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3. ERRERERE, dbET 100049 ; 4. EZHLTTSERAMEC G, B £ RERRAE SR SR, JEaT 100037)

TE . NI INAEE S IX RS PBDEs V5 AR B | [RIZEH o0 ARk S AR XU, R4 T BURURHIF bl IX 28 4/ 25 A0RE i (9
R+ A) , A GC-MS XF PBDEs Bist ik BEdEA T, 25840, PBDEs FEAA, PM, M1 PM, HH SRS ¥R A3 510 2.3 ~
78.6., 14.4 ~335.3 F111.6 ~431.7 pg-m >, SFI{H N 21. 7. 96.9 F1149. 3 pg-m >, BDE-209 2k 2% PBDEs H i £ ¢ & i
FFEZEY, 5 PBDEs S 19 50% . UK PBDEs Bk ¥ RN > LT > HES>HFER LT EE, EFM
PR, —IRPORE £ 2 TARST, BERIEF I3, Bk PBDEs HULRAY & ok b B R, SR #r ik B BDE-209 1)
RS SOh Hofth PBDEs 2143 (W 2RI, 258 KU 43 BT 7R JLEE A LA PBDEs FIFIAE A & 40500 18. 6 pg: (kged) ™'
F7.1 pge (kg-d) ™", T/NFHCHFFR LR ARMEEA B K 1 mg- (kg-d) ~'; BDE-209 X B FL 3 1Y 808 KU
EHA 50 3.7 x 10 °F1 2.3 x 10 77, I8/NFEUm KB FRAE 10 7°, REZ XIS 1 PBDEs Jofilt e ft %

KEEIF . LUK NE (PBDEs) 5 IVARERAEDC; SMHHIE; 21781k RER X o
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Spectral Distribution and Pollutlon Characteristics of Polybromlnated Dlphenyl

Ethers in the Air of an Office Bulldlng Clustered Area

WANG Lin'*” DENG Ya-jia'*?, LIAO Xido- yong s+ CAO Hong- ylrlg1 A JIAQ Xing- chun*

(1. Instltute of Gebgrdphlc Sciences and Natural Reso ces Rebearch Chinese Academy of” Smenﬁeb Beljmg 100101, China; 2 Key
Laboratory of Land Surface Pattern and Slmulapon hlnese Academy of Sciences ;' Bel]lng 100101 China; 3. Unlversny of Chlnese'
Academy| of Sci 1ences Beljlng 100049, China; 4. Key Laboratory of Ministry of Landl"l and Resource% for Eco-geochemistry,, Natlonal
Research Center for Geoanaly51s Beijing 100037 Chlnaj) (
Abstpact flo ¢vilud the pollution level | congener dl%tnbutlon and human exposure of polybromlnated diphenyl ethers (PBDEs) in

the dtmosphere ofiBeijing’s office buildings, outdoor «air bamplq_s “(particles + gas) were collected from a typical scientific area and
PBDEs fconcentrations were quantified using GC-MS. The“results showed that the mass concentrations of PBDEs in the gas phase,
PM, ,, and PM,, were 2. 3-78. 6 pgem ™, 14.4-335.3 pg-m°, and 11. 6-431.7 pg-m ~* | respectively, and the annual average mass
concenfrations were 21.7 pgem ™, 96.9 pg-m~, and 149.3 pg-m ™, respectively. BDE-209 was the predominant congener in
particulates, accounting for 50% of the total concentration. The mass concentration of PBDEs in the particles decreased in the following
order; autumn > winter > summer > spring, with an obvious change in winter and stability in summer. Tri-BDEs mainly existed in the
gas phase, and the proportion of PBDEs in the particle phase increased with bromine number. Source analysis indicated that BDE-209
degradation was an important source of other PBDEs in the air. Exposure risk analysis showed that the respiratory intake of children and
adults was 18. 6 pg-(kg-d) ™' and 7.1 pg-(kg-d) ™', respectively, which is far below the recommended lowest observed adverse
effect level of 1 mg- (kg-d) ~'. Similarly, the carcinogenic risk values of BDE-209 for children and adults were 2.3 x 10 ~° and 3. 7 x
10~°, respectively, which were much smaller than the carcinogenic risk limit of 10 ~° | indicating that there was no health hazard from
PBDEs in the atmosphere.

