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Abstract

In this study, an analytical method was optimized for detecting dioxin-like PCBs in fish and shellfish. Here,

homogenized samples were extracted using an accelerated solvent extraction (ASE) system with 33 mL cell size. Multi-
layer column chromatography, which consisted of acidic, basic, and neutral silica gels, was used for the clean up of the
extracts. The instrumental analysis was executed by HRGC/HRMS to a resolution of 10,000 using 4 window multiple ion
detection (MID) mode. For the results, the average recoveries ranged from 94.1 to 104.1% (+8.4) and the limit of detection
was approximately 0.1 pg/g at S/N ratio >3. Finally, the detected concentrations of dioxin-like PCBs for fish and shellfish

were in the range of 0.030-1.836 pg TEQ/g.
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Fig. 1. Schematic diagram for dioxin-like PCBs analysis in food.

Table 1. 2,3,7,8-TCDD toxicity equivalency factors (TEFs) for
the dioxin-like PCBs established by WHO

Congeners WHO-TEFs
3,3',4,4'-TCB(77) 0.0001
3,4.4'5-TCB(81) 0.0001
Non-ortho 3 4 4 5_peCB(126) 0.1
33',4,4',5,5-HxCB(169) 0.01
2,3,3',4,4-PeCB(105) 0.0001
Dioxin-like 23,44',5-PeCB(114) 0.0005
PCBs _,3 '4,4',5-PeCB(118) 0.0001
3,4,4',5-PeCB(123) 0.0001
Moo-ortho 233445 HxCB(156) 0.0005
233 4,4, 5-HXCB(157) 0.0005
2,3'4,4',5,5-HxCB(167) 0.00001

2.3,3'.4,4'5,5'-HpCB(189) 0.0001

Table 2. The condition of extraction by ASE system

Heat 5 min Pressure 1,500 psi

Static Smin  Temperature 100

Flush (%) 60 vol Solvent DCM : Hexane (1 : 1, v/v)
Purge 60 sec

Cycles 1

Zo| AlgE Ag7AS 60-200 meshe] LT, Baker(Phillipsburg,
NI, USA) AFE 7Yl g 2 tZ22ugog As}
of ARg-EHATt.
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Fig. 2. Preparation of multilayer chromatography.
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Table 3. HRGC/HRMS conditions for the analysis of dioxin-like
PCBs

Conditions for dioxin-like PCBs

Column DB-5MS (30 m x 0.25 mm x 0.1 um)

Oven 100‘iC = 150°C — 210°C — 250°C
(1 min) 15°C/min 3°C/min $°C/min

Carrier gas, flow He, 1.0 mL/min

Injector temperature 280°C

Transfer temperature 280°C

Type of injection Splitless mode

Purge delay time 30 sec

Injection volume 1 ul

lonization type El (positive)

Electron energy 32eV

Resolution 10,000 at m/z 314 (PFTBA)

Monitoring MID, 4 windows

lon source 250°C

27| 24 3 H

2 AFA ALEE 7]719 B4 Z=72 Table 33 72t
Dioxin-like PCBs 412 9l&ll z}zte] 54 (congeners)ell T3
EAdol2S ol Agsle] AEsIen, ol5e] F9 Y|z}t

Table 4. Scan descriptors, levels of chlorinations, #/z information, and substances monitored by HRGC/HRMS

