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W OE: AIFERNEAKT &Y 19 A S RIE DA E G- @ BAT AT H A R H SRR R
B 6 it BRI TR R A BRIE AL AL B i 4 R AR 19 A 3 UK BRBUR R SRR B A B
AP AR AT R E A, B AR BRI, 22 A £ 40 % 42 (HP-5MS) % & , A 1.5 mL/min 7% 69 5 AAF A
BA, BT REETRE S, A TOF/MS 4648 X K L5 ARG ot Ao B T H R S 82,
SRR T I TRERT IO SABEERNMNT G 7k, SR FTI9MFSAHELS 0~
500. 0 pg/L Sk BAF, A% 24K T 0.998 6, 77 =4 HFR (LOD,S/N =3)A~F 0. 12 ~ 1. 07 pg/ke,
7 xR FR(LOQ,S/N=10)/F 0.40 ~3.57 pg/kg, 4 5.0,10.0,20.0 peg/kg 3 F ik F T,
19 # % ZIE R FH @K EA T 79.6% ~103.4% , B WA AR AR £ A F 2.2% ~9.6% ; /&
20.0,100. 0,200. 0 pg/kg 3 Fr AR F T, 19 # % LB K09 @I EAF 77.4% ~104.6% , B
B AAST AT AR EANT 2. 7% ~9.8% , REW I ebm 7y ko A T, TH TR
¥ 19 A % [IR A BoEA ]

KERE: AAEE- BRI ATH RS % K70, $RIK; Rl
hESZES. TS254.7; TS207. 3 XHERARERD . A

Z @WK (polychlorinated biphenyls, PCBs) X

X EHS :2095-6002(2017)06-0077-08
% BN I A SN - DUARAT AT I ) BT 12 [T 2 7K™ it b 19 B 2GR 1] BBl
bram R 224 ,2017,35(6) .77 - 84.
p XU Zhibin, HE Liping, LI Qiaoqi, et al. Simultaneous determination of 19 kinds of polychlorinated biphenyls in aquatic
4 products by gas chromatography-quadrupole time-of-flight mass spectrometry[ J]. Journal of Food Science and Technology,
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1 #MR5FE

1.1 #R5RF

AT A A TN TR T 3 SO T

i IR K B ERAN B R | RE AL 9B P
fE (YAl 7R IE O ke (Bt |
[ Fisher 24 A); EHT 4 20 em x 2 em; PCBs
( PCB18 ., PCB28 ., PCB33, PCB44 . PCB52 ., PCB70 .
PCB101, PCB105, PCB118. PCBI128. PCBI38,
PCB153. PCB170, PCB180. PCB187. PCBI194,
PCB195 .PCB199 .PCB206 ) b UEX) i (5 H8:=99% ) ,
R YR IR AT,
1.2 E5EE

7890B A1 HH (23 (Y . 7890B 72008 HI S A 2
T — DU AT - CAT A ] BT AN, AR A R (36
) ; D3024R H¥& ¥k 5 i 15 2 250 HL, Scilogex 24
Al F) -200 Y A T AL, IR AL
MS3 #Y basic {iEiR iR A7, f2E KA 22 Al ; HR7629/
90 HUFEFEHL, KA (Philips ) 23 7] ; ME204E 4 i, 1
K- i AR - TR 2 A F
1.3 EWHE
1.3.1 #fmaras

RES R % R0 T 100 g AT £ 8B40 A &
PEFEALFTHE  FECAE - 18 CIVKAR HL

FE b HE L WERRAREURE Ah 5.0 ¢ T 100 mL #Hy %€
BLDAE T A TC K BRER AN 10 g, PR — A7 i ik
(PRFRLEE 1:3) JBA W 40 mL, 4 10 000 1/min 75 3 43
LAY 2 min,*ﬁ%miﬁﬁ 4 000 r/min FEEHE T EL 5
min K 1 VE R AR RS B 55— 100 mL 5 %€ B0 4
o, MAVRGERR 8 mL, IRIERE T 30 s, HtE 702, 5%
M)z, EE AL 1 IR, AR, H S OR ke 4r 211 2 2
mlL,

