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Indoor pesticide exposure is a growing concern, particularly from pyrethroids, a commonly used class of
pesticides. Pyrethroid concentrations may be especially high in homes of immigrant farm worker families
who often live in close proximity to agricultural ﬁelds, and are faced with poor housing conditions, causing
higher pest infestation and more pesticide use. We investigate exposure of farm worker families to
pyrethroids in a study of mothers and children living in Mendota, CA within the population-based Mexican
Immigration to California: Agricultural Safety and Acculturation (MICASA) Study. We present pyrethroid
exposure based on an ELISA analysis of urinary metabolite 3-phenoxybenzoic acid (3PBA) levels among
105 women and 103 children. The median urinary 3PBA levels (children¼2.56 ug/g creatinine, mothers¼
1.46 ug/g creatinine) were higher than those reported in population based studies for the United States
general population, but similar to or lower than studies with known high levels of pyrethroid exposure.
A positive association was evident between poor housing conditions and the urinary metabolite levels,
showing that poor housing conditions are a contributing factor to the higher levels of 3PBA seen in the urine
of these farm worker families. Further research is warranted to fully investigate sources of exposure.
& 2014 Elsevier Inc. All rights reserved.
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1. Introduction
Since they were ﬁrst introduced in the 1970s more than 30
synthetic pyrethroids have been commercialized (Khambay and
Jewess, 2005). Their rapid control of insects, relatively low toxicity
to mammals and rapid degradation in the environment has made
pyrethroids a very important class of insecticides, and they are
commonly used worldwide. The federally mandated phase-out of

