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Polycyclic aromatic hydrocarbons(PAHs)< ®A9} A =0h o] Foj 3

E OEL O o]y WEE mert AFHel U dFFE T o
PAHs: w9l o] Aduon AR E a3 frlsgze 2oz
Aavt AR g AdBE HY F A4

PAHsE°] &Agth. Algo] PAHso| =F5H A ¥+

Ao e BlE B wEHE AR b Azsn vFase 3

PAHso] ot olyt Fd4 ZAo digt 82 dA7E<]l IARC
(International Agency for Research on Cancer), U.S.EPA (U.S.
Environmental Protection Agency), WHO (World Health Organization),
[PCS (International Programme on Chemical Safety), EU¢ SCF
(Scientific Committee on Food)s =AIZAQA A7 oA o] Fof
(56~10). U.S.EPAdA &= FWF2 PAHs 7hdl A4 59 1659 U
3 FAeEAE HAE EAYESE Ak 1a(8) IPCSAA = =do] 3l

Ui 39 xE 3328 Rty th9). SCFE ¢¢ 33% PAHs & Table 2

of e benzo(a)anthracene, benzo(b)fluoranthene,
benzo(j)fluoranthene, benzo(k)fluoranthene, benzo(g,h,))perylene,
benzo(a)pyrene, chrysene, cyclopenta(c,d)pyrene,
dibenzo(a,h)anthracene, dibenzo(a,e)pyrene, dibenzo(a,h)pyrene,
dibenzo(a,i)pyrene, dibenzo(a,l)pyrene, indeno(1,2,3-c,d)pyrene,

5-methylchrysene 15%9¢ PAHsE w=oA49 AAAIAZA3 =AW=

QosAY FHANFS Ao

123

|
|

wereo] gl BAR A

L2 PAHsE 9 o] 7[A+= 2ok o] benzo(a)pyrene©] 7FA| &= 2Hobs o



108 BxQl Aeoe=m Busiqity, 18]l oyl S-S AVt 2AH =&
He AL A HelstEgE 2 &S fAlstES shal e AEFeE St
Fo A# 5+ benzo(a)pyrene® && sHF 6~8 ng/kg b.w./day ©|3t=
Aarskal AvH10). Table 1A= 33Fo tigk CAS No. 9 ZF 7]l A]
Bog MAAT FEE, a8 IARCOIA ®udk weleFo] e %

wrol 7l 552 (probably  carcinogenic to human), 2BE @elegEF

i
M
S
ok
4

(prossibly carcinogenic to human), group 3< <l 2otE-2
sl =4 (not classifiable as to its human)& WEAT

stH Joint FAO/WHO Expert Committee on Food Additives (JECFA)
o] 4= 20059 benzo(c)fluorantheneo] #HFE Y o] A5 ¥He SCF
o 5] A3k 15%F9] benzo(c)fluoranthenes F7}3+31al, benzo(a)pyrene]
BMDL oD (Limit of Benchmark Dose)3t?l 100 wg/b.w kg/dayE A=
Margine of Exposure (MOE)#tS T3S wl HFakS 2500082 YERY
Atk o] MOE = BMDL,y / "1 A =ZFomA o] ghe] <10,000
ol ‘#AFFA ', 10,000~100,00001H ‘& #AATEA Uy o=
¥ 7}elc}(11). European Food Safety Authority (EFSA)+= 919 SCF¢F
JECFAS] e F7kxtset Culped A7AR(12)E AR Table 29
Ao dE I 8Fe U A AWl A 53] FYE Ve
oot & BAZ FAYTH13).

o] % benzo(a)pyrenee IARCO Al A detSw 1
Zdolal PAHs® #slids H7FE o 2ol= A5 dAl4 TEF(Toxic
Equivalency Factor)7} 191 A #ZEZHZ AFEHa Qlth. o]d Zharo A=
benzo(a)pyrenes T4H o2 PAHs &S tfAlsta Q. fElygadA s 2
&-FA A benzo(a)pyrene®] 71Fo] 2.0 ug/kg olet= A= o] AaL(14),

olrt

H 2 35
FoE BRE B

DERAY A% §F-MSFAGIA 10% FPLAEF AAR ) 95% N2 TAre] §%
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Tablel. Polycyclic aromatic hydrocarbons considered in

international organization

U.S. EU  Carcinogenicity

Compound CAS Registry No- s SCF (IRAC,1987b)
Acenaphthene 83-32-9 O 3
Acenaphthylene 208-96-8 O 2B
Anthanthrene 191-26-4 3
Anthracene 120-12-7 O 3
Benz(a)anthracene 56-55-3 O O 2B
Benzo(a)fluorene 238-84-6 3
Benzo(b)fluorene 243-17-4 3
Benzo(b)fluoranthene 205-99-2 O O 2B
Benzo(g,h,))fluoranthene 203-12-3 3
Benzo(j)fluoranthene 205-82-3 O 2B
Benzo(k)fluoranthene 207-28-9 O @) 2B
Benzo(g,h,i)perylene 191-24-2 O O 3
Benzo(c)phenanthrene 195-19-7 2B
Benzo(a)pylene 50-32-8 O O 1
Benzo(e)pylene 192-97-2 3
Chrysene 218-01-9 O O 2B
Coronene 191-07-1 3
Cyclopenta(c,d)pyrene 27208-37-3 O 2A
Dibenzo(a,h)anthracene 53-70-3 O O 2A
Dibenzo(a,e)pyrene 192-65-4 O 3
Dibenzo(a,h)pyrene 189-64-0 O 2B
Dibenzo(a,i)pyrene 189-55-9 O 2B
Dibenzo(a,l)pyrene 191-30-0 O 3
Fluoranthene 206-44-0 O 3
Fluorene 86-73-7 O 3
Indeno(1,2,3-c,d)pyrene  193-39-5 O O 2B
5-Methylchrysene 3697-24-3 O 2B
1-Methylphenanthrene 832-69-9 3
Naphthalene 91-20-3 O 2B
Perylene 198-55-0 3
Phenanthrene 85-01-8 O 3
Pyrene 129-00-0 O 3
Triphenylene 217-59-4 3




Table 2. Chemical structures and physicochemical properties of
EU SCF priority PAHs

Molecular Molecular

Compounds Abbreviation Structure formula weight
; //K“\//’T
Cyclopenta(c.d)pyrene CPP <,_-/ ~ N\ : CigHio  226.28
[T
= =

