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Stellingen
1.

Men kan betwijfelen of grenswaarden alleen voor de luchtwegblootstelling, beroepsmatig
blootgestelden in de landbouw afdoende beschermen.
(Dit proefschrift)

2.

Een grenswaarde voor de beroepsmatige luchtwegblootstelling is niet het juiste uitgangspunt
om een huidindicatie vast te stellen.
(Dit proefschrift)

3.

De huidblootstelling kan beter worden gerelateerd aan biologische monitoring op grond
van studies gericht op specifieke delen van de huid, dan op schattingen van de totale
dosis.
(Dit proefschrift)

4.

Er zijn aanwijzingen dat de blootstelling aan bestrijdingsmiddelen in de fruitteelt een
nadelig effect heeft op de fecundabiliteit.
(Dit proefschrift)

5.

Gezien het traditionele familie karakter van veel agrarische bedrijven, waarbij vaak de
arbeids- en woonomgeving nauw aan elkaar zijn verbonden, is de populatie 'at risk' groter
dan alleen de populatie werkenden.

6.

De moeite die een fruitteler moet doen om aan de eisen van de consument te voldoen,
staat in geen verhouding tot de wijze waarop de consument bij de aankoop vaak met
fruit omgaat.

7.

Bij werken met bestrijdingsmiddelen betekent schoonmaken zo veel als vies worden.

8.

Dat muziek geen lawaai is, wil nog niet zeggen dat lawaaidoofheid in de muziek niet
voorkomt.

9.

Het is verbazingwekkend dat mensen 's ochtends vroeg op een vol perron van een
metrostation in London stiller zijn dan in een concertzaal tussen twee delen van een concert.

10.

De term 'black box' in de epidemiologie is vergelijkbaar met de term idiopatisch in de
geneeskunst.

11.

Een waarschuwing over de gezondheid zoals vermeld op een pakje sigaretten zou ook
op een auto niet misstaan.

12.

De risico's van een bestrijdingsmiddel worden niet kleiner door het een gewasbeschermingsmiddel te noemen.
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ABSTRACT
Exposure to pesticides of fruit growers and effects on reproduction:
an epidemiological approach
PhD Thesis, Department of Epidemiology and Public Health, Department of Air Quality,
Wageningen Agricultural University, P.O. Box 238, 6700 AE Wageningen,
The Netherlands, November, 1995
Johan Sytse de Cock
In this thesis the exposure to pesticides of fruit growers in The Netherlands was studied
as well as its relation to reproductive health effects. The most commonly used fungicide,
captan, was used as a marker for exposure. Several exposure studies were carried out
during application of captan, and work in the orchards. As exposure per unit of time was
in the same order of magnitude for very different tasks such as application and re-entry,
individual time spent on different tasks is crucial for estimating total exposure. As day-today variability in exposure was high, within as well as between workers, repeated
measurements are necessary to estimate individual exposure accurately. For the application, respiratory exposure was predominantly related to the preparation of tank mixtures.
Cabin use on the tractor was the most prominent determinant of dermal exposure during
spraying. During re-entry dislodgeable foliar residue was the most prominent determinant
of exposure for both respiratory and dermal exposure. Uptake of captan into the human
body was measured with biological monitoring of tetrahydrophtalimide in urine of
exposed farmers after application. Urine levels were related to dermal exposure of
specific skin areas. The consequences of these findings for the way a 'skin notation' is
set, is discussed. Another study was carried out to evaluate methods for subjective
assessment of pesticide exposure in fruit growing by experts. Experts seem to recognize
the most important determinants of exposure. In an epidemiological study time to
pregnancy was used to study effects of pesticide exposure. In addition, the relationship
with offspring sex ratio was explored. The findings of the study on time to pregnancy
indicate that an adverse effect of exposure to pesticides on fecundability is likely. As very
few epidemiological studies have been carried out on the effects of pesticides on reproduction, no firm conclusions can be drawn about specific pesticides or other related
factors responsible for the observed effect on time to pregnancy or on offspring sex ratio.
The indication, however, justifies more attention for possible effects of pesticide exposure
on reproduction. In this light, reduction of exposure to pesticides as far as achievable is
needed. The validity of the observed effects on reproduction and the underlying mechanisms have to be elucidated.
Keywords: pesticides, captan, THPI, fruit growers, occupational exposures, biological
monitoring, time to pregnancy, sex ratio.
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CHAPTER 1

