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HYERmP PCBs RIEYI BT R AR HRE T

2RI VIR AROE R T T e kR | ST S R S D A R 1 (1 K IR 5 A TR FR
75 e 5 RRIE ST AT, LI 200444, 2.0 B R B MM BRAL A 9T BT, AT WL ERAL 22 B R s ==, 4 TN
510640; 3. i KA R 502 TRE2= B, g i 4k N FHRIEST T, i 200444)

W Wl e RS Eh P e b PCBs IR BEAT LM 280, VAL %M IX. PCBs 9 Ak H 5 55 5 45 R W1 R R B0 2 b PCBs (1)
WEEAEARKY H1~3734 3pg/g(WE ) L [8],3~6 4 PCBs A E LM R Y. Mk PCBs WKEE & T 85 8. BRFHAAI A2 PCBs (M B4
PR BRI iR fh >3 K £ P > v > B SRR AR B A6 R IAF PCBs 17078 20k, el 1€ it p M 5k
PCBs A4 2k B 8 Pk v 06 2, 50n) T4 STRE R PCBs 12 0 25 % 0 X i A R 1 s vk BRI PCBs 0
24439.3pg/d,lL PCBs (KA M54 5034.5pg/d.f A [ 58 2 5 (CLA5 AR A RIURUBURL) (K1 73 BT & W1, 1 28 /2 PCBs AR5 1K 25T
Wk, 20 b7 A1k PCBs H 272 1) 60%.

KGR ZEUN: ShrEE il BHLE M, A HRER

PEISHES: X32 XHRFRIRAD: A XEHE: 1000-6923(2011)06-1019-10

Concentrations and bioaccessibility of polychlorinated biphenyls in animal-based food collected from markets in
Shanghai and assessment of associated human daily intake. LI Jun-ling!, ZHANG Dong-ping', YU Ying-xin'", HAN
Shu-yuan', WU Ming-hong®, SHENG Guo-ying" %, FU Jia-mo'? (l.Institute of Environmental Pollution and Health,
School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China; 2.State Key
Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou
510640, China; 3.Shanghai Applied Radiation Institute, School of Environmental and Chemical Engineering, Shanghai
University, Shanghai 200444, China). China Environmental Science, 2011,31(6): 1019~1028

Abstract: The concentrations and bioaccessibility of PCBs in animal-based food collected from markets in Shanghai were
determined. The associated human daily intake of PCBs was estimated. The concentrations of PCBs ranged from lower
than limit of detection to 3734.3 pg/g (wet weight). Tri- to hexa-CBs were the predominant congeners. The PCB
concentrations in fish were higher than those in livestock, poultry or shellfish. The following sequences of PCB
concentrations in fish were observed: seawater fish > freshwater fish; carnivorous fish > omnivorous fish > herbivorous
fish. The bioaccessibility of PCBs were determined via simulating the digestion process in human gastrointestinal tract.
The fat contents in animal-based food had a significantly linear correlation with the bioaccessibility of PCBs. Thus the
bioaccessibility of PCBs was able to be calculated from the fat contents. The human daily intake via ingestion of
animal-based food was 24439.3 pg/d, however, it was reduced to 5034.5 pg/d when the bioaccessibility of PCBs was
added to the calculation. Fish was the major contributor to human exposure to PCBs, accounting for 60% of the total
PCBs intake coming from food, dust and particulates in the air.

Key words: polychlorinated biphenyls; animal food; simulating human gastrointestinal tract; bioaccessibility; daily intake
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PCBs i |15l A AR @45 B2 i 1
FEER N R & JE AR PCBs 75 1) EEJR 2
—.PCBs J& TR etEAL &4, K0, sh vk £ 5
Y A (0 PR, O B Y5 Y
H AR A BN AR, S A TR T 21 i 3 1
AR 73 BRI G0 A REAR WO 38 i m) AR A
b SIS ASTAUSZ 15 B (1A AR AR i v A,
S JLH I A A% T Yy T L A AR
WS HR e KRR 38 3 AE A 3t R B AT
TR g LR T o 1w A= 4 m] R

AR RS2 i I I 5 e B s b g b
PCBs [WAYA %05 & s HAA 2 KR,
WAGE X — KR, Z PP i h PCBs B4
A AT TT fE E B i 7 AT U A 2,
N G 23500 BT R 34T B 58 AH A2 T %
SO RE S e 07 Y A A R IR
Hedl e DU TR s T & s PCBs 429
A RPE R TE B, b e, AR S50 106 6 5 5 1) T 0 7
(M 0.6%Z1] 16.7% % ) IR i, I Ji 7 5 500
PCBs A=W R (15 ), LU A 5 £ i b T s

