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Abstract 59 

 Since the 2001 U.S. federally mandated phase-out of residential uses of organophosphate 60 

(OP) insecticides, the use of and potential for human exposure to pyrethroid insecticides in the 61 

indoor residential environment increases, while that for OPs decreases.  Here we report indoor 62 

concentrations of several common pyrethroids, pyrethroid metabolites, and chlorpyrifos based on 63 

floor wipe samples collected from 81 northern California households.  We report urinary 64 

concentrations of pyrethroid metabolites and the chlorpyrifos metabolite TCPy in samples 65 

collected in 2007–2009 from 83 children and 90 adults who lived in these 81 households and 66 

took part in the Study of Use of Products and Exposure Related Behavior (SUPERB).  We 67 

examined correlations between concentrations in floor wipe and urine samples. The most 68 

frequently detected urinary pyrethroid metabolite was 3PBA (62.4%, median concentration of 69 

0.79 ng/mL).  TCPy was detected at a similar frequency (64.7%, median concentration of 1.47 70 

ng/mL).  Compared to the National Health and Nutrition Examination Survey (NHANES) in 71 

1999-2002, this population had substantially higher pyrethroid metabolite and lower TCPy 72 

urinary concentrations than the general population in the U.S.  This may be related to the 73 

increased residential use of pyrethroids after the phase-out of OPs.  Chlorpyrifos (98.7%), cis- 74 

and trans-permethrin (97.5%), bifenthrin (59.3%), 3PBA (98.7%) and 4F3PBA (34.2%) were 75 

frequently detected in the floor wipes.  Floor wipe concentrations for pyrethroid insecticides 76 

were found to be significant predictors of child urinary metabolite concentrations (p-values = 77 

0.0004 - 0.049) suggesting that indoor residential exposure to pyrethroid insecticides is an 78 

important exposure route for children.   79 

 80 

 81 
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Introduction 82 

Insecticides are commonly used both in and around residential homes in the United States.  83 

Since the 2001 U.S. federally mandated phase-out of residential uses of the organophosphate 84 

(OP) insecticides chlorpyrifos and diazinon, the usage of synthetic pyrethroids indoors has 85 

increased (Horton et al. 2011; USEPA 2000, 2012; Williams et al. 2008).   86 

Although pyrethroids have relatively low mammalian toxicity, there is still caution with regard 87 

to human exposure.  Studies have shown that exposure to high levels of pyrethroids may cause 88 

significant toxicity and health effects, including acute neurotoxic effects (Costa et al. 2008), 89 

immunotoxic effects (Emara and Draz 2007) and negative effects on mammalian reproduction (Ji 90 

et al. 2011).  They also are possible human carcinogens (USEPA 2006).   91 

Pyrethroids metabolize quickly in the body and most also degrade rapidly in sunlight.  3-92 

Phenoxybenzoic acid (3PBA) is a non-specific metabolite of multiple pyrethroids including 93 

cyhalothrin, cypermethrin, deltamethrin, esfenvalerate, permethrin and sumithrin.  The 94 

metabolite 4-fluoro-3-phenoxybenzoic acid (4F3PBA) is specifically produced from cyfluthrin.  95 

3-(2,2-Dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid (DCCA) is a metabolite of 96 

cyfluthrin, cypermethrin and permethrin, and 3-(2,2-dibromovinyl)-2,2-dimethylcyclopropane-1-97 

carboxylic acid (DBCA) is a specific metabolite of deltamethrin.  3PBA has been commonly 98 

used as a non-specific biomarker for evaluating human exposure to multiple pyrethroid 99 

insecticides (Barr et al. 2010), and has also been measured in the indoor environment (Starr et al. 100 

2008). 101 

Exposure to insecticides may result from ingestion of food; ingestion of drinking water; 102 

inhalation, dermal contact and non-dietary ingestion resulting from residential applications.  103 

Once insecticides have entered the home, carpets and cushioned furniture can act as repositories 104 



 

5 
 

for the parent compounds and their metabolites (Starr et al. 2008).  Children have an increased 105 

risk of exposure to environmental contaminants partly because of behaviors leading to higher 106 

non-dietary ingestion than adults (Cohen Hubal et al. 2000).  Thus, indoor sources pose a special 107 

risk to children (Arcury et al. 2007; Bradman et al. 2007).  The indoor residential environment is 108 

a more important route of exposure to pyrethroids than dietary ingestion, unlike OP insecticides 109 

(C. Lu et al. 2006; Morgan 2012; Naeher et al. 2010; Tulve et al. 2011; Zartarian et al. 2012). 110 

 We report results from 83 child and 90 adult northern California residents who participated in 111 

the Study of Use of Products and Exposure Related Behavior (SUPERB). Specifically, we report 112 

urinary concentrations of 3PBA, trans-DCCA, cis-DBCA and 4F3PBA, as well as the 113 

chlorpyrifos metabolite 3,5,6-trichloro-2-pyridinol (TCPy).  We report the indoor environmental 114 

concentrations (as measured from floor wipes samples of 81 of the participating households) of 115 

allethrin, bifenthrin, cyfluthrin, cypermethrin, deltamethrin, esfenvalerate, λ-cyhalothrin, cis-116 

permethrin, trans-permethrin, sumithrin, tetramethrin, chlorpyrifos, 3PBA, 4F3PBA, DCCA and 117 

DBCA.  Finally we evaluate whether measurements in floor wipe samples are correlated with 118 

urinary concentrations of metabolites.   119 

 120 

Methods 121 

Study Population 122 

 SUPERB investigated human behaviors that could influence exposure to environmental 123 

pollutants by studying food consumption patterns, household product use, and daily activities.  124 

