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Using urinary biomarkers to evaluate polycyclic aromatic hydrocarbon 

exposure in 126 preschool children in Ohio  

 

Limited data exist on exposures of young children to polycyclic aromatic hydrocarbons (PAHs) 

in the United States (US). The urinary metabolite of pyrene, 1-hydroxypyrene (1-OHPyr), is 

widely used as a biomarker of total PAH exposure. Our objectives were to quantify urinary 1-

OHPyr levels in 126 preschool children over a 48-hour period and to examine associations 

between selected sociodemographic/lifestyle factors and urinary 1-OHPyr levels. Monitoring was 

performed at 126 homes and 16 daycares in Ohio in 2001, and questionnaires and urine samples 

were collected. The median urinary 1-OHPyr level was 0.33 ng/mL. In a multiple regression 

model, sampling season (p=0.0001) and natural log (ln) transformed creatinine concentration 

(p=0.0006) were highly significant predictors of ln-transformed 1-OH-Pyr concentration; cooking 

appliance type (p=0.096) was a marginally significant predictor of ln(1-OHPyr). These children 

had higher median urinary 1-OHPyr levels compared to other US children (< 0.15 ng/mL) in 

previously published studies, which suggests possible geographical differences in PAH exposure.  
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Introduction 

Polycyclic aromatic hydrocarbons (PAHs) constitute a class of over 100 chemicals that are 

produced from incomplete combustion of organic materials and are ubiquitous environmental 

contaminants worldwide (Phillips 1999; Mucha et al. 2006; Martinez-Salinas et al. 2010). 

Common sources of non-occupational exposures to PAHs are grilled and broiled foods, tobacco 

smoke, ambient air pollution, automobile exhaust, and wood-burning stoves and fireplaces (Mucha 

et al. 2006; Lee et al. 2009). In the United States (US), at least 20 different PAH’s, including Group 

1 (human carcinogens), and Group 2A (probable human carcinogens), and 2B (possible human 

carcinogens) PAHs, have been detected in soil, dust, air, hand wipes, and/or food samples collected 

at children’s residences and daycare centers (Chuang et al. 1999; Wilson et al. 2000, 2001, 2003; 

IARC 2010; IRIS 2014). Research has indicated that inhalation and dietary ingestion of PAHs are 

major exposure routes for children in these settings (Chuang et al. 1999; Wilson et al. 2000.).  

     Once absorbed into the body, the lipophilic PAHs are rapidly metabolized in the liver (half-  

lives < 24-hour) and are primarily excreted as conjugated hydroxy-PAH metabolites in urine or 

feces (Buckley and Lioy 1992; Li et al. 2008). Monohydroxy-PAH metabolites (e.g., 1-

hydroxypyrene [1-OHPyr]) are commonly measured in urine to assess implied human exposure to 

a number of PAHs, including benz[a]anthracene, benzo[a]pyrene, chrysene, indeno[1,2,3-

cd]pyrene, and pyrene (Grainger et al. 2006). In addition the pyrene metabolite, 1-OHPyr is 



commonly used as a surrogate urinary biomarker of total PAH exposure in humans, since PAHs 

generally occur as mixtures in the environment, and pyrene is typically a major component of these 

mixtures (Jacob and Seidel 2002; Huang et al. 2006; Mucha et al. 2006).       

     Several studies have reported measureable levels of urinary monohydroxy-PAH biomarkers in 

US children, ages 2-19 years old (Chuang et al. 1999; Northridge et al. 1999; Wilson et al. 2000, 

2003; Grainger et al. 2006; Li et al. 2008). However, only a few studies have examined the 

influence of sociodemographic or lifestyle factors on urinary monohydroxy-PAH biomarker levels 

in exposed children (Chuang et al. 1999; Huang et al. 2006; Suwan-ampai et al. 2009). Chuang et 

al. (1999) reported that urbanicity and smoking households were not significantly associated with 

the sum of hydroxy-PAH levels in 24 preschool children from low-income families in North 

