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As crude a weapon as the cave man’s club, the chemical barrage has been hurled
against the fabric of life – a fabric on the one hand delicate and destructible, on the
other miraculously tough and resilient, and capable of striking back in unexpected
ways.
---------------------------------------------------------------Rachel Carson, Silent Spring, 1962

Americans’ occupational deaths, diseases, and injuries cost 155.5 billion dollars per
year, five times the cost of aids, three times the cost of Alzheimer’s disease and almost
as much as cancer.
---------------------------Leigh JP et al., Costs of Occupational Injuries and Illnesses, 2000

Every day:
165 Americans die from occupational diseases
18 Americans die from work related injuries
36400 Americans have non-fatal work related injuries
3200 Americans will acquire occupational illnesses
---------------------------Leigh JP et al., Costs of Occupational Injuries and Illnesses, 2000

Deaf and blind and dumb and born to follow, what you need is someone strong to guide
you.
-----------------------------------------------------------------------------------Tool, Opiate, 1994

Give a monkey a brain and he’ll swear he’s the center of the universe.
----------------------------------------------------------Fishbone, Give a Monkey a Brain, 1993
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Background
Para-occupational or take-home exposure occurs when a worker unwittingly brings
home a hazardous substance on his or her clothing or shoes, thereby potentially
exposing his or her family. In 1992, the United States Congress identified this as a
compelling public health issue by passing the Workers’ Family Protection Act (Public
Law 102-522, 29 U.S.C. 671). This legislation directed the National Institute for
Occupational Health and Safety (NIOSH) to conduct a study to evaluate the potential
for, and prevalence of, home contamination of substances brought home by the worker.
NIOSH found that contamination of workers homes was a worldwide problem and
raised it as a concern in the Report to Congress on Workers’ Home Contamination
Study Conducted Under the Workers’ Family Protection Act (29 U.S.C. 671a) (NIOSH
1995). In this large literature review on take-home exposure NIOSH identified several
health effects resulting from home contamination including: chronic beryllium disease,
asbestosis and mesothelioma, lead poisoning with subsequent neurological effects and
mental retardation, deaths and neurological effects from pesticides, chemical burns from
caustic substances, chloracne from chlorinated hydrocarbons, neurological effects from
mercury, abnormal development from estrogenic substances, asthmatic and allergic
reactions from dust, liver angiosarcoma from arsenic, dermatitis from fibrous glass,
epileptic seizure from chemical exposure, and disease from infections agents.

The take-home exposure issue has a long history and is not limited to the United States.
NIOSH reported that death and health effects from contaminants brought home from the
workplace occurred in 28 countries in addition to 36 U.S. states (NIOSH, 1995). They
conclude, however, that the full range and extent to which health effects occur as a
result of worker’s home contamination is not known because there is no monitoring
2
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system to track related health effects. In addition, physicians do not always recognize
the occupational or para-occupational contribution to common diseases.

While worker’s take home contamination is not new - NIOSH cited published reports of
lead poisoning among lead-workers’ families in the late 1800’s - the problem persists
today (NIOSH, 1995). Half of the reports of health effects among workers’ families
that NIOSH cited in their review appeared between 1985 and 1995. More importantly,
many of these reports identified new sources of contamination.

Lead was one of the first and most extensive compounds to be investigated for home
contamination by this route. In the late 1970’s the lead concentration in dust from lead
workers’ homes was being measured (Baker et al., 1977; Koplan et al., 1977; Winegar
et al., 1977; Dolcourt et al., 1978; Rice et al., 1978; Watson et al., 1978 – for an
extensive list of studies prior to 1996 measuring workers’ home contamination of lead
and other chemicals, the reader is referred to NIOSH, 1995, table 15, pages 184-205).
Take-home pesticide exposure has also been investigated historically; however, recent
attention has been given to studying newer pesticides that are being used (Table 1).

Exposure to pesticides can occur through several pathways and routes, both directly and
indirectly. When directly handling pesticides, i.e. mixing and applying pesticides,
exposure generally occurs via the skin, but inhalation and indirect ingestion can occur as
well. Indirect exposure through contaminated surfaces can be more complex. In farm
environments for example, family members can be exposed by all routes through
several pathways: inhalation exposure via application drift or re-suspension of
contaminated dust and soils, skin exposure through contact with contaminated surfaces,
3
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soil outside the home or dust inside the home, and indirect ingestion exposure through
hand to mouth contact after touching contaminated surfaces (Figure 1).

Figure 1. Sources of exposure for farm family members.

Children, particularly young children, generally do not directly handle pesticides except
perhaps in developing countries. However, they can nevertheless be exposed to them.
They may play in fields that have been treated with pesticides, or help with farm chores
that may inadvertently expose them to pesticides. Another source of potential pesticide
exposure for children is through the take-home pathway whereby pesticide applicators,
farmers, farm workers or others unwittingly contaminate homes through track-in on
shoes and clothing. Pesticide track-in has been clearly demonstrated after residential
4
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application of herbicides to lawns. Nishioka et al (1999, 2001) measured the
distribution of the herbicide 2,4-D in homes within a week of a lawn application, and
showed that transport mechanisms were dominated by track-in from active dogs, the
home-owner’s contaminated shoes, and the children’s shoes when worn indoors. Lewis
et al (2001) found that chlorpyrifos residues in indoor air and in carpet dust were higher
within a few days after an exterior residential application than before the application,
and suggested that track-in was the principal source of these residues.

Children are thought to be more susceptible to pesticide exposure than adults due to a
variety of factors including physiology, metabolism, food consumption patterns and
activity patterns. Children’s respiratory rate, heart rate and metabolism are significantly
different from adults (Bearer, 1995) as are food consumption patterns (Health Council
of the Netherlands, 2004; National Academy of Sciences, 1993). Children’s activities
place them at risk of exposure to pesticides when in a contaminated environment
through object and hand-to-mouth behavior and close contact with the ground and
children have a greater skin surface area per kilogram body weight than adults
(Renwick, 1998). These factors can result in different sources and levels of pesticide
exposure for children than adults in the same scenario (Garry, 2004).

Parental occupation involving pesticide application and household pesticide use may be
associated with childhood cancers. A study by Flower et al. (2004) found an increased
risk for all cancers (SIR 1.36, 95 % CI 1.03-1.79) among 17, 357 children of Iowa
participants in the Agricultural Health Study (Alavanja et al., 1996) – a prospective
epidemiology study of farmers in Iowa and North Carolina – compared to the expected
cancer incidence for Iowa. However, no association was detected between frequency of
5
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parental pesticide application and childhood cancer risk. An increased cancer risk was
seen among children of fathers who did not use chemically resistant gloves (OR 1.98,
95 % CI 1.05-3.76) and who used aldrin prenatally (OR 2.66, 95 % CI 1.08-6.59). Ma
et al. (2002) found a significantly increased risk of childhood leukemia (OR 2.8, 95 %
CI 1.4-5.7) with the use of professional pest control services at any time from one year
before birth to three years after.

Children are not the only people potentially affected by take-home pesticide exposures.
Female spouses of farmers may also be exposed via this pathway and women may
experience adverse health effects different from men. Studies have suggested that
women may have birth malformations, abortions, congenital defects, and other adverse
perinatal outcomes as a result of pesticide exposure (Garcia, 2003; Schreinemachers,
2003). These studies however, generally involve direct exposures to pesticides but take
home exposure may also be occurring.

While chronic toxicity to low levels of pesticide exposure through the take-home
pathway is a concern, acute pesticide poisoning has also occurred, although not
recently, as a result of take home-exposure. An 18 month old girl was poisoned by
demeton when her father, a pesticide applicator, came home with contaminated shoes
(West, 1959). Wives of workers had signs of kepone poisoning after poor hygiene
practices in a chemical plant that manufactured kepone led to contamination of the
workers homes (Cannon et al, 1978; Taylor et al, 1978; Kelly 1977). The use of less
toxic pesticides in recent years has most likely led to the elimination of acute poisoning
from take-home pesticide exposure.

6
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In the last decade, some attention has been given to the take-home exposure pathway as
a source of chronic exposure to pesticides. After a literature search, 13 papers were
identified that examined pesticide home contamination and exposure among farmers or
agricultural workers and their families via this route (Table 1). Of these thirteen papers,
six papers were from two studies for a total of 9 separate study populations. The
majority of these studies focused on organophosphates and other insecticides and
focused on agricultural workers as opposed to farmers. The methodologies from the
studies vary widely and may include environmental (e.g. dust, surface wipe), personal
(e.g. hand wipe) and biological sampling (e.g. urine). Of the 13 studies, only six
include environmental or personal sampling with biological sampling, while only two
includes environmental, personal and biological sampling.

7

Table 1. Summary of studies investigating the take-home pesticide exposure pathway.
Reference

Population

Azaroff, 1999

Farmers and family
members 8 yrs and older
living in an agricultural
communities.
Farm-worker and non
farm-worker families.

Bradman et
al, 1997
Coronado et
al, 2004a
Curl et al,
2002a
Fenske et al,
2002b

Hogenkamp
et al, 2004
Koch et al,
2002
Loewenherz
et al, 1997b

Farm-workers and their
children aged 2-6 years
living in agricultural
communities.
Farm-workers and their
children aged 2-6 years
living in agricultural
communities.
Children 6 years old or
younger of pesticide
applicators, farm-workers
and reference subjects.
Farm and non- farm
households.
Children, 2 – 5 years old
living in an agricultural
community.
Children up to 6 yrs old
living with pesticide
applicators and reference
children.

# of subjects
# of samples
108 households
358 samples

Sample
media
Urine

Pesticides analyzed

Results

Organophosphate
Pesticides

The best predictors for the presence of urinary OP metabolites
included living in a household whose head farmer had applied
OP’s.

11 households
14 dust
11 hand wipe
211 households
(211 children)
346 dust
422 urine
218 households
346 dust
424 urine

Dust, hand
wipe

33 different pesticides
in dust, 9 in hand wipes

Diazinon and chlorpyrifos were higher in dust from farm worker
homes vs. non-farm worker homes.

Dust, urine

Azinphos-methyl
Organophosphate
Pesticides

Dust, urine

Azinphos-methyl
Organophosphate
Pesticides

Farm workers who thin crops were more likely to have detectable
levels of Azinphos-methyl in their homes. Workers, who mixed,
loaded, or applied pesticides had less detectable samples in house
dust.
Azinphos-methyl concentrations in house and vehicle dust and OP
metabolite levels in child and adult from same household were
significantly associated.

75 households
(109 children)
75 dust
218 urine
218 hand wipe
225 surface wipe
27 households
27 samples
44 households (44
children)
998 urine
62 households
(88 children)
160 urine

Dust, urine,
hand wipe,
surface wipe

Chlorpyrifos, Parathion

Homes with agricultural workers or in close proximity to pesticide
treated farmland had higher pesticide concentrations in dust, but
children in these homes did not have higher exposure.

Dust

7 pesticides used in
flower bulb farming
Organophosphate
Pesticides

The odds for detecting pesticides were higher in farmers’
compared to non-farmers’ homes.
No differences in urinary OP metabolite levels were seen due to
parental occupation (farm worker vs. all others) or proximity to
fields.
DMTP levels in urine were significantly higher and percentages of
detectable samples were greater in applicator children.

Urine
Urine

Organophosphate
Pesticides

Lu et al,
2000b

Children 9 mo to 6 yrs old
living in an agricultural
community.

McCauley et
al, 2003

Agricultural and reference
families.

Quandt et al,
2004

Farm-worker families
with at least one child less
than 7 yrs old.

Simcox et al,
1995

Farm, farm-worker and
non farm families.

Thompson et
al, 2003a

Farm-workers and their
children aged 2-6 yrs old.

76 households
(109 children)
75 dust
218 urine
218 hand wipe
225 surface wipe
24 households
48 dust
41 households
(82 adults, 41
children)
82 surface wipes
41 hand wipes
59 households
59 soil
59 dust
218 households
436 urine
436 dust

Dust, hand
wipe, urine

Organophosphate
Pesticides

Median house dust OP concentrations were significantly higher in
agricultural homes. Median pesticide metabolite concentrations
were higher in agricultural children.

Dust

Organophosphate
pesticides

Hand wipe,
surface wipe

21 pesticides: 8
agricultural and 13
residential

Pesticide residues in house dust were significantly associated with
the number of agricultural workers in the home. Mean pesticide
levels were higher in the homes of workers who waited more than
two hours to change out of work clothes.
Agricultural pesticide exposure was associated with housing
adjacent to agricultural fields and pesticide application work.

Dust, soil

Azinphos-methyl,
phosmet, chlorpyrifos,
parathion
Organophosphate
pesticides

Dust, urine

Papers with an a are from the same study and papers with a b are from the same study.

Household dust concentrations were significantly higher in
farmer/farm worker homes
Pesticide levels above the limit of quantification were seen in a
majority of urine samples from the children of agricultural
workers and in dust samples from agricultural workers homes.
Azinphos-methyl concentrations in house and vehicle dust and OP
metabolite levels in child and adult from same household were
significantly associated.
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Background on Risk Assessment
The ultimate goal of exposure assessment in cases of take-home exposure is risk
assessment. Risk assessment puts exposure into context by relating it to the health
effects of a compound and has been described by the U.S National Research Council
(NRC) as “the use of the factual base to define the health effects of exposure of
individuals or populations to hazardous materials” (NRC, 1983). Risk assessment
contains some or all of the following elements: hazard identification, dose-response
assessment, exposure assessment and risk characterization (NRC, 1983). In its most
basic traditional form, risk assessment involves comparing some value of exposure to an
exposure or dose reference value above which there is risk and below which there is
none. Usually the exposure or dose reference is based on toxicological information
which makes use of animal models.

Risk can also be assessed epidemiologically,

whereby a risk of disease outcome in humans is associated with exposure. However,
there is debate about the role of epidemiology in risk assessment. Some argue that
human data (e.g. epidemiology data) should have preference over animal data (e.g.
toxicology data) when assessing risk (Dutch Health Council, 1995). Others think
epidemiology in risk assessment should be grounded in biological plausibility
(Acquavella et al, 2003). That is, lack of toxicological evidence for disease, or human
exposures magnitudes lower than that which caused disease in animals, should detract
from causal inferences in epidemiologic findings.

The difficulty with using epidemiological data in risk assessment lies in the exposure
assessment. Exposure in epidemiology is usually assessed more qualitatively due to the
large number of subjects needed to find disease outcomes. Often the metric used, if not
completely inadequate, is not sensitive enough to establish a dose-response relationship.
10

B.D. Curwin

Take-home pesticide exposure among farm families: Introduction

There are other weaknesses of epidemiological data in risk assessment: only health
effects of exposures that have occurred can be studied; bias and confounding may be
present and may influence the results; in cases of disease with a long latency,
information on relevant exposures may be limited or missing (Swaen, 2006). Despite
these weaknesses, there are strengths to using epidemiological data in risk assessment:
direct evidence from humans; human data take into account co-exposures; sensitive
groups are usually included in study populations; relevant exposure ranges are
investigated (Swaen, 2006). The consequence then is that epidemiology can be useful
in risk assessment, but it is rarely used for such purposes. Frameworks for using
epidemiological data in risk assessment have been proposed which describes the quality
and criteria that should be evaluated when deciding on its applicability for risk
assessment (Goldbohm et al, 2006; Swaen, 2006).

Traditional experimental animal test based risk assessment also has its strengths and
weaknesses. Exposure is defined much better, however, due to extrapolating from
animal models, the uncertainties in the risk assessment can be much greater than when
using epidemiological data. In addition to the uncertainties with extrapolation, another
problem with animal based pesticide risk assessments is that the reference dose is not
always appropriate. It is usually derived from an inappropriate dosing or exposure
regime with respect to the exposure of concern. For example, the reference dose may
be derived from a long-term feeding study conducted on the active ingredient of one
pesticide when the exposure of concern may be intermittent and to multiple pesticides
and pesticide byproducts. In traditional animal based pesticide risk assessment,
reference doses are derived from animal toxicology studies usually involving rats or
mice, but occasionally other species are used such as rabbits and dogs. In general,
11
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several toxicity studies are reviewed, and which encompass a wide range of toxic
endpoints and dose or exposure regimes. Ideally, when setting the reference dose,
attempts are made to select the most sensitive species with the most sensitive endpoint
(e.g. body weight decrease) with the most appropriate dosing regime for the given
exposure scenario of concern. The no observable adverse effect level (NOAEL), that is
the highest dose given that does not result in adverse effects in the animal, is then
divided by a series of uncertainty factors - 10 for inter-species variability and 10 for
intra-species variability - to determine the reference dose. In some exposure scenarios,
sensitive or specific groups of populations (e.g. women, children, elderly) need to be
considered. In an effort to account for sensitive subgroups if the toxicology data
warrant it, the U.S. EPA usually considers an additional uncertainty factor of up to 10 in
setting the reference dose.

Goals of the Thesis
Investigation of take-home exposure among farmers and their families has been limited.
Previous work has generally focused on insecticides and agricultural workers and their
families. This thesis investigates take-home exposure among farm families and
specifically looks at herbicides. One insecticide, chlorpyrifos, has been included
however because it appears to be prevalent in the environment. Environmental,
personal and biological sampling has been employed in an effort to improve upon
previous take-home pesticide exposure study design and to distinguish between
exposure and uptake. The thesis concludes with a discussion on the inherent problems
associated with exposure assessment in context of the risk assessment paradigm,
highlighted by examples from the work presented in this thesis.

12
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There are four objectives of this research: 1) to evaluate the extent of farm home
pesticide contamination and take-home pesticide exposures among farm families to six
herbicides and one insecticide; 2) to compare take-home exposure between farm
families and non-farm family controls; 3) to identify potential behavioral and
environmental factors that contribute to take-home pesticide exposure; 4) to evaluate the
risk take-home pesticide exposure poses for children.

Structure of Thesis
Chapter 2 describes pesticide use and farming practices among the 25 farm and 25 nonfarm families recruited in the study.

Chapter 3 describes the results of the pesticide analysis of the environmental samples
(dust, surface wipe and air) collected from the homes participating in the study.

Chapter 4 describes the results of the pesticide levels found in urine and hand wipes of
farmers and controls participating in this study and attempts to determine what factors
influence pesticide exposure.

Chapter 5 describes the results of the pesticide levels found in urine of children and
mothers in the study and compares them to those of the fathers. Results are compared
between the farm families and the non-farm family controls.

Chapter 6 calculates a dose from the urinary pesticide levels measured in the children of
this study for comparison with the U.S. Environmental Protection Agency (EPA)
reference dose.
13
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Chapter 7 reiterates the main results presented in the previous chapters and discusses
exposure assessment in context of health risk and the risk assessment paradigm.
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Abstract
Twenty-five farm homes and 25 non-farm homes in Iowa were enrolled in a study
investigating differences in pesticide contamination and exposure factors. The
pesticides investigated were atrazine, metolachlor, acetochlor, alachlor, 2,4-D,
glyphosate, and chlorpyrifos; all were applied to either corn or soybean crops. A
questionnaire was administered to all participants to determine residential pesticide use
in and around the home. In addition, a questionnaire was administered to the farmers to
determine the agricultural pesticides they used on the farm and their application
practices. Non-agricultural pesticides were used more in and around farm homes than
non-farm homes. Atrazine was the agricultural pesticide used most by farmers. Most
farmers applied pesticides themselves but only 10 (59%) used tractors with enclosed
cabs and they typically wore little personal protective equipment (PPE). On almost
every farm, more than one agricultural pesticide was applied. Corn was grown by 23
(92%) farmers and soybeans by 12 (48%) farmers. Of these, 10 (40 %) grew both
soybeans and corn, with only 2 (8%) farmers growing only soybeans and 13 (52 %)
farmers growing only corn. The majority of farmers changed from their work clothes
and shoes in the home, and when they changed outside or in the garage, they usually
brought their clothes and shoes inside. Applying pesticides using tractors with open
cabs, not wearing PPE, and changing from work clothes in the home may increase
pesticide exposure and contamination. Almost half of the 66 farm children less than 16
years of age were engaged in some form of farm chores, with 6 (9%) potentially directly
exposed to pesticides, while only 2 (4%) of the 51 non-farm children less than 16 years
of age had farm chores, and none were directly exposed to pesticides.
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Introduction

Farmers in the United States are the biggest users of pesticides, applying some 944
million pounds in 1997; herbicides made up 470 million pounds of this amount (EPA,
1999). While many studies have investigated exposure among farmers and agricultural
workers, very few studies have investigated potential exposure among farm families as
a result of home contamination. Farm homes near farm operations where pesticides are
used may be contaminated through a variety of routes including airborne spread,
tracking of contaminated soil into the home, and deposition on the clothing of
applicators, which are in turn brought into the home. In farm homes, families,
particularly children, may be exposed to pesticides through home contamination even
though they may not participate in farming activities involving pesticide use. Children
have a smaller body weight to surface area ratio, breathe more air and eat more foods
per unit body weight, and have more intimate contact with environmental contaminants
through greater floor contact and hand to mouth behavior, all of which could lead to
higher exposure and doses (NRDC, 1998).

Studies have found that farm homes have a greater frequency of detectable residues of
pesticides and higher concentrations of pesticides in dust than in reference homes,
potentially leading to greater exposure to pesticides among family members (Fenske et
al, 2000; Camann et al, 1997; Bradman et al, 1997; Simcox et al, 1995). Pesticide urine
concentrations among the children of farmers and farm workers have been shown to be
elevated when compared to children of non-farm families (Fenske et al, 2000;
Loewenherz et al, 1997) and one study observed a trend of increasing pesticide
metabolite concentration with decreasing age among applicator children (Loewenherz et
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al, 1997). Lewis et al, (2001) found chlorpyriphos residues in indoor air and carpet
were higher within a few days after an exterior residential application then before the
application and suggest that track-in is the principal source of these residues.

A wide variety of agricultural pesticides are used on farms including herbicides, crop
insecticides, livestock insecticides, fungicides, and fumigants. In Iowa, Reynolds et al
(1998) found that 52 % of the 95 individuals who reported using pesticides in the
previous year (1997) in the Keokuk County Rural Health Study used herbicides, while
48 % used crop insecticides, 44 % used crop storage insecticides, 26 % used livestock
insecticides, and 11 % used fungicides. The most frequently used herbicides were 2,4D (20 %), followed by atrazine, glyphosate, and metolachlor (10 % each). The most
frequently applied crop insecticide was chlorpyrifos (36 %). This data is limited to
Keokuk County, Iowa, however, others have reported similar distributions. In the first
year of enrollment, 70 % of farmers from North Carolina and Iowa in the Agricultural
Health Study reported using crop herbicides, while 55 % used crop insecticides, 24 %
used livestock insecticides, and 14 % used fungicides (Alavanja et al, 1996). In
Minnesota, 93 % of 502 pesticide users reported using an herbicide, while 59 %
reported using a crop insecticide, 37 % reported using a livestock insecticide, and 12 %
reported using a fungicide (Mandel et al, 1996).

In addition to agricultural pesticides, non-agricultural pesticides are frequently used in
and around both farm and non-farm homes accounting for 136 million pounds in 1997
(EPA, 1999). Adgate et al (2000) reported 88 % Minnesota households with children
aged 3 to 13 used a pesticide in the home. No differences were found between urban
and rural homes.
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The purpose of this paper is to present the pesticide use and work practice data obtained
from a questionnaire administered to Iowa families in the spring and summer of 2001.
The questionnaire is part of a study investigating farm home pesticide contamination
and exposure among farm families using two ongoing rural health studies; the
Agricultural Health Study and the Keokuk County Rural Health Study.

Methods

Twenty-five farm homes and 25 non-farm homes from several counties in eastern Iowa
were enrolled in the study. A total of 95 adults and 118 children participated in the
study. Forty eight adults and 66 children were from a farm home and 47 adults and 52
children were from non-farm homes. To be eligible for the study, each home had to
have at least one child 8 years old or less. In addition, non-farm homes had to be located
on land that was not used for farming, and have no person in the home working in
agriculture or commercial pesticide application, and the farm homes had to be using at
least one of the 7 target pesticides. The 7 target pesticides were: atrazine, acetochlor,
alachlor, chlorpyrifos, glyphosate, metolachlor, and 2,4-D. These pesticides were
selected because of their extensive use in Iowa agriculture. All of these pesticides are
corn or soybean herbicides, with the exception of chlorpyrifos which is an insecticide
used on corn.

Two prospective, population based, rural health studies investigating environmental
exposures and health, the Agricultural Health Study (AHS) and the Keokuk County
Rural Health Study (KCRHS), were used to recruit the majority of participants in this
study. Twelve of the farm homes were recruited from the AHS (Alavanja et al,1996)
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from an initial 167 farms contacted. These initial 167 farms were selected through a
database search from participants in the AHS living in Keokuk and Mahaska County
based on whether they used one of the 7 target pesticides in the previous year. One
hundred and twenty-three of these AHS farms where ineligible because they did not
meet the eligibility criteria of having at least one child eight years old or less. Another
six were eligible but refused to participate in the study, and 21 refused to participate
before their eligibility was determined. Five others were unreachable or unable to be
screened. Eleven farm homes and 11 non-farm homes were recruited from the KCRHS
(Stromquist et al, 1997) out of 70 identified. The 70 were selected from the KCRHS
population of 400 farms based on pesticides used and children living in the home. The
majority were either ineligible or could not be reached (22), while 15 refused
participation. The remaining eleven families were contacted but their reason for not
participating is unknown. The remainder of the homes were recruited by word-ofmouth from various other counties near Iowa City. Subjects in this study were selected
for convenience rather than random sampling. Institutional Review Board approvals
were obtained from the National Institute for Occupational Safety and Health, National
Cancer Institute, and University of Iowa.

During May, June, July, and August, 2001, each home was visited on two occasions.
The first visit was shortly after a spraying event, and the second visit was approximately
4 weeks later (average 4 weeks, range 3 to 5 weeks). A three-part questionnaire was
administered to either parent at each home on the first visit. The information was
updated on the second visit about 4 weeks later. Part 1 dealt with parental information.
Part 2 dealt with child information and included questions about whether children
handled pesticides, carried out other farm chores, or had access to treated fields. Part 3
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dealt with household information, including residential pesticide use in and around the
home, and proximity of the house to treated fields. Questions were specifically asked in
part 3 about whether residential pesticides were used in the home, on the lawn or on the
garden (if applicable) in the month and year prior to the visit. In addition to the threepart questionnaire, a fourth part was administered to the principle farmer in the farm
homes only and involved questions about all agricultural pesticide use, crops, and
agricultural practice, use of PPE, and other practices since the start of the growing
season and throughout the study period, which may influence home contamination.
Questions were asked about what crops were being grown, the total size of the crop, the
pesticides used on each crop, the number of hours of spraying on each spray day, the
number of days the crops were sprayed, who applied the pesticide (the farmer or a
custom applicator), the number of acres sprayed, PPE worn, where work clothes and
shoes were changed, and laundering practices of work clothes. The questions on
pesticide use, crops, and work practices gathered information from the start of the 2001
growing season until the last home visit, and generally reflect the early 2001 growing
season. With respect to home, yard and garden use of residential pesticides,
homeowners were asked about their use in the month and year prior to the first visit, and
the month between visits. Environmental and personal samples were also collected on
each home visit. This analysis will focus on the questionnaire information.
SAS software (Version 8.02) was used for all statistical procedures (SAS Institute,
1999). Frequencies for use of non-agricultural pesticides in homes, lawns, and gardens
were compared using Fisher=s Exact test (Fleiss, 1981) since the number of farm and
non-farm homes in this study is small.
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Results

Commercial and personal application of residential insecticides and herbicides inside
the home and on the lawns and gardens of farm homes and non-farm homes over the
previous year is presented in table 1. Only three farm and six non-farm households did
not use any pesticide in their home, on their lawn, or on their garden. Farm households
were more likely to use a residential pesticide in their home than non-farm households
(64 % versus 36 %, p-value = 0.09). Non-farm households were more likely to use a
residential pesticide on their lawn than farm households (56 % versus 40 %, p-value =
0.40). Gardens were more prevalent among farm homes than non-farm homes,
however, among homes with a garden, rates of residential pesticide use were similar (48
% of farm homes versus 42 % of non-farm homes, p-value = 1.00). For both farm
homes and non-farm homes, when residential pesticides were applied to the home, lawn
or garden, they were usually applied by someone from the home. Only 17 % of the
reported residential pesticide use was by commercial application.

Corn and soybean crop and agricultural pesticide spraying information since the start of
the 2001 growing season until the last study visit (1 to 3 months) are presented in table
2. The average acreage per farm was 310 and 221 for corn and soybeans respectively,
with an average of 130 acres of corn and 105 acres of soybeans sprayed with a
pesticide. Spraying agricultural pesticides to corn averaged 4.3 hours per day over 2.4
days while that for soybean was 4.8 hours per day over 1.4 days. The average amount
of agricultural pesticide product (the amount prior to dilution) applied to corn and
soybean per farm was 37 gallons and 18 gallons respectively (37 oz/acre for corn, 22
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oz/acre for soybean). All farm homes were located within 1/4 mile of an agricultural
field.

Table 1: Number of homes using residential pesticides in the home, on the lawn, and in
the garden between spring/summer 2000 and spring/summer 2001.
Non-Farm
Farm
Method of
P-value a
(n=25)
(n=25)
Application
Area of Use
Home

Commercial

4 (16%)

1 (4%)

0.35

Personal
Combined

12 (48%)
16 (64%)

9 (36%)
9 (36%)

0.57
0.09

Lawn

Commercial
Personal
Combined

2 (8%)
8 (32%)
10 (40%)

3 (12%)
12 (48%)
14 (56%)

1.00
0.39
0.40

Garden b

Commercial
Personal
Combined

0 (0%)
10 (48%)
10 (48%)

1 (8%)
4 (33%)
5 (42%)

0.36
0.49
1.00

a

Significance obtained by Fisher’s Exact test
Restricted to farm homes (n=21) and non-farm homes (n=12) that reported having a
garden
b

Corn was grown by 23 farmers (out of 25) and soybeans were grown by 12. Of these,
10 grew both soybeans and corn, with only 2 farmers growing only soybeans and 13
farmers growing only corn. All farmers sprayed corn and soybeans with agricultural
herbicides while 8 also sprayed crop insecticides to corn. In addition to growing crops,
21 farmers also raised animals and of these 13 applied a livestock insecticide to the
animals. Of the 7 target pesticides in this study, atrazine was applied most often.
Twenty of the farmers (80 %) had applied atrazine to their crops. Glyphosate (64 %)
and 2,4-D (56 %) were the next most common target pesticides, followed by
metolachlor (28 %), acetochlor (20 %) and chlorpyrifos (12 %). Alachlor was not used
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by any of the farmers. In addition, 25 other agricultural pesticides were used by 20
farmers, the most common ones being dicamba (44 %) and isoxaflutole (32 %). The
majority of the 32 pesticides reported used were herbicides (22), followed by
insecticides (8) and fungicides (2) (Table 3). On almost every farm, more than one
agricultural pesticide was applied. The only exception was a small farm which grew
only soybeans and only used glyphosate.

