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B FININIFERRKXERN&K S H HBCDs #1 TBBPA
HIZH R4S 1E 2 AR EE X e
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FE, bk, FRE, ek, #eR

R K F IR FEFB, T M 510642
5 HHA . 2021-05-04 S HH7:2021-08-22

TE: AR KA 3 DBRF RIS AN IRE WK A, A RAHZE N ST 375 D6 R 4318 38 4 <OM (3% -
TS T = KA H S IR 3+ ¢ (hexabromocyclododecanes, HBCDs) 1 PU 75 XL fif} A (tetrabromobisphenol A, TBBPA)AY 7% i |
HBCDs (W2H URHIE , I3 T RS LI H B fR &, S5 RFRW]. (1)5 R4 h HBCDs MM BE 43300 5 ~ 149 .5 ~
411,85 ~905.8 ~1 076 Fl 11 ~48 745 ng-g™" ,FIE /3510 61 173 329 176 Fi1 6 481 ng-g™' ,HBCDs “F-3 ik B /i = 2N . 3
B S>3T 35357 2> 0T 45307 1, 3% R W 510581/ HBCDs 15 Ye i, BIEETIR 2 , RIS B4 ; TBBPA RO 4351 A
27 ~2 121 98 ~74 202 916 ~ 6 700 .61 ~ 122 986 F 4 568 ~2 631 488 ng-g™', F-HIH 4> H 595 .15 181 .2 480,14 765 Fl
527 653 ng-g~', TBBPA V-4 B th & 2K K . 30T 5> T 25357 453500 35301 1, 5405 400> S B4R > K U4, 3 e WA 5% 05
i) TBBPA V5 Je i i, IR 2 , RiitH A%, 5§ HBCDs 431 1% LA 7] ; 2) TBBPA F9 ¥k 1 =i T HBCDs, J& 321975 444, B
YT 1 40, Hifl35 s K42 19 TBBPA ¥ 55 HBCDs JC%(P>0.05);(3)5 A3 i i I JK 22 #F HBCDs 3 ) o-HBCD Fil y-
HBCD 4 3, B3 PR 32 SRR ARSI T A [ 5 (4) 24 20 855 A HY HBCDs . TBBPA J#i4E A\ F 15 = B 82 itk 20 9 S R A& 4 ~21.7 ng-
kg™ .0.02 ~ 1490 ng-kg™" , HETZS#(EH 200 ng-kg™ H1600 000 ng-kg™); %)L H = & 13514 0.09 ~ 507 ng-kg™' 047 ~
34 774 ng-kg™' ,HBCDs fx = 2 B Him T2 % (H, TBBPA S = B EMN TS HEME S TR, M ILEZ 552 5] TBBPA Fl
HBCDs FYFZ I, 1 5 | SR 5 (5) SRl BR R o K e 7 s S it b, S8 IR 48 A HBCDs (507 ng kg™ -d™'), TBBPA(34 774 ng-
kg™ - d™ ) B R R R A (95% KT )I i TR R LA A, A X 2 B T VR A b X, B BN & HBCDs A1 TBBPA 1975
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Abstract; In the present study, indoor dust samples were collected from five sites of three electronic-waste recy-
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cling areas in Guangdong Province. The occurrence and compositions of hexabromocyclododecane (HBCDs) and
tetrabromobisphenol A (TBBPA) in indoor dust were analyzed. Human exposure to flame retardants (FRs) via dust
ingestion for adults and infants was estimated. The conclusions were as follows: (1) the concentrations of HBCDs
in dust from five sites were 5 ~ 149, 5 ~411, 85 ~905,8 ~1 076 and 11 ~48 745 ng-g~', with average concentra-
tions of 61, 173,329, 176 and 6 481 ng-g~'. The average concentrations of HBCDs ranked as: site 5 > site 3 > site
2 > site 4 > site 1, indicating the most serious pollution of HBCDs in Guiyu Town, followed by Longtang and Dali
Town. The concentrations of TBBPA were 27 ~2 121, 98 ~74 202,916 ~6 700, 61 ~122 986 and 4 568 ~2 631 488
ng-g', with the average values of 595, 15 181, 2 480, 14 765 and 527 653 ng-g~'. The average concentrations of
TBBPA ranked the same with HBCDs in different sites. (2) The concentrations of TBBPA were higher than those of
HBCDs, and TBBPA was the main pollutant. Concentrations of TBBPA were not significantly correlated with those
of HBCDs (P>0.05) in dust from all sites except site 1. (3) HBCDs were dominated by «- and y-HBCDs, and HB-
CD compositions was influenced by light degradation. (4) The highest daily exposure values of HBCDs and TBB-
PA were 0.004 ~21.7 ng-kg™' and 0.02 ~1 490 ng-kg™', respectively, which were lower than the reference values
(200 ng-kg™' and 600 000 ng-kg™"). The maximum daily exposure of HBCDs and TBBPA for infants were 0.09 ~
507 ng-kg™' and 047 ~34 774 ng-kg™', respectively. The maximum exposure value of HBCDs was higher than
the reference value. The maximum exposure value of TBBPA was lower than the reference value. Infants are more
vulnerable to TBBPA and HBCDs, which should be paid attention. (5) Guiyu Town is the largest e-waste recycling
site in China. The highest exposure values (95% ) of HBCDs (507 ng-kg™' -d™') and TBBPA (34 774 ng-kg™'-d™")
for residents in Guiyu Town were much higher than those of Longtang and Dali Town. In these e-waste dismant-
ling areas, more attention should be paid to the pollution and health threat of HBCDs and TBBPA.

