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Abstract Indoor diy deposition of eight homes and offices in the urban area of Shanghaj China were sanpled w ih clean ghss p hte
during July toAugustof2008 to sudy the ndoor depositbn fluix and congener profiks of polybrom nated d phenyleters ( PBDEs). 16
PBDEs congenerswhich mchiding BDE-17, -28 71, 47 -66 -77, -100, 99, -85 -11§ -154 -153 -138 -183 -190 and BDE-
209 w ere m easured by GGCM S with negative cham ical bnizaton (NCI) in sekcted bn monioring ( SM ) mode The particu hte
deposition flux of PBDEs i homes and offices were (10.9 £ 82) and (14 2 £ 11. 9) ng® (m?* d)~' respectively DecaBDE
( BDE-209) was themajr compound, accounting for 88. 2% -99. 2% of the quantified PBDEs The particu hte depositbn flux n the
offices [ (3.1 £2.0)mg* (m*s d)~']was relatively bwer han that of homes but the concentration of PBDEs i the particles
[ (3361. 6 £ 1987.4) ng® ¢ '|was significantly higher han that of homes [ (1 169. 1% 647. 1) ng* ¢ ']. The concentraton of
PBDEs in the ndoor dry deposiion of Shanghai ranked in the middle level comparing with other cities around the word The indoor
deposition flux of PBDEs wasmainly correlated with the flix of particle deposition and the usage of ekctrical and ekctoni products

but not the nterbr decoration and the anount of fum inre
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10~ 100 ', 8
( ) 1), 2 25 @ X
" Lotber ™ PBDE s 32 an : 2008 7~ 8
, POPs , PBDE s , 8 (564d).
PBDE s , ,
PBDEs , .
PBDEs 3 (Kmwipes K mberl—
, Clk US)
PBDEs ,
, (20T,
45% ) 24 h .
/ (1:1) 36 h
2 ’[ l()] 2
[20] '
— 12
12.1
, PBDE s A ccustandads ( New H aven
CT, USA), " C—CB-141, " C,—CB-208 ° C,-CB-
i 209 Canbridge Isotope Laboratories ( Andoves
MA, URA). (
1.1 )>
1
Tablk 1 Detailed infom ation of the s pling sites
/m? / /he d7! / /he d! /he d!
H1 35 2007 1 5 \
H2 12 \ \ 1 \ 24 he d&!
H3 15 1998 1 1 \ \
H4 30 2007 1 \ \ \
HS 20 1996 1 \ \ \ 8 he d!
Ho6 25 2007 1 4 \ 2 Sh d!
H7 20 2006 1 12 12 \
H8 16 2007 1 4 4 8
/m? / /he d! /he d°! / /
01 400 2006 80 9 9 \ \
02 35 \ 12 24 15
03 60 1998 4 8 8 1
04 35 2003 9 9 8 1 0.5he d&'!
05 25 2007 8 8 8 1
06 600 \ 160 8 125 4 10
07 15 2006 1 1
08 40 2007 9 8 \ 2
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1.2.2
Chen '
" C1,-CB-141, " C;,-CB-209 / (LI 1)
, / , /
A 10,
N‘szO4,
70 mL / (1: 1)
PBDEs s 1. 5mL
: , 50 KL
1.2.3
" C1,-CB-208 \

- (Agilent 6890N GC
connected to an A gilent 5975 M'S)

(negatve chemical pnizatbn, NCI)

(SM) PBDEs .3~ 7
30m DB-5ms (30m X 0.25 mm X 0. 25 Hm,
KW Scientific), : 110C Il mn
20C /m in 180°C, 2C /min
2807C, 10C /m i 305C 15mi,
1. 0mL/m n BDE-209
DB-5m s (9m x0.25 mm % 0. 1 Hm),
, 110C
10C /mhn 300C, 6 min 1.5
mL/mn ) 2 UL,

_ 290 285
250C. 3~ 7 79 81, BDE-
209 79 81 486.7  488.7.

(" C1=CB-208) . 473.8 475.8

477. 8 ¥ Cp-CB-141 :

369.9 371.9  373.9 " C,—CB-209
. 507.7 509.7 5117

BDE-17, 28 -71, 47 -66 -77, -10Q
-99 -85 -118 -154 -153 -138 -183 -190
BDE-209 16

5
7~ 8 3.36
, 3~ 7 0.04~ 0.17 pg
BDE-209  0.29 pg
1.2.4

BDE-47 (6 pg), 99 (1 pg)

~209 (38 ng) . % . PBDEs

8% T S,
3~ 7 < 1%, BDE-209 < 20% .
3~ 7 0.12 ~ 0.46
pg* (m’+ d)” ', BDE-209  0.81 pg* (m’* d) .
¥ C,,-CB-141 " C,,—CB-209
8% ~ 10%% 8% ~ 109%.