Table 2: Crop and pesticide spraying demographics for 2001 growing season.
Avg
acres/farm
(range)

Avg acres
sprayed/farm
(range)

Avg days
spraying/farm
(range)

Avg hrs per
day
spraying/farm
(range)

Avg oz
product
sprayed/farm
(range)

Corn

308 (16-750)

130 (0.5-950)

2.4 (1-21)

4.28 (0.2-15)

4774 (360800)

Soybean

221 (2-450)

105 (2-245)

1.4 (1-3)

4.77 (0.5-8.5)

2302
(32-9800)

Total

295

127 (0.5-950)

2 (1-21)

4.34 (0.2-15)

4383(3-60800)

The average number of agricultural pesticide products applied to both corn and soybean
by each farmer in the 2001 growing season was 4 (range 1-9) with the 3 being the mode.
An average of 4 agricultural pesticide products were applied to corn and 2 to soybean.
Seventeen farmers (68 %) mixed, loaded and applied the agricultural pesticides
themselves, while 14 (56 %) had agricultural pesticides mixed, loaded and applied by a
custom applicator. This includes 6 farms where both the farmer and a custom applicator
applied agricultural pesticides. All agricultural pesticides were applied using a spray
boom. Of the farmers who applied agricultural pesticides themselves, 10 (59%) of them
did so in an enclosed cab. A closed cab is defined as one that is completely closed, with
windows closed and air conditioning. Farmers typically did not report wearing personal
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protective clothing (PPE). Six (24%) farmers wore no PPE at all, while 13 (52%) wore
gloves, 16 (64%) wore long pants, 7 (28%) wore long-sleeved shirts, 3 (12%) wore
rubber boots and 2 (8%) wore goggles. One farmer wore a nitrile apron while mixing
and loading pesticides. Typically farmers did not store agricultural pesticides in the
house. Only 2 (8%) farmers indicated they stored agricultural pesticides in the home (in
the basement). The majority of farmers (15) who had agricultural pesticides stored at
the farm did so in an unattached garage or shed.

Most of the farmers changed out of their work clothes in the home, usually the laundry
room (Table 4). Only 3 (12%) changed outside the home or in the garage (the garage
was defined as outside), and these 3 brought the dirty work clothes into the home.
Similarly, most farmers changed out of their work shoes inside the home. Nine farmers
(36 %) changed out of their work shoes outside or in the garage but most of these
farmers (7) brought their shoes into the house. Most work clothes were laundered
separately from the rest of the family=s clothing. Only 4 (16%) farm families washed
the work clothes with the rest of the clothes.

Thirty-one children (47%) from 14 farm homes out of a total of 66 farm children
enrolled in the study were involved in farm chores. Their ages ranged from 3 years old
to 15 years old with an average age of 9 (The younger children (3 and 4 years old) were
tagging along with their father, while he did his farm work). Of these, 6 (9%) children
from 5 farms worked in treated crops or handled agricultural pesticides. Only 2 (4%)
children out of 52 non-farm children enrolled in the study were involved in farm chores.
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Table 3: Active ingredients applied by farmers to corn and soybeans and frequency of
usea.
Pesticide

Numberb
(Percent)c

Pesticide

Numberb
(Percent)c

Atrazine

20 (80)

Tebupirimfos+

2 (8)

Glyphosate

16 (64)

Malathion+

2 (8)

2,4-D

14 (56)

Permethrin+

2 (8)

Dicamba

11 (44)

Tefluthrin+

2 (8)

Isoxaflutole

8 (32)

Metribuzin

2 (8)

Metolachlor

7 (28)

Triclopyr

1 (4)

Dimethanamid

7 (28)

Acephate

1 (4)

Clopyralid

6 (24)

ADBAC*H

1 (4)

Flumetsulam

6 (24)

ADEAC*H

1 (4)

Flufenacet

6 (24)

Cyhalothrin+

1 (4)

Nicosulfuron

6 (24)

Primsulfuronmethyl

1 (4)

Acetochlor

5 (20)

Diflufenzopyr

1 (4)

Picloram

4 (16)

Pendimethalin

1 (4)

Chlorpyrifos+

2 (8)

Terbufos+

1 (4)

Rimsulfuron

2 (8)

Bromoxynil

1 (4)

Cyfluthrin+

2 (8)

Alachlor

0 (0)

a. Pesticides in bold are the target pesticides for this study. Pesticides are sorted by
frequency of use by the farms in this study.
b. The number of farms reporting the use of a pesticide
c. The percent of farms reporting their use (out of 25 farms).
+ indicates insecticides, H indicates fungicide, all others are herbicides.
*ADBAC = alkyl dimethyl benzyl ammonium chloride; ADEAC = alkyl dimethyl
ethylbenzyl ammonium chloride
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Table 4: Where farmers changed out of work clothes or shoesa.
Location

Clothes

Percent

Shoes

Percent

Outside/Garageb

3 (3)

12

9 (7)

36

Laundry Room

9

36

5

20

Bedroom

3

12

0

0

Basement

6

24

5

20

Bathroom

2

8

0

0

Entrance

1

4

4

16

Other

1

4

1

4

Unknown

0

0

1

4

a. Refers to all work clothes and shoes, not just those used for pesticide application
b. The number in parenthesis indicates the number of farmers who brought their clothes
or shoes into the home after changing outside.

Discussion

Nearly all households (82%) reported using a non-agricultural pesticide in their home,
on their lawn, or on their garden in the previous year. Generally farm families used
non-agricultural pesticides more often in and around the home than non-farm families.
Similar pesticide usage was found in Minnesota. Adgate et al, (2000) reported that 88%
of 308 rural (farms and non-farms) and urban Minnesota households had used a nonagricultural pesticide in the previous year. In a national survey from 1976 to 1977 of
more than 8200 households representing the 10 EPA regions, 91% of households
reported using non-agricultural pesticides in their home, garden or yard (Savage et al,
1981). This same survey, when broken into the 10 geographical regions, found that
93.5% of households reported using a non-agricultural pesticide in the region including
Iowa.
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Atrazine, dicamba, and isoxaflutole were the most commonly used corn herbicides in
this study and glyphosate and 2,4-D were the most commonly used soybean herbicides.
Chlorpyrifos was the most common insecticide applied to corn, while no insecticides
were applied to soybean. The data is derived from a skewed sample population, as our
eligibility criteria selected only farms applying one of the target pesticides and who had
young children, and the farms were from a limited region of Iowa. However, the data
follows a similar pattern of use in Iowa in 1999. The USDA reported the agricultural
herbicides atrazine, acetochlor, and metolachlor were applied to 65 %, 42 %, and 20 %
respectively of the planted corn acres in Iowa in 1999, while glyphosate was applied to
58 % of the planted soybean acres in Iowa in 1999. Dicamaba and isoxaflutole were
applied to 18 and 5 % of planted corn respectively. The insecticide chlorpyrifos was
applied to 6 % of the corn acres planted in Iowa in 1999. No insecticides were reported
on soybeans (USDA, 2000). All farms in this study were located within 120 miles of
Iowa City. In Keokuk County, which is approximately 70 miles from Iowa City,
atrazine, metolachlor, glyphosate and 2,4-D accounted for 50 % of the agricultural
herbicide use reported in the KCRHS. Dicamba ranked 11th in order of frequency used,
and isoxflutole was not reported used (Reynolds, 1998).

A factor that may account for the more common use of dicamba and isoxaflutole in this
study is weather; the weather was fairly wet during the early growing season. In many
cases, the corn was already out of the ground before agricultural herbicides could be
applied. Dicamba and isoxaflutole can be used post-emergent, whereas acetochlor and
metolachlor are only pre-emergent herbicides. Caution must be used in interpreting our
results as the study population is a convenience sample and relatively small.
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Farm homes can become contaminated with agricultural pesticides. There are several
ways that this may occur including storage of agricultural pesticides in the home, track
in on clothing and shoes, and spray drift, while it seems unlikely that non-farm homes
would be contaminated in these ways, except possibly by spray drift (Lewis, 2001;
NRDC, 1998, Camman, 1997, NIOSH, 1995). Since two farm homes stored
agricultural pesticides inside the home, pesticide storage inside the farm home does not
appear to be a contributor to potential agricultural pesticide contamination in this study.
It is clear that agricultural pesticides may contaminate farm homes by way of the
farmers clothing. The majority of farmers in this survey changed out of their work
clothes and shoes inside the home, and the few that did not change inside the home
brought their clothes and shoes in to the home. If a farmer has been applying
agricultural pesticides to his fields, or working in treated fields, his work clothes and
shoes may be contaminated with agricultural pesticides. These clothes are then brought
into the house, possibly contaminating surfaces inside. One way to reduce the potential
contamination of clothes is to apply agricultural pesticides with a tractor that has an
enclosed cab. However, it should be noted that even with a closed cab, work clothes
can be contaminated with agricultural pesticides as a result of mixing, loading and
pesticide application equipment repair activities if appropriate precautions are not taken.
Another way to reduce agricultural pesticide contamination inside the home is to
launder work clothes separately. However, although laundered separately, it appears in
most instances the same washing machine is used to wash both sets of clothing.
Therefore, the washing machine could be a source of contamination.

Another potential source of agricultural pesticide contamination inside farm homes is
spray drift due to the proximity to treated fields of the farm homes. All 25 farm homes
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in this study were within 1/4 of a mile from a treated field, while only 7 non-farm
homes were within 1/4 mile of farm fields. Simcox et al (1995), found that
organophosphate (OP) concentrations in house dust decreased with increasing distance
of homes from commercial orchards. All four pesticides examined were found in
greater concentrations in agricultural household dust then in reference household dust.
All reference homes were greater then 1/4 of mile from a commercial orchard, while
most of the agricultural homes were within 50 feet of an orchard. In the same study
population, Loewenherz et al, (1997) found that children living within 200 ft of an
orchard had significantly more detectable levels of the OP metabolite DMTP in urine
then children living more then 200 ft from orchards. The effects of these parameters on
actual agricultural pesticide contamination in the farm home will be examined in the
future.

Farm home contamination by agricultural pesticides is a concern for family members
living inside the farm home, especially children. In the same study of children of
agricultural workers mentioned above, 47 % of pesticide applicator children had
detectable samples of dimethylthiophosphate (DMTP), an OP metabolite, versus 27 %
in reference children. This study also observed a trend of increasing DMTP
concentration with decreasing age among applicator children (Loewenherz et al, 1997).
The homes of agricultural workers in this study had higher OP pesticide concentrations
in the house dust compared to reference homes (Simcox, 1995). In the same study
population, doses for azinphos-methyl, an OP pesticide, were estimated. Fenske et al
(2000), found the dose in 56 % of the children whose parents worked as orchard
applicators or field workers exceeded the U.S. EPA=s chronic dietary reference dose and
19 % exceeded the World Health Organization (WHO) acceptable daily intake values.
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The greatest concern for children=s exposure to pesticides is indirectly through home
contamination. However, some children may be directly involved in farm work
resulting in direct exposure to agricultural pesticides. More then half of the farm
families involved some of their children in farm related work. Thirty-two children from
14 farm homes participating in this study carried out some form of farm chore while
only two children from two non-farms did. Most chores included taking care of
livestock and/or mowing or driving the tractor. Six children from five farms were
potentially directly exposed to agricultural pesticides by working in treated fields or by
handling agricultural pesticides while none from the non-farms worked in treated fields
or handled agricultural pesticides. The six children were all twelve years old, except
one child who was eleven and one who was five. Generally the children involved in
farm chores were the older children in the study. The farms where children were
engaged in farm chores tended to be smaller (Range: 16 to 900 acres, mean: 286 acres)
than those where children did not participate in farm chores (Range: 2 to 1200 acres,
mean: 347.7 acres) but not significantly (two-sample t-test p-value=0.6562). The 5
farms with 6 children working in treated fields or handling pesticide ranged in size from
16 acres to 510 acres. Atrazine, glyphosate, and 2,4-D, the most predominately used
pesticides in this study have a medium to high dermal acute toxicity and are suspected
carcinogens, mutagens, and immunotoxins (Briggs, 1992) and children are more
vulnerable to pesticides then adults (Landrigan et al, 1998).
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Conclusion

This data provides a description of the types and extent of pesticides used by farm
households and non-farm households and potential pesticide exposure factors for farm
families enrolled in this study. Based on work and pesticide use practices, farm homes
may be more contaminated with pesticides than non-farm homes. Farmers bring their
contaminated work clothes and shoes inside the home and their homes are closer to
treated fields than non-farm homes. Further, farm children are more often engaged in
farm work, including chores that may directly lead to pesticide exposure, than non-farm
children. Caution should be used when interpreting our data however, as the subjects
were preferentially selected based on pesticide being used and age of children in the
home. Further our sample size is small and restricted to a small area of eastern Iowa,
which may limit the applicability of our results.
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Abstract
Twenty-five farm (F) households and 25 non-farm (NF) households in Iowa were
enrolled in a study investigating pesticide contamination inside homes. Air, surface
wipe and dust samples were collected. Samples from 39 homes (20 F and 19 NF) were
analyzed for atrazine, metolachlor, acetochlor, alachlor, and chlorpyrifos. Samples
from 11 homes (5 F and 6 NF) were analyzed for glyphosate and 2,4-D. Greater than
88% of the air and 74% of the wipe samples were below the limit of detection (LOD).
Among the air and wipe samples, chlorpyrifos was detected most frequently in homes.
In the dust samples, all the pesticides were detected in greater than 50% of the samples
except acetochlor and alachlor, which were detected in less than 30% of the samples.
Pesticides in dust samples were detected more often in farm homes except 2,4-D, which
was detected in 100 percent of the farm and non-farm home samples. The average
concentration in dust was higher in farm homes versus non-farm homes for each
pesticide. Further analysis of the data was limited to those pesticides with at least 50%
of the dust samples above the LOD. All farms that sprayed a pesticide had higher levels
of that pesticide in dust than both farms that did not spray that pesticide and non-farms,
however, only atrazine and metolachlor were significantly higher. The adjusted
geometric mean pesticide concentration in dust for farms that sprayed a particular
pesticide ranged from 94 to 1300 ng/g compared to 12 to 1000 ng/g for farms that did
not spray a particular pesticide and 2.4 to 320 ng/g for non-farms. The distributions of
the pesticides throughout the various rooms suggest that the agricultural herbicides
atrazine and metolachlor are potentially being brought into the home on the farmer’s
shoes and clothing. These herbicides are not applied in or around the home but they
appear to be getting into the home para-occupationally. For agricultural pesticides takehome exposure may be an important source of home contamination.
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Introduction

Farmers are the biggest users of pesticides applying approximately 1.2 billion pounds in
1999; herbicides accounted for the largest proportion of this amount with approximately
534 million pounds applied (1). A wide variety of agricultural pesticides are used on
farms including herbicides, crop insecticides, livestock insecticides, fungicides, and
fumigants. Crop herbicides are used the most with approximately 50 to 93 % of farmers
reporting their use (2-4).

In farm homes, families may be exposed to pesticides through home contamination even
though they may not participate in farming activities involving pesticide use.
Residential environments in proximity to farm operations where pesticides are used may
be contaminated through a variety of routes including airborne spread, tracking of
contaminated soil into the home, and through deposition on the clothing of applicators.
Indirect inhalation and dermal exposure of families to pesticides may occur through
redistribution of pesticides via indoor air to surfaces (due to volatilization/condensation
and resuspension/settling). A study by Lewis et al (5) which collected air, dust and
surface wipe samples, documents rapid translocation of diazinon and chlorpyrifos
within the home following indoor and outdoor home applications. Families are also
exposed to pesticides through food and in homes that have been sprayed with pesticides.

The potential for exposure of children living on farms to pesticides is a serious concern.
Several studies have found an association between in utero and postnatal household
pesticide exposure and childhood leukemia (6-8). Differences in children’s physiology,
behavior patterns and hygiene may result in significantly greater exposures to
41

B.D. Curwin

Take-home pesticide exposure among farm families: Pesticide contamination

environmental contaminants than adults (9). Small children spend much of their time
on the floor or ground and are very likely to come into contact with pesticide residues
on carpets or uncovered floors when playing inside, and yard dirt when playing outside.
Children may also be more susceptible than adults to the toxic effects of pesticides, due
to the sensitivity of developing organ systems (10). Older children, through their
increased mobility and ability to assist with farm work, may have opportunities for
direct pesticide exposure . Although the public health importance of preventing injury
to farm children has been well-recognized, the hazards of exposure to pesticides and
other chemicals to children in the farm environment have received relatively little
attention.

Studies have found that farm homes have a greater frequency of detectable residues of
pesticides and higher concentrations of pesticides in dust than in reference homes,
potentially leading to greater exposure to pesticides among family members (11-13).
Pesticide urine concentrations among the children of farmers and farm workers have
been shown to be elevated when compared to children of non-farm families (11, 14).
These studies generally investigated organophosphate and other insecticides. To date,
no studies investigating herbicide contamination in farm homes have been conducted.

Recent EPA-funded studies have shown that transport of lawn-applied pesticides in the
residential environment can lead to elevated levels of those pesticides in the home
within a short period of time after application. For example, Nishioka et al (15, 16)
measured the distribution of the herbicide 2,4-D in homes within a week of a lawn
application, and showed that transport mechanisms were dominated by track-in from
active dogs, the home-owner’s contaminated shoes, and the children’s shoes when worn
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indoors. Lewis et al (5) found that chlorpyrifos residues in indoor air and in carpet dust
were higher within a few days of an exterior residential application than before the
application, and suggested that track-in was the principal source of these residues.

It should be noted that to date studies investigating agricultural pesticide exposures
among farm families have focused on insecticides, particularly organophosphates, while
agricultural herbicide studies have not been conducted. Studies investigating track-in of
herbicides have been so far confined to non agricultural, residential applications in nonfarm homes. The primary purpose of this paper is to investigate farm home pesticide
contamination to seven pesticides, six of which are herbicides, and to describe the
sources of pesticide contamination in farm homes. A comparison of pesticide
contamination will be made among farm homes and reference homes. This paper offers
unique information on pesticide exposure among farm families not previously studied
by investigating herbicide exposure, four of which are not used residentially, which
offers insight into para-occupational exposure pathways in the home.

Methods

Study Population
In the spring and summer of 2001, 25 farm (F) households and 25 non-farm (NF)
households in Iowa were enrolled in a study investigating agricultural pesticide
contamination inside homes. Participant recruitment has been described previously
(17). Briefly, participants were recruited from participants of the Agricultural Health
Study in Keokuk and Mahaska counties, the Keokuk Country Rural Health Study in
Iowa, and through word of mouth. To be eligible for the study, each home had to have
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at least one child 8 years old or less. In addition, non-farm homes had to be located on
land that was not used for farming and have no person in the home working in
agriculture or commercial pesticide application, and the farm homes had to be using
during the spring of 2001 at least one of the 7 target pesticides: atrazine, acetochlor,
alachlor, chlorpyrifos, metolachlor, glyphosate, and 2,4-D. These pesticides were
selected because of their extensive use in Iowa agriculture. Six of the pesticides are
corn or soybean herbicides, while chlorpyrifos is an insecticide used on corn. The study
protocol was reviewed and approved by the Institutional Review Boards of the National
Institute for Occupational Safety and Health, University of Iowa and the National
Cancer Institute.

Sample Collection
Between May and August of 2001, each home was visited on two occasions. The first
visit was shortly after a spraying event, and the second visit was approximately 4 weeks
later (mean 4 weeks, range 3 to 5 weeks). A three-part questionnaire was administered
to either parent at each home on the first visit. The information was updated on the
second visit. Part 1 dealt with parental information. Part 2 dealt with child information
and included questions about whether children handled pesticides, performed other farm
chores, or had access to treated fields. Part 3 dealt with household information,
including residential pesticide use in and around the home, and proximity of the house
to treated fields. In addition to the three-part questionnaire, a fourth part was
administered to the principal farmer in the farm homes only, about those factors that
may influence home contamination, including farm activities, agricultural pesticide use,
crops, agricultural practice, and use of personal protective equipment (PPE) since the
start of the growing season and throughout the study period. The questionnaire gathered
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information from the start of the 2001 growing season until the last home visit, and
generally reflected the early 2001 growing season. With respect to home, yard and
garden use of residential pesticides, home owners were asked about their use in the
month and year prior to the first visit, and the month between visits. Data on the
pesticide applied, farm practices, farm demographics and household pesticide use have
been reported previously (17).

Environmental samples, including surface wipe, dust, and air, were collected at each
visit. Wipe samples were collected from the steering wheel and driver’s seat of the
primary family vehicle, and from the kitchen counter, top of the washing machine, and
from various rooms with hard surface floors inside the home. Dust samples were
collected from carpet where available, including wall-to-wall carpet, area rugs, or floor
mats from the entrance way, father’s change area, laundry room, child’s bedroom and
child’s playroom. When floors from these rooms did not have a carpet or rug, a wipe
sample was collected. A single 24-hour air sample was collected from the living room
of each home and an additional 24-hour air sample was collected outside, near the
home. Dust and wipe samples from 39 homes (20 F and 19 NF) were analyzed for
atrazine, metolachlor, acetochlor, alachlor, and chlorpyrifos. Dust and wipe samples
from 11 homes (5 F and 6 NF) were analyzed for glyphosate and 2,4-D. All air samples
were analyzed for atrazine, metolachlor, acetochlor, alachlor, chlorpyrifos and 2,4-D.

Dust samples were collected from carpets using a high-volume surface sampler (HVS-3,
Cascade Stamp Sampling Systems (CS3) Inc., Sandpoint, ID) using the American
Society for Testing Material (ASTM) Standard Practice for Collection of Dust from
Carpeted Floors for Chemical Analysis (18).
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The wiping procedure consisted of sampling a 1 ft x 1 ft (900 cm2) area using two 4
inch × 4 inch (103.2 cm2) Johnson and Johnson SOF-WICK® sponges ( Physician Sales
and Services, Cincinnati, OH) sequentially. The first sponge was moistened with 10 ml
of 100% isopropanol and four adjacent but slightly overlapping wipes of approximately
8 cm width were taken in one direction. The sponge was folded after each pass so that a
clean surface was available for each wipe. The sponge was placed in an amber glass jar
covered with a PTFE lined cap. The second sponge was then moistened with 10 ml of
100% isopropanol and four more adjacent 8 cm wide wipes were taken in a similar
manner but in a direction perpendicular to the first wipe. The second sponge was added
to the jar containing the first sponge. To sample the steering wheel, one sponge was
wrapped around the steering wheel and half the wheel was wiped. The sponge was
folded in half, and the second half of the steering wheel was wiped in the same manner.
The procedure was repeated with the second sponge, starting with the second half of the
steering wheel. The sponges were treated the same way as above. Polyurethane foam
(PUF) moistened with 6 ml of isopropanol was used in the same manner to sample for
glyphosate and 2,4-D.

Air samples were collected for 24 hours on OSHA Versatile Sampler (OVS-2) sorbent
tubes (SKC, Eighty Four, PA) containing XAD-2 resin with an 11 mm quartz fiber prefilter and polyurethane foam (PUF). The nominal flow rate for the sampling pump was
1 Lpm. Pumps were pre- and post-calibrated each sampling day with the OVS-2 media
in line using a Bios DriCal DC-Lite®.
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Approximately one field blank sample for every 20 air and wipe samples was submitted
for analysis along with the field samples. The blank samples were handled in the same
manner as the field samples. All blank samples were below the analytical LOD for all
pesticides tested.
All samples were transported from the field in a cooler and transferred to a refrigerator
where they were stored for a few days until shipment to the laboratory. At the
laboratory, samples were stored in a freezer from three to six months until analysis.

Sample Analysis
Air and wipe samples were analyzed by DataChem Laboratories (Salt Lake, UT) and
the dust samples were analyzed by Battelle Memorial Institute (Columbus, OH). The
limits of detection and recovery efficiencies are reported in Table 1.
Air
The OVS-2 tubes were separated into two sections with the front ring, filter and front
resin section placed in one 4 ml vial, and the middle PUF separator and back resin
section placed in another 4 ml vial. Each vial was desorbed with 2 ml of diazomethane
desorption solution.

Wipe
The Sof-Wick sponges were desorbed in their shipping containers with 40 ml of
isopropanol, after which an aliquot of each sample was poured into a GC vial for
analysis. Liquid standards were used for quantitation. The PUF sponges were desorbed
in their shipping containers with 75 ml of methanol. All air and the Sof-Wick sponge
wipe samples were analyzed using a gas chromatograph equipped with an electron
capture detector using a 30m DB-1701 column programmed from 130-270 °C. The
47

B.D. Curwin

Take-home pesticide exposure among farm families: Pesticide contamination

PUF samples were analyzed using a gas chromatograph equipped with an electron
capture detector using a 30m DB-608 column programmed from 90-270 °C.

Dust
Dust analyses for acetochlor, atrazine, metolachlor, alachlor, chlorpyrifos (non-acidic or
neutral pesticides) included extraction of 0.5 g aliquots of the dust with 12 mL of 1:1
(v:v) hexane:acetone using sonication. The extract was cleaned up using sequential
elution on a silica SPE cartridge. Samples were analyzed using GC/MS in the multiple
ion detection mode with a 30 m DB-1701 column programmed from 160-280 °C.

Analyses for 2,4-D (acidic pesticide) included sonication extraction of 1 g of dust with
25 mL of a 70:30 (v:v) mix of acetonitrile and 0.1 M sodium acid phosphate buffer at
pH=3 (19). The extract was further cleaned prior to analysis using a C18 SPE cartridge.
The extract was derivatized using diazomethane. The extracts were analyzed as
described above, using a 30 m RTx-5 ms column programmed from 180-280 °C.

Table 1. Pesticide detection limits by sample type
Air
(ng/sample)

Surface wipe
(ng/sample)

Dust
(ng/g) A

Pesticide

LOD

% Recovery

LOD

% Recovery

Atrazine

200

90 – 100

4000

100

1.5

98

Metolachlor

10

90 – 100

100

99

0.7

86

Chlorpyrifos

10

90 – 100

80

103

1.5

83

Acetochlor

10

90 – 100

100

100

1.5

80

Alachlor

10

90 – 100

40

100

1.5

82

Glyphosate

n/a

n/a

400

90 - 100

0.7

91

2,4-D

200

90 – 100

700

90 - 100

0.7

104

LOD % Recovery

Abbreviations: n/a = not applicable
A
Based on an extracted sample of 0.5 g of dust for atrazine, metolachlor, chlorpyrifos,
acetochlor, alachlor, and glyphosate and 1.0 g of dust for 2,4-D.
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Analyses for glyphosate (acidic pesticide) included sonication extraction of 0.5 g of dust
with 12 mL of deionized water following addition of isotopically-labelled glyphosate
and acidification of the dust with concentrated H3PO4. The extract was partitioned with
neutral solvents for cleanup, then evaporated to a small volume under vacuum and then
lyophilized overnight. The residue was derivatized with a 2:1 mixture of trifluoroacetic
acid and trifluoroethanol, and then extracted into dichloromethane. Samples with
chromatographic interferences to glyphosate were further cleaned up using sequential
elution on a silica SPE cartridge. Samples were analyzed using GC/MS in the multiple
ion detection mode with a 30 m RTx-5 ms column programmed from 120-180 °C.

Data Analysis
Pesticide levels were reported in ng/sample for air and surface wipe samples and in ng/g
for dust samples by the analyzing laboratories and were not corrected for recovery
efficiency. The analytical limit of detection (LOD) varied by pesticide and sample type
(Table 1). The LODs for the dust samples were based on an extracted sample of 0.5 g
of dust for the neutral pesticide and glyphosate analyses and 1 g of dust for the 2,4-D
analysis. Eighty percent of the dust samples provided at least these amounts. The rest
of the samples contained less than 0.5 g of dust. These low mass samples were
analyzed in all instances with the exception of one dust sample which only produced
sufficient dust for the 2,4-D analysis. However, the LODs would be higher for these
samples due to the smaller amounts of dust. Therefore, LODs for samples less than
0.25 g were adjusted proportionally: the LOD for a sample with mass < 0.0625 g was
adjusted by a factor of 10, a sample with mass < 0.125 g by a factor of 4, and a sample
with mass < 0.25 g by a factor of 2, unless all other full mass samples from the
household were also non-detects.
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The number of air samples with detectable levels of pesticide was small, therefore
additional analyses were not performed on these samples. The percent of wipe and dust
samples above the LOD were computed separately for farm and non-farm samples.
Rates of detection were compared between farm and non-farm samples using
generalized estimating equations (GEE) methods to account for the correlated nature of
samples taken within the same household. The GENMOD procedure in SAS, which fits
generalized linear models, was used to compute the odds ratio for detecting a positive
sample for farm homes versus non-farm homes. Models specified a logit link function,
an exchangeable correlation matrix, and household as a repeated effect.

For surface wipe samples, pesticide levels reported in ng/sample were standardized to
ng/cm2 using the area associated with each sample. Since less than half of the wipe
samples had analytes present above the LOD, only the range of the detectable samples
was reported. For dust samples, pesticide levels reported as ‘below the LOD’ were
replaced with one-half of the LOD (20) prior to analysis. Pesticide levels in dust
reported as ng/g were standardized to ng/cm2 using the total mass (in grams) and area
associated with each sample. Both the distributions of the pesticide concentration in
dust (ng/g) and the pesticide concentration in carpet (ng/cm2) were highly skewed to the
right, therefore a natural log transformation was applied to these concentrations prior to
statistical analysis. The geometric mean (GM) and geometric standard deviation (GSD)
were only reported when at least 50 percent of the samples overall were above the LOD.

Since each household was sampled on two visits and more than one dust sample was
obtained at each visit, resulting in correlated dust samples, mixed-effects models were
used to determine statistical significance. In these models, household was treated as a
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random effect and group (farm, non-farm), visit (visit 1, visit 2), and room (child’s
bedroom, child’s play room, laundry room, father’s change room, and entrance way)
were treated as fixed effects. For farm households, crop spray records were used to
determine whether the pesticide was sprayed in the 7 days preceding the visit (yes, no).
The seven day cutoff was intended to focus on more recent pesticide applications, rather
than applications that occurred more than one week prior to the visit. Household
covariates (Table 2) included the age of the home (< 60, ≥ 60 years), home/lawn/garden
sprayed with pesticide in the last month/year (yes, no), the age of the carpets (< 8, ≥ 8
years), frequency of carpet vacuuming (< once per week, ≥ once per week), own a dog
(yes, no), own a cat (yes, no), presence of doormats (yes, no), and proximity to farm
fields (< 0.5, ≥ 0.5 mile). Cutpoints for the age of the home and carpets and frequency
of vacuuming were selected to approximately divide the households equally. Crop
demographics, pesticide use and application practices, use of PPE, and children’s farm
activities were presented previously (17). Additional covariates were tested one at a
time, after adjusting for group, spray status, visit and room. All mixed models were fit
using the MIXED procedure in SAS assuming a compound symmetric covariance
structure. Model residuals were assessed for departures from normality. For dust
samples obtained from farm homes, estimates of within- and between-household
variability, after adjusting for spray status, visit, and room were computed using the
MIXED procedure in SAS assuming a compound symmetric covariance structure.

All significance testing was performed at the 0.05 level of significance. When
comparing geometric means for more than two categories, p-values were adjusted using
the Tukey-Kramer adjustment for multiple comparisons. All statistical analyses were
performed using SAS system software, version 8.2 (SAS Institute, Inc., Cary, NC).
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Table 2: Household covariates
Household type
Non-farm
Farm
(n = 25)
(n = 25)

Variable
Age of home (years)
Median (range)
30 (1 – 111)
84 (<1 – 139)
Percent of homes sprayed with insecticides in the
last month
12%
40%
last year
28%
52%
Percent of lawns treated with pesticides in the
12%
28%
last month
32%
38%
last year
Percent of gardens sprayed with pesticides in the A
14%
17%
last month
43%
33%
last year
Age of carpet (years)
Median (range)
6 (1 – 40)
10 (<1 – 40)
Vacuum < 1 time per week, %
24%
21%
Own a dog, %
40%
76%
Own a cat, %
48%
68%
Have doormats, %
68%
80%
Percent of homes < 0.5 miles from farm fields
44%
100%
A
Limited to 12 non-farm and 21 farm homes that reported having a garden.