Keywords: hexabromocyclododecanes; tetrabromobisphenol A; electronic-waste recycling areas; flame retardants;

indoor dust; human exposure

TR Z2 BHLA 7] (brominated flame retardants, BFRs)
FAPE T IRATAEIG V2 07T, & S SRS 7]
HH AR AT BRSO R E RO
A (tetrabromobisphenol A, TBBPA), 75 & ¥ |+ — %
(hexabromocyclododecanes, HBCDs) Fll £ & — 7K figk
(polybrominated diphenyl ethers, PBDEs) & H i i F
R 3 IR AR BHA . 1A B R AR A 7 o
{9 S8 PE B ), TBBPA. 32 %2 I 45 ) AE ™ 5
HBCDs T % T RAK LG HEH IR IAK IR 5
G RE N Y200 F AT AR DR A
FHLAEIP BT PBDEs Y17 fdt 5 AN 3R 5% 8 b,
VI 22 18 GER M DX ™ 4% B | PBDESs 9 A= 7 FAi T, 9]
WNCITAEEF R BE A 29 ) (2009 4F) ™A% 2% 1k i — %
Mok /TR RN -0 R it ) AR R B
[l T 2006 45 F5 A0 CFL L LT B Hh BIR ) ol 3
SEAT E YT HE 4 ) X PBDEs [ {H FHEAT T BRI,
VB 208 2R Tk AR, 23K 17 3% %7 HBCDs Al
TBBPA 7K SUR34 In, $6 4R 7 , 428k HBCDs )
7 M 2001 4EF¢) 16 700 t 3 M%) 2011 4F/Y 31 000 t,
[ ) HBCDs 7= 2 (1 500 ¢ 3§ 0% 18 000 752001

AEAERXT TBBPA B 7 SR & 258 120 000 t,2004 4F
it 170 000 t, HH 80% T3 9, Jo H2 v ™
2013 4F ,HBCDs #5971 A (W f8 5F /K BE A 29 ) FiHF A
H B IEREAE 2014 AR5,

