EE L (Taiwan Pesticide Science) 11 : 105-126 (2021) Mo,
DOI: 10.6671/TPS.202112_(11).06

FEE St I By SR R L G iR (GC-MIS/MIS) ST
B& K% &R ek 45 B g ik

BREER '~ BEHEE | TRES ' GHEsh

2

=

pd

4

K REE - RAME S T4 020210 B FAREITE BT H R (GC-MS/MS)
AH kAP FEmT @2 c EFRLERSE 111105126

TR AR Y B L DR AR BB R (PCDD/Fs) M &4 - it ba iR E
FuC BB AT+ T 5& /N R Y HE 2 Bt & AN 4 o T B B S A AE DAY 2%
WA (PCBs) » 5 12 fELSEHEAENRY) A B A EEEE T - FLEE Y EHZ A
WK (DL-PCBs) » 539MT 6 Tl IR~ Y R Y f BR A R T 26 & R iy — > DL
b R ERAMEREE 6 M ERYITE R B TN - RRE B R =T RERE S A
Bt Gl - EESCEE - BIR - SERENREERNE - ARUFEERET "= T
BHEEE (GC-MS/MS) 1R (dtatgas - /M faky RIS BV E & % & R0y vl 1T
T o S FEAS AR B R AR H B LA HERL o DAL T — T SO R A PR AR A X - AR
A FE e RS I 25 HAE 30 4388 P9 58 BRIHIIE 2 ) - AR AR IR AT 8 28 24 /]I
Mgk 90% HHAE - FELLEBRFLRAK 3 /N AT 2 B i L - MR BT A T8
TERGERE 2-3 K FCeRIEE 15 (500 » DUk ~ $EE R AL oL S = A E T
EERES - DIRARE AT R 3 (GC-MS/MS) 43T » BT 43 BT B 13 1 [R5 ) &
TR AR <15% - GEFBNBR 3 M - A S A i (B < R BN 5 T v P Y
HRGC/HRMS #H[E » &5 2 @R FE 09 EHER AR 95-139% » FHEHEHE (R
7 (RSD) /INA 12% » FRBAAISE AR B Bk i pe BEAE /7 A LA BT Ry HERE 1%
FFRENE - HE—H U 20 FEERSETERRE - B LRI RN TIETE K GC-
MS/MS 3 HreHIME » PR AN E B = 4RF0EE J7 15 Kk HRGC/HRMS Fifq 2 HIME » FHfd#
t A Al SRR R W T A I AR A2 5 - HAE R BB = R s ARy beakrh - BRfaAR
fnfY 12 F DL-PCBs #8551 B & ke fayd ICES-6 {16 A1 R A A il s 52 - HAm HE {20 8
(Z score) F/INA 2 BREEARJTEERN BB RS L @B eyl T - AR H

3t
=

| 4

BEZHE : 20241 H9H
* SEAWEH ° E-mail: cmtsen@tactri.gov.tw
UOETPTT TP AR B e R SRR YA



106 SRR 5 11 1)

BHABRIERTAE 1 R SERCE PR s AR o AT BAE 3 RATRE]—HEK 6 Bk mhivia
HEE - AHBR BT BRI TR — F /25 - AT 7 RIESETHREIRCR - JRHE
Fra R R ERE - HEALE - BJ] - Bk - ZEE - SR ERSHEES

fEEy -

BB : RERTA T AE A ~ SR AT R E R PO CRROE

% @Bt (polychlorinated biphenyls °
f&f% PCBs) » &Ml 2 f BB AR 1 R
FIATLERYE - M2 EERE Y
PRI FE A T3¢ | - v sl ~ B
M BERS NEARRE  BITZEEEAT
BB R EG®RE O 27Xk
Ci2CInH10-ny (1<n<10) - HH /Y i 7 2= fH
H o BRRIRA DI L 1~10 8 E A FE
IR T KIS @B E KA ERANE
MEIA 209 FEFJHY) - —LERTTRRH - %
AW VT RERS B e - Rl
FRFEREMTZE R0y (International Agency for
Research on Cancer, IARC) % &Y
Fs NFEEUEYIE (Group 1) » FHFY P IEIY
i 1 25 G it 2 B L =y Bk e A A [ Y 3 B
Bl o BIE#® Ah B2 2 (Aryl
hydrocarbon receptor, AhR) E4AEH » 7]
B EEHZEBAE
PCBs * DL-PCBs) » 35 FEL & P th i
M REE L GY - HF 17 EER
XM (PCDD/Fs) J 12 HRER LA
it 4 (DL-PCBs) ¥ A 5095 B /F H JHY