Results
Air samples
A total of 99 indoor and 98 outdoor air samples were obtained and analyzed for
atrazine, metolachlor, chlorpyrifos, acetochlor, alachlor, and 2,4-D. Eighty-nine percent
of the indoor air and 99% of the outdoor air samples were below the LOD for the six
pesticides tested. Chlorpyrifos was detected in indoor air samples taken from six farm
(range: 0.04 - 0.23 µg/m3) and two non-farm homes (range: 0.01 – 0.05 µg/m3) and
acetochlor was detected in one indoor air sample taken from a farm home (0.04 µg/m3).
All indoor air samples were below the LOD for atrazine, metolachlor, alachlor and 2,4D. None of the homes had detectable levels in any of the air samples taken outside the
home, except for one farm home which had a single sample positive for metolachlor
(0.1 µg/m3).
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Wipe samples
A total of 203 house and 153 vehicle wipe samples were obtained for the neutral
pesticide analysis and 82 house and 48 vehicle wipe samples were obtained for the
glyphosate/2,4-D analysis (Table 3). A majority of these samples were below the LOD
for the pesticides tested. For house wipe samples, atrazine was detected in only a single
non-farm sample, metolachlor in only 4 farm samples, and acetochlor in only 7 farm
samples. All house wipe samples were below the LOD for alachlor, glyphosate, and
2,4-D. Chlorpyrifos was the most commonly detected pesticide in both house (F 23%
versus NF 22%) and vehicle wipe samples (F 21% versus NF 7.9%, odds ratio (OR) =
3.1, 95% confidence interval (CI) = 1.04 – 9.1). Acetochlor was detected more often in
farm vehicle wipe samples (F 13% versus NF 5.3%) and metolachlor was detected
significantly more often in farm vehicle wipe samples (F 12% versus NF 1.3%, OR =
9.8, 95% CI = 1.1-87). Atrazine and alachlor were rarely detected and glyphosate and
2,4-D were never detected in vehicle wipe samples.

Dust samples
A total of 295 dust samples (sample mass: range = 0.01 – 204 g, median = 2.8 g) were
obtained from carpet (sample area: range = 0.3 – 7.4 m2, median = 1.1 m2) inside the
homes. After adjusting for visit and room, farm homes had a significantly higher
geometric mean carpet dust loading than non-farm homes (F 2.7 versus NF 1.5 g/m2, pvalue = 0.026). The unadjusted geometric mean concentration (ng/g) of each pesticide
sampled in dust was higher in farm homes compared to non-farm homes, although only
significantly for atrazine and metolachlor. The difference, however, becomes even
more apparent when standardizing for area sampled (ng/cm2), due to the fact that farm
homes had more dust than non-farm homes.
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Table 3. Percent and range of wipe and dust samples greater than or equal to the limit
of detection. A
Sample type
Pesticide
House wipe
Atrazine
Metolachlor
Chlorpyrifos
Acetochlor
Alachlor
Glyphosate
2,4-D
Vehicle wipe
Atrazine
Metolachlor
Chlorpyrifos
Acetochlor
Alachlor
Glyphosate
2,4-D
Dust
Atrazine
Metolachlor
Chlorpyrifos
Acetochlor
Alachlor
Glyphosate
2,4-D

Non-farm

Odds ratio

Farm

C

Range B

eβ 95% CI

0 (0%)
4 (3.7%)
25 (23%)
7 (6.5%)
0 (0%)
0 (0%)
0 (0%)

--0.85-8.5
0.32-25
0.32-2.5
-------

--------1.1 0.44-2.8
-----------------

3 (3.9%)
9 (12%)
16 (21%)
10 (13%)
2 (2.6%)
0 (0%)
0 (0%)

38-410
9.8-680
0.23-9.3
0.79-39
1.2-1.3
-----

--9.8
3.1
2.7
2.0
-----

--1.1-87
1.04-9.1
0.68-11
0.19-21
-----

114 30 (26%) 0.0017-0.077 116 91 (78%)
0.00039-17 9.4
114 59 (52%)
0.00073-1.3 116 80 (69%)
0.0011-9.8
2.1
114 92 (81%)
0.00021-3.6 116 97 (84%)
0.00049-10 1.2
114 17 (15%)
0.00054-1.4 116 34 (29%)
0.00086-2.6 2.1
114 5 (4.4%) 0.00027-0.012 116 12 (10%) 0.00085-0.046 2.3
33 28 (85%)
0.0012-13
31 31 (100%)
0.0081-2.7
--33 33 (100%)
0.0041-1.9
32 32 (100%) 0.00099-5.3 ---

3.5-25
1.1-3.9
0.37-3.6
0.84-5.5
0.51-11
-----

n n > LOD (%)

Range B

95
95
95
95
95
39
39

1 (1.1%)
0 (0%)
21 (22%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

160
--0.22-3.8
---------

108
108
108
108
108
43
43

76
76
76
76
76
26
26

0 (0%)
1 (1.3%)
6 (7.9%)
4 (5.3%)
1 (1.3%)
0 (0%)
0 (0%)

--5.2
0.43-11
1.3-6.2
3.3
-----

77
77
77
77
77
22
22

n n > LOD (%)

Abbreviations: n = number of samples; LOD = limit of detection; CI = confidence
interval
A
Samples from 20 farm and 19 non-farm homes were analyzed for atrazine,
metolachlor, chlorpyrifos, acetochlor, and alachlor. Samples from 5 farm and 6 nonfarm homes were analyzed for glyphosate and 2,4-D.
B
Range of samples greater than or equal to the LOD (ng/cm2), reported to two
significant figures. The ng/cm2 value for dust was calculated by multiplying the ng/g
value reported by the laboratory by the amount (g) of dust collected per cm2 of carpet
sampled.
C β
e = the odds ratio, defined as the odds of a farm sample being above the LOD divided
by the odds of a non-farm sample being above the LOD, obtained from the GENMOD
procedure in SAS assuming an exchangeable correlation matrix.
A total of 230 dust samples from 20 farm and 19 non-farm homes were analyzed for
atrazine, metolachlor, chlorpyrifos, acetochlor, and alachlor (Table 3). Compared to the
wipe samples, dust samples were more likely to detect pesticide residues with a majority
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of the dust samples above the LOD for atrazine, metolachlor, chlorpyrifos, glyphosate
and 2,4-D. A pesticide residue was detected significantly more often in dust samples
from farm homes compared to non-farm homes for atrazine (OR = 9.4, 95% CI = 3.5 –
25) and metolachlor (OR = 2.1, 95% CI = 1.1 – 3.9). Detection rates were similar
between farm homes and non-farm homes for chlorpyrifos in dust samples. A total of
65 dust samples from 5 farm and 6 non-farm homes were analyzed for glyphosate and
2,4-D (Table 3). Glyphosate was detected marginally more often in dust samples from
farm homes while 2,4-D was detected in every dust sample.

Dust samples were categorized as belonging to a non-farm home, a farm home that did
not apply the pesticide in the 7 days preceding the visit, and a farm home that applied
the pesticide in the 7 days preceding the visit. Acetochlor and alachlor were excluded
from this analysis since greater than 50% of the dust samples for these pesticides were
below the LOD. Geometric means, after adjusting for visit and room, for each of these
groups are presented in Table 4. Atrazine and metolachlor were significantly higher in
dust from farm homes that reported applying these pesticides in the 7 days preceding the
visit compared to farm homes that did not apply these pesticides and non-farm homes.
In addition, the concentration of atrazine in dust was significantly higher in farm homes
that did not apply atrazine compared to non-farm homes. Chlorpyrifos and glyphosate
were higher, but not significantly, in dust from farm homes that applied these pesticides
in the 7 days preceding the visit compared to farm homes that did not apply them and
non-farm homes. However, there were only two farms that reported having sprayed
chlorpyrifos prior to a visit, and one non-farm, located within a ¼ mile of a farm and in
close proximity to a field, had unusually high levels of glyphosate in dust (n=7, GM =
2100 ng/g). If this non-farm is excluded, then farm homes that sprayed glyphosate
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within 7 days preceding the visit had significantly greater concentrations of glyphosate
in dust than non-farm homes. The spray effect analysis for 2,4-D included dust samples
when 2,4-D was applied to crops in the 30 days preceding the farm-visit since there
were only 2 farm-visits where 2,4-D was applied to crops in the 7 days preceding the
visit. 2,4-D levels were similar in dust from farm homes that sprayed 2-4,D in the 30
days preceding the visit compared to farm homes that did not spray 2-4,D. 2,4-D was
higher, but not significantly, in farm homes compared to non-farm homes. Acetochlor
was only applied to crops at 5 farms prior to visits; alachlor was not applied to crops at
any of the farms, and since less than 50% of the dust samples were above the analytical
LOD for both acetochlor and alachlor, additional analyses were not performed for these
pesticides.
The distributions of five of the pesticides in the homes are shown in Table 5. In
general, for atrazine and metolachlor, the entrance way, father’s change area and
laundry room had the highest levels of pesticide in dust for farm homes that sprayed
these pesticides within the 7 days preceding sampling, whereas in non-farms, the
entrance way and child’s bedroom had the highest pesticide levels in dust. Chlorpyrifos
levels in dust were similar in all rooms but highest in the child’s bedroom for both farm
and non-farm households. A room effect could not be assessed in farm homes that
sprayed chlorpyrifos in the 7 days preceding the visit due to sample size limitations.
Glyphosate levels in dust were highest in the child’s bedroom for both farm and nonfarm homes, while 2,4-D concentrations in dust were highest in the entrance way for
non-farms and highest in the change area for farms.
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Table 4. Dust sample results from the spray effect analysis. A
Pesticide
Spray category

Atrazine
Non-farm
Farm – no spray
Farm – spray
within 7 days

Metolachlor
Non-farm
Farm – no spray
Farm – spray
within 7 days

Chlorpyrifos
Non-farm
Farm – no spray
Farm – spray
within 7 days

Glyphosate
Non-farm
Farm – no spray
Farm – spray
within 7 days

2,4-D
Non-farm
Farm – no spray
Farm – spray
within 30 days

%>
n
LOD

114 26
58 64
58 93

114 52
95 64
21 90

114 81
111 83
5 100

33 85
18 100
13 100

33 100
20 100
12 100

Pesticide residue in dust
(ng/g)
Adjusted 95%
GM GSD
GM B
CI

2.3 6.0
16 11
170 11

5.7
9.9
310

14
13
20

C,D

2.4
26 C,E
94 D,E

I

5.9
12 J
240 I, J

1.1 –
5.1
11 –
59
41 –
220
3.2 –
11
6.0 –
22
69 –
840

33
41
106

14 –
80
17 –
96
17 –
680

140 21 110
920 2.1 1000
1100 2.4 1300

21 –
610
140 –
7400
180 –
9700

330 3.3
340 2.7
1700 4.0

100 –
1000
240 –
3100
190 –
2800

30
39
73

8.5
11
2.1

320
850
730

Pesticide residue in carpet (ng/cm2)
GM

GSD Adjusted GM

0.00035 12
0.0042 16
0.048 12

F,G

0.00035
0.0055 F,H
0.039 G,H

K,

0.00088 24
0.0032 23
0.042 32

L

0.00089 K,
0.0037 M
0.043 L,
M

0.0046 14
0.011 13
0.011 4.7

0.023
0.22
0.33

0.056
0.082
0.41

34
2.9
5.0

4.9
3.7
14

95% CI
0.00018 –
0.00068
0.0025 –
0.012
0.017 –
0.087
0.00043 –
0.0018
0.0017 –
0.0078
0.0099 –
0.19

0.0050
0.012
0.021

0.0021 –
0.012
0.0051 –
0.029
0.0018 –
0.23

0.018
0.28
0.45

0.0022 –
0.15
0.024 –
3.2
0.039 –
5.3

0.053
0.20
0.25

0.013 –
0.22
0.038 –
1.0
0.045 –
1.4

Abbreviations: n = number of samples; LOD = limit of detection; GM = geometric
mean; GSD = geometric standard deviation; CI = confidence interval
A
All results reported to two significant figures. Samples reported as below the LOD
were assigned ½ LOD prior to statistical analysis.
B
Adjusted for visit (visit 1, visit 2) and room (child’s bedroom, child’s play room,
laundry room, father’s change room, and entrance way).
C, D, F – J, L
Tukey-Kramer adjusted p-value < 0.001; E, M Tukey-Kramer adjusted p-value
K
< 0.01; Tukey-Kramer adjusted p-value < 0.05. Means with the same letter are
significantly different.
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After adjusting for visit, room, and spray status, none of the pesticides were related to
any of the household covariates except for atrazine. The concentration of atrazine in
dust was significantly higher in farm homes only that reported using an insecticide
inside the home within the year prior to sampling after adjusting for visit, room, and
spray status. For dust samples from farm households, the effects of agricultural
practices on pesticide concentration were also evaluated. However, due to small sample
sizes for each pesticide and a lack of variability among some practices, only a limited
analysis of atrazine was performed. Atrazine, applied to crops at 16 out of 20 farms in
the neutral pesticide analysis, was applied by the farmer at 10 farms and by a custom
applicator at 6 farms. Higher atrazine levels in household dust were observed at farmvisits where atrazine was applied by the farmer compared to farm-visits where atrazine
was applied by a custom applicator (adjusted GM 370 versus 27 ng/g, p-value =
0.0013). Farmers self-applying atrazine reported similar spray practices, so it was not
possible to perform tests of significance for many of these variables. Higher atrazine
levels in household dust were marginally associated with the use of a closed cab,
however, after adjusting for the number of acres sprayed, the difference was not
significant (adjusted GM closed cab 610 versus open cab 290 ng/g, p-value = 0.46).
For each dust sample, the pesticide concentration in dust (ng/g) was converted to a
pesticide loading on the carpet (ng/cm2) using the mass and area associated with each
sample. The effect of spraying in this analysis was similar to the spray effect in the
pesticide concentration in dust analysis (Table 4). The rooms were not equally dusty,
however, with the entrance way having the highest amount of dust per unit area
compared to the other rooms. Consequently, pesticide loadings on the carpet in the
entrance way tend to be higher than loadings from the other rooms.
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Table 5. Dust sample results from the room effect analysis.

Pesticide
Group
Atrazine
Non-farm
Farm – no spray
Farm – spray within 7 days
Metolachlor
Non-farm
Farm – no spray
Farm – spray within 7 days
Chlorpyrifos
Non-farm
Farm
Glyphosate
Non-farm
Farm
2,4-D
Non-farm
Farm

Room in house (Adjusted GM A, ng/g)
Number
Father’s
of
Child’s Child’s Laundry change Entrance
samples bedroom playroom room
way
area
1.3 B
24
530

0.85 C
76 D
740 E

4.5 B, C
35
340

114
58
58

2.7
8.9 D
100 E

2.0
15
140

114
95
21

41 F, G, H
30 L, M
55

1.8 F, I
6.5
9.2

114
116

52 O
77 P, Q

32
22 P

33
39

12 O
56

31
22 Q

33
31

510
1500 R

8.6
1400 S

260
n/a

60
1400

260
550 R, S

33
32

450
660

120 T
610

83
1300

270 U
1600

740 T, U
850

0.50 G, J 0.40 H, K 15 I, J, K
1.4 L, N 3.0 M
23 N
1200
1400
350

Abbreviations: GM = geometric mean; n/a = not available
A

All results reported to two significant figures. Samples reported as below the LOD
were assigned ½ LOD prior to statistical analysis. Geometric mean is adjusted for visit
(visit 1, visit 2). Significance testing was performed within each group.
B – E, M, N, P, S – U
Tukey-Kramer adjusted p-value < 0.05; F – H, J, K Tukey-Kramer
adjusted p-value < 0.0001; I, L, O, Q, R Tukey-Kramer adjusted p-value < 0.01. Means
with the same letter are significantly different.
For example, in farm homes that sprayed atrazine in the 7 days preceding the visit,
atrazine levels in carpet dust (ng/g) were higher, although not significantly, in the
father’s change room compared to the entrance way (least squares geometric mean
(LSGM) = 740 versus 340 ng/g, respectively). However, after standardizing to unit area
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(ng/cm2), atrazine loadings on the carpet were higher at the entrance way compared to
the father’s change area (LSGM = 0.59 versus 0.16 ng/cm2, respectively).

The within-household (GSDw) and between-household (GSDb) variance components
expressed as geometric standard deviations for five of the pesticides are provided in
Table 6 for both pesticide concentration in dust (ng/g) and pesticide concentration in
carpet (ng/cm2) for dust samples from farm households. Variance components,
computed after adjusting for visit, room, and spray status, were not markedly changed
by the addition of other exposure determinants to the model.

Discussion

While there are a few studies that have investigated the take-home pesticide issue and
pesticide home contamination in rural and agricultural environments, most of these
studies have examined organophosphate pesticides, while this study looked at several
pesticides not generally measured in these previous studies. Chlorpyrifos has been
studied frequently and can serve as a benchmark.

In a study conducted by the Centers for Disease Control and Prevention (CDC) for the
Arizona Department of Health Services, dust was collected from 152 homes and 25
schools and tested for the presence of 43 pesticides (21). Chlorpyrifos had a geometric
mean (GM) of 113 ng/g. Curl et al (22) collected 156 house dust samples from farm
worker households and found a GM level of 50 ng/g for chlorpyrifos. This compares
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with chlorpyrifos concentrations of 40 and 30 ng/g for farm and non-farm homes
respectively in our study.
Table 6. Within- and between-household variance componentsA for pesticide levels in
dust samples obtained from farm households.
Sample type
Pesticide

Number Number
of farms of samples

Within-household
GSDw
%

Between-household
GSDb
%

Dust (ng/g)
Atrazine
Metolachlor
Chlorpyrifos
Glyphosate
2,4-D

20
20
20
5
5

116
116
116
31
32

4.6
10.4
3.8
1.8
2.1

45
81
33
77
22

5.4
3.1
6.5
1.4
4.2

55
19
67
23
78

Dust (ng/cm2)
Atrazine
Metolachlor
Chlorpyrifos
Glyphosate
2,4-D

20
20
20
5
5

116
116
116
31
32

7.2
16.2
4.7
3.2
3.7

84
86
37
67
45

2.4
3.1
7.5
2.2
4.2

16
14
63
33
55

Abbreviations: GSDw = estimated geometric standard deviation of the withinhousehold distribution; GSDb = estimated geometric standard deviation of the betweenhousehold distribution; % is the percent of the random effect variance attributable to
that source.
A

Variance components were computed using the MIXED procedure in SAS after
adjusting for visit, room, and spray status.

Farm homes in this study are clearly more contaminated than non-farm homes. Other
studies have found similar results. Simcox et al (13) measured pesticide levels in house
dust of both farm homes and reference homes and found that farm homes had
significantly higher levels of pesticide in dust. Bradman et al (12) found a higher
pesticide levels in dust between farm worker homes and non-farm worker homes.
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Differences in pesticide levels in dust seen between non-farm homes, farm homes that
did not spray the pesticide, and farm homes that did spray the pesticide were greater for
the strictly agricultural pesticides (e.g. atrazine and metolachlor) versus pesticides that
have both residential and agricultural uses (chlorpyrifos, glyphosate and 2,4-D). This
would be expected since these latter pesticides are commonly used in residential
settings. Chlorpyrifos, glyphosate, and 2,4-D appear to be ubiquitous in both the nonfarm and farm homes. Better than 80% of the dust samples in both farm and non-farm
homes had detectable levels of these pesticides. This finding is comparable to other
literature reports. Chlorpyrifos, for example, was detected in 81% of dust samples in
Yuma County, Arizona (21) and in 98% and 82% of dust samples from agricultural and
non-agricultural families respectively (13). It is interesting to note that chlorpyrifos was
one of the most frequently detected pesticides in the current study but was applied at
only 2 farms (17).

One potential source of pesticides in farm homes results from farmer take-home
mechanism. When atrazine or metolachlor was applied to crops on the farm,
concentrations of these pesticides tended to be higher in dust in the entrance way,
laundry room, and change room – rooms where dirt would be tracked in, or the farmer’s
clothes would be deposited. These pesticides have agricultural uses only, and therefore
would not be used in or around the house. Chlorpyrifos, glyphosate and 2,4-D all have
residential uses so that contamination may have multiple sources. This is supported by
our finding that both farm homes and non farm homes have a high percent of detectable
samples for these pesticides and their more even distribution throughout the homes.
The higher levels of atrazine and metolachlor in the entrance way, laundry room and
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change room would suggest that the farmer is bringing them home on clothing and
shoes, supporting the notion of take-home pesticide exposure. Other studies have
suggested the take-home pathway as the primary mechanism for contamination of the
indoor environment (12, 13, 22-24). Acetochlor, which was sprayed by only a few
farmers, and alachlor which was not sprayed at all, were not detected frequently enough
to allow this analysis.

Spray drift as a source of pesticide residue cannot be ruled out. Even though both the
indoor and outdoor air samples were largely non-detectable, they were taken a few days
after an application, by which time pesticide in the air may have settled out. Koch et al
(25) found that OP metabolite levels in children’s urine samples were higher during the
spray season in an agricultural region in the absence of parental work contact or
residential proximity to treated fields. The authors suggest that spray drift may account
for some of the observed increases.

Several factors that were anticipated to be associated with pesticide levels in dust were
investigated for their affect on the pesticide levels. Only the use of an insecticide inside
a farm home was found to be associated with atrazine in dust. Since atrazine is an
herbicide, this association does not make sense, and may be spurious since farm homes
that sprayed with an insecticide in the last year were also more likely to have sprayed
atrazine prior to both visits. Age of carpet, frequency of carpet vacuuming, the presence
of door mats, the age of the homes, and the presence of pets were not associated with
pesticide levels in dust. It is unclear why none of these variables were associated,
however, testing for an association between the pesticide level and some of the
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household covariates was complicated due to confounding with farm/non-farm status or
confounding with spray status (for example, all farms that sprayed the pesticide may
have had ‘old’ carpet). In a simulated pesticide track-in study by Nishioka et al (19),
2,4-D levels in dust were lower when a door mat was present. In another study, the
presence of a high activity dog was shown to be significantly correlated with 2,4-D
levels in indoor house dust (16). The authors warn though that the sample sizes were
small and caution should be exercised in interpreting the results. One reason why the
door mats may not have reduced pesticide levels in dust in our study is that they may
have acquired a high pesticide and dust loading after only a short time of use, becoming
a reservoir for contamination as opposed to an element for reducing contamination.
This speculation should be investigated further. In the case of dog activity, dogs on the
farms were outdoor dogs only. In only one case in the farm homes with dogs, did the
dog spend time both indoors and outdoors.

Distance to a treated field did not correlate with pesticide levels in dust in non-farm
homes. Distance to a treated field was not analyzed for the farm homes, since all farm
homes were reported to be within ¼ mile of a treated field. It may be that the distance
categories (< ¼ mile, ¼ mile to ½ mile, ½ mile to ¾ mile, ¾ mile to 1 mile, > 1 mile)
may not have permitted detection of differences. Simcox et al (13) found that pesticide
levels in dust decreased with increasing distance, but considered much smaller distances
(< 50 ft, 50-200 ft, > 200 ft). In Yuma County Arizona, however, although an
association between pesticide levels in dust and proximity to treated fields was not
investigated, the authors did investigate urine metabolite levels and proximity to a
treated field and did not find an association (21).
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Most of the analyses in this paper focused on the pesticide concentrations in dust. The
wipe and air samples were not a particularly useful sample media for evaluation of lowlevel pesticides in homes in this study. This may largely be the result of higher LODs
for the wipe and air samples in this study. Indeed, the dust sample values are orders of
magnitude lower than the wipe values which are likely due to the better limits of
detection for the dust analysis. Another factor may be the sampling method,
particularly the use of polyurethane foam (PUF) for the wipe samples for 2,4-D and
glyphosate. Of the dust samples analyzed for 2,4-D and glyphosate, 100% and 94% had
detectable levels of 2,4-D and glyphosate, respectively. These pesticides were not
detected in any wipe sample. One apparent problem with using PUF for wipe sampling
is that PUF does not hold liquid very well. The amount of isopropanol added to the
PUF had to be reduced to six ml from the 10 ml added to the Sof-Wick sponges. Even
so, the isopropanol would run off the PUF, leaving the PUF fairly dry when wiping.
Because of this, it is likely that not as much pesticide residue would be picked up from
the surface. Further investigation is needed to confirm this assumption.

There are a few limitations to the analyses. Chlorpyrifos was not sprayed very often, so
it is difficult to draw conclusions about the spray effect for chlorpyrifos. In the
glyphosate/2,4-D analysis, there were only 5 farms and 6 non-farms available for the
analysis. As a result of the small number of homes, the differences seen were not
statistically significant. Only the acid form of 2,4-D was analyzed in the samples. In
some farm-homes the ester form of 2,4-D may have been applied resulting in an
underestimate of 2,4-D contamination. Testing some of the household covariates for a

65

B.D. Curwin

Take-home pesticide exposure among farm families: Pesticide contamination

relationship with pesticides was difficult due to confounding with farm/non-farm status
or confounding with spray status. The LODs for the wipe and air samples are
substantially higher than the LODs for the dust samples, making it difficult to compare
the sample media. Lastly, for the dust data analysis, we considered the effect of
spraying in the seven day period preceding the visit. The choice of seven days,
although somewhat arbitrary, was intended to focus on more recent pesticide
applications.

Conclusion
Farm homes have more pesticide residue inside than non-farm homes and farms that
spray a particular pesticide are more likely to have higher levels of that pesticide inside
the home than other homes. This is particularly apparent for the strictly agricultural
herbicides atrazine and metolachlor. While these herbicides are not applied in or around
the home, they appear to be getting into the home para-occupationally. It appears for
agricultural pesticides that take-home exposure may be an important source of home
contamination.

Acknowledgements
The authors would like to thank the many people who helped with this study, in
particular Donald Booher for his technical assistance, Fran Guerra for her administrative
assistance and Beth Whelan for her guidance. We would also like to thank Ann
Stromquist, Jill Moore, and Matt Nonnenman, of the Great Plains Center for
Agricultural Health, University of Iowa, and Charles Lynch and Patricia Gillette of the
Agricultural Health Study, University of Iowa for their help in recruiting participants.

66

B.D. Curwin

Take-home pesticide exposure among farm families: Pesticide contamination

We would like to thank Marty Jones and Craig Taylor, of the Department of
Occupational and Environmental Health, School of Public Health, University of Iowa,
for their technical assistance. Finally, we would like to thank DataChem Laboratories
for providing the air and wipe sampling analysis.

References
1. EPA. Pesticide industry sales and usage: 1998 and 1999 market estimates. Biological
and Economic Analysis Division, Office of Pesticide Programs, Office of Prevention,
Pesticides and Toxic Substances, U.S. Environmental Protection Agency, Washington,
DC. 2002.
2. Reynolds, SJ, Merchant JA, Stromquist AM, Burmeister LF, Taylor C, Lewis MQ,
and Kelly KM. (1998) Keokuk County Iowa rural health study: self reported use of
pesticides and protective equipment. J. Agricul. Safety Health 1998; 1:67-77
3. Alavanja MC, Sandler DP, McMaster SB, Hoar-Zahm S, McDonnell CJ, Lynch CF,
Pennybacker M, Rothman N, Dosemeci M, Bond AE, and Blair A. The agricultural
health study. Environ. Health Persp. 1996; 104(4):362-369
4. Mandel JH, Carr WP, Hilmer T, Leaonard PR, Halberg JU, Sanderson WT, and
Mandel JS. Factors associated with safe use of agricultural pesticides in Minnesota. J.
Rural Health 1996; 12(4):301-310
5. Lewis RG, Fortune CR, Blanchard FT, and Camann DE. Movement and deposition
of two organophosphorus pesticides within a residence after interior and exterior
applications. J Air Waste Manage Assoc 2001; 51:339-351
6. Ma X, Buffler PA, Gunier RB, Dahl G, Smith MT, Reinier K, et al. Critical windows
of exposure to household pesticides and risk of childhood leukemia. Envrion. Health
Persp 2002; 110(9):955-960
7. Zahm SH, Ward MH. Pesticides and childhood cancer. Envrion. Health Persp. 1998;
106(suppl 3):893-908
8. Daniels JL, Olshan AF, Savitz DA. Pesticides and childhood cancers. Environ.
Health Persp 1997; 105:1068-1077
9. Garry VF. Pesticides and children. Toxicol Applied Pharmacol 2004; 198:152-163
10. Guyton AC. Textbook of Medical Physiology, 7th ed. W.B. Saunders Company,
Philadelphia, PA. 1986
67

B.D. Curwin

Take-home pesticide exposure among farm families: Pesticide contamination

11. Fenske RA, Kissel JC, Lu C, Kalman DA, Simcox NJ, Allen EH, et al. Biologically
based pesticide dose estimates for children in an agricultural community. Environ
Health Persp 2000b; 108(6):515-520
12. Bradman MA, Harnly ME, Draper W, Seidel S, Teran S, Wakeham D, Neutra R.
Pesticide exposure to children from California’s Central Valley: Results of a pilot study.
J. Exp. Anal. Environ. Epidem 1997; 7(2):217-234
13. Simcox NJ, Fenske RA, Wolz SA, Lee I-C, Kalman DA. Pesticides in household
dust and soil: Exposure pathways for children of agricultural families. Environ. Health.
Persp. 1995; 103(12):1126-1134
14. Loewenherz C, Fenske RA, Simcox NJ, Bellamy G, Kalman D. Biological
monitoring of organophosphorus pesticide exposure among children of agricultural
workers in central Washington State. Environ. Health. Persp. 1997; 105(12):1344-1353
15. Nishioka MG, Lewis RG, Brinkman MC, Burkholder HM, Hines CE, Menkedick
JR . Distribution of 2,4-D in air and on surfaces inside residences after lawn
applications: comparing exposure estimates from various media for young children.
Environ Health Persp 2001; 109: 1185-1191.
16. Nishioka MG, Burkholder HM, Brinkman MC, Lewis RG. Distribution of 2,4dichlorophenoxyacetic acid in floor dust throughout homes following homeowner and
commercial lawn applications: Quantitative effects of children, pets and shoes. Environ.
Sci. Technol. 1999; 33(9):1359-1365
17. Curwin BD, Sanderson WT, Reynolds SJ, Hein MJ, Alavanja MC. Pesticide use and
practices in an Iowa farm family pesticide exposure study. J. Agr. Safety Health 2002;
8(4):423-433
18. ASTM. Standard practice for the collection of floor dust for chemical analysis.
Standard Practice D5438-00. American Society for Testing and Materials, Philadelphia,
PA. 2000
19. Nishioka MG, Burkholder HM, Brinkman MC, Gordon SM, Lewis RG. Measuring
transport of lawn applied herbicide acids from turf to home: Correlation of dislodgeable
2,4-D turf residues with carpet dust and carpet surface residues. Environ. Sci. Technol.
1996; 30(11):3313-3320
20. Hornung RW, and Reed LD. 1990 Estimation of average concentration in the
presence of nondetectable values. Appl Occup Environ Hyg 1990; 5: 46 – 51.
21. CDC. Pesticide exposure in children living in agricultural areas along the United
States-Mexico boarder, Yuma County, Arizona, US Centers for Disease Control,
National Center for Environmental Health, Health Studies Branch, Atlanta, GA 2002
22. Curl CL, Fenske RA, Kissel JC, Shirai JH, Moate TF, Griffith W, et al. Evaluation
68

B.D. Curwin

Take-home pesticide exposure among farm families: Pesticide contamination

of take-home organophosphorus pesticide exposure among agricultural workers and
their children. Environ. Health Perspect 2002; 110(12):A787-A792
23. McCauley LA, Michaels S, Rothlein J, Muniz J, Lasarev M, Ebbert C. Pesticide
exposure and self reported home hygiene. Amer. Assoc. Occup. Health Nurses J. 2003;
51(3):113-119
24. Thompson B, Coronado GD, Grossman JE, Puschel K, Solomon CC, Islas I, et al.
Pesticide take-home pathway among children of agricultural workers: Study design,
methods, and baseline findings. J. Occup. Environ. Med. 2003; 45:42-53
25. Koch D, Lu C, Fisker-Anderson J, Jolley L, Fenske RA. Temporal association of
children’s pesticide exposure and agricultural spraying: Report of a longitudinal
biological monitoring study. Environ Health Persp 2002; 110(8):829-833

69

70

4
Urinary and Hand Wipe Pesticide Levels among
Farmers and Non-Farmers in Iowa

Brian Curwin, Misty Hein, Wayne Sanderson, Dana Barr, Dick Heederik, Stephen
Reynolds, Elizabeth Ward, Michael Alavanja
Journal of Exposure Analysis and Environmental Epidemiology 2005, 15(6):500-508

71

B.D. Curwin Take-home pesticide exposure among farm families: Urinary and hand wipe pesticide levels

Abstract
In the spring and summer of 2001, as part of a larger study investigating farm family
pesticide exposure and home contamination in Iowa, urine and hand wipe samples were
collected from 24 male farmers and 23 male non-farmer controls. On two occasions
approximately one month apart, one hand wipe sample and an evening and morning
urine sample were collected from each participant. The samples were analyzed for the
parent compound or metabolites of six commonly used agricultural pesticides: alachlor,
atrazine, acetochlor, metolachlor, 2,4- dichlorophenoxyacetic acid (2,4-D) and
chlorpyrifos. For atrazine, acetochlor, metolachlor and 2,4-D, farmers who reported
applying the pesticide had significantly higher urinary metabolite levels than nonfarmers, farmers who did not apply the pesticide, and farmers who had the pesticide
commercially applied (p-value < 0.05). Generally, there were no differences in urinary
pesticide metabolite levels between non-farmers, farmers who did not apply the
pesticide, and farmers who had the pesticide commercially applied. Among farmers
who reported applying 2,4-D themselves, time since application, amount of pesticide
applied, and the number of acres to which the pesticide was applied were marginally
associated with 2,4-D urine levels. Among farmers who reported applying atrazine
themselves, time since application and farm size were marginally associated with
atrazine mercapturate urine levels. Farmers who reported using a closed cab to apply
these pesticides had higher urinary pesticide metabolite levels, although the difference
was not statistically significant. Farmers who reported using closed cabs tended to use
more pesticides. The majority of the hand wipe samples were non-detectable.
However, detection of atrazine in the hand wipes was significantly associated with
urinary levels of atrazine above the median (p-value < 0.01).
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Introduction
Farmers are the biggest users of pesticides and one of the most highly exposed groups to
pesticides in the U.S. They applied approximately 1.2 billion pounds in 1999;
herbicides accounted for the largest proportion of this amount with approximately 534
million pounds applied (EPA, 2002). They can be exposed through mixing, loading and
applying pesticides and from working in treated fields. A wide variety of agricultural
pesticides are used on farms including herbicides, crop insecticides, livestock
insecticides, fungicides, and fumigants. Crop herbicides are used the most with
approximately 50 to 93 % of farmers reporting their use, followed by crop insecticides
(48 - 59 %), livestock insecticides (24 - 37 %) and fungicides (11 - 14 %) (Reynolds et
al., 1998; Alavanja et al., 1996; Mandel et al., 1996).

