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2 <R AFRAE o8 THLLIAAHORE AF F co-planar PCBsY #4&
AEsgh Aag FARSe] 72 F A8 2 GFUIG BPoR HAE o] HRGC/
HRMSEZ 2% 10,000014 &4st3Ath. =22 AARAZ]F WHOIA tho] SA4lF 9
FAFSE ZAo] Atk H713EE non-ortho co-planar PCB #77, #8381, #126 X #169 4% 2

mono-ortho coplanar PCBs #105, #114, #118, #123, #156, #157, #167 % #189 8% & X &3l 12%

oldlth. AR AlFd e T +F 2 FAFS dddn. 4 27 Ja J5FE2
83~106%°l N HAEIA = A S F-S1] (signal/noise, S/N) >34 0.1 pg/gel o AFAIR

Z A" WAFEZLS 0.001~0.107 pgWHO-TEQ/g FF°| Tt

Abstract : To analyze co-planar PCBs in food, the isotopic dilution method by high resolution gas
chromatography/high resolution mass spectrometry was applied. Among 209 PCB congeners, 12
congeners (#77, #81, #126, #169, #105, #114, #118, #123, #156, #157, #167 and #189) were chosen as
target compounds that were toxic congeners re-assessed by WHO in 1998. Milk and milk products
including cheese and butter were collected as food samples. Samples were homogenized, spiked with
the known amount of the standard mixture and extracted. After extraction, extracts were cleaned up by
sulfuric acid impregnated silica gel, purified on silica gel and alumina column chromatography and then
analyzed by HRGC/HRMS. As results, the overall recoveries were ranged from 83% to 106% and the
limit of detection was about 0.1 pg/g at signal/noise>3. Levels of targets in the selected food samples
were 0.001 ~0.107 pgWHO-TEQ/g.
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71943521 polychlorinated biphenyls (PCBs)<
A &Adoln 274 7712 9E4 (POPs; persistent organic
pollutants) 2 HolAlEel| FA =1 Qled], 2FH o2 o
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|2=5llo] ARE-E ). weba] PCBse ©]2lgh Al
250 2HE 9 FE7 #r|Ed 93 FHOE FEH
3 glom PCBsoll o3k AL Al FH oz =4 7]
oJ3lar ek’ PCBsE 209749 AR FAE ] glo
W #HA FZE non-planar TZO|W RE o] FA & Thol
S} FAFEE co-planar TE2E AYal ek’ wEbA Al
ARZAZ]IF (WHOE EEsietdogy} sA8Ho g
2,3,7,8-TCDD (2,3,7 8-tetrachlorodibenzo-p-dioxin) ¢} A}
3 A4S YER AL 1= co-planar PCBs 12 (non-ortho
43 #77, #81, #126, #169 2 mono-ortho 8F; #1035, #114,
#118, #123, #156, #157, #167, #189)°l] tial] EA S
XTEF: toxic equivalent factor)E A7s}e] tho]L-Alx)
5 Fasta g

2% F PCBs &40l o] FAE HL A/E=F
20| ppt (parts-per-trillion) ~ppb (parts-per-billion) 2 7] &
o 54 9 AETH JFo] FFAEE da2H,
g B2 HEH] A5 AlE EYZ o3 9
gro] Atke Aotk PCBs] A5 Al EAlg=
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285, 84 2 P57t
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W ToE FE3 $F AssE 29 AZrEIHYE
A2 st HRGC/HRMSE ©|-83F T 94340
o5 BARTE wnshaA Gk
2. & #
2.1. AleF & oI
B8 Ake ZHF-5oFES IT. Baker (Phillipsburg,
NJ, USA) 2 Wako Pure Chemical Industries Inc. (Osaka,
Japan)oll A FujEtglon, ¥FEH(WP-LCS, WP-STK,
WP-ISS)2  Wellington Laboratories (Guelph, Ontario,
Canada)ol Xl 7943993, HDPE %] (Cat. No.
11-387-50)= Lida Corp. (Kenosha, WI, USA)l|A] ull 3}
of AR&EATh 13 F28& CI8-7FEZA (Cat. No.
255460, C18 10g, 75ml, 50/m)+= Alltech (Deerfield IL,
UsA)olA 7t ARt om AFTHIE  Cole-
Instrument Company (Chicago, IL, USA)9]
Ismatec (IPC 4320-0400S AFE3Ith AGFZ7]=
Burrel (Pittsburgh, PA, USA) A}2] wrist-action shaker
(Model 75)5 AH8-31992 . vacuum manifold= Varian
(Harbor City, CA, USA) A}2] SPE & (Model 1223-4103)
S ABSST. 2 9 Aok 9 JlPE AE F oAl

