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2 oz A9F F 8F°] PAHs HE|TtS flate] o) F 16871, 7 4071 BB AEE
Z2) %35t n-hexaneS 2 F+381aL A& d & Sep-Pak Florisil CartridgeZ “g#18l%] HPLC/FLDZ
& 25tk Z2ke] PAHsOl tidh 3582 oF 88~112%3th. ZE|ojRFolA /¥ PAH B TEe
benzo(a)anthracene &%, chrysene &7]%, benzo(h)fluoranthene 0.0009 pg/kg, benzo(k)fluoranthene &7
Z, benzo(a)pyrene 0.01 pg/kg, dibenzo(a,h)anthracene £71%, benzo(g,A i)perylene 7%, indeno(1,2,3-c,d)
pyrene E7Z0]St} Ze9|FolA 7 PAH B T+ benzo(a)anthracene 1.84 pg/kg, chrysene 3.51
ng/kg, benzo(b)fluoranthene 0.81 pg/kg, benzo(k)fluoranthene 0.38 pg/kg, benzo(a)pyrene 0.39 pg/kg,
dibenzo(a, h)anthracene 0.04 pg/kg, benzo(g, A i)perylene 0.20 ng/kg, indeno(1,2,3-c.d)pyrene E-7Z°] At

Abstract: The following concentrations of some PAHs were investigated; [benzo(a)anthracene, chrysene, benzo

o 12

(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,#)anthracene, benzo(g, 4, i)perylene, indeno (1,2,3-
c,d)pyrene] in fish(n=168) and shellfish(n=40). The methodology involved saponification and extraction with
n-hexane, clean-up on Sep-Pak Florisil Cartridges and determination by HPLC/FLD (High Performance Liquid
Chromatograph/Fluorescence Detector). Overall method recoveries for 8 PAHs spiked into these products ranged
from 88 to 112%. The mean level of benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k) fluoranthene,
benzo(a)pyrene, dibenzo(a,/)anthracene, benzo(g A, i)perylene and indeno(1,2,3-¢,d)pyrene in cooked fish was
ND, ND, 0.0009, ND, 0.01, ND, ND, ND and in cooked shellfish was 1.84, 3.51, 0.81, 0.38, 0.39, 0.04, 0.20,
ND, respectively.
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Z9H-& A YA T4 TARC (International Agency
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Group 2A+= 4715 &2 (probably carcinogenic to
human), Group 2B%= 2¢H-9-21 &2 (possibly carcinogenic
to human), Group 3 A LS ELAZ £/ 4 ¢l
E 3 (not classifiable as to its human), Group 4=

A 8] 29HE-2 (probably not carcinogenic to human)

ATk Ao M= HzFHe] Fa =
Al zEE &7/, ofF £ AE&FA Sl st
x = TEg AR AES B3 iz
FES Hrketa slew EU 5 2 7t

2] (smoked food), &]-&FA] 5ol tfst =l
< AAste] Asta At w3, w4y
of 2Ast AtsF) % ¥ EPA(16F) TellA
= PAHs & A NSS At 27 2 34
% PAHsE EUEH L o 2 FoFE A
A AF7HA A Z2AMSE AF S5 Wz 2UE
ASE AR A F iz 7|E 2 4
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02 AFe] RS N o) 7 2ARE
A gehnA Sk
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2.1, Al g 7|

A AME-EE Al9F2 Wako Pure Chemical
Industries Inc. (Japan) % Merck Inc. (USA) 5ol A
HPLCHOIY Hi-gore-& Folsisich. =29 8
%-9] PAHs= Chem Service Inc. (USA), WHEF=2
ol 3-MEFHEH-L Supelco Inc. (USA)oN A ) &}
STt =719 7]+= EME series (Barnsted, USA), 3%
749t 5% 7]= EYELA (Tokyo Rikakikai Co. Ltd.,
Japan), 2% 37|+ Turbo Vap (Zymark, USA)S A}
S3At. 3 A5 FAIFAANAE Supelco?]
Visiprep Solid Phase Extraction Vacuum Manifold&
A}-8-3} 9 3L Sep-Pak Florisil Cartridges= Waters Inc.
(Treland) 1g& AFE-3ISIT)