Abbreviations: MICASA, Mexican Immigration to California: Agricultural Safety
and Acculturation; PBA, 3-phenoxybenzoic acid; MeOH, methanol; PBS, phosphate
buffered saline; PBST, phosphate buffered saline Tween 20; QA, quality assurance;
QC, quality control; GAR-HRP, goat anti-rabbit IgG-horseradish peroxidase conjugate; TMB, tetramethylbenzidine; DMSO, dimethylsulfoxide; HPLC-MS/MS, high
performance liquid chromatography-tandem mass spectrometry; LOD, limit of
detection; LOQ, limit of quantitation; %D, percent detection; NHANES, National
Health and Nutrition Examination Survey; CTEPP, Children's Total Exposure to
Persistent Pesticides; CHAMACOS, Center for the Health and Assessment of
Mothers and Children of Salinas; SUPERB, Study of Use of Products and Exposure
Related Behavior; 4F3PBA, 4-ﬂuoro-3-phenoxybenzoic acid
n
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residential uses of the organophosphate pesticides chlorpyrifos
and diazinon in 2001 has caused further increases in the usage of
pyrethroids indoors (Horton et al., 2011; USEPA, 2001, 2012;
Williams et al., 2008).
This class of insecticides has a remarkably good safety proﬁle,
particularly compared to earlier materials that they replaced.
There are cautions with regard to human exposure however. Many
studies have shown that high levels of exposure to pyrethroids
may cause signiﬁcant toxicity and health effects. Pyrethroids are
acute neurotoxins (Costa et al., 2008; Ray and Fry, 2006). They
have shown immunotoxic effects (Blaylock et al., 1995; Emara
and Draz, 2007) and negative effects on mammalian reproduction
(Ji et al., 2011; Zhang et al., 2008), and they are reported to likely
be carcinogenic to humans (USEPA, 2006).
Exposure in the general population results from ingestion of
foods such as fruits and vegetables onto which the insecticide has
been applied; drinking water; and inhalation, dermal contact and
non-dietary ingestion resulting from residential indoor application. In agricultural communities poor housing conditions can
make homes more difﬁcult to clean, potentially leading to a larger
pest problem and in turn an increased use of pesticides in the
indoor environment (Arcury et al., 2007; Bradman et al., 2005;
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Early et al., 2006; Quandt et al., 2004). Factors related to farm
proximity, including drift from agricultural application and takehome contamination from occupational use, may also have a large
inﬂuence on exposure to pesticides (Curl et al., 2002; Harnly et al.,
2005; Lu et al., 2000; You et al., 2004). Because children have an
increased risk of exposure to environmental contaminants as
compared to adults (Moya et al., 2004) children living in agricultural communities are especially susceptible to pesticide exposure
(Arcury et al., 2007; Bradman et al., 2007).
A number of major pyrethroids such as permethrin, cypermethrin,
deltamethrin, and fenvalerate are metabolized to 3-phenoxybenzoic
acid (3PBA). This urinary metabolite has been commonly used as a
generic biomarker for evaluating human exposure to multiple pyrethroid pesticides (Barr et al., 2010; Chuang et al., 2011; Kimata et al.,
2009). Traditionally, instrumental analytical methods (Leng et al.,
1997; Schettgen et al., 2002) are used to determine 3PBA in urine
samples. More recently however, a lower-cost bioanalytical approach
using an enzyme-linked immunosorbent assay (ELISA) has been
developed and shown to be a suitable alternative method for the
analysis of 3PBA in urine samples for exposure monitoring (Ahn et al.,
2011; Shan et al., 2004).
The city of Mendota is located in agriculturally intensive Fresno
County, in California's Central Valley. According to the USDA's 2007
Census of Agriculture, Fresno County had 6,081 farms, comprising
over 1.6 million acres of land. It was ranked one of the top three
counties in the U.S. for either total value or total acreage of
agricultural products for the following commodities: cotton and
cottonseed; vegetables, melons, potatoes, and sweet potatoes; fruits,
tree nuts, and berries; grapes; tomatoes; vegetables harvested for
sale; and almonds (USDA, 2009). With almost 29 million pounds of
pesticide active ingredients applied in Fresno County, the highest of
any county in California, in 2009 (CDPR, 2010) it can be assumed that
there is a high risk of pesticide exposure to the farm workers, their
families and people living in the surrounding areas. This study was
conducted to examine the sources of pyrethroid pesticide exposure in
the homes of farm worker families living in Mendota, California. We
report housing conditions and exposure data collected in 2009 on
pyrethroid pesticides measured by questionnaires and urinary concentrations of the metabolite 3PBA among 105 women, 23–51 years
of age and 103 children, 2–8 years of age.
2. Materials and methods
2.1. Study population
The Mexican Immigration to California: Agricultural Safety and Acculturation
(MICASA) Study is a prospective cohort sample of 467 hired farm worker family
households from Mendota, CA designed to evaluate occupational and environmental exposures of signiﬁcance for a farm working population. Households were
sampled from randomly selected census blocks and, following door-to-door
enumeration, those households containing at least one hired farm worker were
contacted for recruitment. Eligible participants in the MICASA study included men
and women, residing in Mendota, CA, ages 18–55 years, self-identiﬁed as Mexican
or Central American, with at least one household member who worked in
agriculture 45 days or more in the previous year (Stoecklin-Marois et al., 2011).
MICASA recruitment and baseline interviews were conducted between January
2006 and May 2007. A follow-up interview was conducted between February 2009 and
June 2010. Recruitment for the home pyrethroid exposure study began in February of
2009 and sample collection took place between June and December of 2009.
In total, 843 participants, representing 467 households, completed the MICASA
baseline interview. The analysis highlighted in this paper was designed to look at
sources of pyrethroid exposure in the homes of the MICASA study population. As
children typically have higher levels of exposure to pesticides (Moya et al., 2004),
we restricted eligibility to those MICASA families with at least one child aged 7 or
under at the time of recruitment in order to better understand the sources in this
potentially highly exposed population. Among the MICASA households completing
baseline interviews, 175 (37.5%) were eligible for participation in the home
pyrethroid exposure study. Eligible households were placed in random order for
contact. One hundred twenty seven households were contacted for recruitment
before reaching our goal of 105 (82.7%) households who agreed to participate and

