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Abstract

Polychlorinated biphenyl (PCB) production ceased in the U.S. over 30 years ago, but these 

persistent chemicals remain ubiquitous contaminants. Here, we evaluate potential determinants of 

PCB levels in dust from California homes including characteristics of the residence as well as the 

residents’ habits and occupations. Dust was collected from 415 households as part of a large case-

control study (the Northern California Childhood Leukaemia Study), using a high-volume small 

surface sampler. Dust concentrations of 6 PCBs (PCB-105, PCB-118, PCB-138, PCB-153, 

PCB-170, and PCB-180) were measured using gas chromatography-mass spectrometry. Individual 

PCB detection rates ranged from 9% to 54% with PCB concentrations ranging from below 

detection (1 or 2 ng/g) to 270 ng/g and PCB loadings ranging from below detection to 960 ng/m2. 

Multivariable linear and logistic regression models were used to identify potential determinants of 

residential PCB contamination based on in-home interviews and residential geographic locations. 

We observed that residences built prior to 1980 had higher odds of PCB detection and higher PCB 

loadings than more recently constructed homes. Households where residents typically did not 

remove their shoes had higher PCB dust loadings than households where residents did. PCBs were 

less likely to be detected in carpet dust from households that had frequently vacuumed or replaced 

carpets compared to other households. Since we used a cross-sectional dust sampling protocol and 

report significant, but modest, effects of these determinants on levels of PCBs in residential dust, 

our results should be interpreted with caution. Longitudinal studies to determine optimal strategies 

for reducing PCBs in homes are warranted.

Correspondence to: Todd P. Whitehead, toddpwhitehead@berkeley.edu.
†Electronic Supplementary Information (ESI) available: [Table S1 shows results from multivariable linear regression of PCB 
concentrations in residential dust. Table S2 shows the percentages of residences with detectable concentrations of each PCB stratified 
by categories of each potential PCB determinant]. See DOI: 10.1039/b000000x/

HHS Public Access
Author manuscript
Environ Sci Process Impacts. Author manuscript; available in PMC 2015 May 20.

Published in final edited form as:
Environ Sci Process Impacts. 2013 February ; 15(2): 339–346. doi:10.1039/c2em30721a.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Polychlorinated biphenyls (PCBs) are lipophilic chemicals that are resistant to degradation 

and therefore extremely persistent in the environment.1 In the U.S., the Toxic Substances 

Control Act halted the production and distribution of PCBs in 1979.2 Still, despite more than 

30 years of regulation, PCBs remain ubiquitous residential contaminants – with recently 

reported maximum dust concentrations of major PCB congeners as high as 35 μg/g in one 

U.S. home.3 Indeed, in 2005, it was estimated that 13–17% of the PCBs that have been 

produced globally were still in use.4 Inhalation and accidental ingestion of dust is one 

important route of exposure to PCBs, especially for small children.5 While the potential 

health impact of PCB exposure via dust inhalation or ingestion has not been fully 

characterized, elevated levels of PCBs measured in residential dust have been associated 

with increased risk of non-Hodgkin lymphoma6 and childhood leukaemia.7 Moreover, 

prenatal and early childhood exposures to PCBs have been associated with adverse 

immunological8 and neurological9 effects, including diminished IQ.10

To limit human exposure to PCBs it is useful to understand the sources of these residential 

contaminants. PCBs may have primary and secondary sources located both within and 

outside of the home. Primary indoor sources of PCBs include consumer products and 

construction materials.11, 12 Primary sources of PCB found outside the home include 

transformers, large capacitors and other electrical equipment used for industrial or utilities 

applications.12 Any of these PCB-containing items can subsequently contaminate 

environmental media indoors (e.g., carpet dust, air) or outdoors (e.g., soil, sediment, water, 

air), creating secondary sources of PCBs.

In small investigations of a few highly-contaminated residences, researchers have identified 

specific indoor PCB sources, including a contaminated wood floor finish and a contaminated 

carpet pad.3, 13 However, investigators have had less success using questionnaires or 

interviews to identify common sources of PCBs that determine concentrations of PCBs in 

typical households.14, 15 Self-reported or interview-conducted inventories of household 

items that may contain PCBs lack specificity, because PCBs have been used inconsistently 

in consumer goods and construction materials.16 Moreover, PCB-containing consumer 

goods that were manufactured prior to 1980 have likely been replaced by products without 

PCBs in many homes.17 Thus, even the most accurate residential inventory of PCB-

contaminated items would not necessarily be a sensitive representation of historic sources of 

PCBs in a home.

