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Summary Previous studies have suggested that the offspring of men potentially exposed to pesticides at work may be at increased risk of
kidney cancer (Wilms' tumour), brain tumours, Ewing's bone sarcoma and acute leukaemia. This paper examines the association between
potential occupational exposure of fathers to pesticides and offspring's death from cancer in a large national database. Records for
167 703 childhood deaths occurring during 1959-63, 1970-78 and 1979-90 in England and Wales have been analysed. Among the offspring
of men with potential occupational exposure to pesticides there were 5270 deaths, of which 449 were due to cancer. Associations were
assessed using proportional mortality ratios (PMRs), with adjustment for age, year of death and paternal social class. Of the childhood
cancers previously linked with potential paternal occupational exposure to pesticides, the only statistically significant excess was for kidney
cancer (PMR = 1.59, 95% Cl = 1.18-2.15, based on 42 deaths). Although these results offer some support for the suggestion that paternal
occupational exposure to pesticides may be related to the subsequent development of kidney cancer in offspring, other explanations cannot
be excluded. In the light of the findings presented here and elsewhere, further, more detailed, research into the nature of this relationship is
warranted.
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Previous studies have suggested that the offspring of men poten-
tially exposed to pest-icides at work may be at increased risk of
kidney cancer (Wilms' tumour), brain tumours, Ewing's bone
sarcoma and acute leukaemia (see review by Gold and Sever,
1994). The biological mechanisms that underlie such associations
are, however, far from clear (Kristensen et al, 1996).

This paper presents the findings of a study of childhood cancer
deaths in England and Wales among the offspring of men with
potential occupational exposure to pesticides.

MATERIALS AND METHODS

Routinely collected data from death certificates on 360 640 deaths
at ages 0-14 years that had been registered in England and Wales
during 1959-63, 1970-78 and 1979-90 were provided for analysis
in the form of depersonalized individual records by the Office for
National Statistics (ONS). This paper is based on the 167 703
deaths (47%) occurring after the first 28 days of life with valid
information on paternal occupation, cause and year of death.

Paternal occupation, social class and underlying cause of death
were coded by ONS using the standard classifications in use at the
time of the child's death (Registrar General, 1960; OPCS, 1970,
1980; WHO, 1957, 1967, 1977). Paternal occupation was subse-
quently recoded to the 1970 Classification of Occupations (OPCS,
1970) using an occupational bridge coding program specifically
developed for use with routinely collected data from the United
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Kingdom (further information available from BP). Similarly, cause
of death was recoded to the seventh revision of the International
Classification of Diseases (ICD) (WHO, 1957) using bridge codes
developed at the London School of Hygiene and Tropical Medicine
[see Beral et al (1985) for an example of their use]. The classifica-
tions used led to the minimal loss of information.

For the analysis, five paternal occupations were identified from
the 1970 Classification of Occupations (OPCS, 1970) as having
potential exposure to agricultural and/or horticultural pesticides
based on the knowledge of an occupational hygienist (BP) (Table
1). The occupations identified included farmers, agricultural
workers, agricultural machinery drivers, gardeners and foresters.

Associations between childhood death from cancer and poten-
tial paternal occupational exposure to pesticides were assessed
using the proportional mortality ratio (PMR), with childhood
deaths from all causes forming the standard for comparison. All
analyses were adjusted for age and year of death (in 1-year bands),
and paternal social class (in eight categories). For each PMR,
approximate 95% confidence intervals (CI) and two sided tests of
statistical significance were estimated from the chi-squared distri-
bution or, when the number of observed deaths was < 10, from the
Poisson distribution (Breslow and Day, 1987).

Analyses were performed for the data in totality, and by paternal
occupation, age at death (0-4 years and 5-14 years), time period
(1959-63, 1970-78 and 1979-90) and region of residence at the
time of the child's death.

