufacturing processes to prevent chemical contamination in pharmaceut~cals and other products 
Toxic releases from manufacturing and waste-disposal plants 
Lack of adequate technical expertise for assessing exposure and toxicity of chemicals 
lndoor air pollution by fossil fuels and tobacco smoke 

Developed Toxic releases from manufacturing and waste-disposal plants 
Overproduction of wastes by industry and consumers and toxic pollution from incineration of those wastes 
Overuse of energy and toxic pollution from burning fossil fuels 
Disproportionate concentrations of pollutants in communities in poverty 
Accumulation of POPs in Arct~c areas and exposure to indigenous populations 
Localized pollution from past sins (for example, improper disposal of POPs, lead-contaminated paint on children's homes) 
"C~rcle of poison": risk of banned chemicals returning in foods and other imported items 
Occupational health risks to workers who manufacture and use chemicals and pesticides 
Risks from ingestion and contact with chemicals in consumer products 
Indoor air pollution from poorly ventilated buildings and tobacco smoke 



The long-term objective 

T he long-term objective is that 

all countries develop meas- 

ures to manage chemical risks 

and to protect those in poverty from 

hazardous exposures. Regulatory and 

institutional infrastructures need to be 

built, on the national and/or regional 

levels. Such infrastructure should be 

built around emerging international 

institutions to provide protection 

agalnst risks of chemicals as 

described below. lmprovlng regulatory 

and institutional infrastructure in the 

developing countries involves long- 

range efforts to develop legislation and 

regulations and infrastructure for 

enforcing such legislation. Adequate 

financial support is also essential, to 

maintaln such infrastructure. Finally, it 

requires development of scientific 

resources, such as experts and labo- 

ratories, which can conduct the envi- 

ronmental and human-health monitor- 

ing and surveillance that should 

accompany such efforts. 

Short-term Obiectives 
Such an undertaking is large and 

daunting. Strong regulatory institutions 

will not emerge In developing countries 

overnight. Other needs may be more 

pressing, such as urgent socioeco- 

nomic ones and control of diseases 

and other public health problems 

affecting ever-growing populations. 

Health problems posed by chemicals 

cannot be dealt with in isolation of 

other dire socioeconom~c needs. 

Moreover, many exposures related to 

poverty may be best addressed via 

general improvement in the living and 

working conditions and educational 

opportunities of the poor, which attack 

the root causes of problems such as 

inappropriate forms of child labor and 

subsequent work-related toxic expo- 

sures. Therefore, several important 

policy directions can be taken in the 

short term: 

Prior Informed Consent: The 

Rotterdam Convention on Prior 

Informed Consent (PIC), once ratified 

by 50 parties, will provide countries 

with the legal means to exclude from 

import any chemicals that have been 

specified in the convention to be very 

hazardous. To be workable, the cur- 

rent voluntary PIC and the emerging 

mandatory regime require that there 

are national authorities that can review 

and make protective decisions regard- 

ing proposed imports. This is an 

important short-term area in capacity 

develo~ment. 

Persistent Organic Pollutants: The 

global POPs convention is the latest 

international agreement to ban or 

restrict chemicals based on human 

health concerns. Some hope that a 

successful POPs convention will in the 

future result in further agreements to 

control chemical risks for non-POPS 

With increased empowerment of civil society and strong regulations, issues of toxics 
exposure to poor people can be reduced. 

chemicals. To be workable, developing 

countries need the capacity to inven- 

tory and manage the use and produc- 

tion of POPS within their own borders 

as well as across borders. 



Globally Harmonized System: The 

ILO, WHO, UNEP, and OECD are col- 

laborating on the development of a 

globally harmonized system for classi- 

fying and labeling industrial chemicals 

and pesticides. This system should 

provide an enormous boost to the 

capacity of developing countries to 

identify and manage hazards of chemi- 

cals in trade, in the workplace, and in 

consumer products. To be workable, 

developing countries will need to build 

the capacity to understand the new 

labels and to take protective actions in 

response to their warnings. 

