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a b s t r a c t

Indoor environments contribute a significant portion of human exposure to brominated flame retardants
(BFRs) because of their extensive use in various household products. This study investigates the occur-
rence of a number of BFRs in the indoor and outdoor air in a megacity in southern China, in which little
information on indoor BFRs contamination is available. The estimated total PBDE concentrations ranged
from 1.43 to 57 pg/m3 indoors and from 1.21 to 1522 pg/m3 outdoors. The indoor concentrations of lower
brominated PBDEs that are mainly derived from the technical penta- and octa-BDE mixtures were higher
than or comparable to the outdoors, while the indoor levels of DecaBDEs and decabromodiphenyl ethane
(DBDPE) were apparently lower than the outdoors. The seasonal variations of BFR concentrations indi-
cated that evaporation from old indoor products is the primary source of Penta- and OctaBDEs in the air,
whereas most DecaBDEs and DBDPE concentrations showing weak temperature-dependence are largely
released from industrial activities. The PBDE congener profiles in the air were generally similar, which
were dominated by BDE209, 28, and 47; whereas the appreciable indooreoutdoor differences in the
compositions are possibly due to emission sources, photochemical degradation, or congener-specific
transport of BFRs in the indoor and outdoor air. Significant correlations between the indoor and out-
door BFRs were observed suggesting the exchange of BFRs between the two compartments, which are
more noticeable for PentaBDEs and DecaBDEs with strong indoor and outdoor emission sources,
respectively. This study provides significant insights into the sources of BFRs in urban air in China.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

In the past two decades, there have been growing concerns
about brominated flame retardants (BFRs), many of which exhibit
persistence and bioaccumulation properties and have been detec-
ted globally (Hites, 2004; Hung et al., 2013). BFRs are extensively
used in a variety of products in homes and offices such as electronic
equipment, furniture, fabrics, car interiors, and construction ma-
terials to slow the spread of fire (Batterman et al., 2009). Poly-
brominated diphenyl ethers (PBDEs) are a class of the most
e by David Carpenter.
important BFRs, which are manufactured and used in three tech-
nical mixtures as penta-, octa-, and deca-BDE and the former two
mixtures have been restricted under the Stockholm Convention.
With the restriction or voluntary withdrawals of PBDEs, an
increasing number of alternate flame retardants, such as bis(2,4,6,-
tribromphenoxy)ethane (BTBPE), decabromodiphenyl ethane
(DBDPE), and 2-ethylhexyl2,3,4,5-tetrabromobenzoate (TBB), are
being introduced in commercial applications (Stapleton et al.,
2008). Like PBDEs, these chemicals have been found in various
environmental media from different locations in the world (de Wit
et al., 2010; Covaci et al., 2011).

Most of BFRs are physically mixed into products and are readily
released into the environment (Suzuki et al., 2009). Thus, indoor
environments (homes, workplaces, schools, and cars) contribute a
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significant portion of total human exposure to these chemicals as
people spendmost (over 90%) of their time indoors. In recent years,
considerable attention has been paid to the indoor BFR contami-
nation and associated human exposure. High levels of BFRs have
been found in indoor dust inmany regions (Besis and Samara, 2012;
Zhu et al., 2015), which is considered to be an important medium of
exposure to BFRs (Stapleton et al., 2008; Shoeib et al., 2012). A
previous study suggests that brominated compounds are trans-
ferred from products to dust matrices either through miniaturiza-
tion and subsequent direct migration into dust as plastic and textile
fragments or through vaporization and airborne transfer of
microparticulates (Suzuki et al., 2009).