Introduction

An increase in the number of pesticides and in total amounts used during the last
1

decades have led to growing attention to possible adverse effects on human health. The
population occupationally exposed consists of workers in agriculture, in public parks and
gardens, and pesticide production workers.
In the early years of pesticide use, research on adverse health effects most often
concerned studies on acute effects and fatal intoxications. The effects were mainly a result
of poisoning or effects after high accidental exposures and concerned a single case or a
few cases at a time. Knowledge on adverse effects was mainly based on toxicological data
from animal studies and human case reports.
More recent epidemiological studies, often are carried out on a larger scale and
cover a diversity of health endpoints such as neurotoxic, immunotoxic, carcinogenic,
reprotoxic, and developmental effects. Mostly, chronic effects of long term exposure are
the focus in these studies.
Changes in pesticide use over the years are due to developments in the production
technology of new pesticides, changes in culture techniques, and regulations of

' Under the Federal Insecticide, Fungicide, and Rodcnticide 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).
The Dutch pesticide act defines a pesticide as an agent or mixture of agents, including micro organisms and viruses, meant to kill
animal species and plants, which damage agricultural and horticultural crops. This definition includes herbicides, weed killers, growth
regulators and agents to kill parasites on animals or in animal houses (Plantenziektekundige Dienst, 1993; Bestrijdingsmiddelenwet,
1995).
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governments based on mainly toxicological research. Furthermore, attention of the media
to developments in pesticide use and research on health effects of pesticides on humans
may have played an important role on the public opinion and awareness as well.
Public concern in the United States about exposure to residues in food and water
led to a workshop on potential chronic health effects of pesticides (Baker et al. 1990).
The main conclusion was that chronic health effects in humans are most likely to result
from excessive pesticide exposure that might occur in occupational settings. The risks for
the general population from food residues are generally expected to be low. On the other
hand, it was concluded that there is a need to improve the methods for estimating
exposure to pesticide residues in food and for setting tolerances to safeguard the health of
infants and children (NRC, 1993).
The fact that very few epidemiological studies have been conducted in the area of
pesticide exposure was partly attributed to difficulties in identifying and quantifying
exposures to different pesticides over time and the existence of many potential confounding factors (Baker et al. 1990). This is not surprising when one realises that the
Environmental Protection Agency (EPA) in the U.S. estimates that there are about 600
active ingredients in 45,000 - 50,000 pesticide formulations (Baker, 1990). In The
Netherlands the number of registered active ingredients is around 500 of which 300 for
agricultural purposes (CBS, 1990). Epidemiological studies are, in addition to the large
number of different pesticides, further complicated by changes over time. In The
Netherlands in the period of 1965-1988, for example, 248 new active ingredients were
introduced, while 162 others disappeared from the market (CBS, 1990).
In many countries regulations concerning the registration of pesticides have
become more strict during recent years. The policy is to reduce the total amount being
used by the introduction of alternative pest control technologies, such as integrated pest
management. In The Netherlands a 'Multi-Year Crop Protection Plan' came into force,
aimed at reducing the volume used in 1984-1988 by 50% by the year 2000 to reduce the
immision of pesticides to the environment and decrease the dependency on chemical crop
protection.
In The Netherlands limit values exist for food, (the Acceptable Daily Intake,
ADI), for ground water, for lakes and streams, and for soil. For occupational exposure
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the Maximum Accepted Concentration (MAC) exists, which aims to prevent health
impairment of workers and also their progeny (Boleij et ah, 1995).
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) not only depends on physicochemical properties of
the pesticides, but also on personal factors, and occupational and environmental
conditions.
It has long been recognized that occupational exposure of the skin, may lead to
dermal uptake. A recent review of exposure assessment guidelines for pesticides
concluded, however, that still little progress in the area of methodologies for dermal
exposure monitoring has been made (Curry and Iyengar, 1992; Dost, 1994).
Factors which determine percutaneous absorption of chemicals include exposure
factors, as concentration and type of vehicle, extent of skin contact (i.e. the area
covered), duration, and efficiency of removal (Grandjean, 1990). Other factors involve
the skin, such as skin permeation, which depends on the skin region, skin disease and
wounds, and skin hydratation in combination with recent contact with damaging
chemicals. Furthermore, occlusion and temperature are important.
Surprisingly, occupational exposure limits (OEL) are lacking for several pesticides
and mostly only consider respiratory exposure. For the pesticide top-10 in fruit growing
only for four an occupational exposure limit has been established (Table 1).
Data on occupational exposures to pesticides have been collected over many years.
Studies tend to consist of small data sets, while large differences in exposure
circumstances occur. Repeated exposure measurements of the same workers in order to
deal with the usually high day-to-day variability are scarce. Furthermore, exposure data
are often difficult to compare since different methods for exposure measurement have
been used. Part of the data concern unpublished data submitted in the framework of
registration procedures. Recently, exposure data and published proposals for generic data
bases were reviewed (van Hemmen, 1993). It was concluded that these data bases can be
used as a first step for risk assessment. Surprisingly, generic data bases in the literature
were presented for exposure during mixing/loading and application but not for re-entry,

