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Abstract: Objective To investigate the levels of seven organophosphorus esters (OPEs) and six indicator
polychlorinated biphenyls (PCBs) in pig liver from Hubei Province, the risk of exposure to OPEs and PCBs in Hubei
residents through dietary intake of pig liver were assessed. Methods A total of 51 pig liver samples were collected from
Hubei Province in 2022. By isotope dilution method, OPEs and PCBs in pig liver samples were determined by ultra-high
performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) and high resolution gas chromatography
high resolution magnetic mass spectrometry (HRGC-HRMS) , respectively. The source of pollution was explored by
analyzing the fingerprint characteristics. Based on the estimation dietary intake (EDI) and hazard index (HI) of Hubei
residents, the risk of exposure to OPEs and PCBs through dietary intake of pig liver was assessed. Results The levels of
seven OPEs (Y ,OPEs) in pig liver ranged from 15. 6 to 262 ng/g, with an average of 89. 7 ng/g (P,,=88. 4 ng/g). The levels
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of six PCBs (X ,PCBs) ranged from 3. 67 to 19. 5 pg/g, with an average of 9. 02 pg/g (P,,=8. 21 pg/g). Tris (1,3-Dichloro-

2-Propyl) Phosphate (TDCPP) and PCB 52 was the main characteristic pollutant of OPEs and PCBs in pig liver, respectively.

Some OPEs were positively correlated with each other (r=0.278-0. 841, P<0.05), and all PCBs were positively correlated with
each other (r=0.367-0. 942, P<0.01). The average EDI values of 3. OPEs and ¥, ;PCBs from dietary intake of pig liver was
2.76 ng/kg*BW/d (P,=5. 83 ng/kg*BW/d) and 0. 28 pg/kg: BW/d (P,,=0. 58 pg/kg-BW/d), respectively. And compared

with the reference dose (RfD), the HI values were far less than 1. Conclusion Although OPEs and PCBs are generally

detected in pig liver, the pollution level is low. The dietary exposure risk of Hubei residents is relatively low.
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Table 1 Distribution of OPEs and PCBs levels in pig liver from
Hubei Province in 2022

&YW KR /%  xSD  Min P P P Max

0. 95

TEP 96 3.48+1.99 0.00 3.69 448 659 10.6
TPP 63 0.20+0.49 0.00 0.02 0.13 1.44 276
TnBP 100 5.59+8.53 0.09 096 7.77 273 387
TCEP 98 2.90+5.38 0.00 0.56 3.31 160 29.2
TCPP 100 20.6+16.9 3.13 12.0 287 47.6 979
TPhP 100 2.25+1.18 0.04 219 290 508 6.08
TDCPP 100 54.7+33.9 1.15 573 75.8 106 177

> ,0PEs — 89.7+53.0 15.6 88.4 120 189 262
PCB 28 100 2.18+1.14 0.83 1.80 253 469 5.13
PCB 52 100 3.13+1.55 1.19 274 402 649 733
PCB 101 100 1.66£0.99 049 129 221 393 401

PCB 138 100
PCB 153 100

0.77+0.48 0.24 0.61 0.87 2.00 245
1.07+0.99 032 0.75 1.27 3.07 6.05
PCB 180 100 0.21+0.17 0.04 0.17 0.22 0.55 1.13
> [PCBs — 9.02+4.31 3.67 821 10.6 18.7 19.5
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The fingerprints of OPEs and PCBs in pig liver from Hubei Province in 2022 (%)

TPhP 5 HAth OPEs ) AAHC. AWKV, TEP,
TPP . TnBP A%t B RS , TCEP .TCPP  TDCPP X1t
P LW TR TR , TPhP hy 5 7 BL Wl B2 I , 76 Ho A= 7= Al
FH A 3 72 b, R TR 2R 00 ) OPEs R Ak 1 5 Y 22 5
T 8 1 FH F AN 6] 16 4 B O B B IR B vh 7 AR5
L [A 26 OPEs 22 [A] ¥y HAT R 45 19 A0 5G|, i B 4]
JE 1% OPEs 76 % T b vl 88 A AH R i 5 AL gk AR 8 4
Mo TE PCBs H1, AN A AL & ¥y 2 18] ¥ 55 0 A0 K (r=
0.367~0.942,P<0.01), BL W% i h PCBs Al fig >k A
A A 35 Je A 00 . B 9K PCBs L 7E 40 4F /i © w48
IEA =R R T A G W BT R DL K
T B AL A A ST ELB L A PCBs 1Y [ RE V5
YUY 32 R WL 3% BT PCBs 1975 4L n] fE ok [ PCBs
A4 et o AR B s g, BLR Y R YR A R G o
— 25 (B 5% B
2.4 OPEs 1 PCBs i i £ 48 A & 5 %% 58 WU DAl
HI {5 #%IA N 2 HI W OPEs 5{ PCBs J2& 75 2 %F A
5 (gt B A B XU 1Y) G SR bR o 48 P S ,OPEs Al
> PCBs 15 G hb T34 F1 Py, K- EDI AN HI AE
W 4, RERPA OPE L& WA & Y ,0PEs Ml
> PCBs, H EDI {f # L AH B 19 RED AR JL A~ %k i



