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ABSTRACT: Objective
biphenyls (PCBs) in pork by isotope dilution-gas chromatography-high resolution magnetic mass spectrometry.
Methods

To develop a method for the simultaneous determination of 18 kinds of polychlorinated

The optimal conditions of the accelerated solvent extractor and fully automated clean-up apparatus were
determined by optimizing the extraction rate of the target substances using an accelerated solvent extractor and a fully
automated clean-up instrument combined with isotope dilution method coupled with gas chromatography-high
resolution magnetic mass spectrometry. A 4-factor, 3-level orthogonal test was designed using the extraction
temperature, static extraction time and the number of cycles as the main factors to investigate the effect of the
accelerated solvent extractor on the extraction rate of the fat content of the samples. The effects of the accelerated
solvent extractor on the extraction rate of fat content of the samples were investigated. Results The linear
relationships of the indicator PCBs (PCB28, PCBB52, PCB101, PCB118, PCB138, PCB153, PCB180) was good in
the range of 0.5 to 200.0 pg/puL, and the linear range of the DL-PCBs (PCB77, PCB81, PCB105, PCB114,
PCB123, PCB126, PCB156, PCB157, PCB167, PCB169, PCB189) had a good linear relationship in the range of
0.10 to 40.0 pg/uL, the correlation coefficients were all above 0.999. The limits of detection were in the range of
0.001-0.004 pg/g, and the limits of quantitation were in the range of 0.004—0.012 pg/g; the accuracy and precision
of the fishmeal matrix standard reference material were tested by this study, and the PCBs levels were within the
range with the relative standard deviations of 1.0%-7.5%. For the determination of actual samples of pork, and the
contamination levels of PCBs in 18 kinds of were 1978.9-2530.8 pg/g fat. Conclusion This study is efficient,
accurate, sensitive and suitable for the determination of 18 kinds of PCBs in pork.

KEY WORDS: pork; polychlorinated biphenyls; accelerated solvent extractor; fully automatic purification; gas

chromatography-high resolution magnetic mass spectrometry
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Table 1 Mass spectrometry parameters of PCBs

Eﬂﬂfﬂ%’ H way (5 ] TCEAL 1 RS BT 1 JCEU 2 Hi v T4 2
K HY (m'z) (m/z) (m'z) (m'z)
PCB28 31.90 C,H,*Cl; 255.9613 (M) C,Hs*CLYCl 257.9584 (M+2)
PCB52 34.30 CHePCly 289.9224 (M) C,H CLYCl 291.9194 (M+2)
PCB77 42.73 CHePCly 289.9224 (M) C,H CLYCl 291.9194 (M+2)
PCBS8I 43.61 CH Cly 289.9224 (M) CH CLYCl 291.9194 (M+2)
PCB101 40.51 C,Hs*C1YCl 325.8804 (M+2) C,Hs*C1¥Cl, 327.8775 (M+4)
PCB105 47.04 CHs*C1YCl 325.8804 (M+2) C,Hs*C11¥'Cl, 327.8775 (M+4)
PCB114 45.90 CHs*C1YCl 325.8804 (M+2) C,H:*CLYCl, 327.8775 (M+4)
PCB118 45.15 CHs*CLYCl 325.8804 (M+2) CHs*CLYCl, 327.8775 (M+4)
— PCB123 44.86 C,Hs*C1YCl 325.8804 (M+2) C,Hs*C1YCl, 327.8775 (M+4)
PCB126 49.45 CHs*C1YCl 325.8804 (M+2) C,Hs*C1¥'Cl, 327.8775 (M+4)
PCB138 48.55 C,HPC15Cl 359.8415 (M+2) C,H*CLCl, 361.8385 (M+4)
PCB153 46.56 CH CIYCl 359.8415 (M+2) CH CLYCl, 361.8385 (M+4)
PCB156 52.25 C,H*C15YCl 359.8415 (M+2) C,H*CLCl, 361.8385 (M+4)
PCB157 52.41 C,H.*C15Cl 359.8415 (M+2) C,H*CLCl, 361.8385 (M+4)
PCB167 50.62 C,HPC15Cl 359.8415 (M+2) CH*CLYCl, 361.8385 (M+4)
PCB169 54.95 CH CIYCl 359.8415 (M+2) CH CLYCl, 361.8385 (M+4)
PCB180 53.24 C,H;*C1YCl 393.8025 (M+2) C,H;**C15YCl, 395.7995 (M+4)
PCB189 57.60 C H:*C1YCl 393.8025 (M+2) C,H:**C15Cl, 395.7995 (M+4)