2.1 PBDEs

> PBDEs
(109 £ 8.2) (142 % 11.9)
ng* (mz' d)fl, 2 ,
PBDE s ,

, PBDE
, 14.5

10.5 PBDEs

2 2
[H1 ~ HS (88 £ 42)
mg* (m’* d) '] [01~ 07 (3.1
£2.0) mge (m™s 4],

08 , .
D) 501’1'1
. : , 08
PBDEs .
PBDEs [(3361.6 %
1987.4) ng* g '] [(1169.1 £
647.1) ng* g '], 3.
(08 ) PBDEs
(R®  0.57%
0.615 1), PBDEs
i PBDE s
PBDE s
( ),
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Fig 1 Comelatons between deposition flux of PBDEs and particulates in han es and offices of Shanghaj China
2 -1
2 PBDEs /pg (m°* d)
. . . ~ . - 2 -
Tabk 2 hdoordry deposition flux of PBDEs in hanes and offices of Shanghai China/pg (m?e d) ~!
HI  H2 H3 H4 H5 H6 H7 H8 Mem SO Ol 02 03 04 05 06 07 08 Meam
BDE-17 07 0.7 37 05 02 36 04 26 L5 L5 03 43 L3 22 L1 07 02 L7 LS 1.3
BDE-28 28 2.5 1.0 07 12 2.6 16 LS 66 75 LS 188 57 62 35 L8 07 59 55 5.8
BDE-71 1) 732 3.0 ©.8 5.0 l6.4 2.0 6.5 244 32 29 158 R0 B6 198 183 449 65 655 283 189
BDE-47 265 15.3 S8B.8 46 6.7 1067 4.6 27 4T Isk4 186 1 58 826 469 282 27 KL2 581 4.9
BDE-66 56 3.1 1.2 14 24 41 36 125 67 51 66 128 84 151 43 31 05 108 77 5.0
BDE-77 L7 06 14 07 09 21 12 30 L5 08 12 22 14 24 07 07 W) 23 14 0.9
BDE-100 55 2.7 189 15 2.0 58 52 31 162 X5 26 167 50 145 132 49 04 7.4 168 5.2
BDE-9 4009 2.2 431 160 125 5.8  F.1 259 767 148 20 00 4.5 931 784 625 52 202 170 165
BDE-118 84 2.1 57 16 3.0 32 45 72 45 24 157 85 73 1L3 44 24 03 1.2 76 5.1
BDE-85 22 0.4 47 03 08 08 12 L0 27 49 ND 40 20 37 36 21 ND 269 53 8.9
BDE-154 66 3.7 %1 25 26 1.6 72 29 64 74 27 120 76 80 195 57 1.0 358 ILS 1.4
BDE-153 1.7 7.6 2.2 46 43 42 9.6 104 92 57 76 28 N4 187 837 228 24 454 279 2538
BDE- 138 29 1.1 36 10 11 ND 22 LO L6 L2 ND 33 29 32 73 L2 ND 7.0 31 2.8
BDE-183 218 15,1 W6 9.0 7.4 46 205 1.3 48 83 91 B1 X2 199 475 428 59 435 758 149
BDE-190 54 47 63 28 34 ND 63 ND 36 26 24 73 128 56 172 60 42 89 80 4.9
BDE-209 251535 6680.816771.5 9210.9 5312.3 1543.3 16 173.1 3750.6 105745 80634 475.3 208.3 278825 4019.6 8017.8 7960 3(51.5227/5.61382.7 1179.1
E PBDEs 25369.3 6792.718034.7 928.3 S377.1 1749.3 16354.0 3907.1 10858.4 82169 48763 R447.3 B12B.4 4259 8707.4 8258 3®M1.423779.314198.3 11906.0
BDE-209
7 99.1  %.4 9.0 ®.2 ®8 82 B9 %0 %5 40 9.5 ®I NI 929 919 972 990 958 965 2.8
PBDEs
P 160 9.4 7.6 131 39 54 1.3 42 89 44 L8 48 66 39 L9 20 L4 274 62 8.8
g (m°* d)
z PBDEs
1 1590.6  725.7 23%.1 707.0 138.2 3%.5 1449.8 9303 11601 6471 2785 673.8 42611 1097.9 4717.5 41968 22329 885 33616 1987.4
Ing g~
1) BDE-71 , , BDE-71 , . 2) ND
2.2 PBDE s PBDE s PBDEs
, H1 H4 . PBDE s
, , H2 H4 .H2
2 -1
[1660 13.1mg* (m * d) ], , ,
H1 PBDE s H4 3 , PBDE s H 4
H4 , 1 , PBDE s ,

, - H1
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H1 HS5 ,H1  PBDEs
5 ., 4
PBDEs

2),

H1 :
, PBDE s

, 01~ 06
03 ,
( 1. 2
PBDE s
, 02 PBDEs
., 32 1ng* (m’* d)
, 12 , 24 h .