Key words: polybrominated diphenyl ethers (PBDEs) ; office building clustered area; distribution characteristic; seasonal variation;
exposure risk

2 I BX 28 fik ( polybrominated diphenyl ethers, 253 PBDEs VKL, 45K W% N2 S PBDEs
PBDEs ) J&—F s in 24 AR R BELA SR, %% 3z i H IR T30 1 ~2 MR,

T KRB, XL 5 = 3R T H i 4 xf 2 N A2 b PBDEs BP9 22,
JEREF, PR fi P o A P S R W R B s SR sz | A% NS, A B
PR R PR AR A fe . AP RERMY, EN FAERRLY) | B R A S CBRY + 3A8) 0
PBDEs (WHEAUE Kb PBDEs (B ERIE . Ip  —————— ‘

DSBS, JUE MR FERCHO PRDES THEAL  EEmA M A G (171373 IS A K
AR SR FHRAY S A2 TR ASIME T, gy ok tomn ) & BB, I
%P2 A 25 5 PBDEs 15 YL 7K S 04 ki il 2 TSR YIAT g o B B A R XURS: PEAY , E-mail : 545165844 @

qq. com

[]Iﬂ[zv 3] . 2004 45'3 , Harrad ;F’J_'{AXTJ‘ [:[: T % VCJ ﬂ:‘[]%ﬁl\ # JB1EME# , E-mail; caohy@ igsnrr. ac. cn



7 TEWEE, DARREX S H PBDEs i

oy A 55 YRR 3009

BN P AHOCRIF G R AE ) M B L AU
WAL SRR E R E | IAENER, V”
AR T E NS AR A, 1R
MEAt 2% N HEC PBDEs X 28 4h2s S 52, {H 5
SR, AFEH IR S5 % N HEAL R PBDEs X% 4h K
4u¥§ —E RISEI , RH GBI A e LA

ARSI 5 E R BE R MR XA At
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H PBDEs 1544 /K - | 2 URR AR B 255 AR Ak fa 4
255, BT I A MR S IX = S 23 K PBDEs 5 4
REAIE I R XU

1 #MeEFZE

1.1 FEACREE

RAE BT BB e R bl XA B
PRI, BEMBIFIZ9 25 m, SRS TCHERS Y, SEHE R X
HhCs G T T T B, I R 3 Y B R e 100
m. Bel DXb | AR [apit 4B BLAR DT 38 BRARAA e | EHS%
ﬁ%ﬂﬁmﬂﬁ% @@ﬁ%ﬁ%%%fﬁﬁm
ﬁi%ﬁb%%@@%ﬁﬂ#ﬁkﬁ HARRERIE R, Sl
TTHERCRE WA, SRRERT ] S 2013 $,12 ‘A % 2015
F1HY RPSA

Y, t%ﬁﬁé 10 ~20 X, EH}\?K# 244 0L
x%%ﬁ&%%ﬂ’ij‘ﬁnn 80 4.

1.2 MR SRMEY R

£ Y € IE (102 mm, MK360 Inc. Sweden,

450°C ML 5 ab 31 ) SRAFERTJF 38 T TR P 24

, FREIFIC SRR G im 2, REREHE T
-20°c VKFFAPRAF. A TRHLIA (PUF, 65 mm x 75
mm, MK360 Inc. Sweden) RAERTH & 2 M FA
i (1: 1, L) R 32 24 h, RAEJG AR 96 4% % 1t
BT -20°C UKARARAE.

B E e, —EH e, NERANIR O e 38k o
g (J&K). 14 ﬁn PBDEs {E#5f14%: BDE- 17, -28
-47.-66, -71, -85, -99, -100, -138, -153, -154,
183, -190 F1-209 ( AccuStandard, BDECOC) ; [H[Jir
187”91 ."C-PCB141 (J&K, EC-1426-1.2).

1.3 FEAhTTAL I

A PRI RE G A 20 wL “C-PCB141 1 Jy [
WCRIE ™Y, ARE TSI A 8 T RIS
W, A 200 mL NER-IECBE(1: 1, FRFEH)60°C &K
$£ 48 h; PUF FESVIMA 20 L "C-PCB141, HZR#
TR A L B T RS, A 200 mL PIHi-

Echo HiVol PUF 'ﬁ#ﬁ"g(ltaly, )
2001 nfin 1) 5 HHT*%%&j‘(PMQJFHEMQ)ﬂ -

HELE(1: 1, ), F 60°C K 48 h. il
BURHEZ% % 1 mL 247, 141000 mg SPE i /)N
K= (Agilent 5982-2260) ¥ k. Fif it /INEE A E‘ﬁ HeLd
15 mL(1: 1, PRFRER) 1E O BE R — G FH Beti &5
b, BIRA G0 1 mL BN SPE /M, WA TR
W, MRRLA 1S mL IEC ke, 8 mL(1: 1, #RFLLL)
IEC e A el AR bk vk, R R TR 4
SEREE 1 mL R SIR AR
1.4 a8

