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 E PRI REGET /MR S 28T & & P ZSRE R 3L 30 4y, DA (035 - ST i 00 H 1300 5
di P 28 T 2GR (PCBs) I & i, % PCBs 4 AR 43 A R AE AT 4347 5 VA JH A e XU S SR 3R B b mt i
EEHEERNZEFES T 28 F PCBs B &k 2.24—25.83 ng- g ' IR E, A% A R & o B (I, TR TR R i e
12 2 “IESE2E PCBs &5 0.56—13.74 ng-g IR, #E 21t hy 1.94—21.33 pg TEQeg ' ;7 Fh4E /R~ PCBs
RN 0.27—9.68 ng- g R NE/ B RZERES ) PCBs B4 PR = GBI AR A, & i LB TE 47.7% (98
1) —84.6% (TS A ) Z [8]. 7E A PCBs BfR  PCB118 Y 5T Mk e f . Wl A e R A B S & i
DI-PCBs #) H #A K 0.003—1.09 pg TEQ-kg™-d™" | BEE X E/N.5 FlrE B RIS M b PCBs AYEUE KRS
BNFS2(H , e B0 ARG 7 25/ N F 28 5, Som AR 80 WG 35 )8 T 1 5232 /K7

kgEiE AR, FERAE, S8, RHE, 8o AR B0 XU

Pollution characteristics and risk assessment of polychlorinated
biphenyls in livestock and ‘poultry food from Beijing markets

XIE Chunxiao'®  /BAI Chunlei'*  PAN Ding'? LI Ke'*"*

(1. School of Ecology and Environment, Beijinig Technology and Business University, Beijing, 100048, China;
2. State Environmental Protection Keydaboratory of Food Chain Pollution Control, Beijing, 100048, China)

Abstract; Thirty /'samples. from five types of livestock and poultry meat products were collected
several supermarkets or. common markets in Beijing. The concentrations of 28 polychlorinated
biphenyls. (PCBs) in these samples were determined by gas chromatography-mass spectrometry. The
distribution  characteristics of PCBs were analyzed and the health risks were evaluated. The results
showed that the total concentrations of 28 PCBs in the livestock and poultry samples were between
2.24—25.83 ng-g' fat weight, and the highest and lowest concentrations were detected in the lean
pork and lean chicken, respectively. The concentrations of 12 dioxin-like PCBs were 0.56—
13.74 ng-g™' fat weight, and the concentrations of TEQ were 1.94—21.33 pg TEQ-g™'; while the
concentrations of the 7 indicator PCBs were 0.27—9.68 ng-g™' fat weight. PCBs in the fatty/lean
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livestock and poultry samples were mainly tri-chlorobiphenyls to penta-chlorobiphenyls, with their
contents ranging from 47.7% (lean pork) to 84.6% (fatty duck). The dominant PCB was PCBI118.
The daily intake of DI-PCBs by urban/rural residents was 0.003—1.09 pg TEQ-kg '-d™", and the
exposure risk was low. The carcinogenic risk values of PCBs in the five livestock and poultry
products were all lower than the reference value, the non-carcinogenic risk indices were all lower
than the benchmark index, suggesting that the carcinogenic and non-carcinogenic risks were all
acceptable.

Keywords : polychlorinated biphenyls (PCBs), live and poultry food, concentrations, distribution

characteristics, carcinogenic/non-carcinogenic risk.

Z A8 (polychlorinated biphenyls, PCBs) j&— 2 Tl & Bl A9 i 8 45 A A HLT5 G4 ¥ ( persistent
organic pollutants, POPs) , 7] 3 1o £ 44 1% 156 17 X A= ) Je N DS it B v i pfe KfaEN . {20 2 70 454,
PCBs A6 A BRER 11 AR 7= (H i T HAE PR8E voxfE LA At L) K e B B iR A5 1, H AT BR A A T 8 Fh A 5
VI L