B4 5AH AL AL

Parmer

2.2. 717|

AeAAE Ay AZvtETHIE Power-Prep (FMS,
Waltham, MA, USA)S AH-3}%3, HRGCE HP6890
(Hewlett Packard, Palo Alto, CA, USA)S AFE-3}910H,
HRMS+= MAT95XL (Finnigan, Bremen, Germany)= A}
&35k

2.3. Alziuny
2.3.1. tha=Ed

3,3°,44’-TCB (77), 3,4,4’,5-TCB (81), 3,3’,4,4’,5-PeCB
(126), 3,3’,4,4°,5,5°-HxCB (169) non-ortho co-planar PCBs
4% 9 23344 -PeCB (105), 2,3,4,4’,5-PeCB (114), 2,3,
44 5-PeCB  (118), 2°,3,44°5-PeCB (123), 2,33’ 4,4°5-
HxCB (156), 2,3,3’,4,4’,5’-HxCB (157), 2,3’,4,4°,5,5°-HxCB
(167, 2,3,3°,4,4°,5,5-HpCB (189)2] mono-ortho co-planar
PCBs 8%, & 12%< Ul oZ 3tk (Fig. 1)
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3.3'4,4'-TeCB (#77) 3,44'5-TeCB (#81) 2,3,3' 4,4™-PeCB (#105)
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2,3,4,4"5-PeCB (#114) 2,3'4,4"5-PeCB (#118) 2'34,4° 5-PeCB (#123)
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3,3".4,4",5-PeCB (#126) 2,3,3',4,4" 5-HXCB (#156) 2,3,3'4,4" 5'-HXCB (#157)
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2,3'4,4" 55"-HXCB (#167) 3,3'4,4',5,5"-HXCB (#169) 233,44’ 5,5"-HpCB (#189)

c cl

23'4'5-TeCB (#70)  2,33'55-PeCB (#111) 2,2',34,4"5"-HXCB (#138) 2,233 4.4 5-HpCB (#170)

Fig. 1. Structure of co-planar PCB congener.
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U 75 FA F 6AFS B4 A Fufste] 2
A ER 59__1_:_} FS 8t 3AF2 composite A|EE

H
ZASAT X = %um 6Al%E, TUt 441%) 2 HEH
TSt 4RI Y] Aol = 2A1F 4 TUS
s E%‘o}oq UW Abdtell YWl FA T4 composite
AEE AT wet T 1241F (¢ 3AE, A=
5AF 2 HE 421F 9 AIEE ddeE 3t
2.3.3. A&
2.33.1. % & WER &
HZ2 ¥ (500 mL)o] $FAE 10 g SAE
02 g, =75 10 mL % oMHEYEZ 10 mLE 7}t
AL AdEF A T ABFE7|E AHES
AT 1358 C18-71EFA|
et vgs 2 SRF 474 100
in®] fr&olA Atadagon A8
7}8}7 ANA ZAe FHE FANAT. w23 € *l
£ 5 mL/min®] oA C18-7FER| Aol 7}etal Al
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M| AFel 247t 78tk AR 4HdalevAel
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il 12 mL7} 2357 =S Atk 249 3
g5& 78] Hate A7 FFIHUERS AR
S FAIE (blank) F HZFAIE (QO)E EAA|R
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7Vt n-FAF 90 mLE FEAT FA FEYS &
Fru AR 718k 10% HE 22 - -k 6
mLE FZ3th 29 AZrEIRTY F452 A 5E
7V Alell= 5 mL/mino|o™ 1 9] ZZF Aldl= 10
mL/min®| At BAE T2 AXE] 387 T3 1w
2 A F/13YA Ao 2E 342 Power-Prep )]
$9 T2 DMS 55002 o|-&3te] HAFER A ojs}
Aok A7 Bt fEAL s3] fPEFEEE A
713t & HRGC/HRMSE AlgEA o=z 3¢t