were enrolled in the study. The remaining 22 households either could not be
contacted or declined to participate. If a family had multiple eligible children, one
child was randomly selected and enrolled. At the time of sample collection,
children ranged from 2 to 8 years of age.
Written informed consent was obtained from each participant. Each study
component was described verbally and in writing to the participant prior to
obtaining written informed consent. Spanish was the primary language of the
participants, thus the study description and written informed consent were
provided in Spanish. All study procedures were approved by the University of
California, Davis Institutional Review Board.
2.2. Sample collection
Data collected between June and December of 2009 consisted of urine samples,
questionnaires and food recall.
As collecting 24-hour urine samples can be difﬁcult for participants, a more
convenient end-of-day single spot void urine sample was collected from each mother
and enrolled child. The end-of-day was chosen to allow for a consistent collection time
from all participants. Plastic bonnets, to be placed under the toilet seat (Barr et al., 2010;
Wilson et al., 2004), and pre-labeled standard plastic urine cups were provided for
urine collection. Total volume of void, time of void collection and time of previous void
were recorded. Participants were instructed to store their urine sample in the provided
coolers with ice packs overnight until study staff retrieved the samples the following
day. Urine samples were then refrigerated at the MICASA ﬁeld ofﬁce for generally less
than one day, delivered on ice to UC Davis where they were stored in a  80 1C freezer
until sample extraction and analysis.
At the time of urine collection, a questionnaire was administered to the
mothers. We obtained the frequency of pesticide use in both the hot and cold
season of the previous year. Pesticide use encompassed any type of pest control
including sprays, foggers, sticky traps, bait traps, gels, and any application by
professional exterminators.
To assess the presence of insect or rodent problems in the home, we asked if
anyone living in the home had seen rodents, rodent feces, live or dead roaches,
roach feces or ants inside the home at any time in the last year.
The overall condition of the home was assessed by a series of questions looking
at the presence of various common household disrepair items with the aim of
creating a summed Home Disrepair Score. These individual disrepair items
included water damage, mold, plumbing leaks, rotten wood, holes/worn spots in
ﬂooring, walls, ceiling and/or counters, peeling paint and home security. On the day
of urine collection, a staff member inventoried all pesticide products in the home,
including their EPA registration number and active ingredients.
Additional sources of data included pesticide use questions assessed at both MICASA
baseline and follow-up interviews and asked of husband and wife in each household.
Furthermore, at follow-up interview, an evaluation each participant's home was
conducted by trained staff members. Three assessments Inside Housing Condition,
Outside Housing Condition, and Home Cleanliness were scored on a 4-point scale based
on level of disrepair. The Inside Housing Condition included peeling paint, holes/cracks
in walls or ﬂoors, stains on ﬂoors, and presence of rodents and/or insect feces inside the
house. The Outside Housing Condition included peeling paint and landscape maintenance. Home Cleanliness assessed the difﬁculty level of keeping the home clean. The
Inside Housing Condition was based only on the portion of the home visible during the
interview, and the research staff did not look for the presence of water damage.
Participants were asked to complete a 24-hour food diary for the day prior to
urine collection. The diary was split into four sections: breakfast, lunch, dinner, and
snacks. The participants were instructed to write down everything they ate or
drank during the entire 24-hour period, including the number of servings of each
item consumed. Due to the low education level of participants, we did not consider
it feasible to collect more detailed serving size information. No information was
collected on participants' time activity.
2.3. Laboratory methods
Urine samples were prepared and analyzed for 3PBA using a competitive
inhibition ELISA adapted from previously reported methods (Leng et al., 1997; Shan
et al., 2004). Brieﬂy, 0.5 mL urine aliquots were treated by acid hydrolysis, followed by
solid phase extraction with a mixed-mode (C8þ Strong Anion Exchange, 200 mg
Screen-A Tube, Phenomenex, Torrance, CA) column, and ﬁnally solvent exchanged into
methanol (MeOH). The ELISA was performed using 96-well high binding micro titer
plates (Nunc, Roskilde, Denmark) coated with coating antigen cAg06 (Shan et al.,
2004), washed with 10 mM phosphate buffered saline (PBS)þ0.05% Tween 20 (PBST),
blocked with 0.5% bovine serum albumin in PBS. All standards, quality control (QC)
samples and urine samples were prepared in 10% MeOH in PBS prior to the assay
procedure. A 10-point (0.005–10,000 ng/mL) calibration curve was prepared for each
assay using a serial 1:5 dilution from the highest standard solution. A blank 0 ng/mL
standard in the same 10% MeOH/PBS solution was also prepared. Wells containing
instrument blanks received a 50 uL aliquot of PBST, while all remaining wells received
a 50 uL aliquot of anti-rabbit 3PBA antibody #294 (Shan et al., 2004) diluted 1:7000 in
PBST. The goat anti-rabbit IgG-horseradish peroxidase conjugate (GAR-HRP; Sigma)
was diluted 1:3000 in PBST. The substrate solution (3.3 uL of 30% H2O2, 400 uL of 0.6%
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tetramethylbenzidine (TMB) in dimethylsulfoxide (DMSO) per 25 mL of acetate buffer,
pH 5.5) was added and color development was stopped after 15 min with 2 M H2SO4.
The absorbance was measured using a Vmax micro plate reader (Molecular Devices,
Menlo Park, CA) in dual wavelength mode at 450 nm–650 nm. Urinary creatinine
concentrations were determined using the methods described in Ahn et al. 2011 (Ahn
et al., 2011).
2.4. QA/QC
All urine samples, blank samples and QC samples were analyzed in triplicate.
The ﬁnal concentrations were calculated from the means of the triplicate values. If
one of the triplicate values fell below the LOD it was not considered in the
calculation of the mean concentration. Mean values that fell between the LOD and
the LOQ were retained in all further statistical analyses. For each set of extractions,
one urine sample was randomly chosen for QC analysis and was spiked to a level of
10 ng/mL 3PBA before extraction in order to verify that there were no matrix effects
from the sample extract and to check method accuracy. Five different urine samples
were also extracted and analyzed in duplicate at different time points in the
analysis to verify the method precision.
For further validation of the ELISA method, and in order to try to quantify any
cross-reactivity that may have occurred, a set of six urine samples was sent to
Emory University in Atlanta, GA where they were analyzed by high performance
liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) using a well
established method (Olsson et al., 2004).