AR AR

—862— CHINESE JOURNAL OF FOOD HYGIENE 2024 4E58 36 #5557 1)
222 20224F LA I OPEs BY Spearman AH 3¢ P43 #7
Table 2 Spearman correlation analysis of OPEs in pig liver from Hubei Province in 2022
EY TEP TPP TnBP TCEP TCPP TPhP TDCPP
TEP 1
TPP 0.278" 1
TnBP 0.216 0.689" 1
TCEP 0.026 0.527" 0.642"" 1
TCPP 0.183 0.722" 0.841" 0.676" 1
TPhP -0.223 0.043 0.188 -0.016 0.159 1
TDCPP -0.088 0.536" 0.537" 0.535™" 0.613" 0.231 1
" P<0.05;P<0.01
3 2022 4F 1L 345 T PCBs BY Spearman A e E 2 #r 2 XU AH R A o

Table 3 Spearman correlation analysis of PCBs in pig liver

from Hubei in 2022

Ew PCB 28 PCB52 PCB101 PCB 138 PCB 153 PCB 180

PCB 28 1
PCB 52 0.942" 1

PCB 101  0.923" 0923 1

PCB 138  0.5877 0.653" 0.688" 1

PCB 153  0.4797 0.527 0.5777 0.799" 1

PCB 180  0.367" 0.392 0.3757 0.702” 0.628" 1
" P<0.01

F4 2022 F W0 E BRE R B AT H OPEs Al PCBs 1Y EDI

FIHI{E
Table 4 EDI and HI values of OPEs and PCBs in pig liver by

dietary intake of Hubei Province residents in 2022

CEW RO (ng/ke-BW/d) EDIi( ng/kg* BW/d) H} (x107)

P, X Py
TEP 125 000 0.107 0.203 0.001  0.002
TPP 7000 0.006 0.044 0.001 0.006
TnBP 2 400 0.172 0.840 0.072  0.35
TCEP 2200 0.089 0.493 0.041 0.224
TCPP 8 000 0.633 1.46 0.079 0.183
TDCPP 1500 0.069 0.156 0.010 0.022
TPhP 7000 1.69 3.26 .12 217
S ,OPEs — 2.76 5.83 133 2.96
S PCBs 10 0.00028 0.00058 0.028 0.058
I — R R T HE

g HI BN T 1.

DAL F 55 11 T £ 65 4 AN T) PN 9 423 a2
W I HE A OPEs Al PCBs B %4l 5 /> . A #F 52
S ,OPEs ) EDI(0. 482~8. 08 ng/kg-BW/d) & 3 fik
T I A48 S8 40 000 ng/kg-BW/d"®' . E SR OPEs
FEAE T PR35 v B L nT R AE AR Wy i N 3 R, N2 Il
H AN OPEs 2§k (HJE LIU 20 58 &
P AR AR TR OPEs () 2 k48, Al
i FEE A OPEs A9 EDI E ¥ &5 T A% N K28
f9 EDI{H . ZHAO & “HRIE T b B s GE i S &
57 S ,0PEs By BOFE 1) EDI N 44. 3 ng/kg:BW/d F
¥ EDI {5 Fl & 1.3~23. 1 ng/kg-BW/d. GBADAMOSI
SENEOR T AN E E F AN 15 K BEE b S OPEs
F& & 1) EDLAE DL, ~F- 2495 F R 6. 21~383 ng/kg*BW/d.
AN ) W 9 38 1 Bl B 28R OPEs A 28 EB A W] | i
A1 s RGBS ,OPEs 1Y

MR I 5 %2 4 J&) (European Food Safety Authority,
EFSA) 1y WUR: P74k i 5 2 75 BRI N B 38 2o i 2 45
A PCBs 1) EDI M\ 2005 4E 1) 10~45 ng/kgBW/d
T RER] 2012 4E 1Y 4.3~25.7 ng/kg-BW /A", %155
F AW 58 K - (0. 000 1~0. 000 6 ng/kg*BW/d) . 1%
F 5 30 %) L8 8 AR AT 1 il B XURS: DEA , R T 3h
SLue S PCB A& WY 35 BRI 5, A R BRI
FE NG & 22 88 PCBs 1Y K P Ak T B AR XURS: o 38 58 4
E S W NN 3% N =S Pu sy, =
> [PCBs &) EDI JEE A 1.38~10.9 ng/kg-BW/d ™',
A2 T Wb e R 2ok % G B Z% 8 PCBs 19X
I D BT

AW FEARAFAE—E 1R FRE, — D7 T 2 R AR 1Y
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