FRUEE R PCBs HARY Ik 5, ng/mL; Ay WARERS
WP PCBs PCoo Wi Wi — B O TR BL Ay AR e
Wb PCBs PCo bRicWnss AN TR IR C bR
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(relative response factor); M, MFE B, g; C, WAESH
PCBs HFr¥I M E, ng/g.
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Fig.l Extraction temperature and recovery rate relationship
curve diagram
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Fig.2 Extraction temperature and average recovery rate of ) ;s PCBs
relationship curve diagram
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Fig.3 Static extraction time and recovery rate relationship
curve diagram
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Fig.6 Number of extraction cycles and average recovery rate of ) ;s
PCBs relationship curve diagram
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Table 2 Factors and level design of orthogonal test

. AEHyVE RE . ISFE S
K A ZBURE B: HAA BN [A] C: EHRIREL D: 25

/°C /min
1 120 4 2 1
2 130 6 3 2
3 140 8 4 3

{8 Minitab #FBETT 9 4HS2H, FEATSERHEAT T4
Br, VARR I & ReVE N84

H72 3 01, KA AT LA R R KP4 4 ABsC,
BP: ZEHUEE 130 °C, #AAKHUN ] 8 min, JEFFE 4K,

XRIGEE R AT I 2000, WER 4 PR AEBORE
(F=12.815) . &% & £ BB} [8] (F=14.668) FI 1 ¥ IR X
(F=11.703), il 3 b E SIS D& AR BUsCR i n 3
R FR N TS AR U ) > BT B > T PR 8K

AT 2o TR T AR AT i B B B A ), A I
SARIZE T & B ASE Hfe AR U N A BUREE 130 °C,
RS AU ] 8 min, EFRUCEL 4 K.

25 LTI, DRR A AR o 4 R T 4R IR S B R T
PCBs A 45 5 i o dE i M, ASHIF9E R R4S 55 =0 s T 4
B, [l s 2 st (R RES 7, 3 3k A PR b B AR A
BORAGAL TR & AR BRI AL, ASE MRS N3
HURLE 130 °C, #AZEHU ] 8 min, HFRIREL 4 1K .

&3 ASE EXRBLARSIE
Table 3 ASE orthogonal test results analysis table

DA% C ER i o e
K A FERL B BAS#E CfER D: 254l S iligE

WEEPC BURt)/min - W 1%

1 1 1 1 1 2253
2 1 2 2 2 2233
3 1 3 3 3 23.95
4 2 1 2 3 23.41
5 2 2 3 1 23.82
6 2 3 1 2 23.72
7 3 1 3 2 23.78
8 3 2 1 3 23.09
9 3 3 2 1 24.04
K1 68.81 69.72 69.34 70.39
K2 70.95 69.24 69.78 69.83
K3 70.91 71.71 71.55 70.45

ki 22.94 23.24 23.11 23.46

k2 23.65 23.08 2326 2328

k3 23.64 23.90 23.85 23.48

BENE AB;C;
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Table 4 Analysis of variance table

s T
A 0.999 2 0.500 12815
B 1.143 2 0572 14.668
c 0.912 2 0.456  11.703
D(RZ%E) 0.078 2 0.039

2.2 FIRIRARL R RRYIESE

4 H @15k R 55 (DEX Tech 16)HA LI ] % | 2o
SRS AL AR, AN TR PRI TR A B AR R 2 e H
FRYIRIBEIR, bt 18 A PCBs WIS #EAT L, 7T LAHH
S T P A8 I B T 79T i b D 6 R A SR AR
221 BLIEA B K

BRI RIB L QEC b AP ks, ViV, FRED)EE
HIEEHE(100%), 4:1, 1:1, 1:4 FI G HEE(100%), Pl
VS FIARTHE E S 30 mL, 255 & 7 iR,

H I 7 AL 18 Ff PCBs 45 A A3 [N SR AE PRI
FIEC L (QE C e/ S B 1:4 1 & BE(100%) I 7E £
B _E X B 5 K (52%~100%) H A FRae, B LAASHFSE v
PRI L QE S e/ — & H BE) A 1:4 8, J& DEX Tech 16 FefE
BB L .