2.3.34. 717 B4

GC ZH-2 DB-5MS (0.25 mm id, 30 m, 0.1 m)E A
Fgon, QB 2v= 28 100 TollA 187 HEA 3
2150 C7HA 189 15 CH, 210 CT7HA] 189 3 TH,
83 250 TARAE 189 5 CTE $233th A8s
HEE FAUS AMRSlY] 1 uLE FYIReH 17
A= FS AHESIASH F32 1.0 mL/min©] 3t Al
B FUT, Eday Q] H o] 2xE 747 280
T, 280 C % 250 Co|UTh HRMS #2& Hx}FZ oL
358 eV) HHAS  o]&3}y perfluorotributylamine
(PFTBA)S #1124 (m/z 314)E A&l E2]% 10,000
of| 4 AAIE}T}. Table 13 Z-°] multiple ion detection
(MID)& 2)8Hel gao] wet 4719 A& 27gsien,
Zbzte] SEA sl (M) (M+2)" EE (M+2)'¢h
(M+4)" e} o] o] A7|7} =& 27]) o] 9] AHFE AH)
ity AEAe ARRAFEA 5/E Agste] wdow
84 - ZAsidon, TS 1.0~400 ng/mLo| itk
A 7 FEAG AeE 27) o] WAn] ¢ i
£ Azl o3l A SR1E stHon 9 das] Ay
&l s stth A © AHe] BE ZF= HRMS
$9 =ZZ W2 ICIS (Interactive Chemical Information
System)E ©]-8-3te] 4F&3%Th

[=]

Co-planar PCBS] EFE2 4 Uit 22rfEL
AL Fig. 29} zon Z7te] FEA = 3,4,4°,5-TCB (81),
3,3° 44’ -TCB(77), 2344 5-PeCB(123), 23’445
PeCB (118), 2,3,4,4’,5-PeCB (114), 2,3,3’4,4’-PeCB (105),
3,3, 4, 4, 5-PeCB (126), 2,3’,4,4’,5,5"-HxCB(167), 2,3,3",
44 5-HxCB (156), 23,344’ 5-HxCB(157), 3,344,
5,5"-HxCB (169), 2,3,3’4,4’5,5-HpCB (189)¢] <o & &
Sy
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Table 1. Scan Descriptors, levels of chlorinations, m/z
information and
HRGC/HRMS

substances monitored by

CHRO: mdio_z2040408 D4-Apr-02 Elapse: 14:29.8 1

m/z:289.9224
TeCB.
8

c I [

m/z  m/zType m/z Formulation  Substance
Window 1 2759871  Lock PFTBA
Cl45 2899224 M “CpH6"Cl,  CU-PCB
2019165 M+2  “CpHcLCl Cl4-PCB

3019626 M SCpHSClL BC1,Cl4-PCB

3039597  M+2  PCpH°Cl'Cl, "C,Cl4-PCB
3139859  Cal PFTBA

3379207 M+#2  PCpHsclCl “PciCIs-PCB

3399178  M+4  “cpH clYcl, “C,Cl5-PCB

Window?2 3139839  Lock PFTBA

Cl56 3238834 M “ZCu,HS Cls ClI5-PCB
3258805 M+2 “CpHCLCl CI5-PCB
3379207 M+#2  PCpHsclCl “PciCIs-PCB
3309807 M+4  “CLHsClCl, “CpCI5-PCB
3519807  Cal PFTBA
3718817  M+#2  “CpHPClCl PCipCl6-PCB