(dioxin-like

B RS AR R 0 Rk WHO PR
EEMRAMRIE o Lt E R L S RER
FHIEERBEHIERE - EERIEIEYEL Ah
By s MRS G 2R -~ 5184k
FUERIE ~ BRER A KRR 2
EIERFEAE - R RS F R
5 s AR Y is RS B SRR L S YIS Y B
Mg 2 A AR (WHO) ZEEH
B e &K (Toxic Equivalency Factors,
TEFs) & 2K FF Adi @ B £ AL & WY 3
M SEESEEA SR YRR S
PCDDs HYJ[EJEY) 2,3,7,8-TCDD (2,3,7.8-
tetrachlorodibenzo-p-dioxin) » 8 & H 35 %
WK Tl 1 (TEF=1.00) » HAth[FEHI
BB H B 2,3,7,8-TCDD #SHEAHRAME: ~ Flk
I FE R BRBEFR AR - TG A [EIRY TEF
fi > 12 # DL-PCBs [y TEF {HAH 0.1~
0.00003 Z ] - f& i EE =AY
LB TR R L M E E R —
Quantity, TEQ) ¥ - HME ERE AR
B AT A B E e L AR - B
EIREIETEATT ¢

TEQ = = (ERIFRIIRE) x (% HEHE

i TEF {H)

(Toxic Equivalent



375 56 I A1 [R5 i B ARG B R
EEE - EREBEHEE LAY E
MR RETERE - AR EmPIREEE
® (Scientific Committee on Food (SCF) of
the European Commission) /A 1995 &g H
By B I I L YRR E Fy 14
pg WHO-TEQ/kg bw/week (12 » SfifE 2006
FETEPME - R LS B -
KWW KFR{E (Maximum levels) %
TTENRIE (Action levels) 7 » ZR[EEAR K AR
BB &+ AR R A B RS SR TR
o KR 2011 F NMERARERITH)
FRIE ® » 2013 & 1E R A B YR I e
FRAE - FREEREESAE 2013 FEAEN TR
i RS BB o R B R S R R R B

# O, o REEFEGEMRLEN " ERR
ks, - ZESREEARNELE =

B AE DL ERT AT

SLoT R AR A0 0 FRIL TR
W2 @R BEEEE L S EE
TEFIREHIAE - AT R JR B L &
Bt % (Non-Dioxin Like PCBs, NDL-
PCBs) » HIfA Ml % & 1 H 75 1 & & K 1
(TEF) » HE B SEEN S RIRE
(ng/g sample) KR » WETF/ » SUKTE
i NDL-PCBs #f{f RAUZE - Bk 7 ¥
oA - RS - R S BERITT
R 09 HAE 209 HEL AW RHEIFEY
oo B R ERHIZ B & (International
Council for the Exploration of the Sea, ICES)
RHMPANTEIEEEZ @ (6T ICES-
6) * L #5 PCB28 -~ PCB52 » PCBI101

2GR AT 770 A 107

PCB138 » PCB153 J PCBI80 % & & &
#9105 BRI B L A ERY NDL-PCBs HY
— > KB E 2011 FEHE
1259/2011 ® Hifg% 6 HEIEEMEL @A
(PCB-28,52,101,138,153,180) 4y & & &
FRAE - FREHAE 2020 FEBF0R T &MmES
B S AR R B, © -