Carolina in 1994-1995. However, Huang et al. (2006) reported that exposure to environmental 

tobacco smoke and age group were significant predictors (p<0.05) of 1-OHPyr concentrations in 

814 children (> 6 years old) from the 1999-2000 National Health and Nutrition Examination 

Survey (NHANES), a US general population study. In a later analysis of NHANES 1999-2002 

data, Suwan-ampai et al. (2009) also showed that environmental tobacco smoke exposure, age 

group, and poverty income ratio were significant predictors (p<0.05) of urinary 1-OHPyr levels in 

2,120 children. These studies provide evidence that certain sociodemographic and lifestyle factors 

likely increase children’s exposures to PAHs in their everyday environments. However, more 

research is needed since data are limited on the driving factors that influence the non-occupational 

exposures of young children to PAHs in the US. 

    For this investigation, 1-OHPyr was utilized as a biomarker of total PAH exposure. The 

objectives of this study were to quantify urinary levels of 1-OHPyr in 126 preschool-aged children 

over a 48-hour monitoring period six counties in Ohio and to examine associations between 

selected sociodemographic or lifestyle factors and urinary 1-OHPyr levels. 

 

Materials and methods 

Study cohort 

The Children’s Total Exposure to Persistent Pesticides and Other Persistent Organic Pollutants 

(CTEPP) study investigated the exposures of 257 preschool children (ages 2–5 years old) and their 

adult caregivers (living in the same households) to over 40 chemicals commonly found in their 



everyday surroundings. An in-depth description of the study design and sampling methodology 

can be found elsewhere (Wilson et al. 2004). Briefly, the CTEPP study participants were recruited 

from six counties in North Carolina and from six counties in Ohio. The overall CTEPP study 

participants were 129 children and their adult caregivers from North Carolina and 128 children 

and their adult caregivers from Ohio. About half of the children attended daycare during the day 

in each state. Field sampling activities were performed at the children’s homes and daycare centers 

between July 2000 and March 2001 in North Carolina and April 2001 and November 2001 in Ohio.  

     As part of the CTEPP study, several monohydroxy-PAH metabolites were measured in the 

children’s urine samples to assess PAH exposures in these settings. Biomarkers of 

benz[a]anthracene (i.e., 1-hydroxybenz[a]anthracene and 3-hydroxybenz[a]anthracene), 

benzo[a]pyrene (i.e., 3-hydroxybenzo[a]pyrene), chrysene (i.e., 3-hydroxychrysene and 6-

hydroxypyrene), and indeno[1,2,3-cd]pyrene (i.e., 6-hydroxy indeno[1,2,3-cd]pyrene) were found 

to be below the analytical limits of detection (0.2 ng/mL) in the majority of children’s urine 

samples (> 5%).  While only monitored in samples from the Ohio component of the study (due to 

an expansion of the analytical method), 1-OHPyr levels were detectable in most of the Ohio 

children’s urine samples (79%) and are therefore used here as a quantitative surrogate for total 

PAH exposure. Our final dataset consisted of records for 126 preschool children from the Ohio 

component of the study. Two additional children were excluded from this dataset as they had either 

missing questionnaire data or urinary biomarker data.  

 

Human subjects protection 

 

The CTEPP study was classified as an observational exposure measurements study as defined in 

40 Code of Federal Regulations in Part 26.402 (US ECFR, 2014).  The CTEPP study protocol and 

procedures to obtain the informed consent of the adult participants and the assent of their children 

were reviewed by and received approval from an independent institutional review board in 1999 

and has complied with all requirements of the Common Rule involving the added protections of 

study children (Subpart D). Adult participants signed informed consent forms for themselves and 

their children before participating in this study. Participants were also assigned new identification 

numbers in the CTEPP study database, so they cannot be identified by themselves,  the public, or 

in this manuscript. 



