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Preface

There was once a town where all life seemed to live in harmony with its
surroundings. The town lay in the midst of a checkerboard of prosperous
farms, with fields of grain and hillsides of orchards. . . Then a strange blight
crept over the area and everything began to change. . . There was a strange
stillness. . . It was a spring without voices. . . The people had done it
themselves.

With these words Rachel Carson’s fable of a Silent Spring (1963) became famous
worldwide. She painted a picture of a healthy community in town and country-
side. This idyll, which could be anywhere in the past, delights visitors and locals
alike. But it falls into a mysterious silence, ‘which lay over fields and woods and
marsh’. The community had withered and died, and apparently all because of the
widespread use of pesticides. This simple story is so compelling that more than
2 million copies of the book have been sold, and it continues to sell well. This is
impressive for any book, let alone one mainly documenting the ills of the world.

Of course, the truth behind the fable plays out rather differently in real life,
as no town has died solely because of agricultural pesticides, and neither has all
the wildlife been eliminated. But there is something in what she says that remains
significant more than 40 years later. Since the early 1960s, the world population
has more than doubled, and agricultural production per person has increased
by a third. Over the same period, the use of modern inputs for farming has grown
dramatically, and they have been very effective in helping to increase agricultural
yields. Pesticides are now available in the remotest regions of the world. Farmers
can see their short-term effect — killing insects, weeds and diseases, and leaving
the crops and animals to flourish. Yet there has been a hidden cost to pay. Harm
to environments and human health has accompanied some of these fundamental
changes in food production systems. For far too long we have accepted these
costs as the unfortunate but necessary side-effects of progress.

Yet in the last decade of the 20th century, many communities around the
world have begun to see some remarkable revivals. The pesticides that harm
environments and human health are increasingly being identified, and alterna-
tive, cheaper and safer management methods have been developed and now
adopted by several million farmers. Food production by these farmers has not
been compromised, which is a surprise to many. Something is happening. The
spring may have been silent, but the prospects for the 21st century are now
changing. In a small Asian village a rice farmer says ‘my fields have been silent for
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30 years, now they are singing again’. Pesticides had eliminated the unnecessary
wildlife, but now the frogs are back. What brought about these changes? When
Asian rice farmers first began to learn about the beneficial effects of predators
and parasites in field schools, and about how to grow rice with limited or no
pesticides, they changed their practices by the tens of thousands. Yields were
maintained or improved, and costs cut substantially — good for both families and
the environment. This time, the people have done the right thing for themselves.

Remarkably, this story is beginning to be played out in different ecological
and social settings around the world. But progress towards safer agriculture is
still relatively rare. Each year, pesticide use in agriculture amounts to some 2.5
billion kg — about 400g for every person on the planet. Yet we still have limited
knowledge about the causal relationships between harmful products and
adverse health and environmental problems in the field and at home. Some
people say these costs simply have to be accepted, as sustainable alternatives
cannot work for both the environment and food security. Despite great progress,
the world’s agricultural and food systems are still not always ready to take on
board the principles of sustainability.

This book seeks to address some of these difficulties and set out some new
solutions. Pests, diseases and weeds eat, infiltrate and smother crops and grab
their nutrients. If farmers stood back and let nature take its course, there would
be insufficient food. They must do something. Pesticides are easy to use, although
often costly for farmers. In addition, they frequently involve considerable costs
to society in the form of public health and environmental costs. Alternatives often
appear more difficult to implement, but are more sustainable in the long term.
Their broad introduction, however, continues to face many challenges.

There is, perhaps, less of a choice than many may like to think. Recent food
scares have underscored the importance of food safety. Contamination of water
resources with pesticide residues is increasingly becoming an important issue in
a growing number of countries. And recent studies are indicating that the
poisoning of farmers and their families in developing countries is far worse than
previously thought.

Governments are now beginning to tighten their pest and pesticide manage-
ment policies, supported by a growing body of evidence to show that food can
be produced in more sustainable ways. There is enormous scope for further
reductions in pesticide use, and where pesticide use remains justified, there are
often less hazardous alternatives to the products currently being used. This book
describes the problems associated with pesticide use and highlights a range of
initiatives that provide viable alternatives, with special attention given to
integrated pest management (IPM).

The International Code of Conduct on the Distribution and Use of Pesticides
defines IPM in this way:

IPM means the careful consideration of all available pest control techniques
and subsequent integration of appropriate measures that discourage the
development of pest populations and keep pesticides and other interventions
to levels that are economically justified and reduce or minimize risks to
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human health and the environment. IPM emphasizes the growth of a healthy
crop with the least possible disruption to agro-ecosystems and encourages
natural pest control mechanisms.

In this book this approach to IPM is sometimes called community-IPM, low-
toxicity IPM, ecological IPM or even just ecological pest management (EPM),
implying that the approach is something more than just a reduction in pesticide
use. Despite many positive national and international intentions and commit-
ments, and even though less hazardous alternatives are often readily available,
large quantities of undesirable pesticides continue to be used in many parts of
the world. These include products with acute toxicity hazards or chronic health
hazards. Some are persistent in the environment and/or disrupt ecosystem
functioning.

This book explores the potential for the phasing out of hazardous pesticides
and the phasing in of cost-effective alternatives already on the market. The
priority criterion for phasing out is acute mammalian toxicity in view of the high
incidence of farmer poisoning, especially in the tropics where protective clothing
is not available or is too costly or uncomfortable to use. Other criteria include
chronic health hazards and hazards to ecosystems. But such phasing out of
undesirable products and the phasing in of new ones will need to be accom-
panied by supportive policy measures. Policy changes may include: the removal
of subsidies on products scheduled for phase-out; taxation of products with high
social costs; financial incentives to encourage local development and the produc-
tion of new products; incentives to encourage partnerships between local
producers in developing countries and producers of non-toxic products in
Organisation of Economic Co-operation and Development (OECD) countries; a
review of lists of registered pesticides; the establishment, monitoring and
enforcement of maximum residue limits; and investment in farmer training
through farmer field schools.

There has been promising progress, with many of these policy measures now
implemented in various countries. But what is still missing is a comprehensive
and integrated approach by all countries, in which the idea of agricultural
sustainability is placed centre-stage. What would happen if this occurred? Would
there be sufficient food to meet growing demand? Would the rural towns come
to life? Would the birds and frogs sing again? The answer could be a resounding
yes, if we come to appreciate that fundamental changes in pest management in
agriculture are beneficial for farmers, consumers and the environment. Such
collective successes are clearly very hard to achieve, but this book sets out some
of the opportunities to make progress.

This book is a compilation of chapters on selected subjects that together
constitute a larger picture about the changes necessary for pest and pesticide
management. It describes the current concerns about the side-effects of pesti-
cides, and demonstrates the feasibility of change on the basis of a number of
concrete cases from both developing and industrialized countries.

In Chapter 1, Jules Pretty and Rachel Hine review pesticide use and the
environment. Pesticides are now widely used in food production systems across
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the world, and increasingly, in some countries, in the home and garden. Some
2.5billion kg of active ingredients are applied each year, amounting to an annual
market value of some US$25-30 billion in the 1990s and 2000s. Just over a fifth
of all pesticides are used in the US. However, most pesticide markets in indus-
trialized countries are no longer expanding, and companies are looking to
developing countries to increase sales. More than 800 products are in regular use
worldwide. Pesticides have become ubiquitous in environments worldwide,
some reaching hazardous levels for humans. Pest resistance has become increas-
ingly common, with 2645 cases of resistance in insects and spiders recorded in
the late 1990s. The problem for regulators is that causality is very difficult to
establish. This is graphically shown by the amount of scientific effort required to
understand the effects of pesticides on wild bird populations. A further reason
to be cautious now comes from concerns about the endocrine disrupting proper-
ties of some pesticide products.

In Chapter 2, Misa Kishi questions what we know about the health impacts
of pesticides, and shows that pesticides do harm human health, although their
effects are not widely recognized and their full extent remains unknown. This is
true in both industrialized and developing countries, and for both their acute and
long-term effects. However, the extent of the problem is far greater in developing
countries. In industrialized countries, the focus has shifted from occupational
exposure to the effects of long-term low-level exposure to the general population.
While the problems of acute effects in developing countries have been recognized
to a certain extent, the perception promoted by the pesticide industry is that the
number of acute pesticide poisonings due to suicides is greater than occupational
poisonings. However, this is not supported by the evidence. For a variety of
reasons — including the underutilization of health facilities by agricultural
workers, the inability of health personnel to diagnose pesticide poisoning, and
the lack of understanding of the importance of reporting — the underreporting
of occupational poisoning is very common. This in turn misleads policy-makers.
Furthermore, even when no data exist on the adverse effects of pesticides, it
cannot necessarily be assumed that there are no problems.

In Chapter 3, Jules Pretty and Hermann Waibel provide a comprehensive
analysis of the full cost of pesticides. Unfortunately, the external environmental
and health costs of pesticides are rarely addressed when calculating whether or
not pesticides should be used in agriculture. Data from four countries is incorpor-
ated into a new framework for pesticide externalities, and this shows that total
annual externalities are US$166 million in Germany, US$257 million in the UK,
US$1398 million in China (for rice only) and US$1492 million in the US. These
externalities amount to between US$8.8 and $47.2 per hectare of arable and
permanent crops in the four countries — an average of US$4.28 per kg of active
ingredient applied. This indicates that the 2.5 billion kg of pesticides used
annually currently impose substantial environmental and human health costs,
and that any agricultural programmes that successfully reduce the use of
pesticides that cause adverse effects create a public benefit by avoiding such
costs. A total of 62 IPM initiatives from 26 countries are analysed to illustrate the
trajectories that yields and pesticide use have taken. There is promising evidence
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that pesticide use can be reduced without yield penalties, with 54 crop combina-
tions seeing an increase in yields while pesticide use fell. A further 16 crop
combinations saw small reductions in yield with large reductions in pesticide
use, and 10 saw increases in yields accompanied by increases in herbicide use.

In Chapter 4, Barbara Dinham discusses the role of corporations in shaping
modern agricultural production. The products of their research and development
dominate the agricultural input market, and the industry is now highly concen-
trated into six research-based companies, with a large number of generic com-
panies seeking to gain a greater foothold on sales. The health and environmental
side-effects of many of these products have been acknowledged, and some have
been removed from the market as a result. Nevertheless, many hazardous
pesticides, and others associated with chronic health concerns, continue to be
freely available in developing countries. Workers and farmers who are not able
to protect themselves are still using these products under inappropriate condi-
tions. The major companies have signed up to the FAO code of conduct, and its
implementation is crucial to reduce the adverse effects of pesticides. More
assertive action may be needed in developing countries to find less hazardous
and more sustainable pest management solutions for poor farmers. The most
important step companies could make would be to remove the most toxic
pesticides from the market, particularly in countries where conditions are
unsuitable for their use, and introduce less hazardous products and technologies.

In Chapter 5, David Dent provides an overview of agrobiologicals and other
alternatives to synthetic pesticides. Some attempts have been made to substitute
pesticides with agrobiologicals, the biological equivalents of synthetic pesticides.
These include biopesticides based on bacteria, fungi, viruses and entomo-
pathogenic nematodes and a range of other off-farm inputs, including phero-
mones and macrobiological agents such as predators and parasistoids. Many
agrobiologicals represent safe and effective alternatives to pesticides, but systems
of registration and regulation tend not to favour them. IPM requires the availa-
bility of a range of options to farmers so as to ensure the long-term control of
pests, diseases and weeds. Pest management can be made safer by eliminating
the most hazardous products, substituting them with safer biocontrol agents and
biopesticide products, implementing administrative controls that emphasize
training and education in the safe use of existing products and improved
agroecological knowledge, and making available personal protective equipment
only as a measure of last resort.

In Chapter 6, Catrin Meir and Stephanie Williamson analyse farmer decision-
making for ecological pest management. Farmers in both developing and
industrialized countries are increasingly faced with rapid and profound changes
in production technologies, processing and purchasing systems, and market
requirements. These changes require new management skills and knowledge if
farmers are to remain competitive in global markets. Sound decision-making
about pest management strategies and pesticide use is critical, even for those
farmers growing mainly subsistence crops for local consumption, since most
farmers face rising production costs, increased competition and growing con-
sumer concerns about food quality and safety. This chapter reviews what is
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known about farmer decision-making for pest management and why it is
important if farmers are to be motivated to reassess their approaches to pest
management, as well as to make them more aware of alternatives to pesticides.
Farmer perceptions are described, together with external influences on farmer
decision-making, and the training and agricultural extension methods that aim
to influence farmers’ pest management knowledge and practices.

In Chapter 7, Niels Roling sets out a radical vision for the human and social
dimensions of pest management. This chapter presents an approach based not
on causes but on human reasons. In trying to explain sustainability, the aim is
not to look for causes and effects in the physical world but for human reasons in
terms of people’s ‘gets’, ‘wants’, ‘knowing’ and ‘doing’. This translates as an
exercise in reinterpreting the perfectly valid instrumental discourse about
agricultural sustainability into a totally different discourse based on cognition
and learning. The chapter is based on the assumption that we live notin an epoch
of change, but in a change of epoch. We have successfully built technology and
an economy that allowed a sizeable proportion of humanity to escape much of
the misery of previous generations. However, in the process of co-evolving our
aspirations and technologies, we have transformed the surface of the earth. This
chapter reiterates the indispensability of a constructivist perspective for mobiliz-
ing the reflexivity and resilience required during a change of epoch. It provides
a theoretical underpinning for the human predicament of having to juggle
coherence and correspondence, and further analyses pressure in terms of the
nature of human knowledge and its inadequacy. The challenge is not in dealing
with land but in how people use land.

