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HE .

[E 5] ZRECKBF (PBDEs) @— M/ JZN AT BF =R ERERT. ERFIRSRY,
PBDEs Z BT B EEHRETAELZRFATEF N, B me AFE T 'Y ETR PBDES HY
BERR. DBEA—EREHT, BREMNEFRNEATENH. MEFIXT LEXE
F=fmH PBDEs ;SR KRBT R,

[E8Y] &R T 2 £ C X & 87 M PBDEs WILK, NiEE—F A REXAEHMR
T BERAM S MR kR,

[ 7% ] ERCKEABHHNRBHIZREES ™R, G588, BIFNENHIt S0, XA
S - BEERILE (GC-MS/MS) XTI B MmiE s & E T8 8 7 PBDEs B2 K (BDE-28. BDE-47.
BDE-99. BDE-100. BDE-153. BDE-154. BDE-183 #[] BDE-209) #H1T& 210N, FLLIRBHIR
Bt 2 8 U K R EFH2E 877 5 2 (8] PBDEs B2 {KF1 2 PBDEs IS HE BN HEER,

[£55 ] AR EITHIT 50 MR (400 TUR) BURQN, e 130 UK, 1 H N 32.5%, HH
10 Z 15 899 BDE-153 (64.0%) , 1 H & 2R &= Y75/ BDE-153 (2.35ng/kg) , BDE-
209 ki, EEAFERHEAT, K ZHHNBHZBLELKITFEES (¢=0.73, P=0.39) , {8
EA{K BDE-47 TR BHIZMK B RS T8 (*=4.92, P=0.03), =MLERAE~RT, BEMW
SPBDEs 10 & & i3 62.00ng/kg, & T8HF (54.20ng/kg) #1781 (57.40ng/kg) (H=6.52,
P=0.04) ; 7 B =Fh 2 A5~ B 1E & (K BDE-99 (¥’=12.29, P<0.01). BDE-100 (¥’=11.91, P<
0.01). BDE-153 (y*=9.66, P<0.01) NG HEZ BINERBRITERN, HUEERS.

4512 | IRCX & B~ mPF7E PBDEs, BAMH & ENIOHERS HiiA AL A TR
KF, ERATERYMZALREET PBDEs WERER, A IS PBDEs BYSRIKIAN 5|
HEEM.
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Pollution levels of PBDEs in retail seafood in Xuhui District of Shanghai SONG Rui, XU Dong,
YAO Jia-hui, ZHANG Chen-tong, ZHANG Mei-ru, HU Zi-yuan (Environmental and Occupational
Health Department, Shanghai Xuhui District Center for Disease Control and Prevention, Shanghai
200237, China)

Abstract:

[Background] Polybrominated diphenyl ethers (PBDEs) are a class of brominated flame
retardants widely used in electronic products. As a group of environmental pollutants, PBDEs can
accumulate through diet and eventually affect multiple systems of human body. Seafood intake
is an important way for human body to accumulate PBDEs through food. The intake of seafood of
residents in Shanghai, a coastal city, should not be underestimated. At present, however, there
are few studies on PBDEs pollution level in seafood in Shanghai.

[Objective] The purpose of this study is to evaluate the current PBDEs pollution in retail seafood
in Xuhui District of Shanghai, and provide a basis for further investigation and policy making.

[Methods] A total of 50 seafood samples including sea fish, shrimp, and shellfish were collected
from supermarkets and agricultural markets in Xuhui District. The concentrations of eight PBDEs
monomers (BDE-28, BDE-47, BDE-99, BDE-100, BDE-153, BDE-154, BDE-183, and BDE-209) were
determined by gas chromatography-tandem mass spectrometry (GC-MS/MS). The concentrations
and detection rates of PBDEs monomers and total PBDEs were compared between supermarket
and agricultural market samples and among different kinds of seafood.