i 25 AR B B S 1 F T AR SR Rk
18 22 1) B2 TH FL - FI L SR 2 IR &3, FR ™ AR
TESRHE PR, o E B A 5T
2003 4EEL A 1100 000 9 753 [ AL (|- ik 10« v
Bk Z R, AS IEHL A H T A 3 R i R A BRER
S5 RN AR T I 9 B ML, B4 29 70% 1Y 4Bk
Fh e A E AT AR R 2 R X, LG F
45 LML Bl H 15 A 2 TH R 7 5 ok >R FH D
BREEA O FL B A T T AR A IR R VESE
XA AL AR 35 A SRS 8RB
BeAERR, X A Ak B 7 SO AUAE A 7 4 Jm | B
(FRs)F1Z2 5 HX K (polychlorinated biphenyls, PCBs)%%:
15 YR B R EE o, X N S M S v R K
E ) YEAGE AR R AR I T A A — A
L P 0 A DX Tl el 2 PN R 24 R D0 38 T e
ik 449 ~19 600 ng-g ' ((FYI{E 3 020 ng- g )HY
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TBBPA" it i F 8 [ 4L 50 1 = N JK 2 TBBPA 1)
737 ~171 ng-g " H AL I8 % PN JK 22 TBBPA
1490 ~520 ng-g ' Tang 251X 3k R WiV A 77k
TR ABEI | Tl X & RIX 3E3E X S b Fn 4 H
+- 4845 6 25 1120 HBCDs #E47 T HIFSY, & Bl ks 3% 16
f53(60.74 ng-g " HYM TALIX(37.9 ng-g ")y HBCDs
W TR (11.0 ng-g AR H (7.75 ng-g™'), 2
A F31 32 7 B2 A A X (106 ng - ™)™, 4T,
Wu S e TR SRR X KA R kT
Ik BE Y HBCDs(11 ~2 370 ng-g™"), X W L+
J% SR A X R HBCDs A= 7= it 24 1l i /& HBCDs
5 G

TR T R B LU T I AT Sk T B 0 A
SR EE R TR IR AR, DR BEED AR
F 6 AR i TS e P ik

DGR A ] dp K R T b R A b, TR TS

Juin B 51 R JE PR O AP 88 2012 4F 75 QLB ia < =
Kz —, WME2014 F11 A, ) KE ML
ST ) AR T WS G 2 G R AR T R EE
SAEY, A E T PR AR A L G ST ™
M el XA M O I AR

RSB MG LT R IEEE O 1L T R A
Sk T SRS 5 A LRI IR R X A R E R &
K2R i) HBCDs 1l TBBPA , 1 fiff A [|) H, 1~ 357 3
Yk i) HBCDs #i1 TBBPA 5 &40 A 44 1F , LA M
A RN R B2 LAl 3 F T s R R A IX A K 2R 4 A
AT e ) N AR B 88 KT, R AR fat B XU T
At I 22 0 PR A T 3 2 A 5 4 A B AR U R0 4K
P S+

1 ## 57 % (Materials and methods)
1.1 FESCRE

B — A T L 3 BT, DA HL
B SAE IR 25 AR Z A, 6 000 2 /NS
JELE WG S 53X 17k, B AEHF A TSGR i
300 J7 t FL A RN SR O AR A R, A R
i AR AR RSB A AT 1 000 K
AR, HA TR ARl B, Kk
20 4F R A L 5 07 N BIHF ik BATLFEAS 15 s 4 A
WL B3, BRI PR G E T t Z B
5 0RUG R e YRR Eb R IR A F T i 3R T AT
Bl R /0N R ML DX ER AR N E T 3R I
A

2013 4F 9—11 J fetEp X 5 MRS T

56 N3 N IRARREAS . 37T 1(23°32'N,113°03'E ; n=
9) 3T 2(23°36'N,113°04'E ; n=7) 137 fit 3(23°34’
N,113°02'E; n=13){ TiH L i BRI, 5 4(23°
06'N,113°07'E; n=13)F13% I 5(23°19'N,116°21'E;
n=14)53 5T Ll B A Sk T B B,
o RUBEEIEE o 4 24 50 km, FE S I55H2Y 300 km,
FERORIE T REMED AR = N KR 6 i
MR AT S 2R U 2 R 2R 1 T HL 2 ) O B3 vk
/N ER], FREEEGE NN R HETER O
e IR RIS EG AR TE-20 C R
12, B TR0

1.2 FES o BT

IEC R P BE IR | LR TR R ikl
WA T 11 2 S 96 B B A FR A | b D, 4
Bl — S8 Bl TR B & kG Al Ak T A BRA W)
(), 062 HLRE A [ AR 2 BUHE (3 mL, 500 mg)ll
Supleco 2~ FI(USA), KL FRUEY) BT SRM 2585 Il T
USA National Institute of Standards and Technology
(NIST, USA),

AMFFE FH 3] 19 92 35 2% B A AR AL N150-2
(ARZ WAL AS A R A w)) v 38 .0 AL TGL-18MS
(V5 M) | [ 45 B B SBEQ-CG1824 (-1
TSI R B A7 BR 2N w1 YEAL 2101 TH
(TUHZ YRR AR AR,

