C ommentary

Scand J Work Environ Health 2005,31 suppl 1:115-117

Integrating exposure measurements into epidemiologic studies in
agriculture

by Jane A Hoppin, ScD’

Hoppin JA. Integrating exposure measurements into epidemiologic studies in agriculture. Scand J Work Environ
Health 2005;31 suppl 1:115-117.

Agricultural epidemiology studies frequently rely on questionnaires to assess pesticide exposure. Farmers can
provide accurate information regarding their pesticide use history. However, pesticide exposure is influenced
not only by the pesticide, but also by factors related to pesticide application and behavior; estimates of exposure
can be improved by incorporating data on these factors. Exposure measurement studies help to elucidate
influential factors with regard to pesticide dose. These factors can be incorporated into exposure estimates to
reduce measurement error and allow for better resolution of the exposure distribution. In the Agricultural Health
Study, two exposure algorithms were developed to evaluate exposure intensity; this exposure intensity score was
used to modify the lifetime days of pesticide application. This metric, along with additional refinement as a
result of on-going field studies, will allow better assignment of exposure levels in the cohort. Future work to
develop exposure metrics that incorporate both chemical and behavior characteristics for all farmworkers and

farm residents will further improve epidemiologic studies in agriculture.
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Epidemiologic studies frequently rely on questionnaire
information to assess exposures. Measured exposure
data can provide critical information to improve pesti-
cide exposure estimates in epidemiologic studies in ag-
riculture. Measurement data can facilitate improved ex-
posure estimation if they are used to identify the pre-
dictors and determinants of exposure. This, in turn, can
result in better use of questionnaire information and bet-
ter design of future questionnaires. As indicated by other
papers (1, 2), exposure measurement studies are very
rigorous, resource intensive operations that capture a
snapshot of the pesticide exposure experience of the
population at one point in time. The challenge is how
to incorporate the results of these studies into epidemi-
ologic studies in which exposure information is prima-
rily questionnaire based.

The assignment of pesticide exposure in epidemio-
logic studies has evolved from crude surrogates, such
as farming or living in a rural area, to personal applica-
tion history of pesticides. Farmers have been shown to
provide reliable information regarding their personal
pesticide use (3—6). Proxies for farmers have been able
to report the types of chemicals used (herbicides,

insecticides, etc), but are not as accurate with regard to
individual chemicals (4). Conversely, farmworkers, who
are not farm owners or operators, often do not know
what pesticides have been used on the crops on which
they work, but can accurately report crops worked and
geographic region (7). This information can be com-
bined with other data regarding crop and pesticide us-
age to estimate potential pesticide exposures. Since
working with a pesticide does not determine the extent
of exposure, as indicated by Lunchick et al (2), ques-
tionnaires may also obtain information to determine the
extent of exposure associated with pesticide usage.
The workhorse of epidemiologic studies in agricul-
ture is the questionnaire. Questionnaires can be used to
obtain information regarding chemicals used, applica-
tion methods, use of personal protective gear, and work
practices that may contribute to pesticide exposure.
Questionnaires frequently address both current and his-
torical pesticide use practices, while exposure measure-
ment data can only be obtained for current application
practices. Questionnaire data can be combined with other
resources to create appropriate exposure metrics, through
the use of job exposure matrices (8) or algorithms such
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as the one developed to assess the intensity of pesticide
exposure among applicators in the Agricultural Health
Study (9).

The primary goal of exposure estimation in epide-
miology is to rank persons correctly with regard to ex-
posure level in the population. While quantitative ex-
posure measures may be optimal for some purposes (eg,
risk assessment), much can be learned from data that
provide relative exposure ranking. To reduce exposure
misclassification, it is important to separate the unex-
posed from the low-exposed and to correctly identify
highly exposed persons. Because pesticide exposures
can be highly variable, exposure assessment tools in
epidemiology need to correctly classify a person’s av-
erage exposure. The exposure period of interest depends
on the outcome; for example, for cancers, we are more
interested in past exposures than current exposures,
while, for birth defects, we may be more interested in
in utero and preconception exposures.