While it may be difficult to identify specific sources of PCB, one surrogate for the historic 

presence of PCB-contaminated materials in a home is the age of a residence. Residences 

constructed after 1979 would be expected to be free of PCB-contaminated construction 

materials. On the contrary, homes built before 1980 would be likely to contain PCB-

contaminated construction materials and would have been equipped (at least initially) with 

consumer products that may have contained PCBs. Thus, homes built before 1980 have a 

greater potential for historic PCB contamination via indoor primary sources than more 

recently constructed residences. Indeed, investigators have observed elevated PCB 

concentrations in dust from older residences6 and in dust from older floor surfaces.14, 18
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Since outdoor sources of PCBs may also contribute to residential PCB contamination, it 

would be useful to understand factors that influence PCB transport into the home from 

outdoors. Some residents may inadvertently convey PCBs from the workplace into the home 

via contaminated shoes or clothing.14 Likewise, residents that live near a single strong PCB 

source (e.g., a contaminated brownfield) or many weak PCB sources (e.g., leaky 

transformers) may carry PCB-contaminated dust and soil inside their homes. Residents that 

do not remove their shoes upon entering their home or those that have cats and dogs may 

introduce additional outdoor soil inside.19, 20

Here, we measure concentrations of 6 PCBs in residential dust from 415 households in 

California. We evaluate potential indoor and outdoor determinants of PCB levels in 

residential dust using multivariable logistic and linear regression.

Methods

Dust sample collection

We collected dust samples from 415 households who participated in the Northern California 

Childhood Leukaemia Study (NCCLS) from 2001–2006.7 Dust samples were collected 

using a high-volume surface (HVS3) sampler. Investigators generally collected dust from an 

area (~2 m2) of a carpet or rug in the family or living room, as previously described.21 

Investigators recorded the size of the dust collection area so that we were able to 

characterize levels of PCB contamination as concentrations (ng of PCB per g of dust 

collected) or loadings (ng of PCB per m2 of dust collection area). In 2 residences, the size of 

the dust collection area was not recorded; therefore we were unable to calculate PCB 

loadings for these residences. We obtained written informed consent in accordance with the 

institutional review boards’ requirements at the University of California, Berkeley, the 

National Cancer Institute of the National Institutes of Health, and all other participating 

institutions.

Chemical analysis

A multi-residue analysis scheme was used to analyse 65 different neutral chemicals, from 

several compound classes (e.g., PCBs, polycyclic aromatic hydrocarbons, insecticides, and 

herbicides), including six PCB congeners considered antiestrogenic, immunotoxic, or 

enzyme-inducing22 (PCB-105, PCB-118, PCB-138, PCB-153, PCB-170, PCB-180), as 

previously described.21 Briefly, a 0.5-g aliquot of each dust sample was spiked with 250 ng 

of each of 13 different compound class-specific surrogate recovery standards, 

including 13C12 PCB-138, to provide sample-by-sample method performance data for each 

compound class. Samples were extracted by ultrasonication in 1:1 hexane:acetone solution, 

solvent exchanged into hexane, purified by solid-phase extraction, concentrated to 1mL, and 

spiked with an internal standard of p,p′-dibromophenyl prior to analysis using gas 

chromatography-mass spectrometry (GC-MS) in the multiple ion detection mode. The GC 

separation used an RTx-5 MS column (30 m, 0.25-mm i.d., 0.25-μm film) that was 

programmed from 130°C to 220°C at 2°C per min, and then from 220°C to 300°C at 10°C per 

min. Each batch contained 12 participants’ samples, a method blank, a duplicate sample, and 

a duplicate sample spiked (prior to extraction) with 250 ng of each PCB. No PCBs were 
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detected in any of the 49 method blanks and PCB recoveries in spiked samples indicated that 

the analytical protocol was valid (average recovery ± standard deviation = 86±15, 86±15, 

88±16, 88±16, 86±16, 88±16 for PCBs 105, 118, 138, 153, 170, and 180, respectively).