22 EIRSE P ER TR E A A S N AR S, 5 10 AR 4L, 209 Fh 55 A4 R ARYEH
PRAEAEME T 43 2K T IESES PCBs( DI-PCBs ) A4k —HE#2E PCBs ( NdI-PEBs ) Pi25.DI-PCBs J&15 HA 3t
S SEMI Y 12 A PCBs B4R (PCB77 81,126,169 105 114 118 123 156,157 .167 F1 189) , Xf A& H A
M2 RE N AEF R DL R BURPE S AR Nd-PCBs B 7 1k F 2K A & DI-PCBs, {H H:5H2#Y
—RINVE AR BN, 25 NdI-PCBs 7 78 55 ey i g B XU o 7 Fl NdI-PCBs ( PCB28
PCB52 .PCB101,PCB118 ,PCB138 . PCB153 . PCB180) 7E ML/ it LAY | fa A Py 4G AR =y , B 4
P PCBs(Indicator PCBs) , T RAAR G- Hi 5z e 8 55 AR Sl 22 SR 2 75 e i 0™, 3 L oHe W T 6 i o
PCBs 75 /K F-.

PCBs MR ZRBE AR T /0 AR BE ZR 58 AR B R 55, 0T Tl AR 5, B A PCBs JE i £ 2
RFEEA, H R 90% " A R SRR & Wy PCB S sh Wy IR £ i b & 4, Herb PO i B oK = i e B
5y % N5 Y AR O K i R TR e e ) B LR P9 A R Y PCBs, B 4032 31 [ N AP IR
SRR AR SR i H AT R & ISR PCBs M SR /D AT, BB AL ME B A
77 %t PCBs BAHFRMEME B ST N 14%—19% ") | A & PN ZEE 5 PCBs Y75 YL AR 0 Fi{d B
JRUBS: BR 57 B 22 T fif

AR A TS & SR VE TS X4, o Hr T I H R I 2 AR I & & AR
PCBs 1195 f /K AV YA | il 7 2 o R A o v M e IXURS: PR A | 3P4k s Rl 3 B N2
AR A PCBs AR XU , AR B0 dh H PCBs 175 Gt e fat e XU AFF 7 St — 2 O B S 5 a3

1 #ES B ( Materials and methods)

L1 BB

PCBs IR SRR TR 40 & 28 Fh PCBs #{4 (PCB8 .18 .28 44 52 66,77 81,101,105 114 118 123,
126,128 138,153,156 .157 .167 ,169 . 170 180,187 189 195 206 H1209) , i & ¥ FE 44 10.0 wg-mL™",
E [ AccuStandard 23 F] ; IEC B\ A BE (R IR ) , 2 E J.T.Baker 22 w]. VR (ZrHral) |, B 255 A
AR (100—200 H) 75 BT 3T s WRERRR (3 B4l , AL st b T A A AL B AH R R |
TCoKBRIREN (DL ) , I 254 AR A BRZS 7.
1.2 (U5

7890A-5975C S AR A IE- Bk E FH{Y ( gas chromatography mass spectrometry , GC/MS) , 32 [F Agilent 2y
w5 S P AR FEAIL , BT 2 AR MR O AT BR A 7] 5 v UR TR, I ST 19 S RS 30 A A% AT R W 5 e
2 RAXL, BT R A AT
1.3 FEahREE

e b X E BT KA AN T3 B IR, DU R H 8T 2 B i 5 FE S BRI B & A
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FEAERIFE G, G AR R SRR G P XS TR B B ISR AE 3 R, T AR
433153 A R PRLRE i RT3 R RE i, 2R3 30 1R .
1.4 b

FERR TR TG , AR RIS I, FRIC— 2 JB A 5 I A TG /K B 2 B A I8 2 3 AR, ) 40 mll 1E
et A BEIR A RO RE S AT A BEE 6 min B0 5 min, 36 3 WK, AR SR BOR. AR BURE 450 N
24y, — AT IR T S iE 5 — I e 2R 48 & 1—2 mL, DL S RERAE b, B A R DR T &
ARUCH A B DV SRR AERS 2 ¢ 1 g TEALAERS 3 ¢ SUEMLANAERS 1 ¢ WG TLRERS 44 %R R REICA ¢
22%TRIREENE 4 g1 g WEAEERE 5 ¢ TO/KBRER BN 2 G kA S ] 100 mL 1E etk , 2875 LA 100 mL
IECBEXTRE S IEA T Ak WO VR BV e VR SR RV 4 I LA T ot S 005 7 45 28 20 .