, 02

B

, PBDE s

, PBDEs
nge (m’* d)" ',
(868.5ng* g ')
2.3

PBDE s

PBDE s

PBDEs
04

, 2008 7~ 8

24 h (TSP),
(802.2 £ 794.1) ng* ¢ '. 04
PBDEs (1117.6 ng* g ')
1.4

), PBDE s
, PBDE s
PBDEs
PBDE s
PBDE

HS5

L 02

50

[23.8

PBDEs

, 04

PBDEs
. PBDEs
2.4 PBDE s
BDE-209 PBDE s
, PBDEs 88. %% ~
99. % , 96.5%. BDE-209
(96 ~ 9% ),

PBDE s " BDE-
209 15 PBDEs , BDE47, -99
~183 (2, BDE-47

-99 , BDE-183
3 PBDEs (Penta-BDE)
(Octa-BDE) (DecaBDE)
2004
I [9]
7 [24]
2.5 PBDEs
PBDE s
\ PBDE
( 3.
PBDEs Lund
, Im ir 2
(Daeyeon—dong W olpo-dong).
PBDE s (
4) PBDEs
D PBDES
3
(1) > PBDEs
(10.9 £ 8.2) (14.2 £ 11.9)
ng* (m’* d) PBDEs
PBDE s

(.2) PBDEs
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3 PBDEs
Table 3 Canparison of indoor dry deposition flux of PBDEs i Shanghai and other cities around the work
/ BDE-209
/ ng® (mz' d)71
Lund 2000 8~ 9 20%1.0 9 [ 25]
Daeyeon—dong 136. 4
2004 1~ 12 20 [ 26]
W olpo-dong 95. 6
2004 9
Im ir 128.8 £ 122.8 7 [ 27]
2005 2~3
2008 7~ 8 10.9 £8.2 16
2008 7~ 8 14.2 119 16
4 PBDE
Tabl 4 Canparison of PBDEs concentration in indoor dry deposition in Shanghai and other ciies around the workd
/
/ngs g ! BDE-209
2006 7~ 8 45000 (360~ 52 000) 8 [ 28]
2006 9 1400 (750~ 3 500) 8 [ 28]
2002 ~ 2003 5500 (170~ 17 0000) 13 [ 29]
2006 10 4800 (920~ 17 000) 8 [ 28]
2004 1~ 3 5900 (780~ 30 100) 22 [ 30]
2006 1~ 3 160 (13~ 680) 6 [ 28]
\ \ 149 (1~ 393) 9 [ 31]
\ \ 2900 (110~ 13 000) 8 [ 32]
2008 7~ 8 1169 (297~ 2207) 16
2008 7~ 8 3203 (900~ 6 730) 16
, road and fam hnd soils from an ewaste recycling region in
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dipemsion and deposition [ J]. SciTotal Envion 2009, 407
(3) BDE-209
(3): 1105-1113.
PBDEs 96. 5%, PBDEs [6]
[J]- , 2007 28(12): 2806-2810
Bt [7] : .
, GCM S []]. , 2006 27(9): 1732-17371
' [ 8] Debmuyn A M H, Meloche L M, Love C ] Patlems of
’ bivaccumultion of polybrominated diphenyl ether and
[1] polychbrinated biphenyl congeners in marine mussels [ J].
[l . 2008 29 (8): Environ SciTechno]l 2009, 43(10): 3700-3704.
21052110 [9] deWiC A Alaee M, MuirD C G. Levels and trends of
[ 2] Poo K, Hamer T, Lee S C et al Seamnaly msolved brom nated fime retardants i the A rctic[ J]. Chanospherg
concentrations of persistent organic polluitants i the global 2006, 64(2): 209-233
atm osphere fran the first year of the GAPS study[ J]. Envion Sci [10] Nown K Meionyte D.  Cernin  omganochbrine  and
Technol 2009 43(3): 796-803. organobromine contm nants n  Swedsh human milk n
[ 3] GuanYE SojnuO S§ LiSM, eral Fak of polbrm naked perspective of past 20-30 years[ J]. Chemosphere 2000, 40(9-
diphenyl ethers n the envionment of the Pearl R wer E suary, 11): 1111-1123
South China[ J. Environ Pollit 2009 157(7): 2166-2172 [11] deW &C A An ovewiew of brommated flme retadants n the
[ 4] Zhang X1, LuoX J Chen S J etal Spatial distrbution and envioment| J]. Chanospher¢ 2002 46(5): 583-624.
vertical pmwfile of  polybram inated  diphenyl  ethers [12] Mdonald T A. A perspective on the potential healkh risks of
tetrabromob sphenol A, and decab ram od phenylethane i river PBDEs[ J]. Chanosphere 2002, 46(5): 745-755.
sediment fran an industrialzed region of South Chmna[ J]. [13] CumradoGM, H arrad S Can parson of polych brnated b ipheny 1
Environ Pollut 2009, 157(6): 19171923 concentrations i indoor and outdoor air and the potential
[ 51 LuoY, LuoX ] LinZ etal Polybrm nated diphenyl ethers in significance of - nhalaton as a human  exposure pathway | J].



