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Exposure assessment of dietary intake for marker polychlorinated biphenyls in China
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Abstract: Objective Through the 6" Chinese Total Diet Study (TDS), the contents of marker polychlorinated biphenyls
(mPCBs) in representative Chinese dietary samples were obtained, and the dietary exposure assessment and temporal
trend analysis of mPCBs were carried out. Methods Istope dilution dilution-high resolution gas chromatography-high
resolution mass spectrometry (HRGC-HRMS) was used to determine mPCBs in food composite samples, and the intakes of
mPCBs of Chinese residents represented by the standard man were evaluated by deterministic approach. Results The
mPCBs were detected in all composite samples. The contents of mPCBs in varied dietary samples were different, and the
animal diet were significantly higher than that of plant diet with the lowest in cereals and the highest in aquatic foods. The
dietary intake of mPCBs of Chinese residents was 0.25[0. 11, 0.62] ng/kgBW-d (geometric mean + geometric mean
standard deviation). Compared with the results of the 4" TDS and 5" TDS, the dietary exposure level of Chinese residents
decreased significantly (P<0.05). Conclusion Although mPCBs were detected in all composite samples from 6" TDS,
the dietary exposure level of Chinese residents continued to decline compared with 4" and 5" TDS. Compared with the
relevant research results from European and American countries, the dietary exposure level of Chinese residents is
relatively low.
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AN | Polychlorinated biphenyls, PC Bs)J@ T
LAV A VT BI5GB (Persistent organic pollutants,
POPs) , 76 JJ7 52 1 88 R A= 7=, 30 8 R A8 TR 258
FHL 28 P18 448 5 R AR S8 45 W, L A Sk S 0 70 S T
BN URL L TC R B S AR SR DL B S R Nk I 4
PR Y S G S B A B N B R AT A B AT R
PCBs HA7 I8 1 Az 78 83 M | 0 85 0k LA 2 o 4 b
THHEMEEY . B 20 42 70 ER LK, KE A
K E R B LA E PCBs 1Y A 7= il i, b 4 B R BE
ANY)TF 2001 4E 5 H 22 H ¥ PCBs 41l 4 POPs™®,
Wi A CIEOL 2 55)90% 1) PCBs 258K A &
Ao B 2746 )5 48 i PCB28 . PCB52 .PCB101 .
PCB138.PCB153 #ll PCB180 A/ 4 PCBs 5 iR i
14 35 715 e A SR A7 R A WA S X IR O X 3
FFIE TR 2R TAED . BB B No. 1259/
2011 FHLE T & 5 mPCBs A4 & 5 K F, 3R
GB 2762—2017 ™ L #& i T & & ' mPCBs FR &
FRD,

SO B Ik 2 A T A 44U (World
Health Organization, WHO) Fa R NG = BCIB U ==
BRBRFFRYMRAR T EZ —. REC %
J& T 2007 4EF1 2009—2013 JTJ& T 45 U Yk Fl 45 Lk
]G A A, 6 R AR 1k A R b 4R R M PCBs
(marker PCBs, mPCBs) 5 4% IF I S A B3 A PEAS -
JEMFFE % 3 1 Ja IR £ 5% A R M PCBs 1 {8 BR
AT T #0242 B IA R . {H T 4 e 38 Tl Ak 220k 4
ELAREETEYY H f™ E, A X  E JE )R mPCBs
FE B ARG ST RS M . B AR AR IR T AR
7SR 4 E RS T, R EE o B T v R B IR
Ji& & g R M PCBs 58 A 00, I X5 L% £ 5 AR
57 N i A 3

1 W#FAE
1.1 FEAORIR

A O S U [ E R B 05T (2016—2019 4F)
9 FLR 7 24 O 78 Sk b ELR S R L T2
fEAE 24 AT AR (AR EILE LTH.
WA s GE AR BT R A T A Rl
FIAX AT AR HilEE CHRNE . L A8
A VLT LA WL (L AR e
JAA VR AR X R T RE ST )T
J& T 2 A R A FRE R A O IR M ) R R AT
P A BN RN B AR A . EES 4K
A 5 Wb ELERE & 5 bR R B R 2 O O
mPCBs M5 TAE, BIFLIE K™= 38 /28 2R Bk
X EHK UL BFERE LI 192 MMIEEG AR