222 BRBLEA AR E R

I BR800 BL (I e/ — R ) I 2l 401,
Veliva AT (E 2 be/ S ko) 10, 20, 30, 36,
40 mL, Z55RA0E 8 PR,

—&— PCB77

—8— PCBS8I

—A~ PCB105
~y- PCB114
—- PCB118
-4 PCBI123
—p— PCB126
—&— PCBI156
== PCB157
~@&— PCB167
—@— PCB169
=== PCB189
== PCB28

=== PCB52

=== PCBI101

100 | /E——_—-I
90 /4 :

80 -

70

/%

== PCB138
~@— PCB153
~®- PCB180

60 -

40

VR I BC L

1 FCAE(100%); 2. (EC 4/ — A W k)41,
3. (QECLE/ R b 1:1; 4. (F C e/ S H BE) 1:4;
5. ZHEMHE(100%).
P 7 SRR RIC LS MR e R IR
Fig.7 e Elution solvent ratio and recovery rate relationship
curve diagram

A& 8 FI%H, 18 Fh PCBs 45 F A2 [BISCR 7R B M 75
FUATR(E S b/ & F k)M 20 mL BH7EE(E FisF Rk
(53%~89%), £ 30, 36. 40 mL B}, 57F 20 mL HAHZER
AT RE, H% RS R AR R
L BRI AAS RIS ), B, T DAACHIF SR vk SR e
TFIAFR 20 mL 2 DEX Tech 16 S AEVEM I FAT

g5 bk, ABEGE I 4 B S AL Ak S R Uk
WIS b (I 2 e/ — R H BE) 1:4, BT AFL 20 mL,

100
—&— PCB77

~8— PCBS8I

k- PCB105
~y- PCB114
—&— PCB118
—4-— PCB123
=p— PCB126
—®— PCB156
=4k= PCB157
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Fig.8 Elution solvent volume and recovery rate relationship
curve diagram

23 FEEFIE
231 AWEHE. HERFEER

¥ PCBs RZUIFRIER R HFE, JLrh PCB28., PCB52,
PCB101, PCB118, PCB138. PCB153, PCB180 Ay i &k
0.5, 2.5, 10.0. 50.0, 200.0 pg/uL; PCB77. PCBSI.
PCB105. PCB114, PCB123. PCB126. PCB156. PCB157,
PCB167. PCB169, PCB189 (¥ i & ¥4 0.10. 0.50. 2.0,
10.0. 40.0 pg/uL, RHIFINL R WbRE bk, LsErsi H
PR I L LUV R AebR, BARE G RE ENAMEE Y
WETH R LA E AR b il bR 2, 75 3 A2tk Iy F B AR
KRB 5 Fim. 1E 0.5~200.0 pg/ul FITEE N, PCB2S.
PCB52. PCB101, PCB118. PCB138, PCB153, PCB180
RV R 7E 0.10~40.0 pg/ul FUTEEN, PCB77. PCBSI .
PCB105, PCB114, PCB123, PCBI126. PCBI156. PCB157,
PCB167. PCB169, PCBI189 MYZEMEIERE AT, HISCREIIE
0.999 LAE, B9 WFRERFIN CS4 (A8 TR ik,

A ST A8 P {50 L SN = 3 %60 7 AUk I 46 L FR, LA
SIN= 10 %Ry AUk LR 2 fERR, 43R 5 R, R thBRASYE
FEI°4 0.001~0.004 pg/g, PRI 0.004~0.012 pg/g.
W AICRRAS, Wl 2 R A A BT A 2K