1.5 ZRBAMER T

R F A3 5 s I FH 2 R XRE A f PCBs (A7 00T i i B 7 UR L PR TR, B 1
PSR EE 1260 °C ; PUBLATIRE 1150 °C ; HL F-RETE .70 eV ; FFRE LR AE 1230 °C ; %4 . DB=SMS 4045 4,3
#£(30 mx0.25 mm,0.25 pum) TR AR (1 L) s He, E M 1 mL-min_l;ﬂ&%*%r?:
150 CA54F 2 min, LA 12 Comin ' FZE 180 C, LA 3 Comin ' FF 260 C 144 5 ndin.

FREESR AW N 10 mg- L' (49 28 i PCBs IRAR, B 20,50 ,200,500 1000 gL 25 5 ik B (9 b5
WV, 3847 7 2R B T I B o (SIM) | 38 i b b i FIVRE S AR 55 B ) RN F 2 19 7 vk
PE AR £ R e, 4% BAAAS TE il 28 R 56 22580 RZBVE 1L A 0.9933—0.9992. L 3 %545 Wt e A M 46 i
FR,28 Ff PCBs AU HBRTE 0.026 pg-L™' (PCB209)—0.452 pg-L™'( PCB195) Z |H].

1.6 ] 5 o i RE

SR S T T REAEAE S G, T R TR A 10 MRESA 4R BRI 2 AN FRAS SRS, A5
FEH Y TE HARYIRE Y IE B SE 86 1 R TCT5 e B S5 PR 4.

25 1 35 ST S 36 FH ARG 3k ) o it B8 RS 6, 4% AR v 28 i LA B R TN A AR A
79.9%—107.5% ,RSD ¥£ 7.2%—10.5% Z[f] , FF A R 4 il Bk ) SE B2 vk VI SEimf il 47
1.7 A@HREABE I
1.7.1  #M S EN I

SR A DA AL S SR T & @RI b DI-PCBs 19 8 M 2 5 & i1 (toxic
equivalency, TEQ) , 4l (2017 b mt i G iH4E4 ) A3 AR Ja R 5 Fh& & 205 H RS & TH 9%
# BG5S PCBs 7E A T T AE I R PE T T R X DI-PCBs (4% H i & 5 A ((estimated daily
intake , EDI) .

TEQ = ), PCBs x TEF (1)

K TEQ: 1 Y (pg TEQ - g™' ) ; X PCBs: #£ il 1 PCBs % i (pg- g ) ; TEF: # M 2 1 [ F (toxic
equivalent factors,TEFs) el

EDI = 0 x IR/BW x Ba (2)

Ba=kxF (3)

P EDL; PCBs (45 H & A B ( Estimated daily intake) (pg TEQ-kg™'+d™") ;0 DI-PCBs #J#5 1 2 5
(pg TEQ-g™") ;IR AR AR (g-d™) s BW AN AT (kg) ,60.6 k'™ . Ba: 7E A B 7 B85 4 F
T PCB ARG (%) k. PCB SR A R SRR & i B R P RS R i i
Wi (%).
1.7.2 BURABS AN
LN N AR B0 52 01 F 508 KUK (Risk ) HIT, 2% USEPA fetHE XU PR B i 2450 |
A H AP R EE R (LADD) SRR T (k) T, Risk fRT 13107 4 ] HeZ 208 KUK T
LADD = C x IR x Ba x ED/(BW x LT) (4)
Risk = LADD x k (5)
P LADD ; 44 H -1 5 8% 7] & (lifetime average daily dose) (mg-kg™'+d™); C: # & PCBs & &
(mgeg WRHE);IR: M BAER (g-d™) "7 ED: BBERFLEN] (a),53 2! s BW. AN AKE (kg),
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60.6 kg' LT iy A M (a),74.8 'k REEH FH, BWHEABLT, R R KE 7 b\ E A
1( mg-kgfl'df1 )7 RPRE PR RME N 2( mg'kgfl'dfl ) e
1.7.3  AEEE R T
FEFOE U S (HQ) T IR HIWT PCBs X A AF B0 XU 38 i i 52 5 (ID) 52 %1+ (RID) it
ST (HQ) .
ID = C x IR/BW X Ba (6)
HQ = ID/RID (7)
Ko, 1D it 32 4, AAXT PCBs 4 H BAG A TEHE AR (ng-kg - d™") sRID: B %3 4E,20 ng-kg-d "2,