Pesticide exposure is thought to be associated with a variety of health effects including
cancer, reproductive disorders, neurotoxicity, and endocrine disruption (Alavanja et al.,
2004; Kirkhorn and Schenker, 2002; Richter and Chlamtac, 2002; Dich et al., 1997;
Zahm et al., 1997; Maroni and Fait, 1993). More specifically, phenoxy herbicides (e.g.
2,4-D) have been associated with a number of cancers including soft tissue sarcomas,
non-Hodgkin’s lymphoma (NHL), stomach, colon and prostate; triazine herbicides (e.g.
atrazine) have been associated with ovarian cancer; and organophosphate insecticides
(e.g. chlorpyrifos) have been associated with delayed neuropathy, chromosome
aberrations, central nervous system alterations and NHL (Maroni and Fait, 1993).
Further, parental occupation involving pesticide application has been associated with
childhood cancers (Flower et al., 2004; Zahm and Ward, 1998; Daniels et al., 1997).
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Several studies have investigated farmer pesticide exposure by measuring dermal
exposure to pesticides (Krieger and Dinoff, 2000; Stewart et al., 1999a and 1999b; de
Cock et al., 1998; Calumpang, 1996; Hussain et al., 1990). Several studies have also
employed biological monitoring of pesticide exposure among commercial and
greenhouse pesticide applicators, pest control operators and agricultural workers
(Coronado et al., 2004; Hines et al., 2003, Tuomainen et al., 2002; Hines et al., 2001;
Denovan et al., 2000; Sanderson et al., 1995). However, little biological monitoring of
pesticide exposure among farmers has been conducted. In 1997, Perry investigated
atrazine in urine among farm pesticide applicators (Perry et al., 2000). Ninety-nine
samples were collected within eight hours post application, and 37 % had detectable
levels of the atrazine metabolite deethylatrazine using gas chromatography-mass
spectrometry (GC-MS). Fifty of these samples were also analyzed using an enzyme
linked immunosorbent assay (ELISA) for the mercapturate metabolite of atrazine with
80 % having detectable levels. In 1996, Arbuckle et al. measured the levels of 2,4-D in
the semen of 97 farmers (Arbuckle et al., 1999). Approximately 50 % of the samples
had detectable levels of 2,4-D.

In the spring and summer of 2001, as part of a larger study investigating farm family
pesticide exposure and home contamination in Iowa, urine and hand wipe samples were
collected from 24 male farmers and 23 male non-farmer controls and analyzed for six
commonly used agricultural pesticides - atrazine, acetochlor, metolachlor, alachlor, 2,4D and chlorpyrifos. Urinary levels and hand loadings of pesticides were used as
indicators as exposure. The term exposure instead of dose has been used throughout the
paper when describing urinary levels since the spot urine samples collected are an
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indication of exposure and do not necessarily reflect the actual dose the subject has
received. The purpose of this paper is to present the urinary and hand wipe pesticide
results of the farmers and compare them to the non-farmers.

The target pesticides in this study were selected because of their extensive use in Iowa
agriculture and are among those most commonly used in Iowa (USDA, 2000; Reynolds
et al., 1998). The herbicides atrazine, acetochlor and metolachlor were applied to 65 %,
42 %, and 20 % respectively of the planted corn acres in Iowa in 1999 – the most recent
year of data prior to selecting the pesticides (USDA, 2000). The insecticide
chlorpyrifos was applied to 6 % of the corn acres planted in Iowa in 1999 (USDA,
2000). In Keokuk County, Iowa, 2,4-D, atrazine, and metolachlor accounted for 50 %
of the herbicide use reported in the Keokuk County Rural Health Study (KCRHS) and
chlorpyrifos accounted for 36 % of the insecticide use (Reynolds et al., 1998). Alachlor
historically had extensive use in the United States in the late 1980’s and early 1990’s,
but is used less often recently, slipping from the second most used conventional
pesticide in 1987 to the 17th most commonly used conventional pesticide in 1999 (EPA,
2002).

Methods
In the spring and summer, 2001, 24 male farmers and 23 male non-farmers in Iowa
were enrolled in a study investigating agricultural pesticide contamination inside homes
and family exposure. Participant recruitment has been described previously (Curwin et
al., 2002). To be eligible for the study, the non-farmer had to live in a home on land
that was not used for farming, and not be working in agriculture or commercial
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pesticide application. The farmer had to be using at least one of the six target
pesticides. All of the pesticides are corn or soybean herbicides, with the exception of
chlorpyrifos which is an insecticide used on corn. Alachlor was not used by any of the
farmers and was not detected in any samples.

Sample Collection
During May, June, July, and August, 2001, each participant was visited on two
occasions. The first visit to a farmer was shortly after an application event (within 1 to
5 days), with visits to non-farmers scheduled to coincide with a farmer visit. The
second visit was approximately 4 weeks later (average 4 weeks, range 3 to 5 weeks).
Two spot urine samples on each visit were collected from the participants, one in the
evening of the day of the visit, and one the following morning. The urine samples were
collected in 500 mL nalgene bottles and the participants were asked to store the urine in
their refrigerator, or in a cooler with ice packs that was provided. The samples were
collected by study investigators the day after the visit and 25 mL aliquots were
removed, stored on dry ice and shipped to the laboratory. The total volume of each
urine void was recorded.

One composite hand wipe sample was also collected on each visit. The hand wiping
method described in Geno et al. (1996) was used to sample for pesticide residue. The
method involves wiping one entire hand with a 10 cm x 10 cm Sof-Wick® dressing
sponge (Johnson & Johnson, Arlington, TX) moistened with 10 mL of 100 %
isopropanol, then wiping each finger of the same hand with a second dressing sponge.
Investigators wiped the hand by first putting on a clean pair of nitrile gloves. The whole
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hand was thoroughly wiped with the first moistened sponge. The sponge was unfolded
and folded back on itself to present a clean surface and the hand was wiped further.
This was repeated on the fingers with the second sponge. Both sponges were placed in
the same sample jar for analysis. A second set of sponges was used for the second hand
and placed in the same jar. A clean pair of nitrile gloves was worn for each sample
collected. Polyurethane foam (PUF) moistened with 6 mL of isopropanol was used in
the same manner to sample for 2,4-D. Subjects were either sampled using the Sof-Wick
or PUF, but not both. Participants were selected to be sampled with PUF for 2,4-D
during recruiting if it was indicated that 2,4-D might be applied.

A questionnaire was administered to all participants on the first visit and was readministered on the second visit. The questionnaire asked questions about agricultural
pesticide use, crops, agricultural practice, and use of personal protective equipment
(PPE). Questions were asked about the type of crop, the total size of the crop, the
pesticides used on each crop, the number of hours of spraying on each spray day, the
number of days the crops were sprayed, who applied the pesticide (the farmer or a
custom applicator), the number of acres sprayed, and PPE worn. The questions on
pesticide use, crops, and work practices gathered information from the start of the 2001
growing season until the last home visit, and generally reflect the early 2001 growing
season among the participants.

Sample Analysis
A 25-mL aliquot from each urine sample was sent to a laboratory at the National Center
for Environmental Health for analysis. The samples were analyzed using the method of
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Olsson et al. (2004). Briefly, a 2-mL aliquot of urine was spiked with isotopically
labeled standards, and then diluted with 1.5 mL 0.2M acetate buffer to which 800
activity units of β-glucuronidase/sulfatase had been added. The solution was allowed to
incubate at 37ºC overnight to liberate glucuronide- and sulfate-bound conjugates. The
hydrolysate was applied to an OASIS® HLB solid phase extraction cartridge (Waters
Corporation, Milford, MA). The SPE cartridge was washed with 2 mL 5% methanol in
1% acetic acid and eluted with 1.5 mL methanol. The methanol was diluted with 2 mL
acetonitrile then evaporated to dryness. The residue was reconstituted in 50 µL
acetonitrile. Pesticide metabolites were measured in the sample extract using highperformance liquid chromatography-tandem mass spectrometry with atmospheric
pressure chemical ionization. A multiple reaction monitoring experiment was used to
isolate specific precursor and product ions pairs for each analyte measured. Calibration
standards, quality control materials and blank samples were prepared and analyzed
concurrently with unknown samples. The concentrations of metabolites of six
pesticides – atrazine (atrazine mercapturate), acetochlor (acetochlor mercapturate),
alachlor (alachlor mercapturate), metolachlor (metolachlor mercapturate), and
chlorpyrifos (3,5,6-trichloropyridinol (TCP)) and 2,4-D (parent 2,4-D) – were
calculated using isotope dilution quantification. Urinary creatinine was measured in the
urine samples using a commercially-available enzyme slide technology (Vitros 250
Chemistry System, Ortho-Clinical Diagnostics). The analytical limit of detection
(LOD) varied by analyte (Table 1).

The Sof-Wick sponges were desorbed in their shipping containers with 60 mL of
isopropanol, with 0.2 µg/mL 4,4-dibromo-octafluoro-biphenyl internal standard. After
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tumbling for one hour, an aliquot of each sample was poured into a GC vial for analysis.
Liquid standards were used for quantitation. The PUF sponges were desorbed in their
shipping containers with 125 mL of methanol with 0.5 % triethylamine, 0.4 µg/mL 2chloro-5-trifluoromethyl benzoic acid (surrogate standard) and 5 µg/mL bromothymol
blue. After tumbling for one hour, a four mL aliquot was blown to dryness under
nitrogen. 125 µL of 2,2,2-trifluoroethanol then 250 µL of pentafluoropropionic
anhydride was added and the sample was put in an oven at 95o C for one hour. After
cooling to room temperature, two mL of 1.0 µg/mL of 4,4,-dibromooctafluorobiphenyl
in toluene was added. The solution was extracted two times with pH 7.2 sodium
dihydrogen phosphate/sodiumhydroxide buffer, the buffer layer was discarded and the
toluene layer was transferred to GC vials containing 200 mg of anhydrous sodium
sulfate. The Sof-Wick sponge wipe samples were analyzed using a gas chromatograph
equipped with an electron capture detector using a 30m DB-1701 column programmed
from 130-270 °C. The PUF samples were analyzed using a gas chromatograph
equipped with an electron capture detector using a 30m DB-608 column programmed
from 90-270 °C. The analytical LOD varied by analyte (Table 1).

Data Analysis
The laboratory reported urinary concentrations below the LOD for some of the analytes.
Urinary concentrations reported as zero in laboratory reports were replaced with onehalf of the LOD. Urinary concentrations reported as non-zero but below the LOD were
not modified. Evening and morning concentrations, weighted by sample volume, were
averaged and expressed as micrograms of pesticide per liter of urine (µg/L). In
addition, evening and morning urinary concentrations were adjusted for varying levels
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of urine dilution using the associated creatinine concentrations and the averaged
adjusted concentration was expressed as micrograms of pesticide per gram of creatinine
(µg/g). The urinary concentrations were skewed to the right, therefore, the analysis
variables were natural log transformed prior to analysis. In the spray effect analysis,
each urine sample was categorized as belonging to a non-farmer or a farmer where the
pesticide was either sprayed by the farmer, sprayed by someone else, or not sprayed
prior to the visit. Additional determinants, such as farm size and use of personal
protective equipment, were assessed for significance for selected metabolite levels
among farmers. Since each subject was sampled on two visits, mixed-effects models,
where subject was treated as a random effect and employing a compound symmetric
covariance structure, were used to determine statistical significance. Results are
presented as adjusted geometric means by taking the antilog of the adjusted logtransformed means.

Hand wipe results, reported in µg/sample, were standardized to unit area by dividing by
840 cm2/sample (2 hands/sample × 420 cm2/hand), assuming the surface area of a hand
is 420 cm2 (EPA, 1997). The percent of hand wipe samples detected above the LOD
was computed separately for farmers and non-farmers. Since less than half of the hand
wipe samples were detected above the LOD, only the range of detectable samples was
reported. The percent of farmers and non-farmers with at least one hand wipe sample
detected above the LOD were compared using Fisher’s exact test. Urinary
concentrations and hand wipe levels were compared in a crude analysis due to the small
number of detectable hand wipe samples. All statistical analyses were performed using
SAS 9 Software (SAS Institute Inc., Cary, NC).
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Table 1. Limits of detection (LOD) for urine and hand wipe samples.
Pesticide (urinary metabolite)
Acetochlor (Acetochlor mercapturate)
Alachlor (Alachlor mercapturate)
Atrazine (Atrazine mercapturate)
Chlorpyrifos (3,5,6-trichloropyridinol)
Metolachlor (Metolachlor
mercapturate)
2,4-dichlorophenoxyacetic acid

Urine LOD (µg/L)

Hand wipe LOD (ng/cm2)

0.090
0.600
0.026
0.500

0.36
0.36
23.81
0.12

0.141

0.36

0.188

2.38

Table 2. Spray practices.
Pesticide
Acetochlor
Atrazine
Chlorpyrifos
Metolachlor
2,4-D

Number of farms that
sprayed the pesticide
prior to a visit
5
20
2
7
15

Number of farm-visits where pesticide was
sprayed prior to the visit bya
Farmer
Custom applicator
4
2
15
9b
2
0
5
3b
17
4

a

Some farms had pesticides both custom applied and applied by the farmer and may have had pesticides
applied prior to one or both visits.
b
For one farm visit the pesticide was applied by a relative of the farmer.

Results
Pesticide use in this study was described previously (Curwin et al., 2002); 80 % of the
farmers used atrazine, 56 % used 2,4-D, 28 % used metolachlor, 20 % used acetochlor,
8 % used chlorpyrifos. Farmers recorded detailed crop spray information for the period
immediately prior to each visit. The number of farms that sprayed a target pesticide
prior to the visit is summarized in Table 2 along with information about who sprayed
the pesticide (the farmer or a custom applicator). Atrazine was sprayed on crops at 20
farms prior to 24 visits and 2,4-D was sprayed on crops at 15 farms prior to 21 visits.
Acetochlor, chlorpyrifos, and metolachlor were sprayed on crops less often, at 5 farms
prior to 6 visits, 2 farms prior to 2 visits, and 7 farms prior to 8 visits, respectively. The
number of days since the pesticide was last applied varied by pesticide and farm-visit.
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Some visits coincided with spray days, however a target pesticide could have been
sprayed as many as 27 days prior to the visit. There was no difference in the number of
days since the pesticide was last applied at visits where the farmer applied the pesticide
and at visits where someone else applied the pesticide.

Thirty-one subjects provided both evening and morning urine samples at each of the
two visits (four total), 13 provided a total of three urine samples each, and three
provided two urine samples. Thus, a total of 169 urine samples, obtained from 24
farmers and 23 non-farmer controls, were available for analysis. The mean sample
volume was 197 mL. Sample volume was similar between farmers and non-farmers,
but evening samples were significantly lower in volume than morning samples (evening
mean 161 mL versus morning mean 234 mL, p-value < 0.0001). Among all
participants, metabolites of acetochlor, chlorpyrifos, metolachlor, and 2,4-D were
detected above the analytical LOD in more than half of the urine samples while atrazine
was detected in only 28 % of the urine samples (Table 3).

The geometric mean urine metabolite concentrations for the pesticides in farmers and
non-farmers, respectively were 0.12 and 0.015 µg/L atrazine mercapturate, 0.16 and
0.17 µg/L acetochlor mercapturate, 0.17 and 0.17 µg/L metolachlor mercapturate, 1.7
and 0.29 µg/L 2,4-dichlorophenoxyacetic acid, and 3.6 and 3.3 µg/L 3,5,6trichloropyridinol. However, for all pesticides except chlorpyrifos, farmers who applied
the pesticide had significantly higher urinary metabolite levels than non-farmers,
farmers who did not apply the pesticide, and farmers who had the pesticide
commercially applied (Table 3). Generally, there were no differences in urinary

82

B.D. Curwin Take-home pesticide exposure among farm families: Urinary and hand wipe pesticide levels

pesticide metabolite levels between non-farmers, farmers who did not apply the
pesticide, and farmers who had the pesticide commercially applied. The same patterns
hold when considering creatinine adjusted urinary pesticide concentrations (Table 4).

Information was available on several potentially important determinants of exposure
including the amount of pesticide applied, the number of acres sprayed, farm size, and
cab type. However, due to the small sample size only a limited analysis was performed
for 2,4-D and atrazine (not shown). Among farmers who reported applying 2,4-D
themselves, time since application, amount of pesticide applied, and the number of acres
to which the pesticide was applied were marginally associated with 2,4-D urine levels.
Among farmers who reported applying atrazine themselves, time since application and
farm size were marginally associated with atrazine mercapturate urine levels. Only two
of the associations were significant: 2,4-D levels with number of acres sprayed (n = 13,
r = 0.58, p-value = 0.038) and the amount of pesticide applied (n = 12, r = 0.60, p-value
= 0.041). Farmers who reported using a closed cab tended to have higher urinary
metabolite levels for 2,4-D and atrazine, but not significantly so. However, farmers
who reported using a closed cab when applying pesticides tended to have larger farms,
apply more pesticide and to a greater area.

A total of 94 hand wipe samples were collected. Seventy three were analyzed for
acetochlor, alachlor, metolachlor, atrazine and chlorpyrifos, while the remainder (n=21)
were analyzed for 2,4-D. A majority of the hand wipe samples were below the LOD for
pesticide residue (Table 5). None of the hand wipe samples had detectable 2,4-D
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Table 3. Urinary pesticide metabolite concentrations.

Pesticide

Subject

Spray group a

n

Acetochlor

Nonfarmer
Farmer
Farmer

Not sprayed

45

%≥
LOD
96

Not sprayed
Sprayed
by
others e
Sprayed by self
Not sprayed

41
2

Atrazine

Chlorpyrifos

Metolachlor

2,4-D

Farmer
Nonfarmer
Farmer
Farmer
Farmer
Nonfarmer
Farmer
Farmer
Nonfarmer
Farmer
Farmer
Farmer
Nonfarmer
Farmer
Farmer
Farmer

b

Urinary metabolite concentration (µg/L)
Adjusted
GM c GSD
95% CI d
GM d
0.17

1.4

0.17 g

0.13 – 0.22

51
50

0.11
0.30

2.7
6.0

0.11 g
0.28 g

0.084 – 0.15
0.085 – 0.90

4
45

100
7

8.0
0.015

10
1.6

7.2
0.015 g, h

3.0 – 17
0.0099 – 0.021
0.026 – 0.073
0.016 – 0.078

Not sprayed
Sprayed
by
others f
Sprayed by self
Not sprayed

23
9

35
33

0.043
0.032

7.1
4.9

0.044 g
0.035 g

15
45

100
89

1.2
3.3

3.0
3.2

1.1
3.3

0.60 – 2.2
2.2 – 5.2

Not sprayed
Sprayed by self
Not sprayed

45
2
45

89
100
89

3.5
5.9
0.17

3.5
5.3
1.2

3.6
4.2
0.17 g

2.3 – 5.5
0.88 – 20
0.12 – 0.24

Not sprayed
Sprayed
by
others f
Sprayed by self
Not sprayed

39
3

33
33

0.11
0.097

2.0
1.7

0.14 g
0.14 g

0.10 – 0.19
0.071 – 0.26

5
45

100
69

4.7
0.29

8.7
3.6

0.80
0.30 g

0.44 – 1.5
0.18 – 0.50

27
4

70
100

0.48
1.6

4.1
7.3

0.54 g
1.7

0.29 – 1.0
0.43 – 9.2

16

94

13

7.1

11

Not sprayed
Sprayed
by
others e
Sprayed by self

5.1 – 24

Abbreviations: n = number of samples; LOD = limit of detection; GM = geometric mean; GSD =
geometric standard deviation; CI = confidence interval
a
Spray group indicates whether the pesticide was sprayed prior to visit 1 for visit 1 urine samples and
between visit 1 and visit 2 for visit 2 urine samples.
b
Includes visit 1 and visit 2 urine samples. Concentrations reported as zero in laboratory reports were
replaced with ½ LOD prior to analysis. Evening and morning urine concentrations were weighted by
volume and averaged to produce a summary concentration for each visit.
c
Summary concentrations were natural log transformed prior to analysis.
d
Adjusted geometric means and confidence intervals obtained from the anti-log of the least squares
adjusted means and confidence intervals obtained for the log-transformed variables.
e
Custom applicator
f
Custom applicator or a relative of the farmer
g
Significantly lower than the adjusted geometric mean for farmers who self sprayed the pesticide
(Tukey-Kramer adjusted p-value < 0.01)
h
Significantly lower than the adjusted geometric mean for farmers who did not spray the pesticide
(Tukey-Kramer adjusted p-value < 0.01)
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Table 4. Urinary pesticide metabolite concentrations adjusted by urinary creatinine.
Pesticide
Acetochlor

Subject
Nonfarmer
Farmer
Farmer

Atrazine

Chlorpyrifos

Metolachlor

2,4-D

Farmer
Nonfarmer
Farmer
Farmer
Farmer
Nonfarmer
Farmer
Farmer
Nonfarmer
Farmer
Farmer
Farmer
Nonfarmer
Farmer
Farmer
Farmer

Spray group a
Not sprayed

nb
45

GM c
0.14

Urinary metabolite (µg/g)
GSD Adjusted GM d
95% CI d
1.8
0.13 g
0.095 – 0.19

Not sprayed

41

0.073

2.9

Sprayed
by
others e
Sprayed by self
Not sprayed

0.079 g
h

0.055 – 0.11

2

0.27

5.5

0.24

4
45

4.6
0.012

10
2.2

3.0
0.012 g, i

1.1 – 8.2
0.0076 – 0.018
0.018 – 0.051
0.013 – 0.067

0.070 – 0.84

Not sprayed
Sprayed
by
others f
Sprayed by self
Not sprayed

23
9

0.029
0.025

6.3
4.9

0.030 g
0.030 g

15
45

0.74
2.5

2.8
2.6

0.64
2.5

0.33 – 1.3
1.8 – 3.6

Not sprayed
Sprayed by self
Not sprayed

45
2
45

2.2
3.1
0.14

2.9
7.3
2.0

2.3
2.7
0.14 g

1.6 – 3.2
0.67 – 11
0.094 – 0.19

Not sprayed
Sprayed
by
others f
Sprayed by self
Not sprayed

39
3

0.077
0.085

2.2
1.6

0.094 g
0.066 g

0.065 – 0.14
0.031 – 0.14

5
45

2.9
0.24

9.4
3.5

0.76
0.24 g

0.38 – 1.5
0.14 – 0.39

27
4

0.37
0.81

4.0
5.7

0.42 g
0.76 h

0.23 – 0.77
0.20 – 2.9

16

7.9

6.9

6.7

Not sprayed
Sprayed
by
others e
Sprayed by self

3.1 – 14

Abbreviations: n = number of samples; LOD = limit of detection; GM = geometric mean; GSD =
geometric standard deviation; CI = confidence interval
a
Spray group indicates whether the pesticide was sprayed prior to visit 1 for visit 1 urine samples and
between visit 1 and visit 2 for visit 2 urine samples.
b
Includes visit 1 and visit 2 urine samples. Concentrations reported as zero in laboratory reports were
replaced with ½ LOD prior to analysis. Evening and morning urine concentrations were adjusted by
creatinine concentration and averaged to produce a summary concentration for each visit.
c
Summary concentrations were natural log transformed prior to analysis.
d
Adjusted geometric means and confidence intervals obtained from the anti-log of the least squares
adjusted means and confidence intervals obtained for the log-transformed variables.
e
Custom applicator
f
Custom applicator or a relative of the farmer
g
Significantly lower than the adjusted geometric mean for farmers who reported self applying the
pesticide (Tukey-Kramer adjusted p-value < 0.01)
h
Significantly lower than the adjusted geometric mean for farmers who reported self applying the
pesticide (Tukey-Kramer adjusted p-value < 0.05)
i
Significantly lower than the adjusted geometric mean for farmers who did not apply the pesticide
(Tukey-Kramer adjusted p-value < 0.05)
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residues. For the remaining pesticides, the farmers had more detectable hand wipe
samples than the non-farmers, however only acetochlor and atrazine were statistically
significant. A simple analysis was conducted to see if detectable hand wipe samples
were associated with higher urinary pesticide levels for acetochlor, atrazine and
chlorpyrifos (Table 6). The other pesticides had too few detectable hand wipe samples
to be included in the analysis. No association was seen with acetochlor and
chlorpyrifos. For atrazine, having a detectable hand wipe was associated with having a
urinary metabolite level above the median. Further analysis on hand wipe samples
could not be conducted due to the small number of detectable samples.
Table 5. Hand wipe concentrations.
Pesticide

Subject

Acetochlor

Non-farmer
Farmer

n
34
39

Farmer
Non-farmer
Farmer
Non-farmer
Farmer
Non-farmer
Farmer
Non-farmer
Farmer

39
34
39
34
39
34
39
12
9

Atrazine
Chlorpyrifos
Metolachlor
2,4-D

b

Hand wipe concentration (ng/cm2) a
N > LOD (%)
Range c
N N > LOD (%) d
2 (5.9)
0.36 – 0.48
17
2 (12)
9 (23)
0.71 – 480
20
9 (45)
2 (5.1)
0 (0)
11 (28)
4 (12)
8 (21)
0 (0)
5 (13)
0 (0)
0 (0)

1.2 – 1.2
--24 – 4300
0. 36 – 0. 99
0. 36 – 19
--2.4 – 6000
-----

20
17
20
17
20
17
20
6
5

2 (10)
0 (0)
9 (45)
4 (24)
7 (35)
0 (0)
4 (20)
0 (0)
0 (0)

p-value e
0.037
0.49
0.0015
0.50
0.11
---

Abbreviations: n = number of samples; LOD = limit of detection; N = number of subjects
a
Measured concentration (µg/sample) standardized to unit area (µg/cm2) by dividing by 840 cm2/sample
(2 hands/sample × 420 cm2/hand).
b
Includes visit 1 and visit 2 hand wipe samples.
c
Range of detectable samples.
d
N > LOD gives the number of subjects with 1 or more detectable hand wipe concentrations over the
two visits.
e
P-value from Fisher’s exact test for farmer versus non-farmer

Discussion
Farmers are exposed to pesticides by directly handling and applying the pesticides.
Farmers who reported applying a pesticide themselves had significantly higher pesticide
urinary concentrations than farmers who had the pesticide applied by a commercial
applicator or relative. It appears that merely having a pesticide applied to a crop does
not elevate a farmer’s exposure over farmers who do not apply the pesticide at all or
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non-farmers. The key determinant of a farmer’s exposure appears to be actually
applying the pesticide. Denovan et al. (2000), in a study investigating atrazine exposure
among commercial applicators, found significantly higher parent atrazine in the saliva
of applicators on days they applied atrazine versus days they did not apply atrazine.

Table 6. Association between hand wipe level and urinary pesticide level.
Hand wipe
Acetochlor

Atrazine

Chlorpyrifos

b

Urine level a
Low (< median)
High (≥ median)

Total

p-value c

Non-detect
Detect
Total

9 (35%)
7 (64%)
16

17 (65%)
4 (36%)
21

26
11
37

0.15

Non-detect
Detect
Total

26 (93%)
0 (0%)
26

2 (7%)
9 (100%)
11

28
9
37

< 0.0001

Non-detect
Detect
Total

14 (54%)
3 (28%)
17

12 (46%)
8 (72%)
20

26
11
37

0.17

a

Each subject was categorized as low or high based on the average of their visit 1 and visit 2 urinary
pesticide concentrations.
b
Each subject was categorized as non-detect (both non-detect) or detect (at least one detect) with respect
to hand wipe pesticide concentrations from visit 1 and visit 2.
c
P-value from Fisher’s exact test.

