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ABSTRACT

An enzyme-linked immunosorbent assay (ELISA) method was employed for determination of the
pyrethroid biomarker, 3-phenoxybenzoic acid (3-PBA) in human urine samples. The optimized coat-
ing antigen concentration was 0.5 ng/mL with a dilution of 1:4000 for the 3-PBA antibody and 1:6000 for
the enzyme conjugate. Urine samples were hydrolyzed with concentrated hydrochloric acid; extracted
with dichloromethane and solvent-exchanged into a methanol/buffer solution, prior to analysis in a 96-
microwell plate immunoassay. Quantitative recoveries of 3-PBA were obtained for fortified urine samples
by ELISA (92 4 18%) as well as by gas chromatography/mass spectrometry (GC/MS) (90 + 13%). The overall
method precision of these samples was within £20% for both the ELISA and GC/MS methods. Analytical
results from over one hundred urine samples showed that the ELISA and GC/MS data were highly cor-
related, with a correlation coefficient of 0.95. At the 10 ng/mL comparative concentration level, the false
positive rate was 0% and the false negative rate was 0.8% for ELISA when using GC/MS as the reference
method. The ELISA method has a suitable low detection limit for 3-PBA to assess pyrethroid exposures
in non-occupational settings.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Natural pyrethrins and their synthetic analogues, pyrethroid
pesticides, are neutrotoxins, used to control insect infestations in
various commercial applications and residential settings. Natu-
ral pyrethrins, isolated from chrysanthemum flowers, have high
insecticidal activity but are unstable in sunlight [1]. Pyrethroids
are based on pyrethrin structures that have been modified to
retain insecticidal activity and increase stability toward sunlight
for longer residence times in the environments. There is an increas-
ing trend of indoor pyrethroid usage since the federally mandated
phase-outs of most residential uses of the organophosphate (OP)
pesticides chlorpyrifos and diazinon [2,3]. Pyrethroids are usually
less volatile than OP pesticides and tend to adsorb highly onto
materials such as carpets, fabrics, and dust [4]. They have been iden-
tified in multiple environmental media (air, dust, and soil) collected
from non-occupational, residential settings [4]. Human exposures
to pyrethroids have been reported in the literature, including expo-
sure to infants and other vulnerable population segments [5-7].
Routes of exposure include inhalation, dermal absorption, and
direct or indirect ingestion.
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Pyrethroids contain the common chemical structural features
of an acid moiety, a central ester bond, and an alcohol moiety
(Fig. 1). The compounds are metabolized by hydrolytic cleavage
of the ester bond. A number of pyrethroids such as permethrin,
cypermethrin, deltamethrin, fenvalerate, and sumithrin are metab-
olized to 3-phenoxybenzoic acid (3-PBA). This urinary metabolite
is a useful generic biomarker for assessing human exposures to
pyrethroids [4,8,9]. Instrumental analytical methods have been
developed for determining 3-PBA in urine at low- or sub-ppb levels
[9-11]. However, hydrolysis, extraction, derivatization, and clean
up procedures are necessary for gas chromatography/mass spec-
trometry (GC/MS) detection. Alternative lower-cost bioanalytical
approaches using enzyme-linked immunosorbent assays (ELISAs)
have been reported for several pesticides including pyrethroids
and their metabolites [12-18]. An ELISA for determining 3-PBA in
human urine samples has been reported; however, only two urine
samples from exposed workers were analyzed [13].

Reported here is the evaluation of this 3-PBA ELISA for appli-
cation to exposure monitoring. Assay conditions were optimized
to detect low level samples as would be encountered in a non-
occupational exposure study. The final assay was compared to
GC/MS for urine samples in several key areas: accuracy, precision,
sample throughput, detection limits, as well as false negative and
false positive rates. The 3-PBA ELISA method employed a poly-
clonal antibody and a coating antigen in a 96-microwell format
as previously reported [13]. Sample preparations for the ELISA
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Fig. 1. Chemical structures of common pyrethroid pesticides.

method consisted of hydrolyzing/extracting the urine sample in
acidic dichloromethane (DCM), exchanging the DCM extract into
methanol, and diluting the methanol extract for ELISA. The ELISA
method was applied to more than 100 human urine samples col-
lected in residential settings and compared with GC/MS results for
the same sample set.