Chapter 1

4

i.e. exposure during tasks in the orchards other than the application.
Fruit growing
As no information on occupational exposure of fruit growers in The Netherlands
was available, in 1989 a preliminary study among fruit growers applying pesticides was
carried out (Amelsvoort et al., 1989). The main reasons to study fruit growers in our
study were that: 1) fruit growers tend to use a large number of different pesticides; 2)
fruit growers use some of these pesticides frequently and in considerable amounts; 3) data
on exposure were not available for this population and; 4) exposure to pesticides mostly
concerns outdoor exposure.
Fruit growing in The Netherlands traditionally is a family business, and occupational exposure is not restricted only to the fruit farmer. In 1992, the population working
on around 3,000 farms, consisted of a workforce of 4659 males and 2064 females (LEI,
1992). The male farmer sometimes assisted by one of his sons, will almost without
exception perform the applications. The whole family, however, tend to participate in
farm work and may be occupationally exposed during tasks in the orchards. Furthermore,
since the farm generally is located between the orchards, residential exposure to residues
of pesticides of family members may occur. Another group of potentially exposed are the
seasonal workers, who are hired mainly to assist during harvesting.
Marker for exposure
As it is hardly possible to measure exposure to each pesticide used in fruit
growing separately, the most frequently used fungicide, captan, was chosen as a marker
for exposure. For consumption crops, apples showed the highest use of pesticides in
general in The Netherlands (31 kg active ingredient per hectare). Captan is taking with
0.4x10* kg/year, the third place of the most frequently used active ingredients and almost
90% was used on apples and pears. An amount of 19.4 kg/ha was sprayed on apples,
which was with 16.5 sprayings (1992) around 1.15 kg/ha per spraying. (CBS, 1994).
Captan, a phtalimide fungicide, can cause allergic contact dermatitis and is a
suspected carcinogen (Grandjean, 1990). The percutaneous absorption in rats after 72h is
about 4% at high doses, but about 10-fold higher at very low dose levels (Shah et al,
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1987; Grandjean 1990). In the 'Captan health and safety guide' (WHO, 1990) the carcinogenic potential of captan is considered low. It was, nevertheless, recommended that this
pesticide should be applied with caution, particularly where residues in food can result.
The maximum residue limit (MRL) on pip fruit is 3 mg/kg (Bestrijdingsmiddelenwet,
1995). The recommended TLV by the US ACGIH (1992) is 5 mg/m in air. A Joint
3

FAO/WHO Meeting on Pesticide Residues has established an ADI of 0-0.1 mg/kg body
weight (WHO 1990).
Several exposure studies on captan in outdoor fruit growing have been carried out
(Oudbier, 1974; Hansen, 1978; McJilton, 1983; Zweig et ah, 1983, 1985; Winterlin et
ah, 1984, 1986; Ritcey et ah, 1987; Stamper et ah, 1987; Fenske 1989). Due to
differences in measured tasks, and crop type (strawberries, apples, pears, grape), and
differences in measurement- and analytical methods and climatic exposure conditions, it is
difficult to compare these studies directly. Respiratory exposure varied in these studies
from 0.86-197

hr , assuming a ventilation rate of 20 L/min. Dermal exposure varied
1

2

roughly from 3-110 mg hr" for application of captan and 2-50 mg hr for re-entry tasks.
1

1

Captan has a MAC of 5 mg/m for respiratory exposure and no 'skin notation'
3

3

(ISZW, 1995), and is put on the agenda of the Dutch Expert Committee on Occupational
Standards (DECOS) for re-evaluation (ISZW, 1995).
Exposure measurement techniques
Different techniques for dermal exposure measurements have been described
(Durham et ah, 1962; Chester, 1993; WHO, 1982). The patch and the rinse techniques
are most often used. For respiratory exposure most often personal air samplers are used
to measure inhalable dust or exposure to gases and vapours (Boleij et ah, 1995).
Biological monitoring, to quantify a metabolite in urine or blood of exposed
workers has the advantage that it actually measures uptake into the body via different
exposure routes. Major disadvantages are that it is often expensive and time consuming or