BE S 78 T2 HTAT R ity FH B B A 3 5 DS
Vi B TR KA 1 em JC/KBREREN .5 em 3L % HL Gk
+ .5 em BERE 1 em TCKBREREN , 285 T 10 mL PR T
WL KR BUR R B L a4, FH 40 mL 1ECL %64y 2
VR, VRSO ZEE] 1 mL, Bt GC-QTOF 43#r,

1.3.2  AREE R A

19 Fft PCBs i 2 b vHE I 45 W . 45 0 Hb ik B 4% b
PCBs ARAEY) BT, FHIE L BEis i 601 i B, e il 1 19
il PCBs AR 1000 e/ L HIIRAFRIEN 457

1 19 B PCBs TR A ARE & 1E O e b AT 76
B BOHI B 19 F PCBs JiT Wk B2 43 5113424 5.0,10.0,
20.0,100. 0,200. 0,500. 0 pg/L FTRAHMEET

DL AR HER WA B T 4 °C UK A e aht G R
FE, ATRAE 3 N H 2o B 2 T B il B VAV T
1.3.3 aAmEEiut

A, HP-5MS B0 4 (30 m x 0. 25 mm x
0.25 wm) ;FFFHE , FIERIRE 100 °C,5 °C/min F+
] 250 °C,20 °C/min F+3] 290 C ; A AW
it 1.5 mL/min; #EFE FHRBE 270 °C 5 AR, A3
T PEREAR 1. 0 pL,
1.3.4 it

B ELE TR B e 70 eV B TR
MR 230 °C; AT MR BE 275 °C; BRI AER 10
min; TAEBEE TOF/MS 4k 8 m/z
100 ~500 u,%%ﬁ% 5 spect/s,
1.3.5 WA REHBBEHES

K H TOF/MS 4 i X0 19 22 G000 8 it
TR I T AR [ 2h i Th e ik 3 Fhed 1
Ko e A, [R5 45 O B8 1) 1] 4 £ 8 357, TOF/MS
FE0R S B B P, AR 1,

2 FHRE5HMH

2.1 BERNER

19 Fh Z2 @I (1) 5085 Ui (33 18] (100 pg/L)
LI 1,
2.2 REUAFIKIERE

AR PV 1) L o 5353 B 3 500 A S Ay
e FIOR Y R AR BUA R, B iz U0, s
B R FH IR i H A 50 e/ kg BI/NEE f R REAS | %
FET 2 T A i v 22 SRR DR 5, 52
B3 2 PR ORI PR AR Y, T A il
IECBERRGT , BRI, BERE A T A A B U 7

HI T 7K R it TR oK o3 B e, SRR A vl Tk
AT HEEAT A Ik R K SR A AR A R 2 X
FES 0 ZE B RCRAE S T PR, R, ki
SER AT T TR R A i 22 ) A A 2 SEBR R ST T
ST B A K Y48 LV 4 H 1) 590 TR, DA fif UK
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Tab.1 Retention time and exact mass

numbers of 19 kinds of PCBs

4 t/min BT BT2 T3
PCBI18 15. 846 257.95773 255.96107 186.02271
PCB28 17.742 257.95773 255.96107 186.02271
PCB33 18. 039 257.95773 255.96107 186.02271
PCB52 19. 070 291.919 15 289.92191 219.984 15
PCB44 19. 765 291.919 15 289.92191 219.984 15

PCB70 21. 340 291.91915 289.92191 219.984 15
PCB101 22.287 325.879 67 323.88254 253.944 56
PCB118 24. 560 325.879 67 323.88254 253.944 56
PCB153 25.193 359.84007 361.83752 289.90209
PCB105 25.442 325.879 67 323.88254 253.944 56
PCB138 26. 268 359.84007 361.83752 289.90209
PCB187 26. 790 393.80132 395.798 66 323.863 74
PCB128 27.171 359.84007 361.83752 289.90209
PCB180 28. 643 393.80132 395.798 66 323.863 74
PCB170 29.579 393.80132 395.798 66 323.863 74
PCB199 29. 833 427.76241 429.75928 357.82583
PCB195 31. 083 427.76241 429.75928 357.82583
PCB194 32.001 427.76241 429.75928 357.82583
PCB206 33.182 463.718 65 465.71909 391.78527