[Results] In this study, a total of 50 samples were tested 400 times, and 130 times were found
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positive of PBDEs, with a detection rate of 32.5%. The highest detection rate was BDE-153 (64.0%), the highest median concentration was BDE-
153 (2.35ng/kg), and BDE-209 was below the limit of detection. There was no statistical difference in the overall detection rate between
seafood samples from agricultural markets and supermarkets (y*=0.73, P=0.39), but the detection rate of BDE-47 in agricultural market
samples was significantly higher than that in supermarket samples (y*=4.92, P=0.03). The median concentration of 3PBDEs in sea fish
samples was 62.00 ng/kg, significantly higher than the median concentrations in shrimp (54.20 ng/kg) and shellfish (57.40ng/kg) (H=6.52,
P=0.04); the detection rates of BDE-99 (x’=12.29, P<0.01), BDE-100 (y*=11.91, P<0.01), and BDE-153 (¥*=9.66, P<0.01) were significantly
different among the three kinds of seafood, with the highest rates found in sea fish samples.

[Conclusion] PBDEs are detected positive in retail seafood in Xuhui District. Although the concentrations and detection rates of PBDEs are at
a low level compared with studies in other areas, the pollution of PBDEs in seafood should be concerned as food intake is a main exposure

pathway for PBDEs.

Keywords: polybrominated diphenyl ethers; seafood; gas chromatography-tandem mass spectrometry; food safety

% R EX X B (polybrominated diphenyl ethers,
PBDEs) = — R BERRGF RV IR BMAT, R TFHE
MR, ARBEMT. RINELD. SIMEERER N
N MSEE, M ZREATFBEF. B2 I
BEMY, BRTHEMEBEIYIE. KEREYH
AR, AMBEE T IBESURRYMERENRPKAF
7Y, HETEYEEIEABEYREZR MK, Ml
¢h NIRRT RBENXP 4, 5T E R, PBDEs AJAE
SHAGHERBRSG, BRRR. RBEAKEZLSESK
FEESUER, FrNE. BUBMBRTE, £
HEAEeE. MBNBUZERNMR. fRBERR
B EY AR, BT HTEMINES N, iF
ZERMMXEmEARRARAEILNBE~ RS
B PBDEs EEEYHR Y, BRAKEBEM 2007 F3 8
FCiZx 1= 158 PBDEs S0 ™=, BERHKERAREE
HI 2 EKER AR PBDEs & 7=z — 1Y, #%F PBDES YA
RABRM,

PBDEsZBEFERETEBYNEN, tRIBEAH
LINNBRPBDEs ERIBAEN 90% KRETFIRE,
Itb 33 B4 PBDEs VIS M A B 2, BZE B33
KEER#17PDEs EE R BE /K FEMMLIT(EL, LI
PBDEs B 2T EREMN AR K=FMEAE ; BB
B PWIENERER, EBKKKF R PBDEs
H5R BKFERAAXARME ), EREMEHBEX
FizAENHAR, N RBEE W RE R
HEBYHITNAI, PBDEs /5 RIKFESHIKX
=EE BXNEAR, HERRERPEENTETEY
B BDE-47, BEREZMAMERERE ; IFEAY %
M, K& &8 0a U1 ## 5 % BDE-28. BDE-47. BDE-99.
BDE-100. BDE-153. BDE-154 #1 BDE-183 G 1, 3
H LU BDE-28. BDE-47. BDE-99 #1 BDE-100 4 & ; Pk
IRl 18l 3 KBTS B 23 N B 248 Y PBDES S5
IKF# 1T & I, BDE-28. BDE-47. BDE-100 TEFAH

MR ERY, BDE-1831kH,

RN TFREKENCESEMEEEMES
ER, BVABAPBDEs NEERR, EBETIES
mh, BRI EFRINEBAERS, B2EH L&t
XEXMARERLD, LCHEBHHRILXBFNEEXTZ
HENAR, AR EEhRIXHmE S~ m
F PBDEs SR KFEFHITIAE, 1T RITZKTE S
= SR PBDEs A5 R4,

1 MHE5HEE
1.1 #&mFKE

F2017F 12 HE 2018 F8 BXt LM IRLCX 8K
KRBT 8 KRR I7E = mHTREE, REMNHF
mEEEE 2714, B 16, BIF 74, Hitso
P, 28 RBARE™, 24 RERETG ; =il
FHE, It (FEZ2AWL. 78), WRsH (
EZEE. HR). BEsH. @34 (@M. T8@).
HO3H. TT2M4 (KiF) . KELH. ATIEMXE
RFM, B RERNERNEMW, 8 NRERIE
SERBAET s
1.2 1MIETR

