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Abstract

PCBs appear in school air because many school buildings were built when PCBs were still 

intentionally added to building materials and because PCBs are also present through inadvertent 

production in modern pigment. This is of concern because children are especially vulnerable to the 

toxic effects of PCBs. Here we report indoor and outdoor air concentrations of PCBs and OH-

PCBs from two rural schools and four urban schools, the latter near a PCB-contaminated 

waterway of Lake Michigan in the United States. Samples (n=108) were collected as in/out pairs 

using polyurethane foam passive air samplers (PUF-PAS) from January 2012 to November 2015. 

Samples were analyzed using GC/MS-MS for all 209 PCBs and 72 OH-PCBs. Concentrations 

inside schools were one to two orders of magnitude higher than outdoors and ranged 0.5–194 

ng/m3 (PCBs) and 4–665 pg/m3 (OH-PCBs). Congener profiles were similar within each sampling 

location across season but different between schools and indicated the sources as Aroclors from 

building materials and individual PCBs associated with modern pigment. This study is the first 

cohort-specific analysis to show that some children’s PCB inhalation exposure may be equal to or 

higher than their exposure through diet.
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Introduction

Exposure to polychlorinated biphenyls (PCBs) in schools is receiving increased attention by 

researchers and the public.1–12 Many schools were built when PCBs were still used in 

building materials, and children may be especially vulnerable to the toxic effects of PCBs.
13, 14 PCBs are a group of 209 anthropogenic persistent organic pollutants that were 

produced in the United States as mixtures called Aroclors until 1977. Aroclors were used as 

electrical insulating fluids in capacitors and transformers and added as plasticizers and flame 

retardants to a wide variety of products such as caulk, adhesives, plastics, and carbonless 

copy paper.15 Aroclors are still present in many electrical devices and building materials that 

are currently in use, including light ballasts, sealants, and window caulking.16 PCBs are also 

present in modern architectural paint because they are a byproduct of pigment 

manufacturing.17, 18 We and others measured these non-Aroclor PCBs in paint and 

consumer products17–20 and the environment.21–24

Due to the ubiquitous presence of PCBs in the environment, humans are readily exposed to 

PCBs through diet, inhalation, and dermal contact. Diet has long-been identified as the 

major exposure route but inhalation may be significant for some populations, including 

children.4, 16, 25. Aroclor and non-Aroclor PCBs and their hydroxylated metabolites (OH-

PCBs) have been measured in people around the world including children.2, 26–29 Although 

OH-PCBs are recognized as human28, 30 and plant31 metabolites of PCBs, they are also 

emerging as abiotic environmental contaminants of water,32 sediment and Aroclors,33 and 

outdoor air.34 Exposure of school-age children to PCBs and OH-PCBs is particularly 

concerning because these compounds are carcinogenic to humans,35 target the endocrine 

system,36, 37 and are linked to neurodevelopmental disorders.38–40 OH-PCBs may be more 

toxic than PCBs although fewer studies have been reported.41

In some cases the increased attention by the general public to PCBs in schools has led to 

lawsuits seeking remediation of PCBs.42–44 One school in Massachusetts was demolished 

because of excessive levels of PCBs inside.1 However, U.S. schools are not required to test 

for the presence of PCBs, and few research studies measuring children’s inhalation exposure 

to PCBs in schools have been published.1 Here we report indoor and outdoor air 

concentrations of PCBs and, for the first time, indoor concentrations of OH-PCBs from four 

urban and two rural schools in the United States. We calculate the resulting PCB inhalation 

exposure of children and compare to expected exposure through diet.
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Methods

Sample Collection

We collected air samples inside and outside junior and senior high schools attended by 

adolescents enrolled in the Airborne Exposures to Semi-volatile Organic Pollutants 

(AESOP) Study. The AESOP Study is a twin-cohort longitudinal exposure assessment study 

of PCBs and other persistent pollutants among children and their mothers. Details of the 