Questionnaires and urine sample collection   

Adult caregivers (i.e., parents and daycare teachers) filled out five different types of hardcopy 

questionnaires during the 48-hour monitoring period at home and/or at daycare. The questionnaires 

were used to collect diverse types of information on the study children including personal 

characteristics (e.g., age, sex, income status, and race), daily activities (e.g., time spent outdoors), 

and other exposure-related information such as traffic conditions, household smoking habits, and 

household cooking methods/habits.  

     Spot urine samples were collected from each child over the 48-hour monitoring period. Three 

spot urine samples (first morning void, after lunch and before bedtime) were collected from the 

children by the adult caregivers each sampling day when at home. For children at daycare centers, 

the teachers collected one spot urine sample from the participating children in their classrooms 

after lunch each sampling day. Spot urine samples from the children were collected by placing a 

plastic bonnet under the toilet seat and then pouring the urine into a 120 mL polypropylene jar 

with lid. All urine samples were immediately placed into coolers with blue ice by the adult 

caregivers over the 48-hour monitoring period. Field technicians picked up the coolers from the 

children’s homes or daycares and transported the coolers at reduced temperatures in motor vehicles 

to the Battelle laboratory in Columbus, Ohio. Urine samples were stored in laboratory freezers at 

< -10o C until chemical analyses.   

 

Urine sample analyses and quality assurance 

At the Battelle laboratory, spot urine samples collected at the daycare centers were pooled over 

the 48-hour monitoring period into one sample per child. At the homes, spot urine samples were 

pooled over the 48-hour monitoring period into one sample for each child, except for those that 

had a recent pesticide application within seven days at their residences. For these 15 children, their 

urine samples were not pooled and each collected sample was analyzed separately.  

     The method used for the extraction and analysis of 1-OHPyr in the urine aliquots has been 

described earlier in Morgan et al. 2004. Briefly in 2001, a 1 mL aliquot was used from each pooled 

and non-pooled urine sample for chemical analyses. Each urine aliquot was hydrolyzed with 100 

µL of hydrochloric acid in a vial and heated at 80oC in an oven for one hour. Next, 1 mL of 

chlorobutane and 1 mL of 20% sodium chloride was added to the vial and centrifuged. The extracts 



were then silylated with 100 µL N-(tert-butyldimethylsilyl)-N-methyltrifluoro-acetamide, heated 

at 70oC for 1 hour, and then transferred to a GC vial. The urine extracts were analyzed for 1-OHPyr 

by a gas chromatograph/mass selective detector (GC/MS) (Hewlett-Packard 6890/5973A) in the 

selected ion monitoring mode with an autosampler. The separation was performed using a DB-5 

column (60 m x 0.32 mm, 0.25 um film thickness) that was coated with 5% phenyl methylsilicone, 

and helium was used as the carrier gas. The operating conditions for the GC/MS were set at 90o-

290oC at 8oC per minute. We defined the limit of quantification (LOQ) as the “minimum 

concentration at which a chemical can be quantitatively measured in a sample with acceptable 

accuracy and precision” (Morgan et al. 2004). For 1-OHPyr, we estimated the LOQ by using the 

lowest calibration standard (2 ng/mL) with a signal-to-noise ratio above 2. The LOQ was 

calculated for each urine sample using the lowest calibration standard solution and sample size 

(Morgan et al. 2005). The LOQ for 1-OHPyr was 0.4 ng/mL. The estimated limit of detection 

(LOD) was one-half the reported LOQ for this analyte (i.e., 0.2 ng/mL). 

     For creatinine analysis, an additional 10 mL aliquot of urine was used from each pooled sample. 

Non-pooled urine samples were not analyzed for creatinine concentrations as they typically had  

small sample volumes. These urine aliquots were shipped to the Ohio State University Clinical 

Laboratory (Columbus, Ohio, USA) and analyzed for creatinine concentrations using the Jaffe 

Picric Colorimetric Method (Morgan et al. 2004).    

     Quality control samples (e.g., blanks, duplicates, and spikes) were used to assess the overall 

quality of urine sample collection and analyses. Field blanks and laboratory blanks for 1-OHPyr 

were all below the LODs in urine. Relative percent differences between duplicate samples 

(aliquots of the same sample) were less than 4% in urine for 1-OHPyr. For analytical duplicates 

(repeat analysis of the sample extract), relative percent differences were less than 7% for 1-OHPyr 

in urine. The matrix spikes for 1-OHPyr  had a mean recovery of  92% in urine.  