One cohort consisted of families (one parent and one child, n = 499) from northern California 125 

counties.  Households with young children born between 2000 and 2005 were identified through 126 

birth certificate records and randomly selected with details previously published (Hertz-Picciotto 127 
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et al. 2010).  Ninety households were enrolled in a sub-study to collect environmental and 128 

biological samples and this paper reports pyrethroid and OP insecticide results.  At the time of 129 

enrollment to this sub-study all children were aged two through eight years.  All recruitment and 130 

data collection protocols were approved by the Institutional Review Boards at the University of 131 

California, Davis (UC Davis) and the Centers for Disease Control and Prevention (CDC).  132 

Informed consent for participation was obtained upon enrollment. 133 

 134 

Sample collection 135 

 Samples were collected December 2007-November 2009.  An end of day spot urine sample 136 

was collected from 90 adults and 83 children.  Participants were provided specimen collection 137 

“hats” (Commode Specimen Collector, Fisher Scientific P/N 22-363-149) to be placed under the 138 

toilet seat (Barr et al. 2010) and standard plastic urine cups to store the collected sample 139 

overnight in the refrigerator.  Adult participants were instructed to record the volume and time of 140 

both the collected and previous void for themselves and their child.  Samples were collected and 141 

transported on ice packs to UC Davis the following day, and were frozen and stored at -80oC 142 

until shipment to the CDC facility in Atlanta, GA for analysis.   143 

On the day urine samples were retrieved, UC Davis staff also collected floor wipe samples   144 

from kitchen  floors in 88 out of the 90 homes using two 4” X 4” pre-cleaned cotton Twillwipe 145 

cloths (M.G. Chemicals, P/N 829-50) dampened with 6mL isopropanol (pesticide residue 146 

analysis grade, Fisher Scientific, Fair Lawn, NJ).  Wipes were pre-cleaned via Soxhlet extraction 147 

with isopropanol, followed by extraction with hexane, dried in a vacuum oven, and ultimately 148 

placed in a sealed clean glass jar until use (Clifton et al. 2013).  Floor wipe samples were 149 

collected from approximately 930 cm2 of the kitchen floor.  The section was marked with 150 
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painter’s masking tape, wiped uniformly in one direction then wiped again perpendicular to the 151 

first direction.  The procedure was repeated with the second wipe.  Immediately after use, each 152 

wipe was placed in a single pre-cleaned 60 mL amber jar.  Samples were transported back to UC 153 

Davis on ice packs, frozen and stored at -20oC until shipment to the U.S. EPA (Research 154 

Triangle Park, NC) and stored at −20 °C until extracted.   155 

 156 

Sample Analysis 157 

Urine samples were analyzed at CDC following a modification of a previously reported 158 

method (Davis et al. 2013; Olsson et al. 2004).  Briefly, 1 mL of urine was fortified with a 159 

standard solution of isotopically labeled 3PBA, 4F3PBA, cis-DBCA and TCPy, and incubated 160 

with β-glucuronidase/sulfatase (Sigma-Aldrich, Co., St. Louis, MO) to hydrolyze conjugated 161 

metabolites.  Metabolites were extracted using the Quadra 3 (Tomtec Inc. Hamden, CT) 96-well 162 

plate technology with an OASIS HLB mixed-mode solid-phase extraction 96-well plate (Waters 163 

Corp., Milford, MA).  The plate was washed with a 25% methanol in 0.1% acetic acid solution, 164 

and the metabolites were eluted with acetone.  Target insecticide metabolites in the eluates were 165 

separated and quantified using high-performance liquid chromatography (Agilent Technologies, 166 

Santa Clara, CA) coupled with heated electrospray ionization tandem mass spectrometry 167 

(Thermo Scientific, West Palm Beach, FL) operating in the negative ion mode.  3PBA, 168 

4F3PBA, cis-DBCA and TCPy were quantified using isotope dilution calibration, trans-DCCA 169 

was quantified using the labeled 3PBA as the internal standard.  Because calibrators were 170 

prepared in diluted urine, corrections were made to account for these endogenous compounds in 171 

the calibrator matrix.  Positive and negative control samples represented 10% of the samples 172 

analyzed and were used as laboratory controls to ensure proper method operation.  The limits of 173 
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detection (LODs) for 3PBA, trans-DCCA, cis-DBCA and TCPy was the lowest detectable 174 

standard in each analytical run.  The LOD for 4F3PBA was calculated as three times the standard 175 

deviation (SD) of the blank concentrations (Taylor 1987).  Urinary creatinine concentrations 176 

were determined (Barr et al. 2010) and metabolite concentrations were adjusted using creatinine 177 

concentrations in order to correct for variable urine dilutions in the “spot” samples. 178 

Wipe samples were analyzed by U.S. EPA with a published method (Clifton et al. 2013).  179 

Briefly, after being spiked with 50 µL of the surrogate recovery solution (SRS) of the insecticide 180 

surrogates diazinon-d10 and trans-permethrin-13C6 (Cambridge Isotope Labs), which were 181 

prepared together in a solution at 2.4 μg/mL in hexane, the wipes were extracted with an 182 

acetone:hexane solution (1:1 by volume) in an ultrasonic cleaner for 30 minutes.  Extracts were 183 

solvent exchanged into hexane and partitioned with aqueous NaOH with a total of three portions 184 

of hexane.  The hexane layers containing the insecticides were passed through ~10g of Na2SO4 185 

before being volume reduced and purified using Bond Elut NH2 SPE cartridges (Agilent 186 

