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There are concerns that some pesticides may have levels of
human toxicity that cause chronic health problems in
workers who apply them, for instance cancers and
neurological conditions. However, the evidence base linking
worker exposure to pesticides and the development of
adverse health outcomes is inconclusive. It is important to
improve this evidence base so that any risks to worker
health are understood and can be effectively controlled.
The Prospective Investigation of Pesticide Applicators’
Health (PIPAH) Study is a long-term volunteer study
established to develop a more complete understanding of
how pesticide exposure potentially affects the health of
workers. The aims of the PIPAH Study are to investigate
possible associations between occupational exposure to
pesticides and changes in health status over time. This will
include investigating self-reported health conditions, all cause mortality and cancer incidence.
This report sets out the background to the PIPAH Study and
its rationale and design. The study is designed specifically to
collect comprehensive data around worker exposure levels,
health and medical history, employment history, and
potential confounding factors such as smoking and diet. It is
a prospective cohort study: volunteers are recruited into
the study, and factors that may be relevant to the
development of disease are then measured over a number
of years. The volunteers are professional and licensed GB
pesticide users.
Details of the baseline cohort recruited in 2013 to
September 2014 are given in report RR1119.
This report and the work it describes were funded by the Health and
Safety Executive (HSE) and the Department for Environment, Food
and Rural Affairs (DEFRA). Its contents, including any opinions and/or
conclusions expressed, are those of the authors alone and do not
necessarily reflect HSE or DEFRA policy.
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KEY MESSAGES

There are concerns that some pesticides may cause health problems in workers who apply them.

The evidence base linking occupational exposure to pesticides and the development of adverse
health outcomes is inconclusive.

The complexity of the relationship between occupational exposure to pesticides and health
outcomes makes it difficult to produce simple dose-response models to explain the potential
health effects of occupational exposure.
Developing a more complete understanding of how occupational pesticide exposure affects
human health requires a study designed specifically to collect comprehensive data around
exposure levels, health and medical history, lifestyle factors and employment history.

The Prospective Investigation of Pesticide Applicator’s Health (PIPAH) Study has been
designed in order to collect this key information about pesticide exposure and, crucially,
information about pesticide use, including the types of pesticide used and frequency of
exposure.

The PIPAH Study aims to investigate potential associations between occupational exposure to
pesticides and:
o changes in chronic ill health status over time, including the development of new
chronic health conditions, and
o all-cause mortality (ie deaths from all causes) and cancer incidence.

PIPAH is a prospective cohort study. In this type of study, a group of volunteers is recruited into
the study, and factors that may be relevant to the development of disease are measured. The
study members are followed-up over time to see if they develop the disease of interest
This report describes: the design of the PIPAH study; the development of the questionnaire for
volunteers which was an iterative process carried out with full involvement of prospective study
participants and industry stakeholders; the approach to recruitment of volunteers; and the
‘cohort engagement strategy’ to enhance retention of the baseline cohort of volunteers.
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EXECUTIVE SUMMARY
Background
The area of crops in Great Britain treated by pesticides is increasing year on year 1. Pesticides
are an essential component of successful production in the agricultural and horticultural sectors
and, compared to the general population, workers in these sectors have a greater potential for
pesticide exposure. However, the evidence base linking occupational exposure to pesticides and
the development of adverse health outcomes is inconclusive. The strength of evidence linking
occupational pesticide exposure to elevated risks of developing certain health conditions
appears to be reasonable in the case of Parkinson’s disease, certain haematopoietic cancers (in
particular non-Hodgkin’s lymphoma), cancer of the oesophagus, cancer of the rectum and
diabetes. For other conditions, in particular degraded neurobehavioural performance, prostate
cancer, cancers of the respiratory system and larynx, the evidence base appears weaker. The
picture is further complicated by the presence of possible confounding factors such as individual
susceptibility, medical history and lifestyle choices.
Rationale for conducting the Prospective Investigation of Pesticide Applicator’s Health
(PIPAH) Study
The complexity of the relationship between exposures to pesticides and health outcomes makes
it difficult to produce simple dose-response models to explain the potential health effects of
occupational contact. Developing a more complete understanding of how pesticide exposure
affects human health requires a study designed specifically to collect comprehensive data
around exposure levels, health and medical history, lifestyle factors and employment history.
Such a study design should also be in a position to rise to the challenges of deriving accurate
pesticide exposure measurements. The PIPAH Study has been designed in order to collect key
information about pesticide users’ medical history, lifestyle (including diet, alcohol
consumption and smoking behaviours) and, crucially, information about pesticide use, including
types of pesticide used and frequency of exposure.
PIPAH Study aims, design and recruitment
The aims of the PIPAH Study are to investigate potential associations between occupational
exposure to pesticides and:
• changes in chronic ill health status over time, including the development of new
chronic health conditions; and
• all-cause mortality (ie deaths from all causes) and cancer incidence.
PIPAH is a prospective cohort study. In this type of study, a group of volunteers is recruited into
the study, and factors that may be relevant to the development of disease are measured. The
study members are followed-up over time to see if they develop the disease of interest. Since the
risk factors of disease are measured before the diagnosis of disease, the causal criterion of
‘temporality’ is assured by the design, so that causes can be distinguished from effects. Another
advantage of the prospective cohort design is to reduce bias in measuring pesticide exposures.
This study design also provides flexibility in enabling various health endpoints to be examined.
The prospective cohort design is the most appropriate design for determining the incidence of
disease and for investigating causal associations. The target population for the Study is
professional and licensed GB pesticide users.
1

http://pusstats.fera.defra.gov.uk/myindex.cfm, accessed 13/02/2015
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The study aims to recruit participants by approaching:
•

The 22,000 members of the NRoSO 2 and NAsOR2 registers

•

The 9,000 members of the existing Pesticide Users’ Health Study (held and
administered at HSE’s Buxton laboratory) who responded to the Survey of Pesticide
Usage and are flagged on the National Health Service Central Registers

In addition to the two main stages of recruitment, all new members of NRoSO and NAsOR are
invited to take part in the PIPAH Study on an ongoing basis.

2

The National Register of Spraying Operators (NRoSO) and the National Amenity Sprayer Operators Register (NAsOR) are central
registers of sprayer operators in the UK using Continuing Professional Development as a means of ensuring ongoing training for
those who hold a certificate of competence. The NRoSO and NAsOR databases are administered by City & Guilds. They are
maintained on an annual basis and therefore have current contact addresses of members.
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1. INTRODUCTION
Pesticides and biocides are substances or living organisms that help to control the impact of
pests (e.g. unwanted plants, fungi, viruses, bacteria etc.). If left unchecked, pests can cause
damage to plants and animals, and harm the production of plant and animal crops. Pesticides
and biocides include c:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

fungicides
insecticides
herbicides
plant growth regulators
rodenticides (rat and mouse poisons)
animal and bird repellents
mole control products
wood and masonry preservatives
disinfectants
human and veterinary medicines
anti-fouling products
molluscicides (snail and slug pellets)
algaecides and
earthworm control agents.