In Chapter 8, Kevin Gallagher, Peter Ooi, Tom Mew, Emer Borromeo, Peter
Kenmore and Jan-Willem Ketelaar provide a detailed analysis of low-toxicity
IPM for rice and vegetables in Asia. The powerful forces that drive these two
systems could not differ more. Rice production is a highly political national
security interest that has often justified heavy-handed methods to link high
yielding varieties, fertilizers and pesticides to credit or mandatory production
packages and led to high direct or indirect subsidies for these inputs. Research
to produce new varieties and basic agronomic and biological data was well
funded. Vegetable production, on the other hand, has been led primarily by
private sector interests and local markets. Little support for credit, training or
research has been provided. The high use of pesticides on vegetables has been
the norm, due to a lack of good knowledge about the crop, poorly adapted
varieties and a private sector push for inputs at local kiosks to tackle exotic pests
on exotic varieties in the absence of well-developed management systems.
However, other pressures are now driving change to lower pesticide inputs on
both crops. Farmers are more aware of the dangers of some pesticides to their
own health. The rise of Asian incomes has led to a rise in vegetable consumption
that has made consumers more aware of food safety. More farmers are producing
vegetables for urban markets, so driving competition to lower input costs as well.
Integrated pest management programmes in both crops aim to reduce the use of
toxic pesticide inputs and the average toxicity of pest management products that
are still needed whilst improving the profitability of production.
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In Chapter 9, Hans Herren, Fritz Schulthess and Markus Knapp analyse a
variety of approaches for low to zero pesticide use in tropical agroecosystems,
particularly in Africa. Agricultural production in tropical agroecosystems is
greatly affected by pests with the result that synthetic pesticide use has been
rising. This is particularly true for cash and horticultural crops that have a
significant economic return. Recently, however, the use of pesticides is being
restricted on crops destined for export, following the introduction of new
maximum residue levels in industrialized countries. Six key issues for pest
management decision-making are identified. These are: (i) education and
information availability; (ii) economic environment and imperatives; (iii) agri-
cultural production systems; (iv) availability and affordability of alternative pest
management tools and implementation strategies; (v) market requirements,
consumer education; and (vi) policy environment. Two detailed case studies are
analysed: lepidopteran cereal stemborer management, and biological control in
vegetables, and conclusions drawn on the practicalities of eliminating synthetic
pesticides from the ‘ecological’ IPM toolbox without jeopardizing the quality and
quantity of food production, whilst at the same time improving farmers’ reven-
ues and the sustainability of their production systems.

In Chapter 10, Stephen Sherwood, Donald Cole, Charles Crissman and
Myriam Paredes focus on improving ecosystem and human health in the north-
ern Andes by revealing problems and solutions in Ecuador’s Carchi province.
Over 60 per cent of the rural population were found to have had their nervous
system functions affected by pesticides. Very high rates of human poisoning were
discovered: 171 per 100,000 population, with mortality at 21 per 100,000, the
highest recorded rates anywhere in the world. This high incidence may not be
because the situation is particularly bad in Carchi, but because researchers
sought systematically to record and document it. Meanwhile, the principal posi-
tion of the national pesticide industry continues to be farmer education through
‘Safe Use’ campaigns. This continues, despite misgivings that the notion of the
safe use of highly toxic chemicals under the social and environmental conditions
of developing countries is almost impossible. The project team worked with
interested stakeholders to inform the policy debate on pesticide use at both the
provincial and national level. Its position has evolved to include the reduction
of pesticide exposure risk through a combination of hazard removal, the develop-
ment of alternative practices and ecological education. Their experience led them
to conclude that more knowledge-based and socially oriented interventions are
needed. These should be aimed at building farmer capacities, promoting more
regenerative agricultural practices, and improving markets and policies.

In Chapter 11, Stephanie Williamson provides new evidence from Benin,
Ethiopia, Ghana and Senegal on pesticide use and the opportunities for imple-
mentation of IPM in a variety of crops. Pesticide use in Africa is the lowest of all
the continents, accounting for only 2-3 per cent of world sales, and averaging in
the 1990s, 1.23 kg ha™ compared with 7.17 kg in Latin America and 3.12 kg in
Asia. This low use appears to suggest correspondingly low level health and
environmental hazards. Regrettably, this assumption is wrong, as African
farmers currently use many WHO Hazard Class Ia and Ib products, and few
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users take precautionary measures to prevent harm. Once again, alarmingly high
rates of pesticide poisoning were recorded. The research on eight cropping
systems in four countries revealed increasing interest in IPM training. Integrated
pest management and agroecological concepts need to be brought into the main-
stream curricula in agricultural colleges and schools, with practical educational
materials adapted for African cropping systems. Persuading more decision-
makers and other important stakeholders to accept the IPM concept and its
practical implementation is a vital priority in the transformation of African
farming systems for the benefit of rural communities and their consumers.

In Chapter 12, Janny Vos and Sam Page analyse the case of cocoa manage-
ment in West Africa. Concern is expressed in this area about the impact that the
sudden phase-out of toxic pesticides could have on smallholder farmers. Cocoa
originated in South America and is now cultivated in West Africa (Cote D'Ivoire,
Ghana, Nigeria, Cameroon), South America (Brazil and Ecuador) and Asia
(Indonesia and Malaysia). Up to 90 per cent of the world’s cocoa is produced by
smallholder farmers, cultivating on average less than 3 hectares each. As cocoa
is an exotic plant in West Africa, it has contracted a number of serious new
encounter diseases, which originate from the indigenous flora but to which
exotics have not co-evolved defence mechanisms. This chapter shows that is it
possible to phase out WHO Hazard Class I products without creating new
problems. Low toxicity alternatives to pest management in cocoa production in
West Africa are being developed. Smallholder cocoa farmers will need to be able
to access information and knowledge to become better informed managers
of their farms, whereas other stakeholders in the IPM network will need to re-
focus their current strategies. A long-term process of re-education and the
re-organization of farmer support systems should be considered to promote more
sustainable cocoa production.

In Chapter 13, Carol Shennan, Tara Pisani Gareau and Robert Sirrine discuss
an agroecological approach to pest management in the US. This involves the
application of ecological knowledge to the design and management of produc-
tion systems so that ecological processes are optimized to reduce or eliminate the
need for external inputs. There are many potential approaches to deal with
different pests in different types of cropping systems. Any single ecological
approach does not provide a ‘silver bullet’ to eliminate a pest problem. Successful
management requires a suite of approaches that together create an agroeco-
system where pest populations are maintained within acceptable levels. Eco-
logical pest management (EPM) seeks to weaken pest populations while at the
same time strengthening the crop system, thus creating production systems that
are resistant and/or resilient to pest outbreaks. Despite the evolution of US
agriculture toward intensive, large-scale monocultures maintained by high-cost,
off-farm inputs, farmers do have an increasing variety of cultural and biological
management tools available that can maintain low levels of pest damage with
little use of external inputs. The chapter illustrates the different methods and
approaches that are being used in farming systems across the US. At the same
time, it is clear that there is still a long way to go. Knowledge gaps still exist, and
these are important constraints on the widespread use of EPM.
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In Chapter 14, Stephanie Williamson and David Buffin discuss the transition
to safe pest management in a variety of industrialized agricultural systems. Over
the last decade or so, integrated pest and crop management has become increas-
ingly common in North America, Europe and Australasia. However, there are
many interpretations of what constitutes IPM, ICM, Integrated Production and
Integrated Farming, which makes it harder to assess progress. Some reasons for
the limited uptake of integrated approaches may include low levels of under-
standing among farmers or a lack of incentives to change established practice.
However, some retailers, such as the Co-operative Group and Marks and
Spencer, have prohibited the use of many pesticides on crops grown for them.
Five case studies of IPM are discussed in detail: apples and pears in Belgium,
pesticide-free arable in Canada, healthy-grown potatoes in Wisconsin, vining
peas grown for Unilever in the UK, and arable crops and field vegetables
cultivated for the Co-operative Group.

In Chapter 15, Harry van der Wulp and Jules Pretty review policy and market
trends that are converging towards more sustainable production systems that
will be less dependent on pesticides. The chapter describes how national policies,
international conventions and aid programmes are shaping pest and pesticide
management. An emerging new agenda for crop protection in the next decade
indicates that there can be further reductions in reliance on pesticides. These
processes encourage the phasing out of hazardous products, whilst phasing in
alternative approaches and less hazardous products. The many examples
described in this book demonstrate that there is an enormous potential for
reductions in the use of pesticides. With the necessary political will, backed up
by consumer awareness and appropriate market responses, it should now be
possible to detox agriculture.

Jules Pretty
University of Essex, Colchester
November 2004
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Chapter 1

Pesticide Use and the Environment

Jules Pretty and Rachel Hine

A BRIEF HISTORY OF PESTICIDES

Pesticides are intended to kill unwanted organisms. Most act by interfering with
a variety of biochemical and physiological processes that are common to a wide
range of organisms. Besides target pests, weeds and fungi, they also affect
wildlife and human health. Some can be lethal, and many can cause illness at
sublethal levels. But the risks differ greatly from pesticide to pesticide. Some are
acutely toxic but produce no long-term effects, whilst others are of long-term
health or environmental concern. Much of the information on these side-effects
of pesticides remains contested, and so there is no agreement about how much
harm they cause.

Pesticides are not modern inventions, as they have long been used to control
pests and diseases in agriculture (Carson, 1963; Conway and Pretty, 1991;
Cremlyn, 1991; Dinham, 1993; van Emden and Peakall, 1996). In 2500 Bc the
Sumerians used sulphur compounds for insect control. Later, seeds were treated
by Chinese farmers with various natural organic substances to protect against
insects, mice and birds, whilst inorganic mercury and arsenic compounds were
used to control body lice. The Greek and Roman writers Aristotle, Homer and
Cato describe a variety of fumigants, oil sprays and sulphur ointments used by
farmers, and Pliny recommends the use of arsenic as an insecticide. However,
natural pesticides did not come into common use until the agricultural revolution
of 17th-18th century Europe. Nicotine was used in the 1600s, and was followed
by the discovery of the wood preservative properties of mercuric oxide in the
early 1700s, and of the fungicidal properties of copper sulphate in the early 1800s.

By the mid-19th century, rotenone from the roots of derris and pyrethrum
from chrysanthemum flowers had been discovered, and these were accompanied
by a rapid growth in the use of inorganic products, particularly of arsenic. Paris
Green (copper arsenite) was first used in 1867, coming into such common use by
the early 20th century in the US that it led to the world’s first legislation to control
pesticides. Bordeaux mixture (copper sulphate and lime) was discovered to be
effective against powdery mildew in 1882. The local custom in France was to treat
roadside vines with the mixture to prevent theft, and it was noticed that these
vines also escaped infestation with the disease.
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The early part of the 20th century saw the increased use of many dangerous
products derived from arsenic, cyanide and mercury. Most were broad-acting in
their effect on pests and diseases. Some, such as iron sulphate, were found to have
selective herbicidal properties against weeds. Calcium arsenite came to replace
Paris Green, and by the 1920s arsenic insecticides were in widespread use. This
provoked considerable public anxiety about residues of these products on fruit
and vegetables.

Against this disturbingly toxic background, the 1930s saw the beginning of
the era of synthetic organic products. This decade saw the introduction of alkyl
thiocyanate insecticides, the first organic fungicide, salicylanilide, dithiocarba-
mate fungicides, and later chloranil, before Paul Muller made the remarkable
discovery in 1939 of the insecticidal properties of DDT (dichlorodiphenyltri-
chloroethane). It was first manufactured in 1943, and was initially valuable for
delousing people to prevent the spread of typhus, and for the control of malarial
mosquitoes. DDT was soon followed by the manufacture of several chlorinated
hydrocarbon compounds, including aldrin, endrin, heptachlor, and the recogni-
tion of the herbicidal activity of phenoxyacetic acids, such as MCPA and 2,4-D.
At that time, all of these synthesized products were valued for their persistence
in the environment.

Organophosphates (OPs) emerged from wartime research on nerve gases.
The first product that came into commercial use was parathion, an effective
insecticide that was soon also found to be highly toxic to mammals. Malathion
then came into wider use after 1950, as it had very low mammalian toxicity. OPs
block cholinesterase, the chemical that transfers nerve impulses across synapses,
and so their effect is primarily on the nervous system. The advantage of the OPs
is that they are rapidly degraded in the environment to non-toxic secondary
compounds — unlike the organochlorines (OCs). In a very short time, both OCs
and OPs were being used in most countries of the world and on almost every
crop. The immediate benefits were obvious, but it gradually became apparent
that many of these new products also had severe drawbacks. They were affecting
wildlife and people in ways that had not been anticipated. Later generations of
pesticide products included the carbamates and synthetic pyrethroids. With
some exceptions, these products were generally relatively less toxic to humans
compared to the previous generation of OPs and OCs.

Over time, pesticide products have tended to become less broad-ranging in
their effects and more targeted towards pests, weeds or diseases. However, such
specificity does come at a cost. Broad-effect pesticides are both cheaper to
manufacture and can be sold to more farmers. Specific products inevitably have
smaller markets. The role of commercial pressures in pesticide development and
use are discussed further in Chapter 4. However, a large number of new pest
management technologies have become available in recent years, many using the
term agrobiologicals (Chapter 5). These products are mostly available only in
OECD countries and a few developing countries, such as China and India.
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How MucH PEeSTICIDE 1S USED?

In the past 50 years the use of pesticides in agriculture has increased dramatically
and now amounts to some 2.56 billion kg per year. The highest growth rates for
the world market, some 12 per cent per year, occurred in the 1960s. These later
fell back to 2 per cent during the 1980s, and reached only 0.6 per cent per year
during the 1990s. In the early 21st century, the annual value of the global market
was US$25 billion, down from a high of more than $30 billion in the late 1990s.
Some US$3 billion of sales are in developing countries (CropLife, 2002). Herbi-
cides account for 49 per cent of sales, insecticides 25 per cent, fungicides 22 per
cent, and others about 3 per cent (Table 1.1).