2

Mostly estimates of total dermal exposure

* According to The Dutch Expert Committee on Occupational Standards (DECOS), a skin notation should be applied when the
amount absorbed by both arms and forearms in one hour could amount to more than 10% of the amount absorbed via the lungs on
exposure to the Occupational Exposure Limit (OEL) for eight hours (ECETOC, 1993)
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a suitable method is not available. For captan, a method has been proposed to measure
tetrahydrophtalimide, a metabolite of captan, in urine (van Welie et ah, 1991).
Epidemiological studies often involve effects of long term exposures, which occur
long before the manifestation of disease. This may result in problems because of the
absence of adequate monitoring in the past (Goldberg, 1993). Expert assessments to
subjectively characterize occupational exposure have been used mainly in industry
(Kromhout et al, 1987; Hertzman et al, 1988; Hawkins et al, 1989; Teschke et ah,
1989; Post et al., 1991). To see whether experts can estimate a complex situation of
outdoor exposure in agriculture, studies have been carried out as part of the EC concerted
action "Retrospective evaluation of occupational exposures in cancer epidemiology"
(Hemon et ah, 1993).
Effects on reproduction
At the time of the first exposure studies among fruit growers, physicians of the
Academic University Hospital of Utrecht in The Netherlands raised a question about
possible reproductive effects of exposure to pesticides. They suspected a link between
pesticide use and infertility among men who visited the fertility unit of the clinic. Since
exposure data for fruit growers were available and fruit growers are potentially exposed
to many different chemicals, an explorative study on reproductive effects among this
population was set up.
Initially, time to pregnancy, suggested by Baird et al. (1986) was used as outcome
variable. It is considered a simple measure useful in epidemiological studies to determine
effects of environmental exposures on fecundability. The fecundability of a couple is the
probability of conception for each menstrual cycle and is the inverse of time to
pregnancy. This measure was chosen because data can be obtained easily by a face-to-face
interview. Fecundability, which depends on many different biological processes in the
female as well as the male, seemed a good measure here, because no specific hypothesis
could be formulated about the possible underlying mechanisms. Therefore, more invasive
methods to measure reproductive effects were considered to be less informative.
In a later stage, in reply to a letter to the editor on the time to pregnancy study
(James, 1995), also offspring sex ratio was studied in this population. Some weak
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scientific evidence states that exposure to pesticides might affect offspring sex ratio. In an
earlier study in 1987 an excess of daughters among the offspring of a small group of male
l,2-dibromo-3 chloropropane (DBCP) applicators was observed (Potashnik et ah, 1987).
Objectives
The objectives in this study were to characterize occupational exposure in fruit
growing in The Netherlands to find determinants of exposure in order to be able to design
hazard control strategies and to evaluate if current exposure to pesticides might have
adverse effects on reproduction.
Although, findings from this study can form a basis to design hazard control
strategies in fruit growing, measures to reduce exposure to pesticides in fruit growing will
not be discussed in detail in this thesis.
Outline of the study
In 1989 a postal questionnaire was anonymously sent to all 2,730 members of the
Dutch National Fruit Growers' Organization (NFO). Basic information was gathered on
orchard type, population, equipment used, performed tasks, used pesticides, duration of
treatments and frequency of pesticide use. Among the responding population (41%)
several studies were carried out as outlined in figure 1.

CONTENTS
Based on exposure measurements of several field surveys among fruit growers
during different tasks performed on the farms, Chapter 2 describes the variability of
dermal and respiratory exposure and potential exposure in the home environment.
Determinants of exposure from statistical linear modelling are discussed in Chapter 3. As
for large scale epidemiological research it is often impossible to carry out large scale
exposure measurements, a study was carried out to evaluate methods for subjective
assessment of pesticide exposure in fruit growing by experts. This study, described in
Chapter 4, was part of the EC concerted action 'Retrospective evaluation of occupational
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exposures in cancer epidemiology' (Hemon and Goldberg, 1994). In Chapter 5 the
relevance of measured external exposure is discussed in relation to actual uptake of
pesticides into the human body. Its significance for the choice of dermal exposure
measures for epidemiological study purposes is addressed and also the consequences for
assigning a 'skin notation'. Characteristics determining exposure from questionnaires,
supported by actual exposure measurements were used in an explorative study on the
relation between fecundability and occupational exposure to pesticides in fruit growing.
This study, is described in Chapter 6. Additionally, offspring sex ratio as an indicator of
reproductive hazards associated with pesticides was explored. This study was carried out
among the same population as the study on time to pregnancy, which was described in
Chapter 7. In Chapter 8 it is discussed if the study population is representative for fruit
growers in The Netherlands and if captan is a good marker for exposure to pesticides.
The findings of the different studies are discussed and finally general conclusions and
recommendations are given.
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