BE & 2> B 2R GC-NCI-MS ( Agilent7890A-
5975C) M, i%H N Rix-1614 15 m x 0. 25 mm.
FHEFE . w1 4A IR B R 110°C £ 4% 3 min, LA 25
C -min "' FF 2 200°C , LA 15%C ~min "' FFZE 280°C , 5
PL20°C -min "' FF 2 305°C, P45 S min. SERE TR
250°C , ESFURIRIE 230°C, AR AL AER, A

mhﬁﬁi R 1/ WL, PBDES ﬁ/ﬁﬂ%%ﬁm 18

HI7E 0. 99 LA I o
1.5 i%ﬂ% g sen 4

RAKMER AT T PUF HYZF B, ﬁﬂ?}z N
PUF HRIERAE, 452 4~ PUF ¥ PBDEs 3 5t /55 1
AN 5% . ﬁ%%*ﬁﬁ;jﬂduETﬁ/f ER ”"El'f_.
B . BEROILER AR Sy AT PR
?«?hﬁu@?ﬁ#unﬁﬁﬂiﬂﬁihﬁ%% Pc13141ﬂ1¢
s TR A 10 MR — N AERI S H, B H
FEG AR I ) B AR S Y. AR R 70% ~
120% , SrHr 85 R4 MICR AL IE. 14 ) PBDEs (1)
KBRS 0. 11 ~2.59 pg-m ~* (MDLs, EPA 821-
R-16-006).

2 HFR5IHE

ARG TN PM (VR EE FIZE 5424k, PBDESs
(e BE F1Z= 15725 4k PBDEs Y/ & 43 Bt & 43 A 4
fiE | AU K P 2 8 XU 33X 5 AN 5 TR A T8

(1) BEl X P9 Uk 4 PML, 5 Al PML g B9 J5 o 6 B 43
WIS 154.3 pegm 7 (65.5 ~478.5 wg-m ) F1239. 0
pgem 7 (65.5~707. 4 pg-m ). ZPURHYIRIE <
%l% U, P 2R AR A R I A A L
N, BEAAR, & FMBGX 3 Z200F 3w ik
F@?Eé.

(2)RF, PM“%FH PM,, " PBDEs K 5 & ¢ JiF
Sk 21.7 pgem ™ (2.3 ~78.6 pgrm )., 96.9
pgem ™ (14.4 ~335.3 pgrm ™) fl 146.3 pg-m™>
(11.6 ~431.7 pg-m ™), Z K<, # R B 0,
5.4 PBDEs 2715 ot i Vi FE H o 2RO B 2 > Bk
~& %> FF, PWokiY h PBDEs 277 i & Wk
R > &7 > HF > FF.
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(3) BEE LR T B30, PBDEs 45 Rl ES
B FEFRRAR, PM,  F1 PM,, FR I 25 PBDESs 245
& PBDEs 1Y 82% F187% , .2 PBDEs (5 LA
20% .

(ORI S IR & YR AR A 5, BDE-
209 [ fif J2 % Hb 25 A oAt PBDEs 2 3 Y H %
K.

(5) A5 LEEXT PBDEs FYIFEIG 22 75 543 51
7.1 pg-(kg+d) "' #1 18.6 pg-(kg-d) ', X BDE-
209 FHEIE R 358 3.7 x 10 P F12.3 x 1077, 3%
A JC ] o8 i e e

23 S P RRL ) BT R S R AR L

R T 00 7 TR ) o i TR B A TR 1. SR
[E], PM, 1 PM,, 43517 90. 0% F1 69. 2% KA &
IR E I A SR AR UE (PM, 5 75 pge-m A
PM,, 150 pg-m ™). METRE, it PM, ;b &
PM,,, BRIP4 2 22 e e K, B 222 i/
2 FMIBGX 3 R BTk EE S T A, H
PM, K285 1M PM,, B A 8w, X ] AE 2 Bk
A AR U 25 HE TR S 0 AR AR TR
11/ GRS &€ IE I TA /b1 | PR =2 ZA s P A S
A I HE OB 3 22, S EORUBURL A1 .

