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Abstract

This study was accomplished that analysis of seven polycyclic aromatic hydrocarbons (PAHs) in smoked or non-
smoked processing foods by high performance liquid chromatography (HPLC) with fluorescence detection. The cal-
ibration line was constructed with injected different levels of standard concentration. Limit of detection (LOD) and
limit of quantification(LOQ) showed higher linearity (1*=0.998) reasonably, and recovery exhibited 0.033-0.666 pg/
kg, 0.108-2.217 pg/kg and 69.31-90.14%, respectively. As a result, the samples using smoked tuna as smoked mate-
rials contained seven PAHs with different range from 0.256 to 0.486 pg/kg. The benzo[a]pyrene, indicator of PAHs,
was detected to below the LOQ in two samples. Concentrations of benzo[a|pyrene in three samples were below the
2 ng/kg which is the limit of regulation. Smoked tuna sauces were detected from 0.321 to 0.552 pg/kg and not
detected in drying powders. PAHs of smoked meat products were ranged from 0.720 to 2.027 pug/kg and are higher
than concentration of tuna smoked samples. PAHs were very low in non-smoked foods including mustard, herb, and

roasted meats.
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PAHsE X143 3L (US EPA, 1984) 1998'd IPCS(Interna-
tional Programme on Chemical Safety)ollAl+= 2t 91€ &
25z = 1759 PAHsS X$3) 3358 A4
ol T 1552 QWA S Loty ijl
%o} 21t European Commission, 2006). ¥, =A<+

IARC(International Agency for Research on Cancer)oﬂ/ﬂv:
WePY AL 45 FOR BR30] Bel7) ool 3 gt
(Table 1). PAHs 3}3E << benzo[alpyrene,
[ah]anthracene <  Group 2A(AAELEZ),  benzo[a]
anthracene,  benzo[b]fluoranthene, [£]fluoranthene,
indeno[1,2,3-c,d]pyrenes Group 2B(1A 2 7HsE2)=2 &

F3FaL ATHIARC, 2006).
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21ZS =3 PAHsO| 88-98% AL wFHE ZoE WA
= ok 53] & 9§ A8} o), FAY, 18l
222 9dl ghpshE, A, did Feo] dits)d o)
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Table 1. Classification of EPA 16PAHs and IARC
US EPA IARC

Naphthalene 2B
Chrysene 2B
Benzo[a]anthracene 2B
Benzo[b]fluoranthene 2B
Acenaphthylene 2B
Benzo[K]fluoranthene 2B
Benzo[A]pyrene 1
Indeno[1,2,3-¢,d]pyrene 2B
Dibenzo[a, h]anthracene 2A
Benzo[g, A i]perylene 3
Pyrene 3
Fluoranthene 3
Anthracene 3
Phenanthrene 3
Fluorene 3
Acenaphthene 3

IARC: International Agency for Research on Cancer
EPA: Environmental Protection Agency
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hickory, mesquite,
cherry, walnut, apple ¥ oak 5 AZYUF7} )3 (Maga,
1986; Malanoski et al., 1968) =Wolr = FHUF, &%
W7 5ol chip e = RHEO|A] o] &3 glvk T4

ol AFel Fvloll S F= 5009
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de=s 48 F o, ¥4 HARSEE FE phenol,
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acetonitrile, potassium hydroxide, water, methanol 2=
HPLC-8&(Burdick & Jackson, Muskegon, MI, USA) A] 2}
ALE-3F9 21 sodium sulfate anhydrous(Merck, Darmstadt,
Germany)= MerckAl A E-& ARSI AAIZH ol AL

Al2FS prhexane,  dichloromethane,

E& cartridge= Sep-pak florisil vac cartridge 6 cc/l
g(Waters, Milford , MA, USA)S AF8-3}59TE PAHs #4299

T EE R O

AL8-El FFEEZLS chrysene(CRY), benzo|b]fluoranthene
(BbF), benzo[k|fluoranthene(BF), benzo|a|pyrene(BaP), diben
zo[a,h]anthracene(DahA), benzo[gh,i]perylene(BghiP], indeno
[1,2,3-c.dpyrene(lcdP)S- 2 EPASIA] SAtIAEA R AA 5
of Wekgol Q= ASE WXl 77H4] PAHsE XA 35He
AH8-eF A thFig. 1). WFETEZE 3-methylcholanthrene
(Supelco, Bellefonte, PA, USA)S AM&-3} T

PAHs
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AL oS/ -
7572 PAHs EFEES 72} acetonitriled] X831

1000 pg/kg F== 3430, o] &S TLT HER F
st} &3 X289 500 pgkgs ZABATE o2 wHAE
2 343}e] 025, 1, 10, 50, 100 ugkgel £ HFE
& Ask

Tx2] 2
Alge] AAEe AFoFFAH NN 2AE WS
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Chrysene

Benzo(a)pyrene Dibenzo(a Manthracene

Fig. 1. Chemical structure of 7 PAHs.