RESULTS

PMRs for all cancers and specific cancer sites among the offspring
of men with potential occupational exposure to pesticides are shown
in Table 2. For all cancers combined, a statistically significant
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Table 1 Number of childhooda deaths from all causes and cancer registered
among the offspring of men with potential occupational exposure to
pesticides, England and Wales, 1959-63, 1970-78 and 1979-90

Paternal occupation (1970 revision) and Number of deaths
description (and occupational code)

All causes Cancer

Farmers, farm managers, market gardeners (2) 1996 213
Agricultural workers not elsewhere classified (3) 2057147
Agricultural machinery drivers (4) 240 14
Gardeners and groundsmen (5) 814 56
Foresters and woodmen (6) 163 19

Total 5270 449

aExcludes deaths occurring within 28 days of birth.

reduced risk was observed (PMR = 0.89, 95% CI = 0.81-0.98,
P = 0.02, based on 449 deaths). The only statistically significant
excess was for kidney cancer (PMR = 1.59, 95% CI = 1.18-2.15,
P = 0.01, based on 42 deaths). Associations of borderline statistical
significance were seen for cancers of the brain and other parts of
the nervous system (PMR = 0.83, 95% CI = 0.69-1.00, P = 0.05,
based on 109 deaths), cancer of the endocrine glands (PMR = 1.48,
95% CI = 0.97-2.17, P = 0.07, based on 26 deaths), bone cancer
(PMR = 0.66, 95% CI = 0.42-1.05, P = 0.08, based on 18 deaths),
connective and other soft tissue cancers (PMR = 0.49, 95% CI =
0.18-1.06, P = 0.08, based on six deaths) and leukaemia (PMR =
0.87, 95% CI = 0.76-1.01, P = 0.07, based on 180 deaths).

Table 3 shows the job-specific PMRs for kidney cancer in chil-
dren whose father's occupations are listed in Table 1. Increased
risks were observed for the offspring of farmers (PMR = 1.74,
95% CI = 1.14-2.67, P = 0.02, based on 21 deaths), agricultural
workers (PMR = 1.69, 95% CI = 0.94-2.78, P = 0.08, based on 15
deaths) and foresters and woodmen (PMR = 3.97, 95% CI =
0.82-11.60, P = 0.08, based on three deaths).

The data were further examined with repect to age at death, time
period of death and region of residence. With respect to age at
death, two-thirds of kidney cancer deaths (28 out of 42) among the
offspring of men with potential occupational exposure to pesti-
cides occurred in the under-fives: the PMRs being 1.82 (95% CI =
1.26-2.63, P = 0.005, based on 28 deaths) and 1.27 (95% CI =
0.75-2.15, P = 0.44, based on 14 deaths) for those aged 0-4 years
and 5-14 years respectively. With respect to year of death,
increased risks of similar magnitude were noted in each of the
three time periods: the PMRs being 1.47 (95% CI = 0.92-2.37, P =
0.16, based on 17 deaths), 1.79 (95% CI = 1.13-2.84, P = 0.03,
based on 18 deaths) and 1.46 (95% CI = 0.59-3.01, P = 0.42,
based on 7 deaths) for 1959-63, 1970-78 and 1979-90 respec-
tively. No notable patterns emerged when the data were examined
by child's region of residence at the time of death.

DISCUSSION

The main objective of this study was to examine the risk of death
from cancer among the offspring of men with likely occupational
exposure to pesticides. The main finding was that although there
was a reduced risk of death from all cancers combined, there was
an increased risk of death from kidney cancer.

Wilms' tumour is an embryonal tumour that accounts for 90% of
kidney cancers diagnosed in children (Draper et al, 1994). It is the
fourth most common childhood cancer, accounting for approxi-
mately 6% of all malignancies diagnosed before 15 years of age
(Stiller et al, 1995). Wilms' tumour is associated with certain
congenital anomalies, including WAGR syndrome (Wilms' tumour
with congenital aniridia, genitourinary abnormalities and mental
retardation), Beckwith-Wiedemann syndrome, Perlman syndrome,
Drash syndrome and hemihypertrophy (Sharpe and Franco, 1995).
In these data, it was not possible to separate Wilms' tumour from the
other forms of kidney cancer; however, it seems probable that the
kidney cancer deaths are dominated by deaths due to Wilms' tumour.