1.2 F2AE SR

{8 B2 4« ke 3 50 A U (ASE350, Thermo
Scientific, [ (4 [ gL RGE(JF 602, b 508 57
PR AT BR 2 A | 2 B O 3 - o B
X (HRGC-HRMS, DFS, Thermo Scientific, f &), 4
L« 1E & BE (CH,,) (Merck, 78 E ) | — & F b
(CH,CL) (J. T. Baker, £ H) . £ 8 £ i (CH,COOCH,
CH,) (J. T. Baker, 32 [® ) . FH %X (C,H,) (J. T. Baker, 3
), LA B R sk 9 o AR e IR - AR E Rl 2 3R °C
B E= V\H‘xﬁ(P48—M—ES,WeHington Laboratories, fill
R AR WAL FE CC AR [ AR (P48-RS,
Wellington Laboratories , Il 5K ) o
1.3 Jiik
1301 Ky i

AW J7 5% GB 5009. 205—2013¢ £
i T TR K U T A e ) R AT
TSy, FRIBGE R R (R TR A 40~
60 g, B W TEE M 25~40 g) , LAV R T M LT 08, BF
VB 5 5 R R A A AR I AR E WAL R PG
BRE S MNARE, LOEC e : @ WL (1:1,V/V)h
S WO AR, O s AR A O AT BRI 4 O LA
JiE i 75 K AL ZE e BT BRI E W T 150 mL IEC
B, I 20~40 g 449 (J5T 4k 73 %) B 18 A 2 2F 47 B
JE AL 3R, B I WO AR TS, DABC A O B R AT (T
SR AR A RS M 1 42 A Shid e R Gttt — 2B i
b, P JBE e 4 2 2 40 pL J5 AR E A £ % °C
B Il e 9 b, T TR 20 5, LA 2 B O (3 -
439 Ji % AL (High resolution gas chromatography-high
resolution mass spectrometry, HRGC-HRMS) M % o
13,2 Joda 5 ) 0 i R R

BEMCOCRE AL S 1 DR A B 1 AT EE
an o a2 U DASE 7R S 5 A AR R S Je K P A 5
PRAE e Bl B rh A ACE #E 4T T ER . B s P
mPCBs A& I >R F XL AR , 1A 32 BRI A€ i 9 Bn
DU IE AR S I el i R b B AR & W i 2%, OF
DL Il e AR T 58 72 A B A DS, AR BF 5 v 4% A
it 1145 B AR [EDBCR LN 50%~110% . mPCBs
W AE A ARSI 2 B R B TargetQuan 11
SLE A ALY 0.005~0. 027 pg/g. AL, R IT
P25 5 A K RE ), AR 2B % A 2005 AR Z AR
Z 0 e A6 g 2 S T A BF 5 T 20 2L B mPCBs
S5 22 ARRE A M BLTS G Wil e 1 T B LG X
B, WRZE 2 e FLHN A 4 B4R 5 mPCBs
SETF R SE L2 VP4 E -1, 3~1. 8, 45 R F5 .
1.3.3  HARTPAS

ASBIF TR AR A A AE L LUK HBR (B (Limit of
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detection, LOD) #1775 YL /K 7 R & B 82 vF4h . DU
EFREE E AR (4EIE 18~45 2% (K4t 63 kg,
MR T 55 B i AR 55 1 ) ok AR IR [ il AR
JE B AR AE S P mPCBs 7 12 AU R £ 04 7 B
iR o Ry TR AR 32 M i Y 5
AR SRR B A L) B 8 [ -1 JL AT 24 Bobr i
P, +1 JUAT X Kb v 22 ] CJUART 35 %+ JUART 35 H50br 1
2E)RFIN
1.4 Sl

K HI SPSS 12. 0 #4247 84l 43 #r L L P<0. 05
HNZESFAGIFE S RN R IT 270 %A )
A2 h mPCBs 7 & 15 S0 347 3. X} mPCBs
A5 2 stk R AT Spearman AH & P2 M .
X P TDS 4558 LABC XS ¢ 462 56 07 ¥ L3 o

.1 BEERM T mPCBs & i

JE B FE S mPCBs £ 40K R UL 1. Bk
b & TE 76, 7% LA L RE & iR ER AT R L (EOR
[7i) o 288 e A o ] 22 K o sl PR A A
RN, K IR A TR R P R
Kt FAH X B, I PCB180 X TE 40% 945 25 KE
k. Bl 6 Flh mPCBs Z F1( S ,mPCBs) #/R iE &
B A5 YL KT 55 7S IR 4 R G 2 10F 9 i R L o
> mPCBs & W3R 2 AS[A] R &R 5 (8] 175 YLK oF
FETER R 22 51 76 24K b, K= 28R i 5 i e i
158, 0+147. 1 pg/g i it (fw) , IR Z A RIZERE S,
RN 100, 72263, 7 pg/gitw, K P72 RE SR & R
T AR S (B 207 225087, P<0. 05) .
K OHI B E KL EEM MDY mPCBs F A
LA GE v AH G ME i A 28R i o B R AIR, R
T A 2 B RE T (B 25 224381, P<0. 05) .
2.2 mPCBsfEEHARE
T AN [7) b, X385 3 P R 4 ALY qmPCBs