22. 7|7

AENA I ZetE T2} Z(High Performance Liquid
Chromatograph) 2 333715 7] (Fluorescence Detector)=
Model 1100 series (Agilent, USA)E AF&-3tR o™, Z
H-2 Supelguard LC-18 (Supelco, USA)S AZA|7
LC-PAH column (25 cmx4.6cm, LD. 5um, Supelco,
USA)S AR&-sk3iTt

NN

3. A
3.1 [HAZE

=
A t)’dE2 S benzo(a)anthracene, chrysene, benzo

e

(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene,
dibenzo(a,h)anthracene, benzo(g,/,i)perylene, indeno (1,2,3-
cd) pyrene®] 8% PAHsZ A3 om z+ PAHO T
gt &g - 5184 ARL Table 19 YERNATH

232 CHANA|E

=9 e AE T AFT B oF 7%, dF
4%9 ¥ A - F F 208N EE Ao E AT
(Table 2).
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Table 1. Molecular formula and chemical properties of concerned PAHs

111

PAHS Molecular Molecular Melting point Boiling point Vapor pressure
formula weight (°C) (°C) (kPa, 25 °C)
Benzo(a)anthracene CisHips 228.30 157~167 435 1.5x1078
Chrysene CisHpp 22830 252~256 441~448 5.7x1071°
Benzo(b)fluoranthene CyH)2 252.32 167~168 481 6.7x107%
Benzo(k)fluoranthene CyHiz 252.32 198~217 480~481 2.1x1078
Benzo(a)pyrene CyoHiy 25232 177~179 493~496 7.3x1071°
Benzo(g,h,i)perylene CypH)» 276.34 275~278 525 1.3x1071
Indeno(/,2,3-c,d)pyrene CypH)» 276.34 162~163 - ca 107!
Dibenzo(a, #)anthracene CypHyy 278.35 266~270 524 1.3x1071

Table 2. List and average consumption of food samples

BEEREE:

5% A
e e (e/day)

Mackerel (315-01) 5.8

Yellow Croaker (71) 35

Alaska Pollack ("8 Ell) 33

SR Hair Tail (ZX]) 2.2

Pacific Saury (%3]) 1.2

Spanish Mackerel (3]) 0.6

Herring (3 ¢]) 0.1

Sub Total (Average) 16.7

Short-necked Clam (HFA] ) 23

o = Sea Mussel (¥3) 0.3

" Granulated Ark (ZZ2}) 0.2

Kind of Clam (¥]%}) 0.2

Sub Total (Average) 3

A 1% 19.7
YE Y B o7l gAel mE xg 8 AlRx
AE A7) el Al ste] sl on 24 - &

FE A RS B4 A7 WE (30 °C)EF3ATh

(th raw ABE A7) ALS AAR F mF

=
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(T Fol& ARE AAAR AA0A Ttate

A5} ol & St o] W =2 A7
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zA0% 2ARUAT Zuth $FH7F b2 27)
7 ek QRAES FE ol Brbsd] wow
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A7) AL 2143 WA AT

Y7} % n-hexane 50 mLE I}FYZL7E 53}
Y o] ethanol:n-hexane (1:1)€ < 50 mLE ©]
A FE A o] Fo 9‘23‘:]' H°“°4'Er°ﬂ 50 mLe| &
T2 Y3 AN A B AaFoF A7l
n-hexane%& &2 O}Oq e Yool wolw