2 5 51718 (Results and discussion)

2.1 HEEWEENT PCBs By & HKF

XFRGP RSP AR PR R AR S P 28 i PCBs iEAT E PR B AT, LADRSE & IR A L
PCBs G QERAE. 73 B0 5 Bl & P 2ERE i 70 0 IE 8 PRVRE i B 47 X LU BIFE D8/ RE XS 1A 98/ E RS 1
B/ AEA A NS S R/ IE AL AR EE T, F 8 IR EE AL R X, PCBs 9P 5 i 0. 12—
1.38 ng- g™ WL AT A0 AT AR & PRI T PCBs BT JekOF 4 BRE 8 D e W AR A AR i 5 &
W BESh R PCBs B & 403 M LAMRE T, X ,,PCBs | DI-PCBs &% i FH /R PE PCBs B 7SR P Y
FIMEILIE 1.5 B ARG PR X PCBs B3 i 2.24—25.83 ng-g ' HE T, i BMRARUC N XS 14 >
RIS PA) > 982 24 A >3 5 P S HE A4 A S AE 3 P > HES PR S B XS 1A > RE A% P >J88 A. PCBs /R R IR &1, %
TEA WA T 20 2 8 AR AELE 7 25 4 I AN 2 DR PR A R A0 0 — DX 3R AR R A A 5 85 A
PRR/IN AR A BDIRGLAE R X PCBs IR AR RER) SRR 1 22 ma 221 rh PCBs (13 511

30

777) *,sPCBs /R 1EPCBs 8 % IEHKPCBs

Indicator-PCBs " DL-PCBs

PCBs concentration/(ng-g”! fat weight)

El1 BBEREFMNT Y ,PCBs f8/R5 1M PCBs DI-PCBs % /K-
Fig.1 The concentrations of ¥ ,,PCBs, indicator-PCBs, DI-PCBs in livestock and poultry samples

7 FhdE/RPE PCBs BV HEH 0.27—9.68 ng-g ™ 5, H AP IS A T 48R P PCBs & i i fI%, S 1S 1A
rfg R PCBs & i i i AR HFSE I & 8 INZEAE i h R s M PCBs & i (IR T RR I No.1259/2011 HyAR#E
BRAEL(40 ng-g ' BREE) > Jb i & & &M P 5 /R 1 PCBs S B T Wb X & & N g
/RTE PCBs 4 (109.9 pg-g ' HEEE) 127 5 h B X M L, AL 50 5% 1A 48 A A2 A F 45 75 7 PCBs
B KO R ;9 Y AN 25 A P S BRSO R I T dE R P PCBs K T T VT ML X (0.20—
3.10 ng-g IR 7 SHETOHLX Y B AR 6 Bl NdI-PCBs (2% PCB118) & it 2k

12 Ff DI-PCBs .54 0.56—13.74 ng-g IR . LI (1) HHE A & & W2 DI-PCBs (31
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MK, R 1.94—21.33 pg TEQ- ¢ AR, B Y it /KT h 5 BIIRAR U 298 XS IR > 98 1 IR > 98 4 1R > I S
PRI > IEXS PR > B 2F PR > R PRI > 98 2 A S B ZF TR > 98 0 TR 5 [ /oAb XA B b i i B B B AR
Hi DI-PCBs (85 24 /K S T EURIEE T BRI 34 1A 2R R Y DI-PCBs Bt 24 B K F i
FI 44N S DI-PCBs 2P 24 2K E
2.2 FEERIHES 2 EB R E AR ARE T