FES A BT 2 2% SCik okt T E
Z L H S 2 50 mg A5 INA N ERY (P C-HBCDs
TBBPA), R JEIMAIEC St NERQG : 1, V: V)IRA W
T PR, i SupelClean™ Envi™ Florisil [#]
FHZE BT (500 mg,3 mL, Supleo, USA) #4715 vk
AR, 451 400 8 mL IECkeike i, 26 2 410
10 mL LR MEVENL . TBBPA fA17ET45 1 44,
HBCDs f£7E T4 2 #50h, TER WA 5, R PE
TER (44% HeRi R , JH 10 mL 1F C Be i 1k )ik — 4
R4 1 214, 3F 1 10 mL iEC ks & ki1,
Ve WIRGWBENL . 78k B4R TG ,2 1
HATHE 100 WL 52 v JHT o 28 LASEA T SOME -
i 53T

FHl Agilent1200(Palo Alto, USA) ¥ AH (23% (1C) X
HBCDs #ll TBBPA #47 1 43 #r , i W AH (L 15 AL A
Agilent 6410 7 = F PUAR T AN, HL T 55 B 1] T A/EAR
KA BT, FFELA XDB-C18 H:(50 mmx4.6
mmx1.8 wm,Agilent), HBCDs F1 TBBPA HY m/z %%
e 5k 640.7/79 F1 542.7/79 AL 28 S50 5 Fe i1 %
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HI#ESE Hh BT HBCDs 4347 B9 $0AH A1)
1.3 il

ARWFFESHT T T2 H(n=9) FIFRHEY BT SRM
2585(n=3) LSS iEA B 58 H () 43 7 ik . X i A
i H B BRI AT K F 54T A8 T RCGE . SRM 2585
H1f) HBCDs , TBBPA fill %2 {8 52 % {H—E(RSD<
15%)I 2 B R (LOQs) i & N E R T 25 11 AR
DN H AR S0 89~ XA b AR OW 22 09 3 £ .
a-HBCD 8-HBCD , y-HBCD 7E %5 [ H £ i /> F
50 pg, 25 [ AR TBBPA, Xf 1425 KL S b iy
Kk G 9, LOQs W M 10 5 AL A7 M L
a-HBCD B8-HBCD ,y-HBCD HJZE R4 0.5 ng-g™'
(T Fif), TBBPA HE RN 1.0 ng-g™' .
1.4 ¥

84t 4 B >R JH SPSS 22 for Windows % {4
(SPSS,Inc.,USA), HdaZ X B # 5 2 IE &3,
SR FHRUAE 155 43 AT AF 5 N () b A5 18] 35 G 0 7K - 1) 25
5, IR AT 15 G Wk BE K OF- 1) Pearson AH &3 #T
TEGETH AT AR T i R AR AR BE g 4R 12
FE R

2 #ZR 51118 (Results and discussion)
2.1 TS5k EE K R R 53 A

A FE ) ZE P K242 HBCDs M B2 R 5 ~
48 745 ng-g ™' I E R 61 ~6 481 ng-g™' KM
F W KA H1 HBCDs 15 45 ™ H (R 1), 5 T
)28 N K 2 Ff HBCDs 19 ¥ B 3 R 20 591 ol 5 ~
149 5 ~411 .85 ~905 .8 ~1 706 #1111 ~4 8745 ng-
g™ FRE S Ry 22,203 265 .87 Al 1 661 ng-g' .
FEJCYEBURAEN 3 A3 7 AR i FLRE AR A S 7R
[ 2 Py JK 42 HBCDs & & A, SR, 5t
HZ N K2R HBCDs % it 3% = T 0 Y8 550 R K 3,
X EES S T SR PR AR R R Rk i ] 4
A, RN b7 SR A A 8 B2 T e
S, WO R A N K 2 HBCDs 75 4 i T KB4,
S E NS N K2R o HBCDs ¥ % A L, AR AF 58
I E LA R WAL A HBCDs 75 /K 53 |
TIEE RN 22 [ PO 2 Y IR ISR 45 SR AL (3R 2), (R
AT AT SRS AN SRR TP I 2= N ZS P8 K
2 HBCDs J5 44 /K P 1 FI3 2), R WT T B %
Prfit XA 8 R 2 N BREE A >k 1™ H 1) HBCDs 15

