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Geographical distribution of polybrominated diphenyl ethers (PBDEs) in resident eurasian tree sparrows
(Passer montanus) across Shanghai, China

HUANG Kai', LIN Kuangfei*

(1. Shanghai Xin Jinqiao Environmental Protection Company, Shanghai 201201, China; 2. East China University of Science and
Technology, State Environmental Protection, Key Laboratory of Environmental Risk Assessment and Control on Chemical Process,
Shanghai 200237, China)

Abstract: This study took Shanghai as a typical research area. Eurasian tree sparrow muscles from different functional areas were selected
to analyze the levels of polybrominated diphenyl ethers (PBDEs) and their geographical distribution patterns in Shanghai. The
concentrations of 2;PBDEs (sum of BDE 28, BDE 47, BDE 99, BDE 100, BDE 153, BDE 154 and BDE 183 concentrations) ranged from
9.0 ng- g to 83.6 ng- g (lipid weight). The highest concentration of BDE 209 was 292.0 ng - g™'. The average concentration of BDE 209
was about twice that of 3;PBDEs. Commercial decabromodiphenyl ether products were the main source of sparrow PBDEs pollution in

Shanghai. The concentrations of 3sPBDEs (sum of 3,PBDEs and BDE 209 concentrations) in sparrow muscle in central urban areas and
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industrial parks were significantly higher than that in rural areas. The geographical distribution pattern of 2sPBDEs followed the rule of

landfill > industrial park > urban central area > suburban area > rural area. Shanghai waste landfills and industrial parks were potent

sources of PBDEs release. Compared with other regions of China, the concentrations of PBDEs in sparrows in Shanghai were at a low level

and pose relatively little ecological risk. However, the concentrations of PBDEs in individual sparrow samples from landfills, industrial

parks and urban centers were relatively high, and therefore the potential environmental risk should not be ignored.

Keywords : polybrominated diphenyl ethers(PBDEs); resident bird; eurasian tree sparrow; geographical distribution; Shanghai

% IR B K fik (Polybrominated diphenyl ethers , PB-
DEs) & fif i f5e )™ 2 09 A MLBHAR ) 22—, ih T H AR
FEPERF BHARRCR , misk ) 2 W T KA
AR 525 7 i, {EL DR DR PR R BRAKONE , 2 e PR A
s A5 1. PBDEs 7E MR HxfE LARE A% , HA B ek
It HAERE B Wy B 7 A R W) SRR OB FSE
%W, PBDEs J&— Rl EUE I HBA Nl stk
AT, HA SISO & O YT PR 1 B
IR,

B W Sy PRt e R AR ) TR 2 T
DN ERIEE 75 G AP R 251 i S BRI L2 e, ) T
S it I PR 5 G AT A A5 A 2 XU T 4
FHOERIEEA RIS I T X 7 R,
LR S 2R3 S B 5 e SRRk 5 =2 A AT 2K
A B TR DA 5 78 AR WK A 5L A X PBDE 15 %
B SRR 2R AR TE— X 528, o
S ORI A O LD TG ShYE YR T
At X, AR AR AT BE . B S b TS G
T AESR AR o BRAE R 2 Js B T A kT 1 L
52, 2R NSRRIy, 5 AR R IR
R, AR TS G I RES SO 21 3 FR A5 v )5 G
B, ARG A G IR HE s AR ). A BETERTRR

A2 P B WL IR BT o 1 E 4 SR 0 5, R IR A RERSVE R
TR A iUE ERaN /U

FE A ERYE [N TR A IO A 1 AR S AT LI
KI5 YW 8 BBTSE T & B, PBDEs & & (AR S5
ST S RAE B NS K, BI{E R 4 400 ng- g, A
WEZ% 4 830 ng- g™, PBDEs 75 & 5/ ME H B AE P HE S,
YIME R 3.7 ng- g, b UEZE R 0.1 ng-g™', %45 R B HY
IS IR PG HE A FE A o o b A Ak T £k 5 T
ZE 5, AT ST LRI D RE X3R4 PBDEs &
B0 O GO YN T v B o7 I RIS 4 Rl IR | A [ 3
ZEATR AR H DX RN (s s X, PEA b gl XA [] 36k i
FEAKE LA B TAb K- 2218 F |, 45 X 38k BS 1 bR 42 v PB-
DEs 75 YLK S Ho i 812 () 43 A RRAE , T 4%
M PBDEs B0 15 4 i BR 42 /& 4 PBDEs % & Z [A] 1)
K F 5 E P AN X B 5 PBDEs 1% &
Y LR, AT T X R 5T H PBDEs (75 YL B0

