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Abstract

Background: Pyrethroid (PYR) insecticides are widely used for controlling various pests. There are two types that differ in terms of
usage: agricultural-purpose PYR (agriculture-PYR) and hygiene purpose PYR (hygiene-PYRs). Few studies exist on the exposure to
these chemicals in small children. In this study, we conducted biomonitoring of urinary pyrethroid metabolites in 1.5-year-old children
throughout the year.

Methods: Study subjects were 1075 children participating in an Aichi regional sub-cohort of the Japan Environment and Children’s
Study as of 18-month health check-up. The concentrations of four specific hygiene-PYR metabolites including 2,3,5,6-tetrafluoro-1,4-
benzenedimethanol (HOCH,-FB-Al), and five common metabolites of hygiene- and agriculture-PYRs including 3-phenoxybenzoic
acid (3PBA) and cis- and trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid (DCCA), were measured in urine
samples extracted from soiled diapers using a triple quadrupole gas chromatograph-mass spectrometer.

Results: The highest detection frequencies were for 3PBA, followed by DCCA, 1R-trans-chrysanthemum dicarboxylic acid, and
HOCH,-FB-Al. Among the six metabolites, urinary concentrations were seasonally varied. However, this variation was not observed in
the most studied PYR metabolite, 3PBA. Spearman’s correlation analysis demonstrated a significant positive correlation between FB-
Al and DCCA (r = 0.56) and HOCH,-FB-Al and 4-methoxymethyl-2,3,5,6-tetrafluorobenzyl alcohol (r = 0.60).

Conclusions: This biomonitoring survey found widespread and seasonally specific exposure to multiple hygiene- and agriculture-PYRs

in 1.5-year-old Japanese children.
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Background

Pyrethroids (PYRs) are synthetic neurotoxic insecticides
derived from pyrethrum, a naturally occurring compound
found in chrysanthemum flowers. PYRs are often used in
croplands (hereafter agriculture-PYR), but are also used as
household pesticides for controlling insects in living
spaces, pets, and livestock as a spatial repellent (hereafter
hygiene-PYR), because of their relative safety for humans
and an immediate insecticidal effect with broad-range
spectrum [1, 2]. In Japan, agriculture-PYRs are registered
under the Agricultural Chemicals Regulation Act, but hy-
giene-PYRs are not under the act. The categorization of
PYRs according to the registry basis is useful in terms of
exposure control in human population when a risk man-
agement measure is required. While the amount of active
ingredients of agriculture-PYR shipped throughout Japan

decreased from 304 tons in 2,000 to 162 tons in 2018 [3],
limited information exists on the hygiene-PYR consump-
tion. The general population might be exposed to agricul-
tural-PYRs via food and/or agriculture-related occupa-
tions, and to hygiene-PYRs mainly through daily
activities, except for food consumption.

In recent decades, new knowledge has emerged about
the special vulnerability of children to chemical exposure
in their living space [4, 5], and their exposure to insecti-
cides has also attracted attention internationally. The ubig-
uity of daily use of PYR and the perspective provided by
some reports suggesting possible PYR-related adverse
health effects on neurodevelopment in children has caused
concern [6, 7]. Human biomonitoring (HBM) using urine,
which can be conducted by non-invasive sampling, ad-
dresses the exposure level of chemicals through all expo-
sure routes (dermal, gastrointestinal, and inhalation) in
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daily life. Although developmental toxicity essentially re-
fers to adverse effects induced before and/or after birth,
most HBM research aimed at children’s health has been
performed in pregnant women. Therefore, comprehensive
exposure assessment of PYRs in children is essential, par-
ticular in small children during a critical period of neuro-
development after birth. However, information about PYR
exposure level and its characteristics, such as concentra-
tion distribution and seasonal variation, is limited because
of the difficulty in collecting specimens from small chil-
dren.