&3t A5 30gS BE3] Dol R ETEE 30 pg/
kg= 1mL 7FsaZ, 2M KOH7} 3 7Hel methanol:water
(9:1)8< 100 mLoll =] homogenizers ©]-83Fq 1087+
F A3 Y. o] 7]9) sodium sulfate anhydrous 2 g& %
o] 3L 70°C FE7FelA 2417 B WAAIF T of 7] ¢
n-hexane 100 mLE H7}3lal 3027 WAzl & 27+
water 100 mLS 3 YoM aF &<t XA Z
A& F n-hexaneZ 50 mLE 250 mL St ol ¥
3L 35°C o]ske] 8¢l 7Htstd of 2 mLE §535}
St} Sep-pak florisil cartridge= V2] dichloromethane
10 mL % n-hexane 20 mLE %9 2-3429] &2 4=
AlZL 3 ARS8t ©] cartridgeel] 919 FFHS 1mL/
mine] &£E2 7}t o]o] A n-hexane 10 mLe} »-
hexane:dichloromethane(3:1) 8 mLZ ZtZ} &A%l 3 9]
SEAE 40°C olate] & oA Hirks stol 2

o= 1=
Bl 3 AFES acetonitriledl] Ho] AHFS 1 mLE 3l
©]Z 045 um membrane filter2 &7}l AP LNz

Table 2. Operating condition analysis of PAHs by HPLC/FLD

Benzo(b)fluoranthene

Benzo(K)fluoranthene

Benzo(g A Jperylene Indeno(1,2,3- ¢ djpyrene

AHgaheint.

PAHs2| E4{771

PAHs #2418 $3] WatersAFe] HPLC(2695 series,
Waters, Milford, MA, USA)9} fluorescence detector
(Waters, Milford, MA, USA)S AME3IT AHLS

Supelguard LC-18(Supelco, Bellefonte, PA, USA)S 2FA|
71 LC-PAH column(25 cmx4.6 mm, LD. particle size
5 um, Supelco, Bellefonte, PA, USA)S A&-315.2™ AA|
3 B4 272 Table 29 YERHATE

PAHs 89 - g&=4

BAME H4E BEe o
BRI 93 HEF AR wRe fAY S
S AJsle] AR 5 PAHs $HES Falgich
AE vAe] MRS ARR Fil gdsier F%
& FE} 72 WHulE olgste] FaA

g =5

o
any
5
-
a
=2
N
jincs
ol

Instrument Waters 2695 series HPLC

Column Supelcosil LC-PAH Column (25 cmx4.6 mm) with Supelguard LC-18
Gradient method (%)
Acetonitrile/water (50:50) Water
0 min 40 60
Mobile phase 20 min 0 100
35 min 0 100
39 min 40 60
45 min 40 60
Excitation (nm) Emission (nm)
Wavelength 0-20 min 267 384
(Ex/Em) 20-39 min 290 410
39-45 min 293 498
Flow rate 1 mL/min
Injection volume 50 uL
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Fig. 2. HPLC/FLD chromatogram of 7 PAHs for standard (A) and spiked sample (B).
CRY: chrysene, BbF: benzo[b]fluoranthene, BAF: benzo[k]fluoranthene, BaP: benzo[a]pyrene, DahA: dibenzo[a,h]anthracene,
BghiP: benzo|g, A, ilperylene, IcdP: indeno[1,2,3-¢,d]pyrene, IS(Internal standard): 3-methylcholanthrene.

AZ A (limit of detection), “8 FF A (limit of quantifica-
), 214174 (linearity), 3]57&(recovery)S ©]
EFS ASsnh A4S TPAHs EEENS

o] dojx ¥=9] 7} Frd WF HE Fale] dojd A
FHozRE M4 JAAFR)E F3t] HESA
38> TPAHs EF8N S A 8ol spikingdt & &
HAHE 53] dojW AEE HPLCO FUste] Ao
71 9]=Z9F 7PAHs EF89-S HPLCO F93te] dojxl
=90 AAHE F3f 3kt

=

@]