in homes with 4 or more residents (Table 1). Pest problems were
common with 59% reporting insect problems, 43% using pesticides
indoors and 35% applying pesticides outside (Table 2). A Spearman
rank correlation analysis was performed to see if there were
associations between the two measures of home disrepair (Home
Disrepair Score and Inside Housing Conditions) with pesticide
application. Multiple signiﬁcant correlations were observed (see
Table S1 in Supporting Information), suggesting that poor housing
conditions do lead to higher rates of pesticide application.
3.2. QA/QC
For each set of three triplicates, the sample standard deviation
of the urinary 3PBA concentration was computed. The average
Table 1
Socio-demographic characteristics of mothers in
Home Pesticide Study assessed on MICASA baseline
questionnaire, 2006–2007.
Mother Characteristics (n ¼105)
Age Range¼ 23.2 to 51.8 years
o 30
30–34
35–39
40–44
445
Education
No school
r 6th Grade education
4 6th Grade education
Marital Status
Married
Single
# of People in Household
1–3
4–6
4 6
Country of Birth
United States
Mexico
El Salvador
Other
Child Characteristics (n ¼103)

2.5. Statistical analysis
Summary statistics for both the volume based and creatinine adjusted 3PBA
data were calculated. For concentrations below the limit of detection (LOD), an
imputed value was assigned equal to the LOD divided by the square root of 2 (Barr
et al., 2010; Hornung and Reed, 1990).
To determine predictive variables from the questionnaire data to include in a
multivariate analysis, linear regression with both the log-transformed creatinine
concentration and the variable of interest, referred to as the bivariate comparisons,
were performed for each variable with 3PBA concentration. For each type of
pesticide application, we created a continuous variable that represented the
number of applications per year as well as a categorical variable indicating if that
type of pesticide had been applied. Additional variables were also created summing
pesticide applications across different application types.
Food diaries were translated to English, and individual food items were
grouped into ten different food categories: Fruit, Vegetables, Legumes, Meats,
Snack/Processed Foods, Dairy, Beverages, Grains, Mixed Foods (i.e. soup), and Other.
Each category also had sub-categories for speciﬁc, popular food items. For example,
in the Dairy category, sub-categories included Milk, Cheese and Other Dairy. Two
variables were created for each food category and sub-category. First a categorical
variable that indicated if the participant had consumed an item from a given
category or sub-category. Second, a continuous variable was created with the
number of servings in each category or sub-category.
Volume based 3PBA concentrations were log-transformed to better approximate a normal distribution and regressed against the log-transformed creatinine
concentrations and the individual questionnaire variable (Barr et al., 2005). Two
regression analyses were conducted for each variable, one including only data from
the mothers and one including only data from the children (Barr et al., 2005).
There were a number of variables related to individual measures of home
disrepair (e.g. mold, water damage, holes in the carpet, etc.) that were signiﬁcant in
the bivariate analysis. Because many of these measures of disrepair were correlated,
item analysis was performed to select and evaluate the internal consistency of a set
of items for a summative scale score. The resulting Home Disrepair Score is
computed by summing the water damage, leaks, carpet damage, worn spots or
holes in the counters and rotten wood indicators and has good internal consistency
in our sample (Cronbach Coefﬁcient Alpha ¼0.81).
Multivariate regression was then performed to evaluate which questionnaire
variables were most predictive of the urinary 3PBA concentrations. Three models
were ﬁt, one with the data from both the mothers and the children, one with data
only from the children, and one with data only from the mothers. As an alternative,
we also ran the models using the metabolite concentrations directly adjusted by the
creatinine concentration. All statistical analyses were performed using SAS version
9.2 (SAS Institute, Cary, NC).