Higher concentrations of BFRs have beenmeasured indoors than
outdoors due to the emission of BFRs from indoor electronic
equipment and furniture (Wilford et al., 2004; Hazrati and Harrad,
2006). Zhang et al. (2011) estimated the total emissions
(87e550 ng/h) of PBDEs from a Toronto office using a Multimedia
Indoor Mode. Batterman et al. (2009) found that BFR-containing
materials in buildings in the U.S. constitute a large reservoir of
these compounds and may be a significant environmental source.
The authors estimated that the aggregate emission rate of PBDEs
from U.S. houses was 4000 ng/h per house. Therefore, it is sug-
gested that indoor emission is a significant source of BFRs in the air
in European and North American countries, where significant
outdoor industrial sources of BFRs are absent because of the
transfer of manufacturing industries as well as obsolete products
and wastes containing BFRs from developed countries to devel-
oping countries (Breivik et al., 2011).

The Pearl River Delta (PRD) is one of the most prosperous re-
gions of China, and many previous studies conducted in this region
revealed the extensive contamination of BFRs in the environment
and biota due to the rapid industrialization and urbanization (Mai
et al., 2005; Meng et al., 2007; Guan et al., 2009; Guo et al.,
2014). High PBDE concentrations (averaged 2450 pg/m3) in the
ambient (outdoor) air have been reported in a city in the PRD (Chen
et al., 2006), which were much higher than those (50e150 pg/m3)
typically observed in urban air in North America, Europe, and other
Asian countries (Tian et al., 2011), implying existence of outdoor
industrial sources. The PBDEs measured in indoor dust in a few PRD
cities were at intermediate levels with means of 2365e6875 ng/g
(Huang et al., 2010; Wang et al., 2010; Chen et al., 2014). However,
little is known about the BFR contamination in the indoor air in this
region, which is possibly different from those in the developed
countries because the BFR applications in products may be varied in
these regions. It is also unknown how the indoor and outdoor
compartments will influence one another in regions where there
are emissions of BFRs from industrial activities.

In the present study, indoor and outdoor air samples were
collected by passive air sampler (PAS) for more than one year. We
aim to investigate and compare the BFR concentrations and
composition profiles in the air, to know the seasonal pattern of BFRs
in the air, and to explore the potential link between indoor and
outdoor compartments in the PRD region, which are very helpful to
understand the emission sources of BFRs in the air in many Chinese
cities.

2. Material and methods

2.1. Sample collection

Indoor and outdoor air samples were collected simultaneously
in a community in Guangzhou City in the PRD, southern China.
Guangzhou has a humid subtropical climate with an average
annual temperature of 22.3 �C in 2013. It is the largest city in
southern China and has a population of approximately 13 million.
The sampling site (23�150 N, 113�360 E) is representative of the
residential areas in Guangzhou without specific BFR point sources
nearby. The sampling was conducted using PASs equipped with
polyurethane foam disks (14 cm diameter and 1.3 cm thick) that has
been described elsewhere (Chaemfa et al., 2014). This technique
can provide time-integrated sampling and has been applied in
many studies on semi-volatile compounds in air (Jaward et al.,
2005; Abdallah and Harrad, 2010).

The PASs were deployed in three buildings (designated as A, B,
and C) from December 2012 to March 2014 (Fig. S1 in the Supple-
mentary Data). Specifically, the samples were taken from one home
in Building A (ninth floor, 90 m2), three homes in Building B (fifth
floor, 70 m2; fourth floor, 70 m2; and fourth floor, 60 m2), and two
offices in Building C (both second floor, 30 m2). The PASs were
suspended (2.8 m above the floor) in living room and open balcony
(outside windows for offices) to collect indoor and outdoor air,
respectively. They were deployed for approximately 60 days in each
sampling session and in total 72 samples (48 indoor samples and 24
outdoor samples) were obtained. Prior to use, the PUF disks were
Soxhlet-extracted twice with dichloromethane (DCM) for 72 h in
total and were dried under vacuum. The PUF disks were wrapped
with aluminum foil and sealed in Teflon bags before and after each
sample collection. Three clean PUF disks were used for monitoring
possible contamination during collection.

