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Indoor Exposure to Particle-Bound BFRs via Inhalation
LI Xiu-wen,ZENG Hui" , NI Hong-gang
(Shenzhen Key Laboratory of Circular Economy, Shenzhen Graduate School, Peking University, Shenzhen 518000, China)

Abstract: Size-fractionated atmospheric particles were collected in the closed room, ventilated room and outdoors in a university

campus and analyzed for polybrominated diphenyl ethers ( PBDEs) and hexabromocyclododecane ( HBCDs). The concentrations of
particle-bound Z PBDE (sum of four PBDE congeners) indoors were significantly greater than those in other regions and similar to the
levels in electronic waste recycling sites. In all the samples, BDE209 and a-HBCD were the dominant congener for PBDEs and
HBCDs, respectively. The size-fractionated distributions of airborne E PBDE displayed bimodal peaks in 0. 4-0.7 and 5. 8-9. 0 pm in

the closed room, but only a unimodal peak in 4. 7-10. 0 pm in the ventilated room and outdoors. For HBCD, approximate 90% HBCD
were found on coarse particles (aerodynamic diameter (D) >2.1 pm). The inhalation intake of PBDE and HBCD in closed and
ventilated rooms were 22.56- 1503 pg:(h-kg) ', 0.09-9.25 pg:(h-kg) "' and 13.89- 601.1 pg-(h-kg) ', 0.07- 1.75
pg- (h-kg) ~', respectively. These estimates were much lower than the exposure via dust ingestion suggesting that inhalation of
particle-bound BFRs may not be a vital exposure route.

Key words ; polybrominated diphenyl ethers ( PBDEs) ; hexabromocyclododecane ( HBCDs) ; atmospheric particles; classification;

exposure via inhalation
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Fig. 1 Particle distribution in different parts of respiration tract
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FEVL R M 0.028 m’ -min ™', LR 3 b, BEL R AL
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Table 1  Concentrations of particle-bound PBDEs and HBCDs/pg-m ~3

HeSEAE I H > PBDE Jus +i > HBCD a-HBCD B-HBCD y-HBCD
Min 2.3x103 BDL 2.3x103 14.5 11.8 1.81 1.89
FFHA B[] Max 1.3 x10° 1.4 x10* 1.2 x10° 1108 794. 195 119
Median 7.2 x10* 1.2 x10* 5.8 x10* 89.9 71.2 11.3 7.50
Min 7.0 x10° 244 6.8 x103 5.42 4.16 0. 40 0. 86
38 K5 1] Max 4.2 x10* 1.2 x10* 3.1x10* 207 159 29.0 19.1
Median 2.6 x10* 5.2 x10° 2.1x10* 13.7 11.0 2.09 3.25
Min 88.4 BDL 88.4 0.50 0.50 BDL BDL
FUANRSR Max 7.0 x10* 1.6 x 10* 5.4 x10* 5.42 4.48 BDL 4.14
Median 352 293 352 2.43 1.66 BDL 2.54

1) BDL AR F 35 A D B

KK, LA PBDEs S, 1 M T — S5 g I A5 S T
WORLY) b3 ) 11 Fh PBDEs (425 BDE-209 ) [k
R 755 pgem 55— LAY TSP L #a iY) 22
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FSEIG () B 359 o S 8 T ORI (R AR I R AR R
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FEHY PM o A A e V7 JOURE 4 ) — /N o, HT R B
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> HBCD 2 16.3 pgem 5 FAMERL T > PBDE
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TR LI A 25 6 L ) B e b, B
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TEANAEE, M HF 5T R AR B i 22 7
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Table 2 Comparison of particle-bound PBDEs in other studies/pg-m ~3

A > PBDE BDE209 Sk
MRS 58.3(2.25~198.9) [30]
Jemth 1488(5.36 ~5850) 728 (BDL ~2 890) [29]
Il 1469(133.1~7070) 714(56.7 ~3500) [29]
DA 22.8(1.1~77.7) 10. 7(BDL ~38.0) [29]
hiri

B ab B 16 600 (5450 ~36 900)) | 21 500( 13 200 ~45 400)* [31]
Il 118 ~200% | 204 ~372% [31]
s 1.6 ~9.8%, 33.8 ~358% [31]
wEhph R 1344.6(311.4 ~52363) 66267 (1082 ~49 937) [12]
IpAED 688.6(261.4 ~22047) 170.3(80.1 ~13732) [12]
fEE? 879.8(164. 1 ~14 345) 251.5(39 ~11468) [12]
M EN 248 (BDL ~1810)% | 241(BDL ~567)% [18]

1) BB IFWUR Y (TSP) 2745 13 # PBDE(BDE-17,-28, -47, -66,-85,-7,-99, -100, -138,

-153, -154,-183,-209) By Fl; 2) S AHFUBURLAH

(TSP) B9 55 3) PM, < %45 % 22 Ff PBDE(BDE-3, -7, -15, -17, -28, -49, -71, -47, -66, -77, -100, -119, -99, -85, -126, -154, -153, -
138, -156, -184, -183, -191) [24F; 4) SEIFWURIY) (TSP) 44514 22 # PBDEs(BDE-3, -7, -15, -17, -28, -49, -71, -47, -66, -77, -100,

