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Abstract

Pesticides are used extensively in residential settings for lawn maintenance and in homes to
control household pests including application directly on pets to deter fleas and ticks. Pesticides
are commonly detected in the home environment where people and pets can be subject to

chronic exposure. Due to increased interest in using companion animals as sentinels for human
environmental health studies, we conducted a comparative pesticide exposure assessment in 30
people and their pet dogs to determine how well silicone wristbands and silicone dog tags

can predict urinary pesticide biomarkers of exposure. Using targeted gas chromatography—mass
spectrometry analyses, we quantified eight pesticides in silicone samplers and used a suspect
screening approach for additional pesticides. Urine samples were analyzed for 15 pesticide
metabolite biomarkers. Several pesticides were detected in >70% of silicone samplers including
permethrin, N,N-diethyl-meta-toluamide (DEET), and chlorpyrifos. Significant and positive
correlations were observed between silicone sampler levels of permethrin and DEET with their
corresponding urinary metabolites (s = 0.50-0.96, p < 0.05) in both species. Significantly higher
levels of fipronil were observed in silicone samplers from participants who reported using flea and
tick products containing fipronil on their dog. This study suggests that people and their dogs have
similar pesticide exposures in a home environment.

Graphical Abstract
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INTRODUCTION

Pesticides, including herbicides, insecticides, and fungicides, constitute a diverse group of
chemicals that are used in a variety of applications for pest control in homes, in agricultural
practices, and in some medical treatments, to name a few. A United States Environmental
Protection Agency (U.S. EPA) report on pesticide usage estimated that globally 5821 million
pounds of pesticides was used at the producer level in 2012, with 20 % of that usage
attributed to the United States.! In the United States, the agricultural sector represents 90%
of the total pesticide usage,! with the remaining use attributed to residential applications and
consumer products.

According to the U.S. EPA, approximately 88 million U.S. households use some type of
pesticide. Pesticides are used in and around households in a wide variety of applications:
elimination of weeds from lawns, protection of gardens from pests, and control of insects
and rodents from indoors. Additionally, pesticides are applied directly to our bodies and/or
our pets’ bodies to help prevent the transmission of vector-borne diseases. Despite the
lower overall national share of pesticide use, private homeowners can use up to 10x

more pesticide per acre than a typical agricultural application.2 While household exposures
include the indoor and immediate outdoor (i.e., lawn and garden) application of pesticides, it
is important to note that sources of exposures may include other local pesticide applications
such as those from neighbors or shared neighborhood space, and municipal and nearby
agricultural lands.

Exposure to pesticides in and around homes contributes to concerns about long-term health
effects, particularly in children. Environmental exposures to various pesticides have been
linked to many chronic diseases, including various cancers, diabetes, reproductive and
neurological diseases, and birth defects.3-10 However, such exposures are not only a human
health concern but they also present a veterinary health concern. Estimates suggest that
between 38 and 50% of U.S. households have at least one pet dog.11:12 Pesticide exposure
has been linked to several diseases in pet dogs including lymphoma,3-16 mammary,” and
bladder cancers.18:19 Pesticides used in lawn care, particularly the herbicide 2,4-D, have
been reported to be associated with lymphoma in dogs.13-18 Dogs in India with mammary
cancer had higher levels of total pesticides (which include fipronil and permethrin) measured
in mammary tissues (8= 4.99).17 Also, two studies have reported that dogs diagnosed with
bladder cancer (transitional cell carcinoma) were significantly more likely to experience
greater exposure to household insecticides'8-12 and lawn herbicides, particularly phenoxy
herbicides.1® The value of investigating chronic diseases in dogs, particularly cancer,

is increasingly being recognized by researchers to aid in both drug development and
therapeutics and also to further our understanding of genomic (e.g., single-nucleotide
polymorphisms) and environmental (e.g., exposures) risk factors.

There is considerable potential for including companion animals in long-term environmental
health studies to investigate the links between shared environmental exposures and shared
chronic diseases. In addition to sharing the domestic environment with their owners, pet
dogs can develop chronic diseases that often reflect both histological and clinical aspects of
the corresponding human diseases. Furthermore, there is a high degree of conservation of
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biological mechanisms across evolution in mammals.?1-23 A major advantage of studying
canines as a model for human health is that canines have a shorter life span, which in turn
provides a shorter disease latency period compared to humans. In the current era of “omics”
and big data, further research assessing associations between environmental exposures and
chronic diseases across species could be invaluable.