BmiEP T ER 8 PBDEs [T E (K . BDE-
28. BDE-47. BDE-99. BDE-100. BDE-153. BDE-154.
BDE-183 #[l BDE-209,
1.3 RAF 5
13.1 HEY)T 8T PBDEs SEEIERR (ZRE
TREKEBFRERE N 20 ug/mL, HREEEBFRER
& 79200 ug/mL, AccuStandard, E[EH) : =R EX KB
(BDE-28) . PU;REXZKE (BDE-47) . FIREXEF (BDE-99.
BDE-100). 7N REXZKE¥ (BDE-153. BDE-154). 1R EX
X Bf (BDE-183). 1+ REXZA Kk (BDE-209) ; HARY) :
+&BXZK (99.47%) 10mg (Dr. Ehrenstorfer, 2E)
1.3.2 7 ECk (RESR, EBRIgESRmRERRHN
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BIRATF, FE), TKRERE. KERER (D4,
EEAHEHABRAE, FE)

1.3.3 [EREZEE MEAET (E8RIELNH
ERHEIRARE, FE),

134 V255 E DWKRF (ME204, Mettler-Toledo,
EEH), BEKE %S (P120H, Eima, EE), FeiEE
& 22 (Hei-VAP Precision ML/G3, Heidolph, Z[E), &
RAY (DC-24-RT, EBLRIELWRIZRNDERAE,
RE), SE®IE- 8B FRIE B X (Agilent 7000,
Aglient, £[&),

1.4 L8

1.4.1 FERIEEALEY FREXSgiEmT 70mL IEEIAE,
N 5g FTE/KFRERFA. 15mLIE 2 he, BEFEHEBE 30 min,
3880xg B/ 20min, BB EBEREF—HAE, BXR
HFo THARAETBMANISmLES K, EERN—
W BHRRIRERIE30mL, F30mLIREUK P EIE
MA3mLIRER, BRUES, BENER, FEMER, TiE
EURABIAImLERER, E8%t—R, %% LAER
ZF 150mLXE A, 40°C. 335kPa, HEE R LR K
Ei1voml, BRAREFNEFNPEEMMET L, B
10mLIE2ke R HEERWES, BN 50
100 pg/L I+REXEARAR, BRE 1mL, 13 0.22pm
KEREESHEEE - BECRIE (gas chromatography-
tandem mass spectrometry, GC-MS/MS) 73%fo

1.4.2 FRERZERECE] D RIBX—EEZRY PBDEs B S TR
EAR, FECKHRERMRHIMEMETIESR ;
BDE-28. BDE-47. BDE-99. BDE-100. BDE-153. BDE-
154, BDE-183 fT & K £ /9 0.5, 1. 2. 5. 10. 20pg/L ;
BDE-209 Fi= R E /9 50, 100, 200. 500. 1000 pg/Lo
143 WimARBEES BN—EEMNRIRY+RECK,
BRECHEBRRESR, EHIRREXREN 100 ug/L YA
MRBRo

144 NZRFEM B DB-SHT (15mx0.25 mmx

0.1um), KMEFHIREWT : #HFORE300°C;
Romdtts ; EEAERauL; RERF, FBEE
100 °C, 1R #§1.0min, 50 °C/min #+ ZE200°C, 5 kL
20°C/min A £ 340°C, R¥F2min;; HREAESR; A
EA12ml/min ; FH%EE310°C; BEFERERE
280°C ; MK EE 150°C,
1.5 FREFH

S B 5% B9 B dm 48 N 2 BB CNAS-CLO1-A002 : 2018
CREMIANROE SR 30 2 BE 7 IA R NI TE (b 46 M $Tsk B9
N AIRERY T REES], &9 20 M F R #
TREEH, FEEEAZETH. AFI=8. FHRN
FATNEMF IIFREIU L,
1.6 #itZESHH

FRB KT 75 /&1 M R B9 2048 UG H PR (limit of
derection, LOD) FY—¥MH{E, FIEMRIAFIHK 1T 9
Mr¥5 K B SPSS 21.0, PBDEs & BB R TE =F B~ M
HEENEFOITRAZ MRILIFARLLIRB Kruskal-
Wallis #1236, S FHHEEEA T FEXNEEHE
WRIE PEF—THITRMLLER 157KE 2=0.05,

