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=& 2, 7S W AFe] FAEER! gskE, @i, A o 1 el o] A= Qs AHEol
H EY 37, E, AF T A WA AEFL ek £ AFolA= PAHs  (benzo(a)anthracene,
chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,/)anthracene, benzo(g,4,i)
perylene, indeno(1,2,3-c,d)pyrene] ©ll thale] o]F F X &de] E3Ate w2 Elas, 5 &
mjof] mE FE2EE, YAAH &7l W YA RS T5 v APste] AR E 0] &E ol F
% PAHsS] AHPES Y5 sigich. 245 AEE 92 La5o] phexaneO 2 FE53
FTHTE AlAgE & Sep-Pak florisil cartridge® A3t HPLC/FLD(AL&N A A2 utE 12 9] /3
A%7) 2 A A% BHSU00 247ke) PAHS) that 5582 oF 90-106% oIk,
Abstract : Polycyclic Aromatic Hydrocarbons(PAHs) contamination arises from several sources including
processing of food(smoking, direct drying, cooking) and environmental contamination of air, water, or soil, the
later being considered as the most important. In this study, to establish the analytical method for some

PAHs[benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,/)
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anthracene, benzo(g A i)perylene, indeno(1,2,3-c,d)pyrene] in fish, alkali digestion time, extraction solvents,

elution volume of florisil cartridge for clean-up have been optimized. The methodology involved saponification

and extraction with n-hexane, clean-up on Sep-Pak florisil cartridges and determination by HPLC/FLD(High

Performance Liquid Chromatography/Fluorescence Detector). Overall method recoveries for 8 PAHs spiked into

these products ranged from 90 to 106%.

Key words : PAHs, benzo(a)pyrene, alkali digestion, fish, HPLC/FLD
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2 AFoME PAHs T BAUGED S wAel =
713} benzo(a)anthracene, chrysene, benzo(b)fluoranthene,
dibenzo(a,h)
anthracene, benzo(g A i)perylene, indeno(1,2,3-c,d)pyrene
T 855 Ao, oF T Al del ZajAl

ol W e as, & Svfol nE FEaE, 44

benzo(k)fluoranthene, benzo(a)pyrene,

A (florisil cartridge)®] &Z%] W& YA 8E 55
H)w Ag3sle] o] F 5 PAHsQ] AA2HH S FYsin
7} sl
2 o H
2.1. A|eF
N EF8d benzo(a)anthracene, chrysene, benzo
(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene,

dibenzo(a, ir)anthracene, benzo(g A,i)perylene, indeno(1,2,3-
cd) pyreneZ} W HEF8 Nl 3-methylcholanthrene=-
Chem Service(USA)IA +913le] 343k & 218319
om EPFFENL o5 /N FFENE £, A
3t 3 3)Alsle] ALE-3FSth m-Hexane, ethanol,
dichloromethane, acetonitrile 52  HPLC-8-(Merck,
Germany)2 AFE-3159.2M potassium hydroxide= Wako
AP AES ARSI B3, /R Milli-Q 2 Milli-
RO Systems 343t 32} SRTE ARSI on Als
A AN 2 AAE FH 28 AH-T sodium
sulfate anhydrousi= SigmaA}2] assay > 99%E Al-&3}

ATt

22. 7|1+

FZ7147]= EME series(Barnsted ,USA), 3] 733}
571+ EYELA(Tokyo Rikakikai Co. Ltd., Japan)Z A}
43199 o AAFZE7]= TurboVap(Zymark, USA)S A}
gatsith o, MRS FAHIANAE Supelcod]
Visiprep Solid Phase Extraction Vacuum ManifoldE A}
4313122 florisil cartridge= 6 cc, 1 g A2 & AHE-SIA T

23. 717|
2SN 2 rE 229 (High Performance Liquid
Chromatography) 2 &371% 7] (Fluorescence detector)=
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Benzo(b)fluoranthene Benzo(k)fluoranthene
AN
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Benzo(g,h,i)pervlene Indeno(1,2,3-¢,d)pyrene

Fig. 1. List and structure of selected PAHs.