Sensitive HBM of PYRs in human urine has been de-
veloped, largely because urine as a specimen presents ob-
vious benefits in terms of the ease of sample collection
from a large number of volunteers (especially small chil-
dren) relative to blood samples. In epidemiological studies,
urinary PYR metabolites, such as 3-phenoxybenzoic acid
(3PBA), have been used as the most sensitive biomarkers
for environmental PYR exposure since the late 1990s.
2,2-(Dichlorovinyl)-2,2-dimethylcyclopropane carboxylic
acids (DCCA), 4-fluoro-3-phenoxybenzoic acid (FPBA),
and cis-2,2-(dibromovinyl)-2,2-dimethylcyclopropane car-
boxylic acid (DBCA) have also been detected in urine
samples from occupational and environmental epidemiol-
ogy [8, 9]. In addition to introducing these PYR exposure
markers, a sensitive and high-throughput determination
method of urinary hygiene-PYR metabolites using a triple
quadrupole gas chromatograph-mass spectrometer (GC-
MS/MS) has been developed and successfully applied to
quantify hygiene-PYR metabolites in urine samples of
children [10]. Table 1 summarizes the PYR exposure
markers, selected pesticides, and their uses. Moreover, this
method provided opportunities for tracking exposure
trends, which are rising in Japan [8]. Further studies are
required for gathering fundamental scientific evidence re-
lated to the exposure of small children to PYRs using
HBM.

We developed a quantitative method to measure 3PBA
and DCCA of diaper-absorbed urine samples [11], indicat-
ing that this method can evaluate PYR exposure levels in
small children without any drawbacks related to the use of
urine collection packs. Although it was necessary to clarify
the exposure levels occurring during the critical period of
neurodevelopment after birth, limited information about
urinary concentrations of agriculture-PYR metabolites
and no information about those of hygiene-PYR metabo-
lites in small children exist. This study aimed to clarify the
concentration distribution, its seasonal differences, and
correlations between PYR metabolites in urine in 1.5-
year-old Japanese children using diapers.

Methods
Study subjects and design

The present study was conducted as an adjunct study of
Japan Environment and Children’s Study (JECS), an on-
going prospective nationwide birth cohort study in Japan.

20f8

Table 1 Pyrethroid (PYR) exposure markers, selected pesticides,
and the uses.

Exposure markers in urine  Pyrethroids Agricultural Hygienic

(abbreviation) (examples) use use

3-phenoxybenzoic acid (3PBA) Cyhalothrin X
Cypermethrin X
Esfenvalerate X
Fenpropathrin X
Ethofenprox X
Permethrin X X
Phenothrin X
Tralomethrin X

4-fluoro-3-phenoxybenzoic acid Cyfluthrin X

(FPBA)

1R-trans-chrysanthemum Allethrin X X

dicarboxylic acid (CDCA) Imiprothrin X
Tetramethrin X
Prallethrin X
Resmethrin X

cis-3-(2,2-dibromovinyl)-2,2-  Tralomethrin X

dimethylcyclopropane-1-

carboxylic acid (DBCA)

cis- and trans-3-(2,2- Transfluthrin X

dichlorovinyl)-2,2- Permethrin X X

dimethylcyclopropane-1- Cypermethrin X

carboxylic acid (DCCA) Cyfluthrin X

4-methyl-2,3,5,6- Profluthrin X

tetrafluorobenzyl alcohol (CHs-

FB-Al)

4-methoxymethyl-2,3,5,6- Metofluthrin X

tetrafluorobenzyl alcohol

(CH3;0CH,-FB-Al)

2,3,5,6-tetrafluorobenzyl Transfluthrin X

alcohol (FB-Al)

2.,3,5,6-tetrafluoro-1,4- Metofluthrin X

benzenedimethanol (HOCH,-  Profluthrin X

FB-Al)