While it is expected that a farmer who applies a pesticide himself would have more
exposure to that pesticide than farmers who do not apply the pesticide or non-farmers, it
is also expected that a farmer who has a pesticide commercially applied would also have
higher exposures than farmers who do not have that pesticide applied or non-farmers.
This was not the case in this study. Farmers who had pesticide commercially applied to
their crops had exposure levels similar to non-farmers and farmers who did not have
that pesticide applied. It is unclear why this was so, but perhaps in the case of corn and
soybean crops – the crops grown by farmers in this study, little contact is made with the
treated crops after application, and therefore little opportunity exists for exposure.
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The hand wipe samples were largely non-detectable even for the farmers despite the fact
that hand exposure can account for a substantial portion of dermal exposure (Tuomainen
et al., 2002; Hussain et al., 1990). 2,4-D was not detected in any of the samples. Only
the acid or amine forms of 2,4-D were analyzed. It is possible that only the ester forms
of 2,4-D were applied in this study. However, the lack of detectable samples is likely
the result of using PUF as the sampling media for the 2,4-D sampling. PUF did not
hold the isopropanol well, and was the reason why only six ml of isopropanol was
added to the PUF instead of the 10 ml added to the Sof-Wick. 2,4-D was not detected
on any hard surface wipe samples in farm and non farm homes using PUF as the sample
media despite 100 % of the dust samples having detectable 2,4-D residues (Curwin et
al., submitted).

A sampling efficiency study on the wipe method for this study was not conducted and is
a limitation of the study. However, Geno et al. (1996) reported good efficiencies using
the method with Sof-Wick sponges. It is possible that poor collection efficiency may
have contributed to the low number of detectable samples.

Analysis of determinants of exposure was limited due to sample size. However, an
interesting observation is the trend of higher urinary levels of atrazine and 2,4-D in
farmers who reported applying these pesticides with a closed cab. The farmers who
used a closed cab in this study had bigger farms, and more specifically, the farmers who
applied atrazine and 2,4-D applied more of these pesticides and to more acres than
farmers who used an open cab. None of the differences were statistically significant,
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but this may be due to the small sample size. It appears then, that farmers with closed
cabs may be potentially more exposed to pesticides than farmers who apply with open
cabs, not because of the cab but because they are handling more pesticide. They may
have larger crops and therefore are mixing, loading and applying more pesticide.
Further research is needed to investigate this hypothesis.

The low number of detectable samples for the other pesticides where a Sof-Wick
sponge was used is likely due to the time since application of the pesticides. As time
since application increased pesticide residue would have been removed from the hands
due to absorption, washing and rubbing. The small number of hand wipe samples
obtained from farmers who self-applied some of the pesticides (acetochlor, n = 3;
chlorpyrifos, n=2; metolachlor, n = 5; and 2,4-D, n = 3) prevented an analysis of the
time since the pesticide was sprayed and detection of the pesticide in hand wipe samples
among the farmers who sprayed. Fourteen hand wipe samples, however, were obtained
from ten farmers who self-applied atrazine. Atrazine was detected in 10 of these hand
wipe samples, which were obtained 0 – 4 days since atrazine was last applied (median 1
day). Atrazine was not detected in the remaining 4 hand wipe samples, which were
obtained 2 – 22 days since atrazine was last applied (median 4.5 days). Although the
sample size is small, this result is suggestive of a relationship between the number of
days since the pesticide was applied and pesticide levels in hand wipe samples.
However, regardless of the time since application, detection of atrazine in the hand
wipes was significantly associated with urinary levels of atrazine above the median.
Others have found positive correlations between pesticide hand exposure and urinary
levels among greenhouse pesticide applicators and agricultural workers (Tuomainen et
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al., 2002; Aprea et al., 1994).

Conclusion
The small sample size and small number of detectable samples for some pesticides
limited the analysis of the data. Additionally the determinants of exposure were selfreported and recall may not reflect actual determinants. Therefore, the trends presented
need to be interpreted with caution. Despite these limitations, the data indicate that
several factors are involved in determining urinary and hand pesticide levels. Farmers
have significantly greater pesticide exposure when applying that pesticide themselves.
Having a pesticide applied to a crop by someone else does not elevate urinary pesticide
metabolite levels over those of non-farmers.

Among farmers who apply pesticides

themselves, time since application, amount of pesticide applied and the number of acres
the pesticide is applied to may be associated with urine levels and the use of a closed
cab to apply pesticides may increase urinary pesticide metabolite levels, perhaps
because the use of this equipment may be associated with greater use of pesticides.
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Abstract
In the spring and summer of 2001, 47 fathers, 48 mothers and 117 children of Iowa farm
and non-farm households were recruited to participate in a study investigating takehome pesticide exposure. On two occasions approximately one month apart, urine
samples from each participant and dust samples from various rooms were collected
from each household and were analyzed for atrazine, metolachlor, glyphosate and
chlorpyrifos or their metabolites. The adjusted geometric mean (GM) level of the urine
metabolite of atrazine was significantly higher in fathers, mothers and children from
farm households compared to those from non-farm households (p = <0.0001). Urine
metabolites of chlorpyrifos were significantly higher in farm fathers (p = 0.02) and
marginally higher in farm mothers (p = 0.05) when compared to non-farm fathers and
mothers, but metolachlor and glyphosate levels were similar between the two groups.
GM levels of the urinary metabolites for chlorpyrifos, metolachlor and glyphosate were
not significantly different between farm children and non-farm children. Farm children
had significantly higher urinary atrazine and chlorpyrifos levels (p = 0.03 and p = 0.03
respectively) when these pesticides were applied by their fathers prior to sample
collection than those of farm children where these pesticides were not recently applied.
Urinary metabolite concentration was positively associated with pesticide dust
concentration in the homes for all pesticides except atrazine in farm mothers, however
the associations were generally not significant. There were generally good correlations
for urinary metabolite levels among members of the same family.
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Introduction
Children and spouses of farmers are potentially exposed to pesticides indirectly by takehome contamination; pesticides can be tracked into farm homes on the clothing and
shoes of farmers. Farmers are the biggest users of pesticides applying approximately
540 million kilograms in 1999 in the United States; herbicides accounted for the largest
proportion of this amount with approximately 240 million kilograms applied (USEPA
2002a). Concern for pesticide exposure among the children of farmers and farm
workers was raised by the National Institute for Occupational Safety and Health
(NIOSH) with the Report to Congress on Workers’ Home Contamination Study
Conducted Under the Workers’ Family Protection Act (29 U.S.C. 671a) (NIOSH 1995).
The Natural Resources Defense Council (NRDC) considers pesticides to be one of the
top five environmental threats to children’s health and considers farm children to be the
most highly pesticide-exposed subgroup in the United States. (NRDC 1998).

Although the literature is inconclusive, pesticide exposure is thought to be associated
with a variety of health effects including cancer, reproductive disorders, neurotoxicity,
and endocrine disruption (Alavanja et al. 2004; Dich et al. 1997; Kirkhorn and Schenker
2002; Maroni and Fait 1993; Richter and Chlamtac 2002; Zahm et al. 1997). More
specifically, phenoxy herbicides (e.g. 2,4-D) have been associated with a number of
cancers including soft tissue sarcomas, non-Hodgkin’s lymphoma (NHL), stomach,
colon and prostate; triazine herbicides (e.g. atrazine) have been associated with ovarian
cancer; and organophosphate insecticides (e.g. chlorpyrifos) have been associated with
delayed neuropathy, chromosome aberrations, central nervous system alterations and
NHL (Maroni and Fait 1993). Further, parental occupation involving pesticide
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application has been associated with childhood cancers (Daniels et al. 1997; Flower et
al. 2004; Zahm and Ward 1998) and household pesticide use has been associated with
childhood leukemia (Ma et al. 2002).

Differences in children’s physiology, behavior patterns and hygiene may result in
significantly greater exposures to environmental contaminants than adults (Bearer 1995;
Health Council of the Netherlands 2004; National Academy of Sciences 1993). Small
children spend much of their time on the floor or ground and are very likely to come
into contact with pesticide residues on carpets or uncovered floors when playing inside,
and yard dirt when playing outside (Renwick 1998). These factors can result in
different sources and levels of pesticide exposure for children than adults in the same
scenario (Garry 2004). Children may also be more susceptible than adults to the toxic
effects of pesticides, due to the sensitivity of developing organ systems. Older children,
through their increased mobility and ability to assist with farm work, may have
opportunities for direct contact with pesticide products. Although the public health
importance of preventing injury to farm families has been well-recognized, the hazards
of exposure to pesticides and other chemicals to families in the farm environment have
received relatively little attention.

A study was initiated to investigate agricultural pesticide contamination inside farm
homes and family exposure to agricultural pesticides (Curwin et al. 2002, 2005a,
2005b). The goal of this study was to evaluate pesticide exposure among farm families
and compare their exposure to non-farm controls. The objectives presented in this paper
were twofold: 1) to measure urinary pesticide levels among farm and non-farm families
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in Iowa and 2) to ascertain what factors may influence these levels.

Methods
In Iowa in the spring and summer of 2001, farm and non-farm households were
recruited to participate in the study. Participant recruitment has been described in more
detail previously (Curwin et al. 2002). In short, recruitment was conducted by
convenience sampling. To be eligible for the study, households had to have at least one
child under the age of 16 years. Non-farm households had to be on land that was not
used for farming, and nobody in the household could be working in agriculture or
commercial pesticide application. Farm households had to be using at least one of
seven target pesticides – atrazine, acetochlor, metolachlor, alachlor, chlorpyrifos,
glyphosate and 2,4-D. The target pesticides were selected because of their extensive
use in Iowa agriculture. All of the pesticides are corn or soybean herbicides, with the
exception of chlorpyrifos which is an insecticide used on corn. Twenty-five farm
households (24 fathers, 24 mothers and 66 children (29 female and 37 male)) and 25
non-farm households (23 fathers, 24 mothers, and 51 children (19 female and 32 male))
were enrolled in the study. Only the results for atrazine, metolachlor, chlorpyrifos and
glyphosate are reported to due to limitations of analytical methods for the other
pesticides in urine (e.g. cross reactivity with other chemicals, poor analytical methods).
NIOSH Human Subject Review Board approved this study.

Sample Collection
During May – August, 2001, each household was visited on two occasions. The first
visit was shortly after a pesticide application event (within 1-5 days) and the second
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visit was approximately 4 weeks later (average 4 weeks, range 3-5 weeks). Two spot
urine samples were collected from the participants at each visit, one in the evening on
the day of the visit and one the following morning. Urine samples were collected in 500
mL Nalgene® bottles and participants were asked to store the urine in their refrigerator
or in a provided cooler with ice packs. Samples were collected the day after the visit
and 25 mL aliquots were removed, stored on dry ice and shipped to the laboratory. The
total volume of each urine void was recorded. Dust sample collection and analysis has
been described previously (Curwin et al. 2005a). Briefly, dust samples were collected
at each visit from various rooms in the homes using the HVS3 vacuum sampler
(Cascade Stamp Sampling Systems (CS3) Inc., Sandpoint, ID) according to the
American Society for Testing Material (ASTM) Standard Practice for Collection of
Dust from Carpeted Floors for Chemicals (ASTM 2000).

A questionnaire was administered to all participants at the first visit and re-administered
at the second visit. Questions were asked about crops grown, use of personal protective
equipment (PPE), crop size, pesticides used, dates and hours of application, who applied
the pesticide, and the number of acres applied. This information was gathered from the
start of the 2001 growing season until the second visit, and generally reflected the early
2001 growing season among the participants. Information on children’s age, weight,
height and sex was also collected.

Sample Analysis
The metabolites of 4 pesticides – atrazine (atrazine mercapturate), chlorpyrifos (3,5,6trichloro-2-pyridinol (TCP)), metolachlor (metolachlor mercapturate), and glyphosate

100

B.D. Curwin

Take-home pesticide exposure among farm families: Urinary pesticide concentrations

(parent glyphosate) – were analyzed in urine samples using immunoassay techniques.
The analytical limits of detection (LOD) varied by analyte and were 1.16, 3.32, 0.3, and
0.9 µg/L for atrazine mercapturate, TCP, metolachlor mercapturate, and glyphosate
respectively. Urinary creatinine was measured using a commercially-available enzyme
slide technology (Vitros 250 Chemistry System, Ortho-Clinical Diagnostics, Raritan,
NJ).

Immunoassay for Atrazine (A00071) RaPID Assay® enzyme-linked immunosorbent
assay (ELISA) kit (Strategic Diagnostics, Newtown, PA) was used to determine the
metabolite atrazine mercapturate according to the manufacturer’s instructions with the
following exception: calibration standards (0.0, 0.1, 0.5, 1.0, 2.0, and 5.0 ppb) were
prepared by fortifying pooled urine from anonymous volunteers diluted 1:10 with
UriSub (CST Technologies Inc., Great Neck, NY) with synthesized atrazine
mercapturate. All participant urine samples were diluted 1:10 with UriSub.

A previously published immunoassay for TCP (A00208) RaPID Assay® ELISA
(Strategic Diagnostics, Newtown, PA) was used to determine the urinary metabolite of
chlorpyrifos (MacKenzie et al. 2000) according to the manufacturer’s instructions with
the following exception: calibration standards (0.0, 0.0156, 0.3125, 0.625, 1.25, 2.5, 5.0,
and 10.0 ppb) were prepared by fortifying UriSub with 3,5,6 trichloro-2-pyridinol. All
participant urine samples were diluted 1:10 with UriSub. In addition, each sample was
treated with 20 µL of β-glucuronidase (Roche Diagnostics, Part# 1-585-665,
Mannheim, Germany) for 30 minutes at room temperature prior to analysis in order to
cleave 3,5,6 trichloro-2-pyridinol from its glucuronide conjugate form.
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Glyphosate and metolachlor mercapturate were measured simultaneously in urine using
a newly developed fluorescence covalent microbead immunoassay (FCMIA) (Biagini et
al. 2004). Pesticide-protein conjugates for each of the pesticides were coupled to
separate addressable sets of microbeads. The conjugate coupled microbeads were then
used in a competitive assay for the pesticides. The pesticide in solution competed with
the bead-bound conjugate for fluorescently labeled anti-pesticide antibodies. Thus
increasing concentrations of a given pesticide in urine resulted in decreasing
fluorescence signals from the microbead for that pesticide. The coupling of different
pesticide conjugates to separate addressable sets of microbeads allows simultaneous
measurement of the two pesticides. Calibration standards (0.0, 0.1, 0.3, 1.0, 3.0, 10.0,
30.0, 100, and 300 ppb) were prepared. Pooled urine diluted 1:10 in a mixture of assay
buffer (Abraxis LLC, Hatboro, PA) and UriSub (1:3) were fortified with glyphosate and
metolachlor mercapturate. Two hundred and fifty microlitres of the fortified mixture
were treated with 20 µL of derivitizing agent (Abraxis LLC, Hatboro, PA) for 10
minutes at room temperature. Fifty microliters of the derivitized mixture were analyzed
by FMCIA. All participant urine samples were diluted 1:10 in a mixture of assay buffer
and UriSub (1:3). Two hundred and fifty microliters of the mixture were treated with
derivitizing agent for 10 minutes and 50 µL of the derivitized sample analyzed by
FMCIA. There was no measurable cross reactivity between the pesticides allowing
simultaneous measurement.

Data Analysis
Statistical analyses were performed using SAS 9 Software® (SAS Institute Inc., Cary,
NC). Methods needed to address two concerns: First, since participants from each
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household provided evening and morning urine samples at two visits and multiple
children were sampled from each household, concentrations could not be treated as
independent. A second concern was that concentrations were frequently below the
analytical LOD, particularly for atrazine, metolachlor and glyphosate (Table 1). The
laboratory did not censor values below the LOD, rather, they were reported as nondetect, a level below the LOD, or a level greater than or equal to the LOD. Methods are
commonly available for dealing with correlated data (e.g., mixed-effects regression
modeling) and highly censored data (e.g., maximum likelihood estimation); however,
methods are not readily available for simultaneously dealing with these problems.

Initially, maximum likelihood estimation, shown to work well even in the presence of
high censoring rates (Helsel 2005), was used to estimate geometric means separately for
farm and non-farm family members via the LIFEREG procedure in SAS. In this
analysis, urinary concentrations reported below the LOD were considered to be leftcensored at the LOD and the lognormal distribution was specified as the underlying
distribution. The procedure does not work well when there are fewer than 50 detected
values; consequently, estimates should be considered less reliable for atrazine, which
had the fewest number of samples detected above the LOD. Since standard errors were
known to be underestimated by the procedure by the LIFEREG procedure, which
assumes independence, the LIFEREG procedure was not used for significance testing.

Mixed-effects modeling via the MIXED procedure in SAS was used to test for
associations between the concentrations and covariates, estimate variance components,
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and estimate correlation coefficients between visit 1 and visit 2 for each family member
and among the family members within each visit.

Table 1: Number and percent of urine levels reported as non-detect (ND), positive but
below the limit of detection (LOD), or greater than or equal to the LOD
Pesticide
Subject
Atrazine
Father
Mother
Child

Household
type
Non-farm
Farm
Non-farm
Farm
Non-farm
Farm

Chlorpyrifos
Father
Non-farm
Farm
Mother
Non-farm
Farm
Child
Non-farm
Farm
Metolachlor
Father
Non-farm
Farm
Mother
Non-farm
Farm
Child
Non-farm
Farm
Glyphosate
Father
Non-farm
Farm
Mother
Non-farm
Farm
Child
Non-farm
Farm

Number of
Homes Subjects Samples

ND

Urine level
< LOD a
≥ LOD

23
24
24
24
25
25

23
24
24
24
51
65

89
92
93
94
182
235

23
24
24
24
25
25

23
24
24
24
51
65

89
92
93
94
182
235

0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

23
24
24
24
25
25

23
24
24
24
51
65

89
92
93
94
182
235

23 (26%)
8 (9%)
22 (24%)
13 (14%)
22 (12%)
24 (10%)

22 (25%) 44 (49%)
28 (30%) 56 (61%)
28 (30%) 43 (46%)
40 (43%) 41 (44%)
53 (29%) 107 (59%)
64 (27%) 147 (63%)

23
24
24
24
25
25

23
24
24
24
51
65

89
92
93
94
182
235

5 (6%)
2 (2%)
5 (5%)
7 (7%)
2 (1%)
7 (3%)

25 (28%) 59 (66%)
21 (23%) 69 (75%)
28 (30%) 60 (65%)
24 (26%) 63 (67%)
20 (11%) 160 (88%)
37 (16%) 191 (81%)

34 (38%) 39 (44%)
4 (4%)
47 (51%)
36 (39%) 43 (46%)
7 (7%)
59 (63%)
59 (32%) 101 (55%)
18 (8%) 157 (67%)

16 (18%)
41 (45%)
14 (15%)
28 (30%)
22 (12%)
60 (26%)

5 (6%)
84 (94%)
0 (0%)
92 (100%)
5 (5%)
88 (95%)
0 (0%)
94 (100%)
0 (0%) 182 (100%)
1 (<1%) 234 (100%)

P-value b
0.0153
0.0601
0.0355
--- c
-----

0.34
0.82
0.65

0.34
0.79
0.29

a

The laboratory did not censor values detected below the LOD. These values may be
within the error around a zero value and are not reliably quantifiable.
b
P-value for comparing the proportion of samples detected above the LOD for farm
subjects versus non-farm subjects obtained using the GENMOD procedure in SAS with
a REPEATED effect of household ID to account for the correlated nature of the data.
c
Tests were not conducted due to the high proportion of samples detecting
chlorpyrifos.
In the mixed-effects models, concentrations reported as positive but below the LOD
were used as-is and concentrations reported as non-detect were replaced with one-half
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of the minimum reported positive level . Urinary concentrations were skewed to the
right; therefore, concentrations were natural log transformed prior to analysis. A
majority of the participants provided both an evening and a morning void; however,
there were instances where only a single void (evening or morning) was provided at a
particular visit (7 out of 94 father-visits, 3 out of 95 mother-visits and 19 out of 218
child-visits). To simplify the covariance structures, evening and morning voids, which
were not significantly different, were averaged to give a single result for each visit.

All mixed-effects models assumed that the households were independent. Data models
utilized a compound symmetric covariance structure. For children, data models utilized
a compound symmetric covariance structure for children from the same household
within a particular visit. That is, parameters were estimated for the variance of the
levels and the covariance between levels obtained at the same visit but from different
children. Parameters were also estimated for the covariance between levels obtained
from the same child at different visits and from different children at different visits.
Covariance parameters for farm and non-farm subjects were allowed to vary. The
model with the lowest Akaike’s Information Criterion (AIC) was deemed to best fit the
data. Estimates of the variance and covariance parameters were used to estimate interand intra-individual variability (Kromhout and Heederik 2005). In turn, these estimates
were used to estimate the attenuation ratio expected when assessing associations with
exposure based on two repeated observations (Liu et al. 1998).

The pesticide concentration in urine (µg/L), log transformed but unadjusted for
creatinine, was the dependent variable for all models; creatinine adjustment was
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accomplished by including the creatinine level (mg/dL) as an independent variable in
the model (Barr et al. 2005). In the mixed-effects models, since the dependent variable
was the mean of the evening and morning pesticide concentrations, adjustment for
creatinine was accomplished by including the mean of the evening and morning
creatinine levels as an independent variable in the model. When modeling pesticide
levels in urine from children, the age and sex of the child were considered potential
confounders. Covariates of interest included household type (farm, non-farm), pesticide
application prior to the visit and the concentration of pesticide in dust. Dust sample
results have been previously reported (Curwin et al. 2005a). In order to have sufficient
amounts of collected dust for analysis, dust samples from some households were tested
for atrazine, chlorpyrifos and metolachlor (20 farm and 19 non-farm) while dust
samples from the remaining households were tested for glyphosate (5 farm and 6 nonfarm). Consequently, in analyses involving pesticide levels in dust, the sample size was
reduced accordingly. A summary measure of the amount of pesticide in household dust
was obtained by averaging the natural log transformed dust concentrations over all of
the rooms tested. Farm size, amount of pesticide applied, number of acres applied and
the number of days since the pesticide was last applied were considered in models of
pesticide levels in urine from farm subjects. When modeling pesticide levels in urine
from farm children, additional covariates included indicator variables for playing in
crop fields, participation in farm chores, contact with treated fields and handling or
applying pesticides. Results are presented as adjusted geometric means for comparative
purposes. The significance level was set at 5%.
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Results
The number of children per household and their age distributions were similar for farm
and non-farm households. Among farm children, 12% (8 out of 66) reported playing in
crop fields, 47% (31 out of 66) reported completing farm chores, 8% (5 out of 66)
reported working in treated fields and 8% (5 out of 66) reported handling or applying
pesticides. None of the 52 non-farm children in the study reported working in treated
fields or handling or applying pesticides, but one non-farm child and two non-farm
children reported playing in crop fields and completing farm chores, respectively.

Urine samples
A majority of the urine voids detected the metabolites of chlorpyrifos, metolachlor and
glyphosate above the LOD (Table 1). For atrazine, only approximately 23% of the
voids were detected above the LOD; however, when values below the LOD reported by
the laboratory were considered, nearly 80% of the voids had an analytical level.
Creatinine concentrations ranged from18.7-418 mg/dL (median 95 mg/dL) and a
majority of the concentrations were in the 30 – 300 mg/dL range (733 of 785, or 93%).
Urinary pesticide results based on a high performance liquid chromatography (HPLC)
method of analysis have already been reported for fathers (Curwin et al. 2005b). Here
we present analyses for fathers, mothers and children based on an immunoassay method
of analysis.

Estimated urinary metabolite geometric means (GM) based on the maximum likelihood
estimation method and adjusted for urinary creatinine are presented in Table 2 for
fathers, mothers and children stratified by household type. Estimated GM levels based
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on the mixed-effects model and adjusted for urinary creatinine are also provided in
Table 2. Estimates for chlorpyrifos are similar for the two methods which was expected
since nearly all samples detected chlorpyrifos above the LOD. For the remaining
pesticides, both estimates require cautious interpretation due to high levels of censoring,
particularly for atrazine. Based on the mixed-effects models, adjusted GM levels of the
metabolite of atrazine were significantly higher in fathers, mothers and children from
farm households compared to non-farm households (p < 0.0001). Metabolites of
chlorpyrifos were higher in farm fathers (p = 0.018) and marginally higher in farm
mothers (p = 0.052) when compared to non-farm fathers and mothers, but metolachlor
and glyphosate levels were similar between the two groups. GM levels of the
metabolites of chlorpyrifos and metolachlor were not significantly different between
farm and non-farm children. The GM glyphosate level for non-farm children was
marginally significantly higher than the GM level for farm children.

Application status
At the farm households, each pesticide was either not applied prior to the visit, or if it
had been applied, it may have been applied by either a custom applicator or the farm
father. Estimated geometric means (GM) based on the mixed-effects model and
adjusted for urinary creatinine are presented in Table 3 for urinary levels of the
metabolites of atrazine, chlorpyrifos, metolachlor and glyphosate for farm fathers,
mothers and children stratified by application status. In most cases no application had
taken place; however, when the pesticide had been applied, it was more often than not
applied by the father.
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Table 2: Urinary pesticide metabolite concentration, by household type
Pesticide
Subject
Atrazine
Father
Mother
Child

Household
type

Range a
(µg/L)

ML estimate b
GM (µg/L)

Non-farm
Farm
Non-farm
Farm
Non-farm
Farm

0.00062 – 3.8
0.046 – 68
0.0013 – 2.8
0.024 – 4.9
0.0028 – 2.2
0.037 – 3.6

0.46
0.84
0.42
0.75
0.46
0.71

0.067
1.1
0.031
0.65
0.054
0.60

3.8 – 47
6.5 – 58
1.8 – 35
5.6 – 52
5.4 – 54
6.1 – 87

12
17
11
14
16
16

13
17
11
14
15
17

11 – 15
15 – 20
9.6 – 14
12 – 17
13 – 18
15 – 19

0.012 – 1.4
0.0075 – 170
0.0075 – 2.6
0.010 – 9.7
0.010 – 4.2
0.0075 – 64

0.32
0.46
0.28
0.24
0.40
0.45

0.17
0.41
0.17
0.21
0.24
0.39

0.095 – 0.30
0.17 – 0.98
0.090 – 0.34
0.11 – 0.41
0.14 – 0.40
0.24 – 0.65

0.087

0.13 – 5.4
0.020 – 18
0.062 – 5.0
0.10 – 11
0.10 – 9.4
0.022 – 18

1.4
1.9
1.2
1.5
2.7
2.0

1.5
1.6
1.2
1.1
2.5
1.9

1.2 – 2.0
1.1 – 2.4
0.91 – 1.6
0.71 – 1.8
2.1 – 3.1
1.3 – 2.5

0.74

Chlorpyrifos
Father
Non-farm
Farm
Mother
Non-farm
Farm
Child
Non-farm
Farm
Metolachlor
Father
Non-farm
Farm
Mother
Non-farm
Farm
Child
Non-farm
Farm
Glyphosate
Father
Non-farm
Farm
Mother
Non-farm
Farm
Child
Non-farm
Farm

Mixed-effect model estimate c
95% CI
p-value d
GM (µg/L)
0.021 – 0.21 <0.0001
0.60 – 2.0
0.010 – 0.096 <0.0001
0.41 – 1.0
0.020 – 0.15 <0.0001
0.38 – 0.93
0.018
0.052
0.27

0.68
0.17

0.73
0.082

a

Range excludes values reported as non-detect.
Geometric mean (GM) estimated using maximum likelihood methods via the
LIFEREG procedure in SAS. Values below the limit of detection were left censored at
the limit of detection and the lognormal distribution was specified as a model option.
Estimates for fathers and mothers were adjusted for urinary creatinine. Estimates for
children were adjusted for age, sex and urinary creatinine.
c
Geometric mean (GM) estimated using mixed-effects modeling via the MIXED
procedure in SAS. Values below the laboratory limit of detection were used if reported
and non-detects were replaced with one-half the minimum reported level. Values were
natural log transformed prior to modeling. Estimates for fathers and mothers were
adjusted for urinary creatinine. Estimates for children were adjusted for age, sex and
urinary creatinine.
d
P-value was for farm geometric mean versus non-farm geometric mean based on the
mixed-effects model.
b
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Farm fathers who self-applied atrazine or metolachlor had significantly higher levels of
urinary atrazine or metolachlor than fathers from farms where atrazine and metolachlor
had not been applied prior to the visit (GM 2.5 versus 0.75 µg/L, p = 0.023 and GM 4.5
versus 0.31 µg/L, p = 0.0041, respectively). Chlorpyrifos and glyphosate urinary
metabolite levels did not differ by application status among the farm fathers.

Table 3: Urinary pesticide metabolite concentrations for farm family members, by
application status
Pesticide

Application group a

Atrazine

No application
Custom application
Father application

Farm Fathers
nb GMc

95% CI

Farm Mothers
n GM

95% CI

Farm Children
n

GM

95% CI

24 0.75 0.38 – 1.5
9 0.99 0.35 – 2.8
15 2.5 d 1.0 – 6.0

25 0.68 0.42 – 1.1
8 0.60 0.32 – 1.1
15 0.73 0.41 – 1.3

56 0.34 0.19 – 0.60
25 0.64 0.26 – 1.6
41 0.96 d 0.47 – 2.0

Chlorpyrifos No application
Custom application
Father application

46 17
0 --2 21

46 15
0 --2 16

116 16
0
--6 26 d

Metolachlor No application
Custom application
Father application

40 0.31 0.14 – 0.66 41 0.18 0.096 – 0.34 102 0.33 0.20 – 0.54
3 0.43 0.062 – 3.0 2 0.30 0.029 – 3.1
7 0.80 0.22 – 2.9
5 4.5 e 0.79 – 26 5 0.76 0.15 – 3.7
13 0.79 0.26 – 2.4

Glyphosate

27 1.5
10 1.9
11 2.0

No application
Custom application
Father application

15 – 20
--13 – 35

0.97 – 2.3
1.1 – 3.3
1.1 – 3.5

13 – 17
--8.8 – 30

27 1.3 0.76 – 2.3
10 0.82 0.37 – 1.8
11 1.1 0.47 – 2.6

70
23
29

1.9
1.3
2.1

14 – 19
--17 – 39

1.3 – 2.7
0.79 – 2.1
1.3 – 3.5

a

Application group indicates whether the pesticide was not applied, custom applied or
applied by the farm father prior to the visit.
b
n is the number of subject-visits.
c
Geometric mean (GM, µg/L) and confidence interval (CI) estimated using mixedeffects modeling via the MIXED procedure in SAS. Values below the laboratory limit
of detection were used if reported and non-detects were replaced with one-half the
minimum reported level. Values were natural log transformed prior to modeling.
Estimates for fathers and mothers were adjusted for urinary creatinine. Estimates for
children were adjusted for age, sex and urinary creatinine.
d
Significantly greater than the “No application” geometric mean (p < 0.05).
e
Significantly greater than the “No application” geometric mean (p < 0.01).

Urinary metabolite levels did not differ by application status among the farm mothers.
Metabolites of atrazine were highest among farm children whose father applied atrazine
prior to the visit (GM 0.96 µg/L), followed by children from farms where a custom
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applicator applied atrazine prior to the visit (GM 0.64 µg/L), and then by children from
farms where atrazine was not applied prior to the visit (GM 0.34 µg/L). The only
significant difference, however, was between children from farms where atrazine was
not applied and children from farms where atrazine was applied by the father (p =
0.026). Metabolites of chlorpyrifos were higher among farm children whose father
applied chlorpyrifos prior to the visit compared to children from farms where
chlorpyrifos was not applied prior to the visit (GM 26 versus 16 µg/L, p = 0.025).
Metolachlor and glyphosate urinary metabolite levels did not differ by application status
among the farm children.