2. Experimental
2.1. Urine sample collection and preparation

Urine samples collected from two observational measurement
field studies [Pesticide Exposure of Preschool Children Over Time
(PEPCOT) and Children’s Total Exposure to Persistent Pesticides and
Other Persistent Organic Pollutants (CTEPP)] were obtained [19,20].
The first morning void urine samples were collected from each
child during a 24-h sampling period from the PEPCOT study. Up
to six spot urine samples (i.e., the first morning void, after lunch,
and before bedtime) were collected from each child over the 48-h
sampling period from the CTEPP study. Urine samples were kept
refrigerated after each collection and at the end of the 24 or 48-h
collection periods were packed in dry ice and shipped to Battelle’s
Columbus Laboratories for analysis. Upon receipt of samples, the
samples were frozen and stored at <—70°C till analysis.

An aliquot (10-14mL) of each urine sample was mixed with
0.5 mL of concentrated HCl and 1 mL of DCM. The sample vial was
sealed with a Teflon-lined cap and heated in an oven at 80+5°C
for 1 h. After heating, the sample was cooled to room temperature
and an aliquot (10 mL) of 20% sodium chloride solution was added
to the mixture. The resulting solution was extracted with DCM (2 x
15mL) in a separatory funnel and dried over anhydrous sodium
sulfate. The DCM extract was solvent-exchanged into methanol for
subsequent ELISA analysis.

A separate aliquot of each urine sample was prepared for the
GC/MS analysis. The same procedures described above were used
with the exception of the DCM/methanol solvent exchange step.
A known amount of the internal standard (IS), dicamba-d; was
added to each concentrated DCM extract. The DCM extract was
methylated with diazomethane in ethyl ether generated in situ
from Diazald, carbitol, and 37% aqueous potassium hydroxide. The
methylated sample extract was solvent-exchanged into hexane and
processed through a pre-packed 1 g, Florisil solid-phase extraction
(SPE) column (Bakerbond) that was conditioned with 50% ethyl
ether in hexane (6 mL), followed by 100% hexane (6 mL). The SPE

column was eluted with 18 mL of 50% ethyl ether in hexane, and the
collected fraction was concentrated to 1 mL for subsequent GC/MS
analysis.

2.2. ELISA procedures

The ELISA urine sample analyses were performed using a
96-microwell format. All standards and control solutions were
prepared in a methanol extract containing 10% hydrolyzed drug
free urine (hDFU) and stored at —20+5°C for the duration of
the study. The hDFU methanol extract was prepared by hydrolyz-
ing 90 mL of DFU (American Biological Technologies Inc., Sequin,
TX) using the procedures described in Section 2.1. The result-
ing methanol extract (10 mL), designated as hDFU, contained a
9-fold concentrated urine matrix (90 mL DFU/10 mL methanol). A
10 to 1 dilution was performed on the hDFU methanol extract
and designated as a 10% hDFU (representing 0.9-fold urine con-
centrate methanol extract). This 10% hDFU methanol extract
was used for the preparation of standards, and control solu-
tions for the ELISA. An additional 1:5 dilution with phosphate
buffered saline (PBS) was performed during the assay as described
below.

The anti-rabbit 3-PBA antibody (Ab294) and the coating anti-
gen were provided by Dr. Bruce D. Hammock of the University of
California at Davis [13]. The coating antigen and the commercial
enzyme conjugate secondary antibody (goat anti-rabbit IgG per-
oxidase conjugate, Sigma Chemical Company, St. Louis, MO) along
with the anti-PBA antibody were titrated at various concentrations
to achieve optimal assay conditions.