3. Results
3.1. Population demographics & questionnaire
Women in this study ranged in age from 23 to 51 years old;
they had very low educational levels, with 46% having only a 6th
grade education or lower; they were almost all married and lived
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Age Range¼ 1.6 to 8.4 years
o 3
3–4
5–6
46
Sex
Male
Female

%

31
25
22
18
4
4
42
54
92
8
6
73
21
3
65
29
3
%
4
53
31
12
53
47

Table 2
Self-reported pesticide use and home disrepair indicators from the MICASA Home
Pesticide Study questionnaire, 2009.
Questionnaire Items (n¼ 105)

%

Insect problem in home
Indoor pesticide use by household member
Had pesticides stored in the home at time of interviewa
Outdoor pesticide use by household member
Rodent problem in home
Peeling paint in home
Pesticide use by professional applicator
Mold in home
Holes in carpets or ﬂooring in home
Holes or worn spots on counters in home
Holes or cracks in walls or ceiling in home
Water damage in home
Rotting wood in home

59
43
38
35
18
17
13
13
11
7
7
6
6

a

Based upon staff evaluation.
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Table 3
Summary statistics of volume based (ng/mL) and creatinine adjusted (ug/g) 3PBA concentrations of participant urine samples in MICASA Home Pesticide Study, 2009a.
Category (n)

Total (208)
Volume based (208)
Creatinine adjusted (205)
Children (103)
Volume based (103)
Creatinine adjusted (103)d
Mothers (105)
Volume based (105)
Creatinine adjusted (102)

% NDb

Mean

GMc

Percentilesc

Max

50th

75th

90th

95th

20.2
2.51
3.49

1.14
1.47

1.65
1.86

3.65
3.67

5.58
8.74

8.14
13.68

13.29
36.58

2.40
3.83

1.11
1.97

1.93
2.56

3.59
5.96

5.61
10.11

7.36
15.47

11.85
36.58

2.62
3.15

1.17
1.10

1.63
1.46

3.65
2.58

5.60
5.27

8.24
10.37

13.29
21.95

22.3

18.1

a

Samples below LOD¼ LOD/√2, LOD ¼0.1 ng/mL.
%ND – percent non-detect.
c
GM – geometric mean.
d
Signiﬁcantly higher than Mothers (p¼ 0.005).
b

3PBA concentration was 2.51 with an average standard deviation
of 0.42 ng/mL. Less than 10% of the samples had a triplicate that
fell below the LOD resulting in that value being dropped from the
calculation of the mean. Recoveries of the fortiﬁed urine samples
ranged from 67 to 111% with an average ( 7standard deviation) of
827 12%. The LOD of this analysis was estimated to be 0.1 ng of
3PBA in 1 mL urine. The limit of quantitation (LOQ) was determined to be 2 ng/mL. The percent difference (%D) between
concentrations in duplicate aliquots of selective urine samples
ranged from 3.6 to 28% with an average of 14%.
Six urine samples were also analyzed by HPLC-MS/MS to
further validate the ELISA method. The square of the correlation
coefﬁcient between the 3PBA concentrations from the two laboratory methods for the six samples tested was R2 ¼0.934, and the %D
ranged from 7.9 to 30.6% with an average of 25%, with the ELISA
resulting in higher concentrations in four of the samples, and
lower concentrations in two of the samples.
3.3. Urinary 3PBA concentrations
Urinary 3PBA concentrations in our study were detected in 80%
of all samples with a range of 0.3–13 ng/mL (Table 3). There was no
signiﬁcant difference in the detection frequencies between
mothers and children. However, adjustment for urinary creatinine
resulted in a signiﬁcantly higher concentration of urinary metabolites in children than in mothers (p ¼0.005). We calculated the
correlation of urinary 3PBA concentrations between mothers and
children. Urinary 3PBA concentrations from mothers and children
in the same household were positively correlated for both volume
based (R2 ¼ 0.39, po 0.0001) and creatinine adjusted concentrations (R2 ¼0.37, p o0.0001).
3.4. Multivariate analysis
Variables included in the multivariate analysis were based upon
the results of the bivariate analysis. The Home Disrepair Score,
derived from the combination of multiple questionnaire items, was
signiﬁcant in the bivariate analysis only for mothers, while the Inside
Housing Conditions score, derived from the staff evaluation during
the MICASA follow-up interview, was signiﬁcant only for the
children. Because these two scores were designed to measure similar
housing characteristics, both scores along with the Outdoor Spray
pesticide use variable from the MICASA baseline questionnaire and
the log-transformed creatinine concentrations were included in all
three multivariate models described below.
Multivariate models assessed factors associated with 3BPA concentrations in the combined sample (both mothers and children),