Household characteristics

In-home interviews were conducted to ascertain information pertinent to childhood 

leukaemia and this analysis utilized selected questions to identify potential determinants of 

residential PCB contamination. Parents, primarily the biological mother (97%), were asked 

to identify the construction date of their residence as one of 8 categories (built since 1990, 

1985–1989, 1980–1984, 1970–1979, 1960–1969, 1950–1959, 1940–1949, or built prior to 

1940). Using this information, we divided the population into residences constructed prior to 

1980, which had the potential for historic PCB contamination via indoor primary sources, 

and residences constructed since 1980, which were not likely contaminated with PCBs via 

indoor primary sources.

We asked participants about remodelling activities undertaken in their home since they 

moved in (e.g., floor and roof replacement), about any remodelling activities that occurred 

between the date of the child’s diagnosis (or reference date for controls) and the date of dust 

collection in the room from which dust was sampled, and about the timing of the most recent 

carpet replacement in the room from which dust was sampled, as these activities may have 

affected PCB dust levels. We also asked participants how frequently they used their vacuum 

cleaners.

To assess the influence of outdoor PCB sources on PCB dust levels, we asked participants 

about their occupations, including jobs with potential PCB exposure (e.g., employment as an 

electrician, lineman, or cable puller; and employment in manufacturing, assembly, or 

industrial operations), as well as pet ownership (i.e., whether a cat or dog lived or slept in 

the home) and shoe removal habits (i.e., whether all of the people who lived in the home 

usually took off their shoes when entering the home). We used a global positioning device to 

locate each residence and we linked each location to the corresponding U.S. census block.23 

We used block-level population density as a surrogate for the density of outdoor PCB 

sources (e.g., transformers or PCB-contaminated construction materials), since previous 

investigators have observed higher ambient concentrations of PCBs in urban compared to 

rural locations.24–26

Some parents were unable or unwilling to complete certain aspects of the questionnaires. In 

regression analyses, each missing questionnaire response was replaced by the population 

average from non-missing households (e.g., for 54 respondents that did not know their 

residence’s construction date, residence constructed prior to 1980 was set to a value of 0.55, 

since 55% of the study residences were built prior to 1980). This conservative imputation 

strategy may slightly attenuate true associations between PCB levels and questionnaire 

determinants. Aside from residence construction date, no other covariate had more than 10 

missing values imputed.
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Statistical analysis

Depending upon the particular PCB congener, between 46 and 91% of PCB measurements 

were below analytical limits of detection (Table 1). Since the proportions of non-detects 

were high for several congeners, we used PCB detection as an outcome variable in bivariate 

comparisons and in multivariable logistic regression models. Using the Logistic Procedure 

from SAS (v. 9.2, Cary, NC), we fit a multivariable logistic regression model for each of 6 

PCBs. We modelled the probability of PCB detection in residential dust based on the 

household characteristics obtained from interview responses and residential geographic 

locations. Logistic regression results are presented as odds ratios (e.g., the ratio of the odds 

of PCB detection when the explanatory variable equals 1 to the odds of PCB detection when 

the explanatory variable equals 0). Logistic regression model fit was estimated using the 

generalized coefficient of determination, max-rescaled r2.27

For all observations above detection limits, we used multivariable linear regression to 

evaluate whether any household characteristics were associated with PCB loadings or 

concentrations in residential dust. Here, we present results from the PCB loading models 

only; results from the PCB concentration models can be found in the Electronic 

Supplementary Information (Table S1). Since the PCB congeners had approximate log-

normal distributions, natural log transformations of the PCB loadings were used for linear 

regression. Using the Reg Procedure from SAS (v. 9.2, Cary, NC), we fit a multivariable 

linear regression model for each PCB congener. Linear regression results are presented as 

proportional increases (i.e., the ratio of the loading of PCB when the explanatory variable 

equals 1 to the loading of PCB when the explanatory variable equals 0). Linear regression 

results were reported for PCB-118 (N = 133), PCB-138 (N = 221), PCB-153 (N = 216), and 

PCB-180 (N = 161).

Results

Concentrations of individual PCB congeners ranged from below detection (1 or 2 ng/g) to a 

maximum of 270 ng/g (Table 1). Loadings of individual PCB congeners ranged from below 

detection to a maximum of 960 ng/m2. PCB-138 and PCB-153 predominated in residential 

dust with higher median concentrations and loadings than the other four PCB congeners. 

Residences that were built before 1980 were more likely to have detectable levels of PCBs 

than those constructed after 1980 (Table 2). For example, PCB-153 was detected in 71% of 

residences built before 1980, but in only 32% of homes constructed more recently. 