1 #MEETE

1.1 HRRERER

2012 4% 2 2013 4F 76 b1 17 A5 b R A2 BRAE FF i AL
37 H B 5 3 E T X SRR A A A R A
e Hb X 4% Tl el X AE R 37 56 3% 1 81 4¢ T 4130

®1 LBEMRFERERER

Table 1 Detailed information of eurasian tree sparrow samples in Shanghai

ifE XI5 Functional area Ff 5455 Sample label 1% 2l Hb X Home range G B 12 ) Habitat type
T Hb X U-1.U-2.U-3 i G W 4 il 52 5 DX R DX N TN N T i
T 250 DX R 4 3 PD-S-1.PD-S-2.PD-S-3 M XA AFEEX AN THEN N T 5
AT IR IR 45 A3 MH-S-1 ,MH-S-2 PIFTIR A X N TN N T i
o XWERR A G JD-S-1.JD-S-2 . JD-S-3,JD-S-4.JD-S-5 FE XN FHEE X Tolkbd X NTHEN N TR
PATT XIS 25 SJ-S-1.8J-8-2.8]-S-3 .SJ-S-4 .S]-S-5 ML A TR X Tolk b X ANTHEMN T 5
T XIS A QP-S-1.QP-8-2.,QP-S-3 XA FEE X Tolkbd X N TN N T B
A Ll X RR S 45 JS-s-1 AR AMfEEX NTHEM R
BT H X2 A NH-S-1 ,NH-S-2 ,NH-S-3 . NH-S-4 FICAE T X e Y T B X A N T3 N T RO
AT HIX JD-R-1.JD-R-2.8]-R-1.S]-R-2.QP-R-1. B iGH & FATL FHH 4 1L B R AT X e
QP-R-2.JS-R-1,NH-R-1,NH-R-2
i 1 [X. Re-1.Re-2 T L 2R B X, 32 B T e gy AR H R

1% WHART]



BRI 1R KR I A T UK (PBDEs ) 25 [ 53 i HEAE 5 1705

AE X ST R AR B RE AL 5 B
1.2 FAbIEFNRET4bIE
1.2.1 F¢ 5L TiiAb FE

2] RAE T A% X ELRREE AR B, T A R
TS HAA I S5 | B A R O % 148
W, 7E-20 COKFE N EEGORAF . AFF iz (] S 50 = 0
G o s BB AILIA , B 2R T AR T S R TR
T
1.2.2 F¢ ST HE

PRI ZE LA ARE S 1.0~5.0 g, A TC/K B BRI
V& LABR 25 2 4K 4% I AR AR [l bR BC-PCB- 141
F1°C-BDE-209 ( 2 [E Accustandard F5 #E &) , ] 40
mL 1EC RSN ERR G (11, VIV) R KRS h, & H
23 e 75 K AL (Buchi, i) W45 3+ 2 A £ 10.0 mL, 1
m L V& 208 YA 100 5 LA P i 05 4% 4, R4 9 mL VR
RERBRIE T, BB L2 R L s R E5a
IEC B LT, e 28 R AR AR 2 1.0~2.0 mL )5
P2 2 Bk e ke vk, 70 mL &0 H Be/iE O ke TR
B CL/L, VIV)IRBE  BUR VRS e 78 R AWUR
T AR 2 1.0 mLIE OB, FF 0 385 - 55 15 H
L(GC-MS) i . PAER L IF 2%t . & B b kA R
FTCK B R BN Y A 43 M 40, W T 1 T e WAk 24350 A
FRAF] . IRAFRERE & i BDE 28 \BDE 47 .BDE 99,
BDE 100.BDE 153.BDE 154 .BDE 183 #1 BDE 209 4
B, TR A bR HEAE S DL R A bR PC-PCB141.PC -
BDE 209 "4 F 3£ [E Accustandard 2 F] o
1.3 HmamfREEH

il 22 A SRR FH AL (GC-MS-NCI, b2 i
% Negative Chemical lonization) & ¥ i 73 #1 PBDEs,
e 25 Triplus [ ShUEFERT , e 5E 2 7 R MR X (SIM)
R, BEPE B 79 81 VE Ry M i 3 . R
FEDB-5HT(15 mx0.25 mmX0.10 wm) , 25 4 @ 4l 4
SR 1.5 mL-min™) | SUSSR HBE, ATk R
1 L, A TR BE 280 °C, 85+ J5ELEE 150 °C, A1
280 C. [AHAIE RS (GC) THERF M :110 CF