Assistance Efforts: Given the world- 

wide scarcity of scientific and technical 

resources to address chemical risks, it 

is incumbent on developed countries 

to provide technical information and 

assistance and resources to assist 

developrng countries in putting in 

place chemical-risk-management 

efforts. In addition, all countries need 

to engage efforts to develop interna- 

tional systems to manage chemicals. 

lntegrated Pest Management: 

Adopt policies that promote methods 

of pest management that will reduce 

the reliance on pesticides. Methods of 

integrated pest management (IPM) 

that seek to minimize unnecessary 

pesticide use can be taught. 

Pesticides that are more toxic can be 

replaced by "softer" pest-control alter- 

natives. Farmers' empowerment 

through improved decision-making 

skills alongside the revitalization of 

farmers' organizations spurs the 

process of fully assimilating IPM into 

existing community farming practices. 

Sustainability is ensured through com- 

munity preparation, building on avail- 

able local resources and commit- 

ments, weaving IPM into the local 

community development planning 

process, and situating program con- 

cerns within the local government sys- 

tem. IPM can be promoted via exten- 

sion services, along with education 

about pesticide hazards and how to 

protect people from pesticide expo- 

sures. Women and children may be 

important targets of these efforts since 

they handle pesticides. 

Integrated Waste Management: In 

many developing countries, national 

and local authorities have only limited 

resources for managing toxic waste. It 

is, therefore, imperative that chemical 

and pesticide suppliers and their distri- 

bution networks be involved in the 

development and implementation of 

solut~ons. The safe management and 

dlsposal of chemical and pesticide- 

related waste should be provided and 

coordinated by regulatory authorities, 

distributors, and suppliers. For pesti- 

cides, other organizations that support 

and advise pesticide users, such as 

extension and health-promotion servic- 

es, nongovernmental organizations 

(NGOs), and agricultural colleges and 

schools, also have important roles to 

play. NGOs and farmers' organizations 

are invaluable channels for information 

and advice for pesticide users in rural 

communities. The chemical industry's 

Responsible Care initiative, which has 

been adopted in 42 countries, can 

play a role in bringing private sector 

resources to bear for industrial facilities 

and their surrounding communities. 

Responsible Care and Product 

Stewardship: Chemical and pesticide 

suppliers should be encouraged to 

implement product stewardship sys- 

tems that cover all stages of chemical 

and pesticide production, distribution 

and use, and management of wastes. 

One of the most critical stages is the 

declsion to build new production facili- 

ties. Incentives need to encourage 

"leap frogging," using environmental 

benign chemicals and production 

processes in the first instance rather 

than building facilities that would be 

unacceptable in the developed world. 

Pesticide and chemical companies 

need to engage in responsible promo- 

tion, packaging, and advertising of 

their products in the developing world 

to prevent untoward exposures. Local 

distributors of pesticides should be 

actively involved in product steward- 

ship and should help provide safe 

solutions to the problems of pesticide- 

related waste and empty containers. 

For chemicals, the International 

Council of Chemical Associations and 

most national affiliates have already 

committed to such actions via the 

Responsible Care program. 

Manufacturers should be given incen- 

tives to include chemrcal and pesti- 

cide disposal facilities that allow their 

customers to dispose of empty con- 

tainers and related waste materials 

safely. They can also invest in the 

capacity of communities to prepare 

for and respond to pesticide and 

chemical emergencies and spills, 

which often require special equipment 

for cleanup. 

Obsolete Pesticide Stockpiles: 

International coordinated action is 

needed to address the current prob- 

lems of obsolete pesticide stockpiles 

in the developing world, including 

international financial aid in disposing 

of existing hazardous chemicals. 

Empowering Civil Society via 

Participation and Right to Know: 

Even in the absence of strong regula- 

tory systems, community mobilization 

and awareness raising on issues such 

as child labor and toxic exposures, 

appropriate use of pesticides, and 

toxic wastes can be a powerful force 

for change in developing countries. 

Information and disclosure are tools 

that are nonregulatory in nature yet 

can prompt action by large compa- 

nies to change their practices. 