Silicone samplers are being used increasingly as passive monitoring devices for assessing
multipollutant exposures in a variety of settings including occupational,2%-32 vulnerable
populations (such as children33-42 and pregnant women*344), pet cats*® and dogs,24
beehives,*6 wild frogs,4” and their habitats.*8 Furthermore, previous studies have
demonstrated that chemicals measured on wristbands are significantly associated with
human and canine exposure biomarkers, reinforcing their utility.24:37:39.4349.50 gjlicone
wristbands are a useful tool for investigating personal exposures that occur via inhalation
and through dermal routes.5! They are advantageous because they are noninvasive, relatively
inexpensive to purchase, and convenient for participants to use as they can be mailed back
and forth and do not require a clinical or research visit.

We have previously established a comparative environmental health framework from

which these studies can move forward through the application of silicone wristbands

as personal passive monitoring devices used on people and their pet dogs in tandem.24

We observed significant correlations between human and dog exposures across multiple
classes of chemicals, including organophosphate esters, polybrominated diphenyl ethers,
polychlorinated biphenyls, pesticides and phthalates. We also demonstrated that there were
stronger correlations between organophosphate ester flame retardants and plasticizers levels
in silicone dog tags and their urinary biomarkers in dogs compared to humans.24

This study builds on our previous comparative exposure assessment24 using the same cohort
of people and their pet dogs and providing additional measurements of pesticides and new
data on urinary biomarkers. Overall, we sought to examine pesticide exposures between
people and their pet dogs living in the same household. Furthermore, the secondary aim was
to validate the use of silicone wristbands for pesticide exposure by examining correlations
between pesticide measurements in the silicone samplers with paired urinary metabolite
data. Our hypothesis was that the use of silicone tags in dogs would provide a meaningful
measurement of pesticide exposures, similar to what we observed previously for other
classes of organic contaminants such as organophosphate esters in humans and dogs.2449
To our knowledge, these data are the first that have been reported to integrate silicone
wristbands and dog tag data with corresponding urinary biomarkers of exposure for any type
of pesticide.

METHODS

2.1. Study Design.

Details on the study participants are reported in our previous publication.?* In brief, the
participants were 30 pairs of people and their household dogs who were asked to wear a
silicone personal monitoring device for 5 days throughout all daily activities (July/August,
2018). Humans wore wristbands, and a small piece of silicone band was affixed to the dogs’
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collar. Three first morning void urine samples were collected from each human and their
dog on days 1, 3, and 5 of the study and then pooled. Owners collected urine samples from
their own dog using study-provided materials and stored them in standard urine collection
containers. Questionnaire data were collected regarding details on the home and general
daily routines of both the participants and their dogs. Owners were specifically asked to
report on the current flea and tick products used on their dog. The study protocol was
reviewed and approved by the Duke University Institutional Review Board. IACUC approval
was not required for this study because all interaction with dogs and sample collection
was between the owner and their own pet dog. All participants provided informed written
consent to participate. The involvement of the Centers for Disease Control and Prevention
(CDC) laboratory did not constitute engagement in human subjects’ research.

2.2. Urine Collection and Processing.

All urine samples were collected and pooled as previously described.24 After urine
collection, the research participants stored the samples in their home freezers (=20 °C)

until they were transferred to the laboratory. The samples remained frozen during transport
and were stored at —20 °C up to 4 months prior to pooling and aliquoting for —80 °C
long-term storage. The urine specific gravity (SG) was determined in each pooled urine
sample using a digital handheld refractometer (Atago UG-a). An aliquot of the pooled urine,
previously stored at —80 °C, was shipped overnight on dry ice to the CDC’s Environmental
Health Laboratory at the Division of Laboratory Sciences for analysis using two previously
published methods.52:53 We analyzed the pooled urine for 15 pesticide biomarkers: one
phenoxy acid, three organophosphates, three pyrethroids, six neonicotinoids, and two N,N-
diethyl-meta-toluamide (DEET) metabolites. Quality control and quality assurance involved
maintaining tolerance limits for operational parameters using traceable calibration materials
and using quality control samples in each analytical run to assess performance accuracy and
precision. The various urinary metabolites quantified, their full names and acronyms, and
their limits of detection (LODs) are reported in Table S1.