A third of the world market by value is in the US, which represents 22 per
cent of active ingredient use. In the US, however, large amounts of pesticide are
used in the home/garden (17 per cent by value) and in industrial, commercial
and government settings (13 per cent by value). By active ingredient, US agri-
culture uses 324 million kg per year (which is 75 per cent of all reported pesticide
use, as this does not include sulphur and petroleum products). Use in agriculture
has increased from 166 million kilogrammes (Mkg) in the 1960s, peaked at 376
Mkg in 1981, and has since fallen back. However, expenditure has grown.
Farmers spent some US$8 billion on pesticides in the US in 1998-1999, about 4
per cent of total farm expenditures. This had increased from $3.6 billion in 1980.

Table 1.1 World and US use of pesticide active ingredients (average for 1998-1999)

Pesticide use World pesticide use US pesticide use

(Million kg ai) % (Million kg ai) %
Herbicides 948 37 246 44
Insecticides 643 25 52 9
Fungicides 251 10 37 7
Other! 721 28 2192 40
Total 2563 100 554 100
Note:

1 Other includes nematicides, fumigants, rodenticides, molluscicides, aquatic and fish/bird pesticides,
and other chemicals used as pesticides (e.g. sulphur or petroleum products)

2 Other in the US includes 150 Mkg of chemicals used as pesticides (sulphur or petroleum)

Source: OECD (2001a); EPA (2001)

Industrialized countries accounted for 70 per cent of the total market in the late
1990s, but sales are now growing in developing countries (Figure 1.1). Japan is
the most intensive user per area of cultivated land. The global use of all pesticide
products is highly concentrated on a few major crops, with some 85 per cent by
sales applied to fruit and vegetables (25 per cent), rice (11 per cent), maize (11
per cent), wheat and barley (11 per cent), cotton (10 per cent) and soybean (8 per
cent) (UK Crop Protection Association, 2001).
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There is also considerable variation from country to country in the kinds of
pesticide used. Herbicides dominate the North American and European domestic
markets, but insecticides are more commonly used elsewhere in the world. In the
US in the late 1990s, 14 of the top 25 pesticides used are herbicides (by kg ai),
with the most commonly used products being atrazine (33-36 Mkg), glyphosate
(30-33 Mkg), metam sodium (a fumigant, 27-29 Mkg), acetochlor (14-16 Mkg),
methyl bromide (13-15 Mkg), 2,4-D (13-15 Mkg), malathion (13-15 Mkg),
metolachlor (12-14 Mkg), and trifluran (8-10 Mkg). Glyphosate and 2,4-D were
the most common products used in domestic and industrial settings (Environ-
mental Protection Agency (EPA), 2001). In Asia, 40 per cent of pesticides are used
onrice, and in India and Pakistan, some 60 per cent are used on cotton. India and
China are the largest pesticide consumers in Asia. Pesticide consumption in
Africa is low on a per hectare basis.

35
30 North America

25 < ~——, Asia/Pacific
20 _I e __— Western Europe

15
/ T~ Latin America

10 Rest of World
5
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0 L L L L 1

1985 1990 1995 2000 2002

Figure 1.1 Geographical distribution of agrochemical use, 1985-2002 (%)

Source: Crop Protection Association UK, annual reports 19862001 (from company analyst
Wood MacKenzie); Agrow, 2003a (from Allan Woodburn Associates)

PESTICIDE OVERUSE AND OTHER MISUSE

An important issue centres on the relationships between the use, overuse and
potential misuse of pesticides and any potential harm that might occur as a side-
effect. Pesticides and their formulations are licensed by governments for use
subject to strict conditions, and it is generally assumed that, if they are used in
accordance with instructions, harm to the environment and human health should
not occur — notwithstanding the emergence of later evidence that might show a
previously unknown effect. Thus, do pesticide problems only occur when they
are overused or otherwise misused?
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Table 1.2 Pesticide use by OECD country (1999)

Country Annual pesticide use (Mkg)
us 324
[taly 167

Australia 120

Japan 65
Mexico 36
UK 35
Germany 35
Spain 34
Turkey 33
Canada 29
Russia 17
Portugal 12
Poland 10

Source: OECD (2001a)

Overuse can occur when farmers are advised to spray on a routine calendar basis,
rather than when pest problems exceed an economic threshold where the cost of
treatment is not greater than the pest losses incurred. Routine applications
minimize the time and cost of decision-making: ‘spray at weekly intervals’is, for
example, a powerful extension message. Pesticides are also often seen as a simple
insurance premium against crop failure. Direct subsidies to reduce the retail cost
of pesticides tend to encourage overuse, although this is less of a problem at the
present time, as most countries have eliminated direct pesticide subsidies.

Further problems often occur when safety instructions are either missing or
in an inappropriate language. In a remote Quechua-speaking village in Peru,
some 42 children were poisoned with 18 fatalities in 1999 when methyl parathion
was supplied by an international company with Spanish instructions for its use
on vegetables (Peruvian Congressional Committee, 2001). Such labelling prob-
lems, whether deliberate or accidental, are common in many developing countries.

Another problem comes from pressures from consumers, or more directly
from supermarkets and retailers, for cosmetically perfect produce. This has
become particularly important in industrialized countries, where the appearance
to the consumer or processor greatly influences the price farmers receive. Such
cosmetic control puts a high premium on blemish-free produce, which means
that an extra pesticide application may be justified even when the risk of
downgrading a food product is small.

In the US, cosmetic control has been especially prevalent on citrus produce.
Blemishes on the skins of fruits reduce the returns to farmers, even though they
may not reduce yields nor affect nutrient content, storage or flavour. The citrus
rust mite, for example, causes russetting or bronzing on oranges and in the 1970s
most of Florida’s orange groves were being sprayed for rust mites, at an annual
cost of some US$40-50 million. Oranges from treated orchards even sold at a
premium, even though yields were the same as in untreated orchards.
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In some contexts, however, pesticides are deliberately misused, particularly
for fishing, resulting in substantial environmental and health problems. The
Mexican Environmental Enforcement Agency has documented the illegal use of
deltamethrin and coumaphos for marine fishing in the Pacific state of Michoacan
(PROFEPA, 2001). Deltamethrin is a pyrethroid known to be highly toxic to
aquatic animals, and coumaphos is an organophosphate rated as highly toxic to
humans. Both are used to fish for langostino, a lobster-like crustacean served in
expensive restaurants. Inland pesticide fishing has also been documented in
Mexico, with reports of ill-health in adults and children linked to the consump-
tion of contaminated fish and shrimp.

NATIONAL REGULATIONS AND INTERNATIONAL CODES

During the course of the 20th century, most countries developed systems to
regulate the use and misuse of pesticides. Although the first legislation for
pesticides was the United States Insecticide Act of 1910, which prohibited the
manufacture, sale or transport of mislabelled or adulterated chemical substances,
the first provision for compulsory registration was not made until the Federal
Insecticide, Fungicide and Rodenticide Act of 1947 (FIFRA). Registration of
pesticides was administered by the United States Department of Agriculture
(USDA) and manufacturers and distributors were required to seek approval for
all their products. Authorities were also able to restrict the uses of a particular
product, and require that specific products only be applied by certified operators.

At about the same time, the UK government acted in response to the deaths
of seven operators using dinitro-o-cresol (DNOC) in 1947 with the introduction
of the Agriculture (Poisonous Substances) Act of 1952. This sought to promote
safe working practices and protect workers from acutely toxic pesticides. But the
two countries subsequently took quite different courses of action until the mid-
1980s. In the US, further legislation made registration procedures more compre-
hensive, while in the UK controls were based on a voluntary approach. In 1972,
the US FIFRA was amended to establish a more comprehensive registration
procedure. From this point, before they could be marketed, new products were
subjected to stricter standards than existing products, with which they would be
competing. In effect, this meant that new pesticides were generally less hazard-
ous. At the same time, already approved products had to pass through special
re-registration, because of the inadequacy of the older methods of safety assess-
ment. Inevitably, the new review process has entailed lengthy delays. This means
that some new products —less hazardous than the existing products they might
replace —have been denied registration, in some circumstances leaving the more
hazardous products on the market.

In the UK, registration has for many years been through a non-statutory
Pesticides Safety Precautions Scheme, in which manufacturers, distributors and
importers undertook not to introduce new pesticides or new uses of pesticides
until safety clearance had been granted by government. In return, industry was
guaranteed complete confidentiality regarding all the safety data it submitted.
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The scheme had the advantage of being flexible and adaptable, permitting rapid
responses to events and new knowledge and providing an opportunity for policy
to be developed in an anticipatory way. However, the scheme was replaced in
the mid-1980s by a statutory approach under the Food and Environment Protec-
tion Act (FEPA), which now provides powers to control many aspects of sales,
supply, use, distribution and marketing pesticides, to set residue limits, and to
provide information to the public.

In the European Union (EU), many pesticides are now being phased out
under the Pesticides Directive 91/414. As a result of this directive, manufacturers
have to defend their products, and prove they meet today’s higher environ-
mental and health standards. In mid 2003, 320 pesticide active ingredients were
taken off the market, and a further 49 were given temporary derogation. Roughly
a further 150 appear likely to be voluntarily withdrawn by industry. Adding to
the 19 already banned, this indicates that some 60 per cent of all products (some
500 in number) that were on the market in the early 1990s will no longer be
available by 2008 (EC, 2002a).

Most developing countries only began to seriously consider the need for
control of pesticides in the late 1960s and early 1970s. Today, there are still only
a minority with strong legislation, appropriate resources and the means of
enforcement. Few countries have the primary health care and occupational
health systems necessary to detect and treat pesticide poisoning (although this
is also true of most industrialized countries), nor the agricultural training and
extension services that can ensure high standards of proper pesticide application.
Residues in food and the environment can be high, but the lack of pollution
monitoring and published data reduces the sense of urgency.

The last three decades of the 20th century also saw increased efforts to
incorporate some risk-reducing measures, standards and regulations into
international agreements. Following a decade of growing concerns over persist-
ent organochlorines, especially DDT, high-profile court cases and important
scientific breakthroughs on causality, particularly on birds of prey, the Stockholm
conference on the human environment in 1972 was the first international meeting
to address concerns about pesticides.

This was followed by the OECD’s recommendations on the assessment of the
potential environmental effects of chemicals in 1974. These built on the earlier
establishment of an enduring principle in environmental pollution, namely the
1972 Polluter Pays Principle, which was defined by the OECD in this way:

The principle to be used for allocating costs of pollution prevention and
control measures to encourage rational use of scarce environmental resources
and to avoid distortions in international trade and investment is the so-called
Polluter Pays Principle. The Principle means that the polluter should bear
the expenses of carrying out the above mentioned measures decided by public
authorities to ensure that the environment is in an acceptable state. In other
words, the costs of these measures should be reflected in the cost of goods and
services which cause pollution in production and/or consumption.
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The first international code regarding pesticides, however, was not agreed until
1985, when the UN Food and Agriculture Organization (FAO) and United
Nations Environment Programme (UNEP) were able to broker amongst national
governments the first International Code of Conduct on the Distribution and Use
of Pesticides. This provided guidance for pesticide management for all public
and private entities engaged in pesticide distribution and use. It was revised and
updated in the 1990s, and adopted at the 123rd session of the FAO Council in 2002.

The first Code was followed in 1992 by the United Nations Rio Conference
on Environment and Development (the Earth Summit), where the signing of
Agenda 21 by all countries present seemed to put sustainable development
clearly on the international agenda. Chapter 14 of Agenda 21 addressed Sustain-
able Agriculture and Rural Development, and Chapter 19 dealt with Chemicals.
The principles for sustainable forms of agriculture that encouraged minimizing
harm to the environment and human health were agreed. However, progress has
not been good, as Agenda 21 is not a binding treaty on national governments,
and all are free to choose whether they adopt or ignore such principles. Nonethe-
less, an important outcome of Rio was the establishment of the UN Global IPM
Facility in 1995, the aims of which are to provide international guidance and
technical assistance for integrated pest management across the world.

However, the Rio Summit did recommend that the voluntary prior informed
consent (PIC) clause in the FAO code of conduct become an international
convention. This accepted that industrialized countries had greater resources to
test and assess pesticide hazards than developing countries, and so it should be
incumbent on exporting countries to notify importing authorities of data on
known hazards. The Rotterdam Convention on Prior Informed Consent proce-
dure was adopted in 1998 for certain internationally traded chemicals and
pesticides.

Meanwhile, concerns over the persistence of certain organic products had
been growing, particularly following their discovery in remote regions of the
world and in the tissues of humans and animals not directly exposed to pesti-
cides. The Stockholm Convention on Persistent Organic Pollutants (POPs) was
signed in 2001. This is a treaty to protect human health and the environment from
POPs. The UNEP plans to expand this agreement to a phasing out of 12 POPs
that are particularly persistent and prone to bioaccumulate. These are aldrin,
chlordane, dieldrin, dioxins, DDT, endrin, furans, heptachlor, hexachloroben-
zene, mirex, polychlorinated biphenyls (PCBs) and toxaphene. Nine of these are
agricultural pesticides.

A growing number of countries are now reporting reductions in pesticide use
as a result of the adoption of agricultural sustainability principles. These have
occurred as a result of two types of very different approaches:

1 policy-led and primarily top-down pesticide reduction programmes in
industrialized countries, such as in Sweden, Denmark, the Netherlands and
some provinces of Canada;

2 farmer-field school led and policy-enabled community IPM in rice pro-
grammes, beginning in South East Asia, subsequently spreading throughout
Asia and then to other continents.
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REDUCING RISKS

In the past 30 years, a simple classification system for pesticides by acute hazard
has come into regular use. This was first developed by the World Health Organi-
zation (WHO), and approved by its 28th World Health Assembly in 1975.
Guidelines were first issued in 1978, and these have been revised and reissued
at two-yearly intervals since then. The classification system is very simple, and
based on acute risk to human health — the risk of single or multiple exposures
over a short period of time (Table 1.3). The main measures are the acute oral and
dermal toxicity of products to the rat, since this is a standard procedure in
toxicology. These are measured by the LD, value - a statistical estimate of the
number of mg of toxicant per kg of bodyweight required to kill 50 per cent of a
large population of the test animals.