Pesticide is a generic term used to describe any chemical or organism used to control pests.
More specifically, a biocide or biocidal product, is a “non-agricultural (public hygiene)
chemical or biological control agent used to control unwanted pests (excludes plant protection
products) e.g. wood preservatives, insecticides, algaecides and repellents d”.
Typically, pesticides are used across a range of activities and industries, including:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

agriculture - arable, vegetable and fruit growing, pasture, livestock and poultry
aquaculture - fish and shellfish farming (veterinary medicine)
forestry and woodland
horticulture
wood and masonry preservation
managing invasive species and removing bracken
pest control
weed control, e.g. on pavements, industrial complexes and alongside roads and railways
marine anti-fouling paints and coatings
gardening and landscaping
managing parks and golf courses (amenity sector)
food storage and preparation
healthcare and
care of domestic pets.

For example, the protection afforded from the use of pesticides enables farmers and growers to
produce food in the required quantities and to the quality that the public expects. Without the
use of pesticides to limit the adverse impact of pests, much of current agricultural practice
would become uneconomic.
c

http://www.netregs.org.uk/library_of_topics/materials__equipment/pesticides__biocides/what_are_pesticides__biocides.aspx
,
accessed 13/02/2015
d
http://www.pesticides.gov.uk/guidance/industries/pesticides/topics/website/appendices/glossary-of-terms#P , accessed 13/02/2015
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The chemical makeup of many pesticides is complex, and pesticides can be grouped according
to various criteria, including their chemical families, their chemical structure, and their mode of
action. The development of new synthetic compounds has been ongoing since the 1930s. Their
use increased in the 1940s when the organochlorine based insecticide DDT (Dichloro-DiphenylTrichloroethane) was introduced. Other groups of insecticide compounds include
organophosphates, carbamates and synthetic pyrethroids. Similarly, there are many types of
herbicide available, each with unique characteristics targeting specific crops.
Workers in the agricultural, horticultural and forestry sectors have the greatest potential for
long-term exposure to the active compounds in pesticides approved for agricultural use. These
groups of workers are likely to regularly handle at least one or more types of pesticide in the
course of their work, and without proper controls may potentially be at a higher than average
risk of exposure to active pesticide compounds compared to the general population. To
minimise exposure risk and also to promote best practice, pesticide use in Great Britain (GB) is
regulated by the Health and Safety Executive which publishes guidance and codes of practice e.
Furthermore, workers in GB using professional pesticide products are required by legislation to
be suitably trained and hold a certificate of competence f.
The most recent data published by the Food and Environment Research Agency g (Fera) and
collected through their Pesticide Usage Survey estimates that, in 2012, over 17,000 tonnes of
pesticides were applied to crops in GB. Although the Fera data show a declining trend in the
total weight of pesticide applied to crops in GB (from 34,000 tonnes in 1990 to 17,000 tonnes in
2012), the same dataset also shows a rising trend in the area of agricultural farmland treated
with pesticide over the same period of time (from 45 million hectares in 1990 to 79 million
hectares in 2012) (see Figure 1).

e

http://www.hse.gov.uk/pesticides/topics/using-pesticides.htm accessed 13/02/2015
http://www.pesticides.gov.uk/guidance/industries/pesticides/topics/using-pesticides/training, accessed13/02/2015
g
http://pusstats.fera.defra.gov.uk/myindex.cfm, accessed 13/02/2015
f
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Figure 1 Increasing trend in the area of GB crops treated with pesticides (data from the Food and
h
Environment Research Agency Pesticide Usage Survey )

1.1

THE ASSOCIATION BETWEEN PESTICIDE EXPOSURE AND HUMAN
HEALTH: A REVIEW OF RECENT EVIDENCE

A literature review was undertaken to provide an up-to-date context for understanding the
potential contribution that the Prospective Investigation of Pesticide Applicator’s Health
(PIPAH) Study can make to the field. The intention of the short review was to explore the
current knowledge base describing associations between exposure to pesticide products, and the
development of various health conditions. It built on the extensive review reported in Brown et
al.’s (2) earlier report on the Pesticide Users’ Health Study (PUHS). The current literature review
focused on research evidence published since 2000 which assessed the potential impact on
human health resulting from exposure to pesticides. The goal of the review was not to conduct
an exhaustive systematic review, but to identify a body of robust evidence based on metaanalytic studies i, and recent cohort or case-control studies, to derive a contextual ‘snapshot’ of
the recent evidence base.
1.1.1
Search strategy
With the aim of identifying the latest, most robust evidence exploring the links between
pesticide exposure and health effects, the Medline, Embase, Toxfile and Web of Science
databases were searched using the following search terms and criteria:

h

http://pusstats.fera.defra.gov.uk/myindex.cfm, accessed 13/02/2015

i

Meta-analysis is a research technique that combines the results of studies researching similar topics. The statistical
techniques employed in meta-analysis allow the pooling of the results from several, similar studies, resulting in a
combined statistic that is a better estimate of the association between variables of interest than that obtained from
any one study considered in isolation.
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(pesticide* or herbicide* or insecticide* or fungicide* or fumigant* or (wood near/3 (treatment*
or preservative*)) or “insect repellent*”)
AND
(use or expose* or exposure* or association or incidence* or prevalence* or occupation* or
employee* or worker* or paraoccupation*)
AND
(ill* or unwell* or poison* or toxic* or mortality or morbidity or cancer* or carcinogen* or
accident* or injur* or carcinoma* or eye or retina* or death* or fatalit* or neurologic* or
behavior* or behaviour* or “mental health*” or neurotoxicity or neurobehavioral or
neurobehavioural or respire* or health)
AND
“meta analysis” or cohort or review
A separate search of the PubMed database was also conducted with the aim of identifying
recently conducted cohort or case-control studies exploring associations between health
outcomes and pesticide exposure. This was restricted to health conditions where there was a
suggested positive association in the earlier search. The terms used to search article titles in the
PubMed database were:
pesticide OR pesticides AND exposure AND
•
•
•
•
•
•
•
•
•
•
•

Parkinson’s disease
neurobehavioral or neurobehavioural
prostate cancer
cancer oesophagus
cancer breast
cancer rectum
cancer larynx
cancer lung
lymphoma
diabetes
respiratory

Studies from the PubMed search were selected for inclusion in the review if published after
2010 and were judged to be both relevant and of reasonable quality in terms of the evidence on
offer.
1.1.2