2.3. Wristband and Silicone Dog Tag Collection and Processing.

Precleaned personal passive silicone monitoring devices were worn by human and pet dog
study participants (/7= 30 each) and processed as previously described.?* In brief, the
participants were provided precleaned wristbands and silicone dog tags and asked to wear
them for five continuous days, after which they were removed, wrapped in precleaned
(combusted) aluminum foil, and stored at —20 °C until analysis. Approximately ~1 g
segments of each wristband and dog tag were cut, weighed, spiked with isotopically
labeled internal standards, and extracted via sonication with 1:1 hexane/dichloromethane.
Concentrated sample extracts (~1 mL) were cleaned with 8.0 g of water-deactivated
Florisil (Acros Organics Florisil, 100-200 mesh, Fisher Scientific). The samples were then
concentrated and spiked with a second set of isotopically labeled standards to measure

the recovery of the internal standards. The samples were analyzed using a Q Exactive GC
hybrid quadrupole-Orbitrap gas chromatography—-mass spectrometry (GC-MS)/MS system
(Thermo Scientific, Waltham, MA, USA) operated in the full-scan electron ionization mode.
Field blanks (= 8, four wristbands and four dog tags) and lab-processing blanks (7

= 7) were analyzed alongside the participant samples for quality assurance and control.
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Additional information regarding the accuracy and precision of these methods, including the
method detection limits, was previously published.24

2.4. Wristband Suspect Screening.

Mass spectrometry data files were screened against the NIST and Thermo Hi-Res Library
mass spectral database to identify other putative pesticides in the samples. Suspect screening
was conducted with Thermo’s Deconvolution plugin in Tracefinder. The features were
filtered with a signal-to-noise threshold of 5, a total ion chromatography (TIC) threshold

of 10,000, an ion overlap window of 95%, and an accurate mass tolerance of 5 ppm. The
retention time (RT) alignment window was set to 5 s. Library searches were conducted
using a hi-res reverse search approach with a reverse dot product threshold of 500. The
peak list that was generated was then manually curated to identify high-quality pesticide
matches. The manual curation was meant to identify true positives and remove false
positives by considering a range of scoring metrics, including both forward and reverse
search metrics. Due to the fact that the NIST spectral library is a low-resolution library
while the data generated by the Q-Exactive GC-MS are high-resolution data, there was a
potential for false positives. Each feature that had a library match was inspected to confirm
that all spectral components had Gaussian peak shapes and that the sample spectrum was
not missing any major spectral components when compared to the library match. Five
pesticides were tentatively identified using this approach and included flamprop-methyl,
promecarb, terbucarb, fipronil, and DEET. To determine if these identifications were correct,
we purchased pure authentic analytical standards and compared their responses to the
responses in the samples. After comparison, it was clear that flamprop-methyl, promecarb,
and terbucarb were false positives, while fipronil and DEET were confirmed as positive
identifications. To provide a semiquantitative estimate on the concentrations of fipronil

and DEET in these samples, we took the area under the curve of the base peak for each
suspect chemical and divided it by the area response of an isotopically labeled standard
with the closest RT. Fipronil and DEET were thus evaluated using the area response of djo-
chlorpyrifos. The same field blanks and laboratory processing blanks previously mentioned
were analyzed alongside participant samples for quality control and quality assurance.
Additionally, we conducted a matrix spike experiment to determine the recoveries of DEET
and fipronil within our analytical method. DEET had 104% recovery and fipronil had 91%
recovery, which are similar to the matrix spike recoveries of all pesticides examined in this
study (Table S3).

2.5. National Health and Nutrition Examination Survey Data.

Urinary pesticide metabolite concentrations for the U.S. general population were

obtained from the database for chemical exposures from the National Health and

Nutrition Examination Survey (NHANES).5456 The most recent available data were

used for comparisons. Data from the survey years 2009—-2010 were used for 3,5,6-
trichloro-2-pyridinol (TCPY).54 Data from the survey years 2013-2014 were used

for 2,4-dichlorophenoxyacetic acid (2,4-D), 3-phenoxybenzoic acid (3-PBA), 4-fluoro-3-
phenoxybenzoic acid (4-F-3-PBA), trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane
carboxylic acid (transsDCCA), para-nitrophenol (PNP), and 2-isopropyl-4-methyl-6-
hydroxypyrimidine (IMPY).%® Data from the survey years 2015-2016 were used for DEET
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metabolites and all neonicotinoids.>>:56 Geometric mean (GM) and selected percentiles of
urine concentrations reported as 1g/L were used for comparison with NHANES data as our
results were not adjusted for creatinine.

2.6. Statistical Analysis.

Data were analyzed using JMP PRO Statistical Discovery from SAS software (version
15.1.0, SAS Institute Inc., Cary, NC).>’ The concentrations of urinary-metabolites were
normalized using SG to account for differences in urine dilution based on previously
published methods.?8-61 We used the following formula

SG, —

1
[Analyte]mcusurcd X SG-1 = [Analyte]normalizcd

where [Analyte]normalized 1S the normalized concentration of the analyte in the sample,
[Analyte]neasured 1S the measured analyte concentration in the sample, SG refers to the
measured specific gravity of the sample, and SGy, is the average SG of the population. As
there is variation between the SG across species, the population average used was species-
specific. Analyses of urinary metabolites and associations with wristband or questionnaire
data were carried out with both raw metabolite concentrations and SG-corrected values.

