2022 4E 5 1 & 1% Vol.40 No.5
May 2022 Chinese Journal of Chromatography 452 ~460

5T L DOI: 10.3724/SP.J.1123.2021.10018

R FRE K 5 2 IR (PCBs) AN ik, EE LU 6 FlfE /R PCBs Al 12 Fl —IEFLA 4L i PCBs 4 3,
3547 R A PCBs, 8 &1 th 345 A= Mk i PCBs (¥ /K-, IR AR PCBs 6 A M 1A 79 G AR AN & 45 4%
A, ZE T HERA PEAN PCBs X A28 (1 5% 58 7K B XU , LA o 1 DL A Ay A R AR 38 ST T s s 771 B B - ) o7 %
- A S A O35 5 2 BT (ASE-ID-HRGC-HRMS ) Wl 72 £E M4 82 Bl PCBs W 75, LUER T 4R #2 IR
TN A B AR BT S NSRBI R IE C be- S P BE (111, v/v) X PCBs #E 47 /il 75 571 #2
B, BT KRR PCBs M EICR , #i2 T REMIRBURZ: 8 g 44% BRPERERZHHE (P42 15 mm) , 90 mL
ECLEE A T =, FER R BUR Lk 45 5 4T HRGC-HRMS 43#7 , (4,384 5% H] DB-5MS MK 2 A3 F 40
B (60 mx0. 25 mmx0. 25 pm) , WS AE Y FHRAR T XL G YT 435, LAGR B B B RGeS
P, R R B AR E . S5 9 R 7E 0. 1~200 wg/L 5 B N, SE29 A0 i B B 7 ( RRF) 4 RE X6 A 1 D 22 (4
(RSD, n=7)¥<20% , F1ERE0(r*) >0. 99, A=WkESh PCBs #YJ7 :A HBR 4 0. 02~ 3 pg/g; a2 rh PCBs F-14
JOAREDSCR A 71. 3% ~ 141% , RSD(n=7) K 2. 1% ~ 14% ; D1 25 PCBs “FH1 kg [BICE A 76. 9% ~ 143% , RSD N
1. 4% ~11% , %771 5 B0 ERT  ATAE | AT LASE hin 4 1 EL A 4347 £20R0 D0 2845 7K 7 i 52 PCBs B T5 L% 00, 9 [l 9 41
FF I A W R A6 S5 AR S 3 NN IR 55 TARSCAE S IR B B KB AT VB R R EE A )

SRR VA ISR ; R 7 2R - 125 o0 90 SR - w0 o R s 5 SR SR W s 2R £ I

FE 5 %S . 0658 kRIS A LE S 1000-8713(2022)05-0452-09

Abstract: In China, the detection methods for polychlorinated biphenyls ( PCBs) in aquatic