A 96-well Nunc Maxisorb plate (Nalge Nunc, Milwaukee, WI)
was coated with (100 wL/well) coating antigen at 0.5ng/mL in
0.05 M carbonate bicarbonate buffer, pH 9.6 (Sigma, St. Louis, MO)
and incubated overnight at 54 3°C. Each plate was washed six
times with (300 wL/well) 10mM phosphate buffered saline, pH
7.4, 0.05% Tween 20 (PBST, Sigma, St. Louis, MO). The plates were
rotated 180° between wash cycles to minimize well-to-well vari-
ability. The plates were further dried by tapping on absorbent
paper. An aliquot (200 pL/well) of a blocking buffer solution, 0.5%
bovine serum albumin (BSA) in PBS (Sigma, St. Louis, MO) was
added to each plate and incubated for 30 min at room tempera-
ture. The plates were then washed six times with PBST to remove
excess blocking agent.

The 3-PBA calibration standard solutions, quality control (QC)
spiked urine and study urine samples were analyzed in triplicate



J.C. Chuang et al. / Talanta 83 (2011) 1317-1323 1319
PBA Standard Curve
] [

0.86 (|

0.76 ]
£ 066
c
3
& 0.56
o
O
S 046
QO
=

0.36

0.26]

0.16 T T T T

0.001 0.01 0.1 1 10 100
Concentration (ng/ml)
y=((A-D/(1+x/C)'B))+D: A B c D R"2

O StandardPBACurve (Standards: Conc(ng/ml) vs Me... 0.88 1.083 0.885 0.158 0.997

Fig. 2. ELISA calibration curve for 3-PBA.

for each assay. Each standard and sample was in methanol con-
taining the same concentration of urine to normalize any matrix
effect. A 1:5 dilution with PBS for all standards, QC samples, and
urine samples was performed in the microwells during the assay
procedure. A 10-point (0.005-100ng/mL) calibration curve was
generated for each assay plate. The highest standard solution was
prepared at 100 ng/mL and the remainder of the standard solutions
was prepared by a serial 1:3 dilution from the highest standard
solution to concentrations of 33.3, 11.1, 3.70, 1.23, 0.411, 0.137,
0.046, 0.015, and 0.005 ng/mL. A 0 ng/mL standard in 80% PBS/20%
methanol with 10% hDFU was also prepared for each assay to con-
firm that the use of hDFU does not contribute to 3-PBA response in
the standard curve. Individual aliquots (50 pL/well) of the standard
solutions, urine samples, and QC samples prepared in 80%PBS/20%
methanol were placed in triplicate microwells. An aliquot (50 pL)
of the anti-PBA antibody (1:4000) in PBS with 0.2% BSA was added
to each microwell except those used as instrument blanks which
received 50 pL of PBS with 0.2% BSA. Plates were incubated for
1h at room temperature on an orbital shaker at 140 rpm. Excess
reagent not bound to the plate was removed by washing six
times with PBST as described above. An aliquot (100 pL) of goat
anti-rabbit IgG peroxidase conjugate (Sigma, St. Louis, PA) at a
1:6000 dilution in PBST was added to each microwell. Plates were
again incubated for 1 h at room temperature on the orbital shaker
(140 rpm). Excess conjugate was removed by washing with PBST.
A 100 pL aliquot of 3,3,5,5'-tetramethylbenzidine (TMB), peroxi-
dase substrate (Kirkegaard & Perry, Gaithersburg, MD) was added
to each microwell. Following a15 min room-temperature incuba-
tion on the orbital shaker, color development was stopped with
the addition of 50 pL of TMB stopping solution (Kirkgaard & Perry,
Gaithersburg, MD) to each microwell. Absorbance was measured at
450 nm on a SpectroMax microplate reader (Sunnyvale, CA). Data
processing was performed with SoftMax Pro® software version
4.6 interfaced to a personal computer using a 4-parameter curve
fit.