In some samples, a signal interference on the mass spectrometer prevented an accurate
detection of certain pesticide metabolites (1= 4), which were excluded from statistical
analyses, as indicated in Table 1.

Concentrations below the LOD (<LOD) were imputed a value equal to the LOD divided by
two prior to adjusting for SG according to previously published best practices.62 Based on
the threshold of our previous study and others, we only conducted Spearman’s correlations
and reported GMs for analytes detected in >50% of the samples from each species.243443

Wristband and urinary biomarkers concentrations were not normally distributed (o < 0.05,
Shapiro-Wilk Test), and nonparametric statistical methods were used. The Wilcoxon-Rank
sum test was used when comparing data from the questionnaires with silicone pesticide
measurements, and Spearman’s correlations were used to assess the relationships between
species and between matrices. The statistical significance was set at a = 0.05.

3. RESULTS AND DISCUSSION

3.1. Study Population.

Information on the demographics of the study population and data collected from the
questionnaires are detailed by Wise et al.2* At the time of sample collection, the
participants’ (n7 = 30) median age was 36.5 years (SD = 10.4), and the majority were
women (63%). The dog population (/7= 30) represented a variety of pure and mixed breed
dogs with the majority being neutered males (57%) and a median age of 6 years (SD =
2.8). Eighty-three percent of owner—dog pairs were reported to be living in single detached
homes. Known use of herbicides/pesticides on their property (outdoors) was reported by
47% of participants, whereas 30% of people reported known use inside their homes.
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Eighty-three percent of the study participants reported routinely applying a flea and tick
product (containing an insecticide) to their participating dog (Figure S1A). Only two dogs
reportedly received no flea and tick preventatives containing pesticides within a year prior
to sampling. Of the 28 dogs that had pesticides administered, their most recent applications
were administered either orally (7= 12; 43%) or dermally (7= 16; 57%), with the latter
through topical ointments or collars (Figure S1B). Thirty-two percent of the participating
dogs had flea and tick preventatives administered during the 5 day sampling period (Figure
S1C). According to the survey data, the most common active-ingredient pesticides in flea
and tick preventatives used within the prior year were fipronil (7= 9) and imidacloprid (7
= 9) (Figure S1D), both of which are typically used in topical applications. Two owners
reportedly used flea and tick prevention products with permethrin listed as an active
ingredient. All but one dog spent 13 h or more inside their home on a typical day, whereas
only 47% of people spent 13 h or greater inside their home.

Pesticide Measurements.

3.2.1. Urine.—All urine samples (n7=60) were analyzed for 15 pesticide urinary
metabolites. The summary statistics are shown in Table 1. In both humans and dogs, 7

of the 15 target pesticide metabolites were detected in more than 50% of the samples.

A list of full chemical names and associated abbreviations is given in Table S1. The

most abundant urinary pesticide metabolites detected in both humans and dogs were 3-
(ethylcarbamoyl)benzoic acid (ECBA) and 3-(diethylcarbamoyl)benzoic acid (DCBA) (both
metabolites of the insect repellent DEET). In humans, the next most abundant pesticide
metabolite detected was 3-PBA, a nonspecific metabolite of several pyrethroid insecticides.
In dogs, the second-most abundant pesticide metabolite was PNP, an organophosphate
pesticide metabolite typically associated with exposure to parathion or methyl parathion.

Urinary pesticide biomarker concentrations in human specimens were generally higher in
our study compared to previous measurements from the U.S. adult general population
(Figures 1 and S2). Both human and dog urine in this study had similar concentrations

of pesticides with the exception of 2,4-D and PNP. Dogs had approximately 2 times
higher concentrations of 2,4-D and PNP (GM = 0.8 and 2.7 tg/L, respectively) compared
to humans (GM = 0.4 and 1.2 wg/L, respectively). These differences were statistically
significant for both 2,4-D (p < 0.05) and PNP (p < 0.01), and these differences were
observed in both the raw values and the SG-adjusted values (Figure S3). The GM
concentration of 2,4-D in human urine measured in this study was similar to the GM from
the general adult population for NHANES (0.3 g/L).%° By contrast, the GM and 95th
percentile concentrations of PNP and TCPY, metabolites of parathion and chlorpyrifos,
respectively, were approximately 2 times higher in our study population compared to
NHANES. The biggest differences in biomarker concentration were observed for DCBA
and ECBA (GM = 21.7 and 8.4 tg/L, respectively) compared to the NHANES adult general
population (GM = 2.9 and 1.1 /L, respectively).®®

