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Abstract

Polybrominated diphenyl ether (PBDE) flame retardants (FRs) have been ubiquitously detected at
high concentrations in indoor environments; however, with their recent phase-out, more attention
is being focused on measurements of exposure to alternative FRs such as organophosphate FRs
(OPFRs). In our previous research, we found that PBDE residues measured on children’s
handwipes were a strong predictor of serum PBDE levels. Here we build upon this research to
examine longitudinal changes in PBDEs in indoor dust and children’s handwipes, and explore the
associations between handwipes and dust for alternative FRs. Children from our previous study
were re-contacted after approximately two years and new samples of indoor dust and handwipes
were collected. PBDE dust-levels were significantly correlated between two different sampling
rounds separated by two years; however, PBDE levels in handwipes were not correlated, perhaps
suggesting that the sources of PBDEs remained relatively constant in the home, but that behavioral
differences in children are changing with age and influencing handwipe levels. OPFRs [i.e. tris
(1,3-dichloroisopropyl) phosphate (TDCPP), tris(2-chloroethyl) phosphate (TCEP), tris(2-
chloroisopropyl) phosphate (TCIPP)], 2-ethylhexyl-2,3,4,5-tetrabromobenzoate (EH-TBB, also
known as TBB), di(2-ethylhexyl) tetrabromophthalate (BEH-TEBP, also known as TBPH), and
1,2,5,6,9,10-hexabromocyclododecane (HBCD) were also ubiquitously detected in house dust
samples and geometric mean levels were similar to PBDE levels, or higher in the case of the
OPFRs. Significant associations between handwipes and house dust were observed for these
alternative FRs, particularly for EH-TBB (rg= 0.54; p<0.001). Increasing house dust levels and age
were associated with higher levels of FRs in handwipes, and high hand washing frequency (>5
times/day) was associated with lower FR levels in handwipes. Overall these data suggest that
exposure to these alternative FRs will be similar to PBDE exposure, and the influence of hand-to-
mouth behavior in children’s exposure needs to be further examined to better estimate exposure
potential.
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1. Introduction

Flame retardants (FR) are a class of chemicals that are used to reduce the flammability of
materials in both construction materials in homes and in some consumer products (e.g.
furniture, electronics, etc). FRs can be classified as either reactive (i.e. covalently bound
chemicals) or additive (i.e. chemicals mixed in with material). Additive FRs applied to
consumer products are either halogen based, organophospate based, or halogenated
organophosphates (Alaee et al. 2003; de Wit 2002; van der Veen and de Boer 2012).
Polybrominated diphenyl ethers (PBDES) are halogen based additive FRs that were
historically marketed as three different commercial mixtures commonly referred to as
PentaBDE, OctaBDE and DecaBDE (Hale et al. 2003).

PentaBDE was a commercial flame retardant mixture primarily applied to polyurethane
foam used in furniture and baby products, often to meet California’s residential furniture
flammability standard known as Technical Bulletin 117 (TB 117). This mixture contained a
variety of tri- through hexabrominated diphenyl ethers that have well established persistence
and bioaccumulation properties. PBDES also have a chemical structure that is similar to
endogenous thyroid hormones (e.g. thyroxine) and they have been demonstrated to disrupt
thyroid hormone homeostasis in animal exposure studies (Fernie et al. 2005; Noyes et al.
2013; Tomy et al. 2004; Zhou et al. 2001). Exposure to PBDEs is also associated with
effects on circulating levels of thyroid hormone levels in US adults, and adverse
neurodevelopmental outcomes in children (Chevrier et al. 2010; Eskenazi et al. 2013;
Herbstman et al. 2010; Hoffman et al. 2012; Stapleton et al. 2011a; Turyk et al. 2008). Due
to mounting concerns over the exposure and potential health effects of the PentaBDE and
OctaBDE mixtures, they were officially banned from use in the European Union in 2002,
voluntarily phased out of use in the US in 2005, and were listed on the Stockholm
Convention in 2009. DecaBDE is now scheduled to be phased-out by the end of 2013 (EPA
2009).