=
op ofo
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I~

A7 3
PAHs2| chromatogram

7579 PAHs 27898 HPLCFLDE ©] 83t o
X ARrtEIH T oA Eo] HF-EF8 Y (3-methylcho
lanthrene)S spikingdt & Aox AZvlE I Fig, 29}
7t} 7PAHsE H|ZA o] wEbA CRY, BAF, BiF, BaP,
DahA, BghiP, lcdP 22 AZHIUT 0|52 o2 §&
M= U3t retention times HPOH, WHIEFEN T
o A BestAl = An

PAHsS| Zgf=N

77FA] PAHs®] =42 747t 0.25-100 pg/
kg€ HPLC] FH3dte] Fojxl Azrteade] wrest 7
A& ol&st skl 2Hzke] PAHY Histe]
4 FEE XF, AaUAE YHOR dof dE AF
o] 2442 Table 30 Yehl . A4S Yehl= 4
ATRHFS 0.998-0.999Z
UERH A

3L & 11
252

ST 2
T

o e e

B gk o] HAA

PAHs®| ZiZ311| X H2Ehi|

AEE e BAEEY H4aEFE veile A&
(limit of detection)= CRY 0.666 pg/kg, BHF 0.066 ng/ke,
BAKF  0.066 pghkg, BaP 0.066 pg/ke, DahA 0.033 nglke,
BghiP 0.066 pg/ke, ledP 0333 pghkeo. 8 7AZH o] BEst
Folon EAEAA Tl 7Hee HAade FEE U
Elll= A ZF3HA(limit of quantification)= 0.108-2.217 pg/
kgl 2 ZZ T tH(Table 3).

PAHs2| 5|52

FA R T g2 ZHzte] PAHsE FH7ske] 33] wh
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Table 3. Linear equation, determination coefficients (R?) and limits of detection (LOD) and limits of quantification (LOQ) of the
proposed analytical procedure

PAHs Linear equation R? LOD (ng/kg) LOQ (ng/kg)
CRY y =0.1574x - 1.6275 0.9994 0.666 2217
BbF y=0.1401x - 1.5912 0.9992 0.066 0.214
BAF y =0.3389x - 2.0289 0.9999 0.066 0.218
BaP y =0.0756x - 1.0433 0.9989 0.066 0.212
DahA y =0.4429x - 2.6487 0.9999 0.033 0.108
BghiP y =0.4051x - 2.6035 0.9999 0.066 0.220
ledP y=0.2557x - 2.1192 0.9997 0.333 1.107

CRY: chrysene, BAF: benzo(b)fluoranthene, BAF: benzo(k)fluoranthene, BaP: benzo(a)pyrene, DahA: dibenzo(a h)anthracene, BghiP: benzo
(g h,i)perylene, ledP: indeno(1,2,3-¢,d)pyrene
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Table 4. Recovery of 7 PAHs spiked different concentration EX|E 2015104 M= FSAIEL AT S2 PAHSs

[ %I_ Ao

PAHS Recovery (%) 7tthgo] FAE FAst Axg 7 EFET)Y

1 ng/kg 10 pg/kg 100 pg/kg PAHs S0 th3l A3b= Table 594 7t} 7htldo]

CRY 6138 7320 83.67 e %ﬁé}@l Azt 7%*4% Tr)°1v194 % PAHs
WS ST R g oeomiens ASRRAT A 490
BaP 73,35 612 $7.54 A ol OPE uéﬂﬁi‘:} H“““’L PAHs kol dish A
DahA 69.08 6831 69.31 HR, webdol 7HE w2 A2 4R benzo[a]pyrene?]
BghiP 68.42 83.93 90.04 735 209 AlFolX = FHESH ol3tE HEHAUI 3719
ledP 61.25 71.25 71.12 AFEANME 0279, 0.288, 0308 ugkgS 2 AEE AT} 3t

CRY: chrysene, BAF: benzo(b)fluoranthene, BAF: benzo(k)fluoranthene, ]2k oA A3t g 71Fx9l 2 kool &= A
BaP:  benzo(a)pyrene, DahA: dibenzo(a h)anthracene, BghiP: 7 Oq%LH ‘]:1 It 31 ]—I; O] HLO};g/Og ]LO} o]tu—
benzo(g, h,i)perylene, IedP: indeno(1,2,3-c,d)pyrene ZH Atk B3 benzo[alpyrened} 7> = KAl e
dibenzo[a,h]anthracene®] 7-$- 571 B A|FolA HEHA