B 1 min, 2R J5 L1 8 °C - min™' JHiL 2 320 °C, £ 4 3

min, FfEIFE G 80 S

SEEGTTUEA T 8 A PBDES 1R A b v i 3 5T I Ags 1]
R, DILPARE & H 8 FF PBDES TR & FrE fb JE S5 fin
i 81 2 7E 91.0%~110.5% Z 1], i A A By b -
PCB-141 1 *C-PBDE-209 (% [a Ui 2 43 51| 4 97.5%+
12.5% 1 81.0%+7.5%. 16 FE & R 1D HIEIK, B
AU BRBE 5 2525 1 45 AR R S5 AR it

FHLAMEAE 53 B R R v 8 S (e AN A RS M AR v
RS . R P2 (i Rk AR B AR , 2 bk
SERAR AT NSRS IE .
1.4 iR IE

FEWR P e L AR e, AR A A A% F A FR frg LA
nd /K, 24033145 . X .PBDEs & BDE 28 .BDE 47,
BDE 99 .BDE 100.BDE 153 .BDE 154 #I BDE 183 1% &
Z M, 3PBDEs & 3,PBDEs #l BDE 209 & & 2 #l. JFk
FE LA H PBDEs 1% R FH B K 2 3918 7 22 43 (ANO-
VA)LSD Z 8 He#%, ffi F SPSS 18.0 AT 48114047 -

2 HR5HR

2.1 FiERRENLA PBDEs 2K FEE5 S HISHE
L2481 1T BHETTRRAE JJLIA H PBDES [A] & 4 &
SsPBDEs &% /K V- 7EREA I Y 8 F PBDEs BL{A HT,
BDE 47 .BDE 99 .BDE 100 Fl BDE 209 ()£ Hi K # 4
100%, 1fii BDE 28 \BDE 153 .BDE 154 1 BDE 183 94
R HRAE 78% L) I, iX 3R W] PBDEs /2 |- i i IX
JRAE LN 2 21 rh 3 3 A2 AE 975 Y49 . 2,PBDEs % it
49.0~83.6 ng-g”", PHEANE-HIME 43 514 28.0 ng- ¢ Al
339 ng-g'. & 14 3,PBDEs #l BDE 209 7 [ i Hi1 [X
JRAE LA H Y 28 [B] 43 A K] . 2.PBDESs 7€ I 1 b [X 53
A AR E) I MARIL X S, PBDESs 7% it M XF
B, N 65.9~83.6 ng - g, H K S AA T Tl X,
BDE 209 7E R NLIA 5 58 8.2~292.0 ng- ¢, 1A
FIF- 2543 9 4 47.0 ng - g7 F1 64.4 ng- g™, & 3,PB-
DEs W 2 5 /247« &% b W 3H I 3% BDE 209 7% & fix

F2 LiESMRBRENA S PBDEs EMEERITER(n=37)
Table 2 Concentration of individual PBDEs in muscles of

eurasian tree sparrow from Shanghai(n=37)

i e

hE P B/ME R KR
i . Standard . . .
Median/ Mean/ .. Minimum/ Maximum/ Detection
ftem (ng-g") (ng- ,,)deVIatlon/ (ng+g")  (ng-g™) rate/%
28 2°8 (ng-g™) 22 2°8
BDE 28 1.6 2.5 2.2 nd 8.8 86
BDE 47 8.4 9.7 5.3 2.5 21.2 100
BDE 99 8.6 9.8 5.5 2.5 222 100
BDE 100 3.2 3.9 2.6 0.4 10.2 100
BDE 153 2.5 3.0 2.1 nd 8.6 97
BDE 154 2.0 2.5 2.1 nd 8.5 89
BDE 183 2.4 2.6 2.2 nd 8.5 78
>.;PBDEs 28.0 33.9 20.2 9.0 83.6 100
BDE 209 47.0 64.4 53.7 8.2 292.0 100
>sPBDEs 78.7 98.3 70.3 25.0 375.6 100

WWW.QEs.0r9.CN
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1 big&XARENRF PBDEs & £/ H1IE 5 [E