2.2. Analytical protocols

PUF samples were Soxhlet extracted with a mixture of hexane
and acetone (1:1) for 48 h. BDE77, 181, and 205 were added as
surrogates to monitor the recoveries before extraction. The extracts
were concentrated to 1 mL and then eluted through a silica/
alumina columnwith 1:1 hexane-dichloromethane. The eluate was
evaporated to dryness and re-dissolved in hexane. BDE118 and 128
were added as quantitation standards.

Sample analysis was carried out using a gas chromatograph
coupled to a mass spectrometer in electron capture negative ioni-
zation mode (GC-ECNI-MS). Di-through hepta-BDEs, pentabro-
moethylbenzene (PBEB), pentabromotoluene (PBT),
hexabromobenzene (HBB), 2,3,5,6-tetrabromo-p-xylene (pTBX),
and polybrominated biphenyl (PBB153) were separated with a DB-
XLB (30m� 0.25mm i.d., 0.25 mm film thickness) capillary column.
For octa-through deca-BDEs, DBDPE, BTBPT, and PBB209, a DB-5HT
(15 m � 0.25 mm i.d., 0.10 mm film thickness) column was used.
Detailed description on the analytical protocols has been given in a
previous study (Tian et al., 2011).

2.3. Quality control

In field blanks and procedural blanks (clean PUF plugs), only
BDE28, 47, and 99 were found, but their amounts were all less than
5% of those in the sample extracts. The concentrations in the sam-
ples were blank corrected accordingly. The amounts of PBDEs found
in the field blanks were not significantly higher than the procedural
blanks. The recoveries of the surrogate standard (mean ± standard
deviation)were 98.2± 19.4% for BDE77, and 73.2± 18.6% for BDE181,
and 74.6 ± 17.6% for BDE205. Reported concentrations were not
surrogate-recovery corrected. The method detection limits, defined
as the mean blank mass plus three standard deviations or a signal
five times the noise level, were between 0.14 and 1.31 pg/m3.

3. Results and discussion

3.1. Concentrations

The air concentrations of BFRs in the present study were
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estimated based on the average sampling rates of PAS for PBDEs in
indoor (1.66 m3/d) and outdoor (4.78 m3/d) environments deter-
mined in two early studies, respectively (Pozo et al., 2004; Hazrati
and Harrad, 2007). The three major technical mixtures of PBDEs
have different compositions of congeners. Lower brominated con-
geners (BDE28, 47, 66, 99,100,154,153, and 138) are derivedmainly
from the technical penta-BDE mixture (designated as PentaBDEs).
The PentaBDE concentrations from the three buildings ranged from
1.43 to 30.8 pg/m3 in the indoor air and from 1.07 to 15.3 pg/m3 in
the outdoor air (Table 1). There was no statistically significant dif-
ference between the indoor and outdoor air (p¼ 0.579, t-test), with
medians of 4.64 and 4.63 pg/m3, respectively. The concentrations of
intermediate congeners (OctaBDEs, including BDE183, 196, 197,
202, and 203), main components of the technical octa-BDEmixture,
were lower than the levels of PentaBDEs, consistent with previous
results in the PRD (Mai et al., 2005; Wang et al., 2010). The outdoor
levels (median ¼ 2.44 pg/m3) were a little higher than indoors
(1.46 pg/m3), whereas several outliers (8.91e20.0 pg/m3) were
found in the indoor samples.