K1 HNU ELBE U SR & mPCBs 45 2
I3 K6 % (%)
Detection rates of mPCBs components in dietary
samples of the 6" TDS in China (%)
&% PCB28 PCB52 PCBIOI PCBI38 PCBI53 PCBI180

Table 1

FAES 86.7  80.0 53.3 60.0 60.0 40.0
CES 933  86.7 66.7 53.3 66.7 60.0
LB 933  86.7 66.7 80.0 80.0 53.3
S 100.0  100.0 86.7 100.0  100.0 100.0
Gie S 100.0  100.0 93.3 100.0  100.0 100.0
K72 100.0  100.0  100.0 100.0 100.0 100.0
s 933 933 80.0 93.3 100.0 93.3
bRk 100.0 933 66.7 93.3 93.3 73.3

TR 95.8 92.5 76.7 85.0 87.5 717.5

2 AW E ARSI GRS TS mPCBs
i (pe/gtw)
Table 2 Contents of 3, ;mPCBs in dietary samples of the 6"
TDS in China (pg/gfw)

o S 459 K+ JUAT - 2% o B
ok 5.5+6.4 2.8(0.7,12.0) 3.8 0.1 29.6
CES 11.1£7.7 8.7(4.2,18.1) 9.6 2.3 29.7
LS 7.9+6.7 5.7(2.3,13.9) 6.7 0.7 31.8
BN 100.7+263.7  44.2(17.6,110.7) 353 212 1319.7
s 34.7+26.0  28.4(15.3,52.8) 245 112 130.1
KPP 158.0£147.1 118.2(52.8,264.9) 1292  12.6  705.0
7Lk 21.4+43.8 11.3(4.3,30.1) 12.2 1.7 2233
S 7.7+3.5 6.8(3.9,11.7) 7.9 1.8 16.3

Bl 4 0.05~3. 80 ng/kgBW-d, JL{a F ¥ {4 0.25
[0.11,0.62] ng/kgBW-d, H1 fii £ 0.25 ng/kgBW-d.
HE— 25 % E A5 Fh S B ) B SR A Y TR R
ANERERTT TR RSN ERERES, AL
25.5% , IRZ HIK I R IR, 45 5L
20. 1% .19.3% M 16. 1%, sh ¥ Pk & fh (FL 2 K=
KRR R SEYEER (R R T
A28 ) W R £ 2 55 TRk 23 ) R 56. 2% il 43. 8%, H
ILIE 1, HAh, N TTIR AR5 Y ;(mPCBs i 1 R 87
2 )5 E A O (r=0. 64, P<0. 01) , T 5 56 28
DR 5 S ;mPCBs i £ 2 5% it 2 W] &2 1 3% 671 AH
K (r=-0. 50, P<0. 05) , H- At Fp 2 £ 5 oK WL G2 1T 4H ¢
P 3R T £ 2 58 SR 0 R U T P 2 A 1 DTk
A [R] e f YR 5% 5 28 0 1 TR D

3 i
3.1 H5HALAFS

¥4 38 = mPCBs 1 i & 2 85 & 5 1 5 v vy
SE [ FE 6 B mPCBs A58 47 HL A, 3% [ 1 i 12 %
8 1t W] AR T At &k SR X, LA LR 3, X
TSN IR A mPCBs V5 Y KA L
Ab TR NHE R AR 28 7 s O = S A
Ry i R S X R 25 . X TR Oy
R, FLAOR 28 02 de B4R AR IR, 7R KR W,
A A R R R R A ) 3 R R (50%~
55%) , Ho Uk A fa F0 ) (239%~27%) " H R B
AKX mPCBs 1 i £ 2 58 32 2R T 0 28 [ 0 25 i 5
(54.3%) , ok W335 (28. 5%)" . Wk EE YR
fn (BR SR B 2K ) X IRE X R R vk ks
43. 8%, 3% 5 TR [ J3 ROX A O RNEE S 0 T 2
Ko BLAN, EYIH AT BB S5M mPCBs 19 &,
Z IR F BT, & h PCBs 9V i 76 & F 5 4 3
TR (35K & R K R Sk AR
T B RE SR FH 2 VR £ b 1A 0 ) T £ F 5
FRE LS SO S R A KR
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Figure 1 Percentage contribution of various food groups to dietary intake of >, ;mPCBs in China
#3 HALEZRMHIX S mPCBs 1) & A K-
Table 3 Dietary intake levels of > ,mPCBs in other countries and regions