Agilent 1100 series(Agilent, USAYS ARE-sl5i o, AH
2 Supelguard LC-18(Supelco, USA)S AZA171 LC-
PAH column(25 cmX4.6 mm, .D. 5 um, Supelco, USA)
2 At

23. Mguy
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A @ AEE AR G el o}
2 RAlas A49s fla Aol =29k 20%)
5oy 9k A upghaFo]l ek 1%) X E F@set
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2k $FYIEAE A7) 3 7FEFE7](80°C)
oA AT A7 2R FUMTIHA g
g 2k & Al&s] WAAZT W2 £ p-hexane
50 mlE SFYA7E S8k ¥o]FaL ethanolin-
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mlE Yo AL p-
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2 33] AHF F T NapSO, 2 5HAA g5A17]2
o] g FAUNEF7(35°C, FEx)E ARt oF 1
mlI7kA] F&3F ek AA AY <A florisil cartridges
dichloromethane 10 mI®} n-hexane 20 mlZ &/J 3}k
ARSIt B4 342121 florisil cartridgeol] A3 -89-S
7Fske] n-hexane 8 ml€} n-hexane: dichloromethane (3:1)
12 mZ A2 §EAA AV B §EHE F
|2(35°C)0N AA7IARE F53 5 IALE acetonitrile
2 oA AEFE 1mlE 31¢] ©]E 045 um membrane
filterS E-A1A Table 42] 27914 HPLC/FLDZ A %
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£ AMgat] FEFo RN gud FEEES vl A
Akt

Florisil®] && &l w2 BAEES 743517 Hsl

)
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4

EAA 4 mP¥ EHEAH, 4 mP¥] &EA17 3
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& I AIER MRl 1N 1 o8 de]Rs|
Zbol] wp2 RaEg AES sler 1 A9E Fig
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o} AgekEko] &2 15019 H¢- 3480 60~100%
2 ] w8l Akl mEk SR AR R A7 w2
el ag WAte A ET Eokvh w9, G| 2
AZbel] mhE e G o] 7] A -9F 7o) 3AZWA|
L A% Z71Rs FAE RYo 4A7FA = 3A7F
Hoh U el X 9) 5] B A o] i
A7 o159 Al&AQ BLe| RS/t PAHsY] 3 52

[}

>~

o EH - AGF - oo}

—e—1 hr
—k—2 hr
100 —=&—3hr
=4 hr
B0
60
40
20
0
BahA CRY BbF BkF BaP  DahA BghiP  lcdP
Fig. 2. Recovery for alkali digestion times in tuna.
{q‘g 120 —a—1hr
—h— 2 hr
100 —&—3hr
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: %
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BaA CRY BbF BkF BaP DahA  BghiP  lcdP

Fig. 3. Recovery for alkali digestion times in mackerel.
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Aoz & ) Aok ol Aol e AR}
Sojs} 2e AstEe] & AR B A7 Axe

] Eelf AlZte] a7EE Ae &€ 5 ST

32. =&80Ho|l ME FESE

AR g A5 FF Al &0 FTHol wWE PAHs
o] Il EF8-S 28] 218l toluene, cyclohexane,
n-hexane & 3579 WS F3 2 AERAE F3)
o] 44, vl A3t #4381324) sl PAHsE Hl
SRR ARt @ BujdA F& I5E0] =
S Ao A EgHd e} A4 E(polarity index)S A
B3O ™ toluene 2.3, cyclohexane¥} n-hexanes 0°]
Atk ¥, F=F (boiling point, °C at 1 atm)< toluene
101.6, cyclohexane 80.7, n-hexane 68.7, % %= (viscosity, at
20°C):= toluene 0.59, cyclohexane 0.98, n-hexane 0.31°]
At Fig. 404 B= npe}l o] guff F/FH PAHsO]
3] 4E2 toluene 60~87%, cyclohexane 70~106%, n-
hexane 75~106%= YEltow gujo] 7o ue} o}
& Zo)7t e AL R YERITE Toluene <F 100°CS)]
E2 BEFLE 3 FEAE A ¥ sF:AE
IgollA PAHs®| &4o] Aty 2 348S Ve
ol FZ&m =4 AgslA] Fekrt. Bgh, PAHso it
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Fig. 4. Recovery of liquid-liquid extraction using various
solvents.