Technologies, Palo Alto, CA).  The cartridges were washed with 25% acetone in hexane 187 

followed by hexane, and the pyrethroids were eluted using hexane followed by a 25% acetone in 188 

hexane solution.  Eluates were concentrated, an internal standard (IS) solution of phenanthrene-189 

d10 and cis-permethrin-13C6 was added, and samples were analyzed using electron impact gas 190 

chromatography–mass spectrometry.   191 

The NaOH layer which still contained the metabolites was acidified using 2N HCl.  This layer 192 

was partitioned three times with dichloromethane, passing through Na2SO4 prior to volume 193 

reduction and solvent exchanged into ethyl acetate.  An internal standard containing 3PBA-13C6 194 

was added before extracts were transferred to auto sampler vials and silylation with Sylon BFT 195 

(Supelco, Bellefonte, PA, USA) at 70 ºC for 10 minutes.  The silylated extracts were analyzed by 196 
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EI GC/MS in selected ion monitoring mode.  Method detection limits (MDLs) were determined 197 

using the guidelines from 40 CFR Part 136, Appendix B and were calculated based on a standard 198 

930 cm2 sampling area (Clifton et al. 2013).   199 

 200 

Statistical analysis 201 

All detectable floor wipe concentrations were reported by the EPA.  To maximize this data, all 202 

concentrations, including those reported but below the MDL, were used with non-detected 203 

concentrations reported as 0.  The CDC only reported urinary metabolite concentrations above 204 

the LOD.  Concentrations below the LOD were set equal to LOD/√2.  Summary statistics were 205 

calculated.  A Spearman rank-order correlation coefficient (rs) was calculated to determine intra-206 

household correlations between parent and child urinary concentrations of 3PBA and TCPy, with 207 

significance set at p < 0.05.  Confidence intervals (CI) for correlation coefficients were computed 208 

using Fisher’s z-transformation. 209 

Visual analysis of a normal quantile-quantile plot showed that urinary concentrations and floor 210 

wipe levels were not normally distributed, and were log-transformed.  Bivariate analyses were 211 

conducted in which log-transformed volume-based adult or child urinary metabolite 212 

concentrations were regressed on log-transformed creatinine concentrations and log-transformed 213 

individual floor wipe levels of insecticides or metabolites using a general linear model (Barr et 214 

al. 2005b).  To express associations on the original scale of measurement for the outcome, point 215 

estimates and confidence intervals for regression coefficients were inverse log-transformed and 216 

reported as adjusted geometric mean ratios. These ratios compare mean levels for the outcome 217 

associated with a 1-unit change in the log-transformed exposure (i.e. a multiplication of the 218 
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exposure on the original scale by Euler’s constant, e).  All statistical analyses were performed 219 

using SAS version 9.2 (SAS Institute, Cary, NC). 220 

 221 

Results 222 

Population Demographics  223 

Demographic information is presented in Table 1.  Participating adults were 90% female (mean 224 

age = 36 years; 91% having at least some college education).  The proportions of stay-at-home 225 

(48%) and employed (42%) parents were almost equal, and 22% of participants were foreign 226 

born.  With approximately 60% of this population having a bachelor’s degree or higher 227 

compared to 30% of adults aged 25 or older in the U.S. (Ryan and Siebens 2012), this population 228 

is not representative of the general U.S. population. 229 

 230 

Urinary Concentrations  231 

Urinary concentrations of pyrethroid metabolites were detected in 63% of samples with a 232 

detectable range of 0.67–89.7 ng/mL 3PBA, 4.92-121 ng/mL trans-DCCA, 1.09-1.48 ng/mL cis-233 

DBCA, and 0.43-0.77 ng/mL 4F3PBA.  LODs varied by analytical batch and were 0.58–0.75 234 

ng/mL for 3PBA, 1.11–2.54 ng/mL for trans-DCCA, 0.16–0.74 ng/mL for cis-DBCA, 0.32 235 

ng/mL for 4F3PBA, and 0.62–1.17 ng/mL for TCPy.  3PBA was the most frequently detected 236 

pyrethroid metabolite with 50 children and 58 adult samples having detectable concentrations, 237 

corresponding to 39 households with detectable urinary concentrations in both the adult and 238 

child.  Urinary concentrations of 3PBA between adults and children within a household were 239 

positively correlated for both volume- based (rs=0.43, 95% CI: 0.23 – 0.59, p < 0.0001) and 240 
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creatinine-adjusted concentrations (rs=0.46, 95% CI: 0.27 – 0.62, p < 0.0001).  Summary 241 

statistics are presented in Table 2.   242 

The other pyrethroid metabolites were detected less frequently.  Trans-DCCA was detected in 243 

2 children and 8 adults, none of whom were from the same household.  Cis-DBCA was detected 244 

in 2 children and 1 adult, with one household having both a child and an adult with detectable 245 

concentrations.  4F3PBA was detected in 3 children and 8 adults, with only 1 household having 246 

detectable concentrations in both the adult and child.  A summary of trans-DCCA, cis-DBCA 247 

and 4F3PBA detection frequency and concentration ranges are in the Supplemental Material, 248 

Table S1.  249 

Urinary concentrations of the chlorpyrifos metabolite TCPy were detected in 64.7% of samples 250 

with 61 children and 51 adult samples having concentrations ranging from 0.74–18.9 ng/mL, 251 

corresponding to 40 households with detectable levels in both the adult and child.  Urinary 252 

concentrations of TCPy within a household were positively correlated for both volume- based 253 