products are mainly effective for 6 indicative PCBs and 12 coplanar dioxin-like PCBs, which
only account for a limited proportion of PCBs in organisms. In this study, to obtain the detailed
concentration levels of PCBs in organisms, elucidate the metabolism and enrichment character-
istics of PCBs in organisms, and accurately evaluate the exposure level and risks of PCBs to
humans, an improved method for the simultaneous determination of 82 PCBs in fish and shell-
fish samples was developed using isotope dilution-high resolution gas chromatography-high res-
olution mass spectrometry (ID-HRGC-HRMS). The recovery and reproducibility of two extrac-
tion methods, i. e., oscillatory extraction and accelerated solvent extraction ( ASE), were
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compared. Finally, ASE was chosen for subsequent experiments. Specifically, after adding 1 ng
“(C-labeled extraction internal standards, the samples were extracted under pressure by ASE
using a mixture of m-hexane-dichloromethane (1 :1, v/v). The experimental conditions
employed for this were a pressure of 10. 3 MPa, heating temperature of 100 C , heating time of
5 min, static time of 8 min, flush volume of 60%, purging time of 120 s, and 34 mL cells. Sub-
sequently, the extracts were loaded on an 8 g acid silica gel (44%) column (inner diameter; 15
mm) and eluted with 90 mL of n-hexane. After purification and concentration, the analytes
were determined by HRGC-HRMS with a fused-silica capillary column ( DB-5MS, 60 mx0. 25
mmX0.25 pwm). The temperature program was optimized to separate the most target com-
pounds at the baseline. Specifically, the initial oven temperature was 120 C, which was held
for 1 min, following by heating to 180 C at 30 C/min, heating to 210 C at 2 C/min and hold-
ing for 1 min, and further heating to 310 C at 2. 5 C/min and holding for 1 min. The injector
and ion source temperatures were 270 C and 280 C, respectively. With a static resolution of
10 000, the HRMS instrument was operated in the selected-ion monitoring mode at an electron
energy of 35 eV. The 82 PCBs were qualified by their retention time and two characteristic ions,
and thereafter quantified using the mean relative corresponding factor ( RRF). The results
showed that the relative standard deviation ( RSD) of the RRF obtained from six-point calibra-
tion standard solutions was less than 20%. The linearity ranges were from 0. 1 to 200 ng/L, and
the correlation coefficients (7°) were greater than 0.99. Under optimum conditions, the method
detection limits (MDLs) for the PCBs of biological samples were in the range of 0. 02-3 pg/g.
To validate the method, the fish and shellfish samples were spiked with a low level (0.4 ng)
and high level (3. 6 ng) of native PCB standards. The spiked recoveries using low-concentration
native PCBs were 71. 3% —139% in fish and 76. 9% — 143% in shellfish, and the RSDs (n=7)
were 2. 1%-14% and 4. 5% -14%, respectively. The spiked recoveries using high-concentration
native PCBs were 77. 6% —-141% and 82.2%-131%, respectively, and the RSDs (n=7) were
1.4%-9.4% and 1.7% - 11%, respectively. An analysis of fresh fish and shellfish samples
showed that the contents of a single PCB ranged from “not detected” to 54. 1 pg/g, where 12
coplanar dioxin-like PCBs were detected in the range of 12. 6 pg/g to 74. 5 pg/g, six indicative
PCBs in the range of 30. 9 pg/g to 62. 1 pg/g, and 82 PCBs in the range of 174 pg/g to 672 pg/g.
It was concluded that this method could be successfully applied for the determination of PCBs
in biological samples with good accuracy and precision. This comprehensive analytical method
of PCBs in aquatic products provides effective technical support for biological monitoring; it
will also aid in ecological and environmental management and the implementation of the Stock-
holm Convention policies.

Key words: accelerated solvent extraction (ASE) ; isotope dilution-high resolution gas chro-
matography-high resolution mass spectrometry (ID-HRGC-HRMS) ; environmental monitoring ;
polychlorinated biphenyls ( PCBs) ; fish; shellfish
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Table 1 Scan windows, characteristic ions, theoretical ratios, retention time, retention time references and

quantitation references of the polychlorinated biphenyls ( PCBs)