Table 4
Multivariate analysis results showing the relationship between the log-transformed
volume based urinary 3PBA concentrations and various pesticide use, home
disrepair and food diary items.
Total Study Population
(n¼ 208)
Creatininea
Mother or Child
Home Disrepair Scoreb
Outdoor Sprayc
Inside Housing
Conditionsd
Children (n¼ 103)
Creatininea
Home Disrepair Scoreb
Outdoor Sprayc
Inside Housing
Conditionsd
Apple Yes/No
Milk Total
All Meat Total
Cereal Total
Mothers (n¼ 105)
Creatininea
Home Disrepair Scoreb
Outdoor Sprayc
Inside Housing
Conditionsd
Eggs Yes/No
Beans Yes/No
Grapes Yes/No
Chicken Yes/No
Cereal Total

Percent
Users

Estimate Standard
Error

t
Pr4 t
value

20
15
40

0.61
 0.31
0.17
0.77
0.26

0.11
0.16
0.09
0.35
0.19

5.4
 1.9
2.0
2.2
1.4

o .0001
0.06
0.049
0.03
0.17

19
15
40

0.59
0.16
0.71
0.38

0.15
0.10
0.39
0.21

3.8
1.7
1.8
1.8

0.0003
0.10
0.07
0.08

28
86
76
50

 0.48
 0.15
0.25
 0.42

0.32
0.13
0.15
0.24

 1.5
 1.2
1.7
 1.7

0.13
0.22
0.10
0.08

21
14
41

0.53
0.22
0.88
 0.10

0.18
0.10
0.39
0.21

3.0
2.2
2.3
 0.5

0.0038
0.03
0.03
0.64

39
53
12
24
37

 0.38
 0.37
0.54
0.58
0.58

0.29
0.29
0.43
0.35
0.28

 1.3
 1.3
1.3
1.7
2.1

0.19
0.21
0.21
0.10
0.04

a

Log transformed values.
Includes water damage, water leaks, carpet damage, counter damage and
rotten wood assessed at time of urine collection.
c
Data from baseline interview (2006–2007).
d
Staff evaluated data from follow-up interview (2009–2010).
b

children only and mothers only (Table 4). Both the Home Disrepair
Score (p¼0.049) and Outdoor Spray (p¼0.03) were positive signiﬁcant predictors of urinary 3PBA levels in the total study population
model, which included log-transformed creatinine, the Home
Disrepair Score, Outdoor Spray, Inside Housing Conditions and a
Mother/Child variable (Table 4). The model restricted to children
included food diary variables signiﬁcant in the bivariate model:
Apple (categorical), Milk (continuous), All Meat (continuous) and
Cereal (continuous) as well as the log-transformed creatinine, the
Home Disrepair Score, Outdoor Spray and Inside Housing Conditions.
In this model Outdoor Spray (p¼0.07) and Inside Housing Conditions
(p¼0.08) were marginally signiﬁcant positive estimators of urinary
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3PBA concentration. Cereal Total, while marginally signiﬁcant, was
negatively associated with urinary 3PBA in the children only data.
In the mother only model we included the food diary variables
Eggs (categorical), Beans (categorical), Grapes (categorical), Chicken
(categorical), and Cereal (continuous) as well as log-transformed
creatinine, the Home Disrepair Score, Outdoor Spray and Inside
Housing Conditions. The Home Disrepair Score (p¼0.03), Outdoor
Spray (p¼ 0.03), and Cereal Total (p¼ 0.04) were all signiﬁcant
positive estimators of urinary 3PBA levels in the mothers. The
models with the metabolite concentrations directly adjusted for
creatinine resulted in similar associations (see Table S2 in supporting
information).