 

Statistical analyses 

All statistical analyses were performed using SAS version 9.4 (SAS Cary, North Carolina). 

Descriptive statistics (sample size, detection frequency, mean and standard deviation, geometric 

mean [GM], percentiles [25th, 50th, 75th, and 95th], and range) were calculated for urinary 1-OHPyr 

concentrations as unadjusted (ng/mL) and creatinine-adjusted (ng/mg) values. Urine sample 

measurement values below the LOD were replaced by the LOD/√2  (Verbovsek 2011). For 



children that attended daycare during the day, we used the average 1-OHPyr concentration value 

of their pooled urine sample measurements collected at home and at daycare. In addition, for the 

children that had a recent pesticide application at home, we used the average 1-OHPyr 

concentration value of their non-pooled urine sample measurements (up to six per person). Since 

creatinine correction is a common method for adjusting for variable dilutions in spot urine samples, 

we have included these data in our analysis. Creatinine concentrations were calculated in the urine 

samples using the following equation: Creatinine-adjusted value (ng/mg) = 100 mL/dL x urine 

concentration (ng/mL) / creatinine concentration (mg/dL) (Morgan et al. 2004). However, this 

correction method may not be a reliable adjustment measure for children because factors such as 

age, diet, lean muscle mass, and physical activity have been shown to impact the variability of 

creatinine excretion over time (Boeniger et al. 1993: O’Rourke et al. 2000; Barr et al. 2005).  

     The distributions of the 1-OHPyr concentrations for children were found to be non-normal 

using the Shapiro-Wilk normality test (GraphPad Software version 5.04, San Diego, CA). 

Therefore, urinary 1-OHPyr concentrations were log-transformed (ln) to normalize the 

distributions. Two-sample t-tests or an analysis of variance (ANOVA) were used to assess the 

bivariate associations between ln-transformed urinary 1-OHPyr levels in children and selected 

sociodemographic factors (i.e., age group, sex, urbanicity, family income status, race, study site 

locations, sampling seasons, and traffic conditions) and lifestyle factors (i.e., time spent outdoors, 

household smoking habits, cooking appliances, and cooking habits). A multiple regression model 

was used to collectively examine relationships between ln(urinary 1-OHPyr levels) in children 

(dependent variable) and sociodemographic and lifestyle factors (independent variables) that had 

a p-value of <0.200 in the above bivariate analyses. Separate models were not used for children 

that attended daycare compare to those that stayed at home during the day since their GM urinary 

1-OHPyr levels were not significantly different between these locations in the bivariate analyses. 

In this regression model, the summer and fall seasons were combined into one category as these 

covariates had similar geometric mean urinary 1-OHPyr levels  (GM=0.37 and 0.40) compared to 

the spring season (GM=0.24).” In addition, ln-transformed creatinine concentration (mg/dL) was 

included as an independent variable; this allows adjustment of the ln-transformed 1-OHPyr 

concentrations for variable urine dilutions (Barr et al. 2005). The multiple regression analyses were 

performed using a sequential, step-wise backward elimination process (PROC REG) in SAS. 

Independent variables were excluded from the final model with p-values >0.15.  



Results 

Table 1 shows summary statistics of the unadjusted (ng/mL) and creatinine-adjusted (ng/mg) 1-

OHPyr levels (not ln-transformed) for the preschool children. The 1-OHPyr metabolite was 

detected in 79% of the children’s unadjusted urine samples. The median unadjusted urinary 1-

OHPyr level for children was 0.33 ng/mL, and the highest value was 2.7 ng/mL. For the creatinine-

adjusted values, the children’s median urinary 1-OHPyr concentration was 0.42 ng/mg, and the 

maximum value 4.1 ng/mg.   