Household dust
Pesticide levels in dust samples obtained from the households have been previously
described (Curwin et al. 2005a). Here, we examined potential associations between
urinary levels and levels in household dust for each pesticide. Table 4 shows the
associations of pesticide urinary levels with pesticide dust concentrations and the
percent of the urinary pesticide variability that was explained by the dust
concentrations. For farm fathers the pesticide level in urine was positively associated
with household dust pesticide level for all pesticides except glyphosate, but only
significantly for atrazine (p= 0.01) and chlorpyrifos (p= 0.005). Urinary pesticide levels
for non-farm fathers were positively associated with household dust pesticide levels for
all pesticides but only significantly for chlorpyrifos (p= 0.05), metolachlor (p= 0.03)
and glyphosate (p= 0.01).
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For farm mothers all of the pesticide urinary levels except atrazine were positively
associated with household dust concentrations; however, none of the associations were
statistically significant. The associations among non-farm mothers were positive for all
pesticides, but only significantly for metolachlor (p= 0.009).

For farm children the pesticide levels in urine were positively associated with household
dust pesticide level for all pesticides, but only significantly for chlorpyrifos (p= 0.004).
For non-farm children the associations were positive for all pesticides, with atrazine (p=
0.03), and metolachlor (p= 0.008) being statistically significant.

It should be noted that the numbers of observations used in the models were relatively
low for glyphosate. This was because glyphosate was only analyzed in the dust samples
collected from five farm and six non-farm households. As a result the quality of these
models was considered poor and results should be interpreted with caution.

Additional covariates
Among farm fathers and mothers, urinary pesticide levels were not associated with farm
size, number of acres applied, amount of pesticide applied, or the number of days since
the pesticide was last applied, with the exception of a marginally significant positive
association observed between the level of atrazine in urine obtained from fathers and
farm size (p = 0.084). It was difficult to assess these associations for chlorpyrifos,
which was only applied to crops prior to two visits.
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Table 4: Estimates of total variance for models with and without dust concentration, the
percent of variance explained by dust, and slope estimates, by family member and
household type a
Pesticide
Subject
Atrazine
Father

Mother
Child
Chlorpyrifos
Father
Mother
Child
Metolachlor
Father
Mother
Child

Household
type

n

2
σˆ without
dust

2
σˆ with
dust

%

β̂

P-value

Non-farm
Farm
Non-farm
Farm
Non-farm
Farm

34
40
35
38
79
102

10.17
1.36
15.93
1.31
10.28
3.18

10.04
1.11
16.45
1.34
9.26
3.22

1.3
18.4
0
0
9.9
0

0.31
0.22
0.01
-0.02
0.64
0.09

0.43
0.01
0.98
0.75
0.03
0.43

Non-farm
Farm
Non-farm
Farm
Non-farm
Farm

34
40
35
38
79
102

0.21
0.18
0.28
0.23
0.18
0.20

0.18
0.15
0.27
0.21
0.16
0.16

14.3
18.6
1.5
8.5
11.5
19.2

0.09
0.10
0.05
0.07
0.06
0.09

0.05
0.005
0.31
0.1
0.08
0.004

Non-farm
Farm
Non-farm
Farm
Non-farm
Farm

34
40
35
38
79
102

2.53
4.96
3.37
2.97
2.06
2.57

2.33
4.33
2.76
2.8
1.76
2.48

8
12.7
18.1
5.8
14.6
3.3

0.30
0.27
0.41
0.19
0.29
0.17

0.03
0.18
0.009
0.26
0.008
0.13

Glyphosate
Father

Non-farm
12
0.9
0.41
54
0.21
0.01
Farm
8
2.42
3.02
0
-0.28
0.79
Mother
Non-farm
12
0.73
0.77
0
0.02
0.88
Farm
10
1.09
1.2
0
0.24
0.61
Child
Non-farm
17
1.06
1.11
0
0.04
0.76
Farm
20
0.57
0.67
0
0.14
0.68
a
The associations between urinary pesticide levels and pesticide levels in household dust were obtained
using the MIXED procedure in SAS to model the natural log transformed urinary pesticide level. The
fixed effects in the model included urinary creatinine for fathers and mothers, and age, sex and urinary
creatinine for children. Random effects included home and, for models of children’s concentration, child
within home. Models specified a compound symmetric covariance structure.
n is the number of observations used in the model;
2
σˆ without
dust is the estimated total variance without dust as a fixed effect in the model;
2
σˆ with
dust is the estimated total variance with dust as a fixed effect in the model;

% is the percent of the urinary pesticide variance accounted for by dust in the model;

β̂

is the estimated coefficient (i.e., slope) of the relationship between the natural log transformed
urinary concentration and the dust concentration, after adjusting for other fixed effects in the model;
and
P-value is for the association between the urinary concentrations and the dust concentrations.
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Table 5: Estimated correlations for urinary pesticide concentration among family
members at the same visit a
Pesticide
Non-farm households
Farm households
Atrazine
Child
Father
Mother
Chlorpyrifos
Child
Father
Mother

Metolachlor
Child
Father
Mother

Glyphosate

Child
1

Father Mother
0.54
0.55
1
0.70
1

Child
1

Father Mother
0.25
0.25
1
0.62
1

Child
1

Father Mother
0.56
0.68
1
0.55
1

Child Father Mother
Child
1
0.34
0.27
Father
1
0.37
Mother
1

Child
Father
Mother

Child
Father
Mother

Child
Father
Mother

Child
Father
Mother

Child
1

Father Mother
0.36
0.28
1
0.43
1

Child
1

Father Mother
0.62
0.54
1
0.61
1

Child
1

Father Mother
0.63
0.54
1
0.66
1

Child
1

Father Mother
0.62
0.55
1
0.59
1

a

Correlation coefficients estimated using the MIXED procedure in SAS to model the natural log
transformed urinary pesticide level. Fixed effects included group (farm, non-farm) and urinary creatinine.
The model specified an unstructured covariance structure within the visit and a constant covariance
between visits and fit separate parameters for farm and non-farm households. To simplify the
calculations, child values for all the children in a household were averaged within the visit prior to
computing the correlation estimates.

Among farm children, after adjusting for age, sex and urinary creatinine, urinary
pesticide levels were not associated with farm size, number of acres applied, amount of
pesticide applied, number of days since the pesticide was last applied, playing in crop
fields, doing farm chores, working in treated fields, or handling or applying pesticides.
Children’s urinary concentrations were negatively associated with age for all pesticides
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after adjusting for creatinine excretion; however, none of the associations were
significant.

Correlations

Estimated correlation coefficients among the family members at the same visit are
presented in Table 5. In general, for most of the pesticides, the urinary metabolite levels
were fairly correlated among the family members. In the non-farm homes, higher
correlations for urinary pesticide metabolite levels were generally observed between
fathers and mothers than between children and fathers or between children and mothers;
however, for metolachlor the highest correlation was between children and mothers. In
the farm homes, the fathers’ urinary metabolite levels were fairly correlated with both
the children’s and mothers’ urinary levels.

Variance components

Estimated variance components, correlation coefficients, inter- and intra-individual
variability and attenuation ratios for associations with urinary pesticide levels within
farm family members are presented in Table 6. The within subject (intra-individual)
variability was more often higher than the between subject (inter-individual) variability.
However, for all the pesticides except atrazine, the father’s urinary concentrations were
more correlated, had less intra-individual variability compared to inter-individual
variability and therefore had less exposure-response attenuation than the other family
members. Conversely, the children’s urinary pesticide levels were generally less
correlated, had relatively higher intra-individual variability, and greater attenuation.
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Table 6: Estimated variance components for farm family members
Estimated variance components a

Pesticide
Subject

2
σˆ bh

σˆ bs2

2
σˆ ws

ρˆ c1,c 2 ρˆ v1,v 2

b

R̂ 95

w R̂ 95

λ̂

AR 2

Atrazine
Father
--- 0.88 1.54 --0.36
39.5
130.5
3.30
0.38
Mother
--- 1.03 0.25 --0.80
52.9
7.2
0.14
0.94
Child
0.25
0
2.79 0.08 0.08
1.0
698.0
698.0 0.003
Chlorpyrifos
Father
--- 0.10 0.07 --0.59
3.5
2.9
0.82
0.71
Mother
--- 0.07 0.13 --0.35
2.8
4.1
1.44
0.58
Child
0.09 0.01 0.09 0.47 0.54
1.6
3.2
2.00
0.50
Metolachlor
Father
--- 2.18 1.58 --0.58 325.7 136.9
0.42
0.83
Mother
--- 1.19 1.69 --0.41
72.1
162.8
2.26
0.47
Child
0.75 0.35 1.53 0.29 0.42
10.0
129.0
12.85
0.13
Glyphosate
Father
--- 0.67 0.27 --0.71
24.7
7.6
0.31
0.87
Mother
--- 0.77 0.92 --0.46
31.5
43.1
1.37
0.59
Child
0.34
0
0.90 0.27 0.27
1.0
41.0
41.0
0.047
a
Variance components estimated using the MIXED procedure in SAS to model the natural log
transformed urinary pesticide levels among farm family members. Fixed effects included application
status and urinary creatinine, and for models of children’s concentrations, age and sex. Random effects
included home and, for models of children’s concentration, child within home. Models specified a
compound symmetric covariance structure.
2
σˆ bh
is the estimated between-household variance (defined only for children);

σˆ bs2 is the estimated between-subject variance;
2
σˆ ws
is the estimated within-subject variance;
ρ̂ c1,c 2 is the estimated correlation for different children at the same visit (defined only for children),
2
2
2
2
σˆ bh
/ ( σˆ bh
+ σˆ bs
+ σˆ ws
);
2
ρˆ v1,v 2 is the estimated correlation for the same subject at different visits, σˆ bs2 / ( σˆ bs2 + σˆ ws
) for
2
2
2
2
+ σˆ b2s ) / ( σˆ bh
+ σˆ bs
+ σˆ ws
) for children;
fathers and mothers, ( σˆ bh
b

R̂ 95 is estimated inter-individual variability, exp[3.92 × σˆ bs ];

w R̂ 95

is estimated intra-individual variability, exp[3.92 × σˆ ws ];

λ̂ is the ratio of the intra-individual to the inter-individual variability, w R̂ 95 / b R̂ 95 ; and
AR 2 is the attenuation ratio for an association based on n = 2 repeated measurements of exposure
per individual, βˆ / β = 1 / (1 + λ̂ /n).

Discussion

Farm family members generally had higher urinary pesticide levels for atrazine,
metolachlor and chlorpyrifos than non-farm family members, but not higher levels of
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glyphosate. Among the children, only atrazine was significantly higher and glyphosate
levels were actually higher among the non-farm children. Glyphosate is used

agriculturally and residentially, which may explain why non-farm families had similar
exposures to farm families. Chlorpyrifos historically was used in residential
applications but all residential uses were virtually eliminated in 2000 (USEPA 2002b).
However, other results have shown that chlorpyrifos still appeared to be ubiquitous in
household environments (CDC 2002; Curwin et al. 2005a; Fenske et al. 2002;).
Practically every urine sample collected in this study had chlorpyrifos metabolite levels
above the LOD. The biggest differences in urinary pesticide metabolite levels were
seen among the fathers. This would be expected as the farm fathers were the principal
farmer of each farm home and would therefore have had opportunity for greater
pesticide exposure compared to non-farm fathers.

The atrazine data suffered from high rates of censoring at the limit of detection. The
laboratory provided estimates of the concentrations below the LOD for a majority of the
censored values; however the high proportion of values below the LOD (either nondetect or positive) hindered the estimation of the geometric mean. A categorical
analysis found that the proportion of atrazine levels above the LOD was higher for farm
subjects compared to non-farm subjects for fathers and children (p = 0.02 and p = 0.04,
respectively) and marginally higher for mothers (p = 0.06). Estimated geometric means
for atrazine were higher for farm family members than non-family members in both the
maximum likelihood and mixed-effects models; however, the differences were not as
great in the latter analysis. The data suggests that there are differences between the
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farm and non-farm households, but that the actual GM estimates, especially for the nonfarm family members, are uncertain.

Estimated GMs for atrazine based on the mixed-effects model are also suspect due to
the use of one-half the minimum reported value (0.0003 µg/L) for non-detectable
values. However, regardless of the choice used to replace the non-detects, the non-farm
GM would be affected more since non-farm family members had more non-detected
urine samples than farm family members (approximately 35% and 7% of the voids did
not detect atrazine for non-farm and farm family members, respectively). Substituting
0.116 µg/L (one-tenth the LOD for atrazine) for the non-detected values in the mixedeffects model produces similar farm GMs, but different non-farm GMs; however, the
differences between farm and non-farm family members remain significant (p < 0.0001,
p = 0.0017 and p < 0.0001 for fathers, mothers and children, respectively).

The estimates for chlorpyrifos appear to be higher than in reported literature. In the
National Health and Nutrition Examination Survey (NHANES), adult males, adult
females, and children (aged 6-11 years) had reported GM levels of 2.0, 1.5, and 2.8
µg/L, respectively (CDC 2005). Fenske et al. (2002) reported mean levels of 4.9 and
4.6 µg/L among children, six years old or younger, of agricultural workers and
reference families respectively. These values are 3 to 7 times lower than the estimates
presented in Table 2. The differences could be due to geography. NHANES is a
national study, Fenske et al. was conducted in central Washington State while this study
was conducted in eastern central Iowa State. However, the immunoassay analytical
method used to measure TCP in this study may also be responsible. Duplicate urine
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samples from the fathers in this study were also analyzed with HPLC. The TCP level in
fathers’ urine when analyzed with HPLC was 3.9 and 3.3 µg/L for farmers and non
farmers respectively (Curwin et al. 2005b), which was three to four times lower than the
fathers’ TCP level from the immunoassay method of analysis. However, the HPLC
LOD was 6 times lower (0.5 ug/L) than that of the immunoassay method used here
which may explain the discrepancy. In describing and validating the HPLC method the
authors noted that the HPLC method LOD was substantially lower than other methods
(Olsson et al., 2004). The method paper describing the TCP immunoassay technique
(MacKenzie et al, 2000) reported an R2 correlation of 0.958 for the TCP Immunoassay
with GCMS, suggesting the immunoassay is a reliable method for TCP analysis in
urine.

The results suggest that a take-home pathway for pesticide exposure is possible, but are
far from conclusive. Correlation coefficients for urinary metabolite levels between
father and child were higher for the farm families for all the pesticides except atrazine,
and were higher between father and mother for farm families for metolachlor and
glyphosate. Curl et al. (2002) in Washington State also found an association between
adult and child urinary pesticide metabolite levels in families with agricultural workers.

In further support of the take-home pathway, the application of a pesticide by the father
appears to influence exposure among the farm family members. Urinary atrazine and
chlorpyrifos levels for farm children were significantly higher when these pesticides
were applied by the father prior to the visit. Farm fathers had significantly higher
atrazine and metolachlor metabolites in urine when they applied these pesticides prior to
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a visit. However, application of a pesticide prior to the visit did not influence the
urinary metabolite levels of the farm mothers. Intuitively, one would expect the
application of a pesticide prior to urine sample collection to influence the urinary
metabolite levels of that pesticide. In previous work we demonstrated that the
application of pesticides to crops by the farmer prior to collecting house dust samples
resulted in higher levels of that pesticide in the dust (Curwin et al. 2005a). However,
while generally there was a positive or slightly positive association between the
mothers’ urinary pesticide levels and pesticide dust concentrations, the association was
only significant for metolachlor among non-farm mothers.

Similar to the mothers, the fathers’ and children’s urinary metabolite levels were also
generally positively associated with dust concentrations; however the associations were
not always significant. When the associations were significant they tended to be within
the non-farm families. Other sources of exposure are most likely present. In the case of
the farms, family members may have other opportunities for exposure to pesticides than
house dust (e.g. yard dirt), whereas within non-farm households dust may be
contributing more proportionately to pesticide exposure. In contrast to our results, Curl
et al. (2002) observed a significant positive association with azinphos-methyl
concentration in house dust and urinary azinphos-methyl metabolite concentrations in
children.

Several other covariates (e.g. farm size, amount of pesticide applied, playing in treated
fields, and farm chores) were examined for their relationship with urinary pesticide
levels but no associations were observed. This may be due in part to the large
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variability inherent in pesticide exposures and the small sample sizes; in some cases the
covariate lacked sufficient variability to perform the analysis. The lack of an
association with time since application may suggest that once pesticides have entered
the home, exposure may be more continuous and not dependant on a specific
application event outside the home. Pesticides may persist longer in the indoor
environment since they are not exposed to typical degradation products such as sun
light, rain, and soil bacteria. As a result, the timing of the collection of urine sample
may not be critical, provided it is collected after pesticides have entered the home.

Measurement error in exposure estimation is a probable explanation for the inconsistent
or lack of associations of urinary pesticide levels and environmental or behavioral
factors. Kromhout and Heederik (2005) state that due to the complex pattern of
agricultural exposures, measurement error in agricultural exposures can be substantial
and conclude that associations with exposure can go unnoticed as a result of enormous
variability in exposure concentrations coupled with logistical difficulties in obtaining
large numbers of measurements. In our study, the ratio between the intra- and interindividual variability for the urine samples was often relatively large resulting in
substantial attenuation in exposure associations. For example, given the variability we
observed, any real association with child urinary atrazine levels would be attenuated by
99.7% rendering it virtually impossible to detect.
Another possible explanation for the lack of associations found is that other sources of
exposure may be involved. For example, dietary exposure, which may be an important
pathway of exposure, was not evaluated and may account for some of the variability
seen. Not only is food a source of parent pesticide exposure, but food has been
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demonstrated as a source of exposure for 3,5,6-trichloro-2-pyridinol, the metabolite of
chlorpyrifos (Morgan et al. 2005).

There are several limitations to the analyses. Other sources of exposure to the
pesticides, such as diet and soil, were not evaluated. Chlorpyrifos was only applied on
two occasions prior to a visit, so it is difficult to draw conclusions about the application
effect for chlorpyrifos. In the glyphosate dust analysis, dust was collected from only
five farm and six non-farm homes. Lack of variability among some of the other
covariates precluded any meaningful analysis for these covariates. Statistical analyses
needed to address two issues: the correlated nature of the data and the high proportion
of data below the limit of detection. Unfortunately, methods are not readily available
for dealing with both of these issues at the same time. We considered the use of
maximum likelihood methods for estimating the geometric mean of left censored data,
but this analysis did not take into account dependencies among the repeated measures.
We considered mixed-effects models, which are useful for modeling both the mean and
covariance of the data, but this analysis used values reported below the LOD and
substituted the minimum value divided by two for the non-detects. We presented
estimates from both analyses, however, because we believe that the results are more
informative than if we had merely analyzed whether or not the samples detected the
pesticide. Finally, all models assumed a lognormal distribution for the data, a
distribution that might not be appropriate, especially for the non-farm family members.

Conclusion

In general, farm families had greater pesticide exposure than non-farm families and it
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appeared the exposure may be occurring as a result of the take-home pathway, however
the results are inconclusive. Often, the father’s urinary pesticide metabolite levels were
more correlated with their family members in farm families than in non-farm families.
Further, when a farm father applied a pesticide, his children’s urinary levels for that
pesticide were often higher than those from farm children whose fathers did not apply
the pesticide. However, the results were at times inconsistent and therefore not
conclusive. The pesticide exposure did vary widely and this fact coupled with the small
sample sizes requires caution in interpreting the results.
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Abstract

Farm children have the potential to be exposed to pesticides. Biological monitoring is
often employed to assess this exposure; however, the significance of the exposure is
uncertain unless doses are estimated. In the spring and summer of 2001, 117 children
(66 farm, 51 non-farm) of Iowa farm and non-farm households were recruited to
participate in a study investigating potential take-home pesticide exposure. Each child
provided an evening and morning urine sample at two visits spaced approximately one
month apart. Estimated doses were calculated for atrazine, metolachlor, chlorpyrifos
and glyphosate from urinary concentrations derived from the spot urine samples and
compared to EPA reference doses. For all pesticides except glyphosate, the doses from
farm children were higher than doses from the non-farm children. The difference was
statistically significant for atrazine (p-value = 0.0001) but only marginally significant
for chlorpyrifos and metolachlor (p-value = 0.07 and p-value = 0.1 respectively). The
highest estimated doses for atrazine, chlorpyrifos, metolachlor and glyphosate were
0.085, 1.96, 3.16, and 0.34 µg/kg/day respectively. None of the doses exceeded the
EPA chronic reference values for atrazine, metolachlor and glyphosate; however, all of
the doses for chlorpyrifos exceeded the EPA chronic population adjusted reference
value. Doses were similar for male and female children. A trend of decreasing dose
with increasing age was observed for chlorpyrifos.
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Introduction

Children of farmers have the potential to be exposed to agricultural pesticides via the
take-home pathway. That is, farmers may inadvertently bring pesticides into the home
on their clothing and shoes, which can be deposited into dust and onto surfaces.
Children, especially children less than 6 years old, spend more time indoors and on the
floors and may be exposed via hand and object to mouth contact. Black et al. (2005)
observed an hourly median hand to mouth contact frequency of 10 to 19 and an hourly
median object to mouth contact frequency of 6 to 18 for children aged 7 to 53 months.
Furthermore, farm children may have the opportunity to be exposed to agricultural
pesticides by playing or working in treated fields, contact with treated animals, contact
with contaminated farm vehicles, equipment or storage areas and even through direct
handling of pesticides. Parental occupation involving pesticide application has been
associated with childhood cancers (Daniels et al. 1997; Flower et al. 2004; Zahm and
Ward 1998) and household pesticide use has been associated with childhood leukemia
(Ma et al. 2002).

Several papers have been published investigating farm children’s exposure to pesticides
using biological monitoring (Acquavella et al. 2004; Coronado et al. 2004; Curl et al.
2002; Curwin et al. 2006; Fenske et al. 2002; Fenske et al. 2000; Koch et al. 2002;
Loewenherz et al. 1997; Lu et al. 2000; Thompson et al. 2003). However, only a few
have estimated pesticide dose to ascertain the potential health significance of these
exposures (Acquavella et al. 2004; Fenske et al. 2000). Biological monitoring has the
advantage of aggregating exposures from all sources and routes, a current requirement
for pesticide health risk assessment in the United States as mandated by the Food
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Quality Protection Act of 1996 (FQPA, 1996). Biological monitoring data are often
collected in the form of urinary concentrations. While this is useful, an estimate of dose
would be helpful in ascertaining the risk associated with the urinary concentrations.
Mage et al. (2004) described an approach to estimating pesticide dose from urinary
concentration for adults and suggested that a similar approach could be used for
children, provided that the appropriate equations are used for predicting a child’s daily
creatinine clearance rate.

The U.S. Environmental Protection Agency (USEPA) sets reference doses (RfD), which
reflect dietary risk, for pesticides during the registration process. The reference dose is
derived from animal toxicity studies and is generally based on the most sensitive toxic
endpoint (e.g. weight loss) in the most appropriate animal model. Different routes and
duration of exposure are used, such as oral or dermal, in the toxicity studies and a
weight of evidence approach may be taken when determining the RfD. The RfD
incorporates an uncertainty factor of 100 to account for inter- and intra-species
variability and, in response to the FQPA, recent re-registration eligibility decisions have
incorporated an additional FQPA safety factor where warranted. The FQPA has
mandated that the EPA take into consideration sensitive subpopulations when
establishing reference doses. Where toxicity data indicate a subpopulation (e.g.
children) may be more sensitive to a pesticide, an additional safety factor up to 10 may
be incorporated into the reference dose. The additional safety factor will depend on the
endpoint of concern, the route of exposure, and the degree of sensitivity. Such a
reference dose is called a population adjusted dose (PAD).
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In 2001, a study was initiated in Iowa to investigate take-home exposure among farm
families. The results of biological monitoring among these families have been reported
previously (Curwin et al. 2006; Curwin et al. 2005). In this paper, dose estimates for
the children in the study have been calculated from the urine concentrations in an effort
to determine the significance of the exposure levels observed. The purpose of this paper
was twofold: 1) to calculate the dose estimates in children of farmers and non-farmers in
Iowa for four pesticides: atrazine, metolachlor, chlorpyrifos and glyphosate; and 2)
compare the dose estimates to EPA reference values for each pesticide. The acute and
chronic reference doses and the studies and endpoints used to derive them for the four
pesticides studied here can be found in Tables 1 and 2 (USEPA 2003, 2002, 1995,
1993).

Methods

In the spring and summer of 2001, the children less than 16 years of age of farmers and
non-farmers residing in 10 counties in central, eastern Iowa were recruited to participate
in the study. Sixty-six farm children (29 female and 37 male) and 51 non-farm children
(19 female and 32 male) were enrolled in the study. Participant recruitment has been
described previously (Curwin et al. 2002). In short, recruitment was conducted by
convenience sampling. To be eligible for the study, the non-farm families had to live in
a home on land that was not used for farming, and where nobody in the household
worked in agriculture or commercial pesticide application. The non-farm families came
from both rural and small town environments. In some cases the non-farm families
lived near farms, but as long as their land was not used for farming, they were eligible.
The farm families had to be using at least one of seven target pesticides – atrazine,
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acetochlor, metolachlor, alachlor, chlorpyrifos, glyphosate and 2,4-D. The target
pesticides were selected because of their extensive use in Iowa agriculture and are
among those most commonly used in Iowa. All of the pesticides are corn or soybean
herbicides, with the exception of chlorpyrifos which is an insecticide used on corn.
Only the results for atrazine, metolachlor, chlorpyrifos and glyphosate are reported due
to limitations of the analytical methods for the urine samples. The National Institute for
Occupational Safety and Health (NIOSH) Human Subject Review Board approved this
study.

Sample collection and analysis has been described previously (Curwin et al. 2006).
Briefly the children were visited on two occasions and two spot urine samples were
collected by the participants: one in the evening and the first void the following
morning. For young children, a parent collected the urine samples. The samples were
stored in a cooler or refrigerator until collected by research staff. Twenty-five ml
aliquots were stored on dry ice and shipped frozen to the NIOSH laboratory. The total
volume of each urine void was recorded. The metabolites or parent compound of 4
pesticides – atrazine (atrazine mercapturate), chlorpyrifos (3,5,6-trichloro2-pyridinol),
metolachlor (metolachlor mercapturate) and glyphosate (parent glyphosate) – were
analyzed in the urine samples using immunoassay techniques and reported in
micrograms of pesticide per liter of urine (µg/L). The limits of detection for atrazine
mercapturate, trichloropyridinol (TCP), metolachlor mercapturate and glyphosate were
1.16, 3.32, 0.3, 0.9 µg/L respectively. Urinary creatinine was measured in the urine
samples using a commercially-available enzyme slide technology (Vitros 250
Chemistry System, Ortho-Clinical Diagnostics). Urine pesticide concentrations by
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volume were normalized by creatinine to give a concentration in micrograms of
pesticide per gram of creatinine (µg/g).

Table 1: EPA acute reference doses
Pesticide
Atrazine

Acute RfDa
(µg/kg/day)
10b

Study

Toxicity Endpoint

Developmental toxicity study Delayed ossification in fetuses;
in rat and rabbit
decreased body weight gain in adults
Chlorpyrifos
0.5b
Acute blood time course
Plasma cholinesterase inhibition
study in male rats
n/a
n/a
Metolachlor
n/ac
Glyphosate
n/a
n/a
n/a
a
The USEPA defines an acute RfD as an “estimate of a daily oral exposure for an acute duration (24
hours or less) to the human population (including susceptible subgroups) that is likely to be without an
appreciable risk of adverse health effects over a lifetime”.
b
Denotes a population adjusted reference dose (PAD) which incorporates an additional FQPA safety
factor of 10.
c
n/a, not available.

Table 2: EPA chronic reference doses
Pesticide
Atrazine

Chronic RfDa
(µg/kg/day)
1.8b

Study

Toxicity Endpoint

Six month LH surge study in
Attenuation of preovulatory luteinizing
rat
hormone (LH) surge
Chlorpyrifos
0.03b
Weight of evidence from 5
Plasma and red blood cell cholinesterase
studies: 2 yr dog, 90 day dog, inhibition
2 yr rat, 90 day rat,
developmental neurotoxicity
in rat
Metolachlor
100
1 year toxicity study in dogs
Decreased body weight gain
Glyphosate
2000
Developmental toxicity study Maternal death
in rabbit
a
The USEPA defines a chronic RfD as an “estimate of a daily oral exposure for a chronic duration (up to
a lifetime) to the human population (including susceptible subgroups) that is likely to be without an
appreciable risk of adverse health effects over a lifetime”.
b
Denotes a population adjusted reference dose (PAD) which incorporates an additional FQPA safety
factor of 10.

Dose estimates

The absorbed daily dose (ADD) in micrograms of pesticide per kilogram body weight
per day (µg/kg/day) was calculated using formula 1. The doses were calculated from
spot urine samples collected on two occasions and are assumed to represent daily dose:
ADD ( µg / kg / day ) =

(C)(Cn)(CF)(R mw )
BW

(1)
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where C is the concentration of metabolite or pesticide in urine per gram creatinine
(µg/g), Cn is the calculated mass of creatinine excreted per day (g/day), CF is a
correction factor, Rmw is the ratio of parent pesticide and pesticide metabolite molecular
weights and BW is the body weight (kg).

Since spot urine samples were collected from each subject, total daily (24-hour)
excretion of creatinine (Cn) was calculated using the following equation:

1g
⎛ CnER × 1440 min day ⎞
Cn( g / day ) = ⎜
⎟ × BSA ×
1.73
1000mg
⎝
⎠

(2)

where Cn ER is the creatinine urinary excretion rate in mg/min per 1.73 m2 body
surface area and BSA is body surface area (m2).

The creatinine urinary excretion rate was calculated as a function of age using the
following equation from Shull et al. (1978):

Cn ER = 0.035 × age (yrs) + 0.236

(3)

The Shull et al. formula, which averages male and female creatinine excretion rates, was
used for all children in the study, even those who had reached puberty. After puberty,
however, females with the same weight and height as males of the same age would be
expected to have diminished creatinine excretion due to diminished muscle mass. Thus,
the use of the Shull relation implicitly makes a simplifying assumption by using an
average value for boys and girls after puberty.
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BSA was calculated as a function of height and weight using the following equation
from Mosteller (1987):

⎛ ht ( cm ) × wt ( kg ) ⎞
BSA( m ) = ⎜
⎟
3600
⎝
⎠

0.5

2

(4)

BSA was estimated using the EPA Exposure Factors Handbook (1997) for four farm
children of unknown height.

Correction factors were used to account for incomplete excretion of the pesticides in
urine. Approximately 67% of atrazine is excreted via urine (Timchalk et al. 1990) with
atrazine mercapturate accounting for approximately 80% of the excreted metabolites
(Buchholtz et al. 1999) resulting in a correction factor of (1/0.67)/0.8 = 1.9.
Approximately 50% of metolachlor is excreted in urine (Davison et al. 1994); however,
estimates of the percentage of metolachlor mercapturate in urine were not available.
Metolachlor is structurally similar to alachlor and the percentage of alachlor
mercapturate in human urine has been shown to range from 25% to 62% (Driskell et al.
1996). Using a conservative estimate of 60% for the percentage of metolachlor
mercapturate in urine resulted in a correction factor of (1/0.5)/0.6 = 3.3. For
chlorpyrifos, approximately 70% is excreted as TCP in urine (Nolan et al. 1984)
resulting in a correction factor of 1/0.7 = 1.4. Finally, approximately 30% of glyphosate
is excreted via the urine with almost 100% excreted as unchanged parent compound
(Kennepohl and Munro 2001) resulting in a correction factor of (1/0.3)/1 = 3.3.
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The ratio of molecular weights (Rmw), calculated by dividing the pesticide parent
molecular weight by the pesticide metabolite molecular weight, was 0.63, 0.69, 1.77 and
1.00 for atrazine, metolachlor, chlorpyrifos and glyphosate respectively. This
calculation assumes that one molecule of the parent compound produces one molecule
of the metabolite. The ratio of molecular weights corrects for the differences in mass
between one molecule of the parent pesticide and one molecule of the metabolite.