In our previous research we found that PentaBDE was often used in residential furniture and
baby products to meet TB 117 prior to its phase-out (Stapleton et al. 2011b; Stapleton et al.
2012b). However, since the phase-out of PentaBDE, a wider variety of flame retardant
chemicals have been used to meet flammability standards, particularly in residential
furniture. The two most common flame retardants identified in polyurethane foam purchased
post 2005 were tris (1,3-dichloroisopropyl) phosphate (TDCPP), and a mixture known as
Firemaster 550 (FM 550). TDCPP is considered a probable human carcinogen (Babich
2006) and little is known about the health effects of FM 550. In a recent rodent study, we
found that perinatal exposure to FM 550 resulted in obesity and early puberty in developing
pups, suggesting that FM 550 is an endocrine disruptor (Patisaul et al. 2012). Given these
facts, more information is needed on children’s exposure to these new flame retardant
chemicals.
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Serum PBDE levels in the US population have been shown to be significantly associated
with exposure to house dust (Johnson et al. 2010). In a recent study we found that PBDESs in
handwipe samples were also predictive of serum levels, and was a better predictor than
house dust, likely because it accounts for both indoor dust and behavioral aspects affecting
the magnitude of exposure (Stapleton et al. 2012a). For example, residues of PentaBDEs
measured on toddlers’ hands explained 32% of the serum variability, and were better
predictors than levels measured in indoor dust alone (Stapleton et al. 2012a). PentaBDEs
measured in handwipes were also predictors of serum PentaPBDE levels in a cohort of
office workers (Watkins et al. 2011). These two studies suggest that handwipes may provide
a useful measure of exposure to a wide range of flame retardant chemicals; however, no
studies have examined these relationships in non-PBDE FRs to date. This is important
considering the diversity of flame retardant chemicals that are now found in indoor
environments and the lack of data on exposure levels and potential health effects.

In the present study, we have built upon our previous research and investigated toddlers’
exposure to a larger suite of FR additives. To accomplish this, we re-contacted our toddler
cohort from North Carolina and went back to the homes to collect a second set of handwipe
and dust samples. Our primary objectives in this study were to: 1) examine the correlations
between flame retardant residues on children’s hands and levels measured in house dust; 2)
examine longitudinal associations in PBDE levels measured in house dust and handwipes
collected from the same set of children approximately two years apart, and 3) determine if
age and hand washing frequency were predictors of FR levels in handwipes.

2. Materials and Methods

2.1 Sample Collection

Duke University’s Institutional Review Board authorized all aspects of this study, and all
parents/guardians gave informed consent prior to sample collection. Parents and guardians
of children enrolled in our previous study (Stapleton et al. 2012a) were re-contacted and
asked to participate in a follow-up study. Of the 83 families that participated in the original
study, 30 lived in the same home, responded to our requests for a follow-up visit, and agreed
to be involved in this new study. A research team traveled to the homes of all participants
interested in this study to collect a house dust sample, and a handwipe sample from the same
child that participated in our previous study. Handwipe samples were also collected from
any siblings in the home that were between 2-5 years of age (these siblings had not been
sampled previously). Samples were collected over several weeks during the spring of 2012.
Handwipe and dust collections were identical to the methods used in our previous study
(Stapleton et al. 2012a).

A short questionnaire was also administered during the home visit, which collected
information on the time the child last washed their hands, how often they washed their
hands, and where the child spends most of his/her time. Once completed, the child’s height
and weight were also recorded. Floor dust samples were taken in the room identified by the
parent as where the child spends most of his/her time. The dust was collected on both
hardwood and carpeted floor using a vacuum cleaner with a cellulous thimble inserted in the
hose attachment (as described in Stapleton et. al 2012a). Dust was collected until a sufficient
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amount (at least 100 mg) had accumulated, as determined by the team member. Dust
samples were wrapped in aluminum foil and placed in small individual plastic bags.
Handwipe samples from both hands were placed into small pre-cleaned glass vials, wrapped
in aluminum foil within a plastic bag, and transported back to the laboratory where they
were stored at —20°C until analysis. Dust samples were stored at room temperature and were
sieved to <500 microns prior to analysis.