FE P B B~ Tk R e 2% @ e R I ) AR
PEARSE - AIEE A TR — s AT iR AR H 2 B
£ M EREREYEES ICES-6
EREHES  BEIAT R REETE
PEREE (GC-MS) METTE RS > IR 12 7l
DL-PCBs TE & Y & B H B RAK Rl
EEH R A EIR - 1R B L
M5k g e [B] DA ves AT 5 SR HE i AT B AR
(HRGC/HRMS) H#{T43#7 - GC-MS/MS 1
EMEEEEESPERRE - B 1980 4K
I LI - T R 0 E BR B AR Y
PCDD/Fs F1 DL-PCBs (16 » SK{iij{& HI#5[R
HIA R - EREHEEESR HRGC/HRMS
Hay o BARMEHR RS - ke
GC-MS/MS £l e - 2000 LRI
B % = MR &R & &K &SP
PCDD/Fs F1 DL-PCBs F38 1t Sk 5
B 2 (10121317 58 T T A i b
ERERRS o KL E 2011 @EEEREZ
ZEEE (EU-RL) FIEK B B BB %
ZEEEE (NRL) K MS/MS #0T
TERERE » FiiE5 3% GC-MS/MS 1F By il £
ihH PCDD/Fs 1 DL-PCBs 43 HTHIEAR ST
HZ AT BBIRTE 2014 4 [HE] 3R
Al GC-MS/MS {F Ry 53 M7 & oty A )k} vp



108 ZEHEEEEREE 55 11 1)

PCDD/Fs ;. DL-PCBs HY&C ik » A%
LT B ALY B RS AR HE o DUTE IR 43 AT
PCDD/Fs H1 PCBs & & [t 75 1Y = b B
FOmTSEME - MEREBERUREAL RS IR - e —
TEAR E ER R A - BIBR T kR M
(HRMS #1 MS/MS) Z 4 » ZEEUFFE
R 4 BT A SR Y E R 2 KR
(14) o

— I B FEHUTE AT A IR A A ~ B
HERIREAGE @ 19~ JNEAEEEY G- 18) ~ 2
RICEERL G 18 K s BRS B 2 1 5
% BRIGIEZELS » BRI T i@ L Rz
B 1 RFGDUEAERICARAL 24 /N - BIBE
DA REYEGR RAHN TR 6 /NRF - FHEHR
ZEAUA B - 1A I P T A g R B L R
HIBEERERH  BERAETTEEA
% G WIBE R » SR E T R IE K E
o 2EFALFHRER 7 X7HER
B HIEEREMPTER £ CAPE A H]JE
FA B~ e e R 40 AT A TR R B F
7L > T RIEMEE S 2 REBIRES
B - HEREERLHEMHNRE BN KR
A R B IR U S B K - R AR
T e ER FH 5 JRE v ) 25 RS D B bk
e BEReE o $HEEIR GC-MS/MS HIt#
W5 - HAEA R T L B 5 B
B R faienv ey Ak B RS E
A SRR B IR - R
T Fe it ST 1 P AR A 5 28 e fe by B
Basg BRI AT I - KR Bk - ARASRE
RS H B PROEFT R B E & GC-
MS/MS & L2 @AM 51 -

FORHEL G

& W HE (Dichloromethane) » & &
% » Merck » IEC %t (n-Hexane) * % &
% > Merck ~ 2K (toluene) » %R &=
Merck ~ B E  (Methanol) - 8 & fi -
Merck * A (Acetone) * &) » Merck
M IETE%E (Nonane) » EX &K » Merck ~ 1F
+=%¢ (n-Tridecane) * FXZEH - Merck »
& (Sulfuric acid) » FXEERK - #EEE 98%
Merck ~ /% &1k 88 (Aluminium oxide)
(0.063-0.200 mm) » FXZEHR + Merck ~ fE/K
WiFEEh (Sodium sulfate) » FRZERM » Merck
FHYIB (Silica gel) (0.063-0.200 mm) » 3,
g M o Merck 5 H B 3 1k £ E
(DEXTech™) HIEHEM : W& 3 XE
o AFRRRERY IBER: CERR RN & &
5 g Zhafe) ~ FRIE AR E M RIE TEIRE
) s ZEBE A EERE L H CIL
(Cambridge Isotope Laboratories, Inc.) EC-
4935 J EC-5495 ~ (NEHE#E L EC-4977 %
EC-5379 Je|[e| A #E b EC-5371 °