ARG T BUCHY PCBs HoA AN A B9 FEAL 22 PR R, 75— E R EE b, XHAE S PCBs [R] 2240 B9 41
Y ML LT iR OIS R & S PCBs ISR L an I 2 iz IR/ 98 P ZSRE S P % PCBs B4
TE =SB AR, 518 5 HUAE 47.7% (JEHEIN ) —84.6% (WS A ) Z Ta), 5 /G U e+ SR
H/D NRBETEAERE T PCBs 1915 ol 35.7% , 5 15 50T B 4% A Hh 7S SUBE R 19 43 A AR Y PCBs
TEAEYRT R RE TS 1gK o R IPILC ZR R P SRR BUR B PCBs [W R 7E AR i A9
CRRE S T B AR PCBs [R R4 AR IE o, L/ &R 0 S AR, 7 LN 1.19% (30
) —3.0% (FEHE A ) SR e SR 22 SR LA AR e M 7KV P A it %) W b, 0 7 A 1
PN AT A 7 A B G B A, 24 SR Tk B — 2 i v U 2 GBI A A W R i) v s LR R

Xif 7 PR R PCBs BARUEFTRAE 08T, — 2 R B b mT LS il HE A 5 A 22 SR OR TS el v 5 3L
b DCAR LU, B PR i S PCB18O A Hh A1, iy 4 284 it h &4 s M PCBs 49 £ 1. PCB118 (1)
SRR IR, HIT o A T 6.0%—77.5% (TS A P d5c i, 77.5% 5 XS A TRk 2, 68.0% ) 5 Hk
PCBS52 fll PCBI38. A FT 45 R 5iAdb A > N ii B 5 ) vh 4825 Mk PCBs 119 LA R A 122308 .

2+ & Bk Deca-PCBs = JUEB K Nano-PCBs i /\ 4% Octa-PCBs

) L 4% % Hepta-PCBs [ 75485 #Hexa-PCBs  HHH F.4(i% % Penta-PCBs

22 Y 45 5% Tetra-PCBs =4I Tri-PCBs [ — & B:%Di-PCBs
100

AN —
80
NN %

60 [ e mm 0 1 NN 11 =555

11111111
\\\\\\\\

llllllllllllllll
llllllllllllllll

||||||||
||||||||

Percentage/%

40 H

20 H

A&

X N

& & &S ‘d S
B2 EHEERAEEEM T 28 Ff PCBs F R YA 4FE

Fig.2. Distribution characteristics of 28 PCBs homologues in livestock and poultry samples

2.3 PCBs a5 XU P-4
2.3.1 PCBs #EE 5 & K7 IF0

WRAEARFSY B & ZERES T DI-PCBs 42 L) 5 (2017 AEAL 5T Se 4R 4 ) s/ 4 F s R % 5 A
BEENENEHREEHREY AR (1) —3) HE W/ KA R X DI-PCBs B4 H G4 A&
EDIE, WL 3.4 i XOR R & I IR AF 7R 22 57, 3 L B A AN [R)L B TR A0, D s R He 4y
4 PRSI ER A ) T AR R BB X DI-PCBs 1 EDI 5 T4 & R

AR AT 5 FhEE & A2 DI-PCBs 19 EDI 4 0.005 (M5 P ) —1.09 (JEXS A ) pg TEQ-kg™d™", 4
FHE R 5 FE & A2t DI-PCBs 19 EDI 2 0.003 (S A ) —0.77 (XS A ) pg TEQ - kg™ d ™. 1% M HI 2
JE BROGHIE S A H DI-PCBs 9 EDI #5519 J5 S A Y PCB126 (TEF=0.1) =8 &, il
52.9%. THF T 24U BRI H AV " 9 1—4 pg TEQ kg d™"  ASBFFe rh b st ikfat/
LA R X 5 B E & A2 DI-PCBs (1) EDI {HI7E VLI N, 22 28 KU /DN
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Lor P77 5 JB B Urban residents
XY %A1 J& B Rural residents

o 10| %
2t Z ”
29 N N
N N
I N E'E
N N A N N
& ¢ S & & & & 4 & &
TSI @Q&s\"e &
& VY I @ T e
Samples

B3 EsUHTmE AR R E & 2SR DI-PCBs 19 H SR
Fig.3 The EDI of DI-PCBs in livestock and poultry samples by urban and rural residents in Beijing

2.3.2  PCBs & XS PEM

R RS AEAR T 1x 107 WA A T 322 32 380 KU AKE ™ AR 2017 AFJE R T GE AR 48 op B 3 4k
R AR B & R A AR LUIE Y RIS 1A Fh Y 28 i PCBs i E 44 (8, Fe IR (3) L (4)
BRI RE B AU T3 AT AR 450 5 R & A 2Erh PCBs IS0 MU #5850 rh [BIME | s R AE.5 Fh e
B2 PCBs MYE0E RS BB B RAE /N T 13107 s 3R Bui KU 7T LBz 32 4R TR & & R 2
PCBs WU XS (EHEAT HLAES, XS IR P S5 1%, 4 PR T B bl TP AR T RG34 TR A B0 A 8 T e 1
FEUER T PCBs XTAHT JE B Y 20 KU (& T IaE .