Exposure measurement studies, particularly those
including both environmental and biological measures
of exposure, provide critical information regarding the
predictors and modifiers of pesticide exposure to farm-
ers and their families. They often collect information
regarding chemical properties and formulation, applica-
tion rate, mixing methods and behavior, such as the use
of personal protective equipment. These studies have
contributed a wealth of information regarding factors
associated with pesticide application. The Pesticide
Handlers Exposure Database (PHED) was developed to
standardize pesticide exposure estimates, and it contains
exposure information from over 100 studies of pesticide
mixing, loading, and applying methods without individ-
ual chemical information (10). These data, along with
those in the open literature that provide chemical-spe-
cific information, allow for the evaluation of the deter-
minants of pesticide exposure and their relative contri-
bution to personal pesticide exposure. Determining
which exposure factors are chemical- or product-spe-
cific and which factors can be considered generically
(as in the PHED) is best answered by field-monitoring
studies.

Incorporating measurement data into epidemiologic
studies is challenging. One key aspect is that measure-
ment studies evaluate one point in time and obtain de-
tailed information regarding all aspects of pesticide ap-
plication, while epidemiologic studies are often inter-
ested in the long-term and chronic effects of pesticide
exposure and are limited with respect to the amount of
information that can be collected regarding the lifetime
history of pesticide application. What predicts pesticide
levels on a given day may not be relevant for long-term
exposure. Conversely, one short event with a spill or
other events involving high pesticide exposure may con-
tribute greatly to someone’s annual pesticide dose.
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Farming and pesticide applications are highly variable
and are subject to change as a result of a variety of fac-
tors, including temperature, wind, rain fall, insect bur-
den, and application methods; thus extrapolation from
short-term exposure measurements to long-term esti-
mates of exposure should occur with caution. While
many predictors of exposure have been identified, com-
bining information regarding exposure factors across
studies and assigning the relative weights of these fac-
tors are not trivial tasks.

In the Agricultural Health Study, Dosemeci and his
colleagues (9) have developed two algorithms that use
measured exposure data to assign weights to estimate
exposure intensity in association with pesticide appli-
cation. These exposure intensities are used to modify
the reported lifetime cumulative pesticide application
history (lifetime days of application) for each chemical.
The general algorithm (equation 1) uses questionnaire
information from over 58 000 licensed pesticide appli-
cators enrolled in the Agricultural Health Study to cal-
culate an exposure-intensity factor. The intensity factor
assigns weights for mixing and applying pesticides and
repairing pesticide equipment, based on their relative
contributions observed in monitoring studies. These
weights are further modified by the use of personal pro-
tective equipment (PPE), such as chemically resistant
gloves. The general intensity score is not chemical-spe-
cific and relies on information from the PHED and oth-
er studies to create the weights used. These weights
were used to modify chemical-specific cumulative du-
rations to create intensity-adjusted lifetime duration val-
ues. The use of PPE as a reduction measure is consist-
ent with the data that Lunchick et al (2) presented for
MoCap workers, for whom the use of gloves and closed
mixing systems dramatically reduced potential exposure.

Intensity yeper = (Mix + apply + repair) x PPE,
(equation 1)

where mix = the frequency of mixing pesticides (0, 3,
9), apply = application method (0-9), repair = repair of
application equipment (0, 2), PPE = personal protective
equipment (0.1-1.0), and the range of weights is in
parentheses.

For the approximately 23 000 pesticide applicators
who completed the more-detailed take-home question-
naire, a more-detailed algorithm (equation 2) was de-
veloped that created different intensity scores for dif-
ferent functional classes of pesticides (herbicides, crop
insecticides, livestock insecticides, fungicides, and fu-
migants) and incorporated more information regarding
pesticide handling behavior and other practices that may
influence exposure intensity, such as enclosed mixing
systems, cabs on tractors, glove replacement, clean up



after spills, and general occupational hygiene practices.
While the detailed algorithm incorporated additional in-
formation, the intensity scores for the general and de-
tailed algorithm were highly correlated (9).