Scan window/ Qualitative oL Theoretical . Retention time/
. Compound K Quantitative ions X tp/min o
min ion ratio quantitation references
10.00-12.80 3C,,-PCBL* - 200.0795%, 202.0766" 3.13 10.76 13C,,-PCB9/9
PCBI - 188.0393%, 190.0363" 3.13 10.76 13C,,-PCB1/9
3C,,-PCB3* - 200.0795%, 202.0766" 3.13 12.41 1¥C,,-PCB9/9
PCB3 - 188.0393%, 190.0363" 3.13 12.42 3¢C,,-PCB3/3
PFK 218.9856 - - - -
12.80-19.10 13C,,-PCB4* - 234.0406%, 236.0376" 1.56 13.19 13C,,-PCBY/9
PCB4/10 225.9944°¢ 222.0003%, 223.9974° 1.56 13.20 13C,,-PCB4/4
“C,,-PCBY ™" - 234.0406*, 236.0376" 1.56 14.38 -
PCB6 225.9944°¢ 222.0003%, 223.9974° 1.56 14.90 13C,,-PCB4/4
C,,-PCB8 - 234.0406% , 236.0376" 1.56 15.24 13¢,,-PCBY/9
PCB8 225.9944°¢ 222.0003%, 223.9974" 1.56 15.26 ¥C,,-PCB8/8
C,,-PCB19” - 268.0016%, 269.9986" 1.04 16.22 13C,,-PCB9/37
PCB19 - 255.9613%, 257.9584° 1.04 16.23 13C,,-PCB19/19
PCBI8 - 255.9613%, 257.9584° 1.04 17.50 3C,,-PCB19/19
C,,-PCB15* - 234.0406*, 236.0376" 1.56 17.87 13C,,-PCBY/9
PCBI5 225.9944°¢ 222.0003*, 223.9974° 1.56 17.90 3C,-PCB15/15
PCBI16 - 255.9613%, 257.9584° 1.04 18.62 13C,,-PCB19/19
PFK 242.9856 - - - -
19.10-26.10 PC,,-PCB54 " - 301.9626%, 303.9597° 0.77 19.48 13¢,,-PCB37/79
PCB54 293.9165°¢ 289.9224% | 291.9194° 0.77 19.51 13C,,-PCB54/54
#C,-PCB28* - 268.0016*, 269.9986" 1.04 20.51 13C,,-PCB37/37
PCB28/31 259.9554¢ 255.9613%, 257.9584° 1.04 20.53 13C,,-PCB28/28
PCB33 259.9554¢ 255.9613%, 257.9584° 1.04 21.10 3C,,-PCB28/28
PCB22 259.9554¢ 255.9613%, 257.9584° 1.04 21.65 13C,,-PCB28/28
Cj,-PCB52* - 301.9626, 303.9597° 0.77 22.77 13C,,-PCB79/79
PCB52 293.9165¢ 289.9224% | 291.9194° 0.77 22.79 13C,,-PCB52/52
PCB49 293.9165°¢ 289.9224* | 291.9194° 0.77 23.07 3C,,-PCB52/52
Cy,-PCB104 - 337.9207", 339.9178¢ 1.55 23.77 1C,,-PCB37/111
PCB104 323.8834% 325.8804" | 327.8775¢ 1.55 23.80 13C,,-PCB104/104
PCB44 293.9165°¢ 289.9224% | 291.9194° 0.77 24.16 3C,,-PCB52/52
C,-PCB37 " - 268.0016%, 269.9986" 1.04 24.63 -
PCB37 259.9554¢ 255.9613%, 257.9584° 1.04 24.64 13C,-PCB37/28
PCB41 293.9165°¢ 289.9224% | 291.9194° 0.77 25.02 13C,,-PCB52/52
PCB40 293.9165°¢ 289.9224% | 291.9194° 0.77 25.55 3C,,-PCB52/52
PFK 280.9825 - - - -
26.10-33.85 PCB74 293.9165¢ 289.9224% | 291.9194° 0.77 26.79 130,,-PCB70/70
13C,,-PCB70* - 301.9626*, 303.9597" 0.77 27.08 13C,,-PCB79/79
PCB70 293.9165°¢ 289.9224* | 291.9194° 0.77 27.09 3¢ ,,-PCB70/70
C,-PCBY5 - 337.9207", 339.9178¢ 1.55 27.17 13¢,,-PCB111/111
PCB95 323.8834% 325.8804" | 327.8775¢ 1.55 27.20 13C,,-PCB95/95
PCB66 293.9165°¢ 289.9224% | 291.9194° 0.77 27.27 13¢C,,-PCB70/70
*C,-PCBI55” - 371.8817°, 373.8788¢ 1.24 28.09 13C,,-PCB79/162
PCBI55 363.83564 359.8415", 361.8385¢ 1.24 28.11 13¢,,-PCB155/155
PCB60 293.9165°¢ 289.9224% | 291.9194° 0.77 28.51 13¢,,-PCB70/70
PCB84 323.88342 325.8804", 327.8775¢ 1.55 28.70 13C,,-PCB101/101
PCB90 323.8834% 325.8804" | 327.8775¢ 1.55 28.83 3C,,-PCB101/101
13C,,-PCBI101 * - 337.9207°, 339.9178¢ 1.55 28.90 3C,,-PCBI11/111
PCB101 323.8834% 325.8804", 327.8775¢ 1.55 28.91 13C,,-PCB101/101
PCBY9 323.88342 325.8804", 327.8775¢ 1.55 29.25 3C,,-PCBY5/95
Cj,-PCB79 ** - 301.9626*, 303.9597° 0.77 29.51 -
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Table 1