2 4
2.1 PBDEsHZE &G H I

ZHF 5T 2 PBDEs B {ARY LOD Y03k 1 FivR, 7E[E]
WERMBEZENITE L, X8 PBDEs H#HIT=/KF
iR, BKFINRET=FTNE, BIRERERE
R NRK 1, RS S04 (FEiT400T0K) #Y
¥, ¥ 130 TR, 44 HiZK 9 32.5% ; PBDEs & B {K
EREH, &5 158.43ng/kg, ZEXRTEEE Gif
STAHLL) ¥ SRR AU BDE-47, ER{KIG H 3R & & AV 9 BDE-
153 (64.0%) , EXJJ BDE-47 (46.0%) . BDE-154 (44.0%) ,
55 4N, BDE-209 R 14 Ho B BDE-209 48, 50 1478 7= fm
PBDEs 10 HH & &1 #1&x = B9 BDE-153 (2.35ng/kg) ,
ZERSEBAENKHELERE—H

®1 WLXMEE 5T PBDEs K15

PEDEs  LOD(me/ke) I () HERE (o) i _ EERTH BHER ) ok M ()
BEY FBET hEeE S8F FEF g ek
BDE-28 1 97.04 1.57 247.9 139.1 30 407.8 2479 20 ND~13.27 0.50 10 20.0
BDE-47 1 105.14 2.34 325.9 137.9 45 485.5 329.9 20 ND~158.43 0.50 23 46.0
BDE-99 1 110.59 1.29 565.7 405.8 20 405.8 297.0 60 ND~84.02 0.50 17 34.0
BDE-100 1 105.74 3.50 565.7 405.8 20 405.8 297.0 60 ND~27.60 0.50 14 28.0
BDE-153 1 105.13 3.82 643.6 483.8 20 483.3 376.7 30 ND~144.58 2.35 32 64.0
BDE-154 1 113.01 2.67 643.6 483.8 20 483.3 376.7 30 ND~51.54 0.50 22 44.0
BDE-183 1 111.71 2.19 561.6 454.8 35 721.6 561.4 20 ND~36.47 0.50 12 24.0
BDE-209 100 105.84 1.93 799.5 720.5 35 799.5 639.5 55 ND 50.00 0 0.0

[>F] BDE-209 K&, #21/2 LOD i,
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2.2 FRIFREFREEE

®"2 FRARFEM =B~ M PBDEs B R D

— =0 N 37 (n= =2 -
NE 2R, RETHSBHWSHREEES  , E6e®  RED5 0 )
T TIPSV . tHE KREE (%) KB KRR (%)
REFITFENX (¥%=0.73, P=0.39) ; E 1 BDE-47 1ER
BDE-28 7 25.0 3 136 041 052
5 AL TR
Bzt HES TE™ (*=4.92, P=0.03),
BDE-47 9 321 14 63.6 492 0.3
= MM P O VTP =
IN
2.3 AREI#E87 am PBDEs i H1H BDE-99 10 35.7 7 318 086 035
— e
W= 3 Pfi7~, 78 & 1 BDE-99. BDE-100. BDE-153. BDE-100 8 28.6 6 27.3 001 092
A e e
BDE-154 #{1 $PBDEs B 1 i & & AP i #19 2.10. 0.70. BDE-153 18 64.3 14 63.6 000 096
=T N1 .
4.20. 2.10. 62.00ng/kg, =T BEFFEM (P<0.05) ;  BDE1s4 13 464 9 409 015 070
- AL ST S BDE-183 4 143 8 36.4 329 007
/5 £ #1 BDE-99. BDE-100 B9 #& tH 2 79 55.6%. 48.2%,
. BDE-209 0 0.0 0 0.0 = =
= N—1 N B — YA
IMIETIEEFAEN (P<0.05) ; #8U1H BDE-153 A9HE
. N - SPBDES 20 714 18 81.8 073 039
HE 7 81.3%, mTBBHELF (P<0.05),
£33 FEWEE~HPBDEsHHEEMEHE
B8 (n=27) JBIF (n=7) &0 (n=16) EIREEE =
PBDEs EE . Livdeel s s S . TEE . Livde el s B o TEE . Livde el ivu s B
SES v o . % L % ) i o . H P 2 P
8 (ng/kg) R RAE W (%) 8 (ng/kg) R RAE W (%) ¥ (ng/kg) R RAE ¥ %) X
BDE-28 1.78 2.88 0.50 13.30 8 29.6 0.50 0.00 0.50 0.50 0 0.0 0.73 0.63 0.50 2.50 2 125 391 0.14 3.88 0.14
BDE47 1675 3758 200 15840 15 556 061 030 050 130 1 143 28 418 050 1600 7 438 500 008 3.86 0.15
BDE99 941 1836 210 8400 15 556 057 019 050 100 1 143 093 170 050 730 1 63 1022 <0.01 1229 <0.01
BDE-100 611 830 070 27.60 13 482 050 000 050 050 O 00 106 225 050 950 1 63 1247 <0.01 11.91 <0.01
BDE-153 22.20 43.45 20.00 144.60 18 66.7 0.60 0.26 0.50 1.20 1 14.3 3.09 3.70 2.60 16.30 13 81.3 9.36 <0.01 9.66 <0.01
BDE-154 9.10 14.36 2.10 5150 15 55.6 0.64 0.38 0.50 1.50 1 143 1.62 3.07 0.50 12.90 6 37.5 7.08 0.03 4.25 0.12
BDE-183 539 965 050 3650 8 296 107 151 050 450 1 143 164 349 050 1440 3 188 166 044 1.07 0.59
BDE-209 50.00 0.00 5000 5000 O 00 5000 000 5000 5000 O 00 5000 000 5000 5000 0 00 000 100 — —
SPBDEs 12073 12697 62.00 529.90 20 741 5450 138 5420 5750 5 714 6195 1558 57.40 117.80 13 813 652 0.04 038 0.83