2.2 Sample Processing

Handwipe and dust samples were extracted in the laboratory and analyzed for a suite of
brominated and organophosphate FRs including BDE-28, -47, -66, -85/155, -99, -100, -153,
154, 183, 209, 2-ethylhexyl-2,3,4,5-tetrabromobenzoate (EH-TBB, also known as TBB),
bis(2-ethylhexyl)-2,3,4,5-tetrabromophthalate (BEH-TEBP, also known as TBPH)),
tetrabromobisphenol A (TBBPA), 1,2,5,6,9,10-hexabromocyclododecane (HBCD; a-
HBCD, B-HBCD, y-HBCD), tris(2-chloroethyl) phosphate (TCEP), tris(2-chloroisopropyl)
phosphate (TCIPP), and TDCPP. Each handwipe sample was extracted using a Soxhlet
apparatus. Prior to Soxhlet extraction, each handwipe sample was spiked with three internal
standards, d;5-TDCPP (155 ng), a monofluorinated tetrabrominated diphenyl ether (F-
BDE-69; 50 ng) and 13C-BDE-209 (100 ng). To serve as laboratory blanks, three new sterile
gauze pads were taken through the same procedure and run next to the handwipe samples.
After Soxhlet extraction, each extract was concentrated using an automated nitrogen
evaporation system (Turbo Vap 1, Zymark Inc.) and transferred to a 4.0 mL amber vial,
stored in a —20 degrees Celsius freezer. Extracts were then cleaned using Florisil solid-phase
extraction (Supelclean ENVI-Florisil, 6mL, 500mg bed weight, Supelco), eluting the F1
fraction with 10mL hexane (PBDES) and the F2 fraction with 10mL ethyl acetate (OPFRs),
based on the method developed by Van den Eede et al (Van den Eede et al. 2012). Each
fraction was then concentrated to approximately 1ml using a nitrogen concentration system
and transferred to an autosampler vial (ASV) for gas chromatography—mass spectrometry
(GC/MS) analysis. Dust samples (~100 mg) were extracted with 10 mL of 50:50
dichloromethane (DCM):hexane using sonication. This process was repeated three times and
the combined extract (~30 mL) was concentrated using an automated nitrogen evaporation
system (Turbo Vap Il, Zymark Inc.) and transferred to a 4.0 mL amber vial, stored in a —20
degrees Celsius freezer. The dust extracts were cleaned using the same method as described
for the handwipe samples above. To measure recovery of the brominated internal standards,
the extracts were spiked with 2, 2', 3, 4, 5, 5'-hexachloro[13C12]diphenyl ether (13C-CDE
141), while do-TCEP was spiked into each sample to measure recovery of di5-TDCPP.
Recoveries of F-BDE-69, and d15-TDCPP averaged 84 £19%, and 76 £21%, respectively, in
all samples. Recovery of 13C-BDE-209 averaged 116 + 25% in the house dust samples and
averaged 17% in the handwipes, with 26 of the 45 samples having a recovery of zero. The
low recovery is likely attributable to low organic matter content in the handwipe extracts
combined with loss to the glassware during extraction. 13C-BDE-209 is used to assess
recovery of BDE-209 alone, and all values were adjusted for internal standard recovery.
Analysis of laboratory blanks (n=4) and an indoor dust Standard Reference Materials (SRM
2585, NIST, Gaithersburg, MD) were also employed for quality assurance and quality
control. FR measurements in handwipes were blank subtracted using the average mass of FR
measured in the field blanks. Method detection limits were calculated using three times the
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standard deviation of the appropriate blank (i.e. dust or handwipe). Measured PBDE levels
in SRM 2585 ranged from 73 to 117 % of certified values. Measurements of TCEP, TCIPP
and TDCPP in SRM 2585 were 839 £ 69, 791 + 55, 2180 + 62 ng/g, respectively. These
values are very similar to reports published by Van den Eede et al. (van den Eede et al.
2011), and Bergh et al. (Bergh et al. 2012).

2.3 Statistical Analyses

3. Results

Descriptive statistics were calculated for FRs measured on handwipes and in house dust
samples. These data indicated that the distributions of FR levels were considerably skewed.
Thus logqo-transformed values were used in statistical analyses. A value of MDL/2 was used
for all values <MDL. Using a paired t-test, we investigated differences in the geometric
mean PBDE levels in samples collected at both time points. Spearman correlation
coefficients were calculated to determine associations between continuous measures of FRs
in handwipes and dust samples. Similarly, Spearman correlations were used to assess
temporal relationships in the levels of FRs in house dust and handwipes from the same
children taken approximately two years apart. Generalized estimating equations (GEES)
were used to examine relationships between continuous measures of FRs on handwipes and
children’s age and hand washing practices. GEEs are an extension of linear regression
models that account for potential residual within-family correlations that may arise from
including multiple children from the same family in analyses. To further investigate the
associations between dust and handwipes while minimize the effect of skewed data and
outliers, dust concentrations were dichotomized (above and below the median) and entered
into GEEs as predictors of handwipe FR levels. Beta coefficients from GEEs were
exponentiated (10P), producing an estimate of the multiplicative change in handwipe FR
levels associated with a unit change in each explanatory factor. To assess the degree of
similarity in handwipe levels collected from children within the same family, intraclass
correlation coefficients (ICCs) were calculated (Hamer 1995; Shrout and Fleiss 1979). ICC
values range from 0, indicating no consistence, to 1, indicating perfect agreement in
handwipes from children in the same family. All statistical analyses were performed in SAS
(version 9.2; SAS Institute Inc, Cary, NC), with statistical significance defined as a=0.05.