AESOP Study, cohort demographics, biomonitoring methods, dietary exposure estimation, 

and earlier results involving home and school air sampling and blood and saliva collection 

has been described previously.4, 26, 28, 45–47 Polyurethane foam passive air samplers (PUF-

PAS) were used to collect gas and fine particulate phase PCBs and OH-PCBs inside and 

outside the schools. The PUF-PAS followed the “Harner style” double domed sampler 

design.48 Although gas and particulate phases cannot be separated with this sampling 

method, studies have determined that PCBs are predominantly found in the gas phase.49

Each 24 cm diameter stainless steel top bowl and 19.5 cm diameter stainless steel bottom 

bowl housed a PUF disk (Tisch Environmental, Cleves, OH) that had been pre-cleaned 

(described in the Supporting Information). Samples were deployed in indoor/outdoor pairs at 

two junior and two senior high schools in East Chicago, Indiana and one junior and one 

senior high school in Columbus Junction, Iowa (Table S1). Columbus Junction junior and 

senior high schools are co-located, so only one outdoor sample was collected for every two 

indoor samples in Columbus Junction. Outdoor passive samplers were lost or stolen for three 

sequential sampling periods from East Chicago School 4, and so the outdoor paired sample 

was not available for analysis for three of the seven indoor samples collected at School 4. 

PUF-PAS were deployed and collected by trained field staff from January 2012 to November 

2015. Field blanks consisting of clean PUF were shipped and returned with the samples. 

Deployment periods averaged 48 days and ranged 22–114 days depending on field staff’s 

access to the sampling sites.

An important and dominant feature of East Chicago, Indiana is the Indiana Harbor and Ship 

Canal (IHSC). The IHSC is a waterway serving major industries and is contaminated with 

Aroclor 1248 up to 35,000 ng PCBs per gram dry weight.50 The IHSC flows within 0.4–2.5 

km of the schools and is a source of airborne PCBs.51 Martinez et al. determined that 

although the IHSC contributes nearly 7 kg of PCBs to the air annually, there are other 

unidentified sources of airborne PCBs in this highly industrialized community. There are no 

known sources of PCBs to ambient air in the Columbus Junction, Iowa community.

Sample Extraction and Instrument Analysis

A Soxhlet method that included an acid wash was developed for the co-extraction of PCBs 

and OH-PCBs from PUF. Acidification of the PUF prior to extraction with organic solvents 

was necessary to protonate and neutralize OH-PCBs.52 PUF were spiked with 10 ng 13C-

labeled PCBs (Cambridge Isotope Laboratories, Inc., Andover, MA, USA) and 13C-labeled 

OH-PCBs (Wellington Laboratories, Guelph, ON, Canada) (Table S2), acidified with HCl, 

and refluxed with 250 mL acetone for 6 hours. Hexane (25 mL) was added to the extract 

which was then concentrated under N2, and the aqueous phase was removed after addition of 
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hexane/methyl tert-butyl ether (MTBE, 9:1, v/v). An aqueous solution of KOH in ethanol 

was added, and the mixture was centrifuged to deprotonate the OH-PCBs and separate the 

OH-PCBs from the organic phase. The aqueous solution was then acidified with HCl, and 

OH-PCBs were extracted with hexane/MTBE (9:1, v/v). The OH-PCBs in hexane/MTBE 

fraction were derivatized to their methoxylated form (MeO-PCBs), and interferences were 

removed by passing the sample extracts through sulfuric acid silica gel columns. The MeO-

PCB fraction was eluted from the column with dichloromethane, and then the solvent was 

exchanged to hexane. Of the total sample set of 108, 57 were analyzed for both sets of OH-

PCB and PCB congeners. The remaining PUF were extracted for only PCBs using 

pressurized solvent extraction (Thermo Scientific ASE 350). PCB fractions were cleaned 

using the same sulfuric acid silica gel columns but eluted with hexane. Both PCB and MeO-

PCB fractions were spiked with 10 ng internal standards d-PCB30 (2,4,6-

trichlorobiphenyl-2′,3′,4′,5′,6′-d5, C/D/N Isotopes, Pointe-Claire, QC, Canada) and PCB 

204 (2,2′,3,4,4′,5,6,6′-octachlorobiphenyl, Cambridge Isotope Laboratories, Inc.).