T AR

ETREZ R > TEGERASA - 2 E B
JET B IR EDGE™ (CEM Co., Ltd) »
HENF 2SS © DEXTech™ (LCTech GmbH
Co., Ltd) » L% (Centrifuge) @ H#3H 0] 3%
1800 rpm LA [ - J5JEE 2 #E #%  (Rotary
evaporator) * WK Z % #§ 2 B  (Nitrogen



evaporator) * JEIIR G 28

IR % #s  (Ultrasonicator) * 5@ FH & #7
B S % (GC-MS/MS) (Shimadzu
TQ8050 NX) ©

(Vortex mixer) °

=~ B lEY)

By~ A R ALl BB AR Sk H R
AL BRI o

12 5 DL-PCBs [ H Wellington @&
#k WM48-CVS - frmfidiE PCB-118 Ky
0.5-1000 pg/uL » H &k 11 fE ks 0.1-200
pg/uL » ICES-6 g & fi #i & kv 0.5-1000
pg/uL (F—)

() R AN,

[# 9 Wellington =¥ 5, WM48-CS4
HIREAHE R R Es -

h ~ KR ET S P
(—) {Z RN
HE 5L R AL i 50~150 52 » 3945

JRCEREZIR > BATQ BREZIR - R
THEZIRIUE S B AR - RZRRSE 1R - H

2GR AT 750 A 109

T (HZBRHRR ALRZ ) - RZMRAR il DURT
5B EINT AN

(Z) HiRE®E (EDGE™) ZKHY

B U E B B R k) 5 %e 0 B
6 i jeFLh 6.5 v Hp B TRiRE G 8
SRR HERD DL BN E - A R FLA R TR R
BEBRIR KA (Q-Matrix) = ZEHUE
Al » DL-PCBs IS 10 pg/ul AIREHE
10pL Jz ICES-6 ¥R HI¥REE 10 pg/pl MIAEHE
mm 10ul - DA 40 ZFHIECKE /—&H
B (1:1) HEFTEREL > WEFHZ 150°C (BB J)
180 bar) Nl 5 736 » WERAWE » H#HAE
=K GHFERER ARG E 20 2
7+ 3000 xg BELy 5 438 B EIE R E
=E 10 2T - FARt -

(Z) BEFL2EE (DEXTech™) jF#1k

HY 10 mL ZEHK ieiR &89 5)1% » 5t
AR NS B YRRz » 28 B — R =3
P LE R - LB PT S T R ER 1
ZEEGWIBER « kS EREANE
MEIRER  BRAREREYZ L 2512
200 mL 1EC e IIERGYE » FFLL 150 mL —
AW E/IEC K (20/80 » v/iv) MR » BUE
MR Z B AR LR - B8 73 4784
RSB — R - TESE AR - BRI A
AL AR IR R SR A B PR R TN N 2 & B A
10 pg/uL [EICEEHES, 10 pL - H#E1T GC-
MS/MS 3 #



110 EE#EEEEREE 5 11 1)

K— ZRBEGH AKX EWRERZZERBRAKRAZH
Table 1. Multiple reaction monitoring parameters for PCBs testing, internal standards and
recovery standards

RT Monitor ion pair 1 Monitor ion pair 2

Congeners (min) ion pairs (m/z) CE (eV) ion pairs (m/z)  CE (eV) Cal. Range
Analyte standard

PCB 81 17.50 289.9>219.9 26 291.9>219.9 26 0.1-200
PCB_77 18.05 289.9>219.9 26 291.9>219.9 26 0.1-200
PCB_126 21.99 323.9>253.9 26 325.9>255.9 26 0.1-200
PCB 169 25.45 359.9 >289.9 28 361.9>291.9 28 0.1-200
PCB 123 18.76 323.9>253.9 26 325.9>255.9 26 0.1-200
PCB 118 19.03 323.9>253.9 26 325.9>255.9 26 0.5-1000
PCB 114 19.53 323.9>253.9 26 325.9>255.9 26 0.1-200
PCB_105 20.28 323.9>2539 26 325.9>255.9 26 0.1-200
PCB 167 22.60 359.9 >289.9 28 361.9>291.9 28 0.1-200
PCB 156 23.65 359.9 >289.9 28 361.9>291.9 28 0.1-200
PCB_157 23.80 359.9 >289.9 28 361.9>291.9 28 0.1-200
PCB_189 26.75 393.8 >323.9 21 395.8>325.9 21 0.1-200
PCB 28 10.50 255.9>186.0 25 257.9>188.0 25 0.5-1000
PCB_52 11.50 289.9>219.9 23 291.9>221.9 23 0.5-1000
PCB_101 15.70 325.9>2559 26 327.9>257.9 26 0.5-1000
PCB 138 19.80 359.9 >289.9 30 361.9>291.9 30 0.5-1000
PCB 153 21.20 359.9 >289.9 30 361.9>291.9 30 0.5-1000
PCB_180 24.10 393.9 >323.9 30 395.9>325.9 30 0.5-1000
Internal standard