2.1

F1 PM, 1 PM, EHMEHRERE ng-m™’

Table 1  Annual and seasonal concentrations of PM, 5 and PM,;/pg-m~

3

PM, 5

PM,,

HE b2 I/ME

RRE

Bfii TRz BUME  _ROK(

63.4 75.8
25.9 56. 3
66.9 82.9 ,
89.5 65.5

5

&= 134.5
Z 99.5
179.7
165. 1

-

238 250.3
133.9
274.8
478.5

111.0 162.84 _#-,algs..y'
36.9 74.0 L A85 4
" 90.6 81.0 /338
183.7) 65.5 ‘.;.#('3’7.4“”

145. 5
221.6 |
270. 1

154.3 82.3 65(5

478.5

239.0 158.9 65.5 % 7074

S IIORE 1 4 LT, PM, o/ PM g A 1T
0.65, FH M/ H 7 0. 54, AR 0168 K%
0. 87 FIK 20, 60, FEWI TP LIANFREH 3, i
REHE =, BRI EMEREN, X

il TR T S I E e I et/ i O

A PETIAT PM, o TR R AT, 10 Bkt
B SEHRMCE, XNk SRS R AR G
IR AR L, RS, Buttmm. s
F1999-09 ~2001-09 X b 5 7 35 X A1 43 XA 5%
IR PM, o/PM, AEXI(E N 0.55 (B 0.42, HZF
0.49, #70.59, £7%0.66), XNERET 5%
FESAREEA AL, 845 05T T R ™ 5 1 K 58 K
A k.

— i, ORI R T (B S R S PR AR
PRRLEE, PR 1 kg4 25 B 2 0k ) I vk 3 3% H 725
. A ZRRTORLY) 5 A e A A e R LA — S 11 )
WitE, LLe ~8 d S, OR ) oT i e B AR v
TREAR, SREEA K B A AHIST. &%t
FORN T A R PRI, Hum KOs R, RS
ARTFI5YP L, WOk Tk B A ik T
R RSy, R Rase, Bk fak s R
FUETHY | 5 el AR B (R e 28 K XU I L
PHFEAE S, PRP A SCRR R B, 0K vk S
Bt B R B M TR, S B RIS e A5 A At
DRI YAl . B RO 4y 110 ) o e
R B 1(b) | HAEEAK, IRME— B IRAEN S, B

800

- - - PMs

700 ¢

600 |

AR 4 e g

L B o B o B o B o B o B o O o B o I o B o I o

300

200 F

1000 F u.

N 05 o g ugom ™

2014-08-01
2014-08-06
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2014-08-19
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2

HI (fE-H-H)
B1 % EEHNYRERETURFE

Fig. 1 Seasonal variation of particulate matter in summer and winter
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JESRINR 2 Pron. BdlE R, S PBDEs Jii 5 vk
E(ﬁzﬂjﬁ 21.7 pg-m73 +17.0 pg-mf’%) 5 PBDEs &
[ i vk BE LA, A2 10% ~25% , HAth =5
10% LT, PM, 5 10 Fft 25 Deca-BDE ( BDE-209)
48.7% , Penta-, Tetra-BDE 435l /5 15. 8% F1 12. 4% .

PM,, FU it Deca- . Penta-F1 Tetra-BDE 2053531 (5
49.4% . 13.7% 1 15.2%. PM,, fl PM,, — %
PBDEs fAHIE, PO, FOIRF TR 53 i 70% LA
b, R RIRAE IR S AR 5. 0% ~10.0% Z
B, —IRm&Er, CIRA D SRR

#x2 =K PBDEs REIRE (KA + BAA) /pgom™?

Table 2 Concentrations of polybrominated diphenyl ethers (PBDEs) in the air ( gaseous and particulate)/pg-m ~

3

PBDEs" L s Mo

i e B bR e By 2 FE i PRIEE
Tri- 0.6~36.3 11.3 11.8 0.2~57.2 9.8 13.4 0.3 ~51.6 14.6 22.5
Tetra- 0.1~42.7 6.8 11.4 0.2~45.6 12.4 9.5 1.3~83.0 20 19.9
Penta- 0~14.1 3.0 3.8 0.7~92.7 16. 8 20.4 1.3~115.5 22.9 22.7
Hexa- 0.1~13.2 0.3 1.72 0.4~39.3 8.2 7.9 0.9~34.0 9.4 9.3
Hepta- 0.1~0.4 0.1 0.13 0.2~33.6 5.7 7.0 0.4 ~34.5 8.1 8.0
Deca- 0~2.0 0.3 0. 37 1.4 ~149.3 48. 8 33.1 1.3~229.5 73.7 52.4
ZMPBDES 2.3~78.6 21.7 17.0 14.4 ~335.3 96.9 70. 6 11.6 ~431.7 149.3 106. 7