CigHiz  228.29

Benzo(a)anthracene BaA ‘OOO
Chrysene CHR OO‘O CigHio 228.28

5-Methylchrysene 5-MCH CioHi14  242.33

Benzo(b)fluoranthene BbFA Oé“ CooHiz  252.31

. CooH12 252.31

Benzo(j)fluoranthene BjFA

Benzo(k)fluoranthene BkFA 00’8 CooHi2 252.31
Benzo(a)pyrene BaP ‘e CooH12 252.31




Table 2. Continued

Molecular Molecular

Compounds Abbreviation Structure formula weight

Indeno(1,2,3—c,d)pyrene IP CooH1o 276.33

Dibenzo(a,h)anthracene DBahA CooHi4 278.35

Benzo(g,h.i)perylene BghiP “|G CooHiz  276.33

Dibenzo(a,l)pyrene DBalP O Q =\ CosHis  302.38

7
Dibenzo(a,e)pyrene DBaeP \.‘\‘ CosHis 302.38

Dibenzola.pyrene DBaiP ‘ CosHis  302.38

Dibenzo(a,h)pyrene DBahP ‘O CosHi4 302.38




EU A= A &R A 2.0 ug/kg olst, =412 FA1FolA 5.0 ug/kg ©]3},

FrotAel M= 1.0 ug/kg olstz AalA JvH(15). US.EPANM = Hes

o] 3 87]FS 0.2 ug/Loldt= FFAIEA ATHI6).

7] & PAHs+ NOg, O3, SO3 9 &2 AFsl7t=5 F2sto] g gdole

oA FitstAS dovla, FAsAAge 7] T PAHsw S M
KeX

olo]o] A UVolglol A 343 748 webd PAHs 24

g

frotal = Ay Aol B A5 Ag-v HlFEts] & AA-HA
Tl FEH(17~19), A&FA, 58 T QGARAME A -AA Fuj5
=9 (20~22)0] FE AR, 1 9 AAANEE 4 F FUIEHE 25
o FEshe LA -AAH FEH@2~23)0] o] &HE @t AT LA
o 5] = ASE (Accelerated Solvent Extraction)®(24), PLE (Pressurized
Liquid Extraction)(25), SFE (Supercritical Fluid Extraction)(26)%5 % A}
L5 3 gt F5 T AAlol+= GPC (Gel Permeation Chromatography)
W (27~28) SPE (Solid Phase Extraction) o] = o] &% i Qlth. AF F
<Ast= PAHs® &2 dl¢ vEFolmm AA-RA EHF=E T8 55
Aol Fo] AREEHARE AlZFo] Fo] HAelal, &uf AR
dom ASEY PLE, GPC 4§+ A
Al e = FFEAE o] &ste] AAe= SPEw Wk 7|7|7F Hagly
A A ERYeR s AAY = Joernm HT dy ARRHI v
PAHsel AH&5H < ZFEGA = vlud 45 7 249 2871 A(29)0]
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2 HSAAEHE o] &35(BD) 3 oMHEYHEH SO

= =
22 AARL dEzLddse WILENL PAHSE £3eE 0
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Abg¥Ett 33 SDB (styrene-divinylbenzene copolymer) 7FE# A= &
=43 PAHsY n-n 2% A3a&om Agddo]l Cig B ¢ A3t
(32), A APAA vE JFtEHAEY ¥ F2 ZA3E YEd Bavt
ATHB33~34). o] W T3 A2 PAHse ZAFHES o] &3te] Auzo=z
WS kol o] ASEhEe] &ujE o] &ate] Al

H =gl As

-

o
O
[¢]

Hall FomM BA| g

PAHs9] 7|71EA RS o Adoi= GC-FID (Gas Chromatography-Flame
lonization Detector)(35)44 HPLC-PDA (High Performance Liquid
Chromatography—- Photo Diode Array detector)(36)Z o]&3 A7} #
P o} FH Lol = HPLC-FLD (High  Performance  Liquid

Chromatography-Fluorescence Detector) ¢} GC-MS (Gas

-H
all
u
i
o
el
K

Chromatography—-Mass Spectometry)ZS ©]&3F <
T}, HPLC-FLDE= PAHso] 7bA= wizliz)e] o

BEsb 2o ol ol AA $elue AEBTA

gnl

BAYE $E5an gk Te o Pe 2o Bl nTE Ak

g Esok s walel Qo] PR FAS A3 ek WE GC-MS
A

uel zpeol= 9loy HPLC-FLDY A9 w& &35 0.01~0.5 ug/ks
o2 ®usta 9i(20~23), GC-MS-SIMES AL&& 72§
Fo@  (37~40) =7 HPLC-FLDe|  m] XX
GC-MS-SIMZ Al&°] PAHsE=7F & SRR 99 AMEHL
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stol 7171 FQehe el FE AgEY. 2 FHuSE A =99
Aol gEgRel we HEARE AAngel wE Fass) Hpm

st AP E 898k A Fode A&l oAFwo] At
H g g 22 (tandem mass spectrometry, MS/MS)S A A3 m/z34tS
7HA = o]2wk E3 A7l & ¥ O fragmentIAH S AX HAEHog o]

=

A Fx= 3 fragmentationo] FA <
Zpol 2 [MI"# [M-2]"7F AFe]2o = 4
o= 93 GC-MS-SIM# Hwste] 2 wf F7]2<l PAHso Ad ==
7t Z1dsh] |y AEAREY AS BT AIRY WdEEC
fragmentation? & AXHA] A= AHquadropole) filtergs ¥ ¢ &3
stol PAHs7F Aed o= HAEHER utgglo] Mgy we AEIAE
7t e AFo] vk GC-MSY GC-MS/MS+= A% o2& 24
TOoE A% =AY 7|71AQl exkE BAS] A E iR
Abgo] Aol Hdle o WhHIETFEdAE BAEdy 934
Aol 7hF Hlsd B4, 994 PCU DE XE o|FAAS ALE
&tol(41~42) old @HE5S Beeta Ut

T3 GC-MS/MS+ &2 WFEAIHS 7FAHe% product ion®] 4o]s
A multiple reaction monitoring (MRM)ell o]&] z}z}o] w3k A= GAE
Aes @ 7 o] HxT HFE AZES 7= o8 F 9 PAHs A4
- F8&E W ooyt AmRwEIDR oA Aol HEZY
(ratio)s &3 =49 Ad&<e] 7Fsstel HPLC-FLD7} 7HA+= &A=
Bkt 4= Q. AN 7]E£9] PAHs 94+ F=2 HPLC-FLDY GC-MS

g ol g3 R0 £F o]F1 Y: obA7A GC-MS/MSE o] §F AT

=



Ao (44~45). B3 PAHse & tigh &3 =7t vol A% T A
of 2 EASER A% F PAHsd &g A+ A &-F21(26,27,33,34)
FTAFE W7l A% AFHIEEG0), THeRd 5 A7
ASA#(18,25,28,29) A wol olFojxla, 7hEaAel o AAAFW
sholl gk AFEE vheAl B 9lth19,23).