2.3. GC/MS procedures

The sample extracts and standard solutions were analyzed
by 70eV electron impact (EI) GC/MS. A Hewlett-Packard GC/MS
was operated in the selected ion monitoring (SIM) mode. Data

acquisition and processing were performed with a ChemStation
data system. The GC column was a DB-5 fused silica capillary
(60m x 0.32 mm, 0.25 pm film thickness). Helium was used as the
GC carrier gas. Following injection, the GC column was set at 90°C
for 2 min, temperature programmed to 290 °C at 8 °C/min., and held
at 290 °C for 5 min. Peaks monitored were the molecular ion peaks
and their associated characteristic fragment ion peaks (197, 198,
228, 229 for 3-PBA, 215, 216, 246, 247 for FPBA, and 237 and 239
for the IS, dicamba-d3). Identification of the target analytes was
based on their GC retention times relative to the IS and the relative
abundances of the monitored ions. Quantification was performed
by comparing the integrated ion current response of the target ions
to those of the IS. The average response factors of the target ions
were generated from the standard calibrations [4]. In brief, the Rf
value was obtained using Rf = (As/Ajs) x (Cis/Cs) from the analyses of
standard solutions used for generating the calibration curve. Note
that Ag and Ajs refer to the area counts of the quantification ions of
target analytes and the IS, respectively, and Cs and Cig are the con-
centration values of target analytes and the IS, respectively. The
concentration of target analytes (Cs) in the samples was obtained
from (As/Ais) x (Gis/Rfavg), where the Rfayg value was the average Rf
value generated from the analyses of standard solutions.

3. Results and discussion
3.1. Method evaluation for 3-PBA ELISA

The anti-PBA antibody exhibited no cross-reactivity toward the
parent pyrethroids (cypermethrin, cyfluthrin, deltamethrin, esfen-
valerate, permethrin). However, there was high cross-reactivity
(72%) for 4-fluoro-3-phenoxybenzoic acid (FPBA), a metabolite of
cyfluthrin, a common pyrethroid with fluorine substituted to the
alcohol moiety (Fig. 1). The high cross-reactivity to FPBA offers an
advantage for using this ELISA as a potential biomonitoring tool
for common urinary pyrethroid metabolites in humans. Checker-
board titration experiments were performed to determine the
optimal concentrations of anti-PBA antibody, coating antigen, and
the antibody-enzyme conjugate. The optimal conditions estab-
lished for the 3-PBA ELISA were 0.5 ng/mL of coating antigen, a
dilution of 1:4000 of anti-PBA antibody and a dilution of 1:6000
of the antibody-enzyme conjugate (goat anti-rabbit peroxidase).
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Table 1
3-PBA ELISA calibration curve fit performance data.
Assay date Plate no. A B C D R?
01/19/2005 1 0.913 1.313 1.62 0.180 0.992
2 1.148 0.944 1.27 0.167 0.989
01/20/2005 1 0.961 1.132 1.45 0.182 0.997
2 0.985 1.25 1.91 0.203 0.992
01/21/2005 1 1.207 1.175 1.62 0.237 0.991
2 1.077 1.298 2.21 0.229 0.997
01/27/2005 1 1.076 0.991 1.45 0.181 0.997
01/31/2005 1 1.037 1.147 1.49 0.203 0.996
02/04/2005 1 0.706 1.303 2.12 0.246 0.997
02/11/2005 1 0.796 0.982 1.27 0.201 0.998
04/21/2006 1 1.520 1.218 1.27 0.209 0.989
04/25/2006 1 1.049 1.335 1.11 0.227 0.984
2 0.880 1.083 0.89 0.158 0.997
04/26/2006 1 0.991 1.039 0.88 0.170 0.999
2 0.997 0.967 1.18 0.165 0.986
04/27/2006 1 0.956 1.660 1.02 0.209 0.984
04/28/2006 1 0.789 1.085 1.00 0.157 0.996
Mean 1.005 1.172 1.40 0.196 0.993
Std. Dev. 0.185 0.181 0.40 0.028 0.005
%CV 18.4 15.4 28.6 14.5 0.50

Calibration curve formula: y=((A—D)/(1+(X/C)?))+D.