Although the PAS largely collects the gaseous phase, the con-
centrations of highly brominated compounds in the air, which are
predominantly particle-bound due to very low vapor pressures,
were 1e2 orders of magnitude higher than the PentaBDE levels.
The concentrations of BDE206, 207, 208, and 209 (DecaBDEs),
which constitute the majority of the technical deca-BDE mixture,
were significantly higher outdoors than indoors with medians of
454 and 69.6 pg/m3, respectively (p < 0.001). DBDPE is a novel
alternative BFR with high molecular weight also showed appar-
ently higher outdoor concentrations (median ¼ 127 pg/m3) than
indoors (74.9 pg/m3), although the difference is not statistically
significant. This is because airborne fine or ultrafine particles can
penetrate the sampling chamber and are collected on the PUF disk
(Klanova et al., 2008). In addition, technical DecaBDEs and DBDPE
are being used in large quantities in China (Chen et al., 2013) and
consequently are present at higher levels in the environment. The
indooreoutdoor differences for DecaBDEs and DBDPE are incon-
sistent with those found in a recent study in Stockholm, Sweden,
where the indoor concentrations (medians ¼ 12 and 130 pg/m3)
were much higher than outdoors (medians ¼ 0.15 and 0.18 pg/m3)
(Newton et al., 2015). The contamination of DecaBDEs and DBDPE
in the southern China air implied presence of significant outdoor
sources. These chemicals probably release from the great number
of industrial zones distributed across Guangzhou and spread over
the city. The levels and detection frequencies of other target BFRs
(BTBPE, PBBs, PBT, PBEB, and pTBX) were very low and, therefore,
not discussed here.

We observed higher concentrations of PentaBDEs, with geo-
metric means (GMs) of 9.26 pg/m3, in the home of Building A than
homes in Buildings B and C (4.77 and 5.21 pg/m3, respectively);
Table 1
Estimated BFR concentrations (median and range, pg/m3) in the indoor air in three bui
southern China.

Microenvironment PentaBDEs OctaBDEs

Home A_I 8.30 (3.21e30.8) 3.66 (n.d.e8.91)
Home A_O 2.65 (1.07e14.1) 1.65 (n.d.e2.47)
Home B1_I 4.54 (1.75e15.8) 1.38 (n.d.e20.0)
Home B2_I 3.46 (2.10e14.3) 1.55 (n.d.e8.29)
Home B3_I 4.29 (1.52e8.93) 1.28 (n.d.e3.14)
Home B_O 3.40 (1.66e12.8) 2.41 (1.58e5.73)
Office C1_I 3.83 (1.43e12.0) 1.10 (n.d.e6.53)
Office C2_I 6.43 (3.29e12.6) 2.87 (n.d.e10.9)
Office C_O 6.96 (3.44e15.3) 5.50 (2.51e8.53)
Indoor 4.64 (1.43e30.8) 1.46 (n.d.e20.0)
Outdoor 4.63 (1.07e15.3) 2.44 (n.d.e8.53)
while the concentrations of other BFRs in the three buildings were
comparable (Fig. S2). This result indicated a stronger indoor source
of PentaBDEs in homes of Building A probably due to the elder
household products. People moved into Building A around 2000,
while the move to Buildings B and C took place in 2009. In 2007,
PBDEs that are largely from technical penta- and octa-BDEmixtures
were banned in China leading to significant reduction in their use in
relevant products and consequently the emissions from household
products. This finding is in agreement with a previous observation
that the air PBDE concentrations in an office in Birmingham, UK
declined 80% after an old computer was replaced with a new one
(Hazrati and Harrad, 2006). As ventilation facilities are rarely used
for residential buildings and houses in China, the differences in the
indoor air PBDE levels in the three buildings may also be attributed
to housing characteristics. The structures of Buildings B and C
facilitate air exchange between indoor and outdoor environments
via open windows, declining the air levels of pollutants releasing
indoors.

The PBDE concentrations in the outdoor air were substantially
lower than the levels in Guangzhou air measured in 2004, with
GMs of 243 pg/m3 for PentaBDEs and 580 pg/m3 for DecaBDEs
(Chen et al., 2006). In the previous study PBDEs in both gas and
total suspended particles were measured, while in the present
study, only a small fraction of particles were collected and analyzed.
This could be one reason for the lower PBDE concentrations found
in the current air. However, the phase-out of PBDEs (with the
exception of deca-BDE) in China may be the main reason for the
significant reduction of PBDE levels in Guangzhou air, especially for
the lower brominated BDEs.