Likewise, homes built before 1980 had higher median, 75th percentile, and 95th percentile 

PCB loadings than more recently constructed homes (Table 2).

The percentages of residences with detectable concentrations of each PCB are shown 

stratified by categories of each potential PCB determinant in the Electronic Supplementary 

Information (Table S2). Results from multivariable logistic models for detection of each 

PCB are shown in Table 3. Residences built prior to 1980 had significantly higher odds of 

detection of PCB-118, PCB-138, PCB-153, PCB-170, and PCB-180 than more recently 

constructed homes [odds ratio, OR (95% confidence interval, 95% CI) = 4.3 (2.5, 7.2); 3.5 

(2.1, 5.6); 6.0 (3.6, 10); 3.4 (1.4, 8.0); and 4.9 (2.9, 8.1), respectively]. Households that 

reported having replaced the sampled carpet within the past 5 years had significantly lower 

Whitehead et al. Page 5

Environ Sci Process Impacts. Author manuscript; available in PMC 2015 May 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



odds of detection of PCB-105, PCB-153, and PCB-180 than homes with older carpets [OR 

(95% CI) = 0.5 (0.3, 0.9); 0.6 (0.4, 0.9); 0.6 (0.4, 1.0), respectively] and households that 

reported frequent vacuum cleaning had significantly lower odds of detection of PCB-118 

and PCB-153 than homes with less frequent vacuuming [OR (95% CI) = 0.5 (0.3, 0.9) and 

0.4 (0.2, 0.7), respectively]. In contrast, households that reported floor replacement had 

significantly higher odds of detection of PCB-138 and PCB-153 than homes where the 

floors were not replaced [OR (95% CI) = 1.9 (1.0, 3.6) and 2.3 (1.2, 4.5), respectively]. 

Households with a resident employed in manufacturing, assembly, or industrial operations 

(N = 25) had significantly higher odds of PCB-138 detection than households with no 

resident employed in these occupations [OR (95% CI) = 2.9 (1.1, 7.9)]. Households with a 

cat or dog had significantly lower odds of detection of PCB-105, PCB-138, and PCB-153 

than homes without pets [OR (95% CI) = 0.4 (0.2, 0.8); 0.6 (0.4, 1.0); and 0.5 (0.3, 0.9), 

respectively]. In general, the multivariable logistic models in Table 3 were only moderately 

effective at predicting PCB detection (model max-rescaled r2 ranged from 0.07 to 0.24 for 

the 6 PCB models).

Multivariable linear models of PCB loadings among residences with detectable levels of the 

respective PCBs are shown in Table 4. Residences built prior to 1980 had significantly 

higher loadings of PCB-118, PCB-138, and PCB-153 compared to newer homes 

[proportional increase (95% CI) = 2.8 (1.4, 5.9); 1.7 (1.0, 2.8); and 2.3 (1.4, 4.0), 

respectively]. Carpet replacement was consistently associated with lower PCB loadings, but 

the results were not statistically significant. Floor replacement was associated with lower 

PCB loadings and results were significant for PCB-180 [proportional increase (95% CI) = 

0.5 (0.2, 1.0)]. Households in more densely populated census blocks had higher PCB-118 

loadings [proportional increase (95% CI) = 1.2 (1.0, 1.5), per 2000 person/km2 increase in 

population density]. Households in which residents did not regularly remove their shoes 

upon entering the home had significantly higher loadings of PCB-118, PCB-138, and 

PCB-153 [proportional increase (95% CI) = 2.1 (1.1, 4.1); 2.3 (1.4, 3.7); 2.1 (1.3, 3.4), 

respectively]. Households with a resident employed as an electrician, lineman, or cable 

puller (N = 12) had significantly higher PCB-105 loadings in their residential dust than 

households with no resident employed in these occupations [proportional increase (95% CI) 

= 12 (2.0, 73)]. Pet ownership was consistently associated with lower PCB loadings, but the 

effect was not statistically significant. The multivariable linear models in Table 4 were only 

moderately effective at predicting PCB loadings (model r2 ranged from 0.10 to 0.21 for the 

4 PCBs).

Discussion

Compared to previous studies that collected residential dust from homes in California from 

2003–2005, from homes in Texas in 2006, and from homes in Wisconsin in 2008, we report 

comparable, but slightly lower PCB concentrations [e.g., median PCB-138 concentration of 

2 ng/g in our study compared to median of 5 ng/g from Whitehead et al.28, median of 7 ng/g 

from Harrad et al.5, and geometric mean of 7 ng/g (combined PCB-138/PCB-163) from 

Knobeloch et al.29]. Several factors associated with PCB levels in our study have been 

suggested as potential determinants of residential-dust PCB levels by previous investigators, 

including residence and carpet age,6, 14, 18, 29 occupational PCB exposures,14 resident shoe 
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removal,30 and pet ownership.18 We also identified the frequency of vacuum cleaning and 

neighbourhood population density as two additional determinants of PCB levels in 

residential dust.

