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1.

Lack of reliable data on the nature of pesticide use in Kenya is a severe handicap for
the formulation of an informed national policy on pesticide management and use.
(This thesis)

2.

Kenyan agricultural workers are overexposed to cholmesterase-inhibiting pesticides.
(This thesis)

3.

Quantitative reduction in pesticide use, especially in WHO Class la, lb and n, is a
priority, but is not sufficient in itself. It may be necessary to invest in the development
of non-chemical alternatives which promote sustainable agriculture.
(This thesis)

4.

Increased symptom prevalence observed at acetylcholinesterase levels which are
considered non-adverse indicates a need for more health-protective threshold levels
that are more sensitive than the WHO-recommended threshold at 70% of baseline
activity levels.
(This thesis)

5.

A high proportion of pesticide intoxication among agricultural workers appear to be
due to lack of knowledge, wrong perceptions and dangerous practices.
(This thesis)

6.

Training in diagnosis, management and prevention of pesticide poisoning should be
undertaken for all cadres of health-care workers.
(This thesis)

7.

Information derived from interviews and observations from a combination of groups
is rather unique and together with epidemiological findings, gives a better opportunity
to derive recommendations for strategies to solve the problem.
(This thesis)

8.

Chemical pesticides cause widespread environmental problems and are the only toxic
chemicals deliberately introduced into environment in times of peace.
(This thesis)

9.

In a few years' time, this worker will be trembling, perhaps go blind, and will
certainly die young without even realising why. Plantation owners spend a lot on
pesticides, but if workers become ill, they sack them and hire others.
(Trade Unionist, Bahia, Brazil)

10.

It is one thing to have well-written laws and another thing to enforce them.
(Edwin Magallone, "Pesticide regulation in the Philippines", 1976)

11.

If they produce mutations in animals and man, the potential of those chemicals is even
greater than those which cause birth defects, because mutations damage genes, thus
passing a permanent defect to future generations.
(Dan Looker, "A farmers' guide to pesticide use", 1979)

12.

Pesticides in agriculture: development's unfulfilled promise.

13.

Behaviour change should be voluntary.

14.

There is no end, there is no beginning, there is only the infinite passing of life
(without pesticides?).
(Fellini, 1920-1993)

Statements belonging to me thesis: Occupational Pesticide Exposure among Kenyan
Agricultural Workers; an epidemiological and public health perspective. Grace OhayoMitoko, Wageningen, 28 October 1997.
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Chemical poisoning is real and is a growing threat to human lives and to our environment. But the sad fact is that we are not totally aware that it exists. Edwin Daiwey,
"Insecticides in the Third World: Death is Another Export of the Industrialized World",
Feb 23, 1980.
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Abstract
This study was part of the Kenyan component of a multi-centre epidemiologic survey, the
East African Pesticides Project. The general objective was to assess the health hazards
posed by pesticide handling, storage and use in agricultural estates and small farms in
selected rural agricultural communities in Kenya where cotton, tobacco, flowers and other
horticultural crops are grown, with a view to developing strategies for the prevention and
control of pesticide poisoning. 666 agricultural workers, 120 agricultural extension
workers and 108 health care workers from Naivasha, Wundanyi, Homabay and Migori
comprised the study population. It was found that the 370 formulations registered for use
in Kenya by the Pest Products Control Board (PCPB), represented 217 active ingredients.
About 22% of the volume imported were highly hazardous, 20%, moderately hazardous,
45% slightly hazardous and the rest, unclassified. Acetylcholinesterase inhibition occurred
in agricultural workers ( 390 exposed; 276 unexposed) as a result of exposure to organophosphate and carbamate pesticides. Acetylcholinesterase levels of 29.6% of exposed
individuals were depressed to values below 60% of baseline. Workers from Naivasha had
the largest inhibition (36%), followed by Homabay (35%), and Wundanyi (33%); workers
from Migori had by far, the least inhibition (26%). Empirical modelling techniques were
used to identify and quantify factors affecting exposure to cholmesterase-inhibiting
pesticides. The models were adequate as they explained 57-70% of the observed variability in acetylcholinesterase. There was no significant difference in personal hygiene
practices between areas. Access to a washing and bathing facility had a positive effect
while washing hands and bathing was found to be more reactive than proactive. Spraying
had a more profound effect on cholinesterase levels than mixing of pesticides. It has also
been shown that workers who sprayed less hazardous pesticides had less inhibition than
their counterparts who sprayed more toxic pesticides. However, hardly any variability
existed in factors such as personal protective devices and hygienic behaviour within areas,
thereby limiting the power of the models to detect the effects of these potential factors
affecting exposure. The prevalence of symptoms in this population was described in order
to relate levels of inhibition to reported symptoms and to evaluate at which inhibition
levels symptoms become elevated. The prevalence of symptoms was found to be higher
during the high exposure period than during the low exposure period in the exposed
subjects. The presence of a relationship between acetylcholinesterase inhibition,
acetylcholinesterase level and respiratory, eye and central nervous system symptoms was
established. Increased symptom prevalence was observed at acetylcholinesterase levels