The main aim of the JECS was to investigate associations
of environmental factors with children’s health and devel-
opment [12]. Ethics committees of Nagoya University
Graduate School of Medicine and Nagoya City University
Graduate School of Medical Sciences approved this ad-
junct study protocol. The JECS main study protocol was
approved by the Ministry of the Environment, Japan.
The present study population was the JECS participants
who were registered in the Aichi regional sub-cohort of the
JECS (JECS-A). In JECS-A, 5721 pregnant women living
in Ichinomiya City and Nagoya City, Japan, and their 5554
children were included [13]. A part of these children, who
attended a municipal health check program covering 18-
month children, were recruited for this study. A total of
1077 participants (16-23 months old (mean, 18.7 months
old) were enrolled (representing 77.9% of solicited re-
spondents)). The study has been designed to cause no pain
to participants and does not require a complex protocol.
However, the maternal age (margin of average was 0.5
years), passive smoking opportunities, and paternal aca-
demic background were statistically different between the
participants of this study and the other participants in



JECS-A. Soiled diapers or morning-void urine samples
were collected from children between June 8, 2015, and
August 19, 2016 (first morning-void urine was collected
from one child). One participant withdrew consent and
another provided less urine, which was insufficient for
the measurement. Thus, a total of 1075 samples were pro-
vided for CDCA, DCCA, DBCA, FPBA, and 3PBA assay.
The monthly numbers of subjects from January to Decem-
ber were as follows: 97, 119, 105, 51, 48, 95, 94, 106, 106,
88, 79, and 87. The percentage range of boys in each
month was between 39% (June) and 58% (August).

Standard PYR metabolites and internal standards
The urinary PYR metabolites we assayed are summarized
in Table 1. 3PBA (purity 99%) and the internal standard
(I.S.) 2-phenoxybenzoicacid (purity 98%) were purchased
from FUJIFILM Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). Isotope-labeled HOCH,-FB-Al (purity
99.9%) was used as an LS., and trans-CDCA (purity
98.9%) were custom-synthesized at Sumika Technoservice
Corporation (Hyogo, Japan). DBCA was purchased from
Chem Service, Inc. (West Chester, PA, USA). 2,3,5,6-Tet-
rafluorobenzyl alcohol (FB-Al) (purity >96.0%) and
HOCH,-FB-Al (purity >97.0%) were obtained from To-
kyo Chemical Industry (Tokyo, Japan). FPBA and cis- and
trans-DCCA (purity 98%) were purchased from Cam-
bridge Isotope Laboratories (Tewksbury, MA, USA).
CH3;0CH,-FB-Al (>97.0%) and CH3-FB-Al (purity
99.8%) were purchased from Tokyo Kasei Kogyo (Tokyo,
Japan).

Determination of urinary metabolites

Soiled diapers were collected from children in the morning
and transferred to the laboratory in refrigerated cargo the
following day. Urine was extracted immediately upon ar-
rival of the diaper as described in our previous report [14].
Briefly, the urine absorber containing urine was removed
from the diaper into a 10-mL syringe. This syringe and a
20-mL syringe containing acetone were connected, and the
acetone was manually reciprocated between the syringes
five times to extract the urine from the absorber. The eluate
was then poured into a glass test tube. The urine absorber
was dried in a vacuum state for approximately 2h. The
extracts containing acetone were evaporated at 40 °C on a
heat block with a gentle nitrogen stream for obtaining the
urine. The extracted urine samples were stored at —80 °C
until analysis.