516 1 BESEIN, A AL SR (- i 2 PR B s [ IR 7 5 A v 18 22 IR 17
100 x - PR F Wi vk MY (N0.1259/20 11 L AE 9 3% 1 H Y PCBs
N = £ H2 2 LA 40 ng/g WM, i 12 9515 EPA1668A F%K
80
=3
70 o . o 2 £5 PCBsiREBRMANSIE. HERE.
8 a a3 = RHRRERR
60 - O o =
i * ~ A 8 Table 5 Linear equations, correlation coefficients, limits of
# 50 i detection and limits of quantitation of PCBs standard solutions
40 2 | Bl sey 8 VLT IS T e
feaals (s22g 2 fetr chzﬁ/‘@f‘ A L Tﬁf‘f fff‘%
30 D‘SE‘ \8880 E % pg/n B pg/g pg/g
I m
20 \ ‘ T T ‘ T £ PCB77 0.1~40.0  Y=0.093X+0.020 0.9996 0.002 0.007
\ ‘
10 ‘ ‘ \ , K | ‘; ‘ “\ ‘H ‘ PCB81 0.1~40.0  Y=0.100X+0.017 0.9998 0.002 0.007
| | [ . |
oL *‘—‘—.‘L~——~;« q“‘w ML ‘H‘ JUL ‘ 1L 4” L PCB105 0.1~40.0  Y=0.095X+0.032 0.9991 0.002 0.008
30 34 38 42 46 50 54 58
(R B2 A /min PCB114 0.1~40.0  Y=0.110X+0.011 0.9999 0.002 0.008
B2 s

K9 FRiERTIM CS4 HYBE ¥ ik
Fig.9 Total ion flow chromatogram of the
standard series of CS4s

232 BEHERHEE

K A 5T 857 1 [, E A B GC/HRMS 197576 1

FTEERE S WMF-02 BRI, SPATI0E 4 ¥, #4778

mﬁ?ﬁﬁﬁﬁ?ﬁm PEANSE RANZE 6, 18 F PCBs (G
HRTE PRI S E A TG BN, HIXTHR I 22 (relative standard
deviation, RSD)y 1.0%~7.5% (RSD<10%). i HAMIST BE
T AR 2 AR SR LK, Wi R A A BT 2K
2.4  SEPREERINE

K FHARIF X 38T 1 R E i BE-GC/HRMS 9 7 1A% 5
PR ARE S 18 B PCBs S TR A BT 45 R B /R (GR 7), H4
MY, PCBs MT5 YLK TSR 1978.9~2530.8 pe/g Mg,

PCBI118 0.5~200.0 Y=0.103X+0.066 0.9998 0.002  0.008

PCB123 0.1~40.0  Y=0.099X+0.010 0.9999 0.002 0.008

PCB126 0.1~40.0  Y=0.106X+0.011 0.9999 0.003  0.009

PCB156 0.1~40.0  Y=0.102X+0.012 0.9998 0.002  0.008

PCB157 0.1~40.0  Y=0.100X+0.012 0.9999 0.002  0.008

PCB167 0.1~40.0  Y=0.103X+0.014 0.9998 0.002  0.008

PCB169 0.1~40.0  Y=0.097X+0.010 0.9999 0.003 0.011

PCB189 0.1~40.0  Y=0.102X+0.014 0.9998 0.002  0.006

PCB28  0.5~200.0 Y=0.102X+0.179 0.9991 0.001 0.004
PCB52  0.5~200.0 Y=0.100X+0.093 0.9998 0.002  0.007
PCB101 0.5~200.0 Y=0.108X+0.034 0.9999 0.003 0.010

PCB138 0.5~200.0 Y=0.103X+0.031 0.9999 0.004 0.012
PCB153 0.5~200.0 Y=0.108X+0.026 0.9999 0.003 0.010
PCB180 0.5~200.0 Y=0.107X+0.063 0.9998 0.002  0.006