Neonicotinoid urinary biomarkers were detected in fewer than 50% of both human and
dog urine samples. Neonicotinoids are commonly used insecticides around the globe for
agriculture, landscaping, and flea and tick prevention products. Considering the relatively
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low detection frequency (DF) in our study and NHANES, we only compared the 95th
percentiles (95p) for these biomarkers. However, considering our low sample size (7= 30),
these values should be interpreted cautiously and are intended for relative comparison of the
few samples with quantifiable data available. The samples from our study had much higher
concentrations of imidacloprid metabolites, particularly the dog urine samples (Figure S2).
Higher SG-corrected concentrations of urinary imidacloprid biomarkers, imidacloprid and
5-hydroxy imidacloprid, were found in dog urine (95p = 126.2 and 583.9 pg/L, respectively)
compared to human urine (95p = 1.0 and 23.9 /L, respectively) in our study. The low

DF of imidacloprid biomarkers resulted in insufficient power to statistically analyze any
relationship between the use of imidacloprid flea products and urinary biomarker levels.
While diet is considered to be a major route of exposure, flea and tick preventatives

and household dust have been suggested as a factor for higher levels observed in young
children.5®

Seven study participants reported that the current flea and tick preventatives used on

their participating dog contained imidacloprid as an active ingredient (Table S2). Urinary
biomarkers of imidacloprid were detected in 16 of the 30 dog urine samples. When detected,
higher concentrations of the urinary biomarkers were observed in dogs with a recent history
of exposure to flea and tick products containing imidacloprid (7= 9, imidacloprid 3.8-158.3
/L, 5-hydroxy-imidacloprid 24.4-782.3 1g/L) compared to dogs that had not used these
products (7= 7, imidacloprid 0.4-25.2 1g/L, 5-hydroxy imidacloprid 1.1-147.7 1g/L). The
variations in biomarker concentrations observed may be a function of the time to sampling
following the most recent product application, the dosage applied to the dog, or other
potential sources of imidacloprid. Comparisons with the urine from the owners of those
dogs are difficult to make because some samples showed a mass spectrometry interference
for 5-hydroxy imidacloprid (14 human and 4 dog samples) or imidacloprid (6 samples for
both humans and dogs), but the concentrations observed in dog urine were higher than in
human urine (Table S2). Additionally, it is possible that the urinary levels of imidacloprid
biomarkers in dogs may be the result of a combination of systemic absorption following
topical cutaneous application and oral exposures through fur licking behaviors.

To assess the relationship between dog and human urinary biomarkers, Spearman correlation
coefficients were calculated (Table 1). Two organophosphate pesticide metabolites, TCPY
and PNP, were detected in all urine samples (human and dog); however, no statistically
significant correlations were found between dog and human urinary organophosphate
pesticide metabolites. The concentrations of the chlorpyrifos metabolite TCPY in human
(GM = 1.54 /L) and dog (GM = 1.61 pg/L) urine were ~2x the levels reported in the
general population (GM = 0.71 /L, as reported in the NHANES,>* despite the fact that
chlorpyrifos use has declined since 2000, largely due to EPA restrictions and actions toward
phasing-out approved usage.1:63 The fact that these two metabolites were not correlated in
human and dog urine suggests that they have different primary sources of exposure, which
seems likely to be dietary.54.6°

The only phenoxy acid measured in urine was 2,4-D, an herbicide used ubiquitously by
homeowners and in agriculture, which was detected in nearly all urine samples (93 and 97%
in human and dog urine, respectively). There was no statistically significant correlation
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between 2,4-D concentrations in human and dog urine. Three pyrethroid metabolites

were detected in urine samples. trans-DCCA was detected in 60 and 73% of human

and dog urine samples, respectively. Statistically significant correlations between human
and dog urine were observed for frans-DCCA (r; = 0.38, p< 0.05, Figure 2a). 3-PBA

was detected in 100% of human urine samples but only in 30% of dog urine samples.

We detected two DEET metabolites, ECBA and DCBA, in almost all samples. Humans

had higher concentrations (~2x times higher) of DEET biomarkers compared to their
canine companions, although it was not statistically higher. Significant correlations between
human and dog urinary ECBA and DCBA concentrations were observed (0.87 and 0.82,
respectively, p < 0.0001; Figure 2b).