13C1,-PCB_81 17.49 301.9>231.9 26 303.9>233.9 26 10
BC,-PCB_77 18.04 301.9>231.9 26 303.9>233.9 26 10
BC»-PCB_126 21.98 335.9>265.9 26 337.9>267.9 26 10
3C,-PCB_169 25.44 371.8>301.9 28 373.8>303.9 28 10
BC,-PCB_123 18.75 335.9>265.9 26 337.9>267.9 26 10
3C,-PCB_118 19.02 335.9>265.9 26 337.9>267.9 26 10
BC»-PCB_114 19.52 335.9>265.9 26 337.9>267.9 26 10
B3C»-PCB_105 19.81 335.9>265.9 26 337.9>267.9 26 10
BC»-PCB_167 22.59 371.8>301.9 28 373.8>303.9 28 10
BC,-PCB_156 23.64 371.8>301.9 28 373.8>303.9 28 10
BC,-PCB_157 23.79 371.8>301.9 28 373.8>303.9 28 10
13C1,-PCB_189 26.74 405.8>335.9 28 407.8>337.9 28 10
13C1,-PCB_28 10.50 267.9 >198.0 26 269.9 >200.0 26 10
3C,-PCB_52 11.50 301.9>231.9 26 303.9>233.9 26 10
BC»-PCB_101 15.70 335.9>265.9 26 337.9>267.9 26 10
BC,-PCB_138 21.20 371.8>301.9 28 373.8>303.9 28 10
BC,-PCB_153 19.80 371.8>301.9 28 373.8>303.9 28 10
13C1,-PCB_180 24.10 405.8 >335.9 28 407.8 >337.9 28 10
Recovery standard

BC,-PCB_70 14.54 301.9>231.9 26 303.9>233.9 26 10
BC»-PCB_111 17.05 335.9>265.9 26 337.9>267.9 26 10

BCi,-PCB_170 25.26 405.8 >335.9 28 407.8>337.9 28 10
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Fig. 1. PCB ion ratios of the three substrates and standard products.
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Fig. 2. Secondary ion diagram of PCB-28 analyte and its product ions (a) PCB-28 in the
standard product (b) '3C12-PCB-28 in the standard product (¢) PCB-28 in the fishmeal
sample (d) *C12-PCB-28 in the fish meal sample.
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Table 2. Internal standard recovery rates of PCBs in three matrices

Recovery (%)
Congeners Fish meal Egg Milk
Min  Max CV (%) Min  Max CV (%) Min  Max CV (%)

BC, PCB 81 58 68 7 57 68 8 60 67 5
13Ci,_PCB_77 61 70 6 61 73 8 66 73 5
13Ci,_PCB_126 60 68 6 61 69 5 72 89 9
13Ci,_PCB_169 58 69 8 64 73 6 71 87 10
13Ci,_PCB_123 53 59 4 52 61 7 56 64 6
13Ci,_PCB_118 54 60 5 53 62 7 56 66 7
13Ci,_PCB_114 59 66 5 58 68 7 62 73 7
13Ci,_PCB_105 58 65 5 57 65 6 63 74 8
13Ci,_PCB_167 58 67 6 66 83 11 67 81 9
13Ci,_PCB_156 60 69 6 64 77 8 65 79 9
13Ci,_PCB_157 62 70 6 65 79 9 68 79 8
13Ci,_PCB_189 50 60 8 55 64 6 70 84 9
13Ci,_PCB_28 61 69 6 35 37 2 41 54 14
13Ci,_PCB_52 68 79 7 47 54 6 44 51 7
13Ci,_PCB_101 64 77 9 64 74 7 40 54 13
13Ci,_PCB_138 56 89 22 56 84 19 35 44 13
13Ci,_PCB_153 83 119 17 82 103 9 55 76 14
13Ci,_PCB_180 66 81 11 62 82 12 53 63 9
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Fig. 3. Recovery of fish meal in four repeated samples containing-12 added DL-PCBs and