®1 EAREHERPEMRT (FRs) WS E

Table 1 Concentrations of flame retardants (FRs) in indoor dust
(ng-g™)
Ty Kt Tl
Longtang Town Dali Town Guiyu Town
R Bl 1 (n=9) Yt 2 (n=7) Bl 3 (n=13) Bt 4 (n=13) Bl 5 (n=14)
Site 1 (n=9) Site 2 (n=7) Site 3 (n=13) Site 4 (n=13) Site 5 (n=14)
FH4{H Average 34 84 225 57 2 862
«-HBCD H{H Median 12 48 131 47 906
[l Range 3~91 4 ~238 37 ~703 4 ~189 5~24 1773
SEXME Average 4 15 23 14 625
B-HBCD H{H Median 3 18 14 8 176
{[l Range 1~11 4 ~29 7 ~64 1~98 1~5148
SEHME Average 22 78 80 105 2 994
vy-HBCD FF{l Median 8 32 57 27 288
Ji [l Range 1~54 2 ~357 34 ~178 2 ~790 5~18 224
SEXIME Average 61 173 329 176 6 481
Y HBCDs FF{ Median 22 203 265 87 1 661
Ji [l Range 5~149 11 ~411 85 ~905 8~1076 11 ~48 745
SEY{E Average 595 15 181 2 480 14 765 527 653
TBBPA H{H Median 131 2075 1793 909 132 257
JFl Range 27 ~2 121 98 ~74 202 916 ~6 700 61 ~122 986 4568 ~2 631 488

I :HBCDs 7R 78 IR+ — 6t ; TBBPA 7R IO XU A,

Note: HBCDs represents hexabromocyclododecane; TBBPA represents tetrabromobisphenol A.
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Y Hrh IG5 S A X0 PR 19 5 ) ey
JYEE, JESEEEY) HBCDs # Bk 85 ~905 ng-g™', i
T Gao ZF"F 2006—2008 4= 1 7 17 #1754 H 1~ Iy 3%
IR IX 2 10 ~20 em)f) HBCDs ¥ J&(29.7 ~ 284
ng g ). XEEEREMIEE SRELRT ] SRR 5 32 FH
JERRSTE R A DG, B H R IR, A D
FEARE T L T AR X 9 HBCDs 15 4 /K S04
78 i V7 T PR R MR B AR R R 10 T ~ 20 ﬁ
t HL I MR AR A N R B R TR KA, KR
HBCDs #E } 54 ~400 ng-g”' ! R T AR =

'ﬁfh.?'ﬁé/ﬁﬁﬁﬁ? ML BRI i R A 1D A REAIR

JCREST SR A OG5 AR A A HBCDs V- 341k FE Hy
%?‘Hﬁﬁﬁ:%ﬁﬁ 55307 35357 2534 T 45377 1, 3%
WISt SE Y HBCDs V5 4 S J, e Y H R 2, KIH
EORIEZN

5 37T % N K2R TBBPA ¥R I 43 51 o 27
~2 121 .98 ~74 202 916 ~6 700 .61 ~ 122 986 Fl
4568 ~2 631 488 ng-g™', FIE N 131.2 075,
1793 909 F1132 257 ng-g”' ,%i"ﬂﬁj@ 595 .15 181,
2 480 .14 765 1527 653 ng-g™', ‘= N JK2: TBBPA