B A DU T HAE A PCBs (M AEDAT 251

FCURAE AT I FE R RE At L 38 R i AR AR,
PP L X T B S Y & dh b PCBs 1 28 57 K
- Al Bt SN B AT GEE G B AR, VR AN [ 2
FEENT AR PCBs H % & [fAH T DTk

1 MR5FE

FE R 5%

H 2008 4 9 H~2009 £ 6 H M LT 10
AAFNATBUX KA NS . A SRR AR SR b
FE it P A4 75 2R G PR G PR R A T, B 2R (7Y
DAL RIS PA]), 20 CHG 3 I o S £ i
M, fifa, e, R KON R, A
i, G ) BOARR (RO FER . e, Rk
17 Bl AL W RATRS RE S AN 4
AN AR 45 5 AN AR 9 AN HAbIS ok 10 4,
LTt 135 ANFE bl AL I G A R Hp e R B £ D 2
1P A B G R R £ R A e PR A
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1.1

e BN B R E RAE S P R . a2k
(2 B2 10T £ B3R o0 FHANER AN D8R DI/ E
L e bR 7 N | S Rl R S DR E e
A TR i VA VR T T L B A R S 18 °C AR
FERE T

1 TR PCBs BA ARG A R
fi PCBs AR /MK — 2010 P AR AR -
I A (GC/MS ) AR B A B PRt o
P77 2T S50 ) 5 5 2~3mL 5 BE IR AR
BRI e EINA PCBs WRAAREE ARG A
TYIRE S, 78 TR 2 s I 2 m A — 5
F B &, il 32 PCBs 15 44 I £ MR .

1.2 PCBs W JEM &

FREC 8g FE &, A B R fg ok Pe-
PCB141 il PCB209, /] 250mL iF b/ A B (AR
Eoh LDIRAHTIZ Iahde 72h 0 75%04h
L T PCBs [RI3 FEED 2 78 4% 358 45K H
ZEVEIN 5 BRI 25 B K 75% I ik 46 1) 1TmL,
RERPE BB (0% (GPC IR 200~400 H 1)
S-X3 AWER),H 115mL 1 O ke/ & Fke (R
e 1) kst LB la D7, e AR 115~280mL 414y
WAE I ZH 4045 3 0.5mL J5 T RR/B Mk e 42
AR G EHTEE ) 70mL 1 1E b/ S
Lo (AL 1) TRA A AR E IR % 4155
MAFE PC-PCB208 JEik4: % % 2mL 1IkE
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HCF 4°CHE T
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FREX 0.2 il % (152 PCBs 15 YL I AE i T35 97
R AN 12mL 58 SRR A T
BERUE ,37°CF IRAEEE TN AE 2h; 3R )5 FF NN
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7000g 50> 10min, FiEHE 0.45pm 5, 0\ P Bl
JE I IE Cbe/ — A PR (AR 1:3) A2 A%
BORRZE 2 1 mL I IE O o IR R A H,
A HUAH IR/ ik S-S A B 2 A JZ AT A A,
SRR 1.2 50 FE S G T 4 CORAERE 73T
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Bk P A L A BT AL, R T A AR R, 22 Jig e v v
NE W oL 2 s, N AN 53 Wh B8 22 (R IR 12E N )
T8, A, S5 e o gyl ik 5 2 4 e i i
W0 T3 A i IS 0 T 0T SEIG I R A 4
FH A A W B 12k B I MR 7, — FE N B B3,
ARG HEAT I B S5
1.4 XERIHT

PCBs (1) ¥ B Wl & 76 W+ i s 2+ 95
(EN)6890N-5975 GC/MS(Agilent) I 5¢ 1. HEFE 1
FE YRR 23 590 4 280 A1 230°C Rk
TR (SIM), 5 5 1 70 7 3 L A A

DB-5MS(60mx0.25mmx0.25um, J &W Scientific,

USA), LA = 4020 200 (1.0mL/min), WY SAE
PE A 60 mL/min, FFEFEF: 110 CAREE 1 min J5
L 10°C/min F+ 4 200 “C,LL 1°C/min F+ % 250°C,
FELL 8°C/min F+4 290°C,{* % 10min. -5} 1uL
1.5 a5 R AR R