Intensity ieq = [(Mix x enclosed) +
(apply X cab) + repair + wash]
x PPE x replace x hygiene x spill,

(equation 2)

where, enclosed = enclosed mixing system (0.5, 1), cab
=cab on tractor (0.2, 0.5, 1), wash = washing equipment
after application (0, 2), replace = frequency of replacing
gloves (1-1.5), hygiene = personal hygiene (0.2—1), spill
= changing clothes after spill (0.2-1), and the range of
weights is in parentheses.

These algorithms allow for the differentiation be-
tween people with similar exposure durations to help
identify the truly highly exposed people, and they have
been applied in epidemiologic analyses involving this
cohort (11). These algorithms will evolve over time.
Current efforts are underway by the Environmental Pro-
tection Agency and the National Institute for Occupa-
tional Safety and Health in the United States to evalu-
ate these metrics using field measurements and biologi-
cal measures of exposure. These and other current stud-
ies are attempting to expand our understanding of the
important predictors of exposure and build on a grow-
ing literature. These studies will also allow us to refine
our questionnaires to include key exposure predictors
while removing redundant and uninformative questions.
In addition, efforts are underway to develop the best pre-
dictive models of exposure to identify strategies to im-
prove exposure estimation via questionnaires. Some of
the standardization parameters that are the most useful
in model building, such as the amount of active ingre-
dient applied, may be outside the range of recall in a
large questionnaire survey, but appropriate surrogates
for this metric may also be identified. Behavior charac-
teristics based both on fieldworker observations and
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applicator self-report will be considered for inclusion
in revised algorithms. Future work should focus on de-
veloping exposure algorithms for all farm workers and
residents, since very limited data are available for farm
spouses and children.

References

1. Fenske R. State-of-the-art measurement of agricultural pesti-
cide exposures. Scand J Work Environ Health 2005;31 suppl
1:67-73.

2. Lunchick C, Honeycutt R, Klonne D. Biological monitoring
use in refining the exposure assessment of agrigultural opera-
tors. Scand J Work Environ Health 2005;31 suppl 1:82-9.

3. Blair A, Tarone RE, Sandler D, Lynch CF, Rowland A, Win-
tersteen W, et al. Reliability of reporting on lifestyle and
agricultural factors by a sample of participants in the Agricul-
tural Health Study from Iowa. Epidemiology 2002;13:94-9.

4. Blair A, Zahm SH. Patterns of pesticide use among farmers:
implications for epidemiologic research. Epidemiology
1993:4(1):55-62.

5. Duell EJ, Millikan RC, Savitz DA, Schell MJ, Newman B,
Tse CJ, et al. Reproducibility of reported farming activities
and pesticide use among breast cancer cases and controls: a
comparison of two modes of data collection. Ann Epidemiol
2001;11(3):178-85.

6. Hoppin JA, Yucel F, Dosemeci M, Sandler DP. Accuracy of
self-reported pesticide use duration information from licensed
pesticide applicators in the Agricultural Health Study. J Expo
Anal Environ Epidemiol 2002;12(5):313-8.

7. Engel LS, Keifer MC, Zahm SH. Comparison of a traditional
questionnaire with an icon/calendar-based questionnaire to as-
sess occupational history. Am J Ind Med 2001;40(5):502-11.

8. Wood D, Astrakianakis G, Lang B, Le N, Bert J. Develop-
ment of an agricultural job-exposure matrix for British Co-
lumbia, Canada. J Occup Environ Med 2002;44(9):865-73.

9. Dosemeci M, Alavanja MC, Rowland AS, Mage D, Zahm SH,
Rothman N, et al. A quantitative approach for estimating
exposure to pesticides in the Agricultural Health Study. Ann
Occup Hyg 2002;46(2):245-60.

10. Pesticides Handlers Exposure Database (PHED) [program].
1.0 version. Springfield, IL: Versar, Inc, 1992.

11. Alavanja MCR, Samanic C, Dosemeci M, Lubin J, Tarone R,
Lynch CF, et al. Use of agricultural pesticides and prostate
cancer risk in the Agricultural Health Study. Am J Epidemiol
2003. In press.

Scand J Work Environ Health 2005, vol 31, suppl 1 117