WK HBCDs W 5 ~48 745 ng- g™, X FZE M REV/MKIK N . 5 Mﬁ%ﬁﬁzﬂ%ﬁﬁzﬂﬁ,
x2 ERSERKLE T HBCDs 7 TBBPA £ &
Table 2 Concentration of HBCDs and TBBPA in indoor dust from different regions
(ng-g™")
a-HBCD B-HBCD v-HBCD Y HBCDs TBBPA
Region Parameter References
- . #%/ME Minimum 3 1 1 5 27
X LT3R
" ; e KfH Maximum 24 773 5148 29 392 48 745 2 631 488 VN
South China’ s e-waste )
. F-H4{H Average 817 199 1 340 2350 146 800  This study
recycling sites
#{A Median 87 12 54 185 2 447
f%/]ME Minimum 22 9 70 140
PEZFE(n=31) I KfH Maximum 6 600 7 800 37 000 110 000 201
Homes in UK (n=31) SEX{H Average 2 800 470 2 800 6 000
H{f Median 170 66 440 730
f/]ME Minimum 12 11 65 90
HEIMVAZE (n=6) i K{H Maximum 630 380 2 600 3 600 20]
Offices in UK (n=6) SEXMH Average 250 160 1 000 1 400
F{H Median 100 75 470 650
#5%/]ME Minimum 25 3 34 64
TR FEE(n=8) R AH Maximum 670 130 470 1300 201
Homes in Canada (n=8) SEHI{E Average 340 70 260 370
F1{fi Median 300 72 230 640
#%/IME Minimum 17 6 79 110
2 EFKEE(n=13) KA Maximum 1 800 300 2 000 4 000
[20]
Homes in USA (n=13) SEHI{E Average 260 56 490 810
#{ Median 80 28 300 390
o ERS A A #%/MA Minimum 6 5 639 652 30
= RN I % N (n=56
* L PIE=36) FeA Al Maximum 42274 25 859 54 840 122 973 59 140
Offices in Shenzhen, 21]
. H{H Average 1774 5868 4916 7276 3382
China (n=56)
#{f Median 92 22 2386 2 621 975
LAl 5 f%/]ME Minimum
L I R e (n=18
) ,( ) i K{E Maximum 1 480 [23]
Homes in Belgium (n=18)
1 {H Median 10
VRIS I3 2 (n=18) fx/MA Minimum 45 031
Offices in Belgium (n=18) fx KA Maximum 100
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TSGR AR R B K SRR AR I
A G, YR 2z, R RAR, SR, Je v
B KR SRS H A N K4S TBBPA YUK BE I 5 T
o ERII TP L R B PR 2), AR S P T T
T SRR R B 3 B X5 N K A2 B S TBBPA 1Y
WS T Zeng Z5EPYAE 1 1t T iU B, 1357 SR PR A X
SRAE (1938 N JK 22 ) TBBPA ¥ FF /K 7 CGR 6 iy ~
200 000 ng-g™",SFHI{E N 21 000 ng-g™"), X AT HEFI
SRR B O RN Bt W 4R T B R R X =
PRZEFE G TBBPA W 5 Zeng 5P 72 R I
TrUGER R AR ) LR A 0 SRR R X R R
TBBPA ¥ JEHHL .

X FHL B AR DX S N KR SRR B R
[Fi],HBCDs #1 TBBPA & J [H] (1) AH OCPEAS [\ (3 3),
BT 1 WIAE G 2 8(P 1H)<0.05, FHIF T 1 = MK
/b HBCDs (1977 4: 5 TBBPA I E R E 30 2 .
3.4.5 WAHSE R EU(P1E)H>0.05 , 2B H A Py A4 o
HBCDs fJ7=4: 5 TBBPA ARG . 8T 1 AU
e B KT T A b A, X T RE S R B Y
IS HR e B3 O, AR T L T R I LA
U1K T S B Y T O S R R T SRR AR X N
JKZ21 HBCDs B %) 52 TBBPA 521
2.2 V5L

3 F HBCDs S#H1A (o B Fll y)ITEZE N K A2 K
i ARSI 2| A «-HBCD Al y-HBCD Ay 32 2 ) 4 Xt
e SR | 5 HBCDs 4 90% 5 B £ (/& 1), HBCDs
AJe Xof Bk S ¥ A 43 A RLAE 551X 38807 AN ] 3 5 4 At [X
HL 7 3 A AR [ B i B AN B TR R ) 6, -
HBCD (1 L1 e BURAR R - e 5 81((55+12)% ,

(57£21)% ,(64+16)% )> 5 W5 (50 £16)% ) > K i L
((49+15)%),y-HBCD 1 Hu il i 5 BRAR Uy - T B
FH((37+3)% ,(38+23)% , (29 +16)% )< 5% W5 4H (40 =
18)% )< K4 (44 £15)% ), o-HBCD 7F J¥ 54 3
AR SR S A R I 7E SIS 5 o-HBCD 1)
] 5 y-HBCD 73 L AR I, iX 55 Zeng
SFPUIBT AT R, Tue SEPIWITEHR 28 0 y-
HBCD i HBCDs [ 70% 5 ¥ 2, 1fii «-HBCD 7%
a2 i T y-HBCD % o-HBCD 5444k,
FEALFEE HBCDs A W 1Y i F b A e 2 sl ok I
HOPUR Il
2.3 NIk