3738788  M+4  “cpH cL7Cl, “CyCl6-PCB

Window 3 351.9807  Lock PFTBA

Cl67 3598415 M+#2  “CoH CCl Cl6-PCB
3618386  M+4  “C,H ClClL, Cl6-PCB
3718817  M+#2  “CpHPClCl PCipCl6-PCB
3738788  M+4  “CpH”CL’Cl, "C,Cl6-PCB
4019775  Cal PFTBA
4058428 M+2  PCuHCl'Cl “CpCI7-PCB

4078398 M+4  “cpHPclcl, Pc,Cl7-PCB

Window 4 393.8025 M+2
Cl7 3057996  M+4

ZeoEcl’cl CI7-pCB
2cLH°c1sCl, C17-PCB

4019775  Lock PFTBA
4058428 M+2  PCuHCl'Cl “CiCI7-PCB
407.8398  M+4  “CLHClsCl, “CpCI7-PCB
4139775  Cal PFTBA
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Fig. 2. Typical chromatogram of PCB standard mixture.
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WEEFEAS A9F FArlstd &4 323 A8
A 28%01om, 2T AEE FEE A
R, 29 PAE 3 F HRGCHRMSE 43 2

1= jud
% AR WdET=2e d¢ I4&S TCB 102~
104%, PeCB 83~106%, HxCB 92~102% % HpCB
103%% 55 W53 whgk 20l 0t (Table 2)

Table 2. Recoveries of co-planar PCBs in the spiked

samples
Amount (ng/ml)
Congeners
Spiked Found Aver(%)+SD
71 3344-TCB 200 182 21.7 214  102+0.09
81 344’5-TCB 200 184 224 21.8  104+0.10
105 233°44’-PeCB 200 189 19.1 189 95+0.01
114 2344’5-PeCB 200 189 22.8 219  106%0.10
118 23’44’5-PeCB  20.0 144 21.0 144 83+0.23
123 2'344’5-PeCB 200 19.7 22.6 20.7  105+0.07
126 33°44’5-PeCB  20.0 18.6 22.0 21.6  104+0.09
156 233°44’5-HxCB 200 17.8 19.7 17.8 92+0.06
157 233°44’5-HxCB 200 17.7 19.5 19.0 94+0.05
167 23°44’55-HxCB 200 17.7 214 204 99+0.10
169 33°44’55-HxCB 200 19.5 20.8 21.0  102+0.04
189 233°44’55-HpCB 200 20.5 21.8 19.7  103+0.05

T%, N2 25% 2 WE 84%0]

f-2] 7% non-ortho co-planar
#IT9F AET oW == #77, #105, #118,
#123, #126, #156 2 #1697 Hom, HEE #77,
#126, #156 2 #1697} A% Table 3 2 Fig. 3)

ﬂ -
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Table 3. Levels of co-planar PCBs in food samples
(PeTEQ/2)

WHO-TEF Cheese Butter

00001 0000300001  0.0003+0.0001

0.0001 - -

00001 0.0010+0.0005 -

0.0005 - -

118 2344'5PeCB - 00001  0.0029:0.0014 -

123 23445-PeCB 00001  0.0004+0.0009 -

126 3344°5PeCB 01 00278100277  0.0938+0.0165

156  23344'5-HxCB 00005  0.0009+0.0021 0.0076+0.0093

157 23344'5-HxCB 00005 - -

167 2344'55-HxCB  0.00001 - -

169  33'44'55-HxCB 0.0006£0.0006  0.0014+0.0014
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Fig. 3. Levels of co-planar PCBs in food samples in
pg/g(a) and in pgWHO-TEQ/g(b).
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E w) Al HE B ou ofgt AlEke

G sl 54 FJdor ERT = en Fa
AE TFA= #1560 HEWEE #77°] EUTH
A= *f7F nd.~154700, =7} 29.1782~
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Fig. 4. PCA plot of co-planar PCB congeners detected
in food samples.
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