FEREATRE S 23 BT 1 R B4 7 v 1 Bk
a AT RE AT, B 6 ANFE AR 1S B 20 M
a1 AN R S TUINARFE S 6 AN R 7 B
JFE IR BEE IR VR A R AR (2~100pg/L) A AR ik 22
AR i, BRI AL P A0 A58 1 1 26 1 AH 5 R 4L
%5>0.99, FT Kl (1K) PCBs 7] 24 ¥i44 CB19,18,
16,25,28,22,44,71,67,74,66,56,99,87,110,82,147,1
46,153,179,138,187,174,177,173,180,199,203,195,
194,81 206 Jt 31 Fhihk meRIG R PC-
PCB141 1 PCB209 K[ ZABLE 70%~120%2
[f],3 AN VAT FE 5 20 A1 AH X b HE fs 22 (RSD)<
15.0%, 975G FEM AT 2R R 5 i E e ik
FERIBRFE, AT 20 4T 6 I ARHE(w 22 S, LA 3.36S
ACE AR BR(IDL). K FH % 7772, PCBs 14X 24
H R 0.4~3.0pg AR SCERAST HEBIR, LL 6 g Tt
i (CLRE S B3 7K R0k 80% ) Ab B )i 2 28 AR AR
100l Ry 3EHE, DL AR A 10 T AR H R
(MDL)4 1.3~10.0pg/g(e ). I ALY Rt sk
KR 3 IR
1.6 Fdrbr

A= WA S0 RO 35 SR bR A R T
BRAE it [R] B EAT AR 98 SCHR[13], 78 N A4 18 i #4455

AT PCB AR AW Rk (Ba%) B 52X
H:

Ba(%)=(m i x—m xmtix)x100/m (1)
St A i (pg) 23 ) R IIARAE il FIA 0
BB AR A TR R ) PCB B4R T i m 1 (pg)
AR £ 5 ) PCB AR T

it PCB BRI i I 4 A AR 1) 22 57
Al Lk A 2) AT V5

ADI=C"I'm ()

A H:ADI  PCB 1 ¥ HEEAN &, pg/d;C N &
fH PCB IR, pg/g; m MM A HEBANE,
g/d; 1A PCB 7EJliE (Wi %, L PCB 12k
YA RPEREAT VA 3L C-1 U A ORI,
BV 5 R R AT ZE AT T PCB #L A
9

BARGEHH0 M R SPSS 11.5 #4347 4%
KR Excell BpFdEAT 2 ANARR 2 IR R
FHERAER 347,24 P<0.05(BI 95% 1) &5 1) )
WHEA G X

2 ZR5WR

AU E A FTI(2008 4FE 9~10 AL,
KAET LT 33 DSWIFE M BFERG AN).
6 ) FGIA6 AN) BERI6 AN HA(S AN
FH.(5 AN, % Horh PCBs (8 53647 T 4150
GRS I RAR T Hofl 11 et SR i pk
K3t 135 Ao TR EMAE SR
SCEHTIAR) 33 ARSI TTIR AT L LU I
IS AFERT I 33 SRR A EI3ETE 168 AN .
2.1 PCBs [ /K F

EFTA RS 165 MRERKLINE] PCBs
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A= RIS PCBs,fH 2, H1-T- PCBs [ HL I KF AP
IR TR e AR A, H AT U8R 2 AP AE T30
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1022

IR R

31 %

b 1489.1pg/g; HEfA(CEI A 696.4pg/g)ik 2 WKJE  PCBs WJE & .

IARIR 28 0, T 220 31.0pg/e(6.8~70.3pg/e), i
(% 323pg/g i WO N 343pg/e) k2 AT
ERGES R HER R RN OMAE S S R
b T ) B (A T RS T R,
X, TR PCBs (1A% B K P

#1 TFEEmMmS PCBs BIRE (pg/e)
Table 1 Concentrations of PCBs in the different types of
foods (pg/g)

i H TIME A I/ ME EON!
A 343 22.5 4.0 91.7
4 121.0 46.9 3.6 550.5
A A 31.0 32.3 6.8 70.3
G 1 184.4 43.9 0.0 1222.9
Hifly 125.8 92.8 45.5 261.2
{HEEE] 2325 184.9 15.0 703.0
il £41 1213 485 9.5 786.4
Ay 3185 330.1 90.6 574.0
fiyi ey 511.3 3529 132.8 1046.9
il £41 137.4 135.9 28.7 265.3
Hfn 693.4 540.7 319.6 1555.2