K/ An oy M VA ik Ik
AR 27 KRB SR S E R

TERF/BUAE N (13~94 241 1994—1996 10.9 7 AR R R B A N S R N RN
W RS

Rk B /A P 2005 10-45 2 AR T sE —
£ R S 2R R G KR

6./ 83 524 4 Z 1) 2002—2009 2.58 YR R R 3 AR VE Ok R B L F
b e

HEE /2 624 4 WAE A (18~79 )™ 2006—2007 2.71 SRR, T R0 E —

1 s . RES &N il 3 as) N ey ]

BRFIT/778 4 F ¥ (19~65 2 2006—2011 2.64 24 h i Erid sk A T L R R

FeFIE /3 083 4 AP 2008 5.33 1 ) FLh A B2 K AT
R B RS 5 R I B

Tl /5 008 4 BLAE A (20~84 )1 2010—2011 1.38 MG BT, 24 hEE BRI S G TR CH )™ fh T B L
L R DR OB R A SR A
FE K& NIE XGE o N H A

B/ SR A O 2015 1.45 B EE S REEAE  FLES m A b S LEC T iRy VB L

BB

T IE £ 56 T4 PCBs ROLEIR A 91
BETEOFY EHX SR G Y b A 2 AN AT
T RN 22 G AR 2K I 0K IR (Polychlorinated dibenzo-
p-dioxins/polychlorinated ~dibenzofurans, PCDD/Fs)
A U 2% £ A BX 2K (Dioxin-like polychlorinated
biphenyls, DL-PCBs) £ 73, 8L 76 1A 4 - # %F PCBs i
G W TR ST WSS Y AR AR S ok BT b
AR W N A 1), B DA AE 42 BR
U A R XS PCBs HEAT 7 A R A4S B (H O 3 A
il 72 Al R AR S E o 76 BB AT % 4 )5 (European
Food Safety Authority, EFSA) [ XU ¥F £l BfF 5% 412
H SRR AR A 6 Bl mPCBs B R BN
10~45 ng/kg'BW-d, iZ 0 7% & X H 2% §8 K- 3647 1
it B KU PF-A | T 3 4 S5 56 P 3> mPCBs fL& )
1 2 B2 B 5T A AT S OB N RS £ 28 88 7K P 4b
THARKE: . HILZ T REERERRETLT
BARAKF- o

3.2 [N (A AS fh 3

2007 457 P IR 4 R B 09T O SR 3k
5 B mPCBs & 2 88 0Pk TAE, BEJS M5 1k
KA BRI g R T M AR, B
Bl 2, 784 B P, 50 /S IR G & Ao vh 3k e R
mPCBs Z 88 /K V- 4ERF T H 55 1 UCE G & 17 5% r WL 5%
F AR T B (P<0. 05) , 15 F K B 45 7Sk
SR BF 5T 45 4R (0. 25[0.11,0. 62] ng/kgBWd) 43
LG ER DU YR (1. 74[0.99,3.07] ng/kgBW-d) 45 T
W (0.46[0.22,0.98] ng/kgBW-d) i JjE £ fF 5% 45 1
TRET 86% Fl 46% . [FlAF ML , 75 — 26 I Ath [ 52 Al &
NN 5 S <@ I SNE | e - < A4
S 2 (non DL-PCBs, nDL-PCBs) 4 Ji £ 5t A & M
2005 4E ) 10~45 ng/kgBW+d F&EF] 2012 4EHY 4. 3~
25.7 ng/kgBW-d>"", ZEELFH(U. S. Department
of Agriculture, USDA) #iz 45 FK , 2007—2008 & A
i 3 A nDL-PCBs A9 & it 22 T FE %, 3] 2012—
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2013 4F, FRER IR 339%™, FHsz b, REZH %
T PCBs Ay A 8] 8 2 (1 BF 7% 45 S o, 76 76 3
Birh PCBs (& R ARA AR B2 A0 R [, axX o 3iE B 3%

F 2005 45 LAk 52 it 14 57 A% 1) B0 358 1 B X o [
P IE R JOR A ) B 5 R 1) PCBs ZKF 77 2 T GBI
B ) 52 g
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Figure 2 Comparison of dietary exposures to mPCBs among TDSs in China
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