Parkinson’s disease

Van Mael-Fabry et al.(26) and Priyadarski et al.(20) carried out meta analyses of studies
investigating the association between pesticide exposure and the development of Parkinson’s
disease (PD). Van Mael-Fabry et al.(26) meta-analysed 12 studies published between 1985 and
2011. Pesticide exposure included exposure to insecticides, herbicides and fungicides. Relative
risk (RR) ratios were the preferred measure of effect size. The overall meta-risk ratio (mRR)
was computed as 1.28 (95% confidence interval (CI): 1.03-1.59), although the authors reported
that the study heterogeneity was high. This high heterogeneity may be explained by a number of
11

factors, including differences in cohort sizes, differences in disease definition protocols (e.g.
self-reported, neurological examinations, post mortem reports) and differences in exposure
assessment methods, including self-administered questionnaires, face-to-face interviews and the
examination of records kept by organisations. These differences between the studies,
particularly those around disease definition and diagnosis, are a possible reason for the large
variation in the range of overall study RR ratios, which varied between 0.32 and 5.63.
Consequently, the authors concluded that their study provided only limited support for an
association between pesticide exposure and an increased risk of PD development.
Similarly, Priyadarski et al.(20) reported a combined meta-odds ratio of 1.94 (95% CI: 1.49 –
2.53) in a meta-analysis of 19 studies, published between 1989 and 1999, investigating the
association between PD development and pesticide exposure. The authors reported high
heterogeneity between the studies with odds ratios (ORs) varying between 0.79 and 7.0, with
one study showing a negative association between PD and pesticide exposure. However, most
of the selected studies reported an OR greater than one j, resulting in the meta-odds ratio of 1.94
and leading the authors to conclude that pesticide exposure could be a risk factor for subsequent
development of PD. In those studies that reported duration of exposure data, the authors
detected a directional association between increased exposure time and an increased risk of
developing PD.
Both meta-analyses detected an elevated risk of developing PD for individuals with exposure to
pesticides. However, the presence of high levels of heterogeneity between the studies implies
that the evidence cannot be considered conclusive.
A recent hospital-based case-control study(25) reported elevated ORs of PD in the higher
exposure categories of pesticides generally (OR 1.56, 95% CI: 0.86-2.83), and of fungicides
(OR 1.24, 95% CI: 0.69-2.23), herbicides (1.25, 95% CI: 0.62-2.53) and insecticides (OR 1.79,
95% CI:0.95-3.37) in particular. Exposures for the 444 cases and 876 controls were assessed
using a job exposure matrix approach. The authors suggest that although there were no
statistically significant associations, the consistently elevated ORs may be indicative of a
positive association with PD. Another recent case-control study(29) of idiopathic k PD (357 cases,
752 population controls) used a geographic information system based method for assessing
ambient exposure in the workplace and residence to 36 commonly used organophosphates in the
Central Valley of California between 1974 and 1999. The authors investigated associations with
individual organophosphates and groupings of organophosphates. Ambient exposure in the
workplace and residence was associated with a statistically significantly increased risk of PD
(adjusted ORs ranged from 1.93 to 5.93) for most of the individual organophosphates.
Exposure-response relationships with exposure to increasing number of organophosphates were
also observed. The authors concluded that their study provides strong evidence of an association
between organophosphate exposure and idiopathic PD.
1.1.3

Neurobehavioural performance

Mackenzie Ross et al.(16) described a significant association between low-level organophosphate
pesticide exposure and decrements in neurobehavioural functioning. The authors conducted a
meta-analysis of 14 studies investigating low level, long term exposure to organophosphate
insecticides, and performance on a range of psychometric tests. The psychometric tests
measured a wide range of neurobehavioural functioning, including memory, attention, cognitive

j
k

An odds ratio greater than one is evidence of a positive association between an exposure and a health effect.
Of unknown causation.
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speed and executive function. The preferred effect size measure was Glass’s Delta l. Cohen(4)
suggests the following rule of thumb for the interpretation of the absolute value of an effect size
measured using Cohen’s d: 0.20 low, 0.50 medium and 0.80 large. The authors reported an
overall effect size of -0.31 (low to medium magnitude), concluding that there is some evidence
to support an association between low-level organophosphate pesticide exposure and impaired
neurobehavioural performance.
Impaired neurobehavioural performance of agricultural workers and pesticide applicators was
described in a meta-analysis by Ismail et al.(12) This meta-analytic study combined the results of
17 studies (that included 21 independent cohort groups) measuring the association between
various neurobehavioural factors (attention, visuo-motor integration, verbal abstraction and
perception constructs) and occupational pesticide exposure in groups of farmers, applicators and
greenhouse workers. Standardised mean difference was the preferred effect measure. The range
of effect sizes varied between 0.14 and -0.71, with all study effect sizes, with the exception of
one, being less than zero. The significant effect sizes (ranging from -0.16 to -0.71) can be
described as ranging from small to moderately large according to Cohen’s criteria(4). The study
authors concluded that all of the neurobehavioural functions measured in the studies showed
significant impairment for individuals chronically exposed to organophosphate pesticides.
Although heterogeneity was detected across the different study cohorts, the authors pointed out
that their results were in line with other similar studies. These meta-analytic studies indicate that
long-term pesticide exposure may adversely affect neurobehavioural performance.
1.1.4

Prostate cancer

Meta-analyses undertaken by Van Mael-Fabry et al.(27) and Leng et al.(15) investigated links
between prostate cancer and pesticide exposure.
Using relative risk as a measure of effect size, Van Mael-Fabry et al.(27) analysed 18 studies
(published between 1984 and 2004) that investigated the incidence of prostate cancer in
pesticide manufacturing workers. The meta-rate ratio estimate for all 18 studies was 1.28 (95%
CI: 1.05 – 1.58). In line with previous studies of pesticide exposed workers (e.g. farmers,
applicators etc.), the study authors concluded that there was a moderately increased risk of
prostate cancer incidence in pesticide manufacturing workers. In terms of weight of evidence,
Van Mael-Fabry et al.(27) concluded that there was a possible link between pesticide exposure
and prostate cancer incidence, but a causal link between the two remained to be demonstrated.
Leng et al.(15) conducted a meta-analysis on 12 published articles (involving 17 cohort studies)
investigating associations between prostate cancer and exposure to 2,3,7,8 tetrachlorodibenzo-pdioxin (TCDD). TCDD or “dioxin” has been used as a herbicide in the past, but is now no
longer manufactured for this use. Standardised mortality ratios m (SMRs) or risk ratios n (RRs)
were used as effect sizes. The SMR and RR effect size statistics were pooled separately due to
the differences between these effect size statistics. The meta-RR (based on 4 studies) was 1.04
(95% CI: 0.85 – 1.28) and the meta-SMR (based on 13 studies) was 1.26 (95% CI: 1.00 – 1.57).
The authors concluded that their meta-analysis provided evidence that TCDD exposure is
associated with increased risk of developing prostate cancer.

l

Glass’s Delta is a variation of Cohen’s d. The “d” family of effect sizes measures the scaled difference between
means; the main difference between Glass’s Delta and Cohen’s d is the use of the control group standard deviation
as the denominator in the calculation equation rather than the pooled standard deviation.
m
The ratio of observed deaths in the study group to expected deaths in the general population.
n
The ratio of the probability of health outcome occurring when exposed to the probability of the health outcome
occurring when not exposed.
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In a case-control study of Californian residents, Cockburn et al.(3) investigated the existence of
association between exposure to pesticides/fungicides and the development of prostate cancer.
Increased risks of prostate cancer development were detected in individuals with exposure to
methyl bromide (OR = 1.62, 95% CI: 1.02 – 2.59) and certain organochlorines (OR = 1.64,
95% CI: 1.02 – 2.63). In contrast, no increased risk was detected in individuals exposed to other
substances (i.e. simazine, maneb, and paraquat dichloride) with no clear biologic role in prostate
carcinogenesis. Pavuk et al.(19) also detected a positive association between TCCD and prostate
cancer in Vietnam veterans who served in South East Asia before 1969 when more
contaminated herbicides were used, although the sample size was very small (n=15).
Although TCDD is not typically associated with prostate cancer, the evidence from these
studies suggests that such a link cannot be ruled out and further research in this area would be
helpful.
1.1.5