Investigators have observed elevated PCB concentrations in dust from older residences.6, 29 

Likewise, we found that residential construction date (pre- or post-1980) was the strongest 

predictor of PCB contamination in the residential dust samples from the NCCLS. Since U.S. 

regulations ended the production and distribution of PCBs in 1979,2 homes built before 

1980 have a greater potential for historic PCB contamination via indoor primary sources 

than more recently constructed residences. The first step in reducing residential exposure to 

PCBs would be to identify and remove primary sources of PCB emissions in the home. 

While we did not identify specific items as PCB sources in this study, potential sources of 

PCBs in homes built before 1980 include PCB-contaminated consumer products, such as 

fluorescent light ballasts, refrigerators, televisions, carpet pads, and air conditioners.11–13, 31 

Based on the average lifetime of these products17 (e.g. 20-year lifetime for a refrigerator), 

pre-1980 consumer items were likely removed from most homes prior to dust collection 

(2001-2006). However, PCB-contaminated construction materials, such as paint, ceiling 

tiles, insulation, building joint caulk, floor finish, and roofing material may still be present in 

homes built before 1980.3, 16, 32 Moreover, any of these PCB-containing items could 

contaminate dust in carpets or on household surfaces, creating long-lasting secondary 

sources of PCBs. As such, in addition to the identification and removal of primary PCB 

sources, a complete remediation strategy for homes containing PCBs would include the 

removal of secondary sources of PCBs as well.

Investigators have found that concentrations of PCBs in dust are correlated with floor and 

carpet age,14, 18 suggesting that PCBs can accumulate on these surfaces over time. We 

observed modest, yet statistically significant, reductions in the probability of PCB detection 

associated with recent carpet replacement and non-significant reductions in PCB loadings 

associated with carpet replacement. These results suggest that it may be possible to reduce 

PCB contamination in the home by removing surfaces that collect dust (e.g., an old carpet).

While households reporting recent carpet replacement were less likely to have detectable 

PCBs and were likely to have lower PCB loadings, many households that reported recent 

carpet replacement still had detectable levels of PCBs in carpet dust (e.g., PCB-153 was 

detected in 49% of homes with a recent carpet replacement). Seemingly, in many instances, 

when an old carpet was removed, its replacement became contaminated with PCBs. Indeed, 

previous investigators have reported that to remediate homes contaminated by the pesticide 

methyl parathion, it was necessary to remove not only the surfaces treated by the pesticide, 

but draperies, furniture, baseboards, dry wall, and ceilings as well.33 Likewise, semi-volatile 

chemicals can equilibrate between many household surfaces including draperies, furniture, 

or walls33, 34 and PCBs from these surfaces may contaminate new carpets. Hence, complete 

PCB removal may require the removal of primary PCB sources and the simultaneous 

replacement of several indoor surfaces.

Investigators have reported reductions of 50% or more in dust and lead loadings measured 

on window sills and in carpets following a vigorous dust clean-up intervention in which 
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floors and carpets were vacuumed with a high-efficiency particle accumulating vacuum 

cleaner and walls, horizontal surfaces, and uncarpeted areas of floor were wet-wiped or 

mopped with detergent solution.35 We observed modest, yet statistically significant, 

reductions in the probability of PCB detection associated with frequent vacuum cleaning. 

However, it should be noted that while frequent vacuum cleaning may reduce PCB levels in 

carpet dust, vacuum cleaning may disperse dust particles and increase dust exposures for the 

vacuum operator,36 thus, increasing exposure to PCB-contaminated dust.

Rudel et al.3 reported that certain wood floor finishes from the 1950s and 1960s can be 

important sources of PCB contamination in homes, particularly if these floors are 

subsequently sanded or refinished, releasing floor particles to the environment. We observed 

that residents who reported floor replacement had an increased likelihood of PCB-138 and 

PCB-153 detection, but we also observed that floor replacement was associated with lower 

PCB-180 loadings.