-119, -99, -85, -126, -154,
BDE209 ¢ &

1/0 {HJ2 % NN B ARk B (0 AR, FH R s e
FWNANHBRZIAIROCER. 43 BT T S b ] A
i WG (] 5 AR R RRLAR LR B AR
170 {H. X}F PBDEs, 3[4 7 [a], T 545 54 1.6 ~
210 Z [, T % 38 U5 (], B AE 1.0 ~ 21 Z (1]
(K 2); X HBCDs, [ iRt B {E 43514 0.7 ~ 81 Al
0.7 ~27. AR FIEREIEA, B BIA] A 55 7 4h 22 5 5
B . Hrh& k4 - PBDEs 19 VO ¥ KT 1,15
B PR oK [ A SR 1 (D, <1 pm) ()
y-HBCDs 19 1/0 /NF 1, BaBHZ W) i vl e 52 3] %
HNERBE (R R K.
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AR = WAL, UK AH 201 19 BDE- 209 7 #|
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Table 3 Inhalation exposure of BFRs in the closed and ventilated rooms/pg- (h-kg) '
5iH . LA YE L/ wm
9.0~10 5.8~9.0 4.7~5.8 3.3~4.7 2.1-~3.3 1.1~2.1 0.7~1.1 0.4~0.7
JLR 0.68 1.1 10.8 1.12 1.07 0.98 1.00 0.26
AR 2.26 2.96 127 5.40 5.48 5.46 5.74 118
> PBDE 2.95 3.57 137 6.54 6.58 6. 46 6.75 163
FHIpE] «-HBCD 0.28 0.04 0.23 0.03 0.04 <0.01 <0.01 0.01
B-HBCD 0.05 0.01 0.03 0.01 0.01 <0.01 <0.01 <0.01
y-HBCD 0.03 0.01 0.03 <0.01 0. 01 <0.01 <0.01 <0.01
> HBCD 0. 36 0. 06 0.29 0.04 0.05 0.01 0.01 0.01
JLIR 0.39 0.24 0.49 0.37 0. 41 1.55 0.27 0.78
TR 1.18 15.6 4.14 3.24 2.66 8. 60 1.77 2.61
> PBDE 1.57 17.0 4.64 3.49 3.08 10. 2 2.02 3.02
WHFFE «-HBCD 0.07 0.11 <0.01 <0.01 0.01 <0.01 <0.01 <0.01
B-HBCD 0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
y-HBCD 0.02 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
> HBCD 0. 09 0.14 0.01 <0.01 0.01 0.01 0.01 0.01

1} H 7 18] v 28 el M I 18 %% §% 1Y PBDEs #l
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0.09 ~9.25 pg- (h-kg) ~". X5 ] A4 2 25 & 43 5l
J 13.89 ~ 601.1 pg-(h-kg) " Al 0.07 ~ 1.75
pg- (hekg) ' ARGIR AT EH AT A s ] A4 WG %
L IE Rl R g . — R, AIT2A 23.8%
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TEIMVAE R H R RN 15. 4 ng-d ™', KBS
TN B S B0 25 A2 (3. 3 ng-d ~') ™' HBCDs
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Table 4  Comparison of exposure via ingestion of dust and inhalation of particle/ng-d ~'

wiH RFHEA > PBDE BDE209 > HBCD Sk
TR 4 40.2(6.1~358.8)"  15.1(2.3 ~276.6) [12]
DL NN 2.2% [13]
TR 41. 6V [13]
KA N 34 64 [32]
e A 90 66 [32]
KA N 17.4% 16 6.6 [33]
N A 2.4 ~6.6% 2.2~2.5 0.9~1.5 [33]
ek 2.3 [20]

33 [34]

1)11 7 BDE $52§% & 2 F1( BDE-28, -47, -66, -100, -99, -85, -154,
-153,-154,-183,-197,-196,-203, -209) ; 3) PM,, | HBCDs

0T B A B A A I R R i . A Bl
5 NSRRI RRLEIE AT, R IR S Tk BB/, &
UKL BFRs 1992 FRvk 7K 7 B FEBE R AL Y 22 4k
TR AN TG A 33X T AE X 2 88 Al 330 25 R ™ A AN il e
PESZIR. e, B il TT RE &Y 2 B (] T 5
(0Pl 22 , (EL H B S (B TSR A R, X T BELAR I 7 45 1t
REAR b1 3 A1 b 2 B 1H 5 00 235 SR 1 52 e C v
W
£5 SEMFAIHED PBDEs HREFE™ /pg- (h-kg) !

Table 5 Comparison of exposure from gas and

particle-bound PBDEs/pg- (h-kg) ~!

e _ TERR

S WURLAH
Jtae 0.17 12.4
BB 0.55 6.52
Kik 0.11 1.27
I 0. 69 12.24
I IR Vi 0.12 1.55
W 0.7 1.67
Fipt 0.01 0.19
2 0.11 2.04
M E 0.44 1.67
Ve 0.17 1.52
i3 0.17 6.88
FRE M 0.01 0.08
HIW 0. 003 0.13

3 it

(1) REFORY) h PBDEs LAJLIR IR 5,
HBCDs Pl a-HBCD N &, & NIk E R E 4N E 5, H
SR KA FI T3 TS G 1) 2 AN, N = I

(2) PP % A BFRs 2 85 it /N T K2R 5 A Y 2
#E i PPN JE: BFRs B N AR R #2110 £ 2R 12

-153, -138, -183,-209) ; 2)10 fl BDE % #& & 2 Fl( BDE-47, -99, -100,

(3) BFRs 1A [l KA FUR 4y - 4 rp 7 B2 5
R LU B RE A K.
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