The CDCA, DCCA, DBCA, FPBA, and 3PBA meas-
urements were applied to all samples, while CH;-FB-Al,
CH3;0CH,-FB-Al, FB-Al, and HOCH,-FB-Al were as-
sayed for randomly selected samples (n = 780). That was
because of the constraints of cost and labor that were
necessary to measure the metabolites in all the collected
samples. The monthly number of subjects from January to
December was as follows: 78, 88, 72, 39, 34, 67, 43, 83,
84, 62, 57, and 73. The percentage of boys was between
42 (February) and 54 (November).
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Using an Agilent 7890A GC equipped with an Agilent
7000B GC-MS/MS system (Agilent, Inc., CO, USA), the
urinary PYR metabolites were determined according to the
procedure reported by Ueda et al. [10]. The limits of de-
tection (LODs) were determined as concentrations with
signal-to-noise ratios of 3. Analyte LODs were as follows:
0.10 for FB-Al, 0.24 for CH3-FB-Al, 0.15 for CH;0CH,-
FB-Al, and 0.04 ug/L for other analytes. Quality control
(QC) samples were analyzed every 40 samples measure-
ment. The highest coefficient variation was observed for
FB-Al (14.6%). The absolute recoveries of PYR metabo-
lites from diapers were 68% for CDCA, 77% for DCCA,
81% for DBCA, 84% for FPBA, 79% for 3PBA, 59% for
FB-Al, 53% for CH3-FB-Al, 71% for CH3;0CH,-FB-Al,
and 78% for HOCH,-FB-Al. These values were used as
adjustment factors to correct for analyte loss from diapers
to correct urinary PYR concentrations. No target analytes
were detected from blank diapers.

Statistical analysis

Urinary concentrations of PYR metabolites are summariz-
ed and presented using statistical characteristics (sample
size, number of detection frequency, geometric mean
(GM), 95% confidence interval for the GM, selected per-
centiles, and maximum value) for the total sample. When
the analysis of CDCA, DCCA, DBCA, FPBA, and 3PBA,
all measurement data has been included. On the other
hand, when the analysis of FB-Al, CH;-FB-Al,
CH;0CH,-FB-Al, HOCH,-FB-Al, samples that did not
measure them were excluded. Undetectable urinary con-
centrations of analytes were assigned to an LOD value
divided by the square root of 2 [15]. Differences in urinary
metabolite concentrations during hot season (from June to
September) were tested using the Mann-Whitney U test.
Spearman’s correlation coefficient was calculated for de-
termining the relationship between each biomarker con-
centration with logarithmic conversion. Moreover, Spear-
man’s correlation was also calculated by excluding <LOD
samples. Samples that were not measured for CH;3-FB-Al,
CH3;0CH,-FB-Al, FB-Al, and HOCH,-FB-Al were also
excluded from the correlation tests. Statistical significance
was defined as p < 0.01. All statistical analyses were per-
formed using the statistical software JMP® 13 (SAS In-
stitute Inc., Cary, NC, USA).

Urinary creatinine (Cre) concentrations were measured
using LC-MS/MS, as described previously [14]. Cre was
also corrected by the rate of absorption of a diaper. The
regression equation was y = 0.9964x + 0.0694, and R’
was 1.00.

Results

Table 2 summarizes the descriptive statistics for the uri-
nary PYR metabolites. Volume-based concentrations (ug/
L) and Cre-corrected concentrations (ug/g Cre) of PYR
metabolites are presented. The metabolites 3PBA, DCCA,
and CDCA were detected at high frequencies in 98%, 96%,



Table 2 Summary of pyrethroid (PYR) metabolite concentrations in diapered children urine.
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Analytes > (I%)())ED GM Min. 5th 25 tielecte(; (ﬂ;rcentll;t Sth 95th Max. 95%CI median
pg/L
3PBA 98 1.11 <LOD 0.42 0.71 0.98 1.56 4.86 28.20 0.95-1.02
FPBA 12 b <LOD <LOD <LOD <LOD <LOD 0.09 1.62 b
CDCA 57 b <LOD <LOD <LOD 0.09 0.33 1.56 22.87 0.07-0.10
DBCA 22 b <LOD <LOD <LOD <LOD <LOD 0.17 2.17 b
DCCA 96 0.59 <LOD 0.06 0.18 0.51 1.54 10.98 121.34 0.46-0.59
CH;-FB-Al 10 b <LOD <LOD <LOD <LOD <LOD 0.75 20.66 b
CH;0CH,-FB-Al 18 b <LOD <LOD <LOD <LOD <LOD 0.73 4.96 L
FB-Al 33 b <LOD <LOD <LOD <LOD 0.18 0.67 14.36 L
HOCH,-FB-Al 36 b <LOD <LOD <LOD <LOD 0.09 0.50 5.46 b
ng/g Cre