&6 FiTHM WMF-02 FEMREMBEENR
Table 6 Accuracy and precision testing of quality control sample WMF-02

ket  BHMeg WME-02/(pg/e) WZERD popgos
1 2 3 4 /(pg/g)
PCB77 132+5 132.618 136.079 129.981 130.669 132.337 2.1
PCBS81 9.44+0.57 9.044 10.006 9.456 9.750 9.564 7.5
PCB105 8560+250 8758.343 8485.762 8592.994 8728.039 8641.285 1.5
PCBI114 548+16 552.356 540.019 544.081 543.720 545.044 1.0
PCB118 22600+800 23294.790 23272.580 22897.881 22257.180 22930.608 2.1
PCB123 431£25 437.878 440.524 437.749 422.507 434.665 1.9
PCBI126 146+6 146.843 150.043 147.772 146.162 147.705 1.2
PCB156 3460+140 3546.716 3424.964 3488.775 3430.292 3472.687 1.7
PCB157 953+65 957.161 996.807 1001.801 997.946 988.429 2.1
PCB167 1810+70 1752.634 1793.656 1769.597 1801.176 1779.266 1.3
PCB169 47.2£2.8 46.684 46.185 49.962 49.353 48.046 39
PCB189 497+12 500.434 494.706 498.667 485.240 494.762 1.4
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®6(4)
lasr ] 2% l/(pg/g) W02/ bg'e) e RSDs/%
1 2 3 4 /(pg/g)
PCB28 3730+380 3455.966 3396.823 3408.898 3651.346 3478.258 3.4
PCB52 2470+200 2624.980 2381.668 2425.478 2457.989 2472.529 43
PCBI101 6650+590 6802.046 6994.777 7154.277 6727.564 6919.666 2.8
PCB138 475002900 46592.545 45428.339 45656.953 45025.185 45675.756 1.5
PCB153 69500+3300 69463.883 68213.913 66629.682 66739.709 67761.797 2.0
PCB180 23900+1200 24785.540 24997.531 24717.241 24342.859 24710.793 1.1
37 18 # PCBs 755 T R BE K T (pg/g BERA, n=6)
Table 7 Concentration levels of 18 kinds of PCBs in pork samples (pg/g fat, n=6)
e 15 QK-
1 2 3 4 5 6
PCB77 138.5 180.7 126.1 180.2 185.6 176.1
PCB81 128.1 171.7 122.5 170.3 170.3 168.0
PCB105 85.1 110.6 87.8 103.0 99.2 108.0
PCB114 79.2 102.2 80.1 95.2 91.8 101.3
PCB118 85.8 107.1 84.8 101.2 96.5 105.9
PCB123 89.3 115.6 91.2 108.1 105.1 1153
PCB126 70.0 89.2 72.1 83.1 79.1 88.0
PCBI156 50.3 63.9 47.3 61.2 52.0 64.7
PCBI157 51.4 64.2 48.3 63.9 52.8 66.4
PCB167 45.7 56.6 44.1 54.8 46.9 57.3
PCB169 102.2 80.3 98.1 78.5 84.8 80.8
PCB189 50.1 66.2 55.0 69.6 62.4 70.7
PCB28 306.5 404.1 3235 381.0 391.5 405.5
PCB52 327.5 400.8 301.9 398.1 455.8 387.7
PCB101 144.3 180.1 141.5 168.7 167.6 175.2
PCB138 93.6 118.6 88.2 114.2 94.9 119.4
PCB153 110.9 143.4 105.7 137.5 112.9 137.5
PCB180 54.3 75.5 60.7 83.4 70.2 85.0
> 1sPCBs 2012.8 2530.8 1978.9 2452.0 2419.4 2512.8
3 % i SEH

AWFFE RS A RE S PCBs FYMIGE, IRy B
HAb o kAT R AL B, R S, IFE A
GC-HRMS, ##37 T —FpaEEIHNEZ A F 18 F PCBs
[ ZFiBe-GC-HRMS 75, A sT #RE R, A BRI,
HERfR =, EIEL, GRIRIAT /4T 18 F PCBs, W2 R+
PCBs JR it /M 2K, RI 8 A v PCBs 149 43 B A6l i) 42
2% (HARMFIAFAE—E AT T, 2R 5 B,
KA T A &, J5 SkiE T LAk — 3 ¥ R 2 i
SRS PCBs 1R TAE, S JF e shi Ik & i
i PCBs A R XU Ak R (L5009

[1] WANG C, DONG S, WANG P, et al. Reevaluation on accumulation and

depletion of dioxin-like compounds in eggs of laying hens: Quantification

on dietary risk from feed to egg [J]. Science of the Total Environment,

2021, 801: 149690.