K fh 1502.3 1489.1 3233 3734.3
el 284.4 242.8 115.2 599.0
fi £ 374.6 448.6 0.1 669.3
st 61.4 30.5 0.1 384.0
B2 135.1 131.7 7.5 302.1

ESEEN 78.7 55.8 14.2 149.0

TEIXEERE 5 v AR S R AR ) 2 3 ) %
PCBs [ BEH A B2 0.3 2 LG @R T AN
FAFES P PCBs IR K L3 A i3 7K
FISTRKAIS (B RIRK, FR) LEXLEFE
i LI TS R A 6.5%,2.3% F1 1.0%~
2.0%. HTHEEH PCBs )il i AWk s BUTAE
I I 2 2R e R AN T -3 3850 g 7 5 R P AR A A
o PCBs ¥RJE . WKl 1 Fros A4 PCBs &
SRR S A I 107 S PR 2 IE A O T AR [R]
TR ) 28, PCBs R L 4y - A B > 2 B
SEATPE(ER 2),1%08 M1 T 4ok IE 28 = B /K 4y
Iic ZH0 BUE logKow>5 IS, 1% )5 5 il i £
WIEEIBOR, H. TogKow K, %40 5 5 g i k.
AHFTH PCBs [ logKow 39>5, 5, AT DU# i 4=
W TBOR A B 1) B v i 1 €00 28 (0 TR £ 1 #1288 v

*2 FEMEEMEAERMEELS PCBs &Y
KE (pg/e)
Table 2 Concentrations of PCBs in the different type of
foods and fish with different habits (pg/g)

1 H T HAEA /M S ON
EES 79.9 39.3 3.6 550.5
(BN 107.7 37.1 0.0 12229
L/¢USA] 91.7 56.3 0.1 384.0
oKkl 305.7 217.4 9.5 1555.2
KA 732.4 448.6 0.1 3734.3
Lkt 131.6 100.0 28.7 265.3
Aefritkfh 238.3 147.2 0.1 786.4
i 662.0 4345 90.6 37343
1600
o
y =128.59x - 60.403
5 1200 | R?=0.773, P<0.001
)
&
= I
) 800
8
& 400 |
0 1
0 2 4 6 8 10 12
R (%)
1 PCBs REESNENI &8GR
Fig.1 Relationship between the concentrations of PCBs

and fat contents
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SUAUHE CB199,203,195,194:9 404 CB206.7rixX 4
FEd L R & BRI RIS
in,3~6 % PCBs (T ZaXH L # H0 5 5 A 67.9%(4
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Fig.2 PCB congener profiles in the different types of foods
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B PCBs 72 MR KIBOKAE )1 S logKow
SR R A SR T BRI PCBs [H]
R A (R AP IROC B ) T AR
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N AR ) SO B AR A /N i oy DR Ut
e ST PCBs /N A stk o T
WHRNRITXS PCBs AW S50k (1 5 e e I T AN
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Table 3 Bioaccessibility of PCBs in foods with different fat contents and their correlations with fat contents
S Bl DA RN (%)