     Table 2 presents the bivariate associations between selected sociodemographic or lifestyle 

factors and urinary 1-OHPyr levels in children. The results showed that urinary 1-OHPyr 

concentrations (log-transformed) were significantly different (p<0.05) across the three sampling 

seasons (spring, summer, or fall) for the children, with spring having the lowest biomarker levels. 

In addition, the children’s urinary levels of 1-OHPyr were significantly higher (p=0.003) for those 

living in homes with gas cooking appliances (GM=0.41 ng/mL) compared to electric cooking 

appliances (GM=0.29 ng/mL). 

     Results of our final reduced regression model showed that sampling season and  ln(creatinine 

concentration) were highly significant predictors of ln(1-OHPyr), and cooking  appliance type was 

a marginally significant predictor of  ln(1-OHPyr) (Table 3). These three variables collectively 

explained 27% of the variability in 1-OHPyr levels in the children’s urine samples. Sampling 

season and cooking appliance type accounted for 15% of the variability of the children’s 1-OHPyr 

levels. In particular, the children had significantly (p=0.0001) higher urinary 1-OHPyr 

concentrations in the combined summer/fall season compared to the spring season. In addition, the 

children had marginally (p=0.096) higher levels of 1-OHPyr for those living in homes with gas 

cooking appliances compared to electric cooking appliances. 

 

Discussion 

In the US, few studies have been conducted that have quantified the levels of 1-OHPyr in the urine 

of children, particularly young children (Chuang et al. 1999; Northridge et al. 1999; Wilson et al. 

2003; Huang et al. 2006; Li et al. 2008). Chuang et al. (1999) reported arithmetric mean 1-OHPyr 

levels of 0.13±0.25ng/mL (range = 0.009-1.23 ng/mL) for 24 children, ages 2-4 years, from low-

income families in Durham, North Carolina in 1994-1995. In another smaller study, Wilson et. al. 



(2003) showed that nine preschool children, ages 2-5 years old, had arithmetric mean levels of 

0.08 ng/mL (range = 0.02-0.16 ng/mL) in central North Carolina in the summer of 1997. In the 

1999-2000 NHANES, Huang et al. (2006) reported that the median urinary 1-OHPyr level was 

0.09 ng/mL in 310 children, ages 6-11 years old. In a later survey (2001-2002), Li et al. (2008) 

reported lower median urinary 1-OHPyr concentrations (0.06 ng/mL) in 387 children, ages 6-11 

years old. However, the urinary 1-OHPyr levels of NHANES children have generally increased 

over the last decade with the highest median levels (0.15 ng/mL) reported in the most recent 2007-

2008 survey (CDC, 2013). In comparison to our study conducted in 2001, the Ohio preschool 

children had at least three times higher median levels of 1-OHPyr (0.33 ng/mL) compared to the 

NHANES (1999-2002). In addition, our children’s median urinary 1-OHPyr levels were at four 

times higher (1.4 pmol/mL) compared to urinary 1-OHPyr levels (0.33 pmol/mL) of 26 children, 

12-14 years old, from an exposure study of diesel exhaust conducted in Harlem, New York in 

1997. This above information suggests that there may be geographical differences in children’s 

exposure to pyrene, and likely to other PAHs, in the US. This is supported by Morgan et al. (2004) 

showing that the median levels of nine, 4-6 ring PAHs (pyrene not measured) were at least three 

times higher in the soil and carpet dust samples at CTEPP children’s homes and daycares in Ohio  

compared to North Carolina in 2000-2001. Lewis et al. (1999) also found substantially higher 

levels of B2 PAHs in carpet dust samples from homes in Columbus, Ohio (mean = 72,000 ng/g) 

compared to homes in Seattle, Washington (mean = 11,000 ng/g) in 1992. The authors suggests 

that the use of fossil fuels for heating was likely a major source of the PAHs in the carpet dust 

from the homes in Ohio (Lewis et al. 1999). Other studies from Afganistan, Germany, South 