Table 2 Adjusted PMRsa and 95% confidence intervals (Cl) for childhood cancer deathsb registered among the offspring of men with potential occupational
exposure to pesticidesc, England and Wales, 1959-63, 1970-78 and 1979-90

Cancer (ICD code seventh revision) Number observed Adjusted PMRa 95% Cl

All cancers combined (140-205, 292.3, 294) 449 0.89 0.81-0.98*
Digestive organs and peritoneum (150-155, 157-159) 12 1.14 0.65-2.01
Secondary unspecified (156, 165, 198, 199) 4 0.69 0.19-1.77
Respiratory system (1 60-162, 164) 4 0.72 0.20-1.85
Female genital organs (171-176) 3 0.77 0.16-2.26
Male genital organs (177-179) 3 0.98 0.20-2.85
Kidney (180) 42 1.59 1.18-2.15**
Eye (192) 3 0.71 0.15-2.08
Brain and other parts of the nervous system (193) 109 0.83 0.69-1.00
Endocrine glands (194, 195) 26 1.48 0.97-2.17
Bone (196) 18 0.66 0.42-1.05
Connective and other soft tissue (197) 6 0.49 0.18-1.06
Non-Hodgkin's lymphoma (200, 202, 205) 31 0.87 0.61-1.23
Hodgkin's disease (201) 3 0.48 0.10-1.41
Leukaemia (204) 180 0.87 0.76-1.01

Lymphatic leukaemia (204.0) 80 0.93 0.74-1.15
Myeloid leukaemia (204.1) 24 0.80 0.54-1.20
Monocytic leukaemia (204.2) 5 0.86 0.28-2.01
Other and unspecified leukaemia (204.3-204.9) 71 0.85 0.67-1.07

aPMRs are adjusted for age at death, year of death and paternal social class. Using all childhood deaths as the standard for comparison. Only PMRs based on
at least three observed deaths are presented. bExcludes deaths occurring within 28 days of birth. cOccupations included were 2- [defined using the 1970
Classification of Occupations (OPCS, 1970)]. *P < 0.05; **P < 0.01.
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Table 3 Adjusted PMRsa and 95% confidence intervals (Cl) for those paternal occupations classified as potentially exposed to pesticides for deaths from
kidney cancer (ICD-7 = 180) during childhoodb

Paternal Occupation (1970 revision) and Number observed Adjusted PMR8 95% Cl
description (and occupational code)

Farmers, farm managers, market gardeners (2) 21 1.74 1 .14-2.67*
Agricultural workers not elsewhere classified (3) 15 1.69 0.94-2.78
Agricultural machinery drivers (4) 0 -

Groundsmen and gardeners (5) 3 0.82 0.17-2.39
Foresters and woodmen (6) 3 3.97 0.82-11.60

aPMRs are adjusted for age at death, year of death and paternal social class, using all childhood deaths as the standard for comparison. Only PMRs based on
at least three observed deaths are presented. 0Excludes deaths occurring within 28 days of birth. *P < 0.05.

Seven other studies have presented data on the association
between kidney cancer or Wilms' tumour and potential paternal
occupational exposure to pesticides (Zack et al, 1980; Wilkins and
Sinks, 1984a,b; McDowall, 1985; Registrar General, 1988; Sharpe
et al, 1995; Kristensen et al, 1996), but only four studies had three
or more potentially exposed cases (Table 4). The demonstration of
an increased risk of kidney cancer among the offspring of men
with potential occupational exposure to pesticides in our data is
consistent with the results of three out of the four studies shown in
Table 4. It should be noted, however, that there is an overlap
between the data used in McDowall's study (1985) and those
analysed here. McDowall (1985) in a case-control study using
death certification data for children under 15 years of age from
England and Wales for 1973-82 reported a raised risk of kidney
cancer among the offspring of male farmers (OR = 3.1, 95% CI =

0.9-9.9) and agricultural workers (OR = 4.6, 95% CI = 1.2-17.8).
When the data from 1973-82 were removed from the analysis
presented here, the PMR for kidney cancer was still raised but of
borderline statistical significance (PMR = 1.42, 95% CI =
0.97-2.06, P = 0.09, based on 27 deaths).