A total of 43 children from 30 families participated in the follow-up study (siblings of the
original cohort were only sampled during the follow-up study). Children ranged in age from
26.9 to 68.0 months of age (mean=45.9 months) at the time of the home visit. As in the
original cohort, children were evenly split by gender (female n=23 (53.5%); male n=20
(46.5%)).

3.1 FR Levels in House Dust and Handwipes

Summary statistics for FRs measured in handwipes and house dust are presented in Table 1.
FRs were detected in all house dust samples. TCIPP, TDCPP, BDE-209, >PentaBDE, and
BEH-TEBP were detected in the highest concentrations with geometric mean levels of 3440,
2730, 1720, 1400, and 604 ng/g, respectively. TCEP, HBCD, TBB, and TBBPA were also
detected frequently, but at lower levels overall. FRs were also quite frequently detected in
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the children’s handwipes. Again, TDCPP, TCIPP, and ~PentaBDE were the most abundant
FRs measured in handwipes with geometric mean levels of 74.2, 31.3, and 49.0 ng,
respectively.

3.2 Longitudinal Trends in House Dust and Handwipe PBDEs

Homes sampled in this study were the same homes sampled in an earlier study examining
children’s exposure to PBDESs. Here, we examined the correlation in PBDES in house dust
and handwipes collected during the two different sampling campaigns. The time frame
between collection of the two sets of samples ranged from 18.9 to 34.7 months and was on
average 24.1 months apart. Table 2 presents the Spearman correlation coefficients for
individual PBDE congeners in handwipes and house dust samples. PBDEs in dust were
significantly correlated between the two sample collection points; however, levels in
handwipes collected from the same children approximately 24 months apart were not
significantly associated. We also examined the data to determine if there were any
differences in the geometric mean of PBDEs in dust and handwipes between the two
sampling points, but no significant differences were observed (data not shown).

3.3 FR Correlations Within Dust and Handwipes

Correlation analyses were conducted and are presented in Tables S1 (within dust) and S2
(within handwipes). Generally there was a high degree of correlation among the PBDESs
congeners measured in dust, with correlation coefficients ranging from 0.33 to 0.96 (range
excludes BDE-209). However, BDE-209 was not significantly associated with the other
PBDE congeners measured. It’s also interesting to note that EH-TBB and BEH-TEBP were
also commonly correlated with many of the PBDE congeners. TCEP was correlated to
TCIPP, and TCIPP was correlated to TDCPP. BDE-209 was significantly associated with
levels of TCEP in dust (rs = 0.64, p<0.001).

Correlation analyses were conducted on handwipe data in which detection frequency was
>70%. Within the handwipe samples several FRs were significantly correlated. All PBDEs
measured in handwipes were significantly correlated with one another, with correlation
coefficients ranging from 0.55 to 0.95. EH-TBB was also significantly associated with
BDE-47, BDE-66, BDE-99, and TDCPP. TDCPP was not associated with any of the PBDE
congeners measured in handwipes.

3.4 FR Correlations Between Dust and Handwipes

Correlation analyses were also conducted between FRs in handwipes and FRs measured in
house dust. As seen in Table 3, continuous measures of EH-TBB and most PBDEs in
handwipes and dust were significantly and positively correlated, with correlation
coefficients ranging from 0.30 to 0.54 (range excludes BDE-28, -66, and -153, for which
correlations were not statistically significant). The strongest correlation between handwipes
and dust was observed for EH-TBB (r¢=0.54, p<0.001), as seen in Figure S1.