3PBA 2.25 <LOD 0.76 1.39 2.07 3.35 10.01 52.17 1.98-2.16
FPBA b <LOD <LOD <LOD <LOD <LOD 2.88 3.16 b
CDCA b <LOD <LOD <LOD 0.15 0.66 3.10 243.06 0.12-0.19
DBCA b <LOD <LOD <LOD <LOD <LOD 0.24 4.89 b
DCCA 1.15 <LOD 0.14 0.42 1.08 2.88 18.91 226.65 0.97-1.21
CH;-FB-Al b <LOD <LOD <LOD <LOD <LOD 1.68 28.93 b
CH;0CH,-FB-Al b <LOD <LOD <LOD <LOD <LOD 1.24 8.19 b
FB-Al b <LOD <LOD <LOD <LOD 0.35 1.40 27.71 b
HOCH,-FB-Al b <LOD <LOD <LOD <LOD 0.19 0.94 4.84 b

LOD limit of detection, GM geometric mean, 95%CI median approximate 95% confidence interval for the median value

“Percent of detection frequency
"GM and 95%CI median was not calculated due to low detection rate

and 57% of urine samples, respectively. Lower frequencies
were observed for FPBA, DBCA, CH;-FB-Al, CH;0CH,-
FB-Al, FB-Al, and HOCH,-FB-Al (less than 36%). The
median and 95th percentile for 3PBA, CDCA, and DCCA
were 0.98 and 4.89, 0.09 and 1.56, and 0.51 and 10.98 pg/
L, respectively.

The boxplot in Fig. 1 represents the monthly data of
PYR metabolite concentrations for 12 months, depicting
data distribution with 7 values including 5 percentile val-
ues and minimum and maximum values, as shown in the
upper right panel. Figure 1 shows the non-parametric dis-
tribution of concentrations. Notably, 75th percentile or
median values of PYR metabolite concentrations were
higher from June to September, in which the average tem-
perature was highest in the year (hereafter called the hot
season) (Japan Meteorological Agency) [16]. The amount
of PYR metabolites in urine during the hot season was
significantly higher than that in other seasons, except for
3PBA (p <0.001, Mann-Whitney U test). No obvious
features were observed for any of the PYR metabolite
concentrations during other seasons.

The associations between urinary PYR concentrations
are illustrated in Fig. 2 for the 1.5-year-old male and fe-
male study participants. Moderate correlations, that is, cor-
relation coefficients greater than 0.5, were observed be-
tween DCCA and FB-Al (Spearman’s correlation
coefficient (r) = 0.56, p < 0.01) and between CH30CH,-
FB-Al and HOCH,-FB-Al (r = 0.60, p < 0.01). Although
significant correlations were detected between urinary
3PBA, FPBA, and DBCA and some PYR metabolites,
these correlation coefficients were extremely low.

Discussion

Small children are known to be vulnerable to toxic chem-
icals. This study yielded three significant findings. First,
the 9 urinary PYR metabolites in a large number of 1.5-
year-old children were successfully quantified, and the
concentration distribution was presented. These results
are the first to demonstrate that many small children are
exposed to agriculture- and hygiene-PYR at no acute toxic
levels in their daily lives. Second, there were seasonal
differences in concentrations of some urinary PYR metab-
olites. Eight of the nine assessed biomarkers were higher
in the hot season in Japan. This indicates that the PYR
exposure assessment using biomonitoring techniques
should consider the sampling season and PYR exposure
markers that should be monitored. Third, we found posi-
tive associations between some urinary hygiene-PYR me-
tabolites. This result suggests that daily co-exposure to a
part of hygiene-PYR may occur in Japanese small chil-
dren.