®1 (&)

( Continued )

Scan window/

Qualitative

Theoretical

Retention time/

. Compound . Quantitative ions . tp/min o
min ion ratio quantitation references

PCB119 323.8834% 325.8804", 327.8775¢ 1.55 29.65 13¢,,-PCB101/101
PCBY97 323.88342 325.8804°, 327.8775¢ 1.55 30.36 13C,,-PCB95/95
BC,-PCBI11 " - 337.9207°, 339.9178° 1.55 30.67 -
PCB87 323.8834? 325.8804", 327.8775¢ 1.55 30.83 13C,,-PCB123/123
C,-PCB81 " - 301.9626%, 303.9597" 0.77 30.94 13C,,-PCB79/79
PCBS1 293.9165°¢ 289.9224% | 291.9194° 0.77 30.96 13C,,-PCB81/81
PCBS5 323.88342 325.8804", 327.8775¢ 1.55 31.10 3C,,-PCB123/123
PCB110 323.88342 325.8804°, 327.8775¢ 1.55 31.47 13C,,-PCB123/123
C,-PCBT7" - 301.9626%, 303.9597" 0.77 31.68 13¢,,-PCB79/79
PCB77 293.9165¢ 289.9224% | 291.9194" 0.77 31.70 13C,,-PCB77/77
PCB151 363.83564 359.8415", 361.8385¢ 1.24 32.26 3C,,-PCB114/155
PCB135 363.83564 359.8415", 361.8385¢ 1.24 32.53 13¢C,,-PCB155/155
PCB149 363.83564 359.8415", 361.8385¢ 1.24 33.13 13C,,-PCB114/155
¥C,-PCBI123* - 337.9207", 339.9178¢ 1.55 33.16 13C,-PCBI11/111
PCBI123 323.88342 325.8804" | 327.8775°¢ 1.55 33.18 3C,,-PCB123/123
C,-PCB118* - 337.9207", 339.9178¢ 1.55 33.44 13¢,,-PCBI111/111
PCBI118 323.88342 325.8804°, 327.8775¢ 1.55 33.47 13C,,-PCB118/118
PFK 330.9792 - - - -