LIN S, ZHAO B, YING Z, et al. Residual characteristics and potential

health risk assessment of polychlorinated biphenyls (PCBs) in seafood and

surface sediments from Xiangshan Bay, China (2011—2016) [J]. Food

Chemistry, 2020, 327: 126994.

[3] YU H, LIU Y, SHU X, et al. Assessment of the spatial distribution of
organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs)
in urban soil of China [J]. Chemosphere, 2019, 243: 125392.



%5 16 3]

BESERN, S (A AR UM G- 0 R TV [ I S 2 P PP 18 P 2 SR 19

[4]

[3]

(6]

(7]

(8]

(91

[10]

[11]

[12]

[14]

[15]

[16]

[17]

EFSA. Results of the monitoring of dioxin levels in food and feed [J]. The
EFSA Journal, 2010, 8(3): 1385.

QU C, ALBANESE S, LIMA A, et al. The occurrence of OCPs, PCBs,
and PAHs in the soil, air, and bulk deposition of the Naples metropolitan
area, southern Italy: Implications for sources and environmental processes
[J]. Environment International, 2019, 124: 89-97.

HUANG Z, QADEER A, ZHENG S, et al. Fatty acid profile as an
efficient bioindicator of PCB bioaccumulation in a freshwater lake food
web: A stable isotope guided investigation [J]. Journal of Hazardous
Materials, 2021, 423(4): 127121.

LIU W, ZHAO J, XU S, et al. Concentrations, sources, and potential
human health risks of PCDD/Fs, dI-PCBs, and PAHs in rural atmosphere
around chemical plants in Jiangsu Province, China [J]. Bulletin of
Environmental Contamination and Toxicology, 2020, 104(6): 846-851.
COMBI T, PINTADO-HERRERA MG, LARA-MARTIN PA, et al.
Historical sedimentary deposition and flux of PAHs, PCBs and DDTs in
sediment cores from the western Adriatic Sea [J]. Chemosphere, 2020, 241:
125029.

SUN S, CAO R, LU X, et al. Levels and patterns of polychlorinated
dibenzo-p-dioxins and dibenzofurans and polychlorinated biphenyls in
foodstuffs of animal origin from Chinese markets and implications of
dietary exposure [J]. Environmental Pollution, 2021, 273: 116344.
WEITEKAMP CA, PHILLIPS LJ, CARLSON LM, e al. A
state-of-the-science review of polychlorinated biphenyl exposures at
background levels: Relative contributions of exposure routes [J]. Science
of the Total Environment, 2021, 776: 145912.

MERHABY D, RABODONIRINA S, NET S, et al. Overview of
sediments pollution by PAHs and PCBs in mediterranean basin: Transport,
fate, occurrence, and distribution [J]. Marine Pollution Bulletion, 2019,
149: 110646.

DHAKAL K, GADUPUDI GS, LEHMLER HJ, et al. Sources and
toxicities of phenolic polychlorinated biphenyls (OH-PCBs) [J].
Environmental Science and Pollution Research International, 2018, 25(17):
16277-16290.

WU WL, DENG XL, ZHOU SJ, et al. Levels, congener profiles, and dietary
intake assessment of polychlorinated dibenzo-p-dioxins/dibenzofurans and
dioxin-like polychlorinated biphenyls in beef, freshwater fish, and pork
marketed in Guangdong Province, China [J]. Science of the Total
Environment, 2017, 615: 412-421.