[’£] BDE-209 Kttt , 3% 1/2 LOD &,
3 itig

AR EEmRCXHE B & PBDEs YT
K F#HITT D4, BRBDE-209 5h, EfthE K HRK
H, U7RBEREE BDE-1S3 M H R RS, HR A
JREXAK B BDE-47 7R EX A B BDE-154, = R BX Bk
BDE-209 B Z EKAEFIMEN T ESE, BHLRERS
ZREMBTR N ARRBEAR, HERYEEREDMIE
W, At EBYMHLURRBEEBMNERAE, MRLE
=R BB BDE-209 B9 10 H 202, 7E 46 K FE 5,
EARANHRS, BAESEC RUKEREHAETESR
PBDEs S & B FIYE N 189.50 ng/kg, XIFHZE 2 #6N%
IR /87K & PBDEs R & 2 FI91E I 123.2ng/kgo
RSN PBDEs B iRk 5 AR, BIA
RIBEREE S M RAVARE, PBDEs FEEYIRARAIKF
Eng/grug/e (LB glEEI) BEEAE™, HARX
BIHA ST FR QAT PBDEs BBAARE, BRE2AKRE, &
H 5T /87= S PBDEs & 21X 2 FRE KT,

A B 53 X R AFE = 9 M7 2 7R, BDE-47 96, H A
PBDEs S {K Xz &= PBDEs 7E R A h 17 A8 i Z [B1AVAS
KHTHITFER, AtEREWEE=RIAILIE
BhiREmZ e BEEE, ERKARNERIE

BERENMOBRIFNEBHHIRETT, RIEBMEKE
L, BE RIS RN 8%, AF 540 BDE-
99. BDE-100. BDE-153. BDE-154 #15PBDEs M9t HE& &
FRAEAG EEEREMEE=mPBEMMRR, LIS
B SPBDEsME EfRE. XIRNBEREEEE~ M
MEEIBR T ZEERDMAZTHIN, NESMEEIEERS
RO EMEERE LR RERE SR~
mirE, FIb, HRKEAE, BRIFIE PBDEs T #H N
Bmih, BEMEEHtE R AT PBDES SRNEE
TR, At RERINERBYMNER, LURLD
H B LEMREINETEND PBDES,

TRREEFE—TENRFRM. B, NHARE
KERD, NE—EERELARBLXHEE~HRF
PBDEs /54K, RARMBEIY AFEREXTHRILCX T
&I MR (K PBDES STRIK T — S G ; H
R, BIRRBER M ZERTIIAL, RaeEm
FE3IXT PBDES 7K FEBI MM AN

BAEMRERELBHHRILEXTE S~ mT

PBDEsMNEEAR S, BEAT LBR—EAEH™T,
ERMKEREBHEEENKRS, MBYRAGRERET
PBDEs N E B iR E, F I XTZ 7K~ PBDEs FY 15
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