Korea, and Ukraine have also reported various median urinary 1-OHPyr levels of 3.2, 0.14, 1.6, 

and 0.31 ng/mL, respectively, in nonoccupationally-exposed children, ages 3-14 years old (Mucha 

et al. 2006; Wilhelm et al. 2008; Lee et al. 2009; Hemat et al. 2012). These above studies showed 

that children were exposed to pyrene, and likely to other PAHs, in their everyday environments 

worldwide. This is supported by published research reporting measureable levels of PAHs in a 

number of environmental media around the world (Van Wijnen et al. 1996; Lewis et al. 1999; Rey-

Salgueiro et al. 2009; Martinez-Salinas et al. 2010).  

     An established oral reference dose (RfD) is currently available for pyrene, but not for total 

PAHs, in the United States Environmental Protection Agency’s Integrated Risk Information 

System (IRIS 2014). The oral RfD for pyrene was based on noncarcinogenic effects (i.e., renal 



toxicity) occurring in a subchronic oral bioassay in mice (IRIS, 2014). Assuming steady-state 

conditions, the maximum estimated daily intake dose of the CTEPP children (0.06 ug/kg-day) to 

pyrene was 500 times lower than the oral RfD of 30 ug/kg-day (IRIS 2014). This maximum daily 

intake dose was calculated by multiplying the highest unadjusted 1-OHPyr urine value (2.7 ng/mL) 

of a child by an estimated 24-hour urinary excretion rate of 22.4 mL/kg body weight (Miller and 

Stapleton 1989; Szabo and Fegyverneki 1995; Wilson et al. 2003). The excreted amount of 1-

OHPyr was assumed to be equivalent to the intake amount of pyrene in the body.  

     We are unaware of any study conducted in the US that has examined the influence of 

sociodemographic or lifestyle factors on the urinary levels of 1-OHPyr in non-occupationally-

exposed children (< 6 years). In perhaps the most comparable study, Chuang et al. (1999) found 

no significant associations between urbanicity or household smoking habits and the sum of urinary 

monohydroxy-PAH concentrations in 24 preschool children in North Carolina, with the lack of 

apparent association likely due to a small sample size. A few studies conducted in other counties 

have assessed the relationship between various sociodemographic and lifestyle factors and urinary 

1-OHPyr concentrations in preschool children (van Wijnen et al. 1996; Tsai et al. 2003; Mucha et 

al. 2006; Freire et al. 2009). In a study conducted by Van Wijnen et al. (1996) in 1992, indoor 

sources of PAH’s (i.e., household smoking habits and wood stoves and hearths) were significantly 

associated (p < 0.05) with higher urinary 1-OHPyr levels in 644 Dutch children, ages 1-6 years 

old. In another study, Tsai et al. (2003) showed that exposure to parental tobacco smoke (3-days 

prior to sample collection) was a major predictor of 1-OHPyr levels in 40 preschool children, ages 

2-6 years old in southern Taiwan in 1999.  In addition, Mucha et al. (2006) performed a study in 

two cities in Ukraine, Kiev and Mariupol, in 1998 and showed that city of residence was strongly 

associated (p<0.001) and second-hand smoke exposure was marginally associated (p=0.07) with 

the urinary 1-OHPyr levels of 90 three-year-old children. More recently, Freire et al. (2009) 

reported that predicted exposure to nitrogen dioxide was a strong predictor (p=0.006) and exposure 

to environmental tobacco smoke and cooking appliance were marginally significant predictors 

(p<0.10) of the urinary 1-OHPyr levels in 174 4-year-old Spanish children in 2005-2006. In the 

CTEPP study, our results showed that sampling season (p=0.001) and creatinine concentration 

(p=0.0006) were strong predictors and gas cooking appliance (p=0.096) was a marginally 

significant predictor of the children’s 1-OHPyr levels. Our findings are supported by Tonne et al. 