N T R SR NAARTE — 2 o) 109 PN 42— 7 vk i
TS G R, 3 o N 2R 8 RN AR B o N R R

S = -HBCD m -HBCD

y-HBCD
80f

70r
60
50F
40r

A%
Composition/%

30F

0 1 L 1 L
YT 2 3 Y4 S
Site 1 Site 2 Site 3 Site 4 Site 5

1 ERR&RLH HBCDs HIZAR
Fig. 1 Composition of HBCDs in indoor dust

*3 =Z=R/KL HBCDs #1 TBBPA K14
Table 3 Correlation between HBCDs and TBBPA in indoor dust

FNRA

Indoor dust

BT 1 BY HBCDs
HBCDs of site 1

%0t 2 £ HBCDs
HBCDs of site 2

)it 4 ) HBCDs
HBCDs of site 4

)i 3 1) HBCDs
HBCDs of site 3

BT 5 B) HBCDs
HBCDs of site 5

Y091 1 () TBBPA
TBBPA of site 1
%51 2 i) TBBPA
TBBPA of site 2
%51 3 ) TBBPA
TBBPA of site 3
Y51 4 ) TBBPA
TBBPA of site 4
Y51 5 ) TBBPA
TBBPA of site 5

<0.05

0331

0.079

0.657

0950
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IR AT R R o T AR LR AR,
PRI ARAS P B AR 2 A B, B3R AT 228 R R AR A
Fr(a S K IR E Y SR P T e S e A
T AR 7 KLU AT ITAG R . A i
15 YL BRI Ak W | R PR A2 Ak RN IR B S IR AR AN
(NS N2 SN DN S el WA IS TRIES SN
I IRE L E WA SRR 2 5% T HBCDs Al
TBBPA W C & A K Z4RIE , I % N K2R B 5%
A N 2 fol IR 855 05 e 0 1) B LR AR ) N Al
Zeng FEPWFSHR KR A 7 N TBBPA G4
AT 76% o SR, & T HL S S B ik DX 1) S R4k
N JRAH R TBBPA 1 % i XU BF 58 A7 PR, Sy
T PPAL A B M DX Ry 3 TR A X B K 2 B R
AR SO LT T B R

WL E N KA EEA FRs B2 Z 5 0UH LR A
AP,

EDI=(Cxm)/BW
A . EDI KL AR FRs & (ng-kg™' -d™");
C 2l FRs TE R E i (ng- g™ ) s m A IRAE W H &
Adt(mg-d™"); BW R AW EA I &L 31K
i 70 kg, BILF AR &R 12 kg, HTHRD
MR 234 H HBCDs #i1 TBBPA W 03504 19 4 4
HRRATER AR 100% W CT5 444, 1 H X HBCDs
SRR RO ELE R . AN EE LT 34 K

DA RS 20 mg-d™ FI 50 mg-d7t, B KA
A4 50 mg-d™' F1200 mg-d™' P ATARE 5 ST
150 I DACH A DX A REAS R BE 58 5% (i 8 h
g B ARSEAE A 95% 43 or K043 i K 2 45%
AR SN L) B R w (K 4),

TBBPA 1) H 58 &t = T T A Hb 53 ) HBCDs %
#& 1L, /& HBCDs Z i85 1Y 4 fiF ~ 154 f5, AmH
HBCDs(H i 40)H1 H TBBPA(H v 450) - 14 2 & S A
THEEDD B KA ~047 ng-kg™ .0.04 ~37.79
ng-kg ™, e R R THE N 0.02 ~1.19 ng-kg™'
009 ~94.5 ng-kg™' ; 22 JLIY H HBCDs(*H i Z0)F1 H
TBBPA (v 50 - 1) 2 i e Al THE R 0.09 ~6.92 ng
kg™ 055 ~551 ng-kg ™' AT RATIHEN 037
~27.7 ng-kg ' F12.18 ~2 204 ng-kg™' . HLAFIZEIL
) #= H HBCDs %52 H5(95% /KF) 530 21.7 ng-
kg ' F1507 ng-keg™', fiefm H TBBPA 2 5 i (95% /K
YR 1 490 ng-kg ' 134 774 ng-kg™' .