Some biomonitoring studies on urinary PYR metabo-
lites in pregnant women in Mexico and France [17, 18],
children aged 3 to 14 years in Germany [19], and young-
and middle-aged adults in the U.S [20] have been reported.
In comparison with these previous studies, the strengths of
the present study are the large number of small children as
study subjects and PYR metabolite monitoring. The
present study revealed that many diapered children were
ubiquitously exposed to agriculture- and hygiene-PYRs in
a wide concentration range. We have reported urinary
PYR concentrations in approximately 200 3-year-old Jap-
anese children, which showed median values (ug/L and
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Fig. 1 Boxplot of urinary concentration of pyrethroid (PYR) metabolites (ug/g Cre) throughout a year.
The dotted line connects the median values of each month. The limits of detection (LOD) values divided by the square root of 2 were
assigned to urine samples with undetectable PYR metabolites. The value in parentheses below the x-axis indicates the number of subjects

in each month.

pg/g Cre) of 1.01 and 1.40 for 3PBA, 0.14 and 0.18 for
CDCA, and 0.72 and 1.00 for DCCA [21]. These results
were approximately the same as the concentrations ob-
served in the present study. Most PYRs exhibit short
half-lives. Urine analysis in this study may have estimated
recent exposure because most of the absorbed dose is
eliminated by the kidneys within a few days [22]. The
human biomonitoring reference values (RV95), which
are defined as the 95" percentile of the measured pollutant
concentration levels in the relevant matrix of the reference
population for 3PBA and DCCA have been established in
Germany for 3—14 years of age [23] and Canada for 3-79
years of age [24]. RV95 in Germany and Canada are 2 and
5.7 ug/L for 3PBA and 3 (sum of cis and trans form) and
0.39ug/L (cis form) for DCCA, respectively. The 951
percentile value of 4.86 ug/L of 3PBA in this study was
approximately identical to that of Canadian RV95. Con-
versely, the 95" percentile value of 10.98 ug/L. of DCCA

(sum of cis and trans form) in this study was about four-
fold that of Germany, indicating that Japanese children
may have higher exposure to transfluthrin, permethrin,
cypermethrin, and/or cyfluthrin than in Germany and Can-
ada. There are some limitations to these comparisons be-
cause of the age differences between the subjects that were
used for RV95 development and the small children in the
present study. More recently, Yoshida et al. reported uri-
nary PYR metabolites in 132 Japanese children (6-15
years old), showing a median concentration of 0.58 ug/g
Cre for 3PBA and 0.74 ug/g Cre for DCCA [25]. However,
it is important to be careful when comparing urinary PYR
metabolite levels between different ages. Because, urine
volume and the Cre concentration of 24 h urine change
with age, especially in small children [26, 27]. Notably,
a large proportion of small children in Japan are exposed to
PYR at environmental background levels in their daily
lives.
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Fig. 2 Scatter plots and coefficients of correlations between each log-transformed concentration of biomarkers (ug/g Cre).
The value indicates coefficients of correlations for all sample analysis (upper) and without under LOD samples (in parentheses). Asterisks

indicate a p value less than 0.01.

Of the few reports on seasonal-difference in PYR expo-
sure, Klimowska et al. [28] assessed the urinary excretion
of 3PBA, DBCA, DCCA, and FPBA in monthly 24-h
urine samples from children (n =2) and adults (n = 12).
According to the study, there were no significant differ-
ences in the concentration of metabolites in urine samples
collected at different times of the year. On the other hand,
Lu et al. [29] reported that the concentration of 3PBA in
children has a statistically significant seasonal difference.
In our results, FPBA, DBCA, and DCCA appeared to be
slightly higher during the hot season, although no obvious
seasonal difference was found in the 3PBA concentration.
The seasonal variation we observed may not have been
caused by individual differences such as selection bias,
because urinary metabolite levels tend to increase and then
decrease during the hot season. 3PBA is a common me-
tabolite excreted after exposure to agriculture-PYR and