3.5 Predictors of FR Levels in Handwipes

Using GEEs we investigated bivariate associations between handwipe FR levels and
dichotomized measures of FRs in house dust (above vs. below the median), hand washing
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frequency (< vs. =5times/day), and with a continuous measure of age (in months). As
observed in Figure 1, higher levels of FRs in house dust levels were consistently associated
with higher handwipe levels. For example, children living in homes with higher levels of
EH-TBB in dust had 3.62 times the mass of EH-TBB on their hands (95% CI: 1.30, 10.10).
Age was a significant predictor of FR levels for XPentaBDE and EH-TBB, with an
estimated increase of 3% and 5% for each monthly increase in age (between 26.9-68.0
months). Although associations were imprecisely estimated, hand-washing frequency was
consistently associated with the levels of FRs measured on participants’ hands. On average,
children who washed their hands at least 5 times per day had 30 to 50% lower levels of FRs
on their hands.

3.6 FR Associations Within and Among Siblings

As part of this follow-up study, we collected handwipes from some of the children in our
original cohort, but also collected handwipes from any siblings living in the home that were
between the ages of 2-5 years. Intraclass correlation coefficients were calculated for FRs
measured in handwipes to determine how variable levels are within sibling sets relative to
variability in handwipes from children living in different homes. As seen in Figure 2, levels
of XPentaBDE within sibling sets were very similar. ICCs for the PBDE congeners ranged
from 0.49 (95% CI: 0.31, 0.63) for BDE-28 to 0.86 (95% CI: 0.78, 0.91) for BDE-99. ICCs
for EH-TBB and TDCPP were 0.75 (95% Cl: 0.62, 0.84) and 0.49 (95% CI: 0.31, 0.63),
respectively (Table S3).

4. Discussion

In this study we were able to examine longitudinal changes in PBDE levels in house dust
and handwipes collected from the same homes and the same children at an average interval
of two years. Despite this relatively long time period between sampling, the PBDE
concentrations in dust remained surprisingly similar between the two time points. The
correlation of FR levels between sampling rounds was not only apparent for PBDESs
associated with the PentaBDE mixture, but also with BDE-209, which is associated with the
DecaBDE mixture. This suggests that PBDE levels were fairly constant in the household
over this time period as we observed in an earlier study examining PBDE trends over a 6-8
month period (Allen et al. 2008). A study investigating PBDEs in house dust collected 3-8
years apart also found similar correlations over time (Whitehead et al. 2013). We also
examined the correlation in PBDEs measured in children’s handwipes collected from the
same children, but again approximately two years apart. In contrast to the dust samples,
there were no significant correlations in the handwipe samples over time. This suggests that
the sources in the home remain relatively constant over this time frame, but the behavior of
the children likely changes as they age, and thus may be contributing to differences in their
exposure pathways. Further, we observed increasing handwipe FR levels with age, again
suggesting that behavior may play a role in children’s exposure to FRs; however, data are
not available to investigate behavioral changes in this cohort. Increases in hand surface area
with age may also explain the association we observed between handwipe levels and age.
Further data are needed to investigate the factors driving age and FR relationships
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As part of this follow-up study we also measured the concentrations of several non- PBDE
flame retardants in both the dust and handwipes. Dust concentrations of the
organophosphate flame retardants (TCEP, TCIPP and TDCPP) were equivalent to, or higher
than, levels of PBDES in most cases. These levels are very similar to house dust levels
reported recently from a study in California (Dodson et al. 2012). Levels of EH-TBB and
BEH-TEBP, components of FM 550, were found at levels comparable to PBDEs in house
dust but slightly lower than PBDEs in handwipes. It’s also interesting to note that the ratio
of EH-TBB:BEH-TEBP was very different in the dust (~0.16) than in the handwipes (~1.6).
The ratio observed in the handwipes is more similar to the ratio observed in FM550 (~3),
and may suggest that EH-TBB and BEH-TEBP on children’s hands comes from contact
from products containing FM550. It’s also possible that differences in physic-chemical
properties between the two could affect partitioning to the skin surface. Other sources in the
home may also be contributing to levels of BEH-TEBP in the dust. For example, BEH-
TEBP is the primary ingredient in a flame retardant mixture known as DP-45, which is
applied to polyvinyl chloride plastics and neoprene rubber, and may have some applications
also as a plasticizer (Andersson et al. 2006).

Even though the PBDE levels in handwipes measured from the same children over a two-
year period were not correlated, on average the levels of PBDEs measured in the handwipes
were similar in both sampling rounds. This would suggest that exposure levels during the
approximate two year time frame have remained relatively constant. Generally, the flame
retardants in highest abundance in the dust were detected frequently in the children’s
handwipes samples, suggesting that dust may be the source to the hands. Similar to dust the
FRs detected in highest abundance in the handwipes were PBDEs, TDCPP, and TCIPP. But
in contrast to dust, EH-TBB was detected at higher levels than BEH-TEBP in handwipes.
Although a-HBCD was ubiquitously detected and relatively abundant in house dust samples
(geomean = 214 ng/g), it was not frequently detected in handwipes.