Abstract
which are generally considered as non-adverse. The knowledge, perceptions, observed
and reported practices were assessed for the population of agricultural workers. Knowledge was found to be low with regard to safe use of pesticides. For instance the most
important route of occupational exposure to pesticides. Practices such as storage, mixing
and application were found to be generally poor. Personal hygiene practices were good
but the use of personal protective devices was low especially among farmers in Homabay
and Migori. The knowledge, perceptions and practices of agricultural extension workers
was assessed with respect to safe handling of pesticides. About one third of the extension
workers did not know the pesticide operations responsible for poisoning. All the extension
workers reported that they were involved with advising on the use of pesticides but only
80% gave advise on safe use. About two thirds of the extension workers felt that
pesticides poisoning was a minor problem. They emphasized following of instructions,
use of personal protective clothing and devices as well as personal hygiene to prevent
poisoning. Knowledge, perceptions and practices of health care workers were also
assessed with respect to diagnosis, management and prevention of pesticide poisoning.
Only about one fifth of the health care workers thought pesticide poisoning was a major
problem in the community. Most of the health care workers were able to provide
information on the health aspects of pesticides but less than ten percent of this information
was directed at the farmers. Diagnosis of poisoning was found to be difficult with only
one third of the health care workers reporting that they had seen at least one case of
pesticide poisoning in the duration of time that they worked in this agricultural area.
Almost all health care workers reported that they would like information and training as
well as drugs and antidotes for the management and treatment of poisoning. Lack of
knowledge, poor perceptions and practices at all levels as well as the availability and use
of the more toxic pesticides were found to be major factors influencing pesticide poisoning. It is necessary to urgently initiate interventions to address the gaps found. The results
of this study will facilitate the development of effective multi-faceted strategies for the
management, prevention and control of occupational pesticide exposure in Kenya and
other developing countries.

Preface

Preface
This thesis is based on the Kenyan component of a four-year multi-centre field study
aimed at the prevention and control of pesticide poisonings in East Africa. The East
Africa Pesticide Network (EAPN) was a descriptive epidemiologic survey conducted in
East Africa (Kenya, Ugana and Tanzania) by scientists from the Kenya Medical Research
Institute (KEMRI), Kenya; the Tropical Pesticides Research Institute (TPRI), Tanzania
and tie Occupational Health and Hygiene Department (OHHD), Ministry of Labour,
Uganda. Biological monitoring of exposure of pesticides among farmworkers was carried
out and the knowledge, attitudes and practices of farmworkers, agricultural extension
workers and health personel was assessed with a view to developing strategies for the
prevention and control to pesticide poisoning in the region. This study was done with
financial support and scientific collaboration from the Finnish Institute of Occupational
Health (FIOH) of Finland, The International Development Research Center (IDRC) of
Canada and Wageningen Agricultural University. This is gratefully acknowledged.
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Introduction