The WHO classifies pesticides into four classes of risk, Class la (extremely
toxic), Class Ib (highly toxic), Class II (moderately toxic), and Class III (slightly
hazardous), plus ‘active ingredients unlikely to present acute hazard in normal use’
(IPCS, 2002). The active ingredients of cholinesterase-inhibiting pesticides often
belong to WHO Class Ia, Ib or II. In industrialized countries, most WHO Class Ia
and Ib pesticides are now either banned or restricted.

Table 1.3 Classes of pesticides in WHO classification scheme

LD, for rat (mg/kg body weight)

Oral Dermal
Class of pesticide Solids! Liquids Solids Liquids
la — extremely hazardous <5 <20 <10 <40
lb — highly hazardous 5-50 20-200 10-100 40-400
Il — moderately hazardous 50-500 200-2000 100-1000 400-4000
Il - slightly hazardous >500 >2000 >1000 >4000

1 This refers to the physical state of the active ingredient.
Source: IPCS, 2002

The WHO does not include specific symbols to help farmers or other pesticide
users to identify these classes in its recommendations. However, it does state that
the Class Ia and Ib products should bear a symbol indicating high hazard
(usually a skull and cross-bones), and a key word, such as poison or toxic.
Examples of pesticides in each of the four classes are shown in Table 1.4. The
WHO lists nearly 1000 pesticide active ingredients in its guidelines, some 260 of
which are now officially designated as obsolete or are discontinued. The revised
and updated UN International Code of Conduct now supports IPM strategies
that encourage natural pest control mechanisms, urges avoidance of Class Ia and
Ib products, and preferably Class II too, and sets out stronger product steward-
ship strategies and collection systems for empty containers.
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Although the organic sector has established many very successful agricultural
systems across the world that do not rely on synthetic pesticides (Scialabba and
Hattam, 2002), the great majority of farmers still rely on the use of some pesti-
cides. Many of these are still Class Ia, Ib and II products, and represent a
significant risk to human and environmental health. The key challenge, therefore,
is to find ways to transform agricultural systems towards sustainability in which
adverse effects are not caused.

The revised International Code of Conduct on the Distribution and Use of
Pesticides now defines IPM in this way:

IPM means the careful consideration of all available pest control techniques
and subsequent integration of appropriate measures that discourage the
development of pest populations and keep pesticides and other interventions
to levels that are economically justified and reduce or minimize risks to
human health and the environment. IPM emphasizes the growth of a healthy
crop with the least possible disruption to agro-ecosystems and encourages
natural pest control mechanisms (FAO, 2002).

Despite apparently good national and international intentions and commit-
ments, and even though there is often adequate availability of less hazardous
alternatives, large quantities of undesirable and harmful pesticides continue to
be used. These include the following:

1 Products with acute toxicity hazards — pesticides classified as WHO Hazard
Class Ia, Ib and II continue to be marketed and used under conditions that
pose high risk to mixers, applicators and farm families who generally are not
able to protect themselves adequately because they do not have access to
affordable protective clothing or because climatic conditions discourage its
use.

2 Products with chronic health hazards — these include probable carcinogens
and potential hormonal analogues, and products that may cause birth defects
or suppress the auto-immune system.

3 Persistent pesticides — persistent pesticides and those with persistent break-
down products that continue to cause contamination problems after applica-
tion as they spread through the ecosystem and food chain.

4 Products that disrupt ecosystems — broad-spectrum pesticides that affect
beneficial organisms and wildlife, and products highly toxic to pollinators,
fish or birds.

The concept of phase-out targets for pesticides is to remove from use the most
hazardous products first, given that there are cost effective alternatives already
on the market. The priority target criterion is acute mammalian toxicity in view
of the high incidence of farmer poisoning, especially where protective clothing
is not available or too costly to use. Other target criteria include chronic health
hazards and hazards to ecosystems. The idea is that the phasing out of undesir-
able products and the phasing in of new products should be accompanied by
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policy measures that support this process. Such policy changes may include
removal of subsidies on products scheduled for phasing out, taxation of products
with high social costs, financial incentives to encourage local development and
production of new products, incentives to encourage partnerships between local
producers in developing countries and producers of new products in OECD
countries, a review of lists of registered pesticides, the establishment, monitoring
and enforcement of maximum residue limits, and investment in farmer training
through farmer field schools.

But is there really a need for such an international initiative designed to
reduce the harm arising from pesticide use and / or misuse? To some, the answer
to this question is still a resounding no (Avery, 1995; Schmitz, 2001). Arguments
in support of the current use of pesticides usually centre on the costs that would
occur if farmers could no longer use them. Cut down or remove pesticides, and
crop yields and farmer profits would fall, food supply would be disrupted and
national food systems undermined. The emergence of so-called high-yield
agriculture is taken to mean that wildlife has been saved, as low-yield systems
would require more hectares to feed people.

It is further argued that current levels of pesticides are the only way to meet
future food needs given population growth towards 9 billion by 2050, and that
the produce quality demanded by consumers can only be met with industrialized
methods of farming. Any opposition to such sensible and progressive approaches
is taken to come only from alarmists, scare-mongerers and luddites seeking to
prevent scientific progress. Another approach is to argue that any alternatives,
whether organic or more sustainable in other ways, are low-yielding, require
their own forms of harmful pest control, and produce foods with high levels of
their own toxic products. Finally, it is commonly stated that companies are
already acting responsibly with regard to pesticides. They use product steward-
ship as a way to meet legal requirements, and are involved in ‘safe-use’ schemes
to reduce the harm to farmers and the environment (Vorley and Keeney, 1998;
Murray and Taylor, 2000).

As discussed in Chapter 3, some of these arguments have played an import-
ant role in the framing of an economic assessment of pesticides. If there is a
likelihood of adverse effects, then all we should do is assess the benefits and
make a rational choice for their use provided they exceed the costs. A key
problem centres on what is and what is not included in these equations. Bromley
(1994) use the term ‘the language of loss’ to describe the narratives relating to
the costs, impacts and losses that industry would suffer were it to be regulated
to reduce environmental pollution or harm to health: ‘discussing pesticides in this
manner frames the debate in a way that distorts the choice problem. Some might even
suggest that the framing is not accidental. An alternative frame would seek to identify
least-cost production alternatives with reduced pesticide use.” Many of these argu-
ments of the language of loss are addressed both implicitly and explicitly
throughout this book.
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PESTICIDES IN THE ENVIRONMENT

When a pesticide is applied to crops, most of the product is either taken up by
plants and animals or is eventually degraded by microbial and other chemical
pathways. But some is dispersed to the environment: some is vaporized to be
eventually deposited in rainfall, some remains in the soil, while some reaches
surface and ground water by run-off or leaching. In this way, some persistent
products such as organochlorines have been discovered in most environments
of the world.

Pesticides have long been detected in rainfall, and can travel long distances.
Lindane found in a remote Japanese lake with no inflows of surface or ground
water appeared to have travelled 1500 km from China or Korea (Anderson, 1986).
Concentrations can be very high: organophosphates were found at concentra-
tions of 10-50 pg 1™ in rainfall in the US, well above today’s maximum acceptable
levels of 0.1 pg 1! for drinking water (Glotfelty et al, 1987). But even at very low
concentrations, the total cumulative loading on natural environments can be
huge: 0.005 pg I'! of DDT in rainfall over Canada in the 1970s put an annual
loading on Lake Ontario of some 80 kg from rainfall alone (Conway and Pretty,
1991).

Pesticides in ground water, surface waters and drinking water have become
a serious and increasingly costly environmental side-effect of pesticide use.
Pesticides reach water by leaching, run-off, transport on soil particles, and rapid
flow though cracked soils and field drains. Most pesticides found in the environ-
ment come from surface run-off or leaching. The proportion lost is usually of the
order of 0.5 per cent of the amount applied, but can sometimes rise to 5 per cent
(Conway and Pretty, 1991; Vorley and Keeney, 1998). The early generations of
pesticides, the organochlorines, arsenicals and paraquat, are strongly adsorbed
to soil particles, and tend only to be lost when the soil itself is eroded. This can
then be a significant source of pollution, such as when aldrin and dieldrin,
formerly used on bulb fields and long since banned, reappeared in water-courses
in south-west England in the 1990s (RCEP, 1996).

In the EU, numerous ground water supplies now exceed the maximum
admissible concentration of 0.1 pg 1™ for any individual product, or 0.5 pg 1™ for
total pesticides. In the mid-1990s, groundwater samples with residues above 0.1
pg 1™ ranged from about 5 per cent in Denmark to 50 per cent in Italy, Spain and
the Netherlands (Agrow, 1996). In the US, some 9900 wells out of 68,800 tested
between 1971 and 1991 had residues exceeding EPA standards for drinking
water. Some products have been found long after their supposed cessation of
agricultural use. In the UK, the greatest contamination by pesticides is under
farmland on chalk, although it is important to note that farming is not the only
source. Industry of various types has been implicated in point-source pollution
of very high concentrations at several locations.

In the US, many pesticides continue to be found in groundwater, even though
regulations have increased alongside better knowledge of their side-effects
(Kolpin and Martin, 2003). The National Water-Quality Assessment (NAWQA)
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Program of the US Geological Survey, for example, analysed 500 sites in 19
hydrologic basins in the 1990s, and found a common presence of the organo-
chlorine products, DDT, total chlordane, dieldrin, and total PCBs. Organochlor-
ine pesticide concentrations were higher in agricultural regions with histories of
high use (Wong et al, 2000). Residues of DDE were detected in sediments at 39
per cent of sites and in fish at 79 per cent of sites. More recently, surveys of
pesticides in more than 1400 wells up to 2001 found that a great deal of ground-
water contains compounds at higher concentrations than 0.1 pg 1. Between 0.1
and 1.0 per cent of wells contained alachlor, carbofuran, cyanazine, 2,4-D,
dicamba oxamyl, and tebuthiuron at above 0.1 pg I!; 1-3 per cent contained
bromacil, diuron, metolachlor, norflurazon, prometon and simazine; and 13.6 per
cent contained atrazine at above this limit (Kolpin et al, 2002; Kolpin and Martin,
2003). Except for carbofuran and oxamyl, all of these are herbicides.

PEST AND WEED RESISTANCE

Another cost of pesticide overuse is induced resistance in pests, weeds and
diseases. Resistance can develop in a pest population if some individuals possess
genes that give them a behavioural, biochemical or physiological resistance
mechanism to one or more pesticide products. These individuals survive applica-
tions of the pesticide, passing these genes to their offspring so that with repeated
applications the whole surviving population soon comes to be resistant. Unfortu-
nately, natural enemies evolve resistance to pesticides more slowly than herbi-
vores, mainly because of the smaller size of natural enemy populations relative
to pests, and their different evolutionary history. The coevolution of many
herbivores with host plants that contain toxic secondary compounds thus means
they have metabolic pathways easily adjusted to produce resistance.

The first case of resistance was detected in 1914, but the main growth started
to occur in the 1950s. By the late 1990s, some 2645 cases of resistance (species x
products) in insects and spiders had been recorded, involving more than 310
pesticide products and 540 different species (MSU, 2000; Bills et al, 2003). During
the 1990s, there was a 38 per cent increase in products to which one or more
arthropod species is now resistant, and a 7 per cent increase in arthropod species
that are resistant to one or more pesticides.

Resistance has also developed in weeds and pathogens. Before 1970, few
weeds were resistant to herbicides but, by the late 1990s, at least 180 could
withstand one or more products. Some 150 fungi and bacteria are also known to
be resistant to one or more products (Georghiou, 1986). New problems continue
to emerge, particularly resistant weeds. Blackgrass resistant to one or more
herbicides has now been found on 750 farms in 30 counties of the UK, about 3.7
per cent of the country’s 20,000 arable farms (Pretty, 1998). In Canada, resistant
wild oats infects 1.2 million hectares of Manitoba cropland, and in Australia more
than 3000 large wheat farms covering one million hectares have weed biotypes
resistant to most herbicides (Vorley and Keeney, 1998).
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PESTICIDES AND WILDLIFE: THE DIFFICULTIES IN
ESTABLISHING CAUSALITY

Environmental contamination by pesticides is now widespread, with some
serious implications for wildlife and humans. Adverse effects can arise in many
different ways. Pesticides may come into direct contact with wildlife causing
death or injury. They may contaminate sources of food, or alternatively eliminate
other sources so indirectly threatening certain individuals and occasionally
whole species. They may disrupt internal hormonal regulation, causing physio-
logical and behavioural changes. The published literature on these effects is now
substantial, and testament both to the wide ranging effects of pesticide products
and to the continuing uncertainty over precise mechanisms and causalities.
Although all pesticide products are tested for their toxicity before consent is
granted for their commercial use, a full understanding of their effects in the field
has often taken many years to unravel.

It is not our intention here to review all the recorded effects of pesticides on
wildlife and the environment. The data are simply too numerous to summarize
accurately in one place. All products are widely tested before registration, and
so their class of acute toxicity in the WHO classification is known. Restrictions
on the use of specific products are intended to protect vulnerable plants and
animals, as well as limit exposures of humans. However, problems may arise
when pesticides are used outside the limits of the restrictions, or when the
restrictions do not anticipate an adverse effect or causal pathway.

Pesticide direct effects have been observed in the field on most classes of
animals, including bees and other beneficial insects, birds, fish, amphibians and
reptiles, and mammals. Even though individuals of these groups may be affected,
itis not always clear whether there may be effects on whole populations and thus
on whole ecosystems. Equally, however, it would be wrong to assume that all
negative effects on individuals do not translate into population effects. The
problem for ecological studies is that it is very difficult to disentangle the specific
effects of pesticides from a variable background of fundamental changes to habi-
tats and ecosystems brought about by the wider effects of modern farming, or
other threats to the environment, such as industrial pollution or climate change.