Occupational contaminants, including pesticides37 and lead38, have been shown to enter the 

residential environment via dusty skin, clothing, and shoes. In their analyses of dust from 34 

homes, Vorhees et al.14 noted that the two highest PCB concentrations were found in homes 

with residents reporting previous occupational exposure to PCBs. Similarly, we observed 

that a resident’s employment in manufacturing, assembly, or industrial operations conferred 

an increased risk for residential PCB-138 detection, and that employment as an electrician, 

lineman, or cable puller was associated with higher PCB-118 loadings. In consideration of 

the small number of residents employed in these occupations in our study population (12 

residents employed as an electrician, lineman, or cable puller and 25 employed in 

manufacturing, assembly, or industrial operations), the uncertainty associated with inferring 

PCB exposures based on broad job categories, and the fact that occupational associations 

were not consistent across PCB congeners, we interpret these associations with caution.

Chuang et al.30 reported strong positive correlations between PCB concentrations in house 

dust and entryway dust from 8 homes, suggesting that PCB-contaminated dust can be 

tracked inside from the outdoor environment. Previous investigators have reported that 

pesticide applicators (either professionals or home owners) who removed work39 or 

outdoor40 shoes outside of their home and stored work shoes outside of their home41 had 

lower pesticide loadings in their residential dust than their counterparts who wore shoes 

indoors. Likewise, we observed that residents who usually removed their shoes upon 

entering the home had lower PCB loadings than residents who did not usually remove their 

shoes upon entering the home. Since shoes can transport dust19 and persistent chemicals42 

into the home, shoe removal is one simple strategy to reduce residential PCB contamination.

Investigators reported that dogs transported residues of 2,4-D40 and diazinon20 into homes 

after pesticide lawn applications via their paws and fur, resulting in increased floor pesticide 

loadings in dust. In contrast, we found that residents owning a dog or cat that slept or lived 

inside were less likely to have detectable levels of PCBs and likely to have lower PCB 

loadings. Lee et al. also reported that dog ownership was associated with lower PCB levels 

in residential dust.18 It has been suggested that animals may constitute an important “sink” 

for higher chlorinated PCBs in industrialized environments.43 Since pets are frequently in 
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contact with carpets and floors, they are more likely to be in contact with dust than their 

human counterparts. Thus, PCBs may be taken up by household pets and may remain stored 

in their tissues.44

Previous investigators have observed higher ambient concentrations of PCBs in urban 

locations compared to rural ones.24–26 Population density may be a surrogate for the density 

of outdoor PCB sources (e.g., transformers) or it may be a surrogate for the density of PCB-

contaminated consumer products and construction materials in a neighbourhood (e.g., 

building joint caulk). We observed that homes in more densely populated census blocks had 

higher PCB-118 loadings, suggesting that PCB sources outside of the home can be 

important contributors to PCB contamination in residential dust.

The PCB dust concentrations in the NCCLS residences were all below the 1 ppm action 

level for PCB remediation in bulk materials (e.g., contaminated soil) required by the U.S. 

Environmental Protection Agency.45 However, this reference level was not intended for 

residential dust and it may not be an appropriate standard, especially in homes with young 

children. Since young children tend to ingest more dust than adults, they are particularly 

vulnerable to dust contaminated with PCBs.5 Indeed, background-level PCB exposures have 

been associated with increased risk of childhood leukaemia in the NCCLS7 as well as 

adverse immunological effects8 and diminished IQ10 in young children.

Since the primary focus of the NCCLS is to identify risk factors for childhood leukaemia, 

our questionnaire and sampling protocol were not designed specifically to identify sources 

of PCBs or to evaluate the effectiveness of PCB remediation strategies. Our ability to 

identify factors that impact PCB levels in residential dust was limited by the lack of a 

detailed survey of household items that may have contained PCB, the lack of outdoor soil 

samples, and the collection of dust from a single room during a single home visit (i.e., cross-

sectional dust sampling protocol).

Future studies should evaluate potential PCB determinants using a longitudinal sampling 

protocol so that the utility of possible PCB-remediation strategies can be assessed directly. 