Haematopoietic cancers

A meta-analysis of case-control studies, comprised of populations working in pesticide related
occupations, undertaken by Merhi et al.(17) detected a significant positive association between
pesticide exposure and the development of haematopoietic cancers, including non-Hodgkin’s
Lymphoma (NHL). Thirteen case-control studies were analysed using fixed and random effects
modelling. The meta-odds ratio, based on the pooling of 44 odds-ratios from 13 studies was 1.3
(95% CI: 1.2 – 1.5). The meta-odds ratio for NHL was 1.35 (95% CI: 1.2 – 1.5) and for
Leukaemia 1.35 (95% CI: 0.9 – 2.0). The presence of heterogeneity and publication bias
prompted the authors to carry out a meta-regression, the results of which showed that longerterm exposure to pesticides (>10 years) was associated with a higher risk of developing all
haematopoietic cancers, in addition to NHL.
A meta-analysis of mortality studies of pesticide production workers (with particular emphasis
on those exposed to phenoxy herbicides) by Jones et al.(13) detected raised mortality rates in
phenoxy herbicide cohorts due to lymphatic and haematopoietic cancers (SMR 1.42 95% CI:
1.09 – 1.85, 20 studies) and lymphoma (SMR 2.01 95% CI:1.38 – 2.93, 20 studies).
Focusing specifically on NHL, a more recent meta-analysis by Schinasi and Leon(21) pooled the
results from 44 papers to investigate a hypothesised association between exposure to
agricultural pesticides and the development of NHL. The range of pesticides studied in the 44
papers belonged to 21 chemical groups and comprised 80 active ingredients. Positive
associations were detected between NHL and exposure to phenoxy herbicides, carbamate
insecticides, organophosphate insecticides and Lindane, an organochlorine insecticide. The
strongest
associations
were
found
for
the
organochlorine
insecticide
dichlorodiphenyltrichloroethane (DDT) (meta-risk ratio 1.3, 95%CI: 1.1 – 1.5) and Lindane
(meta-risk ratio 1.6, 95% CI: 1.2 – 2.2).
1.1.6

Childhood cancers

Vinson et al.(28)performed a meta-analysis synthesising the results of 40 studies (38 case-control
and two cohort) investigating the relationship between pesticide exposure and incidence of
childhood cancers. Elevated risk was detected (when mothers were exposed during the pre-natal
period) for lymphoma (meta-odds ratio 1.53, 95% CI: 1.22 – 1.91) and leukaemia (meta-odds
ratio 1.48, 95% CI: 1.26 – 1.75). Additionally, paternal exposure to pesticides was associated
with an increased risk of brain cancer both before (meta-odds ratio 1.49, 95% CI: 1.23 – 1.79),
and after birth (meta-odds ratio 1.66, 95% CI: 1.11 – 2.49).
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1.1.7

Breast cancer

Ingber et al.(11) carried out a meta-analysis of 46 studies investigating links between
DDT/dichlorodiphenyldichloroethylene (DDE) and the development of breast cancer. As an
update to a previous meta-analysis from 2004, this study did not detect statistically significant
associations between DDT/DDE exposure and the development of breast cancer. The metaodds ratio for DDT was 1.02 (95% CI: 0.92 – 1.13) and for DDE 1.05 (95% CI: 0.93 – 1.18).
1.1.8

Other cancers

In their meta-analysis of studies of pesticide production workers, Jones et al.(13) identified a
number of cancers that showed elevated meta-standardised mortality ratios (m-SMRs) compared
to the general populations of the countries in which the studies were carried out: cancers of the
buccal cavity/pharynx (m-SMR 1.42 95% CI: 1.01 – 1.99, 28 studies), oesophagus (m-SMR
1.64 95% CI: 1.19 – 2.24, 26 studies), rectum (m-SMR 1.37 95% CI: 1.07 – 1.76, 28 studies),
respiratory system (m-SMR 1.26 95% CI: 1.09 – 1.45, 36 studies), larynx (m-SMR 1.58 95%
CI: 1.09 – 2.31, studies) and lung (m-SMR 1.22 95% CI: 1.05 – 1.41, 32 studies).
Interestingly, however, Jones et al.(13) did not find statistically significant elevated m-SMRs for
a range of other cancer conditions, including skin, breast, ovarian, prostate, testis, bladder,
kidney, brain, Hodgkin’s disease, stomach, lower intestine, liver, pancreas and multiple
myeloma.
1.1.9

Other chronic diseases

Long-term exposure to low levels of pesticides may also increase the risk of a range of other
chronic diseases. Recent research suggests that skin (especially contact dermatitis)(23),
autoimmune (for example hypothyroidism)(8, 9), respiratory (particularly asthma and airway
obstruction)(5, 30), and metabolic conditions (for example diabetes)(14) may be associated with
pesticide exposure.
An analysis of data pertaining to 13,637 farmers’ wives participating in the Agricultural Health
Study carried out by Starling et al.(24) suggests a positive association between exposure to
certain organophosphates and organochlorines and an increased risk of developing incident
diabetes in women. Five pesticides showed a positive association with incident diabetes, the
organophosphates fonfos (HR=1.56, 95% CI 1.11 to 2.19), phorate (HR=1.57, 95% CI 1.14 to
2.16) and parathion (HR=1.61, 95% CI 1.05 to 2.46); the organochlorine dieldrin (HR=1.99,
95% CI 1.12 to 3.54); and the herbicide 2,4,5-T/2,4,5-TP (HR=1.59, 95% CI 1.00 to 2.51). The
authors of this study conclude that their results are consistent with previous research linking
certain organochlorines with elevated risk of developing diabetes.
Another analysis of Agricultural Health Study data by Montgomery et al.(18) based on 13,457
study members also reported a positive association between exposure to pesticides and the risk
of developing incident diabetes. Two measures of exposure were considered in this study: ever
use and cumulative lifetime days of use. Exposure to Aldrin, chlordane, heptachlor, dichlorvos,
trichlorfon, alachlor and cyanazine were associated with elevated risk of developing incident
diabetes. The study authors conclude that their results are consistent with previous human and
animal research, suggesting that exposure to organochlorine and organophosphate based
insecticides could increase the risk of developing diabetes.
1.1.10