Data analysis
All statistical analyses were performed using SAS 9 Software® (SAS Institute Inc.,
Cary, NC). Data analysis methods needed to address two primary concerns. First, since
children from each household provided evening and morning urine samples at two visits
and multiple children were sampled from each household, urinary pesticide
concentrations could not be treated as independent. A second concern was that urinary
pesticide concentrations were frequently below the analytical LOD, particularly for
atrazine, metolachlor and glyphosate (Curwin et al. 2006). Of the 417 urine samples
obtained from children, only 20% detected atrazine above the LOD, 61% detected
metolachlor above the LOD and 84% detected glyphosate above the LOD; however,
nearly all (n = 416) samples detected chlorpyrifos above the LOD. Furthermore, the
laboratory did not censor urine samples below the LOD, rather, values were reported as
non-detect, a positive level below the LOD, or a level greater than or equal to the LOD.
Values reported below the LOD may be within the error around a zero value and are not
as reliable as values above the LOD. Furthermore, these values are typically not
reported as such, rather they are usually reported as left-censored at the LOD. Methods
are commonly available for dealing with correlated data (i.e., mixed-effects regression
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modeling) and highly censored data (i.e., maximum likelihood estimation); however,
methods are not readily available for dealing with both of these problems at the same
time.

Initially, maximum likelihood estimation via the LIFEREG procedure in SAS was used
to estimate geometric mean doses, adjusted for age and sex, separately for farm and
non-farm children. In the maximum likelihood analysis, urinary concentrations reported
as either a non-detect or a positive level below the LOD were considered to be leftcensored at the LOD. The concentration for each urine void (identified by child, visit
and time) was adjusted for creatinine and used to calculate an estimated dose. Doses
based on urinary concentrations censored at the LOD were considered to be leftcensored at the dose level calculated using the LOD. The lognormal distribution was
specified as the underlying distribution. Since the LIFEREG procedure assumes
independence among the observations, standard errors were known to be
underestimated by the procedure, therefore the LIFEREG procedure was not used for
significance testing.

Mixed-effects modeling via the MIXED procedure in SAS was used to test whether the
geometric mean dose for farm children was significantly different than the geometric
mean dose for non-farm children. The dependent variable was the natural log
transformed dose; fixed effects were household type, age and sex; and random effects
were household and child nested within household. To simplify the models, the average
of the evening and morning dose estimates was used as an estimate of dose for the visit.
In these models, urinary concentrations reported as a positive level below the LOD were
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used to estimate pesticide dose (i.e., they were not censored at the LOD). For urinary
concentrations reported as a non-detect, the minimum positive concentration divided by
two was used to estimate pesticide dose. The mixed-effects model was given by:
ln(yijk) = β0 + β1(household type) + β2(sex) + β3(age) + γi + γj(i) + εijk
where yijk is the kth dose estimate for child j within household i, i = 1 to 50, j = 1 to 4, k
= 1 to 2, γi is the random effect for household, γj(i) is the random effect for child nested
within household and εijk is the random error term. The model specified separate
covariance parameter estimates for farm and non-farm households. Results are
presented as adjusted geometric means (GM) by taking the antilog of the adjusted logtransformed means. The covariance parameter estimates from the mixed-effects models
provided estimates of the between-household, between-child and within-child variance
components. For each child, a single dose estimate was obtained by averaging the
individual dose estimates for comparison to EPA reference doses.
Table 3: Geometric mean pesticide doses (µg/kg/day) for farm and non-farm children
Pesticide
Number of
Absorbed daily dose (µg/kg/day)
Household type homes children samples % <LOD a
Range b ML GM c Mixed GM d p-value
Atrazine
Farm
25
65
235
74%
0.002 – 0.085 0.0013
0.011
< 0.0001
Non-farm
25
50
180
88%
0.000 – 0.040 0.008
0.001
Chlorpyrifos
Farm
25
65
235
<1%
0.27 – 1.96
0.67
0.68
0.071
Non-farm
25
50
180
0%
0.24 – 1.36
0.58
0.58
Metolachlor
Farm
25
65
235
37%
0.000 – 3.16 0.016
0.015
0.10
Non-farm
25
50
180
42%
0.00 – 0.072 0.013
0.008
Glyphosate
Farm
25
65
235
19%
0.013 – 0.34
0.11
0.10
0.23
Non-farm
25
50
180
12%
0.037 – 0.33
0.13
0.12
a
Percent of samples with pesticide dose estimate censored at the limit of detection (LOD).
b
Range of overall dose (one per child).
c
Estimated geometric mean (GM) dose based on maximum likelihood (ML) methods was adjusted for
age and sex.
d
Estimated GM dose and p-value for farm GM versus non-farm GM based on mixed-effect model with
fixed effects of household type, age and sex and random effects of household and child within household.
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Results

Farm and non-farm households were similar with respect to the number of children
residing in the household (median 2 children per household, range 1 – 4 children per
household). Approximately 60% of the children were male. Children ranged from less
than one year in age to 15 years of age (median 7 years). The distributions of age were
similar for farm and non-farm children.

The estimated GM doses obtained using maximum likelihood methods and mixedeffects modeling are presented in Table 3. The two methods produced similar estimates
for chlorpyrifos, which was expected since there was little censoring for chlorpyrifos.
Estimates for metolachlor and glyphosate, which saw considerable censoring, were
fairly close for the two methods. Estimates for atrazine, which saw the greatest amount
of censoring, were approximately 10 times higher based on the mixed-effects modeling
compared to the maximum likelihood estimates. Regardless of the method used to
estimate the GM, for all pesticides except glyphosate, the GM dose for farm children
was higher than the GM dose for non-farm children. The difference was statistically
significant for atrazine (p-value = 0.0001) but only marginally significant for
chlorpyrifos and metolachlor (p-value = 0.07 and p-value = 0.10, respectively). Nonfarm children had slightly higher glyphosate doses, but the difference was not
statistically significant. A trend of decreasing dose with increasing age for all children
combined was observed for chlorpyrifos (p < 0.0001). In a categorical analysis, the
geometric mean chlorpyrifos dose was significantly higher for children less than 10
years of age when compared to the geometric mean dose for children 10 years or older
(p-value < 0.0001). Pesticide doses were similar for male and female children.
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The highest dose estimates for farm children were 0.085, 1.96, 3.16 and 0.34 µg/kg/day
and the highest dose estimates for non-farm children were 0.040, 1.36, 0.072 and 0.33
µg/kg/day for atrazine, chlorpyrifos, metolachlor and glyphosate, respectively (Table 3).
No child had an overall dose estimate that exceeded the EPA chronic reference values
for atrazine, metolachlor and glyphosate; however, every child’s overall dose estimate
exceeded the EPA population adjusted chronic reference value for chlorpyrifos (Table
4). Ninety-seven percent and 92% of the estimated chlorpyrifos doses for farm and
non-farm children respectively exceeded the EPA general population reference value of
0.3 (the reference dose not incorporating the extra safety factor of 10 for sensitive
subpopulations) and 83% and 74% of farm and non-farm children respectively exceeded
the EPA population adjusted acute reference value (Table 4).

Table 4: Percent of children with estimated dose exceeding reference values a
Atrazine
Chlorpyrifos
Metolachlor
Glyphosate
Reference value b Farm Non-farm
Farm Non-farm
Farm Non-farm
Farm Non-farm
NOAEL
0%
0%
0%
0%
0%
0%
0%
0%
c
Acute RfD
0%
0%
0%
0%
n/a
n/a
n/a
n/a
Acute PAD
0%
0%
83%
74%
n/a
n/a
n/a
n/a
Chronic RfD
0%
0%
97%
92%
0%
0%
0%
0%
Chronic PAD
0%
0%
100%
100%
n/a
n/a
n/a
n/a
a
Overall estimated dose based on the average of the available dose estimates for each child.
b
NOAEL, no observable adverse effect level; RfD, reference dose; PAD, population adjusted reference
dose.
c
n/a, not available.

Estimates of the between-household, between-child and within-child variance
components for the children’s pesticide doses are provided in Table 5. Variance
components were computed for farm and non-farm children after adjusting for age and
sex. The within-child variance components were generally higher than the other
variance components for both farm and non-farm children. The between-child variance
contributed relatively little to the overall variance.
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Discussion

The results presented here provide an indication of the significance of pesticide
exposure among farm children. The doses were higher for farm children than non-farm
children for all the pesticides except glyphosate. Glyphosate is used both agriculturally
and residentially which may explain why the doses were similar. However, all of the
dose estimates for atrazine, metolachlor, and glyphosate were well below the EPA
chronic reference value for these pesticides.

Table 5: Within and between household variance components for children’s pesticide
doses
Pesticide
Household type

Estimated variance components a
Between-household
Between-child
b
2
%
%
σˆ
σˆ 2
bh

Atrazine
Farm
Non-farm
Chlorpyrifos
Farm
Non-farm
Metolachlor
Farm
Non-farm
Glyphosate
Farm
Non-farm
a

bc

Within-child
%
σˆ 2
wc

0.54
3.36

17%
33%

0
0

0%
0%

2.64
6.76

83%
67%

0.091
0.066

52%
44%

0.0015
0.017

1%
11%

0.081
0.069

47%
45%

1.16
1.36

39%
51%

0.35
0

12%
0%

1.45
1.33

49%
49%

0.45
0.13

42%
30%

0
0

0%
0%

0.61
0.31

58%
70%

2
2
2
Variance components ( σˆ bh , σˆ bc σˆ wc ) were estimated by modeling the natural log transformed doses

using a mixed-effects model with fixed effects of household type, age and sex and random effects of
household and child within household. The model specified separate covariance parameter estimates for
farm and non-farm households.
b
% denotes the proportion of the total variance.

Of concern however, were the dose estimates for chlorpyrifos. All of the dose estimates
for chlorpyrifos were above the EPA population adjusted chronic reference dose for
children. The lowest estimated dose for chlorpyrifos was 0.24 µg/kg/day compared to
the reference dose of 0.03 µg/kg/day. The EPA reference dose for chlorpyrifos was
based on a no-observable-adverse-effect-level (NOAEL) of 30 µg/kg/day and
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incorporates a safety factor of 100 for inter- and intra-species variation and an
additional safety factor of 10 for all children and for females between the ages of 13 50 years, both of which are considered to be sensitive subpopulations. Additionally,
most of the estimated doses for farm and non-farm children exceeded the general
population chronic reference dose without the additional safety factor and the
population adjusted acute reference value of 0.5 µg/kg/day. None of the dose estimates
exceeded the general population acute reference dose or the NOAEL.

It is possible that the chlorpyrifos doses were overestimated. TCP, the metabolite of
chlorpyrifos, was observed in 100% of dust and wipe samples and in greater than 95%
of food and air samples in a study investigating chlorpyrifos exposure among preschool
children (Morgan et al. 2005). Chlorpyrifos was also found in these media, and
generally in higher amounts, except in food where TCP was found to be 12 times higher
than chlorpyrifos. Direct TCP exposure may be accounting for some of the TCP in the
children’s urine in this study; however the calculated doses assume that the TCP came
entirely from chlorpyrifos exposure.

The chlorpyrifos doses may also be overestimated as a result of the analytical method
used to determine TCP concentration in urine. Duplicate splits of the fathers’ urine
samples were analyzed by enzyme-linked immunosorbent assay (ELISA) and gas
chromatography (GC). The TCP concentration in the fathers’ urine samples was three
to four times higher when analyzed by ELISA versus GC (Curwin et al. 2006, 2005).
The children’s urine samples were analyzed for TCP by ELISA. If a bias exists with the
ELISA method, resulting in higher urinary TCP concentrations, than the calculated
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doses would also be higher. To explore the impact this may have when comparing the
children’s doses to the EPA reference doses, mixed-effects modeling was used to relate
the GC concentration to the ELISA concentration from 178 duplicate samples. The
relationship between the two methods was given by
Cˆ GC = −1.05 + 0.411× C ELISA

where CGC represents the concentration of chlorpyrifos in the urine based on the GC
method and CELISA represents the concentration of chlorpyrifos in the urine based on the
ELISA method. When this relationship was used to “correct” the ELISA
concentrations, estimated doses for chlorpyrifos were much lower. Using the adjusted
concentrations, the percent of farm children with doses exceeding the acute PAD,
chronic, and chronic PAD reference values was 3%, 31%, and 100%, respectively.
Similarly, the percent of non-farm children with doses exceeding the acute PAD,
chronic, and chronic PAD reference doses was 2%, 14%, and 100%, respectively.
Thus, 100% of the children had doses exceeding the chronic PAD dose based on the
corrected urinary concentrations, but the percent of children exceeding the acute PAD
and chronic reference doses was much reduced. This potential upward bias of the
ELISA method was not explored for the other pesticides in this paper. However, all of
the estimated doses for the other pesticides were below all of the reference values;
therefore correcting the estimated doses downward would not change this result.

Fenske et al. (2000) found that 56% of estimated azinphos-methyl doses for children of
agricultural workers exceeded the EPA reference dose, while 44% of the doses for nonagricultural children exceeded the reference dose. Values were much lower for phosmet
where less than 10% exceeded the EPA reference dose. Additionally, single day dose
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estimates were calculated for azinphos-methyl and 26% exceeded the EPA acute
reference dose. None of the estimates exceeded the empirically derived NOAEL for
these compounds. The authors concluded that the results indicated that children in
agricultural communities have pesticide exposures of regulatory concern.

Fenske’s results appear to contrast with our results. Our study would indicate, with the
exception of chlorpyrifos, that children in agricultural communities may not have
exposures of regulatory concern at least for atrazine, metolachlor and glyphosate. It
should be noted that Fenske’s doses were derived by summing two urinary metabolites
that are common to organophosphate exposure in general and are not specific to
azinphos-methyl and phosmet. As a results, it is possible that they overestimated the
dose for these pesticides. Acquavella et al. (2004) observed results similar to ours in
that none of their estimated doses for glyphosate exceeded the EPA chronic reference
dose.

An interesting result was the trend of decreasing dose with increasing age for
chlorpyrifos, in particular, doses were higher among children under the age of 10 years.
Creatinine excretion is known to be positively associated with age among children (Barr
et al. 2005). In our study, the amount of creatinine excreted per day was estimated from
body surface area, which in turn was estimated from height and weight, which are both
positively associated with age among children. Since body weight increases
substantially as a child gets older, the normalized dose per kilogram body weight for a
given urinary concentration is reduced. Therefore, the trend observed here may be
partly an artifact of how the doses were estimated. Urinary concentrations among the
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children were negatively associated with age, but the associations were not significant
(Curwin et al. 2006). However, it seems probable that younger children would have a
higher dose for a given exposure than older children. Black et al. (2005) observed that
the time children spent playing on the floor decreased with increasing age and that
infants had the highest frequency of mouthing behavior. To better determine the effect
of age on dose, 24-hour urine samples should be collected over several days.

There are several limitations in our pesticide dose estimates that are common to the
estimation of doses from spot urinary concentrations. First it was assumed that the spot
urine samples were representative of average daily pesticide excretion and that the doses
estimate average daily doses. Depending on the timing of the urine collection with
respect to pesticide application in the farm homes, the doses may be overestimated.
Urine samples were not collected in the fall and winter months. Presumably, the urine
concentrations would be lower during these months and therefore the average daily dose
over a year could be lower. Second, the merits of creatinine adjustment for spot urine
samples are being debated, especially in children (Barr et al. 2005, Boeniger et al.
1993). Lastly, it was assumed that the amount of pesticide metabolite excreted in urine
was equivalent to an absorbed pesticide dose. However, chlorpyrifos doses may be
overestimated due to direct exposure to TCP.

Conclusion

Farm children generally had higher pesticide dose estimates than non-farm children.
However, with the exception of chlorpyrifos, all the estimates were below EPA chronic
and acute reference doses. All chlorpyrifos dose estimates for both farm and non-farm

145

B.D. Curwin

Take-home pesticide exposure among farm families: Pesticide dose estimates

children were above the EPA population adjusted chronic reference dose and most were
above the population adjusted acute reference dose and are of concern. Estimation of
pesticide dose from farm children’s urine samples allows comparison to EPA reference
doses and therefore provides an indication of the significance of pesticide exposure.
Additional longitudinal studies which better estimate daily pesticide doses over the
course of a year are needed to truly determine the health significance of pesticide
exposures.
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Main Findings

The results from this thesis show that farm homes are contaminated with pesticides and
consequently exposure among family members is occurring. What is less clear is the
relevance of the exposure to biological uptake and ultimately health risk. Farm homes
were more contaminated with pesticides than non-farm homes and among farm homes,
concentrations in dust were higher for the strictly agricultural pesticides (atrazine,
acetochlor, metolachlor) when these pesticides were applied on the farm prior to a visit
(Chapter 3). Farmers who applied a particular pesticide had higher urinary metabolite
levels of that pesticide. There was no difference in urine metabolite levels between
farmers who had a pesticide commercially applied to his crops, did not apply the
pesticide at all, or non-farmers (Chapter 4). In general, farm children and spouses had
higher pesticide exposure than those in the non-farm households and in particular, when
a farm father applied atrazine or chlorpyrifos his children had higher exposures to these
chemicals (Chapter 5). The farm fathers’ urinary pesticide concentrations were
generally more correlated with his family’s urinary concentrations than was observed
among non-farm fathers (Chapter 5).

However, the results were not always consistent. Agricultural exposures in general and
pesticide exposures in particular are highly variable temporally and spatially. Given the
way the farmers were selected, tasks and routes of exposure were very similar for the
farmers in the studies in this thesis, resulting in relatively similar average exposure
among individuals for a given pesticide. The result was large intra-individual (within a
person over time) relative to a small inter-individual (between people on average)
exposure variability. The implication of this is that substantial measurement error can
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be introduced into the results, attenuating potential associations with health effects.
Kromhout and Heederik (2005), argue that given the nature of agricultural exposures
and the current methods used to assess exposure, it is difficult to find any exposureresponse relationship. In a review of the exposure assessment component of a study of
Dutch pig farmers (Preller et al, 1995a; Preller et al, 1995b), they estimated that the
slope of the exposure relationship between endotoxin exposure and lung function could
be attenuated by 70 % due to the large ratio of intra-individual versus inter-individual
variability. In Chapter 5, large intra-individual variability versus small inter-individual
variability, particularly among children, resulted in attenuation ratios that indicate
associations with pesticide exposure could be attenuated between 6 to 99.7 %. The
attenuation ratios were based on two repeated measures within a month of each other.
Intra-individual variability might have been even higher if the exposure samples were
taken further apart, resulting in greater attenuation. Timing of exposure data collection
can be critical for health outcomes where timing of exposure is critical to the effect (e.g.
pregnancy outcomes). In fact, substantial exposure misclassification resulting in
attenuation of health effects associations can occur with highly variable exposures and
inappropriate temporal resolution (Hertz-Picciotto et al., 1996).

The levels of exposure found in this study were close to the limit of detection and were
substantially lower than occupational pesticide exposures and this further complicates
matters. Statistical issues associated with low levels of exposure, including censored
(i.e. non-detectable) data can exacerbate measurement error or unjust decreased
variability. These factors - large spatial and temporal variability, inappropriate temporal
resolution, and low exposures - make it very difficult to observe associations with
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pesticide exposure and perhaps result in more attenuation than that estimated on the
basis of existing theoretical considerations.

To put the urinary pesticide concentrations presented in Chapter 5 in perspective, the
results can be compared to published data elsewhere. In the general United States
population, geometric mean (GM) urinary concentrations for the chlorpyrifos metabolite
3,5,6-trichloro-2-pyridinol (TCP) was 1.52 and 2.78 µg/L for adults and children
respectively (CDC, 2005). The geometric mean concentrations for atrazine mercapturate
and metolachlor mercapturate were not calculated as the majority of the samples were
below the LOD of 0.3 and 0.2 µg/L for these metabolites respectively (Table 1). Perry
et al., (2000) observed urinary atrazine mercapturate concentrations of 6.4 and 2.9 µ/L
for pesticide applicators and non-applicators respectively. Acquavella et al., (2004)
observed urinary glyphosate concentrations of 3.2 µg/L and less than the LOD of 1.0
µg/L for farmers and their children respectively. Generally, the urinary pesticide
concentrations presented in Chapter 5 were higher than those observed by the U.S.
Centers for Disease Control and Prevention (CDC) in the general population, but lower
than those observed by Perry et al. and Acquavella et al. in occupational settings.

What is more interesting to note is that the children’s urinary pesticide concentrations
presented in Chapter 5 are similar to, and in some case higher than adult urinary
concentrations. This may have implications for the risk of developing health effects for
the children if urinary concentration is an estimate of pesticide dose.
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Many factors will influence the uptake of pesticides including physiology, behavior
patterns and hygiene that would result in different doses between adults and children.
Food and water intake, soil and dust ingestion, mouthing behavior, inhalation
physiology and activity level can be different between adult and child when considering
body weight and surface area (Moya et al., 2004). Children have a higher rate of
oxygen consumption per unit body weight, have more hand-to-mouth and object-tomouth behavior, and spend more time on the ground and floor than adults (Moya et al.,
2004). Mean soil ingestion values for children have been observed to range from 39
mg/day to 271 mg/day (Calabrese et al., 1989; Davis et al., 1990; Van Wijnen et al.,
1990; Stanek and Calabrese, 1995a, 1995b; Calabrese et al., 1997). However, Davis
and Mirick (2006) observed mothers’ and fathers’ mean estimates of soil ingestion
exceeded their children’s soil ingestion estimates. Occupational contact with soil was
associated with soil ingestion in adults. United States federal exposure assessment
guidelines suggest soil ingestion values of 100 mg/day and 50 mg/day for children and
adults respectively (USEPA, 1996). All these factors may lead to increased uptake and
therefore increased urinary concentrations of pesticides for children.

Children may metabolize pesticides quicker resulting in higher urinary concentrations
than adults in a given time period for a given dose. The metabolic rate of young
children is approximately one and a half times that of young adults and almost two
times that of an old adult (Guyton, 1986). However, if it is assumed that a person with a
higher mass would be better able to tolerate a given pesticide dose, then children, whose
body mass is much less than that of adults, would have a greater risk for health effects.
Indeed, for a given pesticide exposure and notwithstanding other factors, children would
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have a higher calculated pesticide dose per kilogram body-weight than the adults
resulting in a higher calculated risk. The data on the toxicokinetics of pesticides in
children are very limited, however, and the true risk may not be the same as the
calculated risk. Toxicokinetic modeling might be a reasonable approach to try to
address the issue of differences in uptake and metabolism for children as they relate to
risk.

Table 1. Geometric mean urinary pesticide metabolite concentrations (µg/L) found in
the literature for adults and children.
Curwin
CDC
Fenske
Perry
Acquavella
Pesticide
Exposure groupa
(2006)
(2005)
(2002)
(2000)
(2004)
Atrazine
―
6.4
―
―
0.80
Adultb
Occupational
―
2.9
―
<0.3
0.44
Non-occupational
Child
Occupational
0.71
―
―
―
―
Non-occupational
0.46
<0.3
―
―
―
Chlorpyrifos
―
―
―
―
15.5
Adultb
Occupational
―
―
―
1.52
11.5
Non-occupational
Child
Occupational
16
―
4.9
―
―
Non-occupational
16
2.78
4.6
―
―
Metolachlor
Adultb
―
―
―
―
0.35
Occupational
―
―
―
<0.2
0.3
Non-occupational
Child
Occupational
0.45
―
―
―
―
Non-occupational
0.4
<0.2
―
―
―
Glyphosate
Adultb
3.2
―
―
―
1.7
Occupational
―
―
―
―
1.3
Non-occupational
Child
Occupational
2.0
―
―
―
<1.0
Non-occupational
2.7
―
―
―
―
a
The exposures were categorized as occupational (farmer, farm worker, farm family,
pesticide applicator) or non-occupational (general public, non-farm family).
b
Father and mother results from Chapter 5 were averaged to derive the adult value for
Curwin (2006) column.
In an effort to understand the significance of the exposures found, pesticide doses were
calculated for children (Chapter 6) and compared to U.S. EPA reference values. For
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three of the four pesticides measured in children’s urine, the calculated doses were
substantially lower than the reference value for all child subjects; only chlorpyrifos
doses were higher than the reference value. However, to put this “risk assessment” in
context an understanding of the inherent problems with the risk assessment process is
needed.

Difficulties in Risk Assessment

In the introduction to this thesis, the strengths and weaknesses of animal and
epidemiological based risk assessments were highlighted. Currently there is no clear or
strong epidemiological evidence of health effects related to a single pesticide at the
exposure levels observed in this study. The available pesticide epidemiology is
difficult, if not impossible, to interpret for risk assessment purposes and extrapolation is
not possible because many studies lack a quantitative exposure assessment component.
As a result, epidemiology will provide limited information in regulatory pesticide risk
assessment. For example, Flower et al. (2004) found that children of Iowa farmers
enrolled in the Agricultural Health Study had an increase risk of all cancers combined
(SIR 1.36, 95 % CI 1.03 - 1.79), all lymphomas combined (SIR 2.18, 95 % CI 1.13 4.19) and Hodgkin’s’ lymphoma (SIR 2.56, 95% CI 1.06 - 6.14). However, no
association was detected between frequency of parental pesticide application and
childhood cancer risk. The pesticide exposure data was obtained from self-reports by
the farmers and their spouses and consisted of ever/never applied or mixed and
frequency of pesticide mixing and application (days per year). Self-reports have been
shown to have a low positive predictive value for exposure with possible exposure
overestimation (Tielemans et al., 1999). The results presented by Flower et al. are
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difficult to interpret with respect to pesticide exposure risk due to the exposure
assessment methods used.

In animal based risk assessments the reference dose may fall short. For a true chronic
pesticide reference dose, an animal should be exposed dermally for its lifetime given
that pesticide exposure is largely dermal. However, the reference dose selected is often
not appropriate when considering the nature and variability of pesticide exposure. The
reference doses in tables 2 and 3 are defined by the United States Environmental
Protection Agency (EPA) as estimates of a daily oral exposure for an acute duration (24
hours or less) or chronic duration (up to a lifetime) to the human population (including
susceptible subgroups) that is likely to be without an appreciable risk of adverse health
effects over a lifetime. These reference doses are not the most appropriate for
conducting a risk assessment on children exposed to pesticides via the take-home
pathway. Oral exposure may in fact be occurring among these children, but dermal
exposure also needs to be considered. A more appropriate reference dose might be one
derived from a chronic dermal toxicological study or from a toxicological study using a
combination of dermal and oral routes of exposure.

Relatively small numbers of animals are used in toxicological tests to determine the no
observable adverse effect level (NOAEL) from which the reference dose is derived.
Often less than 100 animals are used resulting in sample powers that are unable to find
low probabilities of any risk or perhaps even high probabilities of low risk. Therefore,
the reference dose, which is considered to be the dose at which below no risk exists,

158

B.D. Curwin

Take-home pesticide exposure among farm families: Discussion and conclusion

may in fact be a dose that can result in risk but the probability of the risk is too low to
be detected given the power of the animal toxicology study.

Another critical aspect of animal based pesticide risk assessment to consider is that it is
almost exclusively conducted on a single chemical at a time. Pesticides may have
similar modes of action and exert similar toxic effects, however, the toxicology studies
and in many cases the exposure assessment are conducted on a single pesticide. Real
life pesticide exposure often involves a mixture of pesticides. In this study for example,
the farmers applied on average four pesticides and some as many as nine pesticides
(Chapter 2) and approximately 86 % of the urine samples collected had more than one
pesticide above the limit of detection (Chapter 5). In a study of greenhouse workers, a
mean of 15 pesticides were applied per greenhouse (Tielemans et al., 2006). While all
the pesticides may not be applied at once, it is common practice to mix several
pesticides together in a tank for application at the same time. Further, the risk
assessment is generally only conducted on the active ingredient in the pesticide product.
So called inert ingredients that make up the remainder of a pesticide formulation and
potentially hazardous contaminants or breakdown products are not evaluated for risk in
traditional pesticide risk assessments. Therefore, conducting a risk assessment on one
chemical at a time may fail to find the true risk. A case in point includes the reevaluation of the herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) for use on lawns and
turf in Canada. Canada’s Pest Management Regulatory Agency has concluded that the
use of 2,4-D to treat lawns and turf does not pose an unacceptable risk to human health
(PMRA 2005). Their animal based toxicological risk assessment was conducted solely
on the active ingredient. However, Sears et al. (2006) indicate in a recent review that
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the balance of epidemiological research suggests that 2,4-D can be persuasively linked
to cancers, neurological impairment and reproductive problems. The authors suggest
that these effects may arise from 2,4-D itself, from breakdown product or dioxin
contamination or from a combination of chemicals. Perhaps these risks would be more
apparent if the PMRA’s toxicological risk assessment of 2,4-D was conducted on actual
2,4-D formulations that included inert ingredients, breakdown products and potential
contamination.

Next Steps

This thesis has demonstrated that chronic low level pesticide exposure is occurring
among farm families through the take-home pathway. Children in particular may be
susceptible to this exposure, however, the risk associated with this exposure is
unknown. Very little epidemiological data exists on health effects from pesticide
exposure among children. The data presented in this thesis makes a case for conducting
epidemiological research among children exposed to pesticides. However, in order for
the epidemiological data to provide meaningful results, the exposure assessment must
be very carefully considered. Determinants of exposure need to be identified and
validated for use in large-scale epidemiology studies. However, as the results in this
thesis point out, it can be difficult to identify the key determinants of exposure. One
important determinant of children’s pesticide exposure found in this thesis appears to be
the father applying a pesticide himself. This would be a useful exposure metric in
children’s pesticide epidemiology studies. Two reviews of pesticide and cancer
epidemiology literature found parental occupation involving pesticide application has
been associated with childhood cancers (Daniels et al. 1997; Zahm and Ward 1998).
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Table 2: EPA acute reference doses
Pesticide

Acute RfD Study
Toxicity Endpoint
(µg/kg/day)
Delayed ossification in
Atrazine
10*
Developmental
toxicity study in rat fetuses; decreased body
weight gain in adults
and rabbit
Plasma cholinesterase
Chlorpyrifos 0.5*
Acute blood time
inhibition
course study in
male rats
Metolachlor n/a
n/a
n/a
Glyphosate n/a
n/a
n/a
* Denotes a population adjusted reference dose (PAD) which incorporates an additional
FQPA safety factor of 10.
Table 3: EPA chronic reference doses
Study
Pesticide
Chronic
RfD
(µg/kg/day)
Atrazine
1.8*
Six month LH
surge study in rat
Chlorpyrifos 0.03*

Toxicity Endpoint
Attenuation of
preovulatory
luteinizing hormone
(LH) surge
Plasma and red blood
cell cholinesterase
inhibition

Weight of evidence
from 5 studies: 2 yr
dog, 90 day dog, 2
yr rat, 90 day rat,
developmental
neurotoxicity in rat
Metolachlor 100
1 year toxicity
Decreased body
study in dogs
weight gain
Maternal death
Glyphosate 2000
Developmental
toxicity study in
rabbit
* Denotes a population adjusted reference dose (PAD) which incorporates an additional
FQPA safety factor of 10.
Pesticide concentration in dust may also be an important determinant of exposure.
Pesticide dust concentrations were positively associated with urine concentrations, but
the correlations were not significant, perhaps because of small sample sizes.
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It is clear that there are many uncertainties associated with pesticide risk assessment.
The confidence in pesticide risk assessments is diminished as a result of poor quality
exposure and epidemiological data. What can be concluded then with respect to
identifying the true risk associated with chronic pesticide exposure? On the one hand,
we have highly variable exposure which, due to the methods used to asses the exposure,
may result in the attenuation of any association seen with health effects. On the other
hand we have risk assessments conducted on single pesticide in isolation often using
inappropriate reference doses. Therefore there is little wonder why the risks of chronic
exposure to low levels of pesticides are still relatively unknown. Until there are
improvements in pesticide epidemiology studies and the pesticide risk assessment
process, the true risk may never be known or can only be assessed with considerable
uncertainty.