PR G M A A SR U W D, A AR T R IR
R, SEEHEEE T NI - A AR LA 1:1,1:2,
1:3,1:4,1:5, 1 THEXS bR BT LR 50 pe/kg /NiE
FAPEPCICR R SRR — Al AR N 103
if, PCBs $2HL R ISCRIA F] 93, 1% | $2 HUR R Fe bf-,
MRFRTE 1:3LUR B, B TP BT o LA v,
TEL WL B O 5 R, k5 R 2 IR AR
WK, FHERS PCBs VR AE T2V, D 8 45
Fo, S ISCRREAR, SRR R T 103, Rk
) 1 5HFN 1785, BT A EE T 5 i AR A TR
o A AD TR AE B o R oA 4 A B G, S T
BONEIS] N REIS A R0 SR, % T PCBs H
FRYIEE B, B0 PCBs [H1I R 2 W R AIG, TRI G ik
FEARFALL 12 39— A7 I Bk VA RV R BUA R
2.3 AREREFEHILLE

K HIAR B A 50 we/kg /NS (R REAS
PG T 1. 3.1 FAREE 5 5 B bR T S - T
TEIERTAN T 2T R BOCR MR, AT RE 6 IR,
SEEL IR il AR SCHTAR BT 2 e REA 19 Fh &
SRR MR K 86. 7% ~98. 9% , A X A if
2% R 3. 1% ~ 8. 7% 5 2R JH E AR 20 2 BE A H 19
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Fig.1 Total ion chromatogram of 19 kinds of PCBs
Pl Z2 IR A28 RS 78. 9% ~92. 5% , AN
FRUEIRZE N 1. 7% ~3.2% . TEFF A 7 DR % B 1)
AR 200 SR AR SCRT AN ER 325 B B R AR LE [l
W, I HL R R 4 S i Ak B a] | 32 50 b R AR
b
2.4 IRAEHZMZEEXR

19 i PCBs [ZNMEIL IR 2Pk T 8 A OC R B 4SS
R 2, 25 FEIR,19 F PCBs 76 i i ¥k & h
5.0 ~500.0 pwg/L N RAFIGLME R, Ltk i
A 2B 0.998 6 ~0.999 9,

R2 19 PRI AR
Tab.2 Linear equations and correlation coefficients

of 19 kinds of PCBs

HARY LM/ (pg L") LI HHRRE
PCB18 5.0 ~500.0 y =156. 74x +220. 72 0.9997
PCB28 5.0 ~500.0 y =166. 7x +13. 308 0.9999
PCB33 5.0 ~500.0 y =230. 55x +208. 57 0.999 6
PCB44 5.0 ~500.0 y =144, 19x +112. 04 0.999 8
PCB52 5.0 ~500.0 y =140. 96x +155. 39 0.9999
PCB70 5.0 ~500.0 y =221.13x -43. 449 0.9999
PCB101 5.0 ~500.0 y=191. 71x +1113.7 0.998 6
PCB105 5.0 ~500.0 y =104. 46x - 215. 05 0.9999
PCB118 5.0 ~500.0 y =180. 26x — 656. 45 0.999 6
PCB128 5.0 ~500.0 y=105.41x -285.63  0.9998
PCB138 5.0 ~500.0 ¥ =99.692x - 171. 35 0.999 8
PCB153 5.0 ~500.0 y=179.74x -830.11  0.9996
PCB170 5.0 ~500.0 ¥ =99.301x +342. 38 0.9999
PCB180 5.0 ~500.0 y=113x - 198. 82 0.9995
PCB187 5.0 ~500.0 y=102.75x -203. 4 0.999 6
PCB194 5.0 ~500.0 y =47.95x — 65. 884 0.999 6
PCB195 5.0 ~500.0 y =47.989x - 18. 92 0.999 6
PCB199 5.0 ~500.0 y=109.68x +2688.6  0.9989
PCB206 5.0 ~500.0 y =39.765x +132. 67 0.999 6
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2.5 KMmHREEER

Bl (/i) MR CRPIR) B (R R ) | DL (4
H )4 BRI 928 FURE SR A2 LB P s H
BRI T A 2t i b B AR SR IO, BAL, R
PEMELL S/N =3 DU fFME L S/N =10, 715 4 Fil
FERFRE & 89 7 B K R (LOD) A & 5 ik a2 = R