5320l n-hexane 50 mLE o] F&38= AL F
W wrEsle] A& pohexaneF S EF T n-

4 50 mL& 33] AH3 § 75

0 R ot du o

hexaneZx < 37

Na,SO,. & THAIA EFAI71AL o] A5 3 d3sts
%7140 °C, FE2)E A3l F | mL7HA B 5
&kt

Sep-Pak Florisil Cartridge (Waters, USA)E dichloro-
methane 10 mL<} n-hexane 20 mLZ &4 3}3F & A}
439t X 3}A171 Sep-Pak Florisil Cartridgeol] Al
L8NS 713} n-hexane 5 mLe} n-hexane:dichloro-
methane (3:1) 15 mLZ 2}E| 2 &A1 AA 7} =
g §ENe FEE(35 CplM Aavtig w53 &
ZHALE acetonitrileZ H3A] HAFS 1 mLE 3} 0]
£ 045 um membrane filterS 53}A|#A HPLC/FLD
| A8 o=z A-gslT

2333.717] 4

HPLC ZAH& LC-PAH column (25 cmx4.6 mm,
LD. 5 um)E AN O™ Tuble 32 2O E EA
AT EAAF v A7l oJa] 444 sk
o YREFEH e Fola WA o) FF
A5k

Table 3. Operating condition of HPLC/FLD

Supelcosil LC-PAH column
(25 cmx4.6 mm, I.D. 5 pm)
with Supelguard LC-18

Column Temp. 35 °C

Column

Flow rate 1.0 mL/min
ACN H,O
0 min 80% 20%
Solvent system 20 min 100% 0%
25 min 100% 0%
27 min 80% 20%
40 min 80% 20%

Injection volume 10 pL

Wavel h 0-15 min 254 nm/390 nm
(Ea‘/’; e’)lgt 15-26 min 260 nm/420 nm
xEm 26-40 min 293 nm/498 nm

kS

ojf

o] =®6& Farste] AlE AAE B 7)7)E
Row YWEREFELR 44 - 4% B4 ol
ol 8% PAHsol th3dk ¥ 589 (Standard), T
(QC) A Z(Blank), A £¢] HPLC/FLD ZLZnr}
EOS Fig 13 2otk A& $H= PAHO what
0.1-1.0 pg/keg . A He JE=8 I F Q= 3
482 oF 88-112%= EUS EPAQ] &] 83548783}
vl Al w9 e g F e, A

Mol AUEE HelFE MEATE 5.6% ol W

=]

IUE ol

A
x)
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=
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FULE Folgiey, £ olF 2% PETELE
AR AT A4 A 0.999 ol gl ARASE Ve
L.

ze) A3z 22 F o Rel tie 871
PAHS] /¥ 2 F T Table 4, 59 2%ow %2
A - F oulF F F PAHs TXEE Fig 29F 2uth.
o] ¥ PAHs B+ TE& X A EHE=R
Takatsuki 5°¢] A A3} 7Aoo, %z FoE
0.02 ug/kg© 2 Stolyhwo 5'°2] AF A} He= v
9 e pEolglth. 789 ol F F 271, W, F
A, Hol 5 459 oFoINE 22 A - F RE AR
oM % PAHS7H B Z0|9T, Lol A2 Fols)
Zglo] gl o] o A benzo(a)pyrene2] HF F=7F F
0.08 ngkg = A=A 229k A= Ftol
o] o A benzo(a)pyrene®] Z+zt 0.06 pgkg, 0.02
ng/kgel AE= AT
Fo 22 A /¥ PAH H# v5E BF B4
Z olen, 27 ¥ /¥ PAH Hd TEE benzo
(a)anthracene &7 %, chrysene &7 &, benzo(b)
fluoranthene 0.0009 pg/kg, benzo(k)fluoranthene 71 2,
benzo(a)pyrene 0.01 pg/kg, dibenzo(ak)anthracene &
AE, benzo(ghi)perylene B7ZF, indeno (1,2,3-¢,d)
pyrene 7 & 0|31t}