33.85-39.40 “C,-PCB114* - 337.9207°, 339.9178° 1.55 34.18 13¢,,-PCBI11/111
PCBI114 323.8834% 325.8804°, 327.8775¢ 1.55 34.20 13C,,-PCBI114/114
Cy,-PCBI88 " - 405.8428" , 407.8398° 1.05 34.28 13C,,-PCB162/162
PCB188 397.7966¢ 393.8025" | 395.7995¢ 1.05 34.32 3C,,-PCB188/188
C,-PCBIS3* - 371.8817", 373.8788¢ 1.24 34.97 13¢,,-PCB162/162
PCB153/168 363.83564 359.8415", 361.8385¢ 1.24 35.00 13C,,-PCB153/153
Cy,-PCB105 - 337.9207" , 339.9178° 1.55 35.28 13C,-PCBI11/111
PCB105 323.8834 325.8804" | 327.8775°¢ 1.55 35.31 3C,,-PCB105/105
PCB141 363.83564 359.8415", 361.8385°¢ 1.24 35.91 13¢,,-PCB138/138
PCB137 363.83564 359.8415", 361.8385¢ 1.24 36.32 13C,,-PCB153/153
" C,,-PCBI38* - 371.8817", 373.8788¢ 1.24 36.90 13C,-PCBI11/111
PCBI138 363.83564 359.8415" | 361.8385°¢ 1.24 36.93 13C,,-PCB138/138
PCBI158 363.83564 359.8415", 361.8385¢ 1.24 37.02 13C,,-PCB138/138
PCB178 397.79664 393.8025", 395.7995¢ 1.05 37.33 13C,,-PCB167/188
PCB129 363.83564 359.8415", 361.8385¢ 1.24 37.41 3C,,-PCB138/138
C,-PCBI26* - 337.9207", 339.9178¢ 1.55 37.69 13¢,,-PCB111/111
PCBI26 323.8834% 325.8804°, 327.8775¢ 1.55 37.72 13¢,,-PCBI126/126
PCBI187 397.79664 393.8025", 395.7995¢ 1.05 37.96 13C,,-PCB167/188
PCB183 397.79664 393.8025", 395.7995¢ 1.05 38.37 3C,,-PCB167/188
®C,,-PCB162 "~ - 371.8817°, 373.8788¢ 1.24 38.56 -
PCB128 363.83564 359.8415", 361.8385¢ 1.24 38.83 13¢,,-PCB167/167
BC,-PCB167* - 371.8817", 373.8788¢ 1.24 38.99 13¢,,-PCB162/162
PCB167 363.83564 359.8415" | 361.8385°¢ 1.24 39.02 3C,,-PCB167/167
PFK 354.9792 - - - -

39.40-46.10 PCB174 397.79664 393.8025", 395.7995¢ 1.05 39.67 13C,,-PCB180/180
PCB177 397.7966¢ 393.8025", 395.7995¢ 1.05 40.02 13C,,-PCB180/180
C,-PCB202 " - 439.8038", 441.8008° 0.89 40.15 13C,,-PCB194/194
PCB202 431.7576¢4 427.7635" | 429.7606° 0.89 40.18 13C,,-PCB202/202
PCBI171 397.79664 393.8025", 395.7995¢ 1.05 40.37 13C,,-PCB180/180
3¢C,,-PCBI156* - 371.8817", 373.8788¢ 1.24 40.57 13C,,-PCB162/162
PCB156 363.83564 359.8415", 361.8385¢ 1.24 40.60 13C,,-PCB156/156
PCB201 431.75764 427.7635" , 429.7606° 0.89 40.76 13C,,-PCB202/202
" C,-PCBI57* - 371.8817", 373.8788¢ 1.24 40.91 13¢,,-PCB162/162
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Table 1 (Continued)
Scan window/ Qualitative Lo Theoretical . Retention time/
) Compound . Quantitative ions ) {p/min -
min ion ratio quantitation references

PCBI157 363.83564 359.8415", 361.8385¢ 1.24 40.93 13C,,-PCB157/157
C,,-PCBI180* - 405.8428 | 407.8398" 1.05 41.69 13¢,,-PCB162/162
PCB180/193 397.79664 393.8025", 395.7995¢ 1.05 41.72 13¢,,-PCB180/180
PCB191 397.79664 393.8025", 395.7995¢ 1.05 42.03 13¢,,-PCB180/180
PCB200 431.75764 427.7635" , 429.7606° 0.89 42.49 13C,,-PCB202/202
*C,,-PCB169* - 371.8817°, 373.8788° 1.24 43.25 13C,,-PCB162/162
PCB169 363.83564 359.8415", 361.8385¢ 1.24 43.27 13C,,-PCB169/169
C,-PCBI70" - 405.8428" , 407.8398" 1.05 43.66 130,,-PCB162/162
PCB170 397.7966¢ 393.8025", 395.7995¢ 1.05 43.67 13C,,-PCB170/170
PCB199 431.75764 427.7635" | 429.7606° 0.89 44.16 13C,,-PCB202/202
PCB203 431.75764 427.7635" | 429.7606° 0.89 44.58 13C,,-PCB202/202
C,-PCBI89 " - 405.8428" , 407.8398" 1.05 45.74 13C,,-PCB162/162
PCB189 397.7966¢ 393.8025", 395.7995¢ 1.05 45.76 13C,,-PCB189/189
PFK 380.9760 - - - -