APPENDICES 

Females Children 

Adults illiterate under 5 

Children Not 

under 5 expected 

lncome 

Overall Extreme below 

Income illiterate who are who are to survive 

below (age > 1% 15-24), under-weight, wasting, to age 15, 

Countries poverty poverty $1 /day $2/day 1997 1997 1 990-98 1990-98 1997 

All least-developed 

developing 

countr~es 53 30 44 77 51 4 3  35 11 20 

All non-least 

developed 

developing 

countries 35 17 18 42 23 14 17 6 8 

Non-least- 

developed 

developing 

countries >35% 

overall poverty 47 26 22 47 27 19 19 5 11 

Non-least- 

developed 

developing 

countries i 35% 

overall poverty 22 8 10 34 19 11 16 6 5 

Source: World Bank 2000. 



Inter- Inter- 

national national 

Overall Extreme Poverty Poverty Children Children Not 

Least- poverty poverty Line, Line, under 5 under 5 expected 

Developed rate, rate, population population Adult Female who are who are to survive 

Developing UNEP, UNEP, below below illiteracy, illiteracy, under-weight, wasting, to age 15, 

Country table 1-3 table 1-3 $l/day $2/day 1997 1997 1 990-98 1990-98 1997 

Afghanistan NA* N A N A N A N A N A N A N A N A 

Angola 61 N A N A N A N A N A 42 6 26 

Bangladesh 53 36 29. 1 77.8 6 1 63 56 18 13 

Benin 34 N A N A N A 66 67 29 14 18 

Bhutan N A N A N A N A N A N A N A N A N A 

Burk~na Faso 45 28 61.2 85.8 N A N A N A N A N A 

Cambodia 36 N A N A N A N A 43 52 13 17 

Cape Verde 30 14 N A N A N A N A N A N A N A 

Central Afrlcan 

Republic 63 36 66.6 84 58 48 27 7 22 

Chad 54 N A N A N A 50 N A 39 14 24 

Comoros 5 1 33 N A N A N A N A N A N A N A 

Congo, Dem Rep of NA N A N A N A 23 N A 34 10 19 

Djibouti 45 10 N A N A N A N A N A N A N A 

Equatorial Guinea NA N A N A N A N A N A N A N A N A 

Eritrea N A N A N A N A N A N A 44 16 19 

Ethiopia 46 24 31.3 76.4 65 5 1 48 8 24 

Ethiopia PDR 46 24 31.3 76.4 65 5 1 48 8 24 

Gambia 55 37 53.7 84 67 55 26 N A 25 

Guinea 40 13 N A N A 62 N A N A 12 26 

Guinea-Bissau 49 N A N A N A N A N A N A N A N A 

Haiti 80 N A N A N A 54 41 28 8 13 

Kiribati N A N A N A N A N A N A N A N A N A 

Laos 46 N A 26.3 73.2 4 1 N A 40 11 19 

Lesotho 49 26 43.1 65.7 18 2 16 5 15 



Least- 

Developed 

Developing 

Overall Extreme 

Inter- Inter- 

national national 

Poverty Poverty Children 

poverty poverty Line, Line, under 5 

rate, 

UNEP, 

Children Not 

under 5 expected 

rate, population population Adult Female who are who are to survive 

UNEP, below below illiteracy, illiteracy, under-weight, wasting, to age 15, 
Country table 1-3 table 1-3 $l/day $2/day 1997 1997 1990-98 1990-98 1997 