One example is the decline in abundance of striped bass and Chinook salmon
in California, which was recently thought to be a consequence of the escape of
pesticides in drainage water from the 200,000 hectares of cultivated rice in the
Sacramento valley. Products used by rice farmers are known to be toxic to these
fish, but in recent years pesticide concentrations have declined to below toxic
levels, and yet populations of the fish have not recovered (Byard, 1999). Other
factors may be playing a key role, such as industrial pollutants, water habitat
changes through dams and diversions, the introduction of exotic competitive fish
species, changes in food sources, and housing developments. Nonetheless,
California is one of the most intensive users of pesticides, at some 85-110 million
kg of active ingredient (ai) per year, and use has increased by 10 per cent during
the 1990s, twice as fast as elsewhere in the US (EPA, 2001).
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In general, much more is known about the effects of individual products on
individual target organisms, and much less on indirect or cumulative effects on
whole ecosystems. This is why the effects of pesticides on wildlife continue to
cause occasional surprise, despite extensive regulatory testing. One of the best
known examples of the long-term effects of pesticides is of predatory birds and
persistent organochlorines. It illustrates clearly how difficult it has been to
establish causality, and how long it takes to do so.

Not long after the persistent organochlorines came into widespread use in the
1940s, populations of several species of predatory birds began to decline dram-
atically in both North America and Europe. A clear pattern was shared by
sparrowhawks, ospreys, bald eagles, barn owls and brown pelicans, although the
most notorious fall, and perhaps the best documented, was that of the peregrine
falcon. There were 5000-9000 nesting pairs of peregrines in the 1930s in the US.
The start of the decline was later shown to have been in the late 1940s, and
numbers continued to fall catastrophically to the 1970s, when only 32 nesting
pairs could be confirmed in the whole continent (Ratcliffe, 1980). In the UK, the
decline did not begin until the 1950s, with peregrines disappearing in southern
England by 1961, falling to 20 per cent of former levels in the north, and 70-90
per cent in Scotland, where agriculture was much less intensive.

The first signs of reasons for these declines occurred in the 1950s, when
ornithologists began to notice that peregrine breeding was becoming less
successful. Areport on the Hudson River Valley population, formerly one of the
most abundant, indicated they produced no young in any year of the early 1950s.
But Kiff (1998) noted that a paper given at the American Ornithological Union
in 1953 had ‘elicited not a single question or comment from the assembled ornitholo-
gists’. Yet by the early 1960s, anecdotal evidence had it that not a single peregrine
had fledged in the north-east US, and Hickey’s survey of 14 states in 1964 found
not one of 133 eyries to be inhabited (Hickey, 1988).

The first indications of clear causality occurred when Ratcliffe (1958) reported
the discovery of broken peregrine eggs during 1951-56. By the early 1960s, there
was speculation that this was caused in some unknown fashion by organochlor-
ine pesticides. The eggshell thickness of herring gulls was then found to be
directly correlated with DDE content, the stable breakdown product of DDT, and
similar relationships were later found for peregrines, and other falcons and
hawks (Cade et al, 1971; Peakall et al, 1976; Hickey, 1988). Ratcliffe (1970) then
surveyed British egg collections dating back to 1900, and demonstrated clearly
that eggshells after 1947 had become significantly thinner. This remarkable visual
proof of a connection to the increased use of organochlorines was later repeated
for British sparrowhawks for 1880-1975 by Newton (1979).

It then became clear that the population crashes were a combination of
reproductive failure resulting from eggshell thinning and adult deaths caused
by the bioaccumulation of cyclodien pesticides, such as dieldrin and aldrin,
which were used for cereal seed treatment. The seeds, when consumed by seed-
eating birds, such as pigeons, did not contain enough of a dose to kill these birds,
but did accumulate to fatal levels when they were in turn predated by peregrines
and other birds of prey. Although there still remains some unresolved controv-
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ersy over the relative roles of DDE and cyclodienes in the declines (Newton,
1986), it was clear by the 1970s and 1980s that a group of causes and effects had
indeed been identified.

The final proof would come with recovery after the products ceased to be
used. Predatory birds in the UK and North America have substantially recovered
in numbers, although not to 1930s levels. DDT was banned in the US in 1972, and
dieldrin was gradually phased out from the 1960s to 1974. Nonetheless, DDT and
DDE residues in the environment are very persistent, and have not entirely
disappeared. Remarkably, it took nearly half a century of scientific and policy
effort to establish some degree of causality and to make important policy
decisions to remove these products from use.

As indicated earlier, it is impossible to generalize about all pesticides and
their direct, indirect, acute and chronic effects on wildlife. Some are known to be
highly toxic to fish, such as pyrethroids, but are relatively harmless to mammals.
Others affect pollinators, such as bees, but not other insects. Some remove certain
organisms from ecosystems, and so have indirect effects on the success of others.
Some cause changes in whole habitats. Again, unravelling such consequences
can take many years. Another example comes from the use of herbicides in arable
temperate systems, their effects on arable weeds and their seed production, and
consequent declines in farmland birds in western Europe.

There is now clear evidence that the abundance and diversity of farmland
birds has fallen in recent decades in the intensively farmed landscapes of Europe,
particularly the UK (Campbell and Cooke, 1995; Sudrez et al, 1997; Defra, 2003).
The declines are not associated with the direct effects of pesticides, but do
coincide with continuing intensification of farming practices. It is, however, the
indirect effects that appear to be significant, with herbicides removing weeds
from arable fields and their margins, with consequent adverse effects on birds
relying on seeds or insect herbivores as food, or with insecticides directly
removing insect sources of food. The first confirmed link of this type was for grey
partridge, the declines of which were clearly shown to be caused by herbicide
use (Potts, 1996). The declines of a further 20 or so species, including tree sparrow,
song thrush, skylark, linnet, bullfinch and blackbird, are now associated with
these changes in the abundance of foods in intensively farmed landscapes, and
such has been the cultural significance in the UK that farmland birds have been
adopted by the government as one of its headline indicators for sustainable
development.

The importance of herbicides and their effects on arable weeds and their seed
production has been dramatically illustrated by the UK Farm Scale Evaluations
of three GM crops: maize, beet and oil seed rape. Conducted over three years on
more than 60 farms across England and Scotland, these powerful ecological
experiments were able to show precisely how different forms of crop manage-
ment affect the amount of food available to desirable farmland wildlife (Cham-
pion et al, 2003; Firbank et al, 2003).

Similar changes in the abundance and diversity of farmland birds have been
recorded in Canada, where species richness and abundance is greater in hetero-
geneous farmed landscapes compared with those dominated by just wheat,
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maize and soybean (Jobin et al, 1996). The mixed landscapes contained more
habitat types, such as wetlands, woodland, hedgerows, old fields, pastures and
hayfields, and more mixed farm enterprises. It is now clear that direct effects on
wildlife are likely to be less common in industrialized counties, now that
pesticide products are generally safer. However, their indirect ecological effects
appear to remain significant.

ENDOCRINE DISRUPTION: A NEW REASON TO BE
CAUTIOUS

The direct effects of pesticides are much easier to establish than indirect effects.
If wildlife is harmed or killed, and this can be observed, then it may be possible
to establish both an association and causality. Indirect effects tangled up with the
natural variability in numbers of animals and plants in their habitats are much
harder to identify, as shown by the cases of predatory birds and farmland
songbirds above. The effect of DDE on eggshell thinning was actually the first
recognized case of endocrine disruption in wild populations. This is now
recognized as a growing problem, and a further reason to be cautious about some
pesticides (OSTP, 1996, NAS, 1999; EPA, 2000; OECD, 2001b; Defra, 2003). The
endocrine system is the communication system of glands, hormones and cellular
receptors that guide the development, growth, reproduction and behaviour of
organisms. Endocrine glands include the pituitary, thyroid and adrenal glands,
the female ovaries and male testes. Thus an endocrine disrupter exerts its effect
by mimicking or interfering with the actions of hormones.

Many important hormones, such as oestrogen, progesterone, testosterone and
thyroxin, are associated with high-affinity receptor proteins in target cells, and
when these hormones come into contact with these receptors, they provoke a
series of effects. This high affinity is important, as exogenous chemicals can also
bind to these sites, either minimizing the effects of the natural hormones or
blocking the sites, so preventing proper cell signalling. The chemicals that mimic
or block sex steroid hormones are commonly called environmental oestrogens
or anti-oestrogens, and these are the most studied of all disrupters.

Several expert working groups of scientists from Europe and North America
now conclude that there is increasing evidence that biologically-active concentra-
tions of endocrine disrupting chemicals are having adverse effects on wildlife
reproductive health, and possibly on humans too (Colborn et al, 1993; Crisp et
al, 1998; NAS, 1999; EPA, 2000). Many products have been reported to possess
endocrine disrupting capacity, including some natural products (e.g. coumestrol
from clover), pesticides (e.g. dieldrin, DDT, endosulfan), medical drugs (e.g.
tamoxifen), and commercial and industrial chemicals (e.g. alkylphenols, phtha-
lates, PCBs and some metals). Endocrine disrupters can mimic or block natural
female sex hormones (and so are termed oestrogens or anti-oestrogens), mimic
or block male sex hormones (androgens or anti-androgens), interfere with sex
steroid systems, or disrupt pituitary, thyroid and interregnal hormone systems.
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Like other problems with pesticides, there is stronger causal evidence from
laboratory studies, but no more than evidence of associations between the
presence of certain chemicals and observed adverse effects in mammals, birds,
reptiles, fish and molluscs in the natural environment. The main abnormalities
include sex differentiation with feminized or masculinized sex organs, changed
sexual behaviour, and altered immune function. But, as Vos et al (2000) put it,
‘for most reported effects, the evidence for a causal link with endocrine disruption is weak
or non-existent’. Nonetheless, the laboratory studies using realistic exposure
levels seem to suggest that such causality will eventually be established. Human
health risks that may be associated with exposure are still unknown and therefore
controversial.

Not all pesticides are endocrine disrupters, and many industrial pollutants
are more widespread in the environment and thus more of a threat, such as PCBs.
Table 1.5 contains a list of some products known to have endocrine disrupting
effects. At an international scientific meeting at the Swiss Federal Institute of
Science and Technology in 1999, a number of common products were further
identified as being potential endocrine disrupters (ENDS, 1999). These included
the confirmed disruptors metiram, procymidon and vinclozolin, and the poten-
tial disrupters benomyl, carbofuran, deltamethrin, glyphosate and penconazole.

Table 1.5 Chemicals with widespread distribution in the environment reported to have
reproductive and endocrine disrupting effects

Herbicides Fungicides Insecticides Nematicides Industrial
chemicals
2,4-D Benomyl 3-HCH Aldicarb Dioxin
2,4,5-T Hexachlorbenzene  Carbaryl DBCP PBBs
Alachlor Mancozeb Dieldrin PCBs
Atrazine Maneb DDT, Pentachlorophenol
Nitrofen Tributyl tin (TBT) metabolites (PCP)
Endosulfan Phthalates
Lindane Styrenes
Parathion

Source: Colborn et al, 1993

Although laboratory-based studies have shown that certain chemicals cause
endocrine disruption, only a small number of field studies have found the effects
of disruption in individuals, and only a very limited number have observed
effects on populations and communities. This is not unique for endocrine
disrupter research, but ‘is rather a situation characteristic for eco-epidemiology in
general’ (Vos et al, 2000). Two of the most significant continuing problems relate
to seals in the Baltic Sea and frogs in California.

The widespread and worrying disease syndrome in Baltic grey and ringed
seals that has caused population decline has been clearly linked to high body
concentrations of PCBs, DDT and their metabolites (Jensen and Jansson, 1976;
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Bergman and Olsson, 1985; Bergman, 1999). Autopsies found uterine lesions and
tumours causing sterility in female seals (30 per cent of grey, 70 per cent of
ringed), together with a range of non-reproductive symptoms, including damage
to brains, bones and guts, and decreased skin thickness. Over the past two
decades, as body burdens of the endocrine disrupters have declined, so there has
occurred a recorded improvement in the reproductive performance of both seal
species in the Baltic (Bergman, 1999). Despite these clear links between ill-health,
population levels and concentrations of chemicals, the underlying mode of action
of both PCB and DDT compounds is still not fully understood (Vos et al, 2000).
Again, this shows how difficult it is to establish beyond doubt the threats,
mechanisms and effects (on individuals and populations), even in a well-
researched case.

As notorious as the seals is the case of frogs in the US. Many amphibian
species experienced substantial declines in abundance and distribution over the
period of agricultural intensification in the 20th century (Fisher and Shaffer, 1996;
Hayes et al, 2002). Many factors are involved, perhaps most importantly the
draining of wetlands and loss of habitats. Amongst a range of other hypotheses,
including increasing UV-B radiation and climate change, is the possibility that
agricultural pesticides have altered the growth and survival of frogs. Once again,
laboratory studies have found a range of subtle effects occurring in whole plant
and amphibian communities exposed to common herbicides such as atrazine
(Diana et al, 2000), and in frogs exposed to levels of atrazine now found in the
environment (Hayes, 2000; Hayes et al, 2002). Regional geographic studies have
also found pronounced associations between declines, regions of high pesticide
use, and the presence of pesticide residues in frog species (Datta et al, 1998;
Davidson et al, 2001).

The most significant recent research by Hayes and colleagues (2002) found
that male frogs exposed to very low levels of atrazine, the most commonly used
herbicide in the US (27 million kg are applied annually), developed symptoms
of hermaphroditism and demasculinity, together with suffering significantly
reduced levels of the hormone testosterone. The exposure levels causing these
effects were of the order of 0.1 to 1.0 ug kg™ (or ppb), whilst the allowable level
in drinking water is 3 ppb, and short-term exposures of 200 ppb are not consid-
ered a risk under current regulations. Concentrations in surface waters in
intensively cultivated agricultural regions regularly exceed 200 ppb, and can
reach 2300 ppb.