ddiQlel V|EAFESR o &u= Ade AWsEe] 13.5%, T 3k
o] 4.60%, ©3t=o] 63.7%%(46), AFE /e AAo] Ao B A
FS st E AFHoARE o] g F dskA ¥E 3FE< PAHs7L
AAE 7= st mEkA H2 A9E JHe BAddA 9] PAHsAA st
AT(47~49)¢F 71 FAH gg AFEo] o] FojA i Jrh50~53). o] &
AWM ELS F2 HPLC-FLDY GC-MSZ o]&3 Ao 2 soxhlet, B3}
(saponification) & YA-AAEWFZH & o83t HAAeg gl
GC-MS/MS #412 GC-MSel Hl&) £& 7+

gl ol A Aol A Fo] AR AAHA &= B

A F A= dAAH Fyo] HFF ot
A71Eolvd E7152 A 8 7IEs dERHe 93 F=3 A=
e A&Rrses g9dy TAE He BAHCAA A EHE  aldehydes,

ketones, pyrazines, furans, pyrolesol] 23t =53k k7] 9} A gAks)A|



of o3 AtsietHAdS ZEThG4). ol¥d AF A IAE Fe HAAHAA
ole] 7hAl VIR ATt FAHE, J1Ee] Axvke A ZAFE
& 7tdF3 Aol oA PAHs7E AAE F ATH(5E5~56). ol -2vhebe}
EU°l A+ benzo(a)pyrened] tHajArt 7]Fo] AAE o oyt thE oy
Ut PAHs® 7% B 8F W&l 7I&& A4l Ut} Table 39 7}
e FAZFY  NEE FAEIT. AFTAY AEHXA
benzo(a)pyrene?] AW HE AFE dito] %o F YR FFEADS U7}
o] NN-gEEZEolnfol=-8 (9:1)2 F53 F, A FAIYEFS
dol diatog FEHse AA-NA Eul3==H (liquid-liquid extraction,
LLE)olth. o] WR& HIko] 7|77} dagla Alg & EAd= PAHsY

FEEIL Qo] ¥l AgH T Qo §ulabgol Ba Aol od A

Ag el A= EUS SFCelA A3 15F°] PAHs #A]3=H|
ol Hl=g WYFE AZFS 7FAE PAHsO SAIEAH fElstuA &
AEE 7= GC-MS/MSE o] &3ste] A ste] o dish RS A& 3t
- AA Asel A&tz vk ddEd2s bR 5 PAHs A4
7bsAdol &= obd7bA Sfiell A A Ravt

FAY S} A FAo] AAN U AFEQ ALHA F FNEY ENE
Aeskalth. 2t PAHsO HE&dA9 A=k 4
=4 t7] fste] Aol mE A A HHE dst
AAFAINE GC-MS/MS &AS g HAH #AAz wyHs Fax
soxhlet ¥ M-8} Zall§ QA -AA LujFEH, 22

=
A FEYoR ARste] A AR WHS AY F FEHE QFAY)

o

I
-
o
k]
>,
s
ofy
g
o>
T
)

Mol

% PAHs &%& AT
FAEA 2 7]Ee] AA -4 ZuiFE Al SDB-L 7hEHAE A

stol A F&, GAsts WHor dAe st E4ARY SAES &
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Table 3.

The maximum permissible

levels of PAHs

various countries in edible oil

according to

Country

Food

Targets

Maximum level

(ug/ke)
Korea Edible oil Benzo(a)pyrene 2.0
EU Oil and fat Benzo(a)pyrene 2.0
Benzo(a)pyrene
Benzo(e)pyrene
Benzo(a)anthracene 2.0
Italy Selif},r?egocgiiceep%irlnaglce ol Benzo®)fluoranthene (EaChSEAHS)
Benzo(k)fluoranthene (Sum of above)
Dibenzo(g,h,i)pyrene
Indeno(1,2,3-c,d)pyrene
Benzo(a)pyrene
Benzo(e)pyrene
Benzo(a)anthracene 2.0
Spain Olive residue oils Benzo(b)fluoranthene (Each PAHs)
Benzo(k)fluoranthene 5.0
Dibenzo(a,h)anthracene (Sum of above)
Indeno(1,2,3-c,d)pyrene
Benzo(g,h,i)perylene
Benzo(a)pyrene
Benzo(a)anthracene
Chrysene
Canada Pomace olive oil Benzo(b)fluoranthene 3 TEQ
Benzo(k)fluoranthene (Total PAHSs)

Dibenzo(a,h)anthracene
Indeno(1,2,3-c,d)pyrene

Benzo(g,h,i)perylene

_11_



JERIT S
Age Axd AgPRel AFHL AFH) s BEAFEA

A
(Certified Reference Material, CRM)& AF-&3te] A3sS A5d Ao}
Hlusl= Aol 4o}, . AFo| = European Commission Joint
Research  Center®] Institute for Reference  Materials and
Measurements (IRMM)ol A A Z® ZIRUS 4% PAHsol disf & A
ol ARESE A TFE A ARl o8 EAste] FRFete] 1 FEwH

Hl st o 24 28f% F PAHso| ojdF #4

+

R EAATATE HgHANMY PAHs LHAWS dolnw vhE

o
e
to
fal%s
o
r o
o
o
o
2
3o
ld
=
-
@)
f
-
m
%o
s
>
=2
>
i
o2

i
TE 272 TEQ#S #atste] Al &8¥= 45799

_12_



I. A5 2 89

Aol AL AFATE AT BiHL e AlE 465 HHES

Ak, AE&rAFE Aol BviEa = FAVE 1459 71E9

e

= dgla S7182 ATl #Ea = =7l 7Y VIS

benzo(a)pyrene HAAMNA FA A2 =AW A 378& dHdoe= ddst

A3 o A}-8-st Al ok =49l benzo(a)anthracene,
benzo(b)fluoranthene, benzo(j)fluoranthene, benzo(k)fluoranthene,
benzo(g,h,i)perylene, benzo(a)pyrene, chrysene, cyclopenta(c,d)pyrene,
dibenzo(a,h)anthracene, dibenzo(a,e)pyrene, dibenzo(a,h)pyrene,
dibenzo(a,i)pyrene, dibenzo(a,l)pyrene, indeno(1,2,3-c,d)pyrene,
5-methylchrysene Dr.Ehrenstorfer (Germany)A}2] PAH-Mix 170<
AREEFRaL, R EFEARE AFEE chrysene-Diz, perylene-Diz &
Supelco(USA)AFE]  semivolatile internal standard mix (Cat.no. 48902)
%=, indeno(1,2,3-c,d)pyrene—-Di2+= Dr.EhrenstorferAtZ25E 351
AP 2eatEa FHEE A AA AFEE oMAEYUEY, Aol =
7 o] 28 EHE Fisher Scientific (USA) A#FS A&, SRR
&2 Wako (Japan)Ahe] ZHF-sekitAl 88 AF-&3F3it).