Figure 1 Geographic distribution of PBDEs levels in muscles of eurasian tree sparrow in Shanghai

17, 15%1292.0 ng-g . HAR R i BDE 209 FRRAE A
i BAE 7 2 Tl X (JD-S-5) ZEF MK (U-2)
B Tl el X (NH-S-3) | Fifi 5 M5 75 #% (U-1) Fifi 4 —
L X (PD-S-2) . Q13 3 Frm, b i3 X AT
Al B X 14 B4 2 Bk 46 SPBDEs 7 1 /K OF b 35 5 ok
B A XA RE A (P<0.01) , B Oy X R Tl Bl
DX BT BE % PBDEs % J&] 11 A58 52 M 88 K, axX 5 [
HMNIEFE R — B, A Mt DX T B Tl Bl X B
3T DX Hp YT o AR T T Xl
AP 24 = PBDESs 75 YL B

M 2 H ] DU Y, 1T R SRR 2E X sPBDESs 1% it
K108 MU 375> w0 38 XS TN el > 3R 45 A iR > A
b >tz b DX R | S 37 R 4E Hh 2 sPBDEs 75 5K
2 b TR A8 DX 10 £, [RIAE Tolk e /) X sPBDEs
T RME XN 352 . kAT AE BT
A ittt 3T 0 1 DX IR A DX A AT 1 DX 11
B (P33T BR T A 57 1509 ) AILIA 9 PBDES 7
Ay LT B SRR > R T O DX S IRAR 2, A b X >4
o L X0 T 2R A T L XA [ B R X3 1 2R i v
PBDEs & /K22 57 K, 23z KA 284215 2

1% WHART]

R3 BT EMEXRENA S 2PBDEs B Z EH PRKE
Table 3 P values among 2sPBDEs levels in eurasian tree sparrow

muscles from different regions in Shanghai

TolkF X ARSI RATHLIX it X

Industrial park Suburban area  Rural area Remote area

b X 0.083 0.0007%* 0.000%*  0.000%*

Tl X 0.017* 0.000%*  0.000%*
B A5 A X3 0.020% 0.082

AR X 0.740

T FRORA R ] 22 5 1 25 (P<0.05) , /R AN [ 4 1] 22 54
3 (P<0.01).
Note: * and ** indicate significance differences at 0.05 and 0.01

among different test groups, respectively.

PE EWFRHEFEREA T A, AR B AT AR
AT A AN F R T R R T R R A (H
FE B S R PN R BT AR [R]R  HoO 3ik IX - 3 A0 45 45—
LA PBDESs 23 [A] 3 AT FLAE 3% PR UESE 13k iy o
WRIX A 25 B 24 PBDEs 75 YR
2.2 EiERES PBDEs B &ZWAIS FiE

¥ b XORRAE LA H 8 Bl PBDEs [R] 28 4 19 43 A1
WLEL3, SR B F AT 4 BT 37 4 R RE G
BDE 209 3 (5 b A iy, FL % 1 7 22.6%~80.1%, 1~ 3%



L, % LI SRR AE T SRR (PBDES ) %8 )43 AR5 BT

1707

3001 —
[J X,PBDEs

L I BDE209

(3]
wn
[=]

3]
(=3
(=]

—_
(=)
(=}

Oﬁﬁﬁﬁﬁm

P AT J;ﬁixli TakpE A iﬁiﬂg%
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S =
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Functional area
2 LiBAEMXAFENAH PBDEs & 2K F
Figure 2 PBDEs levels in muscles of eurasian tree sparrow

in Shanghai

} 62.8% , 72 B Deca fij Ml i A2 b 1 b DXRRAE (1) 2205
YL, BDE 47 F1 BDE 99 Y & 520 ) 15 5.5%~22.6%
CEX R 11.0%) F15.2%~28.2% (SF-3 0 11.2%) , 2 W
IR Ak (Penta) Y it A2 1V i DX RR A8 1) 75 2%
K~ —. BDE 28.BDE 100.BDE 153 .BDE 154 #
BDE 183 iy F- 34 & & & AU M 2.5%.4.3% .3.2% .
2.5% 1 2.7%. Br% SJ-S-5.S]-R-2.Re—1 Fil Re-2,
Hi g H X RRAE KE 5 v BDE 209 (5 Fe#R 3 50% ., SI-
S-5H1 BDE 47 F1 BDE 99 /5 Hb b 14.2% F115.0% , Hi4x
PR RS VT Tl Bl X f JpR 46 4 i 7 BDE 47 11 BDE 99
) F 1 ER R I T 13% , iX Wiz bd X H A Penta B3
it AL RS o E AV I Sl B R A A 8 DX R
)RR AE FE S B R BT 8 EE 1 /Y BDE 47 Fi
BDE 99, Hrf1 SJ-R-2 ¥ i}y ' BDE 47 .BDE 99 F1 BDE