ICES-6.
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Fig. 4. Recovery of egg in four repeated samples containing-12 added DL-PCBs and ICES-6.
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Milk (dI-PCB & ICES-6)
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Fig. 5. Recovery of milk in four repeated samples containing added with 12 added DL-PCBs
and ICES-6.
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16.67% Z i

Table 3. Method blank values and method detection limits of PCBs

DL-PCBs
1) ;
BK conc. MinDL (pré e pgl\gg e a:;‘fgf: - ’;E Qg Ratio (%) Ratio (%)
i i i MDL/AL) (BK/AL
(pg/ul)  (pg/ul) sample)  sample weight(g) sample) ( /AL) (BK/AL)
Fish meal 0.159 0.005 0.045 0.001 35 2.00 0.07% 0.13%
Egg 0.133 0.004 0.443 0.013 3 1.75% 0.76%  14.78%
Milk 0.150 0.002 0.500 0.007 3 2.00% 0.33%  16.67%
NDL-PCBs
1) ;
BK conc. MinDL (pré " pgl\{lfl]g,é e assjrlfgﬁed (pg_/;lé Qg Ratio (%) Ratio (%)
(pg/uL)  (pg/ulL) sample) sample weight (g) sample) (MDL/AL) - (BR/AL)
Fish meal 194 1.132 55 0.323 35 30.00 <0.01% 0.18%
Egg 88 0.956 293 3.187 3 40.00? <0.01% 0.73%
Milk 60 0.238 200 0.793 3 40.00? <0.01% 0.50%

D The gram of sample is introduced by assigned samples weight.

2 Sample weight is designated as that of fat.
AL : Action level
ML : Maximum level
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Table 4. DL-PCB detection results in samples

PCB Total Toxicity Equivalent Concentration

Two methods of detection

Sample (pg-WHO-TEQ/g sample) Relative concentration
Authentication method (A) Fast screening method (B) (A)/(B)
milk 1 0.30 0.24 1.25
milk 2 0.37 0.26 1.39
milk 3 0.19 0.14 1.35
milk 4 0.24 0.20 1.18
milk 5 0.16 0.13 1.19
milk 6 0.10 0.08 1.26
milk 7 0.19 0.14 1.35
milk 8 0.15 0.11 1.32
milk 9 0.33 0.30 1.10
egg 1 0.07 0.07 0.97
egg 2 0.05 0.04 1.11
egg 3 0.07 0.07 0.97
egg 4 0.07 0.07 0.97
fish meal 1 0.08 0.13 0.66
fish meal 2 0.08 0.08 1.05
fish meal 3 0.13 0.07 1.94
fish meal 4 0.82 0.77 1.07
fish meal 5 0.14 0.22 0.61
fish meal 6 0.05 0.03 1.70
fish meal 7 0.21 0.21 1.04
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Fig. 6. Results of paired t-tests in samples containing (a) DL-PCBs or (b) ICES-6.
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Table 5. ICES-6 detection results in samples

ICES-6 sample concentration Two methods of detection
Sample (pg/g sample ) Relative concentration
Authentication method (A)  Fast screening method (B) (A)/(B)
milk 1 462 353 1.31
milk 2 544 302 1.80
milk 3 524 571 0.92
milk 4 706 584 1.21
milk 5 222 198 1.12
milk 6 394 627 0.63
milk 7 479 727 0.66
milk 8 852 555 1.54
milk 9 1,325 1,066 1.24
egg 1 203 198 1.03
egg 2 108 184 0.58
egg3 318 512 0.62
egg 4 352 250 1.41
fish meal 1 658 638 1.03
fish meal 2 755 652 1.16
fish meal 3 725 401 1.81
fish meal 4 1,841 1,658 1.11
fish meal 5 2,115 2,652 0.80
fish meal 6 579 492 1.18
fish meal 7 2,849 2786 1.02
m PCB-28
m PCB-52
= PCB-101
1000 Egg PCB-138
Fish meal m PCB-153
800 m PCB-180
Q
S
g 600
s - Milk
400
e