L~ber~a N A N A N A N A N A N A N A N A N A 

Madagascar 74 N A 63.4 89.0 N A N A 40 7 14 

Malawi 60 N A N A N A 42 42 30 7 29 

Mali 69 N A 72.8 90.6 65 49 40 23 26 

Mauritania 51 33 28.6 68.7 62 62 23 7 19 

Mozambiaue 69 53 37.9 78.4 60 59 26 8 24 

Mvanmar 40 N A N A N A 16 11 39 N A 13 

Nepal 42 17 37.7 82.5 62 62 47 11 14 

Niger 63 34 61.4 85.3 86 88 50 2 1 24 

Rwanda 70 N A 35.7 84.6 37 21 27 9 27 

Samoa N A N A N A N A N A N A N A N A N A 

Sao Tome and 

Principe 46 35 N A N A N A N A N A N A N A 

Sierra Leone N A N A 57.0 74.5 67 N A 29 9 35 

Solomon Islands NA N A N A N A N A N A N A N A N A 

Somalia N A N A N A N A N A N A N A N A N A 

Sudan 85 N A N A N A 47 33 34 13 16 

Tanzania, United 

Rep of 36 N A 19.9 59.7 28 15 27 6 18 

Togo 72 57 N A N A 4 7 11 25 12 17 

Tuvalu N A N A N A N A N A N A N A N A N A 

Uganda 46 N A N A N A 36 31 26 5 23 

Vanuatu N A N A N A N A N A N A N A N A N A 

Yemen 30 16 15.7 45.2 58 61 46 13 13 

Zambia 68 53 63.7 87.4 25 18 24 4 19 

Source: UIVICEF 200 1 .  
'NA, not availabb 



Inter- Inter- 

national national 

Overall Extreme Poverty Poverty Children Children Not 
Non-Least- poverty poverty Line, Line, under 5 under 5 expected 

Developed rate, rate, population population Adult Female who are who are to survive 

Developing UNEP, UNEP, below below illiteracy, illiteracy, under-weight, wasting, to age 15, 

Country table 1-3 table 1-3 $1 /day $2/day 1997 1997 1990-98 1 990-98 1997 

Honduras 67 47 4 1 69 29 2 1 18 2 6 

Niger~a 66 29 70 9 1 41 20 36 9 20 

Zimbabwe 61 45 36 64 9 2 15 6 15 

Gabon 60 23 NA" N A 34 N A N A N A 18 

Azerbaijan, Rep of 60 20 <2 10 N A N A N A N A N A 

Georgia 59 13 N A N A N A N A N A N A N A 

Ecuador 56 20 20 52 N A N A N A N A N A 

Armenia 54 27 8 34 N A N A N A N A N A 

South Afr~ca 53 40 12 36 16 10 9 3 10 

Colombia 52 18 11 29 9 3 8 1 4 

Nicaragua 50 29 N A N A 37 32 12 2 7 

Ukraine 50 N A 3 46 N A N A N A N A N A 

Cameroon 50 N A N A N A 28 10 22 6 15 

Suriname 48 20 N A N A N A N A N A N A N A 

Sw~aziland 48 N A N A N A N A N A N A N A N A 

Tajikistan 47 37 N A N A N A N A N A N A N A 

Botswana 47 30 33 N A 26 9 17 11 12 

Namibia 47 13 35 56 20 8 26 9 15 

Pakistan 46 27 31 85 59 6 1 38 N A 12 



Inter- Inter- 

national national 

Developed 

Overall Extreme Poverty Poverty 

poverty poverty Line, Line, 

Children 

under 5 

Children 

under 5 

rate, rate, population population Adult Female who are who are 

Developing UNEP, UNEP, below below illiteracy, illiteracy, under-weight, wasting, 

Country table 1-3 table 1-3 $l/day $2/day 1997 1997 1990-98 1990-98 

Venezuela 45 20 19 45 8 2 5 3 

El Salvador 45 19  26 54 23 14 11 1 

Not 

expected 

to survive 

to age 15, 

Guvana 

Kenva 42 23  27 62 2 1 8 22 6 14 

Estonia 38 22 N A N A N A N A N A N A N A 

Papua New Guinea 38 N A N A N A N A N A N A N A N A 

Panama 37 22 1 0  25 9 4 7 1 3 

Peru 37 16 16 41 11 6 8 1 7 

Bulgaria 36 N A <2 22 55 4 3  37 9 25 

India 36  N A 44 8 6  47 44 53 1 8  11 

Mongolia 36 N A 14 50 16  N A 1 0  2 8 

Trinidad and Tobago 36  N A 12 3 9  N A N A N A N A N A 

Romania 35 25 3 28 N A N A N A N A N A 

Russian Federation 35 N A 7 25 N A N A N A N A N A 

Lebanon 35 N A N A N A 16  8 3 3 4 

Bolivia N A 37 29 5 1 16  8 10 2 11 

Kazakhstan N A 35 2 1 5  N A N A N A N A N A 

Moldova N A 23  11 38 N A N A N A N A N A 

Senegal N A N A 26 6 8  65  62 22 7 16  

Turkmenistan N A N A 21 59 N A N A N A N A N A 

Source: UIVDP 2000. 
'NA, not available. 