Conclusions

This short review of recent epidemiological research into the association of adverse health
effects and pesticide exposure (all studies referred to were published during or after the year
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2000) suggests a mixed picture. The strength of evidence linking pesticide exposure to elevated
risks of developing certain health conditions appears to be reasonable in the case of PD, certain
haematopoietic cancers (in particular non-Hodgkin’s lymphoma), cancer of the oesophagus,
cancer of the rectum and diabetes. For other conditions, in particular degraded neurobehavioural
performance, prostate cancer, cancers of the respiratory system and larynx, the evidence base
appears weaker. The evidence base for associating pesticide exposure with increased risks of
developing other forms of cancer (i.e. skin, breast, ovarian, testis, bladder, kidney, brain,
Hodgkin’s disease, stomach, lower intestine, liver, pancreas and multiple myeloma), appears to
be weak.
In terms of pesticide users (in contrast to other exposed groups such as pesticide manufacturing
workers) the picture is further complicated by the presence of possible confounding factors. In
their investigation of a large cohort of pesticide users, Brown et al.(2) reported the importance of
the combined impact of the healthy worker effect, lower smoking levels and higher than
expected physical activity.
The mixed nature of the evidence base could reflect the complexity of the relationship between
pesticide exposure and human health outcomes. For example, the risks associated with pesticide
exposure for any one individual could be increased or decreased by factors such as genetic
make-up or behavioural style. Such a situation would make it difficult to produce a simple doseresponse model to explain the health effects of pesticide exposure. Developing a more complete
understanding of how pesticide exposure affects human health requires a study designed
specifically to collect comprehensive data around exposure levels, health and medical history,
lifestyle factors and employment history. Such a study design should also be in a position to rise
to the challenges of deriving accurate pesticide exposure measurements.
1.2

THE RATIONALE FOR UNDERTAKING THE PIPAH STUDY

Regulations to control the use of pesticides to reduce any risk associated with their use have
been in place in GB since the 1980s. However the potential for low level exposure to pesticides,
concerns about different routes of exposure, and questions around the effects of exposure in
different groups within the population, remain. Possible low level pesticide exposure scenarios
include residents and bystanders exposed due to proximity to areas being treated, and
pedestrians exposed when crossing recently treated fields. Another is the effect of prolonged use
by professional pesticide applicators.
HSE’s Pesticide Incident Appraisal Panel (PIAP) o is a surveillance system within GB to
monitor acute episodes of ill health associated with pesticides in the general population.
Incidents of patient pesticide exposures are also reported by healthcare professionals to the
National Poisons Information Service (NPIS) where episodes relate mainly to poisonings, either
accidental or deliberate, and where the symptoms are well known. Common symptoms of acute
episodes include headache, aching limbs, runny nose, giddiness, muscle weakness, and fevers or
chills(22). Much less is known about the incidence of ill health due to prolonged chronic
exposure to low levels of pesticides in the absence of poisoning.
If handled correctly in accordance with the approved codes of practice p, pesticides should pose
no adverse impact to human health. However, in circumstances where workers typically use and
handle pesticides frequently, there may be an increased risk of exposure to levels potentially
deleterious to health.
o

http://www.hse.gov.uk/foi/internalops/sims/ag_food/010805.htm, accessed 13/02/2015
http://www.pesticides.gov.uk/guidance/industries/pesticides/topics/using-pesticides/codes-of-practice/code-ofpractice-for-using-plant-protection-products, accessed 13/02/2015
p

16

Some suggested reasons for this increased risk include greater likelihood of exposure to active
compounds, for example due to factors such as human error, equipment failure, lack of training,
or non-compliance with prescribed guidance. Over a typical career in which pesticides are used
as part of the job, it is reasonable to expect a non-nil pesticide exposure history that will vary
over the population of pesticide users. For these reasons, and despite the existence of well
disseminated best practice recommendations, it is possible that a proportion of regular pesticide
users will be exposed to varying doses of pesticide active ingredients, and that these exposures
may impact upon health outcomes.
HSE began funding observational research into the health of pesticide users in the 1990s. It
recruited approximately 66,000 licensed pesticide applicators into the longitudinal Pesticide
Users’ Health Study (PUHS), and followed them up over time to investigate their mortality and
cancer incidence. By analysing these health outcomes, HSE could monitor the health of men
and women frequently exposed to pesticides as a part of their job over a considerable length of
time. The analysis of the mortality data (1987-2005) and cancer incidence data (1987-2004)
reported by Frost et al.(7) from the PUHS showed that pesticide applicators had lower mortality
and cancer incidence rates than the general population. However, there was some evidence of
higher rates of non-melanoma skin cancer, multiple myeloma, and testicular cancer among
study members. The authors also reported that the rate of all-cause mortality was substantially
lower in the pesticide user cohort compared to the general population. Conditions and diseases
where mortality rates amongst pesticide users were found to be lower than in the general
population included:
•
•
•
•
•

All cancers combined, and cancers of the lip, oropharynx, digestive organs and
respiratory system
Non-malignant diseases of the nervous system
Non-malignant diseases of the circulatory system
Non-malignant diseases of the respiratory system
Non-malignant diseases of the digestive system

The study authors suggest that these mortality rates, which were lower than in the general
population, may, in part, be attributable to the ‘healthy worker effect’, and may also be partially
attributable to the impact of healthier lifestyle factors; that is higher rates of physical activity
and lower levels of smoking compared to the general population. Focusing on self-reported ill
health among members of the Pesticide Users’ Health Study rather than mortality and cancer
incidence, Holmes(10) asked study participants “if they had ever been knowingly made ill by
exposure to pesticides”. Those reporting use of pesticide concentrate were four times more
likely to report ill health compared to those using only diluted formulations. Furthermore,
Holmes also reported a positive association between ill health risk and longer exposures to
pesticides. However, some caution should be exercised in the interpretation of the latter report
due to a low (14%) response rate. The PUHS will continue to investigate the non-life
threatening diseases such as respiratory, neurological, skin and eye diseases by obtaining their
health outcome data from Hospital Episode Statistics in England and Wales.
A major limitation of the data available in the PUHS is that information on pesticide usage,
including the type of pesticide, and the areas of pesticide work (crops, livestock, etc.) is only
available for a small portion of the cohort members, and there is no information on other factors
such as diet and lifestyle, which may also be linked with health outcomes. The study team are
no longer in contact with cohort members, and so there is no mechanism available for collecting
this information. Consequently, the study is valuable in highlighting possible health problems in
this group of workers, but it is not possible to determine whether any increased health risks are
caused by pesticide usage.
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The new Prospective Investigation of Pesticide Applicators’ Health (PIPAH) Study was
established to address weaknesses identified in the PUHS. In addition, the PIPAH study may
also be able to address some of the inconsistencies identified in the earlier review of the
literature of systematic reviews, meta-analyses and cohort studies investigating pesticide
exposure and adverse health outcomes, e.g. concerning pesticide exposure and the development
of prostate cancer.
The remainder of this report will describe the key features and attributes of the PIPAH study,
including:
•
•
•
•
•
•

The main study objectives
Key aspects of the study design
The questionnaire development process
Sample size considerations
The study population
Cohort recruitment, retention and engagement.
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2. DESIGNING THE STUDY
2.1

AIMS AND OBJECTIVES OF THE STUDY

The overall aims of the study are to monitor the health of workers in Great Britain who use
pesticides as a part of their job, and to gain a better understanding of the relationship between
long-term exposure to pesticides and health.
The objectives of the study are to establish and maintain a long-term follow-up study of a cohort
of pesticide users. This will be achieved through an initial prevalence study of cohort members,
and a subsequent follow-up study which will follow the participants in the initial prevalence
study over time.
The specific aims of the PIPAH study can be split between the initial prevalence study and the
long-term follow-up study.
In the initial prevalence study, the specific aims are:
•

To estimate the prevalence of chronic ill health among pesticide applicators, and to
compare this with prevalence in the general British population for health conditions
where national data are available

•

To investigate the associations between occupational exposure to pesticides and the
prevalence of chronic ill health outcomes (e.g. hypertension, Parkinson’s disease etc.).