(rs=0.32, 95% CI: 0.11 – 0.50, p = 0.003) and creatinine-adjusted concentrations (rs=0.34, 95% 254 

CI: 0.13 – 0.52, p = 0.001).   255 

We looked at the co-occurrence of specific urinary pyrethroid metabolites within individual 256 

participants.  All adult and child urine samples with detectable concentrations of trans-DCCA, 257 

cis-DBCA or 4F3PBA also had detectable concentrations of 3PBA, with the exception of one 258 

child’s urine sample having a detectable concentration of 4F3PBA and no detectable 259 

concentration of any other pyrethroid metabolite.  Of the 8 adults with detectable trans-DCCA 260 

urinary concentrations, 3 also had detectable 4F3PBA concentrations.  Those 3 adult participants 261 

had 3 of the 4 highest urinary concentrations of 3PBA.  Most notably was one adult who had the 262 

highest urinary concentrations of both trans-DCCA (121.4 ng/mL) and 4F3PBA (22.5 ng/mL) of 263 
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the entire population (adults and children), and the highest urinary concentration of 3PBA (44.8 264 

ng/mL) of the adults.    265 

 266 

Floor Wipe Concentrations  267 

The distribution of insecticides and metabolites in floor wipes from all homes, combining data 268 

from both homes with young children and homes with older adults, participating inSUPERB has 269 

been previously reported (Clifton et al. 2013).  Measurements were available from 81 out of 88 270 

household samples; and the distribution of pyrethroids and metabolites along with MDL values 271 

(0.0012 to 0.0038 ng/cm2 for parent pyrethroids and 0.0059 to 0.011 ng/cm2 for metabolites) are 272 

presented in Table 3.  Chlorpyrifos (99%), cis- and trans-permethrin (97.5%) and bifenthrin 273 

(59.3%) were frequently detected, with the remaining compounds only detected in 2.5 – 14.8% 274 

of samples.  Although chlorpyrifos was the most frequently detected, the mean concentration 275 

(0.0014 ng/cm2) was over an order of magnitude lower than either cis- or trans-permethrin.  276 

3PBA was the most frequently detected pyrethroid metabolite (98.7%).  4F3PBA was also 277 

detected with moderate frequency (34.2%).  DCCA was detected in only 2.5% of samples, and 278 

DBCA was not detected in any samples.    279 

 280 

Floor Wipe vs. Urine Concentrations 281 

Multiple regression analyses were performed, using data from children and adults, in which 282 

log-transformed volume-based 3PBA urinary concentrations were regressed on log-transformed 283 

creatinine concentrations and log-transformed individual floor wipe concentrations of individual 284 

pyrethroid and pyrethroid metabolites.  Parent pyrethroids that metabolize to 3PBA and some 285 

metabolites in floor wipes were included as independent variables in this analysis.  Because 286 
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several commercially available residential insecticide products contain a mixture of pyrethroids, 287 

correlations between 3PBA and the other metabolites (from the household floor wipes) were 288 

investigated.  A similar regression analysis in which log-transformed volume-based TCPy 289 

urinary concentrations were regressed on log-transformed creatinine concentrations and log-290 

transformed chlorpyrifos floor wipe concentrations was also performed for adults and children.   291 

Floor wipe concentrations of cis-permethrin (p = 0.0004), trans-permethrin (p = 0.0003), and 292 

4F3PBA (p = 0.049) were significant predictors of urinary concentrations of 3PBA in children.  293 

The summed total of pyrethroid concentrations (p = 0.001), as well as the summed total of parent 294 

pyrethroids plus 3PBA concentrations found in the floor wipes (p = 0.009) were also significant 295 

predictors of urinary concentrations of 3PBA in children.  The linear regression coefficients can 296 

be seen in Table 4.  When data from the one child with the highest concentration of 3PBA (89.7 297 

ng/mL, almost 20 times higher than the 95th percentile for the SUPERB population) was 298 

removed from the analysis there was no longer a significant effect of 4F3PBA from floor wipe 299 

samples on 3PBA urinary concentrations, but relationships with parent compounds cis-300 

permethrin (adjusted geometric mean ratio (agmr) = 1.30, 95% CI:  1.09 – 1.55, p = 0.004), 301 

trans-permethrin (agmr = 1.32 , 95% CI: 1.10 – 1.60, p = 0.004), and the total summed 302 

concentrations of pyrethroids that metabolize to 3PBA (agmr = 1.26 , 95% CI: 1.06 – 1.50, p = 303 

0.01) remained significant.  In contrast, concentrations of chlorpyrifos in the floor wipes were 304 

not significantly predictors of urinary concentrations of TCPy for children (95% CI: -0.46-0.21, 305 

p = 0.47).     306 

None of the parent pyrethroids detected in floor wipes were significant predictors of urinary 307 

concentrations of 3PBA in adult participants.  Only 4F3PBA in floor wipe samples had a 308 

marginal effect on adult urinary concentrations of 3PBA (agmr = 1.13, 95% CI: 0.99 – 1.28, p = 309 
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0.07).   Concentrations of chlorpyrifos in floor wipes were also not significant predictors of log-310 

transformed urinary concentrations of TCPy for adults (95% CI: -0.37-0.31, p = 0.87).   311 