What can be done to improve the identification of risks associated with chronic low
level pesticide exposure? Certainly better exposure assessments with several repeated
measures need to be conducted. This is of particular importance if assessing risk
through epidemiological means. The limited exposure assessment conducted in
epidemiology studies severely curtails the ability to determine health risks. Attenuation
in exposure-response relationships is a result of large intra-individual variability and
relatively small differences in average pesticide exposure between individuals. With a
small number of repeated measures this factor plays a significant role in the quality of
the exposure data generated. However, current pesticide exposure assessments,
including those in this thesis, are nearing the limits of what can logistically and
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financially be done. Therefore, exposure assessments need to be designed in such a way
as to truly identify and validate determinants of exposure.

In a properly designed study, factors such as exposure-response attenuation, low
exposure values, and small sample sizes can be overcome. Approaches like those
proposed by Tielemans et al. (1999) offer an opportunity to improve the quality of
epidemiological exposure assessment. They suggest that in most instances it is
necessary to ask detailed questions about tasks and work processes, and to validate these
questions through exposure sampling. The use of job specific questionnaires – a time
consuming and labor intensive exposure assessment method – yielded the largest
positive predictive value for exposure and combining job exposure matrices with self
reports of exposure enhanced agreement with urine values (Tielemans et al., 1999).
Another reasonable approach might be to decrease the number of subjects while
increasing the number of repeat measures on those subjects, given the large intraindividual versus low inter individual variability often seen in exposure. Employing
these approaches to exposure assessment can lead to the identification and validation of
determinants of exposure. These in turn can be used to better assess exposure in large
epidemiological studies investigating the association of health outcomes with pesticide
exposure.

Efforts to quantify exposure are being made to improve exposure assessment in
pesticide epidemiology studies so that risk can be better determined. Dosemeci et al.,
(2002) developed an exposure algorithm to quantify pesticide exposure in the
Agricultural Health Study and efforts to validate the algorithm are underway (Coble et
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al., 2005; Coble J, Thomas K, personal communication). Brouwer et al. (1994)
proposed an exposure index for flower bulb farmers based on the method of application,
farm acreage and number of pesticide applications. The data to develop the exposure
index was derived from exposure databases, field studies and questionnaires and the
authors conclude that the “index could provide a useful estimate of long-term exposure
to a mixture of pesticides in epidemiological investigations”. Tielemans et al. (2006)
developed exposure algorithms for greenhouse workers to provide a semi-quantitative
exposure assessment for a longitudinal study on the relation between pesticide exposure
and reproductive disorders. They collected detailed information on pesticide use among
greenhouse workers on a monthly basis and through self-administered questionnaires.
Subsequent workplace surveys were used in order to cross check the questionnaires and
gather further pesticide exposure information. Dermal exposure rankings for each task
and application method were calculated for each worker using the Dermal Exposure
Assessment Method (DREAM) (van Wendel de Joode et al., 2003). Finally, a monthly
exposure score for each worker was estimated from the product of time exposed,
exposure intensity from task and application specific DREAM scores, and a clothing
protection factor indicated by DREAM. Approaches such as those mentioned above
will improve the exposure assessment component of epidemiological studies. They
reduce the subjective judgments of historical epidemiological exposure assessments and
can be time-window specific and pesticide-specific estimates of exposure.

In traditional animal based pesticide risk assessments, careful consideration must be
given to the exposure scenario of concern, and the selection of the reference dose. On
the toxicological side of the risk assessment paradigm, reference doses must come from
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toxicological studies using appropriate dosing regimes and animal models that best fit
the exposure scenario. Risk assessments conducted on mixtures of pesticides and
related chemicals such as inert ingredients and breakdown products need to be
conducted. This would entail toxicological and exposure studies on the mixtures and
contaminants of concern.

In addition to animal based risk assessment, attention should be given to use of
epidemiological data in completing the risk assessment process, provided the exposure
assessment is of sufficient quality. It is often difficult to come to a conclusion regarding
risk with epidemiological data, but if the data is of sufficient quality and meets certain
criteria as outlined in the framework proposed by Swaen (2006) the difficulties can be
overcome. Epidemiological data can go a long way to address some of the
shortcomings in animal based risk assessments if the emerging approaches that are
attempting to quantify exposure through algorithms and exposure scores are used to
estimate exposure.

In the worst case scenario, failing the above points may result in regulatory agencies
underestimating the risk of pesticide exposure and a pesticide deemed safe may indeed
be causing harm. In the best case scenario, without an improvement in risk assessment
of pesticides, the ambiguity surrounding the health implications of long term exposure
will remain.
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Conclusion

The results presented in this thesis as a whole suggest that pesticide exposure among
farm families was occurring via the take-home exposure pathway. However, given the
variability in pesticide exposure and the low levels of exposure observed, the results
were not conclusive and determinants of exposure were only evident to a limited extent.
A father applying a pesticide and pesticide dust concentrations appear to be associated
with urinary pesticide concentrations. However, many other variables which one might
assume to be associated with urinary pesticide concentrations, such as amount of
pesticide applied and size of farm, were not associated.

Many pesticide exposure studies have been conducted since Durham and Wolfe (1962)
first put a patch on a farmer. However, pesticide exposure assessments cannot be
conducted in isolation ad infinitum. The question that is of interest to the public and
occupational health specialists and that needs to be answered is what risk is associated
with a given exposure level. An attempt was made in this thesis to put the pesticide
exposures measured, at least among the children, into perspective by calculating
pesticide doses and comparing them to EPA reference values. Limited knowledge was
available about the reference doses used and therefore brings into question the validity
of traditional risk assessments conducted.

In order to improve the risk assessments of chronic exposure too pesticides, whether the
risk assessments are done epidemiologically or traditionally, better exposure
assessments are needed to decrease the attenuation of determinant-exposure and
exposure-response relations. Approaches which attempt to quantify estimates of
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exposure in epidemiology studies thereby reducing the subjective nature historically
present in epidemiological exposure assessments, and properly designed exposure
studies which can overcome measurement error due to inherent large exposure
variability, low exposure levels, small sample size and temporal resolution issues, are a
considerable vast improvement in exposure assessment and a step in the right direction.
Additionally, careful consideration in selecting an appropriate reference dose is critical
for conducting animal based risk assessments. The use of carefully conducted animal
based risk assessments supplemented by good quality epidemiological data, where
available, will substantially increase the confidence in the risk associated with pesticide
exposure promulgated by the regulatory agencies.
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Summary
In this thesis take-home pesticide exposure among farm families, with an emphasis on
herbicides, was investigated. Take-home exposure among farm families to herbicides
has not previously been studied. Environmental, personal and biological sampling has
been employed in an effort to improve upon previous take-home pesticide exposure
study design.

Chapter 1 presents an introduction to the study. Take-home exposure occurs when a

worker unwittingly brings home a substance on his or her clothing or shoes, thereby
potentially exposing his or her family. This exposure pathway was raised as a concern
by the National Institute for Occupational Safety and Health (NIOSH) in the United
States in 1995. While take-home exposure to other compounds such as lead has been
investigated historically, only relatively recently has take home-pesticide exposure been
studied. Only thirteen papers on take-home pesticide exposure were identified in the
published literature in the last decade. The health effects of chronic low level exposure
to pesticides are not entirely understood at this time. However, children are thought to
be more susceptible to pesticide exposure than adults due to a variety of factors
including physiology, metabolism, food consumption patterns and activity patterns.
Additionally, female spouses of farmers may also be exposed via this pathway and
women may have adverse health effects different from men. Studies have suggested
that women may have birth malformations, abortions, congenital defects, and other
adverse perinatal outcomes as a result of pesticide exposure.
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Chapter 2 presents information on pesticide use and practices among the families

enrolled in the study. Residents of Iowa were enrolled in a study investigating
differences in pesticide contamination and exposure factors between 25 farm homes and
25 non-farm homes. The target pesticides investigated were atrazine, metolachlor,
acetochlor, alachlor, 2,4-D, glyphosate, and chlorpyrifos; all were applied to either corn
or soybean crops. A questionnaire was administered to all participants to determine
residential pesticide use in and around the home. In addition, a questionnaire was
administered to the farmers to determine the agricultural pesticides they used on the
farm and their application practices. Non-agricultural pesticides were used more in and
around farm homes than non-farm homes. Atrazine was the agricultural pesticide used
most by farmers. Most farmers applied pesticides themselves but only 10 (59%) used
tractors with enclosed cabs and they typically wore little personal protective equipment.
On almost every farm, more than one agricultural pesticide was applied. Corn was
grown by 23 (92%) farmers and soybeans by 12 (48%) farmers. Of these, 10 (40 %)
grew both soybeans and corn, with only 2 (8%) farmers growing only soybeans and 13
(52 %) farmers growing only corn. The majority of farmers changed from their work
clothes and shoes in the home, and when they changed outside or in the garage, they
usually brought their clothes and shoes inside. Applying pesticides using tractors with
open cabs, not wearing personal protective equipment, and changing from work clothes
in the home may increase pesticide exposure and contamination. Almost half of the 66
farm children less than 16 years of age were engaged in some form of farm chores, with
6 (9%) potentially directly exposed to pesticides, while only 2 (4%) of the 51 non-farm
children less than 16 years of age had farm chores, and none were directly exposed to
pesticides. Farm homes may be contaminated with pesticides in several ways, resulting
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in potentially more contamination than non-farm homes and farm children may be
directly exposed to pesticides through farm chores involving pesticides. In addition to
providing a description of pesticide use, the data presented here is useful in evaluating
potential contributing factors to household pesticide contamination and family exposure.

Chapter 3 presents results from environmental samples collected from the 25 farm and

25 non-farm households that were enrolled the study. Air, surface wipe and dust
samples were collected. Samples from 39 homes (20 F and 19 NF) were analyzed for
atrazine, metolachlor, acetochlor, alachlor, and chlorpyrifos. Samples from 11 homes (5
F and 6 NF) were analyzed for glyphosate and 2,4-D. Greater than 88% of the air and
greater than 74% of the wipe samples were below the limit of detection (LOD). Among
the air and wipe samples, chlorpyrifos was detected most frequently in homes. In the
dust samples, all the pesticides were detected in greater than 50% of the samples except
acetochlor and alachlor, which were detected in less than 30% of the samples.
Pesticides in dust samples were detected more often in farm homes except 2,4-D, which
was detected in 100 percent of the farm and non-farm home samples. The average
concentration in dust was higher in farm homes versus non-farm homes for each
pesticide. Further analysis of the data was limited to those pesticides with at least 50%
of the dust samples above the LOD. All farms where a pesticide was sprayed had
higher levels of that pesticide in dust than both farms that did not spray that pesticide
and non-farms, however, only atrazine and metolachlor were significantly higher. The
adjusted geometric mean pesticide concentration in dust for farms that sprayed a
particular pesticide ranged from 94 to 1300 ng/g compared to 12 to 1000 ng/g dust for
farms that did not spray a particular pesticide and 2.4 to 320 ng/g for non-farms. The
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distributions of the pesticides throughout the various rooms sampled suggest that the
strictly agricultural herbicides atrazine and metolachlor are potentially being brought
into the home on the farmer’s shoes and clothing. These herbicides are not applied in or
around the home but they appear to be getting into the home para-occupationally. For
agricultural pesticides take-home exposure may be an important source of home
contamination.

Chapter 4 presents the results of urine and hand wipe samples collected from 24 male

farmers and 23 male non-farmer controls. On two occasions approximately one month
apart, one hand wipe sample and an evening and morning urine sample were collected
from each participant. The samples were analyzed for the parent compound or
metabolites of six commonly used agricultural pesticides: alachlor, atrazine, acetochlor,
metolachlor, 2,4- dichlorophenoxyacetic acid (2,4-D) and chlorpyrifos. For atrazine,
acetochlor, metolachlor and 2,4-D, farmers who reported applying the pesticide had
significantly higher urinary metabolite levels than non-farmers, farmers who did not
apply the pesticide, and farmers who had the pesticide commercially applied (p-value <
0.05). Generally, there were no differences in urinary pesticide metabolite levels
between non-farmers, farmers who did not apply the pesticide, and farmers who had the
pesticide commercially applied. Among farmers who reported applying 2,4-D
themselves, time since application, amount of pesticide applied, and the number of acres
to which the pesticide was applied were marginally associated with 2,4-D urine levels.
Among farmers who reported applying atrazine themselves, time since application and
farm size were marginally associated with atrazine mercapturate urine levels. Farmers
who reported using a closed cab to apply these pesticides had higher urinary pesticide
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metabolite levels, although the difference was not statistically significant. Farmers who
reported using closed cabs tended to use more pesticides. The majority of the hand
wipe samples were non-detectable. However, detection of atrazine in the hand wipes
was significantly associated with urinary levels of atrazine above the median (p-value <
0.01).

Chapter 5 presents the urine results from 47 fathers, 48 mothers and 117 children

enrolled in the study. On two occasions approximately one month apart, urine samples
from each participant and dust samples from various rooms were collected from each
household and were analyzed for atrazine, metolachlor, glyphosate and chlorpyrifos or
their metabolites. The adjusted geometric mean (GM) level of the urine metabolite of
atrazine was significantly higher in fathers, mothers and children from farm households
compared to those from non-farm households (p = <0.0001). Urine metabolites of
chlorpyrifos were significantly higher in farm fathers (p = 0.02) and marginally higher
in farm mothers (p = 0.05) when compared to non-farm fathers and mothers, but
metolachlor and glyphosate levels were similar between the two groups. GM levels of
the urinary metabolites for chlorpyrifos, metolachlor and glyphosate were not
significantly different between farm children and non-farm children. Farm children had
significantly higher urinary atrazine and chlorpyrifos levels (p = 0.03 and p = 0.03
respectively) when these pesticides were applied by their fathers prior to sample
collection than those of farm children where these pesticides were not recently applied.
Urinary metabolite concentration was positively associated with pesticide dust
concentration in the homes for all pesticides except atrazine in farm mothers, however
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the associations were generally not statistically significant. There were generally good
correlations for urinary metabolite levels among members of the same family.

Chapter 6 presents dose estimates for four pesticides for 117 children (66 farm, 51 non-

farm) of Iowa farm and non-farm households. Each child provided an evening and
morning urine sample at two visits spaced approximately one month apart. Estimated
doses were calculated for atrazine, metolachlor, chlorpyrifos and glyphosate from
urinary concentrations derived from the spot urine samples and compared to U.S.
Environmental Protection Agency (EPA) reference doses. For all pesticides except
glyphosate, the doses from farm children were higher than doses from the non-farm
children. The difference was statistically significant for atrazine (p-value = 0.0001) but
only marginally significant for chlorpyrifos and metolachlor (p-value = 0.07 and pvalue = 0.1 respectively). The highest estimated doses for atrazine, chlorpyrifos,
metolachlor and glyphosate were 0.085, 1.96, 3.16, and 0.34 µg/kg/day respectively.
None of the doses exceeded the EPA chronic reference values for atrazine, metolachlor
and glyphosate; however, all of the doses for chlorpyrifos exceeded the EPA chronic
population adjusted reference value. Doses were similar for male and female children.
A trend of decreasing dose with increasing age was observed for chlorpyrifos.

Chapter 7 presents a general discussion of the study. The results show that farm homes

are contaminated with pesticides and that exposure of inhabitants is occurring. What is
less clear is the relevance of the exposure to biological uptake and ultimately health
risk. Relationships between health effects and determinants of pesticide exposure can
be attenuated due to the relatively large intra-individual variability versus the small

176

B.D. Curwin

Take-home pesticide exposure among farm families

inter-individual variability associated with pesticide exposure. Complicating matters
are the difficulties encountered when conducting pesticide exposure risk assessment.
There are many uncertainties in animal based risk assessments while epidemiological
data is rarely used in risk assessment due to the weaknesses of epidemiological research.
Improving the quality of epidemiological research, particularly exposure assessment,
and defining criteria in which epidemiological data should be used for risk assessment
will help determine the risk associated with chronic low exposure to pesticides. The
adoption of a more transparent approach to risk assessment by pesticide regulatory
agencies will allow for more confidence in the process.
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Samenvatting (Summary in Dutch)
In dit proefschrift wordt de pesticide blootstelling bij boeren families beschreven. De
nadruk die de woning is gekomen ligt op de blootstelling aan herbiciden. Blootstelling
door zogenaamde insleep is niet eerder uitgebreid onderzocht bij boeren families. Zowel
omgevings-, persoonlijke- als biologische-metingen zijn verricht om zodoende
verbetering van eerdere studies naar insleep van pesticide blootstelling onderzoek
mogelijk te maken.

Hoofdstuk 1 geeft een introductie tot het onderzoek. Blootstelling door insleep vindt

plaats als een werker onbedoeld een stof mee naar huis neemt op de kleding of schoenen
en daardoor zijn familieleden blootstelt. Het NIOSH (National Institute for
Occupational Safety and Health) in de Verenigde Staten heeft in 1995 aandacht voor
deze blootstllingsroute gevraagd. Terwijl insleep en de daaraan gerelateerde
blootstelling van andere stoffen, zoals lood, al gedurende langere tijd bekend is, is de
insleep van pesticiden pas sinds kort object van onderzoek. Slechts dertien artikelen zijn
de afgelopen periode in de literatuur verschenen over dit onderwerp. De
gezondheidseffecten van langdurige blootstelling aan geringe hoeveelheden pesticiden
worden op dit moment nog niet geheel begrepen. Voor kinderen wordt in elk geval
rekening gehouden met hoger gevoeligheid voor pesticiden blootstelling dan voor
volwassenen. Dit is toe te rekenen aan een aantal verschillende factoren waaronder
verschillen in fysiologie, metabolisme, voedselgewoontes en het activiteitenpatroon.
Bovendien kunnen echtgenotes van boeren op deze manier worden blootgesteld.
Vrouwen kunnen mogelijk ook andere blijvende gezondheidsschade oplopen dan
mannen. Studies wijzen er op dat onder vrouwen of het nageslacht mogelijk abortus,
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aangeboren afwijkingen en andere blijvende postnatale schade zich vaker voordoen als
gevolg van blootstelling aan pesticiden.

Hoofdstuk 2 geeft informatie over het gebruik van pesticiden en gebruiken bij de

families betrokken in de studie. Inwoners van Iowa (USA) zijn in een studie opgenomen
waarin de verschillen in pesticide besmetting tussen 25 boeren en 25 niet-boeren
families werd bestudeerd. De onderzochte pesticiden zijn atrazine, metolachloor,
acetochloor, alachloor, 2,4-D, glyfosaat, and chloorpyrifos. Al deze pesticiden werden
gebruikt bij de teelt van maïs of sojabonen. Aan alle deelnemers een vragenlijst is
gezonden om pesticidengebruik in en om het huis te vast te stellen. Tevens is een
vragenlijst toegestuurd aan de boeren families om te bepalen welke pesticiden zij
gebruiken en op welke manier. Niet-agrarische pesticiden werden meer in en om
boerderijen gebruikt dan bij de niet boerderijwoonhuizen. Atrazine is het agrarische
pesticide dat door bijna alle boeren gebruikt werd. De meeste boeren pasten de
pesticiden zelf toe. Slechts 10% gebruikte een tractor met gesloten cabine en zij droegen
bijzonder weinig persoonlijke beschermingsmiddelen. In bijna elke boerderij werd meer
dan één pesticide gebruikt. Maïs werd geweekt door 23 (92%) boeren en sojabonen door
12 boeren (48%). Hiervan kweekten 10 boeren (40%) zowel sojabonen als maïs, en
maar 2 boeren (8%) kweken alleen sojabonen, 13 boeren (52%) kweekten alleen maïs.
De meerderheid van de boeren kleedde zich om en wisselde van schoenen in huis. Als
ze dat niet in huis deden dan werd het in de garage gedaan en brachten ze schoenen en
kleren mee naar binnen. Het toepassen van pesticiden met tractors met open cabines,
zonder het dragen van persoonlijke beschermingsmiddelen en het omkleden in huis kan
de blootstelling aan en contaminatie met pesticiden doen toenemen. Bijna de helft van
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66 boerenkinderen onder de 16 jaar was betrokken bij karweitjes op de boerderij,
waarbij 6 kinderen (9%) mogelijk direct werden blootgesteld aan pesticiden. Terwijl
slechts 2 (4%) van de 51 niet boerenkinderen onder de 16 jaar boerenkarweitjes had.
Geen van hen werd direct blootgesteld aan pesticiden. Boerderijen kunnen op
verschillende gecontamineerd raken met pesticiden, wat potentieel resulteert in meer
contaminatie dan voor niet boerderijen. En boerenkinderen kunnen mogelijk direct
worden blootgesteld aan pesticiden door karweitjes met pesticiden. Behalve het geven
van een beschrijving van het gebruik van pesticiden, kunnen de gegevens ook nuttig zijn
voor de evaluatie van mogelijke factoren die meespelen in huishoud pesticide
contaminatie en familie blootstelling.

Hoofdstuk 3 geeft de resultaten van de milieumonsters genomen bij de 25 boeren en de

25 niet boeren families die meededen in de studie. Er werden lucht-, veeg- en
stofmonsters verzameld. Monsters van 39 huizen (20 boeren en 19 niet boeren) zijn
onderzocht op atrazine, metolachlor, acetochloor, alachloor, en chloorpyrifos. Monsters
afkomstig uit 11 huizen (5 boeren en 6 niet boeren zijn onderzocht op glyfosaat en 2,4D. Meer dan 88% van de luchtmonsters en meer dan 74% van de veegmonsters lag
onder de detectielimiet. Bij de lucht- en veegmonsters werd chloorpyrifos het vaakst
aangetroffen in de huizen. Alle pesticiden, behalve acetochloor en alachloor, werden
aangetroffen in meer dan de helft van de stofmonsters. Acetochloor en alachloor werden
aangetoond in 30% van de stofmonsters. Pesticiden in stofmonsters werden vaker
aangetroffen in boerderijen dan in woonhuizen, behalve 2,4-D. 2,4-D werd in 100% van
de boerderijen en de woonhuizen aangetroffen. Voor alle pesticiden was de gemiddelde
concentratie in stof hoger in monsters afkomstig van de boerderijen in vergelijking met
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de huizen. Nadere statistische analyse van de gegevens was alleen mogelijk voor de
pesticiden met tenminste 50% van de stofmonsters boven de detectielimiet. Alle
boerderijen waar een pesticide werd gespoten hadden hogere waarden voor dat
specifieke pesticide in het stofmonsters dan de boerderijen waar dat pesticide niet werd
gespoten en de woonhuizen. Hoger waarden werden alleen voor atrazine en metochloor
gevonden. De gecorrigeerde geometrisch gemiddelde pesticide concentratie in stof in
boerderijen waar een bepaald pesticide gespoten werd liep uiteen van 94 tot 1300 ng/g
stof, van 12 tot 1000 ng/g voor boerderijen waar pesticiden niet gespoten worden en van
2,4 tot 320 ng/g voor niet boerderijen. De verdeling van de pesticiden over de
verschillende monsters genomen in de verschillende ruimtes suggereert dat de strikt
agrarische herbiciden atrazine en metolachloor waarschijnlijk ingesleept worden op de
schoenen en kleding van de boer. Deze herbiciden worden niet in of om het huis
gebruikt maar zij lijken vanaf het werk te worden ingesleept. Voor agrarische pesticiden
kan blootstelling door insleep de belangrijkste huis contaminatiebron zijn.

In hoofdstuk 4 worden de resultaten gepresenteerd van urine- en veeg- monsters van 24
mannelijke boeren en 23 mannen uit de controle groep. Tijdens twee bijeenkomsten
werd bij elke deelnemer, met ongeveer een maand tijdverschil, een veegmonster en, een
ochtend- en avond-urinemonster verzameld. De monsters zijn onderzocht op zes veel
gebruikte agrarische pesticides en de daarbij horende metabolieten. Onderzocht zijn
alachloor, atrazine, acetochloor, metolachloor, 2,4- dichloorphenoxyacetic acid (2,4-D)
en chloorpyrifos. Bij boeren die atrazine, acetochloor, metolachloor en 2,4-D gebruikten
werden significant hogere waarden voor de metabolieten in de urinemonsters gevonden
dan bij boeren die deze stoffen niet toepassen en voor de boeren bij wie de
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pesticidendoor loonspuiters waren toegepast( p < 0,05). In het algemeen waren er geen
verschillen in de urine pesticiden metabolietniveaus bij niet boeren, boeren en boeren
die de pesticiden niet zelf gebruikten. Bij de boeren die aangaven de 2,4-D zelf toe te
passen waren de tijd sinds gebruik, de hoeveelheid verspreidde pesticide en omvang van
het bewerkte oppervlak zwak geassocieerd met hoeveelheid 2,4-D in de urine. Bij de
boeren die aangaven atrazine zelf te verspreiden waren tijd sinds gebruik en omvang
van het boerenbedrijf zwak geassocieerd met de atrazine-mercaptuurzuur waarden in de
urine. Boeren die aangaven een dichte kap te gebruiken bij het verspreiden van deze
pesticiden hadden hogere pesticiden-metaboliet urinewaarden, alhoewel het verschil
niet statistisch significant was. Boeren die met gesloten kap pesticiden verspreidden
bleken wat een groter pesticidengebruik te hebben. Op de meerderheid van
veegmonsters was geen bestrijdingsmiddel waar te detecteren. Alleen de aanwezigheid
van atrazine in handdoekmonsters was significant geassocieerd met urinewaarden (p <
0,01).

In hoofdstuk 5 worden de resultaten van het urine onderzoek onder 47 vaders, 48
moeders en 117 kinderen die meededen aan het onderzoek gepresenteerd. Op twee
tijdstippen, die ongeveer een maand uit elkaar lagen, werden urinemonsters verzameld
van elke deelnemer en werden er stofmonsters genomen in verschillende kamers in de
woning. Deze zijn onderzocht op atrazine, metolachlor, glyfosaat en chloorpyrifos en
hun metabolieten. Het gecorrigeerde geometrisch gemiddelde atrazinemetaboliet niveau
in urine was significant hoger in urine van vaders, moeders en kinderen van boeren
vergeleken met de waarden bij de niet boeren (p =< 0,0001). Vergeleken met niet
boeren vaders en moeders, hadden boeren vaders significant hogere waarden voor
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chloorpyrifos urinemetabolieten (p= 0,02) en boerenmoeders hadden marginaal hogere
waarden voor deze metabolieten ( p = 0,05). De metolachloor en glyfosaat niveaus
waren gelijk bij beiden groepen. Gecorrigeerde geometrische gemiddelden voor
chloorpyrifos, metolachloor en glyfosaat waren niet significant verschillend voor de
boerenkinderen en de niet boerenkinderen. Boerenkinderen hadden significant hogere
atrazine-urinewaarden and chloorpyrifoswaarden ( p = 0,03 en p = 0,03 respectievelijk)
als de pesticiden kort voor de monstername door hun vaders werden toegepast in
vergelijking met de kinderen wiens vader niet recent pesticiden hadden aangebracht.
Voor alle pesticiden was de urinemetaboliet concentratie positief geassocieerd met
pesticidestofconcentraties in de huizen behalve voor atrazine in boerenmoeders. De
associaties waren over het algemeen niet statistisch significant. Over het algemeen
waren de correlaties positief voor urinemetabolietenwaarden voor leden van dezelfde
familie.

Hoofdstuk 6 geeft de dosis schatting weer voor vier verschillende pesticiden bij 117

kinderen, 66 uit boeren families en 51 uit niet boeren families uit huishoudens in Iowa.
Elk kind heeft een ochtend- en avond- urine monster afgestaan tijdens twee bezoeken
die gemiddeld een maand tijdverschil. De geschatte dosis werden berekend voor
atrazine, metolachloor, chloorpyrifos en glyfosaat in urine concentraties afgeleid van de
urine monsters en vergeleken met de Amerikaanse milieu- gezondheids
referentiewaarden van de Environmental Protection Agency. Voor alle pesticiden,
behalve glyfosaat, waren de waarden bij de boerenkinderen hoger dan de waarden bij de
niet boerenkinderen. De verschillende waren statisch significant voor atrazine (p =
0,0001), en slechts marginaal significant voor chloorpyrifos en metolachloor (p = 0,07
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en p = 0,1 respectievelijk). De hoogst geschatte waarden voor atrazine, chloorpyrifos,
metolachloor en glyfosaat waren 0,085; 1,96; 3,16 en 0,34 µg/kg/ dag respectievelijk.
Geen van de waarden voor atrazine, metolachloor en glyfosaat overschreed de EPA
referentiewaarde voor chronische blootstelling, echter alle chloorpyrifos waarden
overschreden de EPA populatie gecorrigeerde referentiewaarde. Doses waren gelijk
voor jongens en meisjes. Bij chloorpyrifos werd een afnemende dosis bij stijgende
leeftijd waargenomen.

In hoofdstuk 7 wordt een algemene discussie voor de studie gevoerd. De studie
resultaten tonen dat boerderijen besmet zijn met pesticiden en dat er blootstelling van de
bewoners plaatsvindt. Minder duidelijk is wat de relevantie van deze blootstelling is de
voor biologische opname en de uiteindelijke gezondheidsrisico’s. Relaties tussen
gezondheidseffecten en bepalende factoren van pesticide blootstelling kunnen worden
verzwakt door de relatief grote intra-individuele variatie in vergelijking met de kleine
inter-individuele variatie in pesticidenblootstelling. Complicerende factoren zijn de
ondervonden problemen bij het uitvoeren van een pesticide blootstelling risicoschatting. Er zijn veel onzekerheden in de op dierproeven gebaseerde risicostudies.
Epidemiologische gegevens zijn beperkt beschikbaar en worden amper gebruikt bij
risicoanalyses gezien ook de beperkingen van de epidemiologische studies op dit
gebied. Verbetering van de kwaliteit van epidemiologisch onderzoek, in het bijzonder
blootstellingonderzoek, en definiëring van de criteria voor de epidemiologische
gegevens die gebruikt zouden moeten worden voor risicoanalyse zullen helpen in het
bepalen van de risico’s die worden geassocieerd met chronische blootstelling aan
geringe doses pesticiden. De acceptatie van een transparanter benadering van risico-
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schatting, - vaststelling en – beoordeling bij wetgevende organisatie voor
gewasbeschermingsmiddelen zal bijdagen aan meer vertrouwen in het hele proces.
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