GC-MS/MS (Agilent 7890A GC system, Agilent 7000 Triple Quad, Agilent 7693 

autosampler) in multiple reaction monitoring mode (MRM) was used for identification and 

quantification of 209 PCBs as 174 chromatographic peaks and 72 MeO-PCBs as 66 

chromatographic peaks. Instrument operating parameters are described in the SI. Instrument 

blanks of hexane were analyzed before and after the calibration and after the samples to 

ensure no carryover.

PCBs and OH-PCBs (as MeO-PCBs) were identified in samples by comparison with the 

calibration standards (described in the SI) in the same MRM transition according to 

retention time (+/− 0.06 min). The calibration standard solution for PCBs included all 209 

congeners as well as 11 labeled internal and surrogate standards. While there are 837 

possible mono hydroxylated PCBs,53 the calibration standard solution contained only 72 

OH-PCB congeners commercially available and 8 internal and surrogate OH-PCB standards.

Quality Control

Extraction efficiency, reproducibility, and accuracy was assessed using 13C labeled surrogate 

standards, replicates of method blanks, and analysis of standard reference materials (Figures 

S2–S3). Standard Reference Material purchased from the National Institute of Standards and 

Technology (NIST SRM 2585, Gaithersburg, MD, USA) was analyzed in replicates of four 

(Figure S1). The samples were analyzed as indoor-outdoor pairs (East Chicago) or triads 

(Columbus Junction) together with their associated field blank in a batch along with one 

method blank per batch. Results from the method blank were used to determine the limit of 

quantification (LOQ, SI Tables S5–S6) as the upper limit of the 99% confidence interval 

(average mass plus three times the standard deviation). PCB and OH-PCB masses were 

corrected for surrogate recoveries less than 100%.

Determining Sample Concentration

For samples collected in an outdoor environment, the sampling rate (Rs), and subsequent 

effective sampling volume (Veff), was calculated using a model previously described.54 The 

model calculates a deployment, compound, and site specific Veff based on the hourly 
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meteorological data with wind speed as the primary component. Our model was previously 

calibrated for depuration compound results and validated against multiple independent 

studies comparing passive and active sampling results. The dynamic model removes the 

need for expensive depuration compounds, accounts for temperature changes, and corrects 

for PUF saturation (non-linear uptake). Determining sample concentration without 

associated meteorological data for a PUF-PAS sample is a challenging and important issue 

because small variations in Rs can significantly affect the estimated inhalation exposure. A 

few studies have estimated the indoor Rs of PCB congeners for a double-dome PUF-PAS 

sampler: Persoon and Hornbuckle estimated indoor sampling rates ranging 2.0–3.5 m3/d 

(average = 2.6 m3/d) in two separate laboratories.55 Bohlin et al. estimated indoor sampling 

rates ranging 0.9–1.7 m3/d (average = 1.2 m3/d) in a lecture room.56 Hazrati and Harrad 

estimated indoor sampling rates ranging 0.57–1.55 m3/d (average = 0.8 m3/d) in a 

temporarily vacant office.57 We suspect the different Rs in these studies are primarily a result 

of different air ventilation rates for the different room styles. According to ANSI/ASHRAE 

Standard 62 (Ventilation for Acceptable Indoor Air Quality) the required minimum 

ventilation rates for different rooms is a function of the occupancy and room size.58 The 

minimum ventilation rate for science laboratories (0.18 cfm/ft2) is three times higher than 

the minimum ventilation rate for lecture rooms and office spaces (0.06 cfm/ft2) and likely 

explains why Persoon and Hornbuckle estimated Rs values that were three times higher in 

laboratories than the other two studies conducted in a lecture room and office. For this study 

we assumed an Rs of 0.8 m3/d because an office best represents our sampling environment. 