F9 %= PAHs Ha v5E 28 A 540 ugke,
z8 ¥ 727 pghkgl & Takatsuki 5°¢ AT Aot
H|S2gh FEolRlen FeA oA AFT HFE &
213k Noh''e] A2 Hrh= o W& FFoldr
HFE F PAHsO| ASTES B9 vhA e 22
A 697 pgke, %7 ¥ 938 pgkg TFEe x7 A
6.37 ngkg, =2 ¥ 836 ugkg, 2 =7 A 5.07

ugkg, 22 % 5.14 ugkg M2 7 A 334 pg
kg, 2] ¥ 5.77 ugkgel AEFEFS B9k
79 %7 A Ji¥ PAH Hd FEE benzo(a)

Analytical Science & Technology



22)0}9 7 5 TS A 1 113
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anthracene 1.29 pg/kg, chrysene 2.88 pg/kg, benzo(b) &7 %, benzo(g h i)perylene 0.23 pg/kg, indeno(1,2,3-
fluoranthene 0.47 pg/kg, benzo(k)fluoranthene 0.35 pg/ c,d)pyrene S71& 0|tk

kg, benzo(a)pyrene 0.23 ng/kg, dibenzo(a,h)anthracene 79 %2 ¥ J/I¥ PAH H+d FEE benzo(a)

FLOT A Ex=250, Em=410, 17 (F 082606.0) -

v i & Standard
i

- zg & :!I. H
TR H
] I— T E i | | |$
|||1 b7 \ {13
: . | e
Y |1 O | Y 00010 1110

55 113 2 \ ;
] @y §EE %E
__1WAWAMA dlk.-\—_ _J
- H 10 15 20 25 an 38
T 100B 0}
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] 1 S
IENUPY VNN S
— FLO7 .q'.e:-zs:.sm-.am.ﬂ‘{;;mﬂfm'mm“ - - - -
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NN
_ 5 10 5 20 25 a0 " as min
FLOT A Ex=250, Em=410, 7T (| oy T
L _ ; Shelfsh
|:!
i I
WU PR
SRR zis s |
M__,JU'J n S N, J N _ |

Fig. 1. HPLC/FLD Chromatograms of PAHs. BaA: benzo (a)anthracene, CRY: chrysene, BbF: benzo(b) fluoranthene, BKF:
benzo(k)fluoranthene, BaP: benzo(a)pyrene, DahA: dibenzo(aA)anthracene, ISTD: 3-methylcholanthrene BghiP:
benzo(g A,i) perylene, IcdP: indeno(1,2,3-c,d)pyrene.
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Table 4. Concentration of PAHs in fish (Unit : pg/kg)
BaA  Chry  BAF BAF BaP  DahA BghiP  IcdP  Total
Raw ND ND ND ND ND ND ND ND ND
Boiled ND ND ND ND ND ND ND ND ND
0.09 0.09
_— Muscle ND ND ND ND(\pose NP ND ND - \D036)
T11ie
Mackerel +Ski 0.07 0.07
Muscle+Skin ND ND ND ND (ND-0.27) ND ND ND (ND-0.27)
0.08 0.08
Muscl D D D D D D D
. uscle N N N N (ND-0.30) N N N (ND-0.30)
Fried 0.07 0.07
-+Ski : )
Muscle+Skin ND ND ND ND (ND-0.28) ND ND ND (ND-0.28)
Raw ND ND ND ND ND ND ND ND ND
Boiled ND ND ND ND ND ND ND ND ND
Yellow . Muscle ND ND ND ND ND ND ND ND ND
Croaker 7™ Niyscle+Skin | ND ND ND ND ND ND ND ND ND
priog Muscle ND ND ND ND ND ND ND ND ND
"% MuscletSkin | ND ND ND ND ND ND ND ND ND
Raw ND ND ND ND ND ND ND ND ND
Boiled ND ND ND ND ND ND ND ND ND
Alaska Grilled Muscle ND ND ND ND ND ND ND ND ND
Pollack “M€C NpicclerSkin | ND ND ND ND ND ND ND ND ND
priog  Muscle ND ND ND ND ND ND ND ND ND
"¢ MusclerSkin | ND ND ND ND ND ND ND ND ND
Raw ND ND ND ND ND ND ND ND ND
Boiled ND ND ND ND ND ND ND ND ND
Grilleg Muscle ND ND ND ND ND ND ND ND ND
Tiic "
Hair Tail Muscle+Skin | ND ND ND ND ND ND ND ND ND
0.04 0.04
Muscl D D D D D D D
. uscle N N N N (ND-0.15) N N N (ND-0.15)
Fried 0.07 0.07
-+Ski : .
Muscle+Skin ND ND ND ND (ND-0.26) ND ND ND (ND-0.26)
Raw ND ND ND ND ND ND ND ND ND
Boiled ND ND ND ND ND ND ND ND ND
Pacific Grilleg Muscle ND ND ND ND ND ND ND ND ND
Saury UMY NusclerSkin | ND ND ND ND ND ND ND ND ND
priog | Muscle ND ND ND ND ND ND ND ND ND
14 Muscle+Skin | ND ND ND ND ND ND ND ND ND
Raw ND ND ND ND ND ND ND ND ND
Boiled ND ND ND ND ND ND ND ND ND
. _ Muscle ND ND ND ND ND ND ND ND ND
Spanish  Grilled TSk
Mackerel Muscle+Skin | ND ND ND ND ND ND ND ND ND
Muscle ND ND ND ND ND ND ND ND ND
Fried _ 0.03 0.02 0.05
+
Muscle+Skin ND ND (ND-0.12) ND (ND-0.08) ND ND ND (ND-0.12)