Reproductive effects have also been reported in other aquatic reptiles and
amphibians. All crocodiles, many turtles and some lizards lack sex chromosomes
(sex is organized after fertilization), and so eggs exposed to oestrogenic com-
pounds, such as some PCBs, produce significantly more females (Crain and
Guilette, 1997). A noted case is that of alligators in Lake Apopka in Florida. A
major spill of a pesticide mixture containing dicofol and DDT in 1980, combined
with years of agricultural and municipal run-off, led to elevated levels of
endocrine disrupting chemicals in the tissue of alligators, the occurrence of
various developmental abnormalities in both males and females, and a 50 per
cent decline in juvenile numbers (Vos et al, 2000).
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Fish have also been observed to have suffered endocrine disruption in some
environments. A notable example in the UK is male flounders exposed to sewage
effluents, which have developed the protein vitellogenin that is normally only
required in egg yolks (Harries et al, 1997; Allen et al, 1999). Other fish studies
indicate a significant inverse relationship between salmon catches in Canadian
watersheds with pesticide applications, although here the chemical of concern
is nonylphenol, a solvent used with pesticides rather than the active ingredient
itself (Fairchild et al, 1999).

Added to this evidence of effects on wildlife, there have also been growing
concerns about the potential effects of endocrine disrupters on human health and
reproductive performance. Concerns about declining sperm counts in males in
industrialized countries have drawn attention to the potential role for endocrine
disrupters. There is some evidence that certain products (e.g. DDT and HCH)
could play a role in breast cancer, or others (e.g. the fungicides vinclozolin and
procymidone) could be anti-androgenic (Steinmetz et al, 1996; Vos et al, 2000).
However, the WHO and UNEP concluded in 2002 that evidence for hormone
disruption in humans is no better than weak, and does not match the more
confirmed cases of birds and thinned eggs, alligators in Florida, and sexual
differentiation in frogs (ENDS, 2002).

Itis now clear that many compounds are endocrine disrupters, but not all are
agricultural. There are notable problems from effluents from sewage treatment
works and the paper industry. Moreover, some agricultural pesticides that are
endocrine disrupters are no longer in use, although they still persist in the
environment. There are many confirmed laboratory studies showing causality,
although most field studies as yet only show no more than associations.

CoONCLUDING COMMENTS

Pesticides are now widely used in food production systems across the world, and
increasingly, in some countries, in the home and garden. Some 2.5 billion kg of
active ingredients are applied each year, amounting to an annual market value
of some US$30 billion. Just over a fifth of all pesticides are used in the US.
However, most pesticide markets in industrialized countries are no longer
growing, and companies are looking to developing countries for increased sales.
More than 800 products are in regular use worldwide.

Pesticides have become ubiquitous in environments worldwide, some reach-
ing hazardous levels for humans. Pest resistance has become increasingly
common, with 2645 cases of resistance in insects and spiders recorded in the late
1990s. The problem for regulators is that causality is often difficult to establish.
This is graphically shown by the amount of scientific effort required to under-
stand the effects of pesticides on wild bird populations. A further reason to be
cautious now comes from concerns about the endocrine disrupting properties of
some pesticide products.

The recently revised UN International Code of Conduct on the Distribution
and Use of Pesticides has provided new guidance on integrated pest manage-
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ment for agricultural systems, and is complemented by the Rotterdam Conven-
tion on Prior Informed Consent and the Stockholm Convention on Persistent
Organic Pollutants. International agencies and national governments are increas-
ingly targeting WHO Class la (extremely hazardous) and Ib (highly hazardous)
products as the first priority for replacement. The second priority is Class II
(moderately hazardous) pesticides. Many effective alternatives do exist.



Chapter 2

The Health Impacts of Pesticides:
What Do We Now Know?

Misa Kishi

INTRODUCTION

With the exception of antipersonnel chemicals such as war gases, pesticides
are the only toxic chemicals that we deliberately release into the environment,
which, by definition, are intended to cause harm to some living thing.
(Keifer, 1997)

We know that pesticides cause many public health problems, but their true extent
remains unknown. There are several reasons for this. Some health outcomes from
pesticide poisoning are not easily recognized, especially when there is a time lag
between exposure and outcomes. Scientific methods for studying pesticide
effects are more suitable for dealing with the effects of a single agent in a
temperate climate, although many developing countries are in the tropics where
multiple pesticides are routinely mixed and used in cocktails. Existing data are
often from studies on healthy, young male subjects, even though the majority of
people in developing countries do not fall into this category. All these conditions
make it very difficult for us to know the true extent of the adverse health impacts
of pesticides.

This chapter assesses the existing data on the human health impacts of
pesticides. Its primary focus is on the problems facing people in developing
countries. While citizens in industrialized countries are mainly concerned with
low-level exposures to the general public, farmers and agricultural workers in
developing countries are exposed to many dangerous products that are almost
impossible to use safely under field conditions. As a result, they are more likely
to develop symptoms of pesticide poisoning. This chapter also includes studies
of non-agricultural workers (such as pesticide factory workers, vector-control
workers) and children, as well as selected data from industrialized countries and
environmental exposures.
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THE REAL EXTENT OF ACUTE PESTICIDE POISONING

Acute pesticide poisoning is a serious public health problem in developing
countries, where many farmers still use highly toxic products the use of which is
neither banned nor restricted. Hazardous pesticides can be manufactured in
industrialized countries and then exported to developing countries (Smith,
2001), or the active ingredient can be exported and then manufactured into the
end product.

Cholinesterase-inhibiting pesticides, namely organophosphates (OPs) and
carbamates, are the most common causes of severe acute pesticide poisonings
(Jeyaratnam et al, 1987; Lum et al, 1993; McConnell and Hruska, 1993; Wesseling
et al, 1993; Keifer et al, 1996; Wesseling et al, 2000; IFCS, 2003). According to the
World Health Organization (WHO) classifications of pesticides by hazards (IPCS,
2002), the cholinesterase-inhibiting pesticides identified as causal agents in these
poisonings often belong to Classes Ia (extremely hazardous) and Ib (highly
hazardous). (The difference between OPs and carbamates is that the duration of
carbamates’ inhibition of cholinesterase in the nervous system is shorter and
regeneration of enzyme activity occurs within a few hours (Box 2.1). Compared
with OP intoxication, carbamate poisonings are usually less severe.

Box 2.1 How cholinesterase-inhibiting pesticides work on the nervous
system

Cholinesterase is an enzyme that hydrolyzes neurotransmitter acetylcholine into
inactive fragments of choline and acetic acid at the completion of neurochemical
transmission. Acetylcholine is essential for nerve transmission in the central nervous
system and in the somatic and parasympathetic nervous systems. Organophosphates
and carbamates inhibit cholinesterase by phosphorylating the active site of the
enzyme. As exposure levels to organophosphate and carbamate pesticides increase,
cholinesterase activity decreases. This leads to accumulation of acetylcholine at
synapses, which in turn causes overstimulation and disruption of transmission.
Symptoms of mild to moderate poisoning are headache, dizziness, blurred vision,
weakness, uncoordination, muscle fasciculation, tremor, diarrhoea, abdominal
cramping, and occasionally chest tightness, wheezing and productive cough. Symp-
toms of severe intoxication include incontinence, convulsions and unconsciousness.

Source: Tafuri and Roberts, 1987; Costa, 1997

Paraquat (WHO Class II, moderately hazardous), a widely used nonselective
contact bipyridyl herbicide, is also known as an important cause of acute
pesticide poisonings (Wesseling et al, 1997a). The pesticide industry claims that
paraquat is most unlikely to cause serious health problems under correct
conditions of use. Some studies, however, found that occupational poisonings
among agricultural workers are common (Wesseling et al, 2001; Murray et al,
2002) and can cause serious poisonings, including deaths (Wesseling et al, 1997b).



THE HEALTH IMPACTS OF PESTICIDES: WHAT DO WE NOW KNOW? 25

In Costa Rica, fatal occupational paraquat poisonings were documented after
oral contact, dermal absorption and possible inhalation, including adults as well
as children, presenting either renal or liver impairment, followed by adult
respiratory distress syndrome (ARDS) or pulmonary oedema (Wesseling et al,
1997b).

Endosulfan (WHO Class II, moderately hazardous), an organochlorine
insecticide, has been identified as the cause of occupational poisonings both in
developing countries and the developed world (Brandt et al, 2001; Murray et al,
2002) (see Chapter 11). Itis important to note that the use of mixtures is common
in agricultural practices. Some studies, both in developing countries and the US,
showed that pesticide poisonings are often caused by mixtures of pesticides
(Blondell, 1997; Cole et al, 2000; Keifer et al, 1996).

How many people are poisoned by pesticides each year? Regrettably, there
isno easy answer to this important question. We know that almost all deaths due
to acute pesticide poisoning occur in developing countries, even though these
countries consume only a tenth of the world value of pesticides (see Chapter 1).
The WHO has a long-standing estimate that three million cases of severe
pesticide poisoning occur each year (comprising two million suicides, 700,000
occupational poisonings, and 300,000 accidental poisonings), resulting in 220,000
deaths (WHO, 1990). Suicides remain a significant cause of death (Eddleston,
2000), and, although not caused by agricultural use, they cannot be entirely
separated from the easy access rural workers and their families have to these
products (Wesseling et al, 1997a).

These WHO estimates for worldwide pesticide poisonings are likely to
capture only the tip of the iceberg, as they are solely based on confirmed hospital
registries. The estimates are based on a calculation of a recorded versus unre-
corded incident ratio of 1:6 (WHO, 1990). Thus they probably overestimate the
proportion of suicides and underestimate the actual number of pesticide poison-
ings (Wesseling et al, 1997a; London and Bailie, 2001). Based on surveys in four
Asian countries, Jeyaratnam estimated that if all levels of severity are included,
3 per cent of agricultural workers in developing countries, or 25 million people,
suffer from pesticide poisoning each year (Jeyaratnam, 1990).

However, specific country studies show higher rates of poisoning. Nine per
cent of the Indonesian farmers participating in a prospective study recalled at
least one pesticide poisoning during the previous year (Kishi et al, 1995). In Costa
Rica, the estimate of the annual incidence of symptomatic occupational poison-
ing among agriculture workers was 4.5 per cent (Wesseling et al., 1993). Yet it is
also important to note that directly observed poisoning rates are much higher
than self-reported rates. In the Indonesian study, 21 per cent of the spraying
operations resulted in three or more neurobehavioural, respiratory or intestinal
signs or symptoms, which was taken as a functional definition of poisoning.
However, only 9 per cent of the farmers in the study had reported pesticide
poisoning over the past year. One reason for this discrepancy is that farmers are
likely to ignore the symptoms of pesticide poisoning or to not take them seriously,
because they accept that becoming sick is simply an unavoidable part of their
work (Kishi et al, 1995).
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Another factor that leads to the underreporting of pesticide poisoning is that
the focus of epidemiological studies in developing countries has mainly been on
male farmers who apply pesticides, although women are equally at risk (London
et al, 2002). Similarly, there is little available information about occupational
pesticide poisonings among children. According to a review by the Pan American
Health Organization (PAHO), some 10-20 per cent of all poisonings involve
children under 18 years of age (Henao et al, 1993). In Nicaragua, nearly one in
five work-related poisonings involved children under 16 years of age (McConnell
and Hruska, 1993).

At the household level, women and children are at considerable risk. Women
are often engaged in different types of agricultural labour, such as planting,
weeding and harvesting. They spend long hours in the fields where pesticides
are being sprayed, or work in the fields immediately after pesticides have been
applied. In some areas, women can be in charge of pesticide application (Kimani
and Mwanthi, 1995; Murphy et al, 1999), and even in areas where men tradition-
ally do the spraying, the migration of men to the cities, as well as injuries, sickness
and the deaths of male family members due to war and diseases such as AIDS,
can leave women to do the spraying (London et al, 2002). It is also common for
children to help on the farm, including applying pesticides (Harari et al, 1997).
A further risk arises from contaminated clothes washed by women, often mixed
with other laundry (Kishi et al, 1995). Pesticides are commonly stored in the
home within the reach of children. In Indonesia, 84 per cent of respondents store
pesticides in their homes, 75 per cent in living or kitchen areas, and 82 per cent
within reach of children (Kishi et al, 1995). In Ghana, 31 per cent of respondents
store pesticides in the bedroom for security reasons, as pesticides are expensive
and not always readily available, with 18 per cent storing them elsewhere in the
house (Clarke et al, 1997).

WHO is currently developing new estimates for acute pesticide poisoning
through its Project on the Epidemiology of Pesticide Poisoning in India, Indo-
nesia, Myanmar, Nepal, Thailand and the Philippines (Nida Besbellin, pers.
comm.). In the trial implementation phase, data were collected using a new
harmonized pesticide exposure record format, and medical staff were instructed
on the collection of information, on the diagnosis and treatment of cases of
pesticide exposure and on the use of the poisoning severity score (PSS). This trial
phase has confirmed that pesticide poisoning is a serious public health problem.
The data demonstrated the magnitude of the problem due to intentional poison-
ing, but did not appear to reflect the situation concerning occupational and
accidental exposures. Population-based studies are now required in order to
collect information about cases that are not in hospital records. The second stage
of the study will include such studies and a surveillance protocol is being
developed for community-based studies.

WHY ARE SO MANY PEOPLE POISONED?

Hazardous products are supposed to be used by trained personnel wearing
protective equipment, as the skin is the major route for occupational exposure to
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pesticides, followed by inhalation and oral intake. However, studies in Indonesia
(Kishi et al, 1995) and Ecuador (Cole et al, 2000) demonstrate that it is common
for agricultural workers in developing countries to apply pesticides barefoot
with little or no protective equipment. Other studies from Tanzania, Kenya,
Indonesia and Costa Rica have produced similar results (van Wendel de Joode
et al, 1996; Murphy et al, 1999; Ohayo-Mitoko et al, 1999).