(LOQ) , 455 3, I3 L, 19 Fh PCBs 1
M I E R R (LOD) 47 0. 12 ~ 1. 07 ng/kg,
IEERRA T 0.40 ~3.57 ng/kg, 5 GB 2762 %}
AR b 7 B s 22 SRR B BR £ 500 pe/kg AH
L, 5 i e BRI I T E AR PR i 2R, SR i R
B, AT R s K

F3 fo MR B DL 4 FRECET 19 Rl PCBs AR H BRI E S BR
Tab.3 Limits of detection and limits of quantification of 19 kinds of PCBs in 4 kinds of base materials
including fish, shrimps, crabs, and shellfish ne/kg
fh IR T n

FAr9y

LOD LOQ LOD LOQ LOD LOQ LOD LOQ
PCBI18 0.18 0. 60 0.16 0.53 0.16 0.53 0.18 0. 60
PCB28 0.26 0. 87 0.29 0.97 0.27 0.90 0.24 0.80
PCB33 0.14 0. 47 0.15 0.50 0.12 0. 40 0.12 0.40
PCB44 0.19 0. 63 0.17 0.57 0.20 0.67 0.19 0.63
PCB52 0.27 0.90 0.28 0.93 0.30 1.00 0.26 0.87
PCB70 0.18 0. 60 0.16 0.53 0.15 0.50 0.18 0. 60
PCB101 0.32 1.07 0.35 1.17 0.33 1. 10 0.37 1.23
PCB105 0.30 1.00 0.26 0.87 0.32 1.07 0.29 0.97
PCBI118 0.36 1.20 0.36 1.20 0.33 1.10 0.35 1.17
PCB128 0.29 0.97 0.27 0.90 0.24 0. 80 0.30 1. 00
PCBI138 0.30 1.00 0.28 0.93 0.31 1.03 0.31 1.03
PCBI153 0.35 1.17 0.34 1.13 0.31 1.03 0.33 1.10
PCB170 0.32 1.07 0.33 1.10 0.33 1. 10 0.34 1.13
PCB180 0.36 1.20 0.31 1.03 0.34 1.13 0.36 1.20
PCBI187 0.34 1.13 0.35 1.17 0.31 1.03 0.33 1. 10
PCB194 0.96 3.20 0.93 3.10 0.99 3.30 1. 04 3.45
PCBI195 0.98 3.27 1.01 3.37 0.97 3.23 0.95 3.17
PCB199 0.95 3.17 0.97 3.23 1.02 3.40 0.92 3.07
PCB206 1. 00 3.33 0.97 3.23 0.94 3.13 1.07 3.57

2.6 EFA

SEIG AR Mauszewski 25121 g 57 1% 358 5 %% 07
N PR (/B i) MR (XFIR) B ORI ) L
(AE )4 FPBE A0 28 FURE i, BC TR T 15 49 570 s o
VES VA J3E DG C 74 s S A o A, 43 i) 22 i s o
2k, VTR RE R £ 15 b v it 2 RO BRER LU AR, 4 Fh
NIRRT it BT Y B BRSOV AE A 1. 06 ~ 1. 26, 477
TESEIG SR N R, MORE AT ST S Y 5 Vs H
B HH A 19 T Z2 @R 1€ A b 5 i
P2 U S DC C b o i 2ok BEAT AL IE, DL/ INE &
R A IR E

2.7 EGRE

KA /N AR i BEAT b [T s g | 43l
RT3 A& LG KT AT AR, A RE & 19 Rl
PCBs B iNAR 5 & Hhik %] 5.0, 10. 0,20. 0 pg/kg, 3%
ARSCEEST T AT I RE 6 YR, SR T 56 oA v it 2%
TR H T3 T+ AR R AR M 22 5 7553 1) R
F 3 AN B IR AP AR iy 19 F PCBs
bR & ik 31 20. 0, 100. 0,200. 0 wg/kg, $ieA
T AT 6 Uk, 4% 3 d AT, R FH 2L
YHE T 253 H [R) S 3 FAR G o o s 22, 445 2R DL
x4,
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Tab.4 Results of recover test