A: the y-value corresponding to the asymptote at low values of the X axis; B: the curve slope; C: the X-value corresponding to the y value that is at the midpoint between A
and D, showing 50% inhibition (ICsg); D: the y-value corresponding to the asymptote at high values of the X-axis; R: correlation coefficient of the curve fit.

Initially, calibration curves for 3-PBA were generated in 10 con-
centration levels ranging from 0.00256 to 500 ng/mL (1:5 dilution
series) to establish the working concentration range for the 3-PBA
ELISA. The range of the calibration curve was further defined as
0.005-100 ng/mL (1:3 dilution series) and used for all sample anal-
yses in this study.

A typical standard calibration curve consisting of 10 concen-
tration levels (0.005-100 ng/mL) is shown in Fig. 2. Day-to-day
consistency was observed for the shape of the calibration curves.
Only a trace amount of 3-PBA was present in the hDFU as deter-
mined by GC/MS. This amount did not contribute any significant
response for the 0 ng/mL standard. The ELISA had a 50% inhibition
(ICsp) value of approximately 1.5 ng/mL. The % relative standard
deviation (%RSD)values of the triplicate analyses were less than 20%
for the standard solutions. Day-to-day variation for the 1.0 ng/mL
quality control (QC) standard was within 13.1% (1.2 £ 0.16 ng/mL).
The estimated assay detection limit was 0.2ng/mL in the assay,
representing 0.1 ng of 3-PBA in 1 mL of urine (a 10-fold concentra-
tion of hydrolyzed urine in methanol extract followed by a 5-fold
dilution with PBS for ELISA).

Triplicate analyses were conducted for each urine sample
aliquot by ELISA. The means of the triplicate values were used to
calculate the final concentrations of the samples. The percent dif-
ference (%D) concentrations in duplicate aliquots of selective urine
samples ranged from 7.6 to 13.8% with an average of 11+2.3%.
Recoveries of the fortified urine samples ranged from 70 to 117%
with an average of 92 + 18%. In summary, the overall method preci-
sion for the ELISA method was within +20% and the overall method
accuracy was greater than 70%.

3.2. 3-PBA ELISA for human urine samples

Aliquots from more than one hundred urine samples from sub-
sets of two observational field studies [19,20] were prepared and
analyzed by the 3-PBA ELISA method. Each plate contained 10
calibration standards (0.005-100 ng/mL), three QC solutions, one
instrument blank, as well as the urine samples. Triplicate analyses
were conducted for all standards, QC solutions, and urine samples.
The means of the triplicate values were used to calculate the final
concentrations of the standards and/or samples. Data acceptance
criteria for the 96-microwell plate assay were established and used

Table 2
Summary statistics for the 3-PBA ELISA and GC/MS data.

Summary statistics ELISA, ng/mL GC/MS, ng/mL

Sample size 119 119
Arithmetic mean 1.29 1.23
Standard deviation 2.54 2.77
Geometric mean 0.64 0.57
Minimum <0.1 <0.2
25th percentile 0.29 0.24
50th percentile 0.52 0.44
75th percentile 1.03 1.05
95th percentile 5.95 4.29
Maximum 19.0 22.1

as guidance for analysis of these samples. The four parameter curve-
fit values of: (a) upper asymptote, (b) slope, (c¢) ICsq, and (d) lower
asymptote were generated for each calibration curve. The average
recovery of the QC solutions was 94.7 4-20.1%. Table 1 summarizes
the performance of the ELISA calibration curve during the study
period. As shown in Table 1, the IC5y values ranged from 0.88 to
2.21 ng/mL with an average of 1.40 + 0.40 ng/mL. The square of the
correlation coefficient (R?) of each calibration curve ranged from
0.984 to 0.999. The % relative standard deviation (%RSD) values of
the triplicate analyses were less than 20% for all standard solu-
tions. If the %RSD value was greater than 30%, the sample extracts
were diluted and assayed. The ELISA derived 3-PBA concentrations
ranged from <0.1 to 19 ng/mL. Among the urine samples analyzed,
three urine samples had no detectable 3-PBA.