There are a number of further ways in which agricultural workers can be
exposed to pesticides. Kitchen spoons, bottle caps and bottles are commonly used
to mix the concentrated chemicals, and these implements can easily contaminate
workers’ bare skin. Furthermore, if farmers spray pesticides into the wind, or if
the target is tall, farmers may find themselves walking into pesticide mists before
the droplets have fully settled on the crops, thus wetting their skin and clothes.
In addition, pesticide backpacks are often ill-maintained, and therefore leak,
resulting in the skin and clothing being soaked with pesticides. Long-sleeved
shirts and trousers, and handkerchiefs worn as masks, may be used as protective
measures, but are largely ineffective. When these become wet with pesticides,
they may enhance absorption through the skin and mouth.

Contrary to the assumption that ‘farmers handle pesticides in a risky manner
because of the lack of knowledge about dangers of pesticides’, most farmers do
generally know that pesticides are toxic (Eisemon and Nyamete, 1990; McDougall
etal, 1993; Clarke et al, 1997; Murphy et al, 1999; Aragon et al, 2001; Kunstadter
et al, 2001; Kishi, 2002). However, this knowledge does not necessarily translate
into behaviour that mitigates effects, as there are often structural barriers or other
reasons that override farmers’ concerns about safety when applying pesticides.
Indeed, researchers have found in Central America ‘a vast array of structures which
create a context in which unsafe practice may be the sensible, if not the only possible line
of action. . . .The inappropriate use of pesticides is driven by many complex factors’
(Murray and Taylor, 2000).

This situation is similar in other developing countries. A study in Ghana
showed that:

[allthough farmers claim knowledge of health risks from pesticides, they do
not generally use personal protective measures, the predominant reasons
given being that the protective equipment is out of their financial reach and
uncomfortable to use under the prevailing hot and humid climatic conditions
(Clarke et al, 1997).

A further problem is that washing facilities are rarely located close to agricultural
fields, so agricultural workers cannot wash themselves properly until they get
home. They therefore spend long hours in agricultural fields wearing contamin-
ated clothing, and eat, drink and smoke with pesticide-soaked hands.
Environmental exposure in agricultural communities is another area of
concern. There are numerous, commonly observed practices that demonstrate
the high risks of pesticide exposure among rural communities in developing
countries, even though there has been too little research that has focused on this
area. For instance, people who live in agricultural communities commonly use
irrigation canals and streams for daily activities such as washing and bathing,
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yet empty pesticide containers dumped in fields and irrigation canals are a
common occurrence. PAHO reviewed several Latin American countries and
concluded that ‘it is common to find residues of organochlorine and organophosphorus
compounds in drainage, well, and river water’ (Henao et al, 1993), while a later study
in South Africa found widespread pollution of farm area surface and ground
water with low levels of endosulfan, with a variety of other pesticides (chlor-
pyrifos, azinphos-methyl, fenarimol, iprodione, deltamethrin, penconazole and
prothiofos) found to exceed drinking water standards (London et al, 2000).

In addition, people who live close to agricultural fields can be exposed to
pesticides when fields are sprayed from the air. In Nicaragua, the aerial drift of
pesticides provokes lower cholinesterase levels and increased numbers of
symptoms from pesticide poisoning in people living nearby (Keifer et al, 1996).
In Israel, an association was found between exposure and symptoms among
children and adults living in kibbutzim affected by drift exposure (Richter et al,
1992). Another study in Nicaragua found cholinesterase depression among
children in the communities near an airport where organophosphates were
loaded and unloaded from airplanes (McConnell et al, 1999b). In El Salvador, an
association was found between the two-week prevalence of acute symptoms in
children (including the detection of urinary metabolites of organophosphates),
with an adult in the same household who had recently applied methyl parathion
(Azaroff, 1999; Azaroff and Neas, 1999).

For such an important public health problem, it is surprising that there still
remains so little research on pesticide exposure and adverse health effects in
developing countries. As WHO estimates indicate, the problems may be much
more severe than previously supposed. With pesticide use set to continue to rise
in many agricultural systems, it is clearly important to find ways to reduce
exposure to hazardous products.

THE CHRONIC EFFECTS OF PESTICIDE EXPOSURE

The estimates of numbers of people poisoned by pesticides refer only to acute
pesticide poisoning. They do not address the chronic effects of exposure, which
include cancer, neurological and reproductive effects, respiratory and skin
disorders, and impaired immune functions (WHO, 1990; Keifer, 1997; Krieger,
2001).

Chronic effects can occur through either low-dose, long-term exposures or
high-dose, short-term exposures and both conditions are likely to occur in
developing countries. In industrialized countries, by contrast, the focus of
concern has generally shifted from occupational exposures to low-level expo-
sures among the general public (Fleming and Herzstein, 1997). However, there
are growing concerns about pesticide effects on family members of agricultural
workers in some countries. In the US, for example, several studies are investigat-
ing the health effects on both farmers and their spouses and children. These
include a large prospective Agricultural Health Study, carried out by the National
Cancer Institute, and the National Institute of Environmental Health Sciences,
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which investigates health effects on farmers, spouses, and children in North
Carolina and Iowa (Alavanja et al, 1996; Galden et al, 1998; see also www.
aghealth.org).

Other examples include a research programme on children’s pesticide
exposure in the farm environment by the University of Washington (Fenske et
al, 2000) and a study of pesticide exposures and their effects on pregnant women
and their children by the University of California at Berkeley (Eskenazi et al,
1999). In addition, the Natural Resources Defense Council has reported on the
effects of pesticides on the children of farmers and farm workers (Solomon and
Motts, 1998). Some health professionals and researchers have begun to study the
effects of pesticides on inner-city children (Landrigan et al, 1999), as well as the
possible adverse effects of environmental pesticide exposures on children’s
learning and behavioural development (Schettler et al, 2000; Schettler, 2001).

PESTICIDES AND CANCER

The findings of a number of occupational studies on farmers have been con-
ducted worldwide, although mainly in industrialized countries, with consistent
findings. A review of the carcinogenicity of pesticides shows that farmers
experience higher than expected rates of cancers of the lymphatic and blood
system, lip, stomach, prostate, brain, testes, melanoma, other skin cancers and
soft tissue sarcoma (Zahm et al, 1997). While studies of female farmers and
female farm-family members have not been conducted as extensively as those
of male farmers, it appears that they too have excesses of cancers of the lymphatic
and blood system, lip and stomach, as well as ovarian cancer and possibly
cervical cancer. Another review (Solomon et al, 2000) shows similar results, but
the authors interpret that the excess of skin cancers and cancer of the lip are more
likely to be caused be exposure to ultraviolet light than pesticides. Zahm and
colleagues (1997) concluded that in spite of the limited data, ‘there is strong
evidence that selected phenoxyacetic acid herbicides, triazine herbicides, arsenical
insecticides, organochlorine insecticides, and organophosphate insecticides play a role in
certain human cancers.” The US Agricultural Health Study recently found a small
but significant increase in prostate cancer risk for pesticide applicators and
farmers than the general population of North Carolina and Iowa (Alavanja et al,
2003).

In developing countries, studies of pesticide exposure and cancer are rare
(London et al, 2002). In Costa Rica, a retrospective cohort study found raised
cancer risk among banana plantation workers who were exposed to the nemati-
cide, dibromochloropropane (DBCP). Male workers showed an increased risk of
melanoma and penile cancer, while female workers showed an increased risk of
cervical cancer and leukaemia (Wesseling et al, 1996). Two studies in Colombia
and Mexico (Olaya-Contreras et al, 1998; Romieu et al, 2000) found exposure to
organochlorine insecticides was a risk factor for female breast cancer, but two
others in Mexico and Brazil did not reach the same conclusion (Lopez-Carrillo
et al, 1997; Mendonca et al, 1999).
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Though the aetiology of childhood cancer is not well understood, associations
have been found between parental and infant exposures to pesticides and
childhood brain tumours, leukemia, non-Hodgkin’s lymphoma, sarcoma and
Wilms’ tumour (Daniels et al, 1997; Zahm and Ward, 1998; Gouveia-Vigeant and
Tickner, 2003). Studies of childhood cancer in relation to pesticide exposures are
rarely conducted in developing countries. In Brazil, however, a case-control
study examined associations between parental exposures to pesticides and the
risk of Wilms” Tumor, and found associations between paternal and maternal
exposures to farm work with frequent pesticide use and Wilms’ tumour in their
children (Sharpe et al, 1995). Owing to the limited geographic extent of these
studies, it remains difficult to draw wider conclusions.

NEUROLOGICAL EFFECTS

Cholinesterase-inhibiting pesticides are known to cause persistent neurological
and neurobehavioural damage following acute exposures or long-term exposure
to low doses. Persistent damage to the central and peripheral nervous systems
has been found following episodes of poisoning in developing countries by
cholinesterase-inhibiting pesticides (Rosenstock et al, 1991; McConnell and
Magnotti, 1994; McConnell et al, 1999a; Miranda et al, 2002a, 2002b; Wesseling
et al, 2002). Studies in Ecuador found adverse effects on the peripheral and
central nervous system in agricultural workers who apply pesticides as well as
in other farm members who are likely to be indirectly exposed to pesticides (Cole
et al, 1997b, 1998a) (see Chapter 10).

Other pesticides are also causing neurological problems. In Brazil, an associ-
ation was found between occupational exposure to maneb and chronic neuro-
logical impairment (Ferraz et al, 1988), and in Costa Rica, neurotoxic effects
occurred in DDT-exposed vector-control sprayers (van Wendel de Joode et al,
2001). In Mexico, preschool children in a farming community where pesticides
were heavily used were compared with children in another farm community that
used little or no pesticides. Compared with the less exposed children, the
children in the community with high pesticide use showed decreased stamina,
short-term memory impairment, difficulties in drawing, and had problems with
hand-eye coordination (Guillette et al, 1998).

REPRODUCTIVE AND OTHER EFFECTS

A number of pesticide products are known or suspected to be reproductive
toxicants, and those who are occupationally exposed to pesticides or who live in
agricultural communities again appear to be at greater risk. Anumber of studies
conducted in developing countries that document the adverse impacts of
pesticides on reproductive health are summarized in Table 2.1.

There are many other health effects from exposure to pesticides. Impaired
immune functions from pesticide exposure have been widely reported in
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Table 2.1 Reproductive health studies on pesticides in some developing countries

Country Main findings

Chile An association between maternal pesticide exposure and congenital
malformations.
China An increased risk of small-for-gestational-age and threatened abortion

among those exposed to pesticides occupationally.

A higher than expected number of congenital anomalies in the central
nervous system among women exposed to pesticides during the first
trimester of pregnancy.

Colombia An increase in the prevalence of abortion, prematurity and congenital
malformations amongst female workers and the wives of male workers in
floriculture.

An increased risk of birthmarks, especially haemangioma.

Costa Rica  High rates of male infertility among banana workers exposed to
dibromochloropropane (DBCP) in the 1970s.

India A high frequency of abortions and stillbirths among workers in a grape
garden exposed to organochlorine and organophosphate pesticides.
Abortions, stillbirths, neonatal deaths and congenital defects among cotton
field workers.

Sudan A higher incidence of stillbirth in farm families exposed to pesticides.

Source: Whorton et al, 1977; Rita et al, 1987; Restrepo et al, 1990a, 1990b; Rupa et al, 1991; Thrupp,
1991; Zhang et al, 1992; Taha and Gray, 1993; Levy et al, 1999; Rojas et al, 2000

developing countries (Repetto and Baliga, 1997a; 1997b). This has enormous
implications for the life expectancies of millions of farmers, particularly women,
who are affected by HIV (Page, 2001). Respiratory problems are also common.
An association before respiratory impairment with long-term occupational
exposure to a variety of organochlorine (OC) and OP pesticides was found
among sprayers in mango plantations in India, and a reduction of pulmonary
function and frequent complaints of respiratory symptoms occurred among farm
workers exposed to various OPs in Ethiopia (Rastogi et al, 1989; Mekonnen and
Agonafir, 2002). In addition, associations between paraquat and long-term
respiratory health effects were found in Nicaragua and South Africa (Castro-
Gutierrez et al, 1998; Dalvie et al, 1999). Chlorothalonil is a risk factor for
dermatitis among banana plantation workers in Panama (Penagos et al, 1996;
Penagos, 2002), as is the fungicide maneb in Ecuador (Cole et al, 1997a).

OBSTACLES TO CHANGE: ECONOMIC AND
PoLiticAL FACTORS

There are many obstacles to the reduction of harm arising from the misuse of
pesticides in developing countries. Most of the barriers are economic and
political, including a number of factors that make hazardous pesticides readily
available and relatively inexpensive. For many years, governments subsidized
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pesticides to reduce their cost to farmers, although this has become uncommon
today. Multinational companies have the resources and influence to promote the
use of their products, and often play a key role in framing national pesticide
policies. Some development assistance programmes have also played a role in
promoting pesticide use (Tobin, 1994, 1996). Local sellers and distributors
directly advise farmers on how much pesticide they should use, even though
their incentives are financial — the more they sell, the more they earn. All these
factors influence farmers’ perceptions of pesticides as agricultural ‘medicine’, as
they are referred to in a number of languages, and the common belief that
pesticides are necessary for healthy and plentiful crops.

Underpinning these problems is a more fundamental concern. National
health ministries and international health organizations tend to promote a ‘health
paradigm’ for dealing with pesticides. Common ‘solutions’ include improve-
ment of diagnosis and treatment of pesticide poisoning, health education and the
dissemination of information about the dangers of pesticides, and promotion of
personal protective equipment. These are similar ‘solutions’ to those actively
promoted by the pesticide industry (McConnell and Hruska, 1993) in their ‘safe
use’ programmes, with the underlying assumption that ‘a linear relationship exists
between the transfer of knowledge and changes in behaviour’ (Murray and Taylor,
2000).

The problem is that people may know something is correct, but may not be
able to act. Although millions of dollars have been spent, ‘there is no evidence that
widespread “safe use” programs have greatly affected pesticide exposure and morbidity’
(Wesseling et al, 1997a). A seven-year research program by Novartis on the
adoption of safe and effective practices found that ‘despite the increase in the
number of farmers adopting improved practices, a large number still did not do so even
though they were aware of the health risks’ (Atkin and Leisinger, 2000).