His¥ Jbri/ (peg-kg™) B/ % H " RSD/ % Jnrit/ (pg-kg™") BB/ % H 8] RSD/ %
5.0 93.6 3.3 20.0 94.3 2.9
PCBI8 10.0 92.3 4.6 100. 0 92.8 5.1
20.0 95.2 2.7 200. 0 91.6 3.6
5.0 87.6 3.6 20.0 90.3 3.8
PCB28 10.0 93.4 5.1 100. 0 92.3 3.2
20. 0 90. 6 4.2 200. 0 88.9 5.2
5.0 9.5 5.3 20.0 95.9 2.6
PCB33 10.0 91.7 3.9 100. 0 92.7 4.4
20.0 97.6 2.2 200. 0 94.8 3.9
5.0 92.7 4.9 20.0 92.7 3.6
PCB44 10.0 93.6 7.0 100. 0 90. 6 6.3
20.0 94.0 3.5 200. 0 93.5 4.9
5.0 86.9 8.8 20.0 88.7 4.0
PCB52 10.0 93.3 5.1 100. 0 96.4 5.1
20.0 89.8 4.7 200. 0 93.0 3.2
5.0 95.4 6.1 20.0 92.4 5.3
PCB70 10.0 91.7 3.0 100. 0 88.9 6.4
20.0 93.3 4.3 200. 0 91.2 4.2
5.0 84.0 5.3 20.0 90. 4 3.6
PCB101 10.0 90. 6 6.2 100. 0 84.6 5.1
20. 0 89.3 3.4 200. 0 91. 1 4.3
5.0 92.2 4.5 20.0 90.2 3.9
PCB105 10.0 88.6 3.2 100. 0 91.0 2.8
20.0 91.2 3.6 200. 0 94.3 5.9
5.0 90. 4 5.1 20.0 90. 4 4.1
PCB118 10.0 85.3 2.9 100. 0 89.2 6.8
20.0 88.2 3.7 200. 0 93.2 4.6
5.0 79.6 5.5 20.0 87.9 4.1
PCB128 10.0 90. 2 6.2 100. 0 86. 1 3.4
20. 0 86.3 4.3 200. 0 88.3 7.2
5.0 81.4 7.6 20.0 92. 1 5.1
PCB138 10.0 86.8 5.1 100. 0 77.4 4.2
20.0 91.3 4.5 200. 0 84.9 2.7
5.0 86.7 4.5 20.0 89.9 4.9
PCB153 10.0 92.4 3.6 100. 0 87.6 3.6
20.0 88.9 5.1 200. 0 90. 8 4.7
5.0 91.3 4.6 20.0 90.9 3.6
PCB170 10.0 9.6 3.8 100. 0 84.6 8.8
20.0 87.5 3.2 200. 0 93.2 6.2
5.0 90. 6 5.1 20.0 95. 4 4.1
PCB180 10.0 86.9 2.9 100. 0 93.2 3.3
20.0 97.2 3.4 200. 0 88.2 5.9
5.0 98.2 2.3 20.0 92.2 5.0
PCBI87 10.0 87.8 5.8 100. 0 91.3 4.2
20.0 91. 1 4.6 200. 0 86.9 2.7
5.0 88.7 3.9 20.0 94. 6 9.8
PCB194 10. 0 93.2 8.3 100. 0 92.3 6.3
20.0 99.6 6.1 200. 0 89. 8 7.4
5.0 103. 4 3.9 20.0 102.7 4.5
PCB195 10.0 92.9 4.6 100. 0 92.8 3.9
20.0 96.9 3.5 200. 0 95.2 5.5
5.0 89.6 9.6 20.0 97.3 4.2
PCB199 10.0 95.9 2.7 100. 0 95.4 5.1
20.0 9.3 3.4 200. 0 96. 4 3.6
5.0 91.4 5.6 20.0 104. 6 9.8
PCB206 10.0 88.9 4.4 100. 0 94.3 8.2
20.0 102. 4 7.3 200. 0 95.4 5.3

n=6,
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45N, 7E 5.0,10.0,20. 0 pg/kg finbnsk F
T, 19 i PCBs ) °F 3 [l 4t R A T 79.6% ~
103. 4% , H WADXSAR DR 2240 T 2. 2% ~9. 6% 5 1%
20.0,100.0,200. 0 pg/kg HAn7KFTF, 19 Ff PCBs
(-2 [ R AT 77. 4% ~ 104. 6% , H [ A X bR
HEMZEN T 2.7% ~9.8% , W J5 vk 1) 5 BM: 4|
s B 38 1) 5% B8 40 BT S 06 19 R AR K
it 19 it PCBs 5% B3 5 A TN 4347
2.8 LEREESRIET