Inter- Inter- 

national national 

Overall Extreme Poverty Poverty Children Children Not 

Non-Least- poverty poverty Line, Line, under 5 under 5 expected 

Developed rate, rate, population population Adult Female who are who are to survive 

Developing UNEP, UNEP, below below illiteracy, illiteracy, under-weight, wasting, to age 15, 

Country table 1-3 table 1-3 $llday Dlday 1997 1997 1990-98 1 990-98 1997 

CBte d'lvoire 34 10 12 49 57 46 24 8 18 

Brazil 34 15 9 25 16 7 6 2 6 

Belarus 33 N A* <2 c2 2 0 N A N A 3 

Belize 33 13 N A N A N A N A N A N A N A 

Paraguay 32 17 20 49 8 3 4 0 5 

Phili~oines 32 N A N A N A 5 2 28 6 5 

Ghana 30 15 39 75 34 17 27 11 13 

Mexico 30 N A 12 35 N A N A N A N A N A 

Argentina 27 8 N A N A 4 1 N A N A 3 

F~ji Islands 26 6 N A N A N A N A N A N A N A 

Chile 23 6 <2 18 5 1 1 0 2 

Egypt 23 7 3 53 47 4 1 12 6 7 
Dominican Rep 22 7 3 16 17 9 6 1 5 

Jordan 2 1 7 N A N A 13 0 5 2 4 

Costa R~ca 20 N A 7 23 5 2 2 N A 2 

Macedonla 20 N A N A N A N A N A N A N A N A 

Sri Lanka 19 N A 7 45 9 4 34 14 2 

Korea, Rep of 19 8 N A N A N A N A N A N A N A 

Seychelles 19 7 N A N A N A N A N A N A N A 

Indonesia 18 N A 8 55 15 4 34 13 7 

Jamaica 16 7 3 25 15 4 10 4 3 

Lithuania 16 5 N A N A N A N A N A N A N A 

Vietnam 16 2 N A N A 8 3 41 14 7 

Iran 15 6 N A N A 27 10 16 7 6 

Algeria 14 6 <2 15 40 32 13 9 6 

Morocco 13 7 N A N A 54 47 9 2 8 

'NA, not available. 



Inter- Inter- 

national national 

Overall Extreme Poverty Poverty Children Children Not 

Non-Least- poverty poverty Line, Line, under 5 under 5 expected 

Developed rate, rate, population population Adult Female who are who are to survive 

Developing UNEP, UNEP, below below illiteracy, illiteracy, under-weight, wasting, toagel5, 

Country table 1-3 table 1-3 $Ifday $2..day 1997 1997 1990-98 1990-98 1997 

Barbados 9 N A N A N A N A N A N A N A N A 

Malaysia 7 1 N A N A 14 3 19 N A 2 

Slovakia 3 N A N A N A N A N A N A N A N A 

Czech Rep N A N A <2 42 N A N A N A N A N A 

Croatia N A N A <2 0 N A N A N A N A N A 

Albania N A 10 N A N A N A N A N A N A N A 

China N A 5 19 54 17 4 16 N A 5 

Guatemala N A N A 10 34 33 29 27 3 7 

Uzbekistan N A N A 3 27 N A N A N A N A N A 

Turkey N A N A 2 18 17 8 10 N A 7 

Thailand N A 13 N A N A 5 2 19 6 4 

Tunisia N A 6 N A N A 33 15 9 4 4 

Poland N A 5 N A N A N A N A N A N A N A 

Cuba N A N A N A N A 4 0 9 3 2 

Hungary N A N A N A N A N A N A N A N A N A 

lraa N A N A N A N A N A N A 23 10 12 

Korea, Dem 

People's Rep N A N A N A N A 3 0 N A N A 2 

Latvia N A N A N A N A N A N A N A N A N A 

Libyan Arab 

Jamahiriya N A N A N A N A 24 10 5 3 4 

Oman N A N A N A N A 33 7 23 13 3 

Saudi Arabia N A N A N A N A 27 12 N A N A 3 

Slovakia N A N A N A N A N A N A N A N A N A 

Syrian Arab Rep NA N A N A N A 28 25 13 9 5 

Uruguay N A N A N A N A 3 0 5 1 2 

Source: UNDP 2000 
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