Veff was calculated for each congener with the assumed Rs of 0.8 m3/d and an average 

deployment temperature of 20°C as inputs. Veff ranged 17.3–361 m3. Assuming a constant 

Rs and constant temperature to calculate Veff with the Herkert Model produces results nearly 

identical with the commonly used GAPS template.54, 59

Exposure Calculations

Dietary exposure for the AESOP children was calculated as a product of PCB concentrations 

in food and age- and gender-specific food ingestion rates and was published previously.4 

School children’s annual inhalation exposure to PCBs was calculated as the sum of seasonal 

exposure during winter, spring, and autumn for each individual school. Winter was defined 

as the months of December, January, and February; spring was defined as the months of 

March, April, and May; and autumn was defined as the months of September, October, and 

November. Summer was not included in the calculations because the children did not attend 

school during the summer months. Each season’s exposure was calculated for each congener 

as the product of the number of days in school, the volume of air breathed, and the average 

concentration of the congener inside the school during that season. The number of days in 

school were estimated as 52, 65, and 65 for winter, spring, and autumn, respectively, for 

every school. The volume of air breathed was calculated as part of the model we described 

previously4 for each child enrolled in the AESOP study according to survey data on their 

activity level during each season. The volume of air breathed was calculated (Table S7) for 

the present study for each season after sorting into four groups: East Chicago girl (n=18), 

East Chicago boy (n=15), Columbus Junction girl (n=20), and Columbus Junction boy 

(n=23). Thus, the exposure calculations are summarized as annual exposure for girls and 
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boys attending EC School 1, EC School 2, EC School 3, and EC School 4 and for girls and 

boys attending CJ School 1 and CJ School 2.

Statistics

The concentration data set was first dichotomized at the threshold of the congener-specific 

LOQ (Tables S5–S6): concentrations of congeners below the LOQ were treated as zero. 

Distribution of sum and individual congener concentrations were skewed right, and data 

approximated a normal distribution following logarithm transformation. Statistical analyses 

comparing school data were performed on the transformed data.

Cosine theta (cosθ) was calculated for combinations of sample and potential source pairs for 

the purpose of comparing PCB profiles,60 where cosθ = 0 describes two completely different 

profiles and cosθ = 1 describes identical profiles. Prior to cosine theta analysis, sample 

profiles were created by normalizing each congener in a sample to the sum of all congeners 

in that sample. Aroclor profile data was from Frame et al.61

Results and Discussion

OH-PCBs

To our knowledge this is the first report of OH-PCBs in indoor air. Concentrations of ΣOH-

PCBs ranged 4–665 pg/m3 indoors and from below detection to 18 pg/m3 outdoors. We 

detected only 11 OH-PCBs above the LOQ in the school samples. The two most common 

congeners, 2-OH-PCB 2 and 6-OH-PCB 2, were detected in 84% and 68% of samples, 

respectively. These two OH-PCBs were also the most common congeners detected in 

Chicago air.34 Other congeners in our OH-PCB calibration set were detected less frequently 

and are presented in Table S8.

Concentrations of 2-OH-PCB 2 and 6-OH-PCB2 outside of East Chicago and Columbus 

Junction schools are not different from our previous study of OH-PCBs in Chicago air 

collected with high volume air samplers,34 the only other published report of OH-PCBs in 

air. Indoor concentrations of these two OH-PCBs are an order of magnitude higher. We 

hypothesized previously that 2-OH-PCB 2 and 6-OH-PCB 2 measured in the air are a result 

of volatilization from Aroclors because the data did not support their presence from reaction 

between hydroxyl radical and PCB 2.34

PCBs

Concentrations of ΣPCBs ranged 0.5–194 ng/m3 indoors and from 0.03 to 3 ng/m3 outdoors 

(Tables S8–S12). Levels inside all schools were below the current US EPA’s recommended 

action level of 500 ng/m3 for children 12 to 15 years old. Concentrations were inside EC 

School 2>EC School 4>CJ School 2>CJ School 1, EC School 1>EC School 3 (Figure 2). 