WBDE 209 EBDE 183 MBDE 154 EBDE 153 MEBDE 100 HBDE99 MBDE 47

1op LRI SRR £
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100 = AR 0 9 LA 2 38 31 43.4% , 3% AT BESR IR T )%
FROA= T (5 FH B o H e B AR 1 ™ i, A AT RE SR R
FARYL MY Bl X Penta i@ MV i 2H BB 23 BB 8. 76
Re—1 Fll Re—2 F fit v, BV R 115 FH 28 0 A 37 1 R 42 v
3~6 % 18 PBDEs [F] & ¥ Z 1 43 5] 5 3] 72.3% F
57.8% ,BDE 209 1Y /5 22.6% #142.2% , H: PBDEs . &
TRV 2 A RS FE i B A1), 3R B L v i g R
2 W 7% A5 W 19 PBDEs V5 44 , PBDEs 3 2k 5
F KA H PBDEs (i # MULKE . PBDEs H A5 K i &
TR RE ST, H U RAR A AR AL PBDES [A] 3 4 L i 7
R R WA E s LS RE 11

PBDEs [ ¥R 58 15 Y [l i 5 2 1 12 &, X3,
PBDEs 5 G AR B A 5% S XU PEA & PBDEs i 9% (1)
B o ASHIF ST 25 S 3R B 1V 45 b DX A A ok
FHDecaﬁsﬂknu,,ﬁ\miﬁhﬁfmﬂ“hmmﬁ% I T
SR = H ) B 28 5 AR rp R ARG D 4 BDE 209, S 1] A
Fr i (>20% ) #f i HF BDE 209 (9 B 43 b 22 F R
(<10%) , ForbrJ 1] b XA 2 35 5 R o 0 3 8 5 F vh
3L T 30% F170%" . S Ak, AR vl AR AT
VLA M b D I 1 H 2 7400 T i DX 1) 5 2%
PBDEs {5 ARSI 58 B2 G T A il o TH I e I 11 i
W 9 (Amaurornis phoemcurus) W M B (Galliral-
lus striatus) L1 FH 3G (Porzana fusca) 55 e VD #E ( Gal-
linago gallinago) WL Th# A BDE 209 5 H} , 1 B Fixs
LA H BDE 209 2k =22 [0 &4, iZHL X ) PBDEs 7 &t
IRV BB AR RS0 WV S A FE Y
SEOG RN I LR H B ISR R

WBDE 28
RAT R 22 X

YTy TeTYIaT T
2% TTITTITIS

N —
11
T

Re-1
Re-2

FE 5455 Sample label
3 LB X AREALEI 8 F PBDEs Bl R MM 76

Figure 3 Compositional profiles of eight PBDEs congeners in muscles of eurasian tree sparrow in Shanghai
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BDE 209 #B & £ 2 [6] 24, o Lol 84.5%~94.7%".,
X e gE LR R B BDE 209 75 Y34 365 47 78 T 38 [ R
7 K )92 3 FL - L 2 A i
2.3 LT ARE F PBDEs i5 K F

HHT, 525 PBDEs i 58 3 24 p Tk 38 MM
I B T VR 7K 38, A7 JCIR T F2 55 h PBDESs HAH G B
FEAHXT RSB Z 1 H A4 19 PBDEs 5285 TR WF5Y
FEAE PRI KA KA B2 A/ e BIIRE F7
P/ N 2 AR R RS . R 45 T AR
KA Fedk i /N B8 12 b PBDEs AOAH SRS 4