3.2.2. Previously Reported Wristband Pesticide Data.—In our previous
publication, we reported on concentrations of eight pesticides measured in these silicone
samplers,24 including azoxystrobin, chlorpyrifos, cypermethrin, lindane, cis-chlordane,
trans-chlordane, cis-permethrin, and frans-permethrin. Several of these chemicals were
detected in 250% of human wristbands (seven out of nine) and dog tags (seven out of nine).
We demonstrated that pesticides could be quantified on the silicone samplers and that the
concentrations were significantly correlated among dogs and their owners for all pesticides
that had a high DF (>50%). Permethrin isomers were the most abundant pesticides in our
previously published wristband data,?4 and there was little difference in the GMs between
species; however, the maximum concentrations were consistently higher in dogs.

There are several studies that have used silicone wristbands to detect exposure to a variety

of pesticides in humans.2441:42:44.66-70 Many of these may not be representative of our study
population because they were focused on evaluating exposures in study participants that
were either children or lived in agricultural areas.*1:4268.69 A recent study by our group used
wristbands to measure exposure in an adult population with an overlapping geographic range
of North Carolina counties over 7 days and also found that the most abundant pesticides
were permethrin isomers.”0

3.2.3. Suspect Pesticide Screening in Silicone Samplers.—Two pesticides were
positively identified using suspect screening with a high degree of confidence: DEET and
fipronil. Both pesticides were detected in 100% of silicone wristbands and dog tags. The
semiquantitative levels were compared between species to assess their correlations. DEET
and fipronil both had statistically significant correlations between human wristbands and
dog tags (#; = 0.86 and 0.67, respectively; p < 0.0001; Figure 3).

Five other studies used wristbands to assess exposure to the chemicals detected in our
suspect screening.42:44.66-68 Detection of DEET in previous wristband studies is highly
variable, ranging from detection in almost all wristbands worn by adults in Belgium (93%)%7
and pregnant adult women in New Hampshire (83-95%)** to detection frequencies below
50% in Peru®® and female Latina adolescents in California.5¢ None of these previous studies
compared DEET wristbands levels with corresponding DEET urinary metabolites. DEET is
one of the most widely used insect repellents in the United States.”! The variability in DEET
detection on wristbands may be a result of seasonal or personal application choices at the
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time of sample collection (considering our samples were collected during summer) or in
sampling and analysis differences among studies.

Fipronil is a broad-spectrum insecticide that is commonly used in flea and tick preventatives
or treatments in addition to other household products, turf care (i.e., parks and golf courses),
and structural treatments for termites. Fipronil has been infrequently detected (0-33%) on
wristbands from other studies.42:66-68 Although two other wristband studies had higher
detection frequencies for the transformation product fipronil sulfide (50 and 87%) but

less than 50% DF for fipronil sulfone;*2:68 neither of these breakdown products were
investigated in our study. Previous studies have observed associations between the levels of
fipronil in house dust and the presence of cats and dogs in the home.”273 It is therefore not
surprising that the nature of our study design would result in widespread detection (100%)
of fipronil.

3.3. Relationship between Wristbands, Urine, and Questionnaire Results.

Correlations between pesticide levels on the silicone samplers and urinary biomarker
concentrations were assessed for analytes commonly detected in urine (Figure 4 and

Table S1). Not all pesticides measured on the silicone samplers have associated urinary
biomarkers. In dogs, the concentrations of parent chemicals measured on silicone dog tags
were significantly and positively correlated with their corresponding urinary metabolites
for permethrin/trans-DCCA, DEET/DCBA, and DEET/ECBA (r; = 0.83-0.96, 0 < 0.0001;
Figures 4 and 5). In humans, the concentrations of parent chemicals measured on

silicone wristbands were significantly and positively correlated with their corresponding
urinary metabolites for permethrin/trans-DCCA, permethrin/3-PBA, DEET/DCBA, and
DEET/ECBA (1 = 0.51-0.94, p< 0.01; Figures 4 and 5). The above findings suggest that
silicone samplers worn over a 5 day period are able to capture integrated exposures for some
pesticides from the ambient environment.

Chlorpyrifos is the only organophosphate pesticide measured on silicone wristbands that had
an associated urinary biomarker. In neither dogs nor humans was a significant correlation
between chlorpyrifos measured on the silicone samplers and the urinary metabolite (TCPY)
observed (Figure 4). This lack of correlation may be due to the abundance of chlorpyrifos
exposure occurring through dietary exposures, which are not captured by the silicone
wristbands. This is consistent with a study that evaluated exposures in people whose pet
dogs wore chlorpyrifos-containing flea collars.”# In that study, no significant correlations
were observed between chlorpyrifos residues on cotton t-shirts and gloves and urinary
TCPY concentrations in adults or children. Furthermore, restrictions implemented on the
residential uses of chlorpyrifos, including no longer use in pet collars, have likely reduced
indoor inhalation or dermal exposure to chlorpyrifos.63.75.76 Dietary exposures to pesticide
residues on food products, such as produce and grains, are likely the main contributors

to urinary TCPY concentrations in the general population (i.e., in nonoccupational
exposures).”6-78 Interestingly, many of the same grains and produce are incorporated into
commercial dog food and thus may be a source of exposure to chlorpyrifos.