High indoor levels of lower brominated BDEs that are mainly
from technical penta-BDEmixture have been reported from Canada
(median ¼ 100 pg/m3) (Wilford et al., 2004), the U.S. (760 pg/m3)
(Johnson-Restrepo and Kannan, 2009), and some European coun-
tries (medians ¼ 58e4000 pg/m3) (Harrad et al., 2004; Batterman
et al., 2010; Vorkamp et al., 2011; Zhang et al., 2011; Thuresson
et al., 2012). Although different sampling methods (active low-
volume air sampler or PAS) may cause differences in the mea-
surements, these values were obviously higher than the indoor
levels in this study. Our indoor results were also lower than those in
Germany (median¼ 37.8 pg/m3) and Australia (18 pg/m3) and were
comparable to that only in Kuwait (8.2e8.6 pg/m3) (Gevao et al.,
2006; Fromme et al., 2009; Toms et al., 2009). Furthermore, in
most of these regions, the indoor PBDE levels in workplaces were
much higher than residential levels, whereas in our study the PBDE
levels in offices are comparable to or lower than those in homes.
This result implied that PBDEs are probably used much less
frequently in workplaces in China than other countries and that
people will be exposed to more PBDEs in workplaces in these re-
gions than in China.
ldings (A, B, and C) and corresponding outdoor air in a community in Guangzhou,

DecaBDEs PBDEs DBDPE

80.4 (49.5e219) 84.0 (5.19e255) 79.7 (20.8e409)
169 (34.0e533) 169 (1.21e538) 117 (14.8e325)
55.0 (17.7e523) 58.4 (3.95e537) 50.1 (9.00e837)
124 (30.1e159) 96.3 (3.57e165) 110 (13.6e754)
33.5 (1.31e220) 35.5 (7.93e226) 37.4 (12.6e224)
436 (105e595) 404 (1.66e603) 127 (5.11e228)
54.4 (13.6e115) 45.1 (1.43e118) 22.1 (18.2e181)
119 (35.8e205) 114 (6.65e215) 121 (52.2e369)
784 (454e1511) 785 (3.44e1522) 355 (24.6e449)
69.6 (1.31e523) 68.5 (1.43e537) 74.9 (9.00e837)
454 (34.0e1511) 404 (1.21e1522) 127 (5.11e449)
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Currently, limited information on indoor air contamination of
DecaBDEs can be found. The indoor air levels of DecaBDEs reported
from other countries (medians < 42 pg/m3) (Fromme et al., 2009;
Johnson-Restrepo and Kannan, 2009; Batterman et al., 2010; Bjor-
klund et al., 2012) were much lower than the levels in the present
study, except that higher concentrations (medians ¼ 130e3800 pg/
m3) were found in Sweden (especially in offices and daycare cen-
ters) (Bjorklund et al., 2012; Thuresson et al., 2012). The substan-
tially lower indoor air levels of PBDEs (except for DecaBDEs) in the
present study were probably attributed to less rigorous fire pre-
vention standard in China than in North America and Europe,
which results in the small use of BFRs in indoor products and lower
emission from the products.

3.2. Compositions

The congener profiles of lower brominated BDEs in the indoor
and outdoor air were generally similar suggesting a common
source for them (Fig.1). These PBDEswere dominated by BDE28, 47,
and 99 collectively accounting for 75.1e85.3% of the PentaBDEs.
The profiles were not similar to the compositions in the technical
penta-BDE mixtures, in which BDE99 (42.0%) and BDE47 (36.6%)
are predominant (La Guardia et al., 2006). This is because less
brominated congeners have higher vapor pressures and are more
prone to evaporate from products. This is supported by the con-
tributions of BDE28 and 47 in the indoor and outdoor air. The
Fig. 1. BFR compositions in the indoor and outdoor air: congener profiles of the lower bro
DBDPE to DecaBDE (C). Error bars represent standard deviations.
contributions of BDE28 exceeded those of BDE47 in the indoor air,
while BDE47 showed noticeably higher contributions than BDE28
in most outdoor air. This difference, however, could also arise from
congener-specific migration behaviors from indoors to outdoors
and/or photochemical degradation of PBDEs outdoors. Raff and
Hites (2007) found that photolysis is responsible for most of the
removal of gas-phase PBDEs from the atmosphere.