Due to low detection frequencies of trans-DCCA, cis-DBCA and 4F3PBA in urine samples, 312 

we did not report the full results of regression analyses comparing these concentrations to floor 313 

wipe levels.  In the homes of the 8 adults with detectable levels of trans-DCCA, a metabolite of 314 

permethrin, cypermethrin and cyfluthrin, two homes had detectable levels of cypermethrin and 315 

seven homes had detectable levels of permethrin in the floor wipes.  Creatinine-adjusted 316 

geometric mean concentrations of trans-DCCA were marginally (but not statistically 317 

significantly) higher in adults whose homes had detectable levels of cypermethrin (agmr = 1.15, 318 

95% CI: 0.99-1.32, p = 0.06) in the floor wipes and in adults whose homes had detectable levels 319 

of permethrin (agmr = 1.14, 95% CI: 0.94-1.37, p = 0.18) in the floor wipes.  These data suggest 320 

that these adult participants were possibly exposed to pyrethroids in their home.  The child with 321 

the highest urinary concentration of trans-DCCA (111.3 ng/mL) lived in the home with the 322 

highest floor wipe concentration of total permethrin (2.7 ng/cm2), suggesting the possibility that 323 

this child’s exposure came from the home.   324 

The metabolite cis-DBCA, specific to deltamethrin, was detected in the urine of only one adult 325 

and two children.  However, neither deltamethrin nor cis-DBCA was detected in the floor wipe 326 

samples from these households, suggesting that exposure came from other sources. 327 

Five of the eight adults and two of the three children with detectable levels of 4F3PBA, the 328 

specific metabolite of cyfluthrin, resided in the 27 homes with detectable levels of 4F3PBA in 329 

the floor wipes.  Creatinine-adjusted geometric mean concentrations of 4F3PBA, were higher, 330 

but not significantly higher, in adults (agmr = 1.07, 95% CI: 0.99-1.15, p = 0.0996) and children 331 

(agmr = 1.03, 95% CI: 0.99-1.07, p = 0.17) whose homes had detectable levels of 4F3PBA.  332 
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Cyfluthrin was detected in only three homes, one of which had a child with detectable urinary 333 

4F3PBA.  Creatinine-adjusted geometric mean concentrations of 4F3PBA were significantly 334 

higher in children (agmr = 1.10, 95% CI: 1.03-1.17, p = 0.006) whose homes had detectable 335 

levels of cyfluthrin.  These data suggest that some, but not all, of the participants with evidence 336 

of cyfluthrin exposure may have been exposed to it and/or its metabolite in their home 337 

environment.     338 

 339 

Discussion 340 

Measurements from 90 northern California households show pyrethroid exposure occurs 341 

commonly, based on the frequent detection of several pyrethroid metabolites in participants’ 342 

urine.  A portion of this exposure is likely to result from indoor residential applications or track-343 

in from outdoor residential applications, as bifenthrin, cis-permethrin and trans-permethrin were 344 

measured in the majority of floor wipe samples.  The detection of the non-specific pyrethroid 345 

metabolite 3PBA in urine may also be a result of exposure to 3PBA in the home environment, as 346 

this metabolite was measured in the majority of floor wipe samples.   347 

The median creatinine-adjusted urinary concentrations of 3PBA in the 2001–2002 National 348 

Health and Nutrition Examination Survey (NHANES), a population based sample, were 0.33 and 349 

0.30 µg/g for children (aged 6-11 years) and adults (aged 20-59 years), respectively (Table 2) 350 

(Barr et al. 2010).  The median creatinine-adjusted urinary 3PBA concentrations in the SUPERB 351 

participants, recruited in 2007-2009, were over twice as high at 0.80 and 0.61µg/g creatinine for 352 

children and adults, respectively.  Similarly, the SUPERB population has higher 75th and 95th 353 

percentiles urinary concentrations of 3PBA than the 2001-2002 NHANES population (Table 2).  354 

The higher urinary concentrations of 3PBA in SUPERB participants are potentially due to the 355 
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well-documented increased use of pyrethroids for indoor and outdoor residential applications 356 

since the 2001 federally mandated phase-out of residential uses of the OP insecticides 357 

chlorpyrifos and diazinon (Horton et al. 2011; USEPA 2000, 2012; Williams et al. 2008). 358 

Although SUPERB participants show increased levels of 3PBA as compared to NHANES, 359 

they are still lower than other populations reported in the literature.  A 2001 biomonitoring study 360 

in Jacksonville, FL, a city previously determined to have elevated rates of pesticide use, showed 361 

median urinary 3PBA levels of 2.5 ug/g in children aged 4-5 years  (Naeher et al. 2010), triple 362 

the median urinary 3PBA levels found SUPERB children.  The Children’s Environmental Health 363 

Study following a multiethnic urban cohort in New York City from 1998 to 2001 reported 364 

median urinary 3PBA levels of 19.3 ug/g in pregnant adult women (Berkowitz et al. 2003), 365 

although it was suspected that sumithrin sprayed in the area during sampling may have 366 

contributed to these findings.    367 

We saw similar creatinine-adjusted urinary TCPy concentrations in SUPERB adults (median = 368 

0.88 µg/g, 75th percentile = 2.34 µg/g, 95th percentile = 3.63 µg/g) as in adult NHANES 369 

participants in 2001-2002 (median = 1.33 µg/g, 75th percentile = 2.37 µg/g, 95th percentile = 6.42 370 

µg/g) (Barr et al. 2005a).  OP insecticide use is still present in agriculture thus exposure to these 371 

insecticides through the food pathway continues.  The creatinine-adjusted urinary TCPy 372 

concentrations in SUPERB children were lower (median = 2.53 µg/g, 75th percentile = 4.81 µg/g, 373 