1) Tri-f4 7% BDE-17,-28; Tetra-f % BDE-47,-66,-71; Penta-fil# BDE-85,-99,-100; Hexa-fd ¥ BDE-138,-153,-154; Hepta-fi# .]-3DE-_-183 s
i - I|

-189; Deca-fil {5 BDE-209

M PBDEs BRI , PM,,H' BDE-209 Jf ik
JERR (74,6 pgem ), HUOR VU] 53 HFBDE- 71
(14.0 pg-m™) 1 ¥R 44 43 ' BDE- 100°( 13.3 ..
pgeui "), FERY BDE-17 -28 -47 199, %g%
HIE(84, 8237 5. 4H15.7 pg-m ) , UMY 4 5
{F 3% . PMy, 5 PM,,th PBDEs B4R A EAR b,

~ RS, BDE-209 75 (5 ki PBDES e

SOg/c i, T B Hlaskl 56 BF 72 25 SR i 80% BN o

)P K R T T A K S e
PBDEsA 8. % I BT 1, AHFSE > PBDES ¢
JE T MR R X, AR T b s R 2K A X ds,
Ht BDE-209 F1 BDE-100 A€ 5 43 51l J2: Hoh % i
UL 13 M1 33 A5, X TR 5 RAEAS B RFERR
A—EXRFR, WZFRYFAE | RAE LA IO YR
FHRERIEmW. 5HARAIRE X AH L, 405745
RS E S T EdE X, PRk EEX,
AT F B3R PFM X, {3 BDE-209 [ Ll s F T
BRI, XN AR A 25 57 R T AR IX
PBDEs [ HEBORFHER A s 572
MWIRAFIEASF, [AS PBDEs Jit &t ¥k & I =5 2]
TR I Z=(30.8 pgom > £8.4 pgom ) > k=
(21.2 pgem ™ £14.6 pgom ) =~4Z(18.9 pg-m
+22.1 pgem™>) > F % (10.0 pgrm™> = 5.5
pgem ), WLH A5 PBDEs J5t ik B b Bk 2 (182.0
pg'm’ +66.6 pgem ) > &% (166.8 pgem T +
129.0 pgem™>) > H 2 (116.0 pg-m™ + 52.7
pgem ™) >FHZ(98.5 pgem ™ +30.6 pgem ) (K
2). REERE VAN AT E R B S 5%
WA R, ZFEANTE, NS PMs HHE

PEARSS '), PBDEs B ARG, H55}
ORI HE BN | 75 284 W52 5 /) gL
A2 T U TR S 33 TR A T8 O i
HE, R A A PR 25 PBDES B
R AR, SRCEMIL. HA =T
wrl KM Rk B | By 40 T B
= s AT BB B | B2 b ety , HEN
Wbi R, HEFEEFAT 2 h X 5k FE4
23S A PBDESs JB ik v B 5 i 4 45 SR AH AT,
NS A R R, = N PBDEs A B
FAHEAZINRAR. BERZIFE R sh, K
RS E , SMNEBORY LR R 2 A
SR SR R AL i TR
SR, SRR RE A SR e B
RS PBDEs 5 & #E A, A PBDEs Jii &
W R .