R FAAIF 5 37 5 1 5 R AR G 12 K 7R R
PEATREIN , G R v 19 b 22 DR B A Y B 0
KAE R 90. 80 pg/ ke, Hirr e BRIFIT W R 48/ 1 i
R A 7 e s v 2 G R Hh  RA(E R
34. 92 pg/kg, LI I T B R bR fERR 2 22R 1) 500
pe/kgo

3 % it

AHIEFEHE L T [R5 7K 7 it v 19 b 22 S
AR T - PO AT AT I e BT i, AR R
3R ) B B U B MO e B R )2 T
XU AL, A ROt E G T R BEALR i BAL RS 2
b 3R A R T R OR 4 Je e i R N ], ST )ik
AR SRR IR 15 Gt 3 T K i rh 2 S
AP ERIER T, TR S AR R AF T AR L
15 14 SR AEORE TR L, AR T 1k [ W R ARG 8 FE R
TR e 19 b 22 B R A BRIEEN RE
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Simultaneous Determination of 19 Kinds of Polychlorinated
Biphenyls in Aquatic Products by Gas Chromatography-Quadrupole

Time-of-Flight Mass Spectrometry
XU Zhibin'*?, HE Liping’, LI Qiaogi'’, FENG Huimin'®, CHEN Zhuangyao'”,
ZENG Linghao'”, GUO Xindong'”
(1. National Quality Testing Center for Processed Food ( Guangdong) ,
Guangzhou Inspection and Testing Certification Group Co Lid ,Guangzhou 511447, China;
2. College of Food Science, South China Agricultural University, Guangzhou 510642, China;
3. Guangzhou Quality Supervision and Testing Institute, Guangzhou 511447 , China)

Abstract ; In this study, a method of simultaneous determination of 19 kinds of polychlorinated biphenyls
in aquatic products by gas chromatography-quadrupole time-of-flight mass spectroscopy was established.
The samples were extracted by the use of dispersed high-speed homogenization technique with mixed solu-
tion of acetone and petroleum ether as extraction solvent, the extracting solution doubly purified by con-
centrated sulfuric acid and chromatographic column, eluted by n-hexane. The extracting solution was
separated by GC capillary column( HP-5SMS) with helium as a carrier gas at the flow rate of 1. 5 mL/min.
The resultant separation was ionized by electron impact ion source. The data were collected by TOF/MS
full scan mode. The qualitative analysis was performed using retention time and ion precise mass number,
and the quantitative analysis was performed using the external standard method. The results showed that
the calibration curves of 19 kinds of PCBs showed good linearities when the concentrations from 5.0 pg/L
to 500. 0 peg/L, and the correlation coefficients of more than 0.998 6, the limits of detection (LOD,
S/N =3) between 0. 12 pg/kg and 1. 07 pwg/kg and the limits of quantification (LOQ, S/N =10) be-
tween 0. 40 pg/kg and 3. 57 pg/kg. At 3 different standard addition levels of 5.0, 10.0, and 20.0
ng/ kg, the average recoveries of 19 kinds of PCBs was between 79. 6% and 103.4% , and the intra-day
relative standard deviation was between 2. 2% ~9. 6% . While at 3 different standard addition levels of
20.0, 100.0, and 200.0 pg/kg, the average recoveries of 19 kinds of PCBs was between 77.4% and
104. 6% and the inter-day relative standard deviation was between 2. 7% and 9.8%. It is indicated
that, the developed method is accurate, sensitive and reliable and suitable for the monitoring and detec-

tion of 19 kinds of PCBs in aquatic products.

Keywords: GC-QTOF mass spectrometry; aquatic products; polychlorinated biphenyls; simultaneous

determination
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