95th percentile = 7.72 µg/g) than in children from NHANES in 2001-2002 (median = 3.20 µg/g, 374 

75th percentile = 6.37 µg/g, 95th percentile = 14.0 µg/g) (Barr et al. 2005a).  The level in children 375 

could have decreased over time due to reduced agricultural use for foods highly consumed by 376 

children (USEPA 2000).  Another potential cause for this reduction is that a greater percentage 377 

of a child’s exposure is through the indoor home pathway than for adults and exposure through 378 
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this pathway has likely been reduced since the 2001–2002 NHANES samples were collected.  379 

This coincides with the almost ten-fold difference of the mean concentration of chlorpyrifos in 380 

floor wipes collected from SUPERB homes of 0.0014 ng/cm2, than that measured in the 381 

American Healthy Homes Survey’s national study of residential pesticides, measured from floor 382 

wipes from 1131 homes in 2005-2006, of 0.01 ng/cm2 (Stout et al. 2009), although other factors, 383 

such as differences in insecticide use practices between the populations, may have also 384 

contributed to the lower concentrations found in SUPERB homes.  Still, chlorpyrifos was 385 

detected in nearly 100% of SUPERB homes, indicating that residential exposure to this 386 

insecticide that persists in the indoor environment will continue (Shin et al. 2012). 387 

 Urinary concentrations of 3PBA from adults and children within a household were positively 388 

correlated.  There were also a few cases of overlap with other urinary metabolites, specifically 389 

one household with both parent and child having detectable urinary concentrations of cis-DBCA, 390 

and another household with both parent and child having detectable urinary concentrations of 391 

4F3PBA.  These data suggest that parents and children in these households are likely being 392 

exposed to common sources of pyrethroids, either from the home or a common diet, although 393 

discrepancies in other homes may point to additional sources of exposure, or from differences in 394 

diet.   395 

Floor wipe pyrethroid concentrations were correlated with urinary concentrations of 3PBA in 396 

children, but not adults.  This finding suggests that children may be receiving a higher portion of 397 

their exposure to pyrethroids from their home environment than adults.  Once pyrethroid 398 

insecticides have entered the home, the carpets and cushioned furniture act as sources and sinks 399 

for insecticides (Starr et al. 2008).  The presence of insecticides in carpet dust is a particular 400 

concern for young children who, due to their continual exploration of their environments, spend 401 
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a large amount of time on the floor and have extensive hand-to-mouth activity, resulting in 402 

increased exposure to pollutants through dermal and non-dietary ingestion routes (Cohen Hubal 403 

et al. 2000).  Even after children have reached an age where hand-to-mouth activity has 404 

significantly reduced, they still spend a large amount of time doing activities on the floor, and are 405 

therefore still susceptible to higher insecticide exposure than adults.  406 

Urinary concentrations of TCPy from adults and children within a household were positively 407 

correlated.  In contrast to pyrethroids, floor wipe OP concentrations were not correlated with 408 

urinary concentrations of TCPY for children.  These data suggest that at the current time parents 409 

and children in these households are likely being exposed to common sources of chlorpyrifos 410 

which are not from the home environment, most likely a common diet (C.  Lu et al. 2006).   411 

Although many studies have measured both indoor environmental concentrations of 412 

insecticides and urinary concentrations of metabolites, only a few have looked at correlations 413 

between those measurements, and those have focused on OP insecticides with studies conducted 414 

both when OPs were still applied indoors (Bradman et al. 2007; Rothlein et al. 2006), and after 415 

the federally mandated phase-out of residential OP use (Quirós-Alcalá et al. 2012).  The total 416 

urinary concentrations of diethyl phosphate metabolites (nmol/L), the common metabolite of OP 417 

insecticides, measured in overnight urine collected from diapers of 20 farm worker children aged 418 

5-27 months in Salinas Valley, CA from June to September, 2002, were significantly correlated 419 

with diazinon (p < 0.05) measured in house dust and chlorpyrifos (p < 0.05) measured in toy 420 

wipe samples (Bradman et al. 2007).  A study looking at OP insecticide exposure among 93 421 

Hispanic workers in the agricultural community of Hood River, Oregon in the summer and fall 422 

of 1999 reported a moderate but significant correlation between methyl OP insecticides 423 

measured in house dust and their urinary metabolites (Rothlein et al. 2006).  In contrast the OP 424 



 

19 
 

insecticides chlorpyrifos and diazinon levels measured in the house dust of 40 urban (Oakland, 425 

CA) and farmworker (Salinas, CA) homes from July to September of 2006 were not significantly 426 

correlated to urinary concentrations of the metabolites in children aged 3-6 years in a study 427 

looking at OP breakdown products in house dust and children’s urine (Quirós-Alcalá et al. 2012).  428 

Levels of OP insecticides are expected to be higher in the dust of farm worker homes than in 429 

homes of the general population due to drift from agricultural applications (Harnly et al. 2009).  430 

As OPs are applied agriculturally in large quantities, there is exposure through dietary ingestion 431 

as well.  Due to higher indoor levels in farm worker homes, a greater portion of the exposure 432 

results from the indoor environment than for the general population, potentially explaining why 433 

previous reports of correlations between indoor OP levels and urinary concentrations of OP 434 

metabolites were limited to agricultural regions.  We expect higher and more consistent 435 

correlations between pyrethroid levels within these CA homes and urinary pyrethroid 436 

metabolites, as less pyrethroids are used in CA agriculture than chlorpyrifos (CDPR 2011), 437 

lessening the exposure from dietary ingestion.  Results from the present study and multiple other 438 

reports for a wide range of communities support this hypothesis: data on indoor levels of 439 

pyrethroid insecticides and urinary concentrations of metabolites indicate residential insecticide 440 

use to be one of the most important contributors to pyrethroid exposures (C. Lu et al. 2006; 441 