The specific aims for the cohort study are:
•

To investigate associations between occupational exposure to pesticides and changes in
chronic ill health status over time, including the development of new chronic health
conditions.

•

To investigate the association between occupational exposure to pesticides and all-cause
mortality and cancer incidence.

The comprehensive nature of the data collected, particularly around the incidence of different
health conditions, lifestyle factors and physical activity levels will potentially allow for
additional analyses to be undertaken that will address other research questions as and when
required.
2.2

STUDY DESIGN

The target population of the PIPAH study is pesticide applicators currently registered on the
databases administered by the National Register of Sprayer Operatives q (NRoSO), the National
Amenity Sprayer Operations Register r (NAsOR), and the subset of members of the PUHS who
had completed a questionnaire on their pesticide use. Both NRoSO and NAsOR are registration
schemes administered by the City & Guilds organisation to enable pesticide applicators to use
Continuing Professional Development (CPD) as a means of ensuring ongoing training.

q
r

https://www.nroso.org.uk, accessed 13/02/15
http://www.nasor.org.uk, accessed 13/02/15
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The PIPAH study is planning to collect detailed information on pesticide exposure and
information on other possible explanatory factors such as diet and lifestyle and a fuller range of
health outcomes of the cohort members. The study will request cancer and death registration
data for the members of the cohort, and will also request Hospital Episode Statistics for a
defined set of health outcomes. The PIPAH study also plans to collect information on selfreported health conditions, possible symptoms of ill health and lifestyle factors at baseline and
thereafter at five year intervals, information which was not collected in the PUHS study.
Utilising this methodology, the PIPAH study will provide a system for monitoring ill health
among pesticide workers, and will contribute to a greater understanding of the relationship
between occupational exposure to pesticides and health. Information about pesticide usage will
also be collected at regular intervals using specially designed pesticide usage questionnaires. A
timeline of activities for the study is illustrated in Figure 2.

Figure 2 Schematic timeline of PIPAH study

The PIPAH study is a prospective cohort study. In this type of study, a group of individuals is
recruited into the study and factors that may be relevant to the development of disease are
measured. The study members are followed-up over time to see if they develop the disease of
interest. Since the risk factors of disease are measured before the diagnosis of disease, the causal
criterion of ‘temporality’ is assured by the design, so that causes can be distinguished from
effects. Another advantage of the prospective cohort design is to reduce bias in measuring
pesticide exposures. This study design also provides flexibility in enabling various health
endpoints to be examined. The prospective cohort design is the most appropriate design for
determining the incidence of disease and for investigating causal associations.
The health and exposure levels of cohort members will be assessed using carefully designed
questionnaires. Information about whether cohort members have, or have previously suffered
from, a broad range of health conditions (excluding cancers), along with age at diagnosis, will
be collected in the baseline questionnaire. The baseline questionnaire will also be used to collect
information about the different types and concentrations of pesticides used, for how long cohort
members have used them, whether or not personal protective equipment (PPE) was regularly
used and methods of pesticide application. It is anticipated that follow-up information about
health conditions will be collected by questionnaire at five yearly intervals and that information
about pesticide use will be collected annually.
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2.3

POWER AND SAMPLE SIZE CALCULATIONS

The power of the proposed cohort study was estimated using PASS 2008 software. Since it is
not possible to predict how many pesticide users would agree to participate in the PIPAH study,
these calculations were undertaken to show the size of effect that could be detected with a
specified power for a given cohort size. The cohort sizes used for the calculations represent 50%
(N = 10,500), 60% (N = 12,600), 70% (N = 14,700), 80% (N = 16,800) and 90% (N = 18,900)
response rates to the initial mailing of around 21,000 people.
In order to carry out the power calculations a base incidence rate is required. The power
calculations considered three possible representative health outcomes – a relatively common
condition such as asthma (incidence rate 5.15 per 1000 person years(6)), a less common
condition such as lung cancer (age standardised incidence rate 47.9 per 100,000 person years s),
and a rare condition such as leukaemia (adult incidence rate 9.6 per 100,000 person years t).
Further assumptions included in the power calculations were (i) there was only one independent
binary variable of interest, representing exposed or not exposed; and (ii) the proportions of
individuals in the exposed group compared to the not exposed group considered in the analysis
were 0.25, 0.50 and 0.75.
The smallest effect size, which could be detected after 5 years’ follow-up with 80% power (and
significance level alpha = 0.05), within a cohort of 14,700 participants in which 50% are
exposed, for a common health outcome (asthma) is a risk estimate of 1.38. In situations where
25% or 75% of the cohort are exposed, the smallest detectable effect size is very similar (Figure
3).
For a less common health outcome (lung cancer), the smallest detectable effect size after 5
years’ follow-up within a cohort of 14,700 participants in which 50% are exposed and 50% are
not exposed is a risk estimate of approximately 2.5 (Figure 4). With 25% exposed in this cohort,
the smallest detectable risk estimate is 2.7 and where 75% are exposed, it is 2.9.
For a rare health outcome (leukaemia), even a risk estimate of 4 would not be detected with
80% power in this cohort after five years’ follow-up. After 10 years’ follow-up, a risk estimate
of approximately 4 would be detected with 80% power in a cohort of initial size 14,700 in
which 50% of participants are exposed. Increasing the follow-up time to 20 years would permit
a risk estimate of 2.73 to be detected with 80% power if 50% of participants are exposed and
50% are not exposed. If 25% of participants are exposed the smallest detectable risk is
approximately 3, and if 75% of participants are exposed it is 3.25.
The calculations demonstrate the balance between sample size and years of follow-up that
determine the power of the study to detect a given effect size. It also depends on the incidence
among non-exposed pesticide users and the proportion of individuals within the cohort who are
exposed or not exposed. If the response rate is low, then a longer follow-up period will be
required before meaningful prospective analyses can be undertaken. These calculations were
undertaken assuming that the cohort size is constant. However, the plan for the cohort is to
recruit new members into the cohort on an annual basis so that the cohort will gradually
increase in size over time. This complicates the sample size calculations, but the net effect will
be to increase the power of the study more quickly than it would if it only depended on the
length of follow up.
s

http://info.cancerresearchuk.org/cancerstats/types/lung/incidence/uk-lung-cancer-incidence-statistics , Accessed
13/02/2015
t
http://info.cancerresearchuk.org/cancerstats/types/leukaemia/ , Accessed 13/02/2015
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Figure 3: The power to detect a specified relative risk for a common health outcome (asthma) and a given
sample size after five years’ follow-up
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3. QUESTIONNAIRE DEVELOPMENT
3.1