Background
Pesticides

1,2

are widely used for the prevention and control of pests, diseases, weeds,

fungi and nematodes (WHO, 1986a) in an effort to reduce crop losses due to pests which
are estimated to be in the range of 10-30% in the developed countries and up to 75% in
developing countries (WHO/UNEP, 1990; Edwards, 1986). One of the pests responsible
for the greatest losses is the locust. Even more significant losses occur after the crop is
harvested, caused by pests that attack the stored products, particularly in the Tropics
(UNEP, 1981; FAO, 1985a). An increase in the number of pesticides and in the amounts
used during the last decade have led to growing attention to possible adverse effects on
human health, caused, not only by the active ingredients and associated impurities, but
also by solvents, carriers, emulsifiers and other constituents of the formulated product (Al
Saleh, 1994). These chemicals, however, pose significant occupational and environmental
health risks (Moses 1983; WHO/UNEP 1987; Forget, 1991). Agricultural workers are the
largest identifiable occupational group at risk (UNEP, 1986; Davies, 1990), especially
pesticide sprayers (Zandstra, 1987). Estimates by WHO indicate that worldwide, three
million severe pesticide poisoning cases occur annually (WHO/UNEP 1990). In addition,
25 million symptomatic occupational pesticide poisonings occur among agricultural
workers in developing countries (Jeyaratnam, 1990).

'FAO(1986a) defined a pesticide as any substance or mixture of substances intended for preventing,
destroying, or controlling any pest, including vectors of human or animal disease, unwanted species of
plants or animals causing harm during, or otherwise interfering with, the production, processing, storage,
transport, or marketing of food, agricultural commodities, wood and wood products, or animal feedstuffs,
or which may be administered to animals for the control of insects, arachnids, or other pests in or on their
bodies. The term includes substances intended for use as a plant-growth regulator, defoliant, desiccant,
frmt-thinning agent, or an agent for preventing the premature fall of fruit, and or substances applied to
crops either before or after harvest to prevent deterioration during storage or transport. Similar definitions
have been adopted by the Codex Alimentarius Commission (Codex, 1984) and the Council of Europe
(1984). In each case, the term excludes fertilizers, plant and animal nutrients, food additives and animal
drugs.
Under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA), a pesticide is defined as "any
substance or mixture of substances intended for preventing, destroying, repelling, or mitigating, any insects,
rodents, nematodes, fungi, or weeds, or any other forms of life declared to be pests, and any substance or
mixture of substances intended for use as a plant regulator, defoliant, or desiccant" (NRC, 1993).
2
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Long-term risks have been poorly described (Davies, 1990; Thompson and Stocks, 1997;
De Bleeker et al., 1993) while it is known that some of these pesticides are mutagenic,
carcinogenic, teratogenic (Moses, 1986) and immunosuppressive in humans (Repetto and
Baliga, 1996).
Epidemiological research to evaluate occupational exposure to pesticides of a population
of farmers is complex, since it typically concerns exposure to a mixture of agents.
Furthermore, contribution to uptake through the different exposure routes (skin, respiratory and gastrointestinal tract) depends on physicochemical properties of the pesticides,
personal factors, environmental and occupational conditions (de Cock, 1995).
In the early years of pesticide use, research on adverse health effects, most often, focused
on acute effects and fatal intoxications. Knowledge on adverse effects was mainly based
on toxicological data from animal studies and human case reports. More recently,
epidemiological studies are carried out on a larger scale and cover a diversity of health
endpoints, such as neurotoxic, immunotoxic, carcinogenic, reprotoxic, and developmental
effects. Chronic effects of long-term exposure are usually the focus of these studies.
Chronic health effects in humans are most likely to result from excessive pesticide
exposure that might occur in occupational settings (Baker et al., 1990; Richter et.al,
1992).
The pesticides currently in use involve a wide variety of chemicals, with great differences
in their mode of action, uptake by the body, metabolism, elimination from the body and
toxicity to humans. Acute toxic effects are easily recognized, whereas effects that result
from long-term exposure to low doses are often difficult to distinguish. It should be
recognized that, for most pesticides, a dose-effect relationship has been defined, and the
effects of pesticides may be detected by measuring minor biochemical changes before the
onset of adverse clinical health effects. There may be a threshold below which no effects
can be observed (No-observed-effect level) (WHO/UNEP 1990). However, malnutrition,
dehydration (Baetjer, 1983; Forget, 1991, Matchaba and Siziya, 1995) and high temperatures (Kagan, 1985), which are common in developing countries, are likely to increase
sensitivity to pesticides.