3 585
Environ Sci Techno]l 1998 32(20): 3043-3047 [23] AheeM, AriasP, SjodinA, etal An overviev of canmercially

[ 14] Garcir-Jares G Regueiro ] Baro R, et al Analysk of used braminated flane retardants their applications their use
ndustrial contan mants i ndoor air Part 2 FEmergent pattems in different countries/ regions and possble modes of
contm nants and pesticides[ J]. J ChrmatogrA, 2009 1216 releasel J|. Envion Int 2003 29(6): 683-689.

(3): 567597 [24] Stapleton H M, Kelly S M, PeiR, et al Metabolism of

[ 15] Scdecter A, VukM P, PapkeO, etal Polybraninated diphenyl polybran nated diphenyl ethers (PBDEs) by hunan hepabocytes
ethers (PBDEs) in US mothers mik[ J]. Envion Healh in vito[ J]. EnvionHealth Pergpect 2009 117(2): 197202
Perpect 2003, 111(14): 1723-1729. [25] terSchureA FH, LamssonP. Polybran nated diphenyl ethers in

[ 16] HiesR A. Polybran mated dipheny! ethers i the env ronment precipitation n Southem Sweden ( Skane Lund) [ J]. Amos
and n people A metaanalyss of concentrations| J]. Environ Environ 2002 36(25): 40154022
SciTechnol 2004, 38(4): 945-956. [26] MoonH B, Kannan K LeeS J etal A mospheric deposition of

[ 17] Sdecter A, Papke O, Harrs T R et al Polbran nated polybran mated diphenyl ethers ( PBDEs) i coastal areas in
dipheny |l ether (PBDE) lvels in an expanded market basket Korea] J]. Chanosphere 2007, 66(4): 585-593
survey of US ©od and estmaied PBDE dietary intake by age and [27] Cetn B OdabasiM. Particl-phase dry deposition and ai-so il
sex| J]. Environ Healh Pespect 2006, 114(10): 1515-1520. gas-exchange of polybran mated diphenyl ethers ( PBDEs) n

[ 18] LoberM. Exposure of Americans to polybran nated diphenyl Im i, Tukey[ J]. Envioon Sci Technol 2007 41 ( 14):
ethers[ J]. J Expo SciEnviron Epidan bl 2008, 18(1): 2-19. 4986-4992.

[19] LuQ T, DiamondM I, Gingrich SE etal A ccunulaton of [28] HaradS baraC DiamondM, etal Polybrm nated diphenyl
metak trace elments and sm vohtik organic canpounds on ethers m domestic mndoor dust fran Canada Nev Zealnd
exterorw indov surfices in Baltmore[ J]. Environ Polluy 2003, UniedK ngdan and U nited States[ J]. Environ Int 2008 34
122(1): 5k61 (2): 232-238

[20] DianondM L, Gingrich S E, Fertuck K et al Evidence for [29] W ilbrd B H, Shoeb M, Hamer T, et al Polybrm inated
organic film onan mper bus uthan surface Characterzation and diphenyl ethers n indoor dust n O tawa Canada Inplications
potential terabbgenic effects| J|. Envion SciT echno]l 2000 34 Pr sources and exposure[ J]. Environ SciT echnol 20035 39
(14): 2900-2908 (18): 7027-7035.

[21] Chen L G MaiB X, BiX H, etal Concentration levels [30] Stapleton H M, Dodder N G, Offenberg J] H, et al
canpositonal profiks  and  gas-paiticle partitoning of Polybran inated diphenyl ethers in house dust and cbthes dryer
po ybrmm inated diphenyl ethers in the am osphere of an utban city Iint[ J]. Envion SciTechnol 2005 39(4): 925931
n South Chma[ J]. Environ Sci Technol 2006, 40 ( 4): [31] Gevao B A+BahbulM, A+Ghadban AN, etal House dust as
1196-1196 a source of hunan exposure to polybrom inated diphenyl ethers in

[ 2] DengW J ZhengJS BiX H, etal Distrbution of PBDEs in Kuwait[ J]. Chenosphere 2006 64(4): 603-608.
alr particks fran an electronicw aste recycling site can pared with [32] Tan J Cheng SM, Loganath A, etal Polybran nated diphenyl

Guangzhou and Hong Kong South Chmal[ J].
2007 33(8): 1063-1069

Environ Int

ethers n house dust n Singapore[ J]. Cheanosphere 2007, 66
(6): 985-992