Biomarkers of pyrethroids (such as permethrin and cypermethrin) are generally nonspecific
with multiple distinct parent chemicals metabolized and excreted as common metabolites,
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such as 3-PBA and trans-DCCA.”® Total permethrin and each permethrin isomer were
found to have significant and positive correlations between silicone sampler levels and
trans-DCCA in both humans and dogs (#; = 0.52-0.83, p< 0.01; Figure 4). Human urinary
3-PBA concentrations were also significantly correlated with permethrin on wristbands (7 =
0.51, p<0.01; Figure 4). Cypermethrin levels on human wristbands were not correlated with
urinary 3-PBA (r; = 0.07, p=0.73; Figure 4) or urinary trans-DCCA (r; =-0.09, p=0.63;
Figure 4). The detection frequencies of cypermethrin on the silicone dog tags and 3-PBA

in dog urine were below 50% and therefore were not evaluated further. The relatively low
DF of 3-PBA in dog urine may also suggest a different pattern of metabolism or excretion
of synthetic pyrethroids in people compared to dogs.8% Alternatively, the poor correlations
with urinary 3-PBA in dogs may suggest that other permethrin-based pesticide exposures
occur in dogs that were not evaluated in our study. Coexposure to other chemicals, such

as the organophosphate insecticide methyl parathion, can potentially result in an altered
metabolism of pyrethroids due to the inhibition or competition of carboxylesterases in
high-exposure scenarios.81-82 Considering that urinary concentrations of PNP, a metabolite
of methyl parathion (and others), were twice as high in dog urine compared to human urine,
it may reflect species differences in pyrethroid metabolism. Similarly, dietary exposures to
pyrethroids may have a significant impact on the presence of TCPY, the chlorpyrifos urinary
biomarker measured. Additionally, dog self-grooming behaviors, such as fur licking, may
impact oral exposures in dogs which may lead to an increase in variability in the correlation
between silicone dog tags and urinary metabolites.

Significant and strong positive correlations were observed between DEET levels in the
silicone samplers and urinary biomarkers ECBA and DCBA in both humans and dogs (7 =
0.92-0.96, p< 0.0001; Figures 4 and 5). One person in our study reported self-applying an
insect repellent containing DEET once during the study period. That individual had nearly a
100-fold higher concentration of ECBA and DCBA compared to the next highest measured
concentration among the human urine samples analyzed here, as well as the highest semi-
quantitative value for DEET on wristbands. This result suggests that pesticide exposures
are highly individualized and could be influenced by the products in our environment and
personal use, which can be detected in the wristbands, as was previously noted by Aerts

et al.8” This much higher concentration of DEET metabolites with reported use was also
evident in the samples from the dog living in the same home, which reinforces the notion
that the choices we make also impact others who cannot make decisions about their own
exposures (i.e., children and pets).

Based on the questionnaire data collected, we identified a statistically significant factor that
was associated with participants’ exposure to fipronil. Participants who reported using flea
and tick preventatives containing fipronil as an active ingredient on their dog (7= 9) had
significantly higher fipronil levels on their silicone dog tags (~100x) and wristbands (~10x)
compared to those who used other products or no flea and tick preventatives (Figure 6).

In a previous study, 10 participant wristbands had detectable levels of fipronil, of which 3
participants reportedly used spot-on flea treatments and flea collars that contained fipronil.57
Together, these data suggest that the use of fipronil in veterinary products directly impacts
human exposure. Flea and tick preventatives containing fipronil are recommended to be
applied monthly on each pet and have the potential to be a significant source of the
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total mass contribution of fipronil exposure when the application frequency and quantity
are considered. These types of products should be investigated more thoroughly for their
environmental health impacts considering the continuous routine exposure and repeated
application, especially in homes with multiple pets.