The congener profiles of highly brominated BDEs were signifi-
cantly similar in respective indoor and outdoor air than between
them, with BDE209 comprising over 88.4% of them (Fig. 1). It was
found that the contributions of nona-BDEswerehigher indoors than
outdoors, and the indoor profiles were closer to those in the tech-
nical products (La Guardia et al., 2006). Because of the low vapor
pressures, nona- and deca-BDEs are associated predominantly with
particles. The indooreoutdoor difference was not likely a result of
photolytic processes in the outdoor air, as particle-bound PBDEs are
much less susceptible to photodegradation especially in urban
carbonaceous aerosols (Raff andHites, 2007). The differencemay be
due to different behaviors in the process of migration of these con-
geners fromoutdoors to indoors. Alternatively, the disparities in the
profiles could be a result of variations of congener-specific passive
sampling rates between indoors and outdoors because of different
temperature and wind speed in the two environmental compart-
ments (Klanova et al., 2008). To our knowledge, no studies havebeen
conducted to investigate the influence of these meteorological pa-
rameters on congener-specific sampling rates of PBDEs. A study
minated BDEs (A), congener profiles of the highly brominated BDEs (B), and ratios of
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investigating thewind effect on polychlorinated biphenyls (PCBs) in
the laboratory found that the influence was more pronounced for
highly chlorinated congeners than for low chlorinated PCBs as air
velocity increased (Tuduri et al., 2006).

The ratios of DBDPE/DecaBDEs in the air were also compared,
since DBDPE is a major replacement of deca-BDE product. In the
indoor air, the ratios exceeded one in 50% of the samples
(median ¼ 0.95); while in the outdoor air, the ratios are less than
one in 90% of the samples (median ¼ 0.38). Although potential
differences in indooreoutdoor sampling rates and migration be-
haviors for these two compounds possibly influence the ratios, such
remarkable indooreoutdoor differences were likely indicative of
more robust outdoor sources of DecaBDEs than DBDPE to the air in
the study area.

3.3. Seasonal variations and correlations

The seasonal variations of BFR concentrations in the air and of
Fig. 2. Seasonal variations of BFR concentrations in the indoor and outdoor air from Building
MareMay, MayeJul, JuleSep, SepeNov, NoveJan, and JaneMar, respectively. The curves are
the monthly average ambient outdoor temperature (13.3e28.5 �C)
were depicted in Fig. S3 and only those for Building B were shown
in Fig. 2. It is interesting that the concentrations of PentaBDEs
showed similar temporal variations to the ambient temperature in
all the indoor and outdoor environments. This clearly indicated that
these PBDEs, with higher vapor pressures, were strongly controlled
by temperature-driven evaporation from indoor products and/or
construction materials. The concentrations of OctaBDEs showed
significantly or moderately temperature-dependence, suggesting a
similar emission mechanism to the PentaBDEs. However, it could
not be ruled out that part of PBDEs in the air may be derived from
evaporation from contaminated surfaces (e.g., soils, water, or
plants) around the sampling location. It is expected that the
temperature-dependence of air concentrations of DecaBDEs and
DBDPE was much less significant given their low vapor pressures.
Moderate temperature-dependence was observed only for a few
indoor environments. The finding confirmed the primary industrial
sources of these two BFRs in the air in the study region.
B. Note change of scale. S1eS8 represent the sampling sessions of DeceFeb, Feb�Мar,
the average outdoor temperature in each sampling session.