SKRBIC B, SZYRWINSKA K, PURISIC-MLADENOVIC N, et al.
Principal component analysis of indicator PCB profiles in breast milk
from poland [J] Environment International, 2010, 36(8): 862-872.
BARTALINI A, MUNOZ-ARNANZ J, BAINI M, et al. Relevance of
current PCB concentrations in edible fish species from the Mediterranean
Sea [J]. Science of the Total Environment, 2020, 737: 139520.

MARTIN R, ALWYN F, DAVID M. Contamination of fish in UK fresh
water systems: Risk assessment for human consumption [J]. Chemosphere,
2015, 122: 183-189.

WANG P, ZHANG Q, WANG Y, et al. Evaluation of Soxhlet extraction,

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

accelerated solvent extraction and microwave-assisted extraction for the
determination of polychlorinated biphenyls and polybrominated diphenyl
ethers in soil and fish samples [J]. Analytica Chimica Acta, 2010, 663(1):
43-48.

OTTONELLO G, FERRARI A, MAGI E. Determination of
polychlorinated biphenyls in fish: Optimisation and validation of a method
based on accelerated solvent extraction and gas chromatography-mass
spectrometry [J]. Food Chemistry, 2014, 142: 327-333.
CARABIAS-MARTINEZ R, RODRIGUEZ-GONZALO E, REVILLA-
RUIZ P, et al. Pressurized liquid extraction in the analysis of food and
biological samples [J]. Journal of Chromatography A, 2005, 1089: 1-17.
KUZUKIRAN O, YURDAKOK-DIKMEN B, FILAZI A, et al.
Determination of polychlorinated biphenyls in marine sediments by
ultrasound-assisted isolation and dispersive liquid-liquid microextraction
and gas chromatography-mass spectrometry [J]. Analytical Letters, 2016,
49:2522-2536.

FUJIITA H, HONDA K, HAMADA N, et al. Validation of
high-throughput measurement system with microwave-assisted extraction,
fully automated sample preparation device, and gas chromatography-
electron capture detector for determination of polychlorinated biphenyls in
whale blubber [J]. Chemosphere, 2009, 74(8): 1069-1078.
ANASTASSIADES M, LEHOTAY SJ, STAJNBAHER D, et al. Fast and
easy multiresidue method employing acetonitrile extraction/partitioning
and dispersive solid-phase extraction for the determination of pesticide
residues in produce [J]. Journal of AOAC International, 2003, 86(2):
412-431.

KUZUKIRAN O, FILAZI A. Determination of selected polychlorinated
biphenyl residues in meat products by QUEChERS method coupled with
gas chromatography-mass spectrometry [J]. Food Analytical Methods,
2016, 9(7): 1867-1875.

LAHMANOV DE, VARAKINA YI. A short review of sample
preparation methods for the pesticide residue analysis in fatty samples [J].
Earth and Environmental Science Transactions of the Royal Society of
Edinburg, 2019, 263(1): 12061.

DARVISHNEJAD M, EBRAHIMZADEH H. Phenyl propyl
functionalized hybrid sol-gel reinforced aluminum strip as a thin film
microextraction device for the trace quantitation of eight PCBs in liquid
foodstuffs [J]. Talanta, 2019, 199: 547-555.

CAO S, CAPOZZI SL, KJELLERUP BV, et al. Polychlorinated biphenyls
in stormwater sediments: Relationships with land use and particle
characteristics [J]. Water Research, 2019, 163: 114865.

SAITO K, SJODIN A, SANDAU CD, et al. Development of a accelerated
solvent extraction and gel permeation chromatography analytical method
for measuring persistent organohalogen compounds in adipose and organ
tissue analysis [J]. Chemosphere, 2004, 57(5): 373-381.