Van den Steen 252007 W 4% [ 3k 17 b X 2000
4E 3] 2002 4F R 4R B K 11 48 (Parus major) FHE 1L 28
(Parus caeruleus) 1] & 84 i, Rl 48 FfE L 48 FiLAS
SCHEIRAE B T IRl — 28 18 S e i H A,
S [AIAE 22 BRI 30 117 4 [X A R i R PBDES 75 2 22 0
1 T AT AR X, e S ik H 136 ng- g, X
5 B o WX R 3 AN BREFE A U-1. U2 fTU-3
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AT B R A DX 1Sk 3T AR 25 S 09 LA
W PBDEs 75 5 5 ) AR A AR HiL DX 22 5 R, Ak X
T T A E) 15 000 ng- g ARBHBIX AR 35 ng 7'
Yu 862 BLAL 5T R AE WL FE 5 Hh PBDEs £ f 7 [l A
100~2 600 ng- g (HF{E :250 ng-g™) . H2BREE S D)
Do F ] A Hb DX A EE b 3 IXORR%E H PBDESs & &
AR, R BRI | PBDEs A= &8 KU /0N
L 0 DX 4 96 45 SR SEE A |l el A5 b ) v
FES N S5 R E

3 it

(1) i TiT 45 4 37 HURR 2 LA A i 2,PBDESs &
YU 4 9.0~83.6 ng- g™, BDE 209 7 11l Bl 4 8.20~
292.0ng-g "o R H T HULIRIX  Toll el F i

(9 JFR 28 UL IALRE & v S5PBDEs 7 1 /K F- 5 2 55 A bt
Hi X,

(2) FHERRAE WLIN o SPBDESs & 5y & He dor
RSB IR 7> I T A # DX > Tl el DX > 30 445 4 X Jal >
A b D>l 37 1 DX, B 3R A | b B X 1
b DXV 7 1 22 R ik (PBDEs ) 1 BRI -

(3) it 37 453 K42 UL IR A i H 34 L) BDE 209
JFE, HA R 22.6%~80.1%, F ¥ N 62.8%, BDE
209 1% & J& 2,PBDEs I 2 i 22 47, 3R W] IR R Tk
M it A2 b Vb DXRR A 1 3 T L

(4) 5 4 BR K P 1 HoAth s X AR EE 365 3t XOpR 28
H PBDEs 75 & K- 51K, R H 1 (R PBDEs 4=
25 KU A2 /N, {HLRE 2 1 16 X 38RURR 42 P PBDEs 1% 7K
AR R, F A b i I 3 SFCHE A R Tl el A5 b DX
A= 2 UBSAT N 5 | A E AR

S 0k

[1]WU X D, CHEN L Q, LI X Y, et al. Trophic transfer of methylmercury
and brominated flame retardants in adjacent riparian and aquatic food
webs: “C indicates biotransport of contaminants through food webs[J].
Environmental Pollution, 2022, 306:119433.

[2] WU X D, ZHEN X B, YU L H, et al. Biomagnification of persistent or-
ganic pollutants from terrestrial and aquatic invertebrates to songbirds :
associations with physiochemical and ecological indicators[J]. Environ-
mental Science & Technology, 2022, 56(17) : 12200-12209.

[3] LESLIE H A, BRANDSMA S H, BARBER J L, et al. Decabromodiphe-
nylether trends in the European environment: bird eggs, sewage sludge
and surficial sediments[J]. Science of the Total Environment, 2021, 774 :
1-9.

[4] TURNER A. PBDEs in the marine environment : sources, pathways and
the role of microplastics[J]. Environmental Pollution, 2022, 301:
118943.

[5] CAT K H, SONG Q B, YUAN W Y, et al. Human exposure to PBDEs in
e—waste areas:a review|]]. Environmental Pollution, 2020, 267 :115634.

[6] FU J, ZHOU Q, LIU J, et al. High levels of heavy metals in rice (Oryza
sativa 1..) from a typical e-—waste recycling area in southeast China and
its potential risk to human health[J]. Chemosphere, 2008, 71(7) : 1269-
1275.

R4 £ EHEKAPBDEs §E/KFE

Table 4 Comparison of PBDEs in passeriformes between this study with other studies

Fh2/2H 2 Specy/Tissue 445y Sampling year i 55 Location PBDEs 1% i f.F1 Sum-PBDEs/(ng-g™") S VE Reference
Kl R 11146 /73R 2000—2002 14~ RICH [ 58 B :4.0~136 [19-20]
KilAE/E 2006 Ry PE 49 (GE I :24~117) [21]
P13 AR 55 RS 05/ A 2009—2011 JRABT M T i L :35~15 000 [13]
JRAE /LA 1993—2000 bt P : 250 (31l < 100~2 600) [22]
JFRE LA 2012 it P-4 - 98 (Y [l : 25~376) AT

1% WHART]



BRI 1R KR I A T UK (PBDEs ) 25 [ 53 i HEAE 5 1709

[7] ¥, FROESE, TRIEFR, 4 . JbmT il XRR 2 A A 75 e i R ). b
UMLK 240 (B RFHENMD, 2001, 37(6) : 820-824.  PAN C,
ZHENG G M, ZHANG Z J, et al. Studies on contaminations in tree
sparrow (Passer montanus) in Beijing[J]. Journal of Beijing Normal
University( Natural Science), 2001, 37(6) : 820-824.