Tri-CBs  Tetra-CBs Penta-CBs Hexa-CBs Hepta-CBs Octa-CBs Nona—CB  PCBs “J-JJ{H
fii £y 0.6 4.740.9 6.3+1.1 5.9+0.7 6.3+0.4 6.6+0.6 7.9+0.3 6.6 6.2+1.2
12 0.7 5.8+1.5 9.942.3 8.7+0.3 10.7+0.7 11.2+1.2 13.6+0.6 11.7 9.842.7
SEAN 1.0 4.9+13 8.2+1.8 7.5+0.4 9.5+0.6 10.2+1.3 13.320.7 11.5 8.842.8
fif £ 1.2 3.4+0.8 5.4+1.7 4.1+0.9 4.6+0.3 4.7+0.6 6.1£0.3 5.6 47412
B 1.2 3.241.1 5.542.6 3.240.2 3.7+0.3 3.7+0.4 4.5+0.2 3.7 4.0+1.5
fi £1 1.9 1.7+0.8 4.743.0 2.5+1.0 2.6+0.2 2.7+0.3 3.5+0.2 33 3.0+1.7
il 2.0 9.742.2 12.6+2.2 10.4+0.2 12.7+1.0 13.6+1.6 17.1+0.8 16.0 12.6+2.8
i 1 2.3 2.7+1.0 42+1.7 2.6+0.2 3.0+0.3 2.9+0.3 3.740.2 4.0 3.241.0
Ui 3.0 10.8+1.4 142422 12.8+0.6 14.5+0.9 15.4£1.5 18.0+£0.6 14.6 14.14£2.5
FEfh 4.0 11.242.4 13.6+2.8 10.9+1.1 10.9+0.3 10.5+0.4 11.1+0.3 9.8 11.4+1.9
fakec) 5.4 8.942.2 12.743.0 10.343.1 9.7+0.5 9.5+0.6 10.7+0.4 10.0 10.3+2.3
fifi £y 5.9 18.1+1.8 21.6+2.4 20.1+0.8 21.0+0.7 20.6+1.0 21.6+0.2 19.5 20.4+1.9
g £ 7.7 249424  28.0+2.0 26.5+0.4 27.5+1.0 27.4+12 29.0+0.3 252 27.1£2.0
Hifh 9.6 419436  49.8+3.7 46.4+0.4 49.442.9 48.0+2.4 50.8+0.4 44.4 47.4+4.0
fitf £1. 12.3 462+4.4  54.4+46.1 50.6+0.2 52.941.5 52.2+1.7 54.2+0.2 49.8 51.5+4.4
gl 13.3 438+4.4  52.9+4.5 50.5+0.2 55.5+4.2 55.8+3.9 61.542.2 52.8 52.8+6.4
gl 13.5 46.9+49  554+53 51.6+0.5 55.3+3.3 53.2422 54.8+0.7 49.4 52.5+4.6
Hfh 16.7 473+42  57.5+4.4 52.240.3 56.3+3.3 55.842.9 62.0+1.6 55.5 54.9+5.5

k4 3.39 4.14 3.81 4.12 4.06 437 3.90 3.96
R 0.856 0.771 0.786 0.714 0.717 0.692 0.679 0.750
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

e PR AR UE O 22 b4 T 4G SCHR[ 101 F PCBs AR AT AU R vH e P9 0 A 2R IR XS WA, e e ) i 2 20 3l
J1.4%. 2.2%. 1.6%. 3.2%. 3.4%H13.1% NG H);d. kA PCBEAAE WA b 5 R &8 00 R 2k () E 4k LR

M 3 0] LA AN IR 7 & 0 FF
HPCBs A= 904 251 Bl RE o P I 5 = 1 7
e T KR S R IR S R el 0.6% (i H) T
2] 16.7%(H ), e AN F] PCBs 7 R4 1)°F-2)
AW B AR ) 3% T3] 54.9%. 45 4R 3
(RIIF 5 4% SO SR 2 M AL (Bt b 3o S5 ) 2
&G & S A PCBs 2B 30 2 MR &R, KW
T4 PCBs [F] R4 FRLAR S5 b b 1) T 7 7 22 04
035 1 IE A OGP (P<0.05). 5L 45 i B A7 3
Wi 4 38, T I A N BT S R L b R
DDT S AT AW A=A v bl A s n £ i
MR NI N A AN I LAY 5N i
(PBDEs) [ A= A7 3 v 5 g 105 5 = A B 35 1)
A1) Adenugba 2600 5 B0 T 28 4BL L 3,
R R 4 AFEA IR RIA B3 IEAE R
KA MR THEA PCBs YA RbE &
LTRSS TR 3, AT IR ARSI AR SE
60 52 (1) 18 ANATSCHR[ 1017 18] 6 AN, 33t 24 M

AEH R EAHR). K 3 B8 T 31 4~ PCB [A
AU RESR S ERN R ET
PCBs WA RN E 5 NE T &2 (8] [P plom 26 1
K Z, AT LARI KRR OC 28, L HE R A b v (1) T s
5 PCBs HIAEYA 3o, B
Ba (%) =k F (%) 3)
Ak 2 PCB AR A S DT & 8K R
M2 () 2R3, F(%) A R i 055
I T, A D &SR F AR A S 56 I e £ A R
PCBs “EWA 2L IFR3E, i1 Adenugba 250143
fi& F0 ek £ FE S P PCBs AW B 2tk N
30%~82%,H Xing S5z 2 Fibige /K £ (i 2R
P PCBs AN ML IIMEA 3%, 8K
AR 7% 53X Fh 22 5, —J7 1, il Bt T AN [R5
KA T AR A AR pH AR T AL BEAE YT
WREE « FF i 12 R0V A I A AR 1) B g ) i 3 250 491
i1,0omen 2 EL T 5 RN E AR SN B A
SEUG T VRN T4 R I AR A o gk AR A,
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