T2 =5E4 (Certified Reference Material, CRM)Z% BCR 458

1

O

[Institute for Reference Materials and Measurements(IRMM)]S T4 3}

of ottt AHA Y AFLE JFEF A= Phenomenex (USA)AFE]
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Strata-SDB-L Styrene-Divinylbenzene Polymer (100gm, 260A) (1000
mg, 6 mL)t}. Florisile Junsei (Japan)A} A& 2 130TeolA 1243t
At AN HA Aol H ol BEyste] ARG ST B]FSto] AEgE
AstEES JunseiAl FolA AL FEA] AFE¥ n-hexane®} o &y, diethyl
etheri= Fisher Scientific2%F Fd3aAtt. EXFEZ 1559
PAHs®| s}etd 29 JdL2 Table 29 2t

2. &

A ARgE GC-MS/MS  (Gas Chromatography tandem mass
Spectrometer)~= Varian A} ¢ 450-GCe 4000 Mass Detector,
CombiPal autosamplerS AR&3&th, Ao ARg3 AHL VarianAl2
VF-5 MS Column (30m, 0.25mmlID, 0.25um df)°]lth. Z&3FF] Al
29 Adl= BRANSONAFS] 8510A41%F o], HYAEE 7= HanilAte
FLETAS% ). &uwE AAE uf Al&3 AAF557]= EYELA MG-220009]
Qa7 FEFAoE= BUCHIAFS R-144 RotavaporE AME3FA T}
SoxhletF%2 GerhardtAl¥] A& soxhletd# ¢l Soxtherm(Germany)<
ApgElt AF7E FEe ARER 719w o]7= TEFALAF NEFTIS-SGS
Aok

3. 7171%4

Table 42 7]7]¥AZH o2 PAHs 15%2 2% X+89S WA scan
mode® FAsto] Zh7he] W FE-EAIZE (retention time, RT)¥ A &gF~d EF]
S Folstdtt. ZF PAHsE 9 spectrumS Fig.1o] YEelHdTE 71 A3
e O & A Fo]2 (precursor ion)(m/z)S AA3}e] collision energy(V)E
5~50eVH #lol A 5eV A S 2 2|8t product ion A EF S THA] 24l

3t 1 A~FMEH A precursoret A3k collision energy, quantitative



“Table 4. Analytical conditions of GC/MS

Parameter Condition
Innet. temp. 280 T
Transfer line temp. 280 T
Injection Volume 2 ulL
Collision cell pressure 1.80 mTorr

Column flow

Column

Oven temp.

He, 1.0 mL/min
VF-5 MS (30 m, 0.25 mmID, 0.25 m df)

10 C 10 C
150 T (2)---250 T(10)---280 T(30)
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Fig. 1. EI-mass spectra of PAHs used in this study.
(A) Cyclopenta(c,d)pyrene, (B) Benzo(a)anthracene, (C) Chrysene
(D) 5-methylchrysene.
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Fig. 1. Continued, (E) Benzo(b+ j)fluoranthene, (F) Benzo(k)
—fluoranthene, (G) Benzo(a)pyrene, (H) Indeno(1,2,3-c,d)pyrene,

() Dibenzo(a,h)anthracene.
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Fig. 1. Continued, (J) Benzo(g,h,i)perylene, (K) Dibenzo(a,l)pyrene,
(L) Dibenzo(a,e)pyrene, (M) Dibenzo(a,i)pyrene, (N) Dibenzo(a,h)pyrene.
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Table 5. MRM acquisition conditions of PAHs in GC-MS/MS analysis

Seg . Precursor ion Collision
ment ‘inalyte RT(min) >Quauantifier (m/z) Energy (eV)

Cyclopenta(c,d)pyrene 15.526 226>224 30
226>226 5

Benzo(a)anthracene 15.583 228>226 30

1 226>226 5
Chrysene-Dio 15.693 240>236 30
240>240 5

Chrysene 15.739 228>226 30
226>226 5

9 5-Methylchrysene 18.079 242>240 30
242>242 5

Benzo(b+ j)fluoranthene 22.348 252>250 30
252>252 5

Benzo(k)fluoranthene 22.501 252>250 30

3 252>252 5
Benzo(a)pyrene 24.238 252>250 30
252>252 5

Peryne-Di2 24.643 264>260 30
264>264 5

Indeno(1,2,3-c,d)pyrene-D12 29.146 288>286 30
288>288 5

Indeno(1,2,3-c,d)pyrene 29.211 276>274 30

4 276>276 5
Dibenzo(a,h)anthracene 29.463 278>276 30
278>278 5

Benzo(g,h,i)perylene 30.486 276>274 30
276>276 5

Dibenzo(a,l)pyrene 38.172 302>300 45
302>302 10

Dibenzo(a,e)pyrene 41.361 302>300 45

- 302>302 10
Dibenzo(a,i)pyrene 42.585 302>300 45
302>302 10

Dibenzo(a,h)pyrene 43.228 302>300 45
302>302 10
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Homogenized sample 5 g +1.S. (10 pg/kg) 1 mL
+ Deionized water 10 mL (In 50 mL Centrifuge tube)

!
Hold 30 min
l
+ Isooctane/cyclohexane (1:1) 20 mL
l
Mix well
!
Ultrasonicate 30 min
!
Centrifuge 10 min (3000 rpm)

I

Supernatant 10 mL + Florisil 0.3 g
l

Centrifuge 5 min (3000 rpm)
l
SDB-L cartridge

l

Preconditon by acetonitrile 5 mL
1

Clean with isooctane/cyclohexane (1:1) 15 mL
1
Elute with 20 % dichloromethane/n-hexane 12 mL
I
Concentrate under gentle stream of Ny

I

Dissolve in dichloromethane 1 mL
l

GC-MS/MS

Fig. 2. Extraction diagram of PAHs from ground coffee using
ultrasonication and solid-liquid extraction.
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Table 6. Analytical conditions of Soxtherm for the analysis of PAHs
in ground coffee

Parameter Temperature(T) Time
T-Classification 200

Temperature 140

Reduction Interval 3 min
Reduction Pulse 2 sec

Hot extraction 30 min
Evaporation A 5 x interval
Extraction time 1 h 30 min
Evaporation B 3 x interval
Evaporation C 0 min
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Homogenized sample 10 g +1.S. (10 pg/kg) 1 mL
+ 1 M KOH/EtOH 100 mL
(In 250 mL round flask)

!
Reflux for 3 h at 80 T
l
Add 50 mL n-hexane
!
50 mL EtOH:n-hexane (1:1) (in seperatory funnel)
!
+ 50 mL deionized-water
!
Shaking 10 min
| i |
n-Hexane layer Deionized-water layer
!
Extract with n—-hexane 50 mL
(2 times)
!
Collect n—hexane layer, wash with 50 mL DI water (3 times)
!
Concentrate on a rotary evaporator (2 mL)

!