L3 =7t =& n-hexaned} cyclohexane®] F& 3482

v AR A 578 A, cyclohexane®TF B2 H&
BEHES 2 nhexaneo] FEEi =2 Al

3. MMHHo| oy
AlFe] g7l mhEt theke FAHe] dov
o] Ao Z= H|wA FAo] Jo
= 2 2 A(fliorisil), 227} (silica gel) 2 LFHL}
(alumina) ZH< ]85+ FA] HhHo] o] A& 3L §)
q— o]=-2o u|wA H|=A<]l PAHs 3123 =4 Hia|
o] Balo] ul$ gaHolc), e} oS AY S =

Table 1. Fractional recovery in n-hexane and 10% dichloromethane :

WSS Ae] A 407
H|3laL BASA e B ol &uje}l Akl 8
He Tlo] Jorng AHoR AHEY e A
F FIERAE AMSEtE WS ol 8std FAlaeH
AN 58 Y & Utk £ 2 AERA T2
2 Ao ME AAAEOR florisil cartridgeE A8k
At

PAHs= Y54 0] 22 florisil cartridge®} 7-¢- <F3H
EZ‘}—Q——C‘— 3].11] H]JJ_;Q ohs} :L)\—Lo_ 7]—&; —Quﬁi —%
] 719 4 wdeledt ‘7‘3]"]7:] ;ﬁzﬂﬁal T Stk

= 8o = sE Y = &5 48+ A

2le} FEEHA T B g %z & AREshe B

NEE SET FHded B AXY A7) 87
HEE SR A $ulE $E5HE PES BN

2 AAs= Aol "s Aot wEhA] florisil
cartridge A2
24 HH o &= 2} & om 2 A
A AHEE 8% SR+ florisil cartridge 7082
%o] Al8=+= n-hexanes} 10% dichloromethane : n-
hexan&* AGEAI 4 mA SAEZ EEFA1A EAd
4598 HPLCFLDE R0 2X Table 29} &
&= %vﬁﬂ W BAARE AU Table MM Hi=
Hpel ZFo] 82 el 3FEo] 9%l He &=

n-hexane

AR n-hexane 10% dichloromethane : n-hexane Total recovery
s

0~4 ml 4~8ml  8I12ml 12~16ml 16~20 ml  20~24 ml (%)
Benzo(a)anthracene 0.00 0.00 29.98 68.40 1.13 0.00 99.51
Chrysene 0.00 0.00 18.19 77.08 1.10 0.00 96.37
Benzo(b)fluoranthene 0.00 0.00 1.88 93.20 0.00 0.00 95.08
Benzo(k)fluoranthene 0.00 0.00 1.92 92.07 0.00 0.00 93.99
Benzo(a)pyrene 0.00 0.00 2.09 88.32 0.76 0.00 91.17
Dibenzo(a, h)anthracene 0.00 0.00 0.50 85.08 6.88 0.21 92.67
Benzo(g, h,i)perylene 0.00 0.51 1.61 79.07 5.93 0.33 87.45
Indeno(1,2,3-¢,d)pyrene 0.00 0.47 2.56 84.84 2.56 0.00 90.43

Average 93.33

Table 2. Mean recovery(R) and coefficients of variation(CV) of PAHs spiked to mackerel samples(n=10)