4. Discussion
We assessed the exposure to pyrethroid pesticides in 105
women and 103 children in a farm worker population by laboratory measurements of the metabolite 3PBA in urine samples and
by questionnaire data. This population had a relatively low
educational level, with only about half of the adult women
participating in our study reporting a 6th grade education or
higher, in contrast to the 85% of U.S. adults who have a high school
diploma (Stoops, 2004). The results from the ELISA method used to
analyze urinary 3PBA concentrations in this study were validated
by a more traditional instrumental method at the Emory University in Atlanta, GA. The suitability of this newer analytical
technique for use in biological monitoring of 3PBA is further
corroborated by Chuang et al. who analyzed over 100 urine
samples and showed high correlation between ELISA and GC/MS
data, with the square of the linear correlation coefﬁcient R2 ¼0.906
and no signiﬁcant between the two methods of analysis for any
given sample (Chuang et al., 2011).
Children had higher concentrations of this metabolite than
their mothers. This result is consistent with multiple pesticide
exposure studies and most likely has to do with differences in
behavior that leads to higher non-dietary ingestion in children
(Cohen Hubal et al., 2000). Once pyrethroid pesticides have
entered the home, the carpets and cushioned furniture can act
as repositories for pesticides (Colt et al., 2004; Starr et al., 2008).
High levels of pesticides in carpet dust is a particular concern for
young children who, due to their continual exploration of their
environments, spend a large amount of time on the ﬂoor and have
increased hand to mouth activity, resulting in increased exposure
to the pollutants through dermal and non-dietary ingestion routes
(Fenske et al., 1990; Gurunathan et al., 1998; Zartarian et al., 1997).
The median concentrations in the National Health and Nutrition Examination Survey (NHANES), a population based sample,
collected from 1999 to 2000 were 0.30 and 0.26 ug/g creatinine for
children (aged 6–11 years) and adults (aged 20–59 years), respectively, and only increased slightly to 0.33 and 0.30 ug/g creatine for
children and adults, respectively, in samples collected from 2001
to 2002 (Barr et al., 2010). Median urinary 3PBA concentrations of
NHANES samples collected from 2007 to 2008 increased a bit
more to 0.42 and 0.38 ug/g creatinine for children and adults,
respectively (CDC, 2013). In the Children's Total Exposure to
Persistent Pesticides (CTEPP) 2000 to 2001 study, a population
based sample of preschool children living in Ohio, the median
level was 0.32 ug/g creatinine for children aged 1–5 years (Morgan
et al., 2007). The 2004 Casa y Campo study, a community-based
project aiming to reduce pesticide exposure among farm workers
and their families in eastern North Carolina, reported median
concentrations of 3PBA in children aged 1–6 years of 0.15 ug/g
creatinine (Arcury et al., 2007). In the 1999 to 2001 Center for the
Health and Assessment of Mothers and Children of Salinas
(CHAMACOS), a longitudinal birth cohort study of families in a
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largely agricultural area, the median level of the pregnant adult
women in an agricultural community was below the LOD of 0.1 ug/g
creatinine (Castorina et al., 2010). The 2007 to 2009 Study of Use of
Products and Exposure Related Behavior (SUPERB), a study investigating behaviors of Northern California families that could inﬂuence
exposure to environmental pollutants, reports median urinary 3PBA
concentrations of 0.80 and 0.61 ug/g creatinine for children and
adults respectively (Trunnelle et al., 2014). The 3PBA levels in the
MICASA population, 2.56 ug/g in children and 1.46 ug/g in mothers,
were approximately ten times higher than those in the NHANES,
CTEPP and CHAMACOS studies and approximately 3 times higher
that those in SUPERB. A 2011 biomonitoring study in which
participants were recruited when they visited a health center in
Jacksonville, FL, a city previously determined to have elevated
rates of pesticide use, showed median urinary 3PBA levels of
2.5 ug/g in children aged 4–5 years (Naeher et al., 2010), a value
similar to the median urinary 3PBA levels found in our population.
Finally, the Children's Environmental Health Study, a prospective
study following a multiethnic urban cohort of mothers and infants
delivered at Mount Sinai Hospital in New York City, found median
urinary 3PBA levels to be 19.3 ug/g in pregnant adult women living
in the area during the 1998 to 2001 sampling (Berkowitz et al.,
2003) (Fig. 1). While the Children's Environmental Health Study in
New York City reported much higher levels, it was suspected that
the sumithrin sprayed to combat West Nile Virus in the area
during the sampling campaign may have contributed to these
ﬁndings (Berkowitz et al., 2003).
With urinary 3PBA levels higher than the NHANES, CTEPP, Casa
y Campo, SUPERB and CHAMACOS studies, and comparable to the
Jacksonville, Fl study, it is clear that the MICASA population has
high concentrations of 3PBA in their urine, which may be indicative of pyrethroid pesticide exposure. One possible explanation
for these results is the increasing use of pyrethroids for residential spraying since the 2001 federally mandated phase-out of
residential uses of the organophosphate pesticides chlorpyrifos
and diazinon (Horton et al., 2011; USEPA, 2001,2012; Williams et
al., 2008). However, since the NHANES 2007–2008 results show
only a minimal increase in 3PBA levels from the 1999–2002
results, it is more likely that higher urinary 3PBA levels in the
MICASA population are due to residing in an agricultural community with higher pesticide use and therefore exposure. We also
note that some of the 3PBA in the urine may have resulted from
direct exposure to 3PBA in the environment, as it has been
measured in dust (Starr et al., 2008). It is also important to note
that, although our results were validated by a GC/MS method, it is
possible for cross-reactivity to occur with another common
pyrethroid metabolite, 4-ﬂuoro-3-phenoxybenzoic acid (4F3PBA),
in ELISA. This could potentially result in an over estimation of
3PBA concentrations in our study as compared to those using
instrumental methods. However, the median 4F3PBA levels
reported in the 2007–2008 NHANES were only 0.082 and 0.061
ug/g creatinine for children and adults, respectively (CDC, 2013).
If cross-reactivity were to occur, these levels would still not
account for the difference between NHANES and MICASA urinary
3PBA levels.
There were few associations between the metabolite and
pesticide use data from the questionnaire administered at the
time of urine collection. Although 59% of the population reported
having an insect problem in the home, within the previous year,
only 43% reported using pesticides inside their homes and 35%
reported using pesticides outside their homes. When both adult
household members were asked the pesticide use questions at
baseline, 21% husband/wife pairs gave discordant answers to using
indoor pesticides, and 27% gave discordant answers to using
outdoor pesticides within the last year. These results suggest that
actual pesticide use was higher than reported in our study and
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15
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Mt. Sinai Hospital, NY, 19982001 (386)c