SDB-L cartridge

Fig. 3. Extraction diagram of PAHs from ground coffee using
saponification and liquid-liquid extraction.
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Homogenized sample 2 g +1.S. (100 pg/kg) 1 mL

(In 10 mL volumetric flask)

!
Dissolve with isooctane/cyclohexane (1:1)
l
Mix well
l
SDB-L cartridge
!
Preconditon by acetonitrile 5 mL
!
Load sample mixture 1 mL
l
Clean with isooctane/cyclohexane (1:1) 15 mL
l
Elute with 20 % dichloromethane/n-hexane 12 mL
l
Concentrate under gentle stream of Ng
!
Dissolve in dichloromethane 1 mL
l
GC-MS/MS

Fig. 4. Flow diagram of PAHs analysis in oils.
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6. AA
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3eES BuA 5% HERRAE g a4 10% HEz=2ve g @l
b 20% dEFER v 3 A 50% tEFEEdE g-f dak 100% T
FR2WeSs 47 10 mL A $E89=2 AMEStY 11 AnE v asgith
AaE5715 AMEE 40 ColstelA] &uiE AAT & tZE2EHE 1 mL
2 A3t GC-MS/MSZ #4313 o},
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1. 95 A9 ZF PAHs Axz Wy A+

D A2 W v

Fig.5.%} Fig.6~7.°l PAHs EFETENY TIC(Total ion
chromatogram)®t Z} PAHs ¥ & AHZo]2S filteringdr MRM I =ZwlE 1
FS deddde & AP AREE I7IEA 23 AdoeRE
benzo(b)fluoranthene®@} benzo(jfluoranthens ¥ 4 §lo] F PAHs

of oz Y. dF79 $o PAHs &40 o] 7Hd A &g W

=]

& FaA s Bal F AA-0A BuFE YR soxhlerFEY °
Za9 & aA-HA FEHoZ AFste] vl skt
Ast, vresh Ba FoAA-oA EolFEWs soxhletFEMS A

ZFEZ A A Fel= WelEds &8 AAsL 2 .

A/gol £A| kL, o] A2 9PoRE A% o Wtk #EEH T
Hl 53l 8l & A -AA FuiFEH 4 soxhlet:= ¥

vol kg 93] whES|A V7| EA st 42 wFEEAZMY JaEoe
S benzo(a)pyrened} dibenzo(a,Dpyrene® ¥ A= T3ttt Aol
Aoz dobid A3, soxhlet§W ol A5, MEFEATY FdxEdA=

benzo(a)pyrene®] 0.31%, dibenzo(a,l)pyrene®] 0.54%% 31 3] x|

lo
2
rt
o,

At +=H 2= benzo(a)pyrene©] 3.28%, dibenzo(a,l)pyrened®] 18.36%
Stk vl st el & AA-HA BFHlFEFHoE AAES A5 H9 H
FEAZFe] A=A A= benzo(a)pyrene®] 0.03%, dibenzo(a,l)pyrene
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Fig. 5. Total ion chromatogram of 15 PAHs (5 pg/kg) and 3 internal

standards(10 pg/kg) obtained by GC-MS/MS.
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Fig. 6. MRM chromatograms of (1) cyclopenta(c,d)pyrene,
(2)benzo(a)anthracene, chrysene, (3) chrysene-Di» (4)
5-methylchrysene, and (5) benzo(b+ j)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene obtained by GC-MS/MS (5 pg/
kg).
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Fig. 7. MRM chromatograms of (1) perylene-Di2  (2)
indeno(1,2,3-c,d)pyrene, benzo(g,h,i)perylene, (3)
dibenzo(a,h)anthracene, (4) indeno(1,2,3-c,d)pyrene-D12, and (5)
dibenzo(a,l)pyrene, dibenzo(a,e)pyrene, dibenzo(a,i)pyrene,

dibenzo(a,h)pyrene obtained by GC-MS/MS (5 ug/kg).
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Fig. 8. Total ion chromatograms of PAHs in ground coffee with
various methods ((1) soxhlet extraction, (2) saponification and

liquid-liquid extraction, (3) solid-liquid extraction).
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Table 7. Fractional recoveries of 15PAHs by elution solvents on

SDB-L cartridge

Analvt 5% 10%  20% 50% 100% ..
haiyte D/H  D/H D/H D/H DCM

Cyclopenta(c,d)pyrene 43.3 22.2 0.0 0.0 0.0 6b.5

Benzo(a)anthracene 43.0 332 0.0 0.0 00 762
Chrysene_D12 384 31.3 0.0 00 00 697
Chrysene 53.6 41.6 0.0 0.0 5.4 100.7
5-Methylchrysene 40.6 16.9 0.0 0.0 49 624

Benzo(b+ j)fluorancene 32.8 44.5 2.2 0.0 6.8  86.3

Benzo(k)fluorancene 29.0 444 4.2 1.8 6.1 854
Benzo(a)pyrene 23.8 46.2 25 0.0 0.0 72.6
Perylen_Di2 185 48.3 10.5 0.0 0.0 77.2

Indeno(1,2,3-c,d)pyrene_Di2 18.6 46.5 14.1 0.0 0.0 79.3
Indeno(1,2,3-c,d)pyrene  14.7 447 14.2 0.0 6.2 79.8

Dibenzo(a,h)anthracene 14.4 43.2 223 2.9 5.8 88.6

Benzo(g,h,i)perylene 15.2 442 175 0.0 6.3 83.1
Dibenzo(a,)pyrene 10.0 37.7 13.8 0.0 0.0 61.5
Dibenzo(a,e)pyrene 0.0 25,6 35.2 0.0 0.0 76.7
Dibenzo(a,i)pyrene 0.0 21.6 454 5.2 0.0 721
Dibenzo(a,h)pyrene 0.0 21.7 523 13.6 1.7 89.3
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Fig. 9. Total ion chromatograms of PAHs extract from ground coffee

using solid-liquid extraction and florisil addition.
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Fig. 10. Recoveries of internal standards in ground coffee with

solid-liquid extraction method according to florisil addition.
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Fig. 11. RSD (%) of retention time according to various
extraction methods.
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Fig. 12. RSD (%) of peak height according to various
extraction methods.
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2. A3]44 (Absolute recovery)
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3. AFARY, AESA 2 AFE