hygiene-PYR (Table 1). Recently, Rodzaj et al. [30] re-
ported that non-dietary factors, especially dog ownership
and pesticide use in household pets, significantly contrib-
ute to urinary 3PBA concentrations. Moreover, several
dietary sources of PYR have been indicated, including
grain products, such as bread, and margarine. These fac-
tors do not have obvious seasonal variations and depend
on the usage or consumption situation in different coun-
tries and may have led to the result that there is no seasonal
variation in urinary 3PBA. The yearly average amount of
expenditure per household (two-or-more-person house-
holds) of insecticide and moth repellent is approximately
21 USD (2,400 JPY) in the last decade [31]. Approxi-
mately 60% of them are paid in the Japanese hot season,
indicating that the exposure levels of some hygiene-PYR
exposure are expected to be higher than in the other sea-
sons [31]. Most of all urinary metabolite levels during the



hot season were also likely to be higher than in the other
seasons. Of these, CH30CH,-FB-Al and FB-Al are specif-
ic metabolites of metofluthrin and transfluthrin, respec-
tively. Thus, the exposure level of metofluthrin and trans-
fluthrin during summer may be higher than during other
seasons. One interesting finding was that a small number
of children were exposed to hygiene-PYR exposure during
the winter season. This may be due to either the use of
PYR products, even in the winter or exposure to residual
PYRs used during summer. The present results indicate
that the season of sampling is an important factor for re-
liable exposure assessment when further studying the
health risks of PYR using HBM of PYR metabolites with
seasonal variation. Further studies are needed to establish
sampling methods for reliable chronic PYR exposure as-
sessments. Moreover, further studies are needed for clar-
ifying the exposure route (e.g., inhalation, dermal absorp-
tion, or oral exposure by hand-to-mouth behavior and
house dust intake) of hygiene-PYRs because of the wide
variety of products and applications.

The correlation between urinary metabolite concentra-
tions may have resulted from co-exposure or common
metabolites among the PYRs. The apparent positive rela-
tionship between urinary levels of DCCA and FB-Al, but
not 3PBA, suggests that the major source of DCCA in
children’s urine might have occurred as a result of expo-
sure to transfluthrin. The concentration of HOCH,-FB-Al
(a specific metabolite of metofluthrin) was associated with
CH3;0CH,-FB-Al (a common metabolite of metofluthrin
and profluthrin) (» =0.67). On the other hand, a very
low correlation coefficient was observed between
HOCH,-FB-Al and CHj3-FB-Al (a specific metabolite of
profluthrin). Since the specific metabolite of metofluthrin
is HOCH,-FB-Al, it is surely probable that the major ex-
posure origin of CH;0CH,-FB-Al is metofluthrin, but not
profluthrin. No clear correlations were found between
3PBA and other metabolites, partly because 3PBA is a
common metabolite in many PYRs.

Strengths, limitations, and future perspective

The strengths of this study include data from a relatively
large cohort of small children and the HBM data of multi-
ple PYR metabolites in urine. Several limitations should
be considered when interpreting our results. First, only
morning void urine was measured as a representative in-
dividual sample. Secondly, although there were probably
minor selection biases that might not have a significant
impact on the results of HBM, these data do not constitute
random probability samples of all Japanese children, so
there may have been some potential selection bias in the
results. This selection bias restricts the generalization of
these results to the entire population of small children in
Japan. Third, the detection frequency of some urinary me-
tabolite in this study were less than 50%, and thus a more
sensitive analysis might provide more insight into the PYR
exposure. Finally, HBM studies for PYR exposure assess-
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ment will become more important as the demand for spa-
tial use of repellents may increase in the future.

Conclusion

It was found that 1.5-year-old Japanese children continue
to be exposed to agriculture-PYRs throughout the year and
are temporarily exposed to hygiene-PYRs (especially dur-
ing summer). Given these findings, scientists should be
cautious when selecting urine sampling time points and
determining biomarkers for PYR exposure in future expo-
sure and environmental epidemiology studies.
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