Sharpe et al (1995) examined the relationship between parental
occupational exposure to pesticides with respect to Wilms'
tumours diagnosed between 1987 and 1989 in Brazilian children
before their tenth birthday. An elevated risk was seen for paternal
farm work involving frequent use of pesticides (herbicides or
insecticides) before the birth of the child (OR = 3.2, 95% CI =
1.2-9.0), with the largest risk being among those diagnosed
between 2 and 4 years of age (OR = 4.8, 95% CI = 1.0-22.4).
Kristensen and colleagues' (1996) cohort study, set up to examine
the incidence of cancer in the offspring of those employed in

Table 4 Summary of the design and results' of those studies previously conducted (including that presented in this paper) to examine the association between potential
paternal occupational exposure to pesticides and childhood kidney cancer or Wilms' tumour

Reference Time period Age range Source of cases Kidney cancer Source of Paternal Number of Relative risk
or Wilms' tumour exposure exposure exposed estimate

information cases (95% confidence
interval)

Case-control studies
United States

Wilkins and 1950-81 Not stated Cancer registry Wilms' tumour Birth Farmer 3 0.6b (0.1-3.2)
Sinks (1984b) certificates

England and Wales
McDowall (1985) 1973-82 < 16 years Death certificates Kidney cancer Death Agricultural workers 6 4.6b (1.2-17.8)

certificates Farmers, farm 7 3.lb (0.9-9.9)
managers

Brazil
Sharpe et al (1995) 1987-89 < 10 years Brazilian Wilms' Wilms' tumour Parental Pesticides 15 3.2b (1.2-9.0)

tumour study files interviews

Cohort studies
Norway

Kristensen et al (1996) 1952-91 < 5 years Cancer registry Wilms' tumour Census Pesticide 9 2.5c (1.0-6.6)
and cancer spraying
registry equipment

Proportional mortality studies
[study presented in this paper that overlaps with McDowall (1985)]

England and Wales
Fear et al 1959-63 and < 15 years Death certificates Kidney cancer Death Pesticides 42 1.6d (1.2-2.2)

1970-90 certificates

aOnly those results based on at least three cases with patemal occupational exposure to pesticides have been reported. bOR, odds ratio; CRR, rate ratio; dPMR, proportional
mortality ratio.
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agriculture in Norway, yielded a rate ratio of 2.5 (95% CI =
1.0-6.6) for children diagnosed with Wilms' tumour before age
five whose fathers used pesticide spraying equipment at work.
One inconsistent finding was observed: a non-significantly

reduced risk of 0.6 (95% CI = 0.1-3.2) for Wilms' tumour among
the offspring of men employed as farmers at the time of the child's
birth (Wilkins and Sinks, 1984b). However, this odds ratio was
based on only three exposed cases and the 95% confidence
interval was wide.
As well as Wilms' tumour, several other types of childhood cancer

have been linked with potential occupational exposure of fathers to
pesticides, including acute leukaemia, brain tumours and Ewing's
bone sarcoma (Hemminki et al, 1981; Laval and Tuyns, 1988;
Wilkins and Koutras, 1988; Magnani et al, 1990; Holly et al, 1992;
Buckley et al, 1994; Mulder et al, 1994; Kristensen et al, 1996).
However, our findings do not support any of these associations.

In addition to occupational exposure, a few researchers have
studied parental (self-reported) home pesticide exposure and
Wilms' tumour but with conflicting results. Schwartzbaum et al,
(1991) reported no association between parental use of pesticides in
the garden between birth and diagnosis of Wilms' tumour (OR =
0.7, P = 0.30), whereas Olshan et al (1993) found a significant
association between this tumour and household extermination of
insects or pests in the 3 years before diagnosis (OR = 2.2, 95% CI =
1.2-3.8). Other studies have suggested that living on a farm during
childhood or exposure to pesticides within the home environment
may be associated with childhood bone cancer, brain cancer and
leukaemia (Gold et al, 1979; Lowengart et al, 1987; Schwartzbaum
et al, 1991; Buckley et al, 1994; Cordier et al, 1994; Leiss and
Savitz, 1995; Meinert et al, 1996) and environmental pollution with
pesticides has been suggested as a possible cause of childhood
leukaemia in The Netherlands (Mulder et al, 1994).