Previous studies have suggested that human pesticide exposure was impacted by living

in a household with pets that were treated with flea and tick prevention products, and

the children in those households had significantly higher urinary pesticide metabolite
concentrations than other children and adults.”483-85 These elevated exposures could be
from direct contact with the treated pet and/or secondary exposure sources (i.e., contact
with contaminated house dust) within the household the treated pet resides. To the best

of our knowledge, there have been no studies that assess chronic exposure occurring from
repeated applications of pesticides for flea and tick prevention used throughout a dog’s life
span or any additive exposure resulting from multiple pets all using the same preventatives.
However, one recent study demonstrated that serum fipronil sulfone (a fipronil metabolite)
placentally transfers to fetuses and was associated with adverse infant human health
outcomes including thyroid function.86 Further studies assessing health outcomes related
to long-term repeated exposures to veterinary flea and tick preventatives are warranted.

The results of the present study support our hypothesis and demonstrate that silicone
wristbands and dog tags can detect and assess exposures to some pesticides. Importantly,

a majority of the correlations between the pesticide levels in the silicone samplers and
urinary concentrations of pesticide metabolites were stronger in dogs than in humans,
similar to what we previously observed with organophosphate esters.24 Dogs normally
spend more time inside the home compared to their owners, and it seems likely that their
exposure profiles are consistent over time. These data further demonstrate that silicone
passive samplers have the potential to be valuable tools for the cross-species assessment of
exposures, showing high correlations between the exposures that people and their pet dogs
share in their everyday environment. However, careful considerations need to be accounted
for, particularly the potential differences in metabolism and excretion of certain chemicals
that may mediate the causal pathway for disease among different species. A role for cross-
species analyses that link environmental exposures with chronic diseases could, and should,
be recognized. Silicone samplers could effectively be used as passive monitors to capture
and document these exposures over time and investigate relationships with diseases. These
results, in combination with our recent study investigating uptake rates of chemicals on
wristbands, demonstrate that silicone samplers can be used to assess average integrated
exposure over time (in this case over a week of exposure).8” Studies such as these could aid
in identifying important health risks that could be mitigated in order to reduce the burden of
these chronic diseases in both people and dogs.
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Figure 1.
Comparison of pesticide biomarker concentrations in urine samples from humans and dogs

in this study compared with NHANES adult data. Comparisons are shown for the GM and
95p based on raw uncorrected concentrations of frequently detected metabolites measured
in human and dog urine in our study compared to the corresponding and most recent
biomonitoring data in NHANES for the general population. NHANES data are from adults
20 years and older in 2013/2014 except for DBCA and ECBA, which had data available
from 2015/2016, and TCPY, which only had data from 2009/2010 limited to adults age
20-59. Comparisons were not included for analytes with a high proportion of samples with
concentrations <LOD. IMPY was not detected in any dog urine samples. 95p for PNP are
overlapping data points for human (7.40 1g/L) and dog (7.59 tg/L) samples from our study.
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Figure2.

Scatterplots and Spearman’s correlations (/5) between human and dog SG-corrected urinary
concentrations of (a) #rans-DCCA and (b) DCBA, which are metabolites of permethrin,

cypermethrin, and cyfluthrin and DEET, respectively.
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Scatterplots and Spearman’s correlation coefficients (r;) for pesticides identified through
suspect screening on human wristbands and silicone dog tags: (a) DEET, (b) fipronil. Data
are semiquantitative and are based on area responses normalized to the nearest internal

standard (by RT).
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Figure 4.

Spearman’s correlations for pesticides measured on silicone wristbands/dog tags with
urinary biomarkers of exposure in each species. Analyses were restricted to chemicals
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with data available for known chemical/biomarker relationships. Direct relationships with

parent chemicals (DEET, chlorpyrifos, total and individual isomers of permethrin, and

cypermethrin) and their metabolites are highlighted in orange with bold text. Correlations
were conducted using SG-corrected concentrations (ug/L). TCorrelations coefficients for

ECBA in human urine were done using 7= 29. Detection frequencies were <50% for

cypermethrin on silicone dog tags. 3-PBA was only detected in 20% of dog urine samples
and therefore excluded. ¥DEET values are semiquantitative and are based on area responses
normalized to the nearest internal standard (retention time). *p < 0.05; **p < 0.01; ***p<

0.0001.
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Figure5.

Scatterplots representing the relationships between pesticides detected on silicone
wristband/dog tags and their urinary metabolites. DEET and total permethrin (sum of cis-
and trans-isomers) on (a,c) wristbands and dog tags (b,d) were significantly correlated
with the SG-corrected urinary concentrations of their biomarkers of exposure, DCBA and
trans-DCCA, respectively. Values for DEET are semiquantitative.
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Figure 6.

Relative amount of fipronil measured on (a) silicone dog tags and (b) human wristbands
based on the reported use of a fipronil containing flea and tick medication. Groupings are
based on whether people reported using a flea and tick product containing fipronil on their
dog (YES, n=9) and those that did not (NO, 7= 21).
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