[8] EENS M, JASPERS V L B, STEEN E V D, et al. Can starling eggs be
useful as a biomonitoring tool to study organohalogenated contaminants
on a worldwide scale? [J]. Environment International, 2012, 51 (5) :
141-149.

[9] BESIS A, VOUTSA D, SAMARA C. Atmospheric occurrence and gas—
particle partitioning of PBDEs at industrial, urban and suburban sites
of Thessaloniki, northern Greece : implications for human health[J]. En-
vironmental Pollution, 2016, 215:113-124.

[10] GEVAO B, GHADBAN A N, UDDIN S, et al. Polybrominated diphe-
nyl ethers(PBDEs) in soils along a rural-urban—rural transect : sourc-
es, concentration gradients, and profiles[]J]. Environmental Pollution,
2011, 159(12) :3666-3672.

[11] WANG J X, LIN Z K, LIN K F, et al. Polybrominated diphenyl ethers
in water, sediment, soil, and biological samples from different industri-
al areas in Zhejiang, China[J]. Journal of Hazardous Materials, 2011,
197:211-219.

[12] QIN Y, LIU Y, WANG J, et al. Emission of PAHs, PCBs, PBDEs and
heavy metals in air, water and soil around a waste plastic recycling
factory in an industrial park, eastern ChinalJ]. Chemosphere, 2022,
294:133734.

[13]SUN Y X, LUO X J, MO L, et al. Brominated flame retardants in three
terrestrial passerine birds from south China: geographical pattern and
implication for potential sources[]J]. Environmental Pollution, 2012,
162:381-388.

[14] LING M, ZHENG X B, SUN Y X, et al. Selection of passerine birds as

bio—sentinel of persistent organic pollutants in terrestrial environment

[J]. Science of the Total Environment, 2018, 633(4) :1237-1244.

[15] WANIA F, DUGANI C B. Assessing the long-range transport poten-
tial of polybrominated diphenyl ethers:a comparison of four multime-
dia models[J]. Environmental Toxicology and Chemistry, 2003, 22(6) :
1252-1261.

[16] LAM J C, KAJIWARA N, RAMU K, et al. Assessment of polybromi-
nated diphenyl ethers in eggs of waterbirds from south ChinalJ]. Envi-
ronmental Pollution, 2007, 148(1):258-267.

[17] LUO X J, ZHANG X L, LIU J, et al. Persistent halogenated com-
pounds in waterbirds from an e—waste recycling region in south China
[J]. Environmental Science & Technology, 2008, 43(2) :306-311.

[18] QIN X, QIN Z, LI Y, et al. Polybrominated diphenyl ethers in chicken
tissues and eggs from an electronic waste recycling area in southeast
ChinalJ]. Journal of Environment Science(China), 2011, 23(1) : 133-
138.

[19] VAN DEN STEEN E, PINXTEN R, JASPERS V L, et al. Brominated
flame retardants and organochlorines in the European environment us-
ing great tit eggs as a biomonitoring tool[J]. Environment Internation-
al, 2009, 35(2) :310-317.

[20] VAN DEN STEEN E, PINXTEN R, COVACI A, et al. The use of blue
tit eggs as a biomonitoring tool for organohalogenated pollutants in the
European environment[]]. Science of the Total Environment, 2010, 408
(6):1451-1457.

[21] DAUWE T, VAN DEN STEEN E, JASPERS V L, et al. Interspecific
differences in concentrations and congener profiles of chlorinated and
brominated organic pollutants in three insectivorous bird species|J].
Environment International, 2009, 35(2) :369-375.

[22] YU L H, LUO X J, WU ] P, et al. Biomagnification of higher brominat-
ed PBDE congeners in an urban terrestrial food web in north China
based on field observation of prey deliveries[J]. Environmental Science

& Technology, 2011, 45(12):5125-5131.
(TAT4H )

WWW.Qes.019.CN