IR H 255 5 (95% /K F-) K F , HBCDs (1))
¥ 3T 553900 3> 0T 4>3 1 2>3% )0 1, TBBPA

WIS B 5> 35 07 4> 2535 0 355001 1,
Yt 5 W) HBCDs H f (= 285 50 il e i 1 .35
2 1 3 0 4 19 217 £i5 .80 £iF 41 £i5 .54 £i5, 7
5 () TBBPA H fix =i Z g8l 25 1 % 2 .5
FT 3 3700 4 141 186 175 .35 i 335 % .33 1%, %%
BT 5 Y RO R L™ B, 3K T g 5 0% i S
T PR R A

3 [ E ZWFFE 22 5123 (The US National Research
Council, NRC)2000 4 % ffi l4F A f) HBCDs H % #%
1200 ng-kg ™ P i Wikoft SEPY HE AR A
TBBPA H Z#% &M 600 000 ng-kg ™' o M I % &
95% /K FRAE  AE NFIZE LA TBBPA H 75 it
fIXT Wikoff SEPY A HEUE ; BUAFE A HBCDs H %25%
L T NRC(2000) % fii 25 % (i ; 22 )L Y HBCDs
R 95% K )N 507 ng-kg ™' -d”', RS HH
() 2.54 1%, B2JLHY HBCDs 1 TBBPA H Z# & T
AR 1 ~2 DR, 5 Wu PR 25 AR

i3 % 3 P K2R 1Y) HBCDs i TBBPA (1) A&
B BT FE & I, HBCDs % Ak 2 & XU & T
TBBPA, JLHEXTE L, St 4 — H A 2 TR
L A B B K A M X, BIFST 4 SRR W AR
W SE IR 08 T A FL 2 35 P b (35 BT 5 (B 48)
4 H e o 2% 8 1 (95% 7K P ) 1 BRAE, X M4 2%
22 DA e e, I O 12 M IX 4 B FL - e 3R 3 1) =
P Y LA fa iR fa 3

H T, R %85 W J& HBCDs F1 TBBPA #) T %
T Z —, Shi FFPXTEN 12 N8 B rEEEL
I Y RE b TBBPA Fil HBCDs EAT T #F 98 & BX
REFLR SRR 1 ~6 D H B2 L(7.8 kg)*F TBBPA Fi
HBCDs [1°F-¥) H Z& 88 #2314 5.09 ng-kg™' F15.84
ng-kg™', AR FZ %4 0.26 ng-kg™' il 0.432 ng-
kg™ ;&% TBBPA Hl HBCDs fY H %% & &5 [l 4
023 ~028 ng-kg ' F1026 ~043 ng-kg™" , Hirh P&
DRk, R B, TEEZesEH, Shi 45
KIZ LK) TBBPA H VYR EEEH 234 ng kg™ , 5
ARG 1 B2 H S B FE (248 ng-kg™')
FHIE AR T HoAh 4 ~37/91(633 103 615 F12 198 ng
-kg™');HBCDs H V¥ G5 H 249 ng kg™, GAMSE
370 5 B ELHFH 28R 5270 ng-kg AL, it
BT HA 4 31025072 .1.37 F10.73 ng-kg™),
WA, = F7K = 24 o TBBPA Il HBCDs 15 1A
X, W RELEH B X Se B ) N DS 2 K T4
i, RAR B R R T R AR R
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JEXoF W SR A A3 A DL e NAR R R VTAT . T KA
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W EEF HBCDs Jo5¢, TBBPA ¥ JiE LAl By 1B 4
FFRIX R 1 ~ 4 DNECR I, RV F IR Y Prif Re >k
BRIGYe, AR TR = N K44 HBCDs ¥ LA
a-HBCD Al y-HBCD >4 3= ,{H HBCDs X} i 544 14
I AAETE2E 5, 2 W HBCDs 78 JK 28 w43 it 7 fig
Z RN RIS R, B TBBPA F1 HB-
CDs 1) % B i THEAR T2 %18 ; 2 LY HBCDs
EREEE T2 %4, H TBBPA B &L E T
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