R RS Ok 4 I e B AR, R o
PM,, ' PBDEs (197 i /EFk 2 (868. 8 ng-g ™' £270.5
ngrg” ') >HZ(842.3 ng-g™' +451.9 ng-g”') >4
Z:(702.2 ngrg™' £422.6 ng-g”') > HZ(418.6
ng-g”' +83.6 ng-g”'). PN E PM,, " PBDEs
e S PM WA AR, AR EK (1 009.0 ng-g ™'
+434.9 ng-g') > B (767.7 ng-g”' =+ 158.1
ng-g ') > % (608.2 ng-g”' £553.7 ng-g”') > &
(590.1 ng-g~' £463.5 ng-g~'). &3 HHfiffE
Tk b PBDEs 4% 41 43 19 2 15 A5 AR . Ml
1, PM, 5 PM, 45 4150 2 15 AR LR AR B, BRLAS
B BRI Y H Deca-BDEs & & 71 DU Z= v 1 R 5
A3k 545. 1 ng-g ™"
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Table 3  Comparison of PBDE concentrations in outdoor air in different urban functional areas
. o PBDEs PBDE [F] R AL ARIFR I B W/ pgom 3 .
X G RBEEER 2 : Wiouediiic
v ORI p— fL AR e R Tt it
BDE-28,-47,-99, -153,-183
. N 12. 97 (A#&) e e e e BDE-99: 22.26%
I i 8 =4 X oY = 1){& . fi ) 1){& .
R 2011 L 4 2 X 5. 63 (kL) ég!ifgn KA 821, Pk, BDE-183: 19. 3% [22]
- BDE-17,-28,-47,-99, -100
s - Sty =2 X s s ’ ’ _ .
Ottawa 2002 ~2003 Il AEFE X 2.2 (AR B 38. 21) BDE-99; 1.1 [6]
BDE-17,-28,-47,-49 ,-66, -71,
-85,-99,-100,-138,-153,-154, ﬁgg:g;‘ ; (1)411
Indiana 2002 ~2004 (& RHIFFE X 19.0 -183,-196,-197,-198, -203, NP [23]
BDE-100: 1.02
-206,-207,-208 ,-209 BDE.209. <221
(AFFIE 11.6 ~431.7) ’ T
BDE-47,-99,-100, 153 ,-154
s - 251 X ~ B B s s a7, ~
Birminghan 2002 ~2003 #(& RHFFE X 10 ~33 CRBFIE 2. 25 ~ 132. 05 BDE-47. 3.4 ~18 [7]
BDE- 28 ,- 47,- 99,- 100, - 153,
Jest 2009  HHRWREX 57 ~470 -154,-183,-206,-209 BDE-209: 42 ~380 _~24]
(ARHH5E .9. 36 ~378.75) - R PR
- BDE- 28,- 47,- 99, 153, 183, o /L
et 2008 HH B X 31 ~1049 -206,-209 — BDE-209: 8 ~ 1016+ [25]
L (W5 9. 67 ~238. 81) l Y an
. ]
R 4 | ! i
BDE-17,-28,-47, -66,.-71, -85, & /¥
. H %9930 -99,-100,-138 ,-153 ,:-1544-183, 1~ &
5 X # X | ; - f y ‘ 2-209. 19. 6 ~20°
PRER 2010 Al FRRFHE [ s gags 190,197,196, g3, M6, § \EDF200: 1969 g [26]
— : YiWS .2 -207,-208,-209 | M L o By
; l 7 “.l ‘\‘ F 1 o ..J. ‘_'.-\" ’ __..-.‘.
- = F P /7, BDE-3,-7,-15, A7, -28, 449, = &
= ¥ ) f y T 7, 47, -66, -7 i“‘goo -9 % BDE-47 ; 6456.43 i 3
= ; ' o X A1 : , , » A , 2 : ¥ T
J‘Fﬁ o ,Fm:l"ﬁﬁﬁ[ ,"2,1‘474 “ -99, -85, -126, =154, - 153, BDE-99: 5519 _,[,7;7]
- j A ¥ | J -138, 156, -184, =183, 2191 3
i) = g = _BDE-28,-47,-66,-85,-99, -100
r . PBDEs+64 ~110.. 2~ 4,700,789,-57, ’
e - 2004 FlAEE X 2. gFBDES _{_;.:-f"”-las,-153,-154-183, -209 BDE-209: 47.8% ~78.8% [28]
' F. - BDE-209.116.3 ~443.7 (AHF5E . 10. 79 ~407. 58)
BDE-17,-28, -47, -71, -66
. PBDEs: 3. 8 ~265. 3 2720, SR, 21, Bh, ,
Jbmt 2013 ~2014 #HEFHIFRE X 213 ’ -85,-99, -100,-138,-153, BDE-209:49. 4% EN
BDE-209:1.3 ~229.5 -154,-190,-183, -209
350 300
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Fig. 2 Seasonal distribution of gaseous and particulate PBDEs in the air
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Fig. 3  Concentrations of PBDEs by unit mass of particulate matter
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Fig. 4  Proportion of gas-particle distribution of atmospheric PBDEs
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PM,, B /i v UK 25 PBDEs 24 (5 B & 19 82% A
87% , ‘XA PBDEs (5 LA 20% . PBDEs ik
JES PM iR AR A — B, B (r
=0.576, Sig. =0.000), PM, . 5 PBDEs Ji & V& J&
AR PM 55 (r =0. 479, Sig. =0.000).