Concentrations outdoors were not statistically significantly different across schools except 

that EC School 2 outdoor air was higher than EC School 3 outdoor air. Concentrations inside 

schools reported in this study are higher than what we reported previously4 due to higher 

PCB measurements at EC School 4 and CJ School 2. We did not analyze air samples from 

inside EC School 2 for our previous study. PCB concentrations in these schools are higher 
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than what we previously reported for homes except for a few outliers in each community.4 

Indoor concentrations were highest inside the two schools built in 1968 and 1972; years 

when U.S. Aroclor production was highest (Figure 2).15 The lowest concentrations were 

measured in the school built after PCB production in the U.S. ended in 1977 (Figure 2).15

PCB congener profiles were similar within each location with very little variability across 

season (Figures 3–4). Therefore, average profiles inside each school were used for statistical 

comparison to outdoor air and IHSC. Air outside the four East Chicago schools all had 

similar profiles with very little variability across season and school, so the average profile of 

all outdoor East Chicago school samples was used for statistical comparison to IHSC and 

indoor air profiles.

We found evidence of common sources of PCBs in the air over the IHSC, the air outside the 

four East Chicago schools, and the air inside two East Chicago schools. The average PCB 

profile in air outside East Chicago schools is very similar to the average PCB congener 

profile in air collected over the water of the nearby IHSC (Figure 3, cosθ=0.92). School 1 

has a very similar profile to the average outdoor air (cosθ=0.90) and the air above IHSC 

(cosθ=0.94). Sediment in the IHSC is contaminated with a PCB mixture dominated by 

Aroclor 1248. Martinez et al. have shown that the sediments of the IHSC are a major source 

to the overlying water and air and that there are also other sources of this PCB mixture 

beyond the emissions from the IHSC.62 For example, it is likely that the soils and other 

surfaces in the community are contaminated with this particular mixture of PCBs and were 

tracked into the schools. It is also possible that building materials became contaminated 

during construction of these schools or that long term exposure resulted in accumulation of 

this PCB mixture in the building which is now degassing. Indoor air at School 3 also has a 

profile similar to outdoor air and the air above IHSC but with the addition of a strong 

contribution from PCB 11 (cosθ=0.73; cosθ=0.94 excluding PCB 11). PCB 52 is also 

observed at higher levels in School 3 than expected from Aroclors. PCB 11 and PCB 52 are 

both prominent congeners in pigments. Hu and Hornbuckle found the highest proportion of 

PCB 11 relative to other PCBs in two yellow monoazo pigments, a red proprietary pigment, 

and a yellow proprietary pigment. They found the highest overall concentrations of PCB 11 

in two phthalocyanine green pigments and a proprietary yellow pigment.18 Hu and 

Hornbuckle found PCB 52 mainly in a red proprietary pigment. Guo et al. measured PCB 11 

in a variety of printed material and fabric, and those materials could be additional sources of 

PCB 11 to school air.17 This evidence suggests that a combination of historical 

contamination and materials containing modern pigment may be the main sources of PCBs 

inside this school.