5 St A3E Table 4] 2+¢ktl. Benzo[b]fluoranthene<} benzo[g,h,z]perylener RS
ERN AT PAHs?] 3482 EF89 1 pgkes spikingdl M9 AFAA AEHAoY BZF AFSHA otz HE
< W BAF7F 44.19%= 7P @k ow, BaP7t 7335%= HUAL HiFH o AFA ol =S chrysene,
7 A YEbA N REEERkel 52 oYtk 2F benzo[k]fluoranthene, indeno[1,2,3-c.d]pyrene= 57 A&
£N 10 pgkes spikingdl S o) 35S 6831-83.93%F EFONM AEEA &t AEE PAHs o] 2ol
UrE}Ur #FEM 1 pgkgs spikingdS R =g YERle 2 7 A 2SAPE Al 22g o] Aol g} rirhol

TEE At 7Y TS ] g 2F 0 XY Y Aol o Zo® AlsET AxAA
2N 100 pgkgS spikingdl S W2 CRY 83.67%, BbF 2 PAHs AAo &S m & QA= 71d %9k AJ7H
72.98%, BKF 90.14%, BaP 87.54%, DahA 69.31%, BghiP  7}dwiao] wie} dabd 4= e, (Lee et al, 1994)

AT

90.04%, lcdP 71.12%°] ATt 7FEAIZre] F7hEHel w2} benzolalpyrene A/d ol 7t

Table 5. Concentration of PAHs in smoked products and sources of skipjack tuna (Euthynus pelamis)

Food . PAHs (ug/kg)"
category Commodity CRY BOF BAF BaP  DahA  BghiP  lcdP Total
Noodle A ND? 0.076” ND 0.098" ND 0.102" ND 0.276
Noodle B ND 0.066" ND 0.079" ND 0.1117 ND 0.256
Smoked products Noodle C ND 0079  ND 0308  ND ND ND 0.387
of skipjack tuna . .
Noodle D ND 0.108" ND 0.279 ND 0.099" ND 0.486
Noodle F ND ND ND 0.288 ND 0.142" ND 0.430
Extract ND ND ND 0.108" 0.213 ND ND 0.321
Smoked sources of Extract ND ND 0.099" ND 0.235 0.218" ND 0.552
skipjack tuna Extract powder ND ND ND ND ND ND ND ND
Extract powder ND ND ND ND ND ND ND ND

YAll values are expressed as mean of triplicate determinate.

IND=Not detected "Below limit of quantification

CRY: chrysene, BAF: benzo(b)fluoranthene, BAF: benzo(k)fluoranthene, BaP: benzo(a)pyrene, DahA: dibenzo(a h)anthracene, BghiP:
benzo(g, A,i)perylene, lcdP: indeno(1,2,3-c,d)pyrene
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Table 6. Concentration of PAHs in not smoked sources of skipjack tuna (Euthynus pelamis)

Food . PAHs (ug/kg)"
category Commodity CRY _ BIF BAF BaP  DahA  BghiP lcdP  Totl
Mustard source ND? ND ND ND ND ND ND ND
Honey mustard source ND ND ND ND ND ND ND ND
Sources Mustard powder ND ND ND ND ND ND ND ND
Bulgogi source ND 0.076" ND ND 0.098" ND ND 0.174
Herb source ND ND ND ND ND ND ND ND

DAll values are expressed as mean of triplicate determinate.
IND=Not detected "Below limit of quantification
CRY: chrysene, BAF: benzo(b)fluoranthene,

benzo(g, A,i)perylene, IcdP: indeno(1,2,3-c,d)pyrene

akaL, 272l o] 7 71d 2] BT} benzola]pyrene
A gl o] YIS kAl HaLskith
Ziehge] FAE FAste] Az A7) A8 UL

g

oz AFs 475 Table 5ol YERHSATE 712 2
ZolA ¥ PAHs T2 0321, 0.552 pgkg 2 HEHSA
o} A @ o] =& dibenzo|a klanthracene”} 25504
0213, 0.235 nghkgl 2 AZE UL, benzo[k]fluoranthene,
benzo[a]pyrene, benzo[g A, i]perylenel| Al AF HEE oLt
A olstith. EH AL 2F A= PAHs7H AEE A
okt oot 2 Aol H|Fo] Hol AI|AE FUR
Alzdh= F oA PAHs7F A stE| Qleejebar 58 &
ATk PAHs A 7Fstol] tigt A= ofg] Hare)] 9JsA o]
HA 2 J+=4l Teixeira et al.(2007)°] <J3lH AZ2HA F
o] A A, W, F3}7 -2 PAHs A4Skl et a3t
Je= Ao7 7L