2 25 Ye A R 4 L W% B T 5 U 0 kL
7, HAE BN R, HES o5, =4
2351 14 B PBDEs 75 VU 2% i R 42 43 it 25 S 5K
BMRISRE , PM, o/PM WM PBDEs HL{EFEA F7E
fefie/IN; = DU R AR Y PM,, 5/PM , HE
HKZER R, &, LFRM, AR, CRATE
XA PM, o/ PM,, FLIEE et , &, BRI
HES ] LA DA D 55 2R ik 1) - L BB 4
ik, R FRHE A PM, o/ PM, o FUAE IH S 38, 5 iH IR
NIRRT R Tl bl =75 DO TR B ek o
5045 T PM, s H.

2.4 PBDEs U5 f#HT

WM PBDEs F %40 & 3 28, 7R B K it
(Penta-BDEs) | /\IREE A i (Octa-BDES) Fl+ 1R Bk
KMk (Deca-BDEs) , H: b 1 7R B 2% figk 1/ \ 7R 166 24 gk
CLPZE T, A5 i B S 25 R HC At BELASR 70 54X
i, X 14 Fff PBDEs HUAAE Pearson AHIAMHT, 4554
WNZE 4 7R, PM,, A1 PM, oA bl 45 9540 B0 A i) 12
PUBSRAHSCHE , BERTRIL A Y5 =V A PR
%, Deca-BDEs( BDE-209) JL-F- 5 i A5 1R AL 4B B
FVEMIE, ERA BDE-209 R 2 AN 5T IX s <
PBDEs HAMZH /3 BRI, A, FEas S5 Jefe
JiE % 3 & Rt #E b, PBDEs Ji VR B4 2 T
=, PTRETE R R, & N HE B & A 3
PBDEs Jii it ik BE 14 25 SR IR0 28 T B BB T 385 i
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Table 4 Pearson coeffigtents for PBDEs congeners in PMZ_SHand PM,, 1, ' -
] 1 i
PM, s Tri-BDEs Tetra-BDEs Penta-BDEs | Hexa-BDEs Hepta~BDEs ;
Tetra-BDEs 0.411* iE - ] : —
Penta-BDEs 0.376 ** 0 -493 g { & ' " W Fy
exa-BDEs 7 0.571°* 0.8457" ' f & ) & (¥ _~
*_Hepta-BDES &' | & 0.455* W 0.608 " | 07775 % [ g
Deca-BDEs. ™ 0.423* i 0.769* / 4 0.%68 ** 05771 %
PMy, | - Tri-BDEs P “Tetra-]y)Es Penta-BDEs & Hexa<BDEs He[_)la-BDEs-;,--;I
Tets-BDES (= 0.489 " 'y / ] :
[“pentd-BDEs =0.289 * o d 470 1L
[Hexa-BDES" 0.444™ o 576 —— 0.830™
Hep;éllBDEs 0.511* 0. 621 N 0. 847 ** 0.897 *
Déca-BDEs 0.396 ™ 0.409 ™ 0.568 ** 0.661 ™" 0.649 ™"

1) % F/R P<0.05 BB, = = FR P<0.01 i g3

2.5 PBDEs fet5E XU

HET, EANAMFARE S PBDEs #tEH 7, HH
WEREANEZMN. EH KA T PBDEs + E 38 1

WPIGR AR HE AN, AR H R A 57 it sl U
JRUBS: e X HEREA

H W A B 53 1T 20 R A WA 5 8 T R 25
/NS4 A

SEWAZEFE

DED, :clextxf/BW
U RN PN S Sy
DED,. = ¢,y x IR x t/BW

K, ¢ I PBDEs -2 B ik B pg m; cpy
FARLA PBDEs ¥ TR, pgem 5 IR AT
WA m*-d ™'y ¢ S RERIE], by f, M?%’Hﬂw@
28, LR, BW HIAE, kg

AW I BERE AL Ry BRI X4, HoAg
Hg AR A s T35 Pl JLE

X} PBDEs % H W A B & TN, Horfr, A
ML E 4 3 A 0.7 pge(kg-d)™ A1 1.7
pg* (kg+d) ~' ) PBDEs ] Uil i A WA FE AR
Jifi %85 4.2 pg-(kg-d) " Fl 10.3 pg-(kg-d) ' Ay

PBDEs AJ DL i PM, W A Jfi&R 2 A i, 51 &

W AR5, 2.2 pg-(kg-d) ™' Fi1 5.6 pg-(kg-d) ' 5
%£5 SZ5. PM, 1 PM,,# PBDEs
SHARANREE" /pg- (kg-d) 7!