Naeher et al. 2010; Tulve et al. 2011; Zartarian et al. 2012). 442 

There were several limitations to this study.  For this exploratory analysis, we evaluated 443 

multiple candidate exposure-outcome associations simultaneously because each comparison was 444 

of independent scientific interest.  This allowed us to control the type 1 error rate at 5% on a per-445 

comparison basis, but confirmation of our results in other studies is necessary to support the 446 

associations we report. Although our sample size was moderately large, our study was not 447 
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powered to detect more modest exposure-outcome associations that may still be clinically 448 

significant. We had relatively low detection frequencies of several target analytes: allethrin, 449 

cyfluthrin, cypermethrin, deltamethrin, esfenvalerate, λ-cyhalothrin, sumithrin, tetramethrin, 450 

DCCA and DBCA in the floor wipes; and trans-DCCA, cis-DBCA and 4F3PBA in urine 451 

samples; making it difficult to achieve precise estimates of correlation parameters.  This 452 

population was highly educated, 90% of the adults reported having a high school diploma, and 453 

60% reported having a 4-year college degree or higher, making them less than representative of a 454 

more diverse population.  Also, there is often variability in urinary concentrations of metabolites 455 

of non-persistent compounds like pyrethroids when only single spot urine samples are collected.  456 

Further, the use urinary biomarkers to estimate children's exposures to pesticides in their 457 

environment may be questionable (Morgan et al. 2010). 458 

Despite its limitations, this study contributes to existing research in multiple ways.  Results 459 

presented here provide further evidence that children are being exposed to pyrethroid insecticides 460 

in their home.  Additionally, a comparison of measured levels in this study vs. those reported for 461 

samples collected 2001-2002 is consistent with increased use of pyrethroids and decreased use of 462 

OPs for residential applications since the 2001 federally mandated phase-out of residential uses 463 

of chlorpyrifos and diazinon.   Further research is warranted to investigate the sources of these 464 

exposures to pyrethroid insecticides. 465 

 466 

 467 

 468 

 469 

 470 
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Disclaimer 471 

The use of trade names is for identification only and does not constitute endorsement by the 472 

US Department of Health and Human Services or the CDC. The findings and conclusions in this 473 

report are those of the authors and do not necessarily represent the views of the CDC.  This work 474 

has not, as of yet, been subjected to US EPA administrative review, and is therefore not currently 475 

approved for publication.   476 
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Table 1. Socio-demographic characteristics of participants, SUPERB 2007–2009. 603 

Adult Characteristics (N = 90) N (%) 

Sex 

Female 81 (90)

Male 9 (10)

Age Group  

18-34 years 26 (29)

35-54 years 62 (69)

55+ years 2 (2)

Mean Age of Primary Adult participant  36.6

Education Level 

0-11 years 0 (0)

12 years 8 (9)

13-15 years 27 (30)

16 years 31 (34.4)

>16 years 23 (26)

Missing 1 (1)

Employment Status 

Employed 38 (43)

Stay at home parent 43 (48)

Unemployed 1 (1)

Other 6 (7)

Missing 1 (1)

Race/Ethnicity 

Non-Latino White 60 (67)

Latino (of any race) 13 (14)

African American 2 (2)

Asian 7 (8)

Other 4 (4)

Multiple 3 (3)

Missing 1 (1)

Foreign Born 

Yes 20 (22)
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No 69 (77)

Missing 1 (1)

Marital Status 

Married/ Living together 89 (99)

Widowed/Divorced/Separated/Single 0 (0)

Missing 1 (1)

Homeowner 

Yes 71 (79)

No  18 (20)

Missing 1 (1)

Number of Children in the family/ living in home 

1 - 2 67 (74)

3 - 4 20 (22)

5 - 6 2 (2)

Missing 1 (1)

Child Characteristics (N = 90) 

Sex 

Female 45 (50)

Male 45 (50)

Age Group  

2-3.9 years 18 (20)

4-5.9 years 38 (42)

6-7.9 years 31 (34)

8-8.1 years 3 (3)

Mean Age of Child Participant (years) 5.5
 604 

 605 

 606 

 607 

 608 

 609 
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Table 2.  Volume based (ng/mL) and creatinine-adjusted (µg/g) 3PBA and TCPy urinary concentrations from SUPERB (2009) and 610 

NHANES (2001-2002). 611 

3PBA TCPy 

  % 
detection 
frequency 

Selected Percentiles  

n 

% 
detection 
frequency 

Selected Percentiles  

  n 50th 75th 95th 50th 75th 95th 

T
ot

al
 P

op
u

la
ti

on
 SUPERB*                      

Volume-based  
173 62 

0.79 1.56 5.34 
173 65 

1.47 2.88 5.86 
Creatinine-adjusted  0.76 1.77 9.04 1.51 0.30 0.06 

NHANES**       
volume based  

1,994 75 
0.27 0.70 2.54 

1,994 91 
1.70 3.50 9.90 

creatinine adjusted  0.29 0.60 3.35 1.47 2.85 5.43 

C
h

il
d

re
n

 