Compound Abbreviation R(%) CV(%) R?
Benzo(a)anthracene BaA 106.3 5.1 0.9998
Chrysene CRY 102.8 5.4 0.9998
Benzo(b)fluoranthene BbF 103.4 3.9 0.9998
Benzo(k)fluoranthene BKF 104.2 5.1 0.9998
Benzo(a)pyrene BaP 103.9 3.7 0.9997
Dibenzo(a, h)anthracene DahA 99.1 6.2 0.9998
Benzo(g,h,i)perylene BghiP 89.6 5.8 1.0000
Indeno(1,2,3-¢,d)pyrene ledP 100.6 4.7 0.9995
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Table 3. Operating condition of HPLC/FLD

fol
2

Supelcosil LC-PAH column

Column (25 cm>4.6 mm)
with Supelguard LC-18
Flow rate 1 ml/min
ACN H,O
0 min 80% 20%
Solvent tom 20 min 100% 0%
OV SYSII 55 min 100% 0%
27 min 80% 20%
40 min 80% 20%
Injection volume 20 pul
0-15 min 254 nm/390 nm
W?gzgf;h 15-26 min 260 nm/420 nm
26-40 min 293 nm/498 nm

S & 20 mlZ FAFE ST benzo(a)anthracene,
chrysene, benzo(a)pyrene 8~20 ml, benzo(b)fluoranthene,
benzo(k)fluoranthene<> 8~16 ml, dibenzo(a,/)anthracene
2 8~24 ml, benzo(g, A i)perylene 4~24 ml, indeno(1,2,3-
cdpyrene> 4~20 mle] Mo &&5H+= Aoz Y
byt webd 8 EA O3 PAHO wWE Aflorisil
cartridge®] €% WSS FW3IL 8F PAHs H4 &
E%< 20 mE AR

34. 0|F = PAHs TX2|dy
5 Ae] &Ze] Bkl e 2 as,

Z-81(toluene, cyclohexane, n-hexane)ol] —7}1%3
A A (florisil cartridge)2] 8-l W& A 3
o] Bl Ao s xS g

A3t A FE 3AERE S st n-
hexane 2 FZ&& o ZFFE A H3 T Sep-
Pak florisil cartridgeE AFM8-3}4 n-hexanes} n-hexane :
dichloromethane (3:1) 20 mIZ *JA|&}e] HPLC/FLD
B A A 24T Lol Rl 852 PAHs
EFEFEY Y YHEEFEZ (3-methylcholanthrene)
100 ng/gs spiking ated grgel Aol wet
HPLC/FLDE £43F A3}, zt7he] pAHOl W3t 34
&2 °F 90~106% FEolen HEAFA CV
6.2% olstE WEIe F

01ﬂ o iy

(coefficient variation)®=
ol tH(Table 3).

4.8 B
QL RINE ol§3 oF 3 PAHs APy I

FAGF - Freok

2 Sl3to]

==
s T =

Ape] gzrg] faA 7ol e

Z 21| (toluene, cyclohexane, n-hexane)l|
a8, AAIZ ™ florisil cartridge)2] &2 ol

AxE 5o ¥ HF& 0o vz

A3E AT

o0& & Akalefo] oF %R e ZAX] 9 20%=

AFOE W A ER ARt 1M R

éé}ﬂ%ﬁ Akl g RalEs 49E 3 A3
A o] dbe]Ea] A7 3AI7ES R YT

2) e 3 Al 5ol = Al &0l FHol WHE PAHs
o] ol-of 28 8& AHAH nhexaneo] FEEME
Agsiaict.

3)AAA"eZ AR florisil camidgeA o 3]
& A 43 HH Y & ST 20ml=E VFERSITE

4) g E AAH we}t ALFojA Rl FF8
< spikedte] HPLC/FLDE 413 A3}, 747+
PAHO et 3482 oF 90~106%, 57 5<l
CV(coefficient variation)= 6.2% ©|3lZ FHEqt

3 o|gint.
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