Table 49} 59 oz F3 7|7|8A Aoz YRrizs=E4do 10 ug/
ke FEo® xFHO e EFE&A 0.5, 1, 5, 10, 20 we/kes FTH3t
WEgEHoes AZAS e, Az e FA4n R 29 B
Aol A gt F2AdFATet AEFA 5 PAHs A HHe A&

gl AFRAE S/N=109 FEgoz Fagrt. A4S Yehhe R
0.9763 ~ 0.9999= dibenzo(a,h)pyrenes #|¢3t 14& 2] PAHsE ©]
0.99¢]4¢] £ AXAHE e AT
GC-MS/MS#4] Al PAHs®] 7171739 HAEdA= 0.01 ~ 0.5 ug/ke=
7€ dgolA Bad HPLC-FLDO HE39HAeh vy 2 50l
. GC-MS/SIMell HlsiA &= 1/10 ~ 1/100 =9 HEIAZ PAHs &4

kg, AF3A = 0.15 ~ 5.0 pg/kg o] AT}



Table 8. Absolute recoveries of 15 PAHs

solid-liquid extraction method (n=3)

Analyte

Recovery = RSD (%)

Cyclopenta(c,d)pyrene
Benzo(a)anthracene
Chrysene
5—Methylchrysene
Benzo(b+ j)fluorancene
Benzo(k)fluorancene
Benzo(a)pyrene
Indeno(1,2,3-c,d)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene
Dibenzo(a,l)pyrene
Dibenzo(a,e)pyrene
Dibenzo(a,i)pyrene

Dibenzo(a,h)pyrene

66.4 = 10.7

79.4 £ 13.9

83.4 £ 15.2

64.4 £ 9.5

93.3 £ 9.1

62.8

H

4.6

64.4 £ 5.1

62.7 £ 6.1

62.6 £ 3.5

58.2 £ 3.0

68.3 £ 4.6

57.2 £ 6.7

56.6 £ 12.6

52.6 £ 10.4
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Table 9. Calibration equations, correlation coefficients, LODs (ug/kg) and LOQs (ug/kg) of the proposed
method for the determination of PAHs”

Regression curve R? Mi%l%d Mf(t)}gd Mi%lgd Mf(t)}g))d

for coffee for coffee for ol for oil

Cyclopenta(c,d)pyrene y = 0.4489x - 0.0053 0.9997 0.004 0.01 0.1 0.25
Benzo(a)anthracene y = 0.3702x +9.2067¢™*  0.9999 0.004 0.008 0.1 0.2
Chrysene y = 0.6078x +0.0026 0.9999 0.002 0.006 0.05 0.15
5-Methylchrysene y = 0.9302x - 0.0061 0.9999 0.003 0.01 0.075 0.25
Benzo(b+ j)fluorancene y = 0.3660x - 0.0047 0.9998 0.005 0.016 0.125 0.4
Benzo(k)fluorancene y = 0.1813x - 0.0056 0.9948 0.006 0.02 0.15 0.5
Benzo(a)pyrene y = 0.3266x - 0.0053 0.9996 0.006 0.02 0.15 0.5
Indeno(1,2,3-c,d)pyrene y = 0.6656x - 0.0053 0.9996 0.006 0.02 0.15 0.5
Dibenzo(a,h)anthracene y = 0.4235x - 0.0013 0.9998 0.002 0.06 0.05 1.5
Benzo(g,h,i)perylene y = 0.8381x - 9.0420e™  0.9994 0.006 0.02 0.15 0.5
Dibenzo(a,)pyrene y = 0.5947x - 0.0081 0.9998 0.006 0.02 0.15 0.5
Dibenzo(a,e)pyrene y = 0.1753x - 2.5354e™*  0.9988 0.02 0.05 0.5 1.25
Dibenzo(a,i)pyrene y = 0.0887x + 9.1589¢° 0.9941 0.04 0.1 1.0 2.5
Dibenzo(a,h)pyrene y = 0.0506x - 0.0013 0.9763 0.1 0.2 2.5 5.0

a) Instrument linearity range: 0.5 ~ 20 pg/ke.
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AFdl A fFeH e 2ALTFAT 467108 dIvtE, WA 9
3le] PAHs %S zAbelglth. 1 ZA3E Table 109 2t A9 =
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A #EE A s AoE HRIt
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Table 10. Contents of 15 PAHs in 46 ground coffee samples

CPP BaA CHR 5-MCH B(b+j)FA BKkFA  BaP IP DBahA BghiP DBalP DBaeP DBaiP DBahP Total
1 0.475 - 0.475 - - 0.082 - - - - - 1.032
2 0.714 0.547 0.799 - - - - - - - - 2.060
3 - - 1.089 - - 0.153 - - - - - 1.242
4 0.508 - 0.570 - - 0.074 0.250 - - - - 1.402
5 0.564 0.556 0.810 - - 0.111 0.360 - - - - 2.401
6 — — — — — — — — — — —
7 - - 0.647 - - - - - - - - 0.647
8 — — — — — — — — — — — —
9 0.896 0.634 0.862 0.308 0.106 0.400 - - - - 3.206
10 - - - - - - - - - - - -
11 - - - - - 0.045 0.090 - - - - 0.135
12 - - - - 0.135 - - - 0.100 - 0.208 0.443
13 - - - - - 0.042 - - - - 0.042
14 1.197 0.557 0.915 - 0.280 0.170 0.421 0.084 - - 3.624
15 - - - - - - - - - 0.038 - 0.038
16 0.226 - 0.359 - 0.067 - - - - - 0.116 0.768
17 0.374 0.377 0.708 - 0.389 0.223 0.430 - - - - 2.501
18 0.338 - 0.317 - 0.076 0.096 - - - - 0.827
19 - - 0.564 - 0.237 0.170 - - - - - 0.971
20 - - 0.734 0.21  0.090 - - - - - 1.034
21 1.131 - 0.663 - 0.219 0.109 - - - - - 2.122
22 0.350 - 0.463 - 0.127 - - - - - - 0.940
23 - - - - 0.095 - - - - - - 0.095
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Table 10. Continued

(PP BaA CHR 5-MCHB(b+)FA BkFA BaP 1P DBahA BghiP DBalP DBacP DBaP DBahP Total

2
2
26
2
28
29
30
3l
32
39
34
39
36
3l
38
39
40
|
1
13
4

£
16

1220

0833 - 0921
1168 0.684 1167
2680 1379 1964
L7y - LI70
0808 - 0730
0906 - L1046
L1y - 1032