Fig. 3. Pearson correlations between the indoor and outdoor air BFR concentrations from the three buildings.
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Pearson correlation analysis among the BFR concentrations
(log-normalized) was conducted for indoor and outdoor air,
respectively (Fig. S4). Correlations for the indoor air BFR concen-
trations showed that there were significant correlations among
PentaBDEs, OctaBDEs, and DBDPE (r¼ 0.528e0.670, p < 0.002). The
significant correlations between penta-BDE and DBDPE is surpris-
ing considering their applications in different types of products
(furniture and electronic equipment, respectively) and physico-
chemical properties. The result may suggest the existence of indoor
sources of DBPDE as well as a generally similar influence on the
indoor BFR contamination. However, the influencing factors are
unknown and merit further investigation. There were no signifi-
cant correlations between Penta- or OctaBDEs and DecaBDEs, but
DBDPE showed significant relationships with DecaBDEs (r ¼ 0.491,
p ¼ 0.001).

In the outdoor air, significant correlations were also found for
the concentrations of PentaBDEs, OctaBDEs, and DBDPE
(r ¼ 0.470e0.680, p < 0.003), while they did not show significant
correlations with DecaBDE levels. The likely explanation is that
there are strong outdoor emissions of DecaBDEs such as from in-
dustry affecting their correlations. The high outdooreindoor ratios
and weak temperature-dependence compared to other BFRs sup-
ported this hypothesis.

Correlations analysis was also conducted between the indoor
and outdoor BFR levels (Fig. 3). Interestingly, the correlations were
most significant for penta-BDEs (r ¼ 0.536, p ¼ 0.007), followed by
those for deca-BDEs (r ¼ 0.521, p ¼ 0.019), octa-BDEs (r ¼ 0.468,
p ¼ 0.024), and DBDPE (r ¼ 0.439, p ¼ 0.046). These correlations
were likely a reflection of the interactions between the indoor and
outdoor compartments for the BFRs. The indoor and outdoor con-
centrations indicated strong indoor sources for PentaBDEs and
outdoor sources for DecaBDEs compared to OctaBDEs and DBDPE in
our study area. Thus, PentaBDEs and DecaBDEs may exert a more
significant influence on the opposite compartments than the other
two classes of BFRs do, and showed more significant indooreout-
door correlations.
4. Implications and conclusions

This study investigated the occurrence of a number of BFRs in
the indoor and outdoor air in a megacity in southern China with
rapid economic development. We observed much lower indoor
levels of PentaBDEs and considerably smaller indooreoutdoor dif-
ference compared to developed countries because of the less
rigorous fire prevention standard and legislative restrictions of
these PBDEs in China. Emissions from indoor products manufac-
tured before 2007 are the primary source of Penta- and OctaBDEs in
the air and the processes are temperature-dependent. DecaBDEs
and DBDPE showed apparently higher outdoor concentrations are
largely released from industrial activities. The significant correla-
tions between the indoor and outdoor BFRs suggest the in-
teractions between the two compartments, which are more
noticeable for PentaBDEs and DecaBDEs. The differences in the
PBDE congener profiles are possibly due to emission sources,
photochemical degradation, or congener-specific transport be-
tween indoors and outdoors.

Current study provides significant insights into the sources of
BFRs in the indoor and outdoor air in China. Nevertheless, it is
insufficient for elucidating the factors influencing the
indooreoutdoor differences in PBDE congener profiles as well as
the correlations between some BFRs, which need further research.
Further research is also warranted to estimate the inventory and
emissions of banned PBDEs in products and the emissions of
current-use BFRs from industry in the city.

The findings implied that the overall health risks of exposure to
PBDEs via inhalation are lower for Chinese than for North American
and European populations because of the substantially (more than
one order of magnitude) lower indoor levels and people's long time
spent indoors. However, indoor and outdoor air levels of some
currently-used or emerging FRs are expected to be high in many
Chinese cities compared to developed countries because of China's
dominance in global manufacturing, raising concern about human
exposure to emerging flame retardants.
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