Ut AAFOIML| PAHs B2

A%, B, FBE ol g3l AZT nk £aR
oA ¢] PAHs 3t A& Table 69 YERH AT
BAAT ARE olgstel A% 371 TR 2250
A 77F4] PAHsE EF EQE HJaL 31EE o] &3t Al
%3 22FME BAZ HAT Bardd AAFoA
77}A] PAHs % benzo[b]fluoranthene®} dibenzo[a,/]
anthraceneol| Al Z}Z} 0.076, 0.098 pg/kgl 2 AZFH Ao
BT AFsA olstt Ear|dd AAFo|A PAHs A
e £BS ol gstel tdshe HYL Ba) AYHA0

Pa 22 5 Ak B AAS Bo oy haFoA

rlr

Table 7. Concentration of PAHs in smoked meat products

BAF:  benzo(k)fluoranthene,

BaP: benzo(a)pyrene, DahA: dibenzo(a h)anthracene, BghiP:

PAHs $H-& ¥las] e w) EATE T SRl 7dsl
= HJAHE AF L2274 FE PAH} A EES delg
& Aot

=5t &7 I—_'%OHA‘I PAHs &zt
:ﬂ_ﬁoﬂ/q o] PAHSs b‘T—Fﬂ:Oﬂ
7ol S7H
0 EH)\LOE /\16-] 0 /\U\] O}ME IIH 77]_;(] PAHs 6‘}—\':'/1:.4
0.720, 0.775, 2.027 nghke o2 AZE o] 7ltfgo] Fx=
FAs S A2 A ES AAFRT B StEko) A&
o 53 E-2 benzo[a]pyrene®] 0.542-
1.803 png/kgl 2 HZT %3, dibenzo[a hlanthracene®= &7
Z-0.115 pghkgo = HAEHATE 53] 374 AF T 7t
A A Foll A ben20[a]pyreneg ghego] =] 715412 pg/ke)
of 2 ste At B oo 22 A= FAAE
o} A7}, 2o uhet %"F)r 4 9=l Kang et al.(1998)
o] Axtol o]alH FALE7} 250°CA PAHsE AEH
A kkont, 400°Co A 0.6- 0 T nghg o2 A=A,
S0COIA] 1113 k@2 AEHe] FALES &5
5 PAHs A2 SVl 0L, A 7ke] ool mat
PAHs A FE tha S7igtha Basich = oE
(Kang et al,,1998) A#ol|X = ZFF}F AR UF-E o]
3l FAsNS W] 2% PAHs7F AEEHJALY =3t
FE T A7 Benzo[alpyrene®t ol A Al HE 5 o
et FAgolgta Bistgnt
ARG S Fall AxH 7FAEFS 500°C o) dolA &
w] Frjel FEIHAE FAT & AAIRE LA 7

1:11—01—/\4 o]

0
o Hov

. PAHSs (ug/kg)”
Food catt C dit;
ooc category ommoetilty  TCRY  BAF BAF BaP  DahA  BghiP lcdP  Total
Beef A ND? 0.085" ND 0.542 0.093" ND ND 0.720
Smoked products of meat Beef B ND 0.069" ND 0.706 ND ND ND 0.775
Beef C ND 0.109" ND 1.803 0.115 ND ND 2.027
DAl values are expressed as mean of triplicate determinate.
IND=Not detected "Below limit of quantification
CRY: chrysene, BAF: benzo(b)fluoranthene, BAF: benzo(k)fluoranthene, BaP: benzo(a)pyrene, DahA: dibenzo(a,h)anthracene, BghiP:

benzo(g,h,i)perylene, ledP: indeno(1,2,3-¢,d)pyrene
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2 A= HPLCFLDE o]&3ste] 4 X783 7}
A

FAFIN ZEE 20F 1257 FAAHY A e Ank
ZEg A2F 5% ts] YA EZIZ IR PAHs §F
Zro
o=

ZALEITE 7 PAHSE SR =4S ) 4
FAGR?)7F 099801402 BA o Fad A4S et
Womn, AZ3HA= 0.033-0.666 pgke, A HHIAE= 0.108-
2217 pgke, 3582 69.31-90.14% O &2 AA - A Ao
DEEeE A9E AU

A3 7itge] X8 FAANER o83t rhEst
2] 4 7PAHs S-S 0.256-0.486 pg/kg O & & H Tt
Marker PAHsZ ¥# %l benzo[alpyrene?] 7-%- 271¢] A&
or= AFH olstE HEEHUIL 3709 AFNX = 22t
0.279, 0.288 2 0308 pgkgl 2 AZHJAA T 715822
2 pg/kgel3t= AZE AT 7itkgo] A& FAst Az
3 2F F A7) 2Fo)A 7TPAHs TES 7Hzt 0321,
9 0552pugkgo® HAESHAL, FELE 2FA=
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