In contrast to EC Schools 1 and 3, concentrations inside EC Schools 2 and 4 were the 

highest measured in this study, and their average indoor air profiles are very different from 

the average outdoor air profile (Figure 3). The School 2 indoor air profiles are enriched in 

mid- and upper-molecular weight PCBs, similar to Aroclor 1254 but also have a much 

higher contribution from PCB 52 (cosθ=0.85; cosθ=0.89 excluding PCB 52) and a small 

contribution from lower-molecular weight PCBs such as 1,3, and 8. The School 4 indoor air 

profiles are enriched in lower-molecular weight PCBs and are most similar to Aroclor 1016 

(cosθ=0.85) with a small additional contribution from PCB 1. These profile similarities 
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combined with the much higher concentrations detected in EC School 2 and EC School 4 

suggest that the main sources in these two schools are not the same as those to outdoor air. 

Rather, similarity of the congener profiles from EC School 2 to Aroclor 1254 and School 4 

with Aroclor 1016 suggest that Aroclor-enriched building materials are the main contributor 

to PCBs in the air inside these schools. Aroclor 1016 was only manufactured starting in 

1971 with a simultaneous steep decline in the production of other Aroclors and was a 

distillation of Aroclor 1242 intended to remove the higher chlorinated biphenyls.15 Aroclor 

1016 was used mostly in capacitors for fluorescent light ballasts.15 Aroclor 1254 was used in 

more applications including capacitors, transformers, plasticizers, adhesives, and sealants 

and caulking compounds.15

The congener profiles of Columbus Junction school outdoor air have the greatest variation 

among school sampling locations, particularly due to PCB 1 and PCB 3, which have a 

dominant presence in some samples but are mostly absent in others. The air outside 

Columbus Junction schools is not similar to background signals we previously reported in 

nearby Cedar Rapids, Iowa soils63 or Mississippi River sediment cores64. Indoor profiles of 

both Columbus Junction schools are more similar to Aroclor 1254 (CJ School 1 cosθ=0.79, 

CJ School 2 cosθ=0.81) than to the average outdoor profile (CJ School 1 cosθ=0.78, CJ 

School 2 cosθ=0.72). There is also a strong contribution from PCB 11 in CJ School 1 and 

PCB 52 in both CJ schools. The cosθ increases to 0.86 and 0.87 between Aroclor 1254 and 

CJ Schools 1 and 2, respectively, when PCBs 11 and 52 are excluded. Like EC Schools 2 

and 4 in East Chicago, the higher concentration in these Columbus Junction schools and the 

lack of similarity between indoor and outdoor air in the suggests that the main sources in 

these two schools are not the same as the sources to outdoor air. The profile similarities 

between school indoor air and Aroclor 1254, along with the presence of PCB 11, suggest 

that a combination of legacy uses of Aroclors such as fluorescent light ballasts or window 

caulking and current use of PCB-contaminated pigments are the sources of PCBs to indoor 

school air in Columbus Junction.

We believe this study is the first cohort-based study to demonstrate that school children’s 

inhalation exposure may exceed dietary exposure (Figure 5). Higher chlorinated PCBs are 

disproportionately taken in by ingestion while lower chlorinated PCBs are more volatile and 

are disproportionately taken in by inhalation. Annual indoor inhalation exposure ranged 0.7–

115 μg/yr for girls and 0.9–116 μg/yr for boys. Inhalation exposure varied greatly by school 

due to the different air concentrations measured in the schools and varied within each school 

due to the different activity levels of the children in the AESOP cohort. The highest 

inhalation exposure was experienced by the most active children in the school with the 

highest air concentrations (EC School 2). Conversely, the lowest inhalation exposure was 

experienced by the least active children in the school with the lowest air concentrations (EC 

School 3). Inhalation exposures were similar between girls and boys; girls had slightly lower 

exposures than boys because their activity levels were on average lower than boys.