2004 that also showed seasonal differences in the levels of pyrene in personal ambient air 



measurements collected from 348 participants in New York City, New York in 1997. The authors 

suggest that the substantially higher pyrene exposures in the summer compared to winter may have 

been due to increased temperature/volatilization of it from i.e., roads, vegetation, and soil. This 

above research indicates that certain sociodemographic factors (i.e., sampling season) and lifestyle 

factors (i.e., environmental tobacco smoke and wood/gas cooking appliances) can substantially 

influenced the  variability of 1-OHPyr levels in children’s urine. In addition, these factors suggests 

a linkage between children’s exposures to pyrene via the inhalation of polluted air (including 

resuspended dust) and their urinary 1-OHPyr levels.  

     The study data had several limitations. The CTEPP study was conducted over a decade ago and 

may not reflect the current exposures of Ohio preschool children to pyrene. Also, the levels of 

pyrene were not measured in any of the environmental samples (soil, dust, air) and personal 

samples (food and hand wipes) collected in this study. These data would have helped to identify 

the major sources and routes of the children’s exposures to pyrene in these settings. Since most of 

the children’s urine samples were pooled over the 48-hour monitoring period, the short-term 

variability of 1-OHPyr levels could not be ascertained for this cohort of children. As PAHs often 

have short biological half-lives (< 24 hours), there may be considerable variability (within- and 

between-individual) in spot measurements of 1-OHPyr over this time period. Also, since the 

volume of the individual urine voids were not recorded in this study, urinary excretion rates could 

not be calculated which would have removed the impact of variable dilutions on analyte 

concentrations (Barr et al. 2005). In addition, only one analytical method was used to quantify the 

levels of 11 different chemical biomarkers in the urine samples which resulted in a higher LOD 

(0.2 ng/mL) for the monohydroxy-PAH metabolites compared to previously published US studies. 

In addition, the data could not be stratified by children’s exposure to environmental tobacco smoke 

because cotinine was not measured in the urine samples. Finally, about 20% of the children in this 

study had 1-OHPyr concentrations in urine below the analytical LOD. Using single value 

imputation for these observations decreased the variability in the 1-OHPyr measurement 

distributions, which may have impacted final statistical parameter estimates. 

 

Conclusion 

Based on measured urinary 1-OHPyr levels, our study shows that these Ohio CTEPP preschool 

children were exposed to higher levels of pyrene, and likely to other PAHs, compared to other 



children in previously published studies in the US. This finding suggests that there are 

geographical differences in young children’s exposures to PAHs and that specific risk modifying 

factors (i.e., sampling season and type of cooking appliance) can increase their exposures to PAHs 

in these areas.   
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Table 1. Urinary 1-hydroxypyrene concentrations in children over a 48-hour monitoring period  

 

Urine 

 

     Percentilese  

Na %b AM± SDc GMd Min 25th  50th 75th 95th Max 

Unadjusted   

  (ng/mL) 
126 79 0.41±0.33 0.31 <0.2 0.20 0.33 0.55 0.86 2.7 

Creatinine-adjusted   

  (ng/mg) 
111f 78 0.52±0.47 0.44 <0.2 0.26 0.42 0.66 1.1 4.1 

aNumber of children 
bPercentage of urine samples with detectable levels of 1-hydroxypyrene 
cArthmetric mean and standard deviation 
dGeometric mean  
ePercentiles (25th, 50th, 75th, and 95th) 
fCreatinine levels were not measured in the non-pooled urine samples of 15 children that had a recent pesticide  

 application at home. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Levels of 1-hydroxypyrene (ng/mL) in children by selected sociodemographic or 

lifestyle factor 

 
Variables Na %b GMc  95% CId P-value 

Age group 

   < 48 months 

   > 48 months    

 

64 

62 

 

51 

49 

 

0.31 

0.34 

 

0.26-0.37 

0.29-0.40 

 

0.496 

 

Sex 

   Male 

   Female 

 

63 

63 

 

50 

50 

 

0.33 

0.32 

 

0.27-0.39 

0.28-0.37 

 

0.863 

Urbanicity (county-level)e 

   Urban  

   Rural  

 

109 

17 

 

87 

13 

 

0.32 

0.38 

 