m/z m/z Type m/z formulation theoretical ratio substance
window 1 275.9871 Lock PFTBA
Cl4,5 289.9224 M C,H7Cl, 0.77 Cl4-PCB
291.9165 M+2 B¢ H>CLYE] Cl4-PCB
301.9626 M (6 5 ) A 0.77 '3C,Cl4-PCB
303.9597 M+2 B LGl Al C,,Cl4-PCB
313.9859 Cal PFTBA
337.9207 M+2 Y Cl 1.53 “C,CI5-PCB
339.9178 M+4 "¢ HICLYCL, BC,,CI5-PCB
window 2 313.9839 Lock PFTBA
Cl5,6 325.8804 M+2 “CHCLYEl 1.53 CI5-PCB
327.8775 M+4 LCHCIYEl CI5-PCB
337.9207 M+2 BeHIClCl 1.53 BC,,CI5-PCB
3399178 M+4 PE, HCLCL BcC,,CI5-PCB
351.9807 Cal PFTBA
371.8817 M+2 HE G 1.23 C,,Cl6-PCB
373.8788 M+4 L HEClYal, '3C,,Cl6-PCB
window 3 351.9807 Lock PFTBA
Cle,7 359.8415 M+2 ve B CLEC 1.23 Cl6-PCB
361.8385 M+4 (e o il 8 Cl6-PCB
371.8817 M+2 G H,2C1LPC) 1.23 C,,Cl6-PCB
373.8788 M+4 I‘C,IHJ’“CIJ"CIZ C,,C16-PCB
401.9775 Cal PFTBA
405.8428 M+2 Re.H2C1YCl 1.02 C,,C17-PCB
407.8398 M+4 PCHPCIAAL “C,,C17-PCB
window 4 393.8025 M+2 RCHACLCl 1.02 Cl7-PCB
CI7 395.7996 M+4 201,70, Cl7-PCB
401.9775 Lock PFTBA
405.8428 M+2 %¢, . H,¥ClCl 1.02 "c,,Cl7-PCB
407.8398 M+4 HCLHPCLC; "C,,C17-PCB
413.9775 Cal PFTBA
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Table 5. Recoveries of dioxin-like PCBs in the spiked samples
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Group IUPAC No. Min. (%) Max. (%) Average (%)
Tetrachlorinated biphenyl 81 84.2 104.6 94.1+7.7
SATRCHOENENE Diptia 77 85.5 993 942452
123 82.3 102.1 96+ 8.3
118 84.0 113.0 1002+ 11.8
Pentachlorinated biphenyls 114 89.0 108.8 100.6 = 7.8
105 83.7 103.1 96.5+7.7
126 87.1 119.8 104.1£15.0
167 86.1 106.0 98.3+7.6
: . ) 156 85.0 102.8 96.5+7.0
Hexachlorinated biphenyls 157 83.9 103.0 9524 7.0
169 82.9 105.7 97.8+10.0
Heptachlorinated biphenyls 189 87.7 102.4 97.3+6.2
Table 6. Recoveries of dioxin-like PCBs in the CRM
Certified concentration Recovery
Group MR (pg/g) concentration (pg/g)
X ’ 81 20.1 £5.8 15.81£6.1
Tetrachlorinated biphenyls - 22334720 220.13 £ 43.0
123 423.3+262.0 421.74 £ 145.1
118 13,040 + 3,250.0 10,334.69 + 3,447.2
Pentachlorinated biphenyls 114 352.3+167.0 359.26 £ 944
105 4,905 = 1,420.0 4,867.85+821.8
126 73.9+26.0 82.08+ 132
167 975 +309.0 989.90 + 173.7
. . 156 1,489 + 502.0 1,474.53 +£299.1
e 157 348.8 + 87.0 364.13 £ 46.6
169 7.6+£3.0 8.01+1.5
Heptachlorinated biphenyls 189 201.6+61.1 210.84+32.6
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Table 7. The levels of dioxin-like PCBs in fishes and shellfishes

=2 ErEA] A 39 d Al 2 F (2007)

Sample Dioxin-like PCBs
Some No. (pe TEQ/g)
1 2.053
2 1.826
Mackerel 3 1.628
Ave 1.836
1 0.071
g 0.007
Alaska pollack 3 0.011
Ave. 0.030
1 0.082
7] 0.041
Yellow croaker 3 0.094
Ave. 0.072
1 0.600
2 0.217
Hair tail 3 0.166
Ave. 0.328
1 0.161
2 0.628
Spanish mackerel 3 1.822
Ave. 0.870
] 0.035
2 0.036
Pacific saury 3 0.276
Ave. 0.116
| 0.894
2 0.431
Eel 3 1.252
Ave. 0.859
1 1.582
2 0.077
Salmon 3 0.032
Ave. 0.564
1 0.018
2 0.361
Crab 3 0.151
Ave. 0.177
] 0.277
2 0.032
Oyster 3 0.036
Ave. 0.115
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Fig. 3. Congeners pattern of dioxin-like PCBs in fishes and
shellfishes.
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Fig. 4. TEQ pattern of dioxin-like PCBs in fishes and shellfishes.

ol3|F Al59 dioxin-like PCBsE ZAIS A3 21 0 &2
0.030-1.836 pg TEQ/g °]31TtH(Table 7).
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1.836) pg TEQ/g, HEl= 0.007-0.071(F <+ 0.030) pg TEQ/g, 7]
= 0.041-0.094(38 + 0.072) pg TEQ/g, ZHA+ 0.166-0.600(33 o
0.328) pg TEQ/g, 4= 0.161-1.822(% 7 0.870) pg TEQ/g, %3]
£ 0.035-0276(H% 0.116) pg TEQ/g, Aeie] 7% 0.431-1.252(H
7+ 0.859) pg TEQ/g, ¥1ol:= 0.032-1.582(H < 0.564) pg TEQ/g®]
%

f
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g4, 79 739 0.018-0.361(F 0.177) pg TEQ/g, &2 0.032-
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