AMAKURA Y, TSUTSUMI T, SASAKI K, et al. Comparison of sulfuric
acid treatment and multi-layer silica gel column chromatography in

cleanup methods for determination of PCDDs, PCDFs and dioxin-like

PCBs in foods [J]. Journal of the Food Hygienic Society of Japan, 2002,



20 B ah % 4 B R I A i %16 4%
43(5): 312-321. mass spectrometry with accelerated solvent extraction-purification

[29] KODBA ZC, VONCINA DB. A rapid method for the determination of simultaneously coupled to isotope internal standard method [J]. Chinese
organochlorine, pyrethroid pesticides and polychlorobiphenyls in fatty Journal of Chromatogram, 2020, 38(7): 853-860.
foods using GC with electron capture detection [J]. Chromatographia, [36] ZHAO Y, YANG L, WANG Q. Pulsed large volume injection gas
2007, 66(7-8): 619-624. chromatography coupled with electron-capture negative ionization

[30] Sk, XT3, S I AE BN R I 7K™ i o 22 R B AR B (). quadrupole mass spectrometry for simultaneous determination of typical
RO, 2012, 40(2): 954-955. halogenated persistent organic pollutants [J]. Journal of the American
JIANG H, ZHAO L. Determination of polychlorinated biphenyls in Society for Mass Spectrometry, 2007, 18(8): 1375-1386.
aquatic products using gas chromatography combined with ultrasonic [37] PIERTRON WIJ, MAAGOCKI P. Quantification of polybrominated
extraction [J]. Anhui Agricultural Science, 2012, 40(2): 954-955. diphenyl ethers (PBDEs) in food. A review [J]. Talanta, 2017, 167:

[31] SUN H, WANG P, LI H, et al. Determination of PCDD/Fs and dioxin-like 411-427.

PCBs in food and feed using gas chromatography-triple quadrupole mass [38] ElbedE, Z2, REA, % S ZEPORENE AN R &
spectrometry [J]. Science China Chemistry, 2017, 60(5): 670-677. AL A TR AR, 2024, 15(10): 134-143.

[32] 438, BtEAE, e, 4. IEEFIERBUGC-MS [RHFNE 242 YAN XW, JIANG Z, XU JJ, et al. Research on the detection technology
HHVAR AR ZEWIR[T]. A I, 2014, 33(2): 8. of polychlorinated biphenyls in foods [J]. Journal of Food Safety &
TONG L, YANG JJ, YAN N, et al. Simultancous Analysis of Quality, 2024, 15(10): 134-143.
organochlorinated pesticides and polychlorinated biphenyls from animal [39] USEPA. Method 1668, revision a chlorinated biphenyls congeners in
tissue using gas chromatography-mass spectrometry combined with water, soil, sediment, biosolids, and tissue by HRGC/HRMS [S].
accelerated solvent extraction [J]. Rock and Mineral Testing, 2014, 33(2): 8. Washington: United States Environmental Protection Agency, 1999.

[33] BRmEsK, BRET, JBRRH, 4. UM ERE- RIS (GC-MS/MS) I [40] FKIEH, i, EAEME, S5 SR @ISR AT E A PCBs
FIBFFEHERR]. BUibAHe, 2013, 34(5): 308-320. JIEIE[CL. BE: 2013 s EFREERI A2 2 R AE2Y, 2013,

CHEN XS, HOU HW, BIAN ZY, et al. Research progress on application ZHANG HY, LI HB, WANG ZF, et al. A method for the analysis of
of GC-MS/MS [J]. Journal of Mass Spectrometry, 2013, 34(5): 308-320. PCBs in mutton by gas chromatography with gel purification [C].

[34] SPANIK I, MACHYNAKOVA A. Recent applications of gas Kunming: Proceedings of the 2013 Annual Conference of the Chinese
chromatography with high-resolution mass spectrometry [J]. Journal of Society for Environmental Science, 2013.

Separation Science, 2018, 41(1): 163-179. [41] EC. Commission Regulation (EU) No 1259/2011 of 2 December 2011

[35] VL, ARIEEE, IR, A, sV R AR g k- A AL R bR amending Regulation (EC) No 1881/2006 as regards maximum levels for

- A PRSI E K S 32 A2 AR, fiE, 2020, 38(7):
853-860.
JIANG F, YU TT, LI M, et al. Determination of 32 polychlorinated

biphenyls in aquatic products by gas chromatography-high-resolution

dioxins, dioxin-like PCBs and non dioxin-like PCBs in foodstuffs [Z].

Official Journal of the European Union, 2011.

(TS 4 FRefE $hatir)