0.079
0.080
0,132
0.201
0.184
0.358

0.173

0.164
0.104
0.088
0177
0.041
0.106
0,099

0.238
0.193

Average 0416 0.110 0410 0.005 0.103

0T - - - - 026

0.080

0.132

1421

om - - - - - - - - 22
0200 0660 - - - - - - - 423

e - - - - - = = = 8
0108 - - - - 0108
A
02 - - - - - - - - 184
N 1) | AL
s - - - - - - - - (&
013 0340 - - - - - - - 2§l
e S 11113
R 1) e R V!
we - - - - - - - - 04
A
N (55
0058 0.071 0.004 0.004 0.006 0.001 0.000 0.008 0.000 1117
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5. 2874 T PAHs Adi3l& 3 & AFs TFF A

PAHs7} AZHA &2 A& dde=z Huss&s HES] Table
11 YeEb AT 3¢&2 55.1 ~ 105.0%%3L, ZoixFd2k= 0.8
~ 75%%th & AIHES HALFAE Fr1&uel gAste dAFS v
SDB-L7IEZ A& At WHoR 7]Ed AMSHE A -o A w3
W R B2 A7} vRS doFd = At AAYAAANA sFE

7 e Adewde AFdAs sk ©Hol
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ol
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i
g
x>
L
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>
e
e & e

A At IFEHAE WSS A EFHAGE Sol W A
wE AP A elsfof sk B AE Aol o] AIWES o
o] F7]18WNo.1~16)3 E7]8No0.17~26)% 15% PAHs9 TFHS xAbs)
o] Table 12¢] Yet et 7]E=9] §-4

N8 1473 718 779 % PAHs =% EBHE ~ 29.627 ug/kgo =
A3 AEHA & AR 470k 23719 F PAHsS gk 4.477
re/kgol Tk, 7150l AAE o] 9 benzo(a)pyrened EAZE ~ 2.446 ug/
kg2 AEHA @& Azt 17302 AA 85% 1, HHd&F<

2.0 wg/kge ZIdt= AR 5715 1Tk Table 129 #t= <

19 ARt ohd fEHD Y

it

SHe HAP A A3 #AHS WY A BEE o]59 PAHs ¥ L&+
24.928 ~ 105.146 ug/kg 31 benzo(a)pyrened =+ 10.703 ~ 17.537
pg/kg 2 AHE AT ARERT A 52 w22 HAEFHAG.

_45_



Table 11. Absolute recoveries of 15 PAHs in oil by direct
SPE method(n=3)

Analyte Recovery £ RSD (%)
Cyclopenta(c,d)pyrene 80.1 = 3.8
Benzo(a)anthracene 93.0 £ 0.8
Chrysene 96.2 £ 6.3
5—Methylchrysene 71.7 £ 3.7
Benzo(b+ j)fluorancene 88.0 £ 3.5
Benzo(k)fluorancene 91.1 £ 3.2
Benzo(a)pyrene 100.0 + 4.2
Indeno(1,2,3-c,d)pyrene 100.1 + 3.2
Dibenzo(a,h)anthracene 105.0 + 4.2
Benzo(g,h,i)perylene 799 + 1.6
Dibenzo(a,l)pyrene 84.7 + 4.7
Dibenzo(a,e)pyrene 704 + 4.5
Dibenzo(a,i)pyrene 62.0 + 7.5
Dibenzo(a,h)pyrene 55.1 + 5.3
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Table 12. Contents of 15 PAHs in 26 edible oil samples

CpPP BaA CHR 5-MCH B(b+j)FA BKFA BaP IP DBahA BghiP DBalP DBaeP DBaiP DBahP Total

1 0795 1.325 1.529 - 1.115 0.502 - 0.461 - 0.457 - 6.184
2 - 1.177  2.299 - 0.436 0.195 1.085 - - 0.721 - 5.9130
3 - 0.352 2.134 - 1.280 0.543 - - - 0.455 - 4.764
4 - - - - - - - - - - - -

5 - - - - - - - - - 0.478 - 0.478
6 - 1.329 2.242 - 0.144 0.334 0.801 - - 0.371 - 5.221
7 - - - - - - - 0.383 - 0.533 - 0.916
8 - 0.325 2.642 - 0.337 - - - - 0.420 - 3.724
9 - 0.833 1.488 - 0.633 0.259 - - - - - 3.213
10 - - - - - - - - - - - -

11 - - 2.527 - - - - - - - - 2.527
12 - 0.582 1.361 - 0.226 0.165 - - - - - 0.391
14 - 1.328 1.429 - - - - - - - - 2.757
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Table 12. Continued

PP BaA CHR 5-MCH Bb+jFA BKFA BaP

[P DBahA BghP DBalP DBaeP DBaiP DBahP Total

15

173030 5172 5.969

13

19 0870 0986 3.767 0.772
0 - - 10

1

20682 - 1232
20 2232 3158 7820
Average 0206 0.670 1484 0,039
3 - 322 618) 222
16 1244 1435 8692 2926
24 35 6760 8878 -
2 L881 6872 8447 -
26 8766 19.781 23.450 1.782
Average 1920 4580 8050 1.288

0.366

24T4

1§28

2114
0442
2036
£39%
2.360
2,088
1.o78
£.346

0.679
20,627

16.407

1071

18640
26.843

0274 0217 0439 0,000 0646 0000 0.000 0.000 0000 4477

0313

2013 2446 3.704 4323
0.665 1222 5,103
0253 1600 4.99% £672
0926 10703 -

0282 13066 - - I7.347 1596
LAT 1649317300 - 10402 -
1373 14806 15,080 - 14.260 1.334
- 1703716870 - 15379

24928

oL T

72.184

71191

105.14

0904 13.906 8.220 0,000 11.752 0.723 0.000 0,000 0.000 95.688
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Table 13. PAHs data obtained from analysis of a CRM (BCR 458, coconut oil, n=5)

Certified o
+
PAHs 1 9 3 4 5 A"er(ai/ekg; SD value Vah((;j‘)tlon
# (118/ke)

Chrysene 1629 4563  4.922 4736  4.859 474 + 0.15 4.9 + 040  3.27
Benzo(k)fluranthene 1.097 1.635 1771 1.857 1750  1.80 + 0.13 1.87 + 0.18 3.74
Benzo(a)pyrene 1.087 0939 0.977 1.004 0.828  0.97 £ 0.09 0093 £ 0.09  4.30
Indeno(1.2.3—c.d)pyrene  0.944  0.896 0.970 1.060 0916 096 + 0.06 1.00 + 0.07  4.00
Benzo(g.h.perylene 0916 0948 095 1032 0924 095 + 005 097 + 0.07  2.06
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7. AFAY B A8 fFAF PAHs L AR A