Analytical Science & Technology



PRE L B 15

Table 4. Continued (Unit : mg/kg)
BaA Chry BbF BAF BaP DahA  BghiP ledP Total
Raw ND ND ND ND ND ND ND ND ND
Boiled ND ND ND ND ND ND ND ND ND
. . Muscle ND ND ND ND ND ND ND ND ND
Herring  Grilled -
Muscle+Skin ND ND ND ND ND ND ND ND ND
Fried Muscle ND ND ND ND ND ND ND ND ND
"0 MuscletSkin| ND  ND  ND ND ND ND ND  ND ND
Raw ND ND ND ND ND ND ND ND ND
Total 0.0009 0.01 0.01
Cooked ND ND o boiny NP apose P ND ND - (D036)
Table 5. Concentration of PAHs in shellfish (Unit : pg/kg)
BaA Chry BbF BKF BaP DahA BghiP ledP Total
Short-necked 1.24 4.00 0.89 0.49 0.35 0.00 0.00 0.00 6.97
Clam - Raw  [(0.53-1.80) (0.71-6.59) (0.42-1.57) (0.15-0.62) (0.14-0.71) (ND-ND) (ND-ND) (ND-ND) (ND-6.59)
Short-necked 2.11 5.39 1.36 0.04 0.48 0.00 0.00 0.00 9.38
Clam - Cooked [(1.14-2.91) (3.19-7.48) (0.86-1.83) (0.31-0.72) (0.23-0.83) (ND-ND) (ND-ND) (ND-ND) (ND-7.48)
Sea Mussel 2.67 3.27 0.22 0.11 0.10 0.00 0.00 0.00 6.37
- Raw (1.88-3.85) (1.84-6.59) (0.03-0.31) (0.08-0.16) (ND-0.14) (ND-ND) (ND-ND) (ND-ND) (ND-6.59)
Sea Mussel 3.70 3.81 0.44 0.20 0.21 0.00 0.00 0.00 8.36
- Cooked  [(2.59-6.12) (2.95-4.76) (0.36-0.53) (0.16-0.28) (0.15-0.35) (ND-ND) (ND-ND) (ND-ND) (ND-6.12)
Granulated Ark 0.65 2.29 0.46 0.54 0.23 0.00 0.90 0.00 5.07
- Raw (0.11.-2.11) (1.43-4.84) (0.36-0.58) (0.35-0.81) (0.13-0.34) (ND-ND) (ND-2.56) (ND-ND) (ND-4.48)
Granulated Ark 0.62 2.19 0.59 0.63 0.30 0.00 0.81 0.00 5.14
- Cooked  [(0.49-0.89) (1.74-2.81) (0.48-0.72) (0.45-0.77) (0.24-0.40) (ND-ND) (ND-2.28) (ND-ND) (ND-2.81)
Kind of Clam 0.60 1.96 0.29 0.27 0.22 0.00 0.00 0.00 3.34
- Raw (ND-1.98) (ND-6.59) (0.04-0.91) (0.09-0.65) (0.10-0.49) (ND-ND) (ND-ND) (ND-ND) (ND-6.59)
Kind of Clam 0.91 2.66 0.85 0.64 0.56 0.15 0.00 0.00 5.77
- Cooked | (ND-2.42) (0.91-5.40) (0.29-1.97) (0.20-1.25) (0.15-1.26) (ND-0.77) (ND-ND) (ND-ND) (ND-5.40)
Raw 1.29 2.88 0.47 0.35 0.23 0.00 0.23 0.00 5.45
Total (ND-3.85) (ND-6.59) (0.03-1.57) (0.08-0.81) (ND-0.71) (ND-ND) (ND-2.56) (ND-ND) (ND-6.59)
Average Cooked 1.84 3.51 0.81 0.38 0.39 0.04 0.20 0.00 7.17
(ND-6.12) (0.91-7.48) (0.29-1.97) (0.16-1.25) (0.15-1.26) (ND-0.77) (ND-2.28) (ND-ND) (ND-7.48)