It is important to consider the limitations of the data analysed
and the statistical methods used in this paper. These include the
lack of appropriate denominator data, the need to exclude a large
number of data due to invalid paternal occupational information,
the reliance on occupational titles recorded at the time of the
child's death, the limited amount of information on potential
confounding factors, the lack of data on specific occupational
exposures and the use of mortality rather than incidence data.
Furthermore, in analyses in which many associations are exam-
ined, some results may be statistically significant by chance alone.
The lack of appropriate denominator data deserves particular

attention since the PMR for kidney cancer may be disproportion-
ately influenced by the most common causes of death during child-
hood, for example, respiratory diseases and accidents, poisonings
and violence. To address this issue, a proportional cancer mortality
ratio (PCMR), using only cancer deaths as the standard for compar-
ison, was calculated for deaths due to kidney cancer. The resultant
PCMR was similar in magnitude to the PMR implying that causes
of death other than cancer did not unduly influence the original
PMR (PCMR = 1.50, 95% CI = 1.11-2.03, P = 0.02).
The use of occupational title as a proxy measure of potential

exposure is controversial but the only approach available for use
with our data. The studies listed in Table 4 also used a similar
approach and generally the offspring of farmers were considered.
In addition, although the occupations included within this analysis
were identified because they were potentially exposed to pesti-
cides, other chemical and biological exposures should not be ruled
out as possible explanations for the findings. Further, it is impor-
tant to note that this study examined the father's occupation at the

time of the child's death and not that held before conception,
during pregnancy or at the time of birth. The influence of variables
such as child's sex and ethnicity could not be examined as this
information was not provided by ONS. Incidence data show,
however, that the sex ratio for Wilms' tumour is approximately 1.0
and that the influence of ethnicity is far from clear (Stiller et al,
1991,1995).
Although the present study is based on deaths whose underlying

cause was coded as being due to cancer, three of the studies shown
in Table 4 were based on cancer registrations. Over the last few
decades survival rates for all types of childhood cancer have
improved: for Wilms' tumour the 5-year survival rate has risen
from 31% (1954-63) to 84% (1986-88) (Birch et al, 1988; Stiller
and Bunch, 1990; Stiller, 1994). Although mortality data are not
ideal for determining risk factors for childhood cancer, it is worth
noting that the association with potential paternal occupational
exposure to pesticides was present within each time period for
which data were supplied (1959-63, 1970-78 and 1979-90). The
lack of variation noted over the three time periods investigated is
noteworthy as pesticide usage has changed over time, both in
amount and in type of product.

Paternal occupational exposure to pesticides and childhood
Wilms' tumour warrants attention in light of increasing knowledge
regarding the possible role of the male parent in both teratogenesis
and carcinogenesis of the offspring (Davis et al, 1992). The peak
incidence of Wilms' tumour occurs within the first 5 years of life
(Stiller et al, 1995) and the risk of death from kidney cancer was
most marked for those under 5 years of age. Bunin et al (1987)
suggested that exposures occurring either before conception or
during pregnancy may be particularly important in the aetiology of
Wilms' tumour. However, the biological mechanisms that may
underlie this postulated relationship are far from clear; they
include pesticides having a direct effect on the DNA of the sperm
(transgenerational effects); accumulation of pesticides in the
seminal fluid that could affect either fertilization or the fetus (if
intercourse occurs during pregnancy); and transfer of pesticides
across the placenta (if pesticides are brought home by the father
during pregnancy) (transplacental effects). A mutation in the
paternally derived chromosome lIp has been demonstrated in
Wilms' tumour (Wilkins, 1988). As exposure may have occurred
throughout, it is difficult to distinguish between these postulated
mechanisms (Draper, 1989). In addition, it might be important to
consider the direct exposure of the child to pesticides.
The population based findings reported here have the advantage

of being based on a very large dataset derived from routinely
collected childhood death certification data. Furthermore, cause of
death and paternal occupation would have been recorded without
bias as the Registrar and parents would have been unaware of the
use of the data for this analysis.

In conclusion, the consistency of the observed results and the
possible biological plausibility of such an association led us to
believe that the finding observed in these data between childhood
kidney cancer and potential occupational exposure of fathers to
pesticides is unlikely to be due to chance. However, other explana-
tions cannot be excluded and further more detailed research into
the nature of this association is warranted.
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