INITIAL BASELINE QUESTIONNAIRE DEVELOPMENT

The development of the final version of the baseline questionnaire was an iterative process
carried out with full involvement of prospective study participants and industry stakeholders.
The study team took this path with the objective of developing a baseline questionnaire that
would gather high quality data while at the same time achieving the best possible response rate.
A prototype questionnaire was developed with questions falling into three overarching
categories, which are outlined in the following sections.
3.1.1
Health
Questions covered both symptoms (occurrence and frequency) and clinical (asked whether
diagnosed by GP). Questions covered a wide variety of conditions, including respiratory and
neurological diseases as well as musculoskeletal problems, visual impairments and skin
conditions. Since symptoms often manifest before medical diagnosis, questions addressing the
frequency of experiencing particular symptoms (e.g. dizziness, headache) were also included.
Both of these sets of questions are based on those used in the Agricultural Health Study u. The
lists of conditions and symptoms were checked and adapted by Dr Chris Barber, Deputy Chief
Medical Officer at HSE’s Buxton laboratory, to ensure their relevance and suitability to the GB
population. Family medical history questions were based on items in the UK Biobank
Questionnaire v.
3.1.2
Pesticide exposure
The Survey of Pesticide Usage(10) undertaken as part of the Pesticide Users’ Health Study
highlighted that, due to the large number of pesticide products used by individuals over their
occupational lifetime, it is difficult for respondents to give an accurate description of their past
pesticide use. In order to simplify the information being requested from pesticide users, types
of pesticide were categorised into groups based on their target organism (herbicides,
ectoparasite control, insecticides, fungicides, fumigants, wood preservatives). The number of
years of use, average number of days sprayed, year of first use and whether or not respondents
had handled pesticide concentrates were summarised by the same categories as used in the
Agricultural Health Study w. The methods of application for each pesticide type were devised by
a qualified trainer for City & Guilds, and reflect past and current methods in GB.
3.1.3
Potential confounding variables
Many health outcomes may have an aetiology related to lifestyle as well as pesticide exposure,
e.g. diet and exercise have a known causal relationship with type 2 diabetes. Questions on diet,
including fruit, caffeine and dairy product consumption were based on those in the Million
Women Study x and the UK Biobank Questionnaire y. Questions on exercise, alcohol
consumption and smoking were based on questions from the HSE Strategic Research Program
Health Questionnaire, UK Biobank Questionnaire and Barrett & Vaughan Williams(1).
u
The Agricultural Health Study (AHS) is a prospective study of cancer and other health outcomes in a cohort of
licensed pesticide applicators and their spouses from Iowa and North Carolina. The AHS began in 1993 with the
goal of answering important questions about how agricultural, lifestyle and genetic factors affect the health of
farming populations.
v
http://www.ukbiobank.ac.uk, accessed 13/02/15
w
http://aghealth.nih.gov/collaboration/qx/comm.app2.pdf, accessed 13/02/15
x
http://www.millionwomenstudy.org/files/mws-web2.pdf, accessed 13/02/15
y
http://www.ukbiobank.ac.uk/wpcontent/uploads/2011/06/Touch_screen_questionnaire.pdf?phpMyAdmin=trmKQlYdjjnQIgJ%2CfAzikMhEnx6,
accessed 13/02/15
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Questions on socio-economic status were derived from three simple questions about age of
finishing full-time education, ownership/rental of home, and employment status (UK Biobank
questionnaire).
3.2

DEVELOPMENT OF THE PESTICIDE USE QUESTIONNAIRE

To supplement the pesticide usage data collected in the baseline questionnaire, a separate
pesticide use questionnaire was designed to collect usage data annually. This supplementary
questionnaire asks about main areas of pesticide work, number of days spent in this area of
pesticide work and the typical number of hours per day spent on this work. The Pesticide Use
Questionnaire is still in the process of being piloted and a final version is to be finalised.
3.3

USABILITY TESTING OF PROTOTYPE BASELINE GENERAL
QUESTIONNAIRE

The prototype baseline questionnaire was taken to the Cereals zaa 2010 show so that pesticide
sprayers attending the NRoSO stand (for the registration of continuing professional
development points) could test it. Sprayers were asked to complete a prototype version of the
questionnaire, and feedback was gathered informally during post completion discussions. The
feedback was generally positive, with completion times taking no longer than about 15 minutes.
Very few sprayers encountered difficulties that prevented completion.
Further usability testing and feedback on a later prototype version was obtained by asking
several sprayers to complete questionnaires in the context of one-to-one interviews. The
sprayers were volunteers recruited through a training organisation. Completion times for this
later version of the questionnaire were between 30 and 60 minutes. After completing the
questionnaire, sprayers were asked by the interviewer to offer their opinions on a range of
topics, including question content, readability and general ease of use. Some sprayers
questioned the reasons for including some of the lifestyle questions (e.g. on diet and alcohol
consumption) but generally the feedback did not cause any major concerns.
3.4

FOCUS GROUPS WITH PESTICIDE USERS AND INDUSTRY
STAKEHOLDERS

Two focus groups were held after the first phase of recruiting: one focus group with a purposive
sample of NRoSO members and one focus group with industry stakeholders. The stakeholder
focus group comprised nine relevant pesticide industry stakeholders. The NRoSO focus group
comprised 10 volunteers recruited by City & Guilds. The main emphasis in the focus groups
was on the development of the annual pesticide use questionnaire. However, the focus groups
were held shortly after the first recruitment wave, and so participants were also asked for their
opinions on the baseline General Questionnaire. These responses (excluding those regarding the
annual usage questionnaire) are summarised here.
3.4.1

NRoSO member focus group

The objectives of the NRoSO member focus group were to gather information on a number of
topics relating to the PIPAH study, specifically views on the baseline and annual usage
questionnaires, along with current and best methods of recording pesticide information. Views
were also sought on how to increase motivation to participate in the PIPAH study and how and
what to communicate to participants.

z

Cereals is the leading technical event for the UK arable industry with over 64ha of stands and live demonstrations
http://www.cerealsevent.co.uk/ , Accessed 13/02/2015

aa
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Participant feedback on the baseline questionnaire included:
•
•
•
•
•
•

The questionnaire was satisfactory to a point e.g. the first two pages, but thereafter was
difficult to work through
Frustration with the large number of detailed questions
There were too many questions on health and diet and that some of these questions
should be omitted
Adding some questions on respiratory health and the type of machinery used and if it
has protection e.g. filters/cab filtration systems
Some questions ‘forced their choice’ as there was no response box for ‘don’t know’
There was no explanation/rationale for why they were being asked detailed questions
such as questions on diet