In this way, investigators could observe changes in PCB levels in each residence over time 

in response to specific activities that occurred between visits (e.g., carpet replacement). It 

would also be useful to test the effectiveness of PCB removal via the simultaneous 

replacement of carpets, furniture, and draperies as well as the thorough cleaning of 

household surfaces (e.g., floors, walls, and ceilings) using test homes that were incidentally 

contaminated with PCBs.

Our findings must be interpreted with caution, since the potential PCB determinants that we 

identified had only small effects on the low levels of PCBs found in residential dust in our 

population. Future studies of PCB determinants could focus on populations with elevated 

PCB contamination or could improve analytical sensitivity by using a method optimized 

specifically for PCBs. Finally, a variety of mechanistic experiments should be performed to 

verify our cross-sectional observations, for example, a future study could measure PCB 

levels in lint taken from the work clothing of potentially occupationally-exposed individuals.
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Conclusions

In summary, we measured levels of 6 PCBs in residential dust collected from 415 California 

residences from 2001-2006. We observed that residences constructed prior to 1980 had 

higher residential-dust PCB levels than more recently constructed homes, that outdoor and 

occupational sources of PCBs may contribute to indoor levels of PCB, and that shoe 

removal prior to entry may reduce residential PCB levels. Interestingly, we found that 

households reporting recent carpet removal had lower, but often detectable, levels of PCBs, 

suggesting that carpet replacement alone may not remove PCB entirely from residential 

dust. Our ability to identify determinants of residential-dust PCB levels was limited by our 

cross-sectional dust sampling protocol and lack of a detailed survey of household items that 

may have contained PCB. Given these limitations and in light of the potential health effects 

for children exposed to PCB-contaminated dust, additional studies to determine optimal 

strategies for reducing PCBs in homes are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 4

Multivariable linear regression results for loadings (ng/m2) of specific PCBs in Northern California Childhood 

Leukaemia Study residences (2001–2006) with detectable levels of PCB.

Determinant

Proportional increase (95% C.I.)

PCB-118,
N = 133

PCB-138,
N = 221

PCB-153,
N = 216

PCB-180,
N = 161

Residence built prior to 1980 2.8 (1.4, 5.9)* 1.7 (1.0, 2.8)* 2.3 (1.4, 4.0)* 1.3 (0.7, 2.5)

Replaced carpet within the past 5 years 0.8 (0.4, 1.4) 0.8 (0.5, 1.2) 0.7 (0.5, 1.2) 0.7 (0.4, 1.2)

Replaced flooring in home 0.8 (0.3, 1.6) 0.8 (0.4, 1.4) 0.8 (0.4, 1.4) 0.5 (0.2, 1.0)*

Replaced roof in home 0.9 (0.3, 2.5) 0.9 (0.4, 2.0) 0.8 (0.4, 1.8) 1.2 (0.5, 3.1)

Remodelled sampled room 0.8 (0.4, 1.5) 0.9 (0.6, 1.4) 0.9 (0.6, 1.4) 1.6 (0.9, 2.8)

Regularly vacuum at least once a week 1.3 (0.7, 2.4) 0.9 (0.6, 1.5) 0.9 (0.5, 1.4) 0.8 (0.5, 1.5)

Population densitya, persons/km2 1.2 (1.0, 1.5)* 1.0 (0.9, 1.1) 1.0 (0.9, 1.1) 1.0 (0.9, 1.1)

Resident employed as electricianb 12 (2.0, 73)* 1.2 (0.3, 5.1) 1.7 (0.4, 6.6) 3.1 (0.7, 14)

Resident employed in industrial operationc 0.7 (0.2, 2.4) 1.0 (0.5, 2.2) 0.9 (0.4, 2.3) 0.9 (0.3, 2.5)

Residents do not remove their shoes 2.1 (1.1, 4.1)* 2.3 (1.4, 3.7)* 2.1 (1.3, 3.4)* 1.2 (0.7, 2.1)

Resident has cat or dog in home 0.6 (0.3, 1.1) 0.8 (0.5, 1.2) 0.7 (0.4, 1.2) 0.7 (0.4, 1.3)

*
Indicates linear regression coefficient p-value < 0.05; Model r2 was 0.21, 0.10, 0.11, and 0.10 for PCBs 118, 138, 153, and 180, respectively;

a
Proportional increase per each increase in population density of 2000 persons/km2;

b
Includes any resident employed as an electrician, lineman, or cable puller;

c
Includes any resident employed in manufacturing, assembly, or industrial operation.
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