6
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Health effects of pesticides
The occupational health of agricultural workers has not been adequately studied (Moses et
al., 1993). Antle et al. (1995) reported that a consistent pattern was established showing
that pesticide use had an adverse impact on farmer health and the impairment of farmer
health reduced productivity. Occupational exposure of humans to agrichemicals, especially
pesticides is common and results in both acute (Ambridge, 1988; WHO/UNEP 1990) and
chronic health effects, including acute and chronic neurotoxicity (Taylor et al., 1976;
Abou-Donia and Pressig, 1976a, 1976b; Xintaras et al., 1978; Savage, 1988; Maizlish et
al., 1988; Eskenazi and Maizlish, 1988; Davies, 1990; Robinson et al., 1993; Kishi et
al., 1995 ), lung damage and respiratory failure (Brown et. al, 1989) and male infertility
(Wharton et al, 1977, 1979; Restrepo et al., 1990; Rupa et al., 1991; de Cock, 1995). A
variety of cancers also have been linked to exposure to various pesticides, particularly
haematopoietic cancers (Guzelian, 1980) and soft-tissue sarcomas (IARC, 1988). In
addition, there have been reports of aplastic anaemia and related blood dyscrasias being
associated with occupational exposure to pesticides.

Endocrine disruption (Rutherford,

1996; Colborn et. al, 1996) and skin effects such as contact dermatitis and allergic
sensitization (Adams, 1983; WHO/UNEP, 1990) have been frequently observed in
pesticide workers after exposure to several pesticides. Furthermore, immunologic
abnormalities and adverse reproductive and developmental effects due to pesticides have
also been reported (Repetto and Baliga, 1996). The health effects associated with
pesticides do not appear to be restricted to only a few chemical classes (Sesline et al.,
1994; Weisenburger, 1993).
Risk classification
WHO/UNEP (1990) and Council of Europe (1984) have grouped formulated pesticides by
degree of hazard and the "hazard class" of a pesticide has now been incorporated into
legislation in many countries. Copplestone (1982) reviewed the distribution of technical
pesticides among the various hazard classes. Many of the organophosphorus insecticides
were considered to be very hazardous. Certain countries have moved some pesticides
between categories on the basis of problems peculiar to them; for example, in Malaysia,
paraquat has been moved from hazard class H to lb, because it is highly hazardous under
conditions of use in Malaysia and other developing countries (WHO/UNEP, 1990; Van
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Wendel de Joode et al., 1996). When two or more pesticides are used simultaneously,
they may interact and become either more toxic (synergism or potentiation, as with
lindane and heptachlor) or less toxic (antagonism). Interactions of dietary nitrite with
pesticides that contain a secondary amine group can result in the formation of nitrosamines, which may be more toxic, mutagenic or carcinogenic (Kearney, 1980; Kaloyanova,
1983). Effects that result from the interaction of pesticides, although hard to quantify, are
probably of more importance than is generally recognized.
Populations at risk: exposure in different agricultural systems
For several reasons, the use of pesticides and thus the possible health effects, differ
between regions and farming systems. In developing countries, most of the subsistence
farmers cater for local needs only. There may be many pest problems in this type of
agriculture, but usually, the losses are "accepted" or controlled in traditional ways. Use
of pesticides is limited, as the farmers are either not aware of their existence, cannot
afford them, or do not feel that they are of value.
In developing countries with commercial agriculture, like Kenya, some pesticides may
find their way into the hands of the subsistence farmers, who are unfamiliar with the
potential risks and necessary safety measures. The use of pesticides in agriculture in
developing countries is thus, very much connected with production for the regional,
national, or international markets. The most intensive use of pesticides is in the production of horticultural crops such as flowers, production of tobacco, cotton, soya beans, rice,
corn and wheat.
Copplestone (1982) categorised farming systems in developing countries into three
groups; plantation farming which is usually monocultural and requiring intensive pest
control, cash-cropping which is diverse in both types of crops grown and the size of the
holdings and subsistence farming. The smaller the holding and the more the crop is for
subsistence, the lower is the likelihood that pesticides will be used. Infact, the crop itself
also has an influence. The three crops most vulnerable to insect attack being cotton, rice
and horticultural crops. Herbicides tend to be less widely used in all types of agriculture
in developing countries, since weeds can be controlled by human effort (Mowbray, 1988).