0.28-0.36 

0.26-0.57 

 

0.276 

Family income statusf 

   Low-income 

   Middle/high-income    

 

40 

73 

 

35 

65 

 

0.37 

0.32 

 

0.30-0.45 

0.28-0.37 

 

0.317 

Raceg 

  White 

  Black 

 

88 

32 

 

73 

27 

 

0.32 

0.31 

 

0.27-0.36 

0.25-0.40 

 

0.923 

Site locationh 

   Home 

   Daycare 

 

57 

69 

 

45 

55 

 

0.33 

0.32 

 

0.28-0.38 

0.27-0.38 

 

0.917 

Sampling seasoni 

   Spring 

   Summer 

   Fall   

 

42 

58 

26 

 

33 

46 

21 

 

0.24 

0.37 

0.40 

 

0.20-0.28 

0.31-0.44 

0.31-0.52 

 

0.001j 

Time spent outdoors during 48-hour period 

   < 2 hours/day 

   > 2 hours/day 

 

64 

62 

 

51 

49 

 

0.34 

0.31 

 

0.29-0.39 

0.26-0.37 

 

0.528 

Freeway/heavy traffic near home 

   Yes 

   No 

 

80 

46 

 

63 

37 

 

0.31 

0.36 

 

0.27-0.36 

0.29-0.43 

 

0.239 

Traffic conditions during the day 

   Low (< 1 car/minute) 

   Medium/High (> 1 car/minute) 

 

63 

63 

 

50 

50 

 

0.30 

0.35 

 

0.26-0.35 

0.29-0.41 

 

0.473 

Exposure to cigarette smoke during 48-hour periodk 

   Yes 

   No 

 

25 

101 

 

20 

80 

 

0.34 

0.32 

 

0.27-0.43 

0.28-0.37 

 

0.689 

Cooking appliance used at home during 48-hour periodl 

   Electric 

   Gas    

 

81 

42 

 

66 

34 

 

0.29 

0.41 

 

0.25-0.32 

0.33-0.52 

 

0.003 

Grilling/broiling foods at home 

  None 

  > 1 times/week 

 

81 

45 

 

64 

36 

 

0.34 

0.30 

 

0.29-0.39 

0.25-0.36 

 

0.382 

Baking foods at home 

   < 3 times/week 

   > 3 times/week 

 

74 

52 

 

59 

41 

 

0.35 

0.30 

 

0.30-0.40 

0.24-0.36 

 

0.209 

Frying foods at home 

  None 

   > 1 times/week 

 

86 

40 

 

68 

32 

 

0.31 

0.36 

 

0.27-0.35 

0.29-0.45 

 

0.203 



aNumber of children 
bPercentage of children 
cGeometric mean 
dConfidence interval 
eUrban counties (Cuyahoga, Licking, Franklin, and Hamilton) and rural counties (Defiance and Fayette). 
fMissing data on income-class for 13 children 
gOther races (3 Hispanic and 3 Asian/Pacific Island children) excluded in analyses due to small sample size 
hOnly children attended daycare 
iField sampling activities were performed at homes and at daycares between April 2001 and November 2001 
jStatistically significant associations (p< 0.05) are in bold text 
kRefers to household smoking habits 
lExcluded three children that had ‘other’ appliance category selected 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3. Results from the final reduced regression model for urinary 1-OHPyr levels (ng/mL) in 

childrenabc 
 

 β coefficient SEe 95% CIf P-value 

  Sampling season (spring) -0.489 0.124   -0.732 to -0.246  0.0001 

  Cooking appliance (electric) -0.207 0.123  -0.448 to 0.034 0.096 

  Creatinine leveld  0.447 0.127   0.198 to 0.696  0.0006 
aA total of 111 children were used in this analysis. 
bReference categories: sampling season (summer/fall) and cooking appliance (gas) 
cThe r2 = 0.27 
dContinous variable (log-transformed); units are mg/dL 
eStandard error 
fConfidence interval 
gStatistically significant variables (p< 0.05) are in bold text 

 

 

 