SUPERB, 2007-2009 (90)

NHANES, 2007-2008
(1,148)

NHANES, 2001-2002 (1,619)

NHANES, 1999-2000
(1,024)

MICASA, 2009 (105)

Jacksonville, FL, 2011
b
(201)
SUPERB, 22007-2009
(83)
Casa y Cammpo, 2004
(60)a

CTEPP, 2000-2001
(127)

NHANES, 2007-2008
(365)

NHANES, 2001-2002
(580)

NHANES, 1999-2000
(483)

MICASA, 2009 (103)

Study, Year (n)
Fig. 1. Comparison of 50th and 95th percentile creatinine adjusted 3PBA concentrations (ug/g) of children (left) and women (right) reported in multiple studies, with number
of subjects in parenthesis. Footnotes: a95th percentile not reported; b95th percentile is 24.2 ug/g; c50th percentile is 18.3 ug/g, and 90th percentile is 126.9 ug/g.

that both adult household members should be interviewed in the
future in order to obtain a more accurate measure of pesticide use.
There were limited associations with urinary metabolite levels
and food products, with some associations, such as grapes,
corresponding to crops to which pyrethroids are applied. Associations with food items where pyrethroids are not used, or used very
minimally, may represent other dietary trends, or spurious correlations, as have been found in previous studies assessing food
categories and pesticide metabolites in urine (Riederer et al.,
2008).
There were several limitations to this study, mostly related to
the use of self-reported data. One such limitation was that we
were unable to obtain food serving size information due to the low
educational level of this population. Additionally, as mentioned
above, there was a lack of consistent reporting of pesticide
applications between husband and wife. There were also limited
and inconsistent relationships between housing disrepair indicators and the metabolite data. The Home Disrepair Score, a sum of
participants self-reported housing disrepair indices, was signiﬁcantly associated with the mother's urinary metabolite data but
only marginally associated with metabolite levels in the children.
In contrast, the Inside Housing Conditions, an interviewer assessed
measure of housing disrepair indices, was marginally associated
with children's urinary metabolite data with a p-value of 0.08 and
was not associated with the mother's urinary metabolite data.
A possible explanation for this inconsistency is that it was difﬁcult
for staff to assess home conditions for the Inside Housing Conditions while remaining sensitive to the participants in this
community-based study. Additionally, all participants may not
have consistently reported on their own housing conditions for
the Home Disrepair Score. The difﬁculty in obtaining an accurate
and reliable rating of housing condition is a limitation of this
study. Also, there is often both within-day and between-day
variability in the urinary concentrations of metabolites of nonpersistent compounds like pyrethroids when only single spot
urine samples are collected (Preau et al., 2010). Although inconsistent, the data does however support the idea that poor housing
conditions lead to higher pesticide exposure, thus looking at both
housing condition measurements (self-reported and interviewer

assessed) can be an alternative mechanism in predicting pesticide
exposure of people living in poorer housing conditions.
As a urinary metabolite of multiple pyrethroids, 3PBA can
reﬂect exposure from various sources, not only those in the home
environment. Unfortunately there were few correlations between
the urinary 3PBA concentrations and the questionnaire data.
Limitations of this study were difﬁculties in obtaining accurate
pesticide use information, food serving size information, and
reliable measures for housing conditions.
4.1. Conclusion
Despite its limitations, this study contributes to existing
research by providing further evidence that farm working families
may face higher exposures to pyrethroid pesticides. Additionally,
this study provides evidence that poor housing conditions are a
contributing factor to the higher exposure. Further research is
warranted to fully investigate the impact of housing conditions.
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