Our group previously observed significant associations between PBDE levels measured on
handwipes with both dust and serum PBDE levels (Stapleton et al. 2012a; Watkins et al.
2011). Particularly in our previous toddler cohort, handwipe levels were the strongest
predictor of serum PBDE levels, suggesting that hand —to-mouth contact may be a
significant exposure pathway. Here we built upon this finding to investigate associations
between handwipes and dust for other FRs. As seen in Table 3, many of the FRs measured
in both handwipes and dust were significantly and positively associated. The correlation
coefficients for PBDEs were very similar to our observations in the previous study
(Stapleton et al. 2012a). The relationship was strongest for EH-TBB and weakest for
TDCPP. These relative differences may reflect differences in the physicochemical properties
of the FRs. For example, TDCPP is a smaller compound and has a higher vapor pressure
than the brominated FRs. Recent research by Weschler and Nazaroff (Weschler and
Nazaroff 2012) speculates that SVOCs present in indoor air may be sorbing to our skin, and
that long contact times in indoor absorptions can lead to significant dermal absorption over
time, despite predicted slow dermal uptake rates. Therefore, the weaker association for
TDCPP between handwipes and dust may reflect a greater source of TDCPP in handwipes
from the indoor air, as opposed to house dust. Alternatively, it’s possible that TDCPP with
its higher vapor pressure may evaporate from the skin surface due to higher body
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temperatures relative to room temperatures, thus leading to a weaker association with dust.
Further studies are needed to explore these potential hypotheses.

The moderate to high intraclass correlation coefficients (ICCs — Table S3 calculated for FRs
on handwipes) suggest that children living in the same home have the potential to receive
the same levels of exposure; however, their overall exposure may be influenced more by
their specific hand-to-mouth behavior, which will be age dependent. This is not necessarily
surprising since house dust is predicted to be a strong source of exposure. As seen in Figure
2, there was very little variability in handwipe PBDE levels among siblings living in the
same home, relative to the variability among households. Some of these differences among
households may also be driven by differences in hand washing behavior/habits among
different families as our data also suggested that frequent hand washing is associated with
lower FR levels on the hands (Figure 1).

5. Conclusion

This study represents the first examination of US children’s exposure to a suite of FR
chemicals in indoor environments. While exposure to some of these FRs is expected to
decrease over time (e.g. PBDES), exposure may be increasing for some of these newer
formulations (e.g. FM 550). In particular, TDCPP and FM550 components were detected
ubiquitously in these samples and exposure is equivalent to (FM550) or higher than
(TDCPP) PBDE exposure. Given the reported toxicity for TDCPP (Dishaw et al. 2011; Gold
et al. 1978) and FM550 (Patisaul et al. 2012; Springer et al. 2012) in particular, more studies
are warranted to determine if these levels of exposure are leading to long term health effects
in children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BEH-TEBP di(2-ethylhexyl) tetrabromophthalate
EH-TBB 2-ethylhexyl-2-3,4,5-tetrabromobenzoate
FR flame retardant

GEE generalized estimating equations

HBCD 1,2,5,6,9,10-Hexabromocyclododecane
ICC intraclass correlation coefficient

OPFR organophosphate flame retardant

PBDE polybrominated dipheny! ether
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TBBPA tetrabromobisphenol A

TCEP tris(chloroethyl) phosphate

TCIPP tris(2-chloroisopropyl) phosphate
TDCPP tris (1,3-dichloroisopropyl) phosphate
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Predictors of FR levels in children’s handwipes. Values represent the multiplicative increase
or decrease in FR levels relative to either a reference group (house dust, hand washing
frequency) or with a continuous increase in age. Analyses were conducted on handwipe data

in which detection frequency was >70%.
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Spearman correlation coefficients for PBDEs measured in house dust (n=30) and handwipes collected (n=31")
at two different time points (approximately 2 years apart).

House Dust Handwipes
Congener rs  p-value rs  p-value
BDE 47 0.61 0.004 0.10 0.57
BDE 99 0.47 0.01 0.09 0.61
BDE 100 0.66 0.0001 0.15 0.42
BDE 153  0.35 0.06 0.08 0.67
BDE209 0.43 0.02 N/A N/A

*
Handwipes were collected from two children from the same family at both time points.
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