R 1 ALaUHARRE & HERE D PCBs BEUE XU PR

Table 1 Carcinogenic risk assessment 6f PCBs in different livestock and poultry samples in Beijing

YAE JE B Urban Residents AH JE EE Rural Residents
S0 ML Risk U Risk
TN . —— - NN . ——— -
. HrEIME (x107°) HHAE (x107%) 4 HHEME (x107¢) e KAE(x107°)
IR/(g-d™") X IR/(g-d™") X
Median Max Median Max
X5 15.62 0.04 0.07 10.96 0.03 0.05
UL 15.62 0.06 0.11 10.96 0.04 0.08
A 33.97 0.09 0.18 39.45 0.11 0.21
4 16.44 0.07 0.14 12.88 0.06 0.11
90| 16.44 0.06 0.11 12.88 0.04 0.09

2.3.3  PCBs BAFEUE XA

XU i HQ ( Hazard quotients, HQ) i FH >R ffif i PCBs X AR RIS 2w #2880 (5) L (6) B9t
S it 5 B B R OTHZ AE ORI 1. HO> 1 I, 2600 £ 5 o PCB [ 2 M (8, 4
Xt AR B = A AR MR > AT AR B0 RS B35/ N TR 4 1, 3208 5 Rl & s PCBs 1)
RS KU AL/ N A2 ] B2 L

R 2 AL & W2EREA P PCBs BYARE0R MBS A

Table 2 Non-carcinogenic risk assessment of PCBs in different livestock and poultry samples in Beijing

48 5 B Urban Residents K FTJE B Rural Residents
NIHA R ifif 3% oA N A i} 3% R 7
IR/ (g-d™!) ID/ (ng-kg™-d™") HQ IR/ (g-d™") D/ (ng-kg™'-d™") HQ
X R 15.62 0.05 0.00 10.96 0.04 0.00
15 PR 15.62 0.14 0.01 10.96 0.09 0.01
KA 33.97 0.15 0.01 39.45 0.17 0.01
a5 16.44 0.19 0.01 12.88 0.15 0.01

ES 16.44 0.12 0.01 12.88 0.10 0.01
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3 %5 ( Conclusion)

XFACE T 5 FhE & RS S 28 A PCBs V5 YURGLHEAT 4307, I X g B XU R 7945 P& &
N2 PCBs &N 2.24—25.83 ng-g I ; DI-PCBs FEM Y B &0 1.94—21.33 pg TEQ-g ' ; F8/1
PCBs & /K - 0.27—9.68 ng-g ™ JRH , AN T RR B4R, 15 YK FAE TR B AL T [ KE A FE R &
i1 PCBs (1Y & JE K AR, =248 i e = S B LR, & & 7 LUTE 47.7% (JEHE TR ) —84.6% (1
5PN ) Z[a] F5 7 PE PCBs H PCB118 TTik % i i , HK 4 PCB52 1 PCB138, 5 F0 1 b 44 45 L X i AN
[ & & R PCBs 15 P RFEBCAAREL B B 2 &5 PCBs MM i1t (P b, U R ) &
RT3 & AR DI-PCBs (9 H SRR T A 1A 412458 B ey i H A VA, B
B85 /1N, DI-PCBs H 45 Atk f5e 151 19 R 98 X5 PR 7 36 88 P 2S00 PCBs I BUE /AR 80 KU PEAN 5 R &
PR S 18 3850 s XSSy e KA 380/ IN T U, A T 4232 380 U 7K T 5 5 0 & 85 PR 25 AR IR SO AU 77 44/ 17 2
HEFE AL, AE B0 R30S, 16 T 3z L
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