SUPERB*, aged 2-8                     
Volume-based  

83 60 
0.75 1.56 4.69 

83 74 
1.70 3.19 5.70 

Creatinine-adjusted 0.80 2.34 6.26 2.53 0.048 0.077 
NHANES**, aged 6-11       

Volume-based  
580 75 

0.30 0.76 3.38 
481 97 

2.70 6.90 16.0 
Creatinine-adjusted  0.33 0.66 3.04 3.20 6.37 14.0 

A
d

u
lt

s 

SUPERB*, aged 18-57                     
Volume-based 

90 64 
0.82 1.58 9.44 

90 57 
1.22 2.57 6.08 

Creatinine-adjusted  0.61 1.39 12.61 0.88 0.02 0.036 
NHANES**, aged 20-59       

Volume- based 
1,128 76 

0.27 0.67 3.25 
832 89 

1.50 2.80 8.60 
Creatinine-adjusted  0.30 0.60 3.43 1.33 2.37 6.40 

 612 

* The limits of detection (LODs) were 0.58–0.75 ng/mL (3PBA), and 0.62–1.17 ng/mL (TCPy) 613 
** The LODs were 0.1 ng/mL (3PBA), and 0.4 ng/mL (TCPy)614 
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Table 3.  Insecticide and metabolite concentrations (ng/cm2) in floor wipes, SUPERB 2009. 615 

Compound N MDL % D Mean Median 75th  95th Max

Chlorpyrifos 81 0.000087 98.7 0.0014 0.00048 0.00088 0.0038 0.033

cis-Permethrin 81 0.0016 97.5 0.048 0.0074 0.024 0.21 0.8

trans-Permethrin 81 0.002 97.5 0.072 0.01 0.041 0.3 1.95

Bifenthrin 81 0.0012 59.3 0.0068 0.00058 0.0029 0.035 0.15

Cypermethrin 81 0.0038 14.8 - ND ND 0.14 0.54

Tetramethrin 81 0.0012 9.9 - ND ND 0.0029 0.018

Allethrin 81 0.0034 7.4 - ND ND 0.0093 0.29

Sumithrin 81 0.0012 6.2 - ND ND 0.004 0.19

Cyfluthrin 81 0.0021 3.7 - ND ND  ND 0.13

Deltamethrin 81 0.0029 2.5 - ND ND  ND 0.043

Esfenvalerate 81 0.0028 2.5 - ND ND  ND 0.0081

λ-Cyhalothrin 81 0.0031 2.5 - ND  ND 0.062

3PBA 79 0.0059 98.7 - 0.0014 0.0025 0.0047 0.0076

4F3PBA 79 0.0068 34.2 - ND 0.00033 0.00066 0.0017

DCCA 79 0.0085 2.5 - ND ND  ND 0.0055

DBCA 79 0.011 0 - - - - -

 616 

N=Number; MDL=Method Detection Limit; %D=Detection Frequency; Max=Maximum; 617 
ND=non-detect 618 

 619 

 620 

 621 

 622 

 623 

 624 

 625 

 626 
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Table 4.  Estimated coefficients from multiple linear model analyses showing the relationship 627 

between child log-transformed volume-based urinary concentrations of 3PBA (dependent 628 

variable) and log-transformed floor wipe concentrations.* 629 

 630 

      Standard 
Error 

  
Compound N Estimate  t Value Pr > |t|

Creatinine 76 1.07 0.25 4.35 <.0001
Cypermethrin 76 0.06 0.07 0.91 0.47
Deltamethrin 76 -0.07 0.21 -0.35 0.66
Esfenvalerate 76 0.26 0.25 1.05 0.34
λ-Cyhalothrin 76 -0.04 0.21 -0.2 0.79
cis-Permethrin 76 0.26 0.09 3.02 0.0004
trans-Permethrin 76 0.28 0.09 2.98 0.0003
Sumithrin 76 0.09 0.12 0.72 0.50
Pyrethroid Total 76 0.29 0.09 3.34 0.001

Pyrethroid Total  75 0.26 0.10 2.70 0.009

trans-DCCA 75 0.26 0.36 0.74 0.43
3PBA 75 0.15 0.2 0.79 0.41
4F3PBA 75 0.1 0.06 1.59 0.049
Metabolite Total 75 0.22 0.19 1.14 0.20

 631 

*Separate linear regression models were fit for each of the listed compounds, each contained two 632 
independent variables: log-transformed creatinine and the listed log-transformed compound.   633 

 634 

 635 

 636 

 637 

 638 

 639 

 640 
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Supplemental Material 1 

Table S1.  Number of samples with detectable urinary concentrations of trans-DCCA, cis-2 

DBCA and 4F3PBA and range of concentrations both volume-based (ng/mL) and creatinine-3 

adjusted (µg/g) from a subset of SUPERB participants recruited in 2009.  4 

 5 

Category (n) # D   Min  Max 

Children (83)        
trans-DCCA 2 Volume-based 10.0 111

Creatinine-adjusted 26.2 77.2
cis-DBCA 2 Volume-based 1.09 1.48

Creatinine-adjusted 0.87 0.60
4F3PBA 3 Volume-volume 

based 
0.49 0.77

Creatinine-adjusted 0.99 0.77
Adults (90)      

trans-DCCA 8 Volume-based 4.99 121
Creatinine-adjusted 2.79 119

cis-DBCA 1 Volume-based  1.32
Creatinine-adjusted  1.03

4F3PBA 8 Volume-based 0.43 22.4
Creatinine-adjusted 0.13 22.1

 6 