anthracene 1.84 pg/kg, chrysene 3.51 pg/kg, benzo(b)
fluoranthene 0.81 pg/kg, benzo(k)fluoranthene 0.38 pg/
kg, benzo(a)pyrene 0.39 pg/kg, dibenzo(a,/)anthracene
0.04 ng/kg, benzo(g A i)perylene 0.20 ng/kg, indeno (1,2,3-
c,d) pyrene 7 Z°]3UTh
4~/ (hydrophobic)

’44d& ZH= PAHsE AEA9]
F718E 531, Al gk & A

15hol) <js) 3EA

9 59 HolalEd o3 FAHERE e
PAHs &2 vlgd Zleg 53 < o 28y
2 AT g AEQ] A7 Ha AgTEFS <
12%= 3579 Ha AshaF oF 1% B 995
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E78kL 28] A 7] PAHs §3o] 28 A oF
B2o} vl =A e ol s date A=A 9
PAHs®l t$t A&7 312 (biotransformation)©] o] F>A)
SEAAF> AF o2 HFe] Ae o] 7t
& 57 EH%OJ Ao A}EFAE} B LY, HAER
= % eQlow

PAHs EUE & 287} 9]=59] 7
smoked) ool Wk A5 = FA
=2 FAE oy 2d7e] 28

Z 3 #o] skin 1.3-2.4 ug/kg, muscle
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Mackerel Raw 000
Cooked (006

Yellow Croaker Raw 000
Cooked 000

Alaska Pollack Raw 000
Cooked 000

Hair Tail Raw 000
Cooked 002

Pacific Saury Raw 000
Cooked 000

Spanish Mackerel Raw 000
Cooked 0004

Herring Raw 000
Cooked 000

Average (Raw) 000
Average (Cooked) 001

Short-necked Clam Raw 697
Cooked I
Sea Mussel Raw 637
Cooked B36
Granulated Ark Raw 507
Cooked N 514
Kind of Clam Raw 334
Cooked NEEEEEG—— G 7
Average (Raw) 545

Average (Cooked) I 7 17

Fig. 2. Levels of total PAHs.
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