Asindicated earlier in the chapter, farmers generally do know the dangers of
the pesticides, but this knowledge alone is not sufficient to change their behavi-
our. Their first priority is usually economic survival, which generally overrides
concerns for health (Aragon et al, 2001; Kishi, 2002). A survey of sugarcane
farmers in Fiji found that 26 per cent were very concerned about the health risks
of pesticide use, but indicated that the perceived benefits outweighed the risks
(Szmedra, 1999). In Sri Lanka, the perception among farmers is that heavy
pesticide use is essential for good crops, and so farmers do their best to minimize
or deny the health problems from their ‘necessary” exposure to pesticides
(Sivayoganathan et al, 1995).

Even if farmers were able to obtain and use protective equipment, the
problems of pesticide exposure to family members, to people living in agri-
cultural communities, and to the general public, would not be solved. The
environmental and agroecosystem problems will remain too — including the
adverse impacts on fish, animals and natural predators, as well as pest resistance
to pesticides.



THE HEALTH IMPACTS OF PESTICIDES: WHAT DO WE NOW KNOW? 33

NEED FOR SURVEILLANCE SYSTEMS

Surveillance is one of the most important tools for understanding the extent of
public health problems and for controlling occupational hazards. It is defined as:

the ongoing systematic collection, analysis, and interpretation of health data
essential to the planning, implementation, and evaluation of public health
practices, closely integrated with the timely dissemination of these data to
those who need to know (NIOSH, 2001).

However, for a variety of reasons, including underreporting and lack of surveil-
lance systems, the true extent of pesticide poisoning in developing countries
remains unknown (Murray, 1994; Murray et al, 2002).

There are a number of reasons for underreporting. One is that many of the
agricultural workers who develop pesticide-related symptoms do not visit health
facilities. A possible explanation for this is that they are likely to ignore their
pesticide-related illness and not take it seriously (Kishi et al, 1995). A study in
Kenya found a similar explanation among female workers. The majority of acute
pesticide poisoning cases referred to the health facilities were male, and a
possible reason was that:

women either ignored the symptoms, or did not feel that the heath conditions
were more serious to warrant health care than their daily activities. Appa-
rently, many of the women either ignored the symptoms or relied on self
medication. Indeed, many women reported that the symptoms were neither
acute nor were they life threatening. In fact, complaints related to pesticides
exposures were considered “minor” health problems by the women (Kimani
and Mwanthi, 1995).

Moreover:

the low literacy rate among the women and other limiting factors such as
distance, and low social economic status may have been the reason why many
of them did not seek health care attention after acute exposure to the pesticides.

Other causes for underreporting include ignorance on the part of medical
personnel, objections to performing extra paperwork, and the absence of super-
visory feedback. Misdiagnosis by medical personnel is another problem: the
symptoms of mild and intermediate levels of pesticide poisonings (e.g. dizziness,
nausea, headache) are non-specific and are easily misdiagnosed as flu. Misdiag-
nosis may even occur among farmers who suffer from severe intoxication that
leads to death. Loevinsohn (1987) reported that in a rice-growing area with
intensive pesticide use in the Philippines, increases in the mortality rate caused
by strokes were correlated with pesticide exposure.

Asindicated earlier, currently available data overestimates the proportion of
suicides by pesticides in developing countries. In an intensive surveillance
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project, London and Bailie (2001) point out that hospital and health authority
sources in South Africa overestimated the proportion of cases resulting from
suicides and greatly underestimated the proportion of occupational poisonings.
London and Bailie also argue that these patterns of pesticide poisonings may
seriously misinform policymakers about priorities for regulating pesticide use.

The problem of underreporting in surveillance can be improved by training
medical personnel at different levels. After implementing active surveillance in
Nicaragua, reported cases increased from seven to 396 (Cole et al, 1988). Even
so, it was found that at least a third of poisoning cases in Nicaragua did not
seek primary health care (Keifer, 1997). In Central America, efforts at designing
and implementing surveillance systems became part of the activities in the
PLAGSALUD project (Keifer et al, 1997; Murray et al, 2002). PLAGSALUD and
the ministries of health created a list of 12 pesticides that caused acute pesticide
poisonings: aldicarb, aluminium phosphide, carbofuran, chlorpyriphos, endo-
sulfan, etoprophos, methamidophos, methomyl, methylparathion, monocroto-
phos, paraquat and terbufos. The PLAGSALUD project then conducted a region-
wide under-reporting study in 2000, which found that the majority (76 per cent)
of acute pesticide poisonings were work-related, followed by accidental poison-
ings and by suicides. It also indicated that rates of underreporting of pesticide
poisonings were at least 98 per cent (Murray et al, 2002).

LIMITATIONS IN TOXICOLOGY AND EPIDEMIOLOGY

Traditional risk assessment tends to deal with healthy males and one-time
exposures to a single pesticide (Carpenter et al, 2000). The reality in developing
countries, however, is that people are exposed to many products that may
interact, and many of those exposed are not healthy, young males. Children and
foetuses are recognized as the groups most sensitive to pesticides (Fleming and
Herzstein, 1997), and the adverse health effects of pesticides can be further
aggravated by poor nutrition, dehydration and infectious diseases (WHO, 1990;
Repetto and Baliga, 1997a). Also, some pesticides are endocrine disrupters with
the potential to cause adverse effects in both wildlife and humans, even at small
doses (see Chapter 1).

Pesticides are often applied in combinations or mixtures, and there is some
evidence that exposure to mixtures are associated with higher rates of case
fatality and morbidity (Jeyaratnam, 1982; Kishi et al, 1995; Cole et al, 2000). The
interactions of pesticides can be inhibitory, additive or synergistic. Recent in vitro
and animal studies demonstrate synergistic effects among some pesticides and
their possible roles in the aetiology of certain diseases (Thiruchelvam et al, 2000;
Payne et al, 2001).

Much risk assessment also assumes that climatic conditions under which
pesticides will be used are similar to those where most assessments were
developed. Furthermore, some researchers suggest that a greater risk of adverse
health effects exists in poorer communities (Tinoco-Ojanguren and Halperin,
1998), while others suggest that the risks for pesticide poisoning for women are
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underestimated (Kimani and Mwanthi, 1995; London and Bailie, 2001; London
et al, 2002).

It is the high-risk groups in every country who disproportionately bear the
burden of pesticide exposure (WHO, 1990; London and Rother, 2000). Even in
industrialized countries, migrant or seasonal farm workers, who are often
minorities and from low-income groups, are the most highly exposed popula-
tions. This higher-risk group is rarely included in research on acute and chronic
health effects related to pesticides (Moses et al, 1993; Zahm and Blair, 1993).

Exposure assessment is important for epidemiology, and measurement of
plasma or red blood cell cholinesterase levels is the most common and potentially
least expensive biomarker for detecting exposure to OP and carbamate exposure
(Wilson et al, 1997). This method is used widely in developing countries. Such
measurement of cholinesterase is meant to be a tool to prevent acute organophos-
phate intoxication. It has been reported that symptoms usually do not appear
until there is a 50 per cent decrease in cholinesterase activity compared with pre-
exposure baseline levels (Tafuri and Roberts, 1987). Therefore, by monitoring
their cholinesterase levels, workers can be removed from exposure before
symptoms develop.

However, the normal range of cholinesterase levels is quite broad, and
individuals with a high normal value could lose half of their cholinesterase
activity while remaining within the normal range. Due to this high inter-
individual variability in baseline cholinesterase activity, some have questioned
whether the levels of cholinesterase enzymes accurately measure the exposure
or effects relating to OPs and carbamates (Fleming and Herzstein, 1997; Wesseling
et al, 1997a).

In developing countries, the scarcity of resources and appropriate tools to
carry out epidemiological studies thus presents a major challenge. This can limit
study design, time period and sample size, all of which affect results. For
example, if the number of study participants is small, the study could fail to
detect an association even when there is one. In other words, when an epidemio-
logical study on the effects of pesticides shows no effects, this does not neces-
sarily mean that the pesticides in question do not cause adverse effects.

Furthermore, even when there is an increased number of studies that show
associations between exposure to pesticides and outcomes, not all studies will
demonstrate the associations. In this situation, different scientists draw different
conclusions, even when they are looking at the same set of study results. Some
may find a significant association, whereas others may declare there is limited
evidence or no clear evidence (Osburn, 2000). Some may even go on to conclude
that absence of evidence means an absence of adverse effects. But as Watterson
described (1988), this is not the case:

Sometimes medical and civil service staff ... arque that the absence of evidence
of pesticide poisoning is evidence of the absence of pesticide poisoning... This
arqument is simply illogical. If people do not know how to identify cases of
pesticide poisoning; if symptoms of such poisoning can be easily confused
with influenza, cold and other common ailments; if we do not know how to
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measure non-acute exposures to various pesticides; if we do not know what
effect long-term low-level exposure to pesticides can have on people, we are
simply not in a position to state that “there is evidence of absence of pesticide
poisoning.” We have an absence of evidence about pesticide poisoning; we
do not have evidence of absence about sub-chronic, chronic, neurological,
genetic and reproductive effects of agro-chemicals.

WHAT CAN BE DONE?

In order to avoid the adverse effects of pesticide use, other ways of reducing
exposure need to be explored more widely, including the reduction of pesticide
use without accompanying crop losses, and more effective regulation of the
distribution and use of hazardous products. A key issue centres on whether
pesticides are really needed to grow all crops. There is growing evidence that
pesticide use can be reduced while maintaining stable or even increased agri-
cultural production through implementation of integrated pest management
(IPM) programmes, and there are many organizations that have been success-
fully promoting IPM throughout the world (Pretty, 2002). Since the concept of
IPM was developed in the 1950s, its theory and practice have evolved and, as a
result, the term IPM has come to have different meanings. Antle and Wagenet
(1995) warn that, ‘despite the public perception that integrated pest management
techniques reduce or eliminate pesticide use, many IPM techniques are based on economic
thresholds for pesticide application that do not explicitly consider either environmental
or human health impacts.” Thus IPM based on economic thresholds can establish
pesticides as predominant elements and is indistinguishable from ‘intelligent
pesticide management’.

In contrast, there are other types of IPM programmes that put farmers at the
centre. Over the past two decades in Asia, UN Food and Agriculture Organiza-
tion (FAO) has taken a leading role in developing and supporting farmer-centred,
ecologically-based IPM programmes, in collaboration with various govern-
mental and non-governmental organizations. As a result, over two million
farmers in 12 Asian countries have completed IPM training at season-long farmer
field schools. Through participatory IPM training, farmers learn and develop the
skills to critically analyse and manage their agroecosystem in order to grow
healthy crops (Dilts, 1998; Matteson, 2000; Settle et al, 1996; Useem et al, 1992).
These IPM farmer field schools are now being pilot-tested in Latin America and
Africa under the coordination of the FAO-based Global IPM Facility.

The methods and skills learned can be applied not only to solving agricultural
problems, but also to other types of problems. For example, in Cambodia a pilot
programme named ‘Farmer Life Schools’ organized through the network of the
farmers who had completed IPM farmer field schools, was conducted in 2000
to help communities address other critical social issues, including HIV/
AIDS (Sokuthea, 2002). Another important spin-off has led to programmes for
community-based pesticide surveillance conducted by farmers who have com-
pleted the IPM Farmer Field Schools (Murphy, 2001; Murphy et al, 2002).



THE HEALTH IMPACTS OF PESTICIDES: WHAT DO WE NOW KNOW? 37

The farmer self-surveillance studies have been piloted in several south-east
Asian countries, including Cambodia, Thailand and Vietnam. They take a
different approach from conventional public health research. Rather than being
the subjects of research conducted by outside experts, agricultural workers are
placed at the centre. Workers who are exposed to risks examine their own
working environment and practices and make their own decisions about actions
that can be taken to reduce risks. Thus, data on the incidence of pesticide
poisoning is analysed and used at a local level. In most public health research,
on the other hand, outside experts come to the agricultural communities, collect
data from the field, analyse it, draw conclusions and make recommendations
which may or may not be practical or acceptable to agricultural workers. Giving
feedback to the people who are experiencing occupational risks and assisting
them to prevent pesticide-related illness is important and ethical, but it does not
always happen.

While the importance of cross-disciplinary health and agricultural approaches
has been recognized, the majority of public health researchers still do not look
beyond the health sector. It is important to note, however, that a small but
growing number of public health researchers have begun emphasizing the
importance of pesticide use reduction through implementation of pest control
methods and recommend it as a solution to the wider problems of pesticide
poisoning (WHO, 1990; McConnell and Hruska, 1993; London and Myers, 1995;
Kishi et al, 1995; Clarke et al, 1997; Ohayo-Mitoko et al, 1997; Richter and Safi,
1997; Wesseling et al, 1997a; van der Hoek et al, 1998; Lowry and Frank, 1999;
McConnell et al, 1999b; Murphy et al, 1999; Ohayo-Mitoko et al, 1999; Cole et al,
2000; Kishi and LaDou, 2001; Ngowi et al, 2001; Wesseling et al, 2001).

There have been two studies to evaluate the value of IPM training in reducing
pesticide use and its impacts on farmers’ health in Nicaragua (Corriols and
Hruska, 1992; Hruska and Corriols, 2002) and in Indonesia (Kishi, 2002). The
Nicaraguan study found that IPM training is effective in reducing pesticide use
and is associated with a lower incidence of acute pesticide poisoning and less
cholinesterase inhibition, compared with the farmers without IPM training. In
Indonesia, knowledge of the health risks of pesticide use was not sufficient to
change farmers’ behaviour, as their main concern is crop damage that can lead
to economic ruin. However, IPM Farmer Field School training did offer farmers
a viable alternative, by demonstrating the economic, agricultural, health and
environmental advantages of eliminating unnecessary pesticide use. A strong
message to public health professionals is that for the interventions to be effective,
they must use appropriate methods, meet the community’s priorities and values,
and offer feas