Table 3
Comparative analyses of precision, accuracy, detection limit, and sample throughput
for the ELISA and GC/MS methods for 3-PBA in urine.

Method performance ELISA GC/MS
Precision +20% +20%
Accuracy >70% >80%
Detection limit 0.1 ng/mL? 0.2 ng/mL?
Sample throughput® ~20/3 days ~20/3 days

2 Based on a 10 mL urine sample size.

b The estimated sample throughput for ELISA is based on the assumption that
10-20% of the samples outside the calibration range will be further diluted and
assayed. The estimated sample throughput includes sample preparation, detection,
and data analysis.
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3.3. GC/MS results

The acceptance criteria for GC/MS analysis of 3-PBA and FPBA
were: (1) <15% relative standard deviation (RSD) value of the
average response factor of 3-PBA and FPBA to the internal stan-
dard, dicamba-ds; (2) <20% difference value of the measured and
expected value of the standard solution; and (3) 80-120% recov-
ery of a matrix spiked sample. The GC/MS data met all of the QA
requirements stated. The overall precision of the GC/MS method
was within +20%, with an accuracy greater than 80%. For GC/MS
results, the measured concentrations ranged from <0.2 to 22.1 ng 3-
PBA/mL of urine and <0.2 to 0.55 ng FPBA/mL of urine. Note that the
estimated detection limit was based on the lowest level of the cali-
bration standard solution (2 ng/mL) and the sample size of 10 mL of
the urine. The 3-PBA was detected frequently (95% detectable rate)
in the urine samples but FPBA was only detected in 10 samples
(8.4% detectable rate).

Quantitative recoveries were obtained in the six sets of forti-
fied and unfortified urine samples and the average recoveries were
90 + 13% for 3-PBA and 95 + 13% for FPBA. The percent difference

(%D) of duplicate aliquots of a subset of urine samples analyzed by
GC/MS ranged from 0.6 to 26% for 3-PBA with an average of 12%.
The %D value for FPBA could not be obtained because FPBA was not
detected in this subset of samples.

3.4. Comparison of ELISA and GC/MS data

Since the ELISA method has high cross-reactivity (72%) toward
FPBA, the ELISA derived results (based on 3-PBA quantification)
could be treated as the sum of FPAB and 3-PBA concentrations
in a given urine sample. Both FPBA and 3-PBA were measured in
the urine samples by the GC/MS method. For these urine sam-
ples, 3-PBA was detected in 95% of the samples while FPAB was
detected in only 8.4% of the samples (10 out of 119 samples). The
results indicate that FPBA was detected at a much lower rate than
3-PBA in human urine samples collected from non-occupational
settings. A similar trend was reported in the National Report on
Human Exposure to Environmental Chemicals from urine samples
collected for the National Health and Nutrition Examination Sur-
vey (NHANES) [11]. For comparison with the ELISA, the GC/MS
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data were corrected for the 10 samples that had detectable FPAB.
Using the cross-reactivity value of 72%, FBPA concentration was
converted to 3-PBA equivalent and added to the 3-PBA concentra-
tion for the sample. For any non-detects, one half of the detection
limit was used for the statistical analysis. Creatinine levels were
not measured in the urine samples from the PEPCOT study, due to
the small individual sample volumes and the uncertainty of crea-
tinine corrections for small children [21]. Thus, for the comparison
of ELISA and GC/MS described below, we used the concentration
data expressed as ng/mL of urine.