Table 5 Exposures of BDEs of PM-bound and
gas-phases via inhalation/pg- (kg-d) ~

it H ON JLE
T 0.7 1.7
PM, 4.2 10.3
PM,y ~PM, 5 2.2 5.6
PM,, 6.4 15.9
> PBDEs 7.1 18.6
1) NP 15 m? -d =", LI A 8 m’-d 'y AR

70 kg; JLHFAATE .15 kgl
{# 0. 7530

BB IR 20% 150 4.8 hy; £, B
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TG, I ABREX ZSSH PBDEs #5431 575 Y RHiE 3015

PM,,
PBDEs [ JLATEIFIR R 48 L3, (HaX #8419 PBDEs
CIBniEanA O A G R U AN SO DN Z NS (95 e
FANTF PM, 5. BSKE, A SILENSH S
A0 kA 7.1 pge(kged) ' FIO18.6
pg- (kg-d) ~", /T Darnerud 257 i 757 10 5 f WL
BANR WV KFE[1 mg- (kg-d) ' ].

~PM, s CKIFRAE2. 5 ~ 10 wm BRI ) 45410

PBDEs ' £ %2 i 4> BDE-209 H ¢ bl E 9w Wy

AR XU o7 DL 26 A B0 KU SR AE S s R
7.

ILCR o G X CSF x IR x EF x ED
- BW x AT

A, e, HTEGY R EEHE, mg-m ™ CSF
SECEY R R H, BDE-209 AU 412 2 MO
M7 %107 kg-d-mg ' [39]; EF Ky ARG %R,
JLE AR N 365 dea”', ED hERFEHELEAE
B, JLBEHUE 6 a, AR 24 a; AT BN
FAgmHiE, L RS {E26 280 'y HAS
BOBRE 518 4 H AR5 R [EOTHE

T4

H

ﬁ:

2. 3% 10 L3 Tx107° ﬂfﬁ%?)\ﬁiT?ﬁWﬂ
B FRAE 10 - 6“”' Ika?Drjiﬂﬁﬁtﬁﬁﬂﬁ_a o

3 s [ g’,

g

(l)ﬂlﬂﬂil Eﬂlﬂjt’fuéﬂi%ﬁﬁ% PM]O%H-PMz ﬁ,

i/x&ﬁ%jﬂjﬁ 239.0 mg-m~> (655 ~ 707. 4
pg-m™ ) F1154.3 pg-m > (65.5 ~478.5 wg'm ),
PR ETE R A/, &R, KA =2
WX T H S, ZZ 1R IR AR R
M K.

(2) BHITEE X 2 AP RSP PM, S FTPM R 14 Fif

PBDEs ( > PBDEs) G B (A MRS )

SERE A 117.6 pg-m P H1171.0 pg-m >, Z5
i %@HEH&YK?W@ >&ZF>KE>HEZE
BDE-209 LAk B fe iy, i 5L PBDEs 19 50% ,
L1 BDE-209 ﬁfﬁ@ﬁﬁaﬁ, HHABMEA L, A
W5 T EAMNAERB Y, S, & T
WEELIX, KT AR X H R PF i X

(3) ZEHNRS H PBDEs FHAETE Tk,

AZSEMA R, BRI E BRI ARTRR
?%ﬂz PBDEs E’J*ﬂéﬁ‘@ﬂéw%ﬁ%ﬁ FIR ., IS

L B RN RIS e FE = TR IR Tk T A1 1)

ﬁv\?ﬁ? PM, .

(4) BHIFIE X N, PM,, il PM, , i} PBDEs

5E1R PBDEs [ A 5¢, BDE-209 F#fif & A 0 5%

L '352;‘\9’] BDE-209 ﬁtﬁ?ﬂl&{ﬁﬁ;ﬂﬂjﬂ—

XI5 S PBDEs HiAh 20 73 i S 2ok R, 5K

A5 H] PBDES i AR 7 1% DUARAT.

(5) BAAULEXSFE X N PBDEs 945 H I A G
SE 7.1 pg- (kg-d) " HI1 18.6 pg- (kg+d) 7', i
INTRE A5 77 10 B AR WL 56 A R B2 I 7K F- [ 1
mg- (kg-d) '], X%} BDE-209 &3 KU {553 5]~
3.7 x 1077 1 2.3 x 1077, 3 /N F o KRS PR A
107°, 2 el DX B0 e AU 7T L 2280
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