46.10-60.00 13C,,-PCB208 * - 473.7648" , 475.7619¢ 0.77 46.46 13C,,-PCB206/206
PCB208 465.71874 461.7246" , 463.7216° 0.77 46.47 13C,,-PCB208/208
PCB207 465.7187¢ 461.7246" | 463.7216° 0.77 47.09 13C,,-PCB208/208
Cp,-PCB194 " - 439.8038" , 441.8008° 0.89 48.07 -
PCB194 431.75764 427.7635" , 429.7606° 0.89 48.08 13C,,-PCB194/205
¥ C,-PCB205 - 439.8038" , 441.8008° 0.89 48.32 13¢,,-PCB194/194
PCB205 431.75764 427.7635" | 429.7606° 0.89 48.34 3C,,-PCB205/205
1Cy,-PCB206 ™ - 473.7648" | 475.7619¢ 0.77 50.44 -
PCB206 465.7187¢ 461.7246" , 463.7216° 0.77 50.47 13C,,-PCB206/208
3C,,-PCB209 * 511.7199¢ 507.7258", 509.7229¢ 1.16 52.44 13C,,-PCB206/206
PCB209 499.67974 495.6856" | 497.6826¢ 1.16 52.48 3C,,-PCB209/209
PFK 454.9728 - - - -

#and * * indicate extraction internal standard and injection internal standard, respectively. a, b, ¢ and d represent the correspond-
ing characteristic ion fragment types are M, M+2, M+4 and M+6, respectively. PFK ( perfluorokerosene) means the lock mass in each

function. - no data.
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Fig. 1 Separation of PCB194 and PCB205

Temperature program 1: start at 120 C, hold for 1 min, up to 150 C at 30 C/min, up to 300 C at 2.5 C/min, hold for 1 min; tem-
perature program 2: start at 120 C, hold for 1 min, up to 180 C at 30 C/min, up to 210 C at 2 C/min, hold for 1 min, up to 310 C
at 2.5 C/min, hold for 1 min.
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1N 2 sy 5 Ak A P RS 0~ 0. 4%,
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EPA 1688A J5 i #E 774l H 2 A B ke B $2 i
FERL 18~24 W' BRI HE 75 S A5 48 [ R BE i b
g IR A LG Y RO 2, B8 28
F 2843 H1 PCBs J5 1 A8 A7 1R £, i fl
Rt ESIE T B/ A SR (P %e gEE i F /R o
THFER K HFERTK S5 F Ik, BT BRI R
TN R P O R IR
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S KPP 37 2 RN s v 70 S ORI A T4, 7K
PRGN &30 mL IFO - — A k(1 11,
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T RN OE S R 1. 2.1 Tk, &t seie ik
B, PR35 R I [T i3 R R A T 232 Y (R
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PEX . INE AR BOAE SZ I T RE S A A S
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IR B T s il L 2 20 A, 48 B PN b 1SR Sy
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FERCOR BT 2 A, ERE W E 7 IR, # /4 50 MDL =
Line1,0.00) %S I ER R (n=7 H, b1, 0.99) =
3.143; S My bn i 22 ) , 23 i A5 3 £ 2 R0 DL 2R Y
MDL, A i (4 9 5 ok AR 1R L 3 A5 05 e Lk
TR H R, e 20 52 2 AR o 9 G R B Sy
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