We previously reported total dietary exposure for children enrolled in the AESOP study to 

be 66–108 μg/yr for girls and boys in the two communities.4 The annual school inhalation 

exposure calculated in this study for girls and boys was as high as 115 and 116 μg/yr for 

girls and boys, respectively, depending on school attended. This study shows that inhalation 
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is a significant route of PCB exposure for children in schools with PCB contamination, in 

some cases exceeding dietary exposure. Further, significantly higher indoor air 

concentrations have been reported in schools elsewhere3 suggesting that inhalation exposure 

is also higher than dietary exposure for those children. For example, assuming similar 

volume of air breathed and similar diet, a New York City school child inhaling 2920 ng/m3, 

as reported by Thomas et al.,5 would have an inhalation exposure of 2.5 mg/yr PCBs, or 

about 40 times the dietary exposure. Our conclusion that PCB inhalation exposure is as 

significant as dietary exposure for children is supported by a non-cohort specific analysis 

from Lehmann et al. that found that airborne PCBs and dietary PCBs could each account for 

half of a child’s total PCB exposure.16

The fate and toxicological impact of PCB inhalation in children is not well known16, 

although animal studies show 91% of inhaled PCB 11 is absorbed by the body and is rapidly 

converted to OH-PCBs and other metabolic products.65 Higher molecular weight congeners 

are more likely to accumulate in adipose and other tissues.66 Some PCBs are neurotoxins 

and may impair learning and memory, a particularly concerning effect of PCBs in schools.
13, 14 The biological processes for accumulating and metabolizing PCBs in the human body 

is highly complex30 and prevents direct comparison between congener profiles of PCBs in 

school air and in the blood from children attending those schools for the purpose of source 

identification. Our data show that children’s inhalation exposure is dominated by 

concentrated indoor air and varies from school to school. The variation in concentration, 

congener profiles, and inhalation exposures discovered across this study’s six schools shows 

that indoor and outdoor measurements are needed for each school and cannot be estimated 

from one school to another even within the same community.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Concentrations of 2-OH-PCB 2 and 6-OH-PCB 2, the most commonly detected OH-PCBs in 

school air as measured by PUF-PAS in this study, compared to outdoor Chicago air as 

measured by high volume active sampling to XAD media.34 Samples were collected January 

2012 to November 2015 for this school study and January to December 2009 for the 

Chicago air study.
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Figure 2. 
ΣPCBs inside and outside the six schools in this study ranged over three orders of 

magnitude. Each open circle represents a measurement. The boxes illustrate the median and 

25th and 75th percentiles while the whiskers represent the 5th and 95th percentiles for each 

location. School construction years are listed under the school name. EC represents East 

Chicago and CJ represents Columbus Junction.
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Figure 3. 
PCB congener profiles of the air above IHSC, Aroclors 1254 and 1016, and average 

congener profiles of East Chicago (EC) school outdoor air and East Chicago school indoor 

air from the four EC schools in this study. Profiles are normalized to total PCB 

concentration. Error bars represent the standard deviation. Profiles are grouped by color 

according to profile similarities as described in the text. PCBs discussed in the text are 

labeled in the relevant profiles.
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Figure 4. 
PCB congener profiles of Aroclor 1254 and average congener profiles of Columbus Junction 

(CJ) school indoor and outdoor air from the two CJ schools in this study. Profiles are 

normalized to total PCB concentration. Error bars represent the standard deviation. PCBs 

discussed in the text are labeled in the relevant profiles.
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Figure 5. 
Children’s inhalation exposure at the six schools varies by school, activity level, and gender. 

Dietary exposure for children from the same cohort ranged 66–108 ug/yr.4 Exposure was 

calculated individually for East Chicago (EC) girls (n=18), EC boys (n=15), Columbus 

Junction (CJ) girls (n=20), and CJ boys (n=23). Inhalation exposure varied by school due to 

the different air concentrations measured in the schools and varied within each school due to 

the different activity levels of the AESOP children. The highest inhalation exposure was 

experienced by the most active children in the school with the highest air concentrations (EC 

School 2), while the lowest inhalation exposure was experienced by the least active children 

in the school with the lowest air concentrations (EC School 3). Dietary exposure for the 

AESOP children was calculated as a product of PCB concentrations in food and age- and 

gender-specific food ingestion rates and was published previously.4
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