More generally, participants expressed a desire to know more about the research question and
the rationale for why the study was being conducted. In terms of maximising the participation
rate in the study, participants suggested:
•
•
•
•
•
•
3.4.2

Keeping it simple
Financial incentives
Safety Health and Awareness Day (SHAD) events
Providing information about the reasons/motivations for the research
Linking participation to NRoSO continuing professional development points
Distributing leaflets at the annual Cereals show
Industry stakeholder focus group

The main objective of the industry stakeholder focus group was to gather information to assist
with the design of the usage questionnaire.
No suitable method was suggested for assessing how much pesticide is sprayed by individual
operators over a 12 month period. However, it was mentioned that it would be possible to work
out the quantity of pesticide used from the mixing and application rates. One of the best ways to
capture the information for each study participant was thought to be through utilising the
records from ‘Muddy boots’ and ‘Gatekeeper’ software as information such as spraying times
e.g. start and finish times is stored electronically.
Participants stated that most large arable farms would not be able to answer the pesticide usage
questions as phrased, as they may have to record between 30-40 pesticides, which is both
difficult and time consuming.
The following suggestions were made for additional factors to be included:
•
•
•
•
•
•
•
•

Storage of mixed chemicals and mixing (activities)
Disposal e.g. partly used or empty containers (activities)
Boom sprayer (application method)
Granular application (application method)
Cleaning e.g. cleaning sprayer (pesticide hygiene)
Weather conditions
Inclusion of different types of pesticides as some reside within seeds
Drilling - dust is emitted from loading drill (application method)
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•
•
•
•
•
•
•

Health factors: UV light causing skin cancer and exposure to red diesel
Quality of machinery/equipment being used e.g. old spray lance
Type of farm
Primary and secondary health and safety controls
Operator behaviour
Final percentage of pesticide used
Low incidences of high exposure e.g. spilling concentrate and/or having ripped PPE

The information on how best to collect information on pesticide usage provided by the two
focus groups was used to guide the development of the Pesticide Use questionnaire.
3.5

PRODUCING THE FINAL VERSION OF THE BASELINE GENERAL
QUESTIONNAIRE

The final version of the baseline General Questionnaire was produced incorporating as many as
possible of the suggestions that were offered by participants in the user testing. Minor
modifications were made to the baseline General Questionnaire following the focus groups. In
particular, a small additional text box explaining the reasons for including diet and lifestyle
questions was added. The final version of the baseline General Questionnaire is presented in
Appendix 1.
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4. COHORT RECRUITMENT AND RETENTION
4.1

BASELINE SAMPLE RECRUITMENT

The target population for recruitment into the cohort is licensed GB pesticide users. The study
used two sources of information from which to target potential recruits:
•

22,000 members of the NRoSO and NAsOR registers. These registers are both
maintained by City & Guilds bb

•

9,000 members of the Pesticide Users’ Health Study (held and administered by HSE’s
Buxton laboratory) who responded to the Survey of Pesticide Usage and are flagged on
the National Health Service Central Registers

Recruitment to the baseline phase of the study was carried out in two stages. Stage one (during
the first half of 2013) involved the recruitment of NRoSO and NAsOR members, and stage two
(in early 2014) members of the PUHS. Each member was initially sent an invitation pack
comprising:
•
•
•
•
•

A covering letter inviting them to participate in the survey
An information leaflet
A copy of the baseline questionnaire
A consent form, and
A postage-paid envelope to return questionnaires to HSE’s Buxton laboratory

To increase the response rate, reminders were sent to potential study participants. A reminder
postcard was sent to all NRoSO and NAsOR members two weeks after the initial study pack
was sent to them, whereas a duplicate study pack was sent to PUHS non-responders six weeks
after the initial contact. The original study protocol planned for two sets of reminders: a
reminder postcard and then a duplicate study pack. However this was later changed to include
only one reminder.
4.2

ROLLING RECRUITMENT

In addition to the two main stages of recruitment, all new members of NRoSO and NAsOR are
invited to take part in the PIPAH study on an ongoing basis. At the time of joining either of
these two registers, City & Guilds sends new members a PIPAH study pack along with their
joining documents. This on-going rolling recruitment program will increase the size of the study
population over time. Although this will help to offset attrition arising from losses to followup, potential selection bias in the risk estimates due to loss to follow up will be assessed using
the baseline questionnaire data.

bb

The National Register of Spraying Operators (NRoSO) and the National Amenity Sprayer Operators Register
(NAsOR) are central registers of sprayer operators in the UK using Continuing Professional Development as a
means of ensuring ongoing training for those who hold a certificate of competence. The NRoSO and NAsOR
databases are administered by City & Guilds. They are maintained on an annual basis and therefore have current
contact addresses of members.
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4.3

COHORT ENGAGEMENT ACTIVITIES

Retaining cohort members is important for the PIPAH study in terms of delivering robust
findings over the longer term. To aid retention rates and raise the profile of the study, the
PIPAH study team developed and deployed a cohort engagement strategy that involved:
•
•
•
•

Regular attendance at the annual Cereals trade show. In the region of 5000 NRoSO
members attend this show each year, and it provides an ideal opportunity to meet study
members and discuss any issues relating to the study
Producing an annual study Newsletter, which is sent to PIPAH study members
Publicity leaflets for distribution to cohort members at the Cereals trade show
Writing articles for inclusion in relevant trade magazines

It is hoped that by investing time in these engagement activities, cohort members will better
understand the purpose of the study and feel more engaged with the study, and will, therefore,
be more inclined to actively participate in the follow-up phase of the study.
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The Prospective Investigation of Pesticide
Applicators’ Health (PIPAH) Study:
background, rationale and design
There are concerns that some pesticides may have levels of
human toxicity that cause chronic health problems in
workers who apply them, for instance cancers and
neurological conditions. However, the evidence base linking
worker exposure to pesticides and the development of
adverse health outcomes is inconclusive. It is important to
improve this evidence base so that any risks to worker
health are understood and can be effectively controlled.
The Prospective Investigation of Pesticide Applicators’
Health (PIPAH) Study is a long-term volunteer study
established to develop a more complete understanding of
how pesticide exposure potentially affects the health of
workers. The aims of the PIPAH Study are to investigate
possible associations between occupational exposure to
pesticides and changes in health status over time. This will
include investigating self-reported health conditions, all cause mortality and cancer incidence.
This report sets out the background to the PIPAH Study and
its rationale and design. The study is designed specifically to
collect comprehensive data around worker exposure levels,
health and medical history, employment history, and
potential confounding factors such as smoking and diet. It is
a prospective cohort study: volunteers are recruited into the
study, and factors that may be relevant to the development
of disease are then measured over a number of years. The
volunteers are professional and licensed GB pesticide users.
Details of the baseline cohort recruited in 2013 to
September 2014 are given in report RR1119.
This report and the work it describes were funded by the
Health and Safety Executive (HSE) and the Department for
Environment, Food and Rural Affairs (DEFRA). Its contents,
including any opinions and/or conclusions expressed, are
those of the authors alone and do not necessarily reflect HSE
or DEFRA policy.
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