Summary statistics (sample size, arithmetic and geometric
means, standard deviation, minimum, 25th percentile, 50th per-
centile, 75th percentile, 95th percentile, and maximum) for the
ELISA and GC/MS results, expressed as PBA concentrations are
shown in Table 2. The arithmetic mean values were 1.29 ng/mL
in urine for the ELISA and 1.23ng/mL for GC/MS. In general,
similar 3-PBA concentrations in the 25th, 50th, 75th, and 95th
percentiles were observed in these urine samples for the two
detection techniques. The Pearson correlation coefficient between
the 3-PBA concentrations of the two methods for all the sam-
ples was R=0.952, which was statistically significant (p <0.0001).
Thus, there is very strong statistical evidence of a general linear
association present in the reported 3-PBA concentrations between
the ELISA and GC/MS methods for these samples. Fig. 3 displays
the relationship between the data from the ELISA and the GC/MS
methods. The data points (N=119) for Figure 3 are summarized in
Table 2 as well as the linear regression equation and the square of
the correlation coefficient, RZ (R? =0.9059). The fitted equation is:
ELISA=0.873 x GC/MS +0.2159 for all the data. The correlation was
examined further for concentrations less than 2 ng/mL by GC/MS
as the majority of the data (N=105) were in this region. The fit-
ted equation is ELISA=0.9428 x GC/MS+0.0974 and R? is 0.7456.
The slopes in both cases are close to 1 suggesting that the results
derived from the ELISA and GC/MS are not identical but similar and
positively correlated. Similar sample preparation methods were
involved in the ELISA and GC/MS. The same hydrolysis procedures
were used for both methods. A solvent exchange step (from DCM to
methanol) was required for ELISA while methylation and cleanup
steps were employed prior to GC/MS. Thus, the difference observed
between the two methods was mostly from the detection tech-
niques. Overall, there was good correlation between direct ELISA
and GC/MS methods for this set of urine samples. Anon-significance
outcome (p=0.756) was also observed from the paired t-test indi-
cating that there was no significant differences in measurements
between the two analytical methods (ELISA vs GC/MS) for a given
sample. The false positive and false negative rates for the ELISA were
also examined using results derived from the GC/MS as reference
values. If the GC/MS procedure represents a standard method, then
the false positive and false negative rates for the ELISA were 2.5%
and 4.2%, respectively, at the 1 ng/mL concentration level. At the
10 ng/mL concentration level, the false positive and false negative
rates decreased to 0 and 0.8%. As these urine samples were collected
from residential environments, only three of the 119 urine sam-
ples had 3-PBA concentrations greater than 10 ng/mL as detected
by GC/MS.

As noted in Table 2, 3-PBA concentrations detected in the
human urine samples are typically less than 1ng/mL with 75th
percentile concentrations of 1.03 ng/mL by ELISA and 1.05 ng/mL
by GC/MS. The urine samples reported here are from preschool
aged children (<6-year). Similar concentrations were reported for
children in the 6-11 age group from the NHANES study [11]. Sig-
nificantly higher 3-PBA concentrations have been reported for pest
control operators, greenhouse workers, and agricultural workers
through occupational exposures [8]. These results suggest that the
3-PBA ELISA offers a quantitative measurement of the pyrethroid
urinary biomarker in sub-ppb concentration levels to provide non-

occupational exposure assessment data. This ELISA can also be
used for monitoring higher-level occupational exposures by simply
diluting the urine samples when necessary.

Table 3 presents the method precision, accuracy, detection limit,
and sample throughput between the ELISA and GC/MS methods
for monitoring 3-PBA in human urine samples. The overall method
precision and accuracy were similar for the two methods. The esti-
mated detection limit is slightly lower for the ELISA method. The
estimated sample throughput by the ELISA method is about the
same as the GC/MS method because similar sample preparation
procedures were involved in both methods, however, a derivati-
zation step was not required for ELISA. However, ELISA could be
coupled to a more streamlined sample preparation such as utiliz-
ing small sample size and a 96-well solid-phase extraction plate
format to increase overall sample throughput.

4. Conclusion

The 3-PBA ELISA method was evaluated and compared with
GC/MS for measuring 3-PBA in urine. Results from ELISA and GC/MS
methods were highly correlated for real-world samples. Linear and
positive relationships were observed between the ELISA and GC/MS
data for 119 human urine samples. There was no significant dif-
ference between the ELISA and GC/MS data for a given sample.
In conclusion, the ELISA method could be used as an alternative
analytical method for quantitatively measuring 3-PBA as a non-
specific urinary biomarker for monitoring studies on pyrethroids
in non-occupational settings.
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