I
-
FII
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Fig. 7. Content characteristics of indicator PCB in three matrix homologues.
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Fig. 8. The degree of dissociation of PCB congeners in proficiency tests.
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Application of Gas Chromatography
Tandem mass Spectrometry (GC-MS/MS) to
Establish a Rapid Analysis Method for
Polychlorinated Biphenyls in Aquatic
Products of Poultry and Livestock

Sz-Ying Chen!, Chen-Hua Huang', Tsyr-Horng Shyu', Chao-Ming Tsen'"
Abstract

Chen, S. Y., Huang, C. H., Shyu, T. H., and Tsen, C. M. 2021. Application of gas chromatography
tandem mass spectrometer (GC-MS/MS) to establish a rapid analysis method for polychlorinated

biphenyls in aquatic products of poultry and livestock. Taiwan Pestic. Sci. 11: 105-126.

In recent years, excessive amounts of dioxinfuran (PCDD/Fs) have been detected in
food and feed. Furthermore, long inspection periods or insufficient monitoring, have led to
economic losses and social unrest. Polychlorinated biphenyls (PCBs), which share a similar
structure with dioxin, have (1) twelve coplanar homologues that possess dioxin toxicity,
(called dioxin-like polychlorinated biphenyls DL-PCBs), and (2) six non-coplanar
polychlorinated biphenyls (NDL-PCBs). This study sought to develop a more efficient,
accurate, user-friendly,and environmentally-sustainable method of detecting environmental
PCBs. As polychlorinated biphenyls account for more than half of all PCBs in the
environment, we selected these six homologs as the basis for monitoring in synchronization
with the analysis process of dioxin, more efficient, environmentally friendly, easy to operate
and maintain accuracy, Specifically, we investigated (1) the efficacy and fessibility of using
gas chromatography tandem mass spectrometry (GC-MS/MS) to analyze fish meal and trace
PCBs in milk and egg matrices, and (2) the effectiveness of automation in the pretreatment
process. In so doing, we developed an efficient, accurate, and rapid PCB detection method.

Under our method the sample is extracted using high-pressure extraction in less than 30
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minutes, which is 90% faster than traditional Soxhlet extraction (8 to 24 hours). Following
sample extraction, the test solution is purified using an automatic purification system three
hours. The purification of the test solution can be completed. Compared with the current
manual operation method, it takes 2-3 days and the efficiency is increased by more than 15
times GC-MS/MS analysis. In addition, the ion-pair intensity ratio of all analyzed
homologues was less than 15%, which meets EU analysis standards. The concentration at
the lowest point of the calibration curve was the same as that of HRGC/HRMS used in the
announced method. In validating our method, the recovery values of chlorobiphenyl
homologues were found to range from 95% to 139%, and the relative standard deviation
(RSD) was less than 12%. These results indicate that the automated pre-processing process
introduced in this study has good accuracy and stability. We further verified our proposed
method using 20 samples. The samples were compared with the measured values obtained
by the laboratory according to the certified method and HRGC/HRMS using the rapid
method of this research and the measured values of GC-MS/MS analysis, and results of
paired t-tests were calculated. Values obtained using both methods were not significantly
different. Moreover, in an international inter-laboratory analysis ability comparison, the total
toxicity equivalent of 12 kinds of DL-PCBs in salmon samples, the detection results of
individual concentrations of fish oil ICES-6, and standardized scores (Z score) were all less
than 2. Using our proposed detection and analysis method, a single sample can be analyzed
by a single person in less than one day, and a batch of 6 samples can be analyzed within 3
days. Current methods require approximately one week for detection and analysis. Thus, our
proposed method greatly improves detection efficiency while maintaining a high degree of
accuracy and stability. Moreover, our method is safe, reduces labor costs, reduces carbon

emission, and is easy to set up, operate and maintain.

Key words: high-pressure extraction device, Gas chromatography tandem mass spectrometry
(GC-MS/MS), paired t test