EALFAIANA  HEFE  PAHsY HysEE  4-ring3tgE
benzo(a)anthracene©] 0.110 pug/kg, chrysene®] 0.410 pg/kge] il
5-ring3s}sr=<l cyclopenta(c,d)pyrene©] 0.416 re/ks,
bennzo(b+ j)fluranthene®] 0.103 pg/kg, bennzo(k)fluranthene©] 0.058 pug
/kg, benzo(a)pyreneo] 0.071 ug/kg® = aromatic hydrocarbon® 7} 4
A, 570 stEEolR o™ 6702 o] Fozl FFES A ZASHA &kt
AFAT F EASE PAHs® X5 PAHs7F HdE¥ ARE dido=

aromatic hydrocarbon 7I¥E Ay E A3 Fig. 133 23k U575

FENo| A PAHso 2 9dHdS 2ol Santinos 9 AT (52)ZAd oA H
W AZ% PAHs3S aromatic hydrocarbon® <7} 370121 3}3E3} 4712
3}t

ol F= HEHAX /Y a8 E THAE gtEo]l ot HAEHAE
] Santinos < ©°lel] W3l AEAe] PAHs (3~4ring)el HJ&] 31
PAHs (5~6ring)o] &l W fa=rF stowry 2 FEAsF
(logKow)#t= 7FA171(59) W<l Ao =2 H7batqlnt

710 A AFEs AL AsHEHE A&AA 2210 T HAEHe
PAHs+ 4-ring 3}¢E<l  benzo(a)anthraceneo] H+ 0.670 pug/ke,
chrysene®| 1.484 pug/kgo]$1al 5-ring3}tstE<l cyclopentalc,d)pyrene©]
0.266 rg/kg, bennzo(b+ j)fluranthene®| 0.442 rg/kg,
bennzo(k)fluranthene®] 0.274 ug/kg, benzo(a)pyrene©] 0.217 ug/kgo] U
th. PAHs7} 2% ol &9 ARE o= ¥&S Kol Fig. 149 v
k. L AF6G6)ANAE F71E5Y PAHsY S F71E 190 T2 220

CAM e wE AAgAze] BofE s Wt gglent 250 ColA
L oRE A me felger Fshe Aow duka, ¥ AT

Stekx At A A9 AEE A &8 dibenzopyreneFE 250 ColA 258 &

oF ZthstelE AARA ggort Aol AFEE, AALEt E25E
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4 A Aok wEkA FAA 59 A9 PAH/alkylated PAHS] H]&o] & O
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FetaBE, A2, 7B
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Sample No.

Fig. 14. Repartition of the 15PAHs analyzed in edible oils according to

the number of cycles in their molecules.
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8. A==

o

7}

PAHse} &2 oA gzl flsldd7i= =47l TEF (Toxic
Equivalency Factor)& A3l 7Fg =4¢°] & benzo(a)pyrenes 7]&¢!
TEF=1% 3} F3}a, 2135 T PAHs st TEFZS 3+ TEQ (Toxic
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Aol A FFALE AAGT EAAFAYY AE&FA9 PAHs 5%
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Az, BALFATY S TEQR #H4akek 32 0 ~ 0.797 ngTEQ/go]
AL Hat 0.100 ngTEQ/gelAth. vt -217F Al AdF sk PAHsYS
S AFAY F FFolnR AA viAl= AFAFRY oY AFTE B as)

PAHs3o] 714 Bo] £3Ho] = A8 No.l4E i

£ 2&E3%te] 1 A3E Table 159 #EASAT

A9 F PAHsTHS A= AFAT & dFo=

ks thE AsEelA 7)1l = 4y vlaste] hAAdS HES RT3

AFA AN HEE ol Table 159 o|AAFTE FHatste] ALtet Ay 46

A 4 TEQ+x: 0.017 ngTEQ/g ©Itt. No. 14AF = oA FE T3~

23 Benzo(gh,i)perylene®} Indeno(1,2,3-c,d)pyrened] 2 9%+E= 46719

A¥s A HE=FFZ7F 0.006 pg/kget 0.001 ug/kg o] TEF= 2Hiksh

TEQE 0.000063 0.0001 ngTEQ/gelmz F-Algd whglk groz A7hg o
yUm ] o] PAFE 73 659 PAHsl iRt Al4tsi

A Eo kAN = PAHs®| SslE7HE 98] 2%%F2 PAHs 29 %

£ 20019~200515t AL g AFH(58), FAt=oly FAbE7EFS Bt
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Table 14. Toxic Equivalent Factors recommended by WHO and

U.S.EPA
No. PAHs WHO U.S.EPA

1 Naphthalene - 0.001
2 Acenaphyhylene - 0.001
3 Acenaphthene - 0.001
4 Fluorene - 0.001
) Phenanthrene - 0.001
6 Anthracene - 0.01
7 Fluoranthene - 0.001
8 Pyrene - 0.001
9  Benzo(a)anthracene 0.1 0.1.
10  Chrysene 0.001 0.001
11 Benzo(b)fluoranthene 0.1 0.1
12 Benzo(k)fluoranthene 0.1 0.1
13  Benzo(a)pyrene 1.0 1
14  Dibenzo(a,h)anthracene 1.0 1
15 Benzo(g,h,i)perylene 0.01 0.01
16 Indeno(1,2,3-c,d)pyrene 0.1 0.1
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Table 15. PAHs amount of coffee brews (500 mlL) from

ground coffee (15 g) and transfer coeffients (C;) (n=3)

PAH Ground coffee (ng) Coffee brew (ng) C: (%)
Benzo(a)anthracene 8.355 1.521 18.2
Chrysene 13.725 2.525 18.4
Benzo(b)fluoranthene 4.200 2.369 56.4
Benzo(k)fluoranthene 2.550 0.484 19.0
Benzo(a)pyrene 6.315 5.557 8.8
Dibenzo(a,h)anthracene 1.260 0.344 27.3
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TEE 114 pg/ke, AEFANAE 3.29 pg/kg, oFAIY A FoAlAE 0.19 wg
/kgRet. o= old LEEE VIxE A JA=ETE (mg/kg b.w./day)=
AArekar, 1 kel Neals(61), Rabisteins(62), Brunes(63)e] A2} =
U.S.EPA°IA A% benzo(a)pyrene?] 2¢tE 7.3 (mg/kg b.w./day)' <
wote] ek =E =33l

A% F PAHs 24 7HE 918k A== (mg/kg b.w./day)

AE 9] 9% (ngTEQ/g) X 20~64A1 19 HAAEAHZF
(g/day)” < %=Z7]3F (451)

A (60kg)” X HAFH((73d)™

* 20 ~ 644 BHEAFAFHAT (FRIGFEAIR LA, 2001)

ZIEE = 1Y HFAA == (average daily dose mg/kg b.w./day)

x et (mg/kg b.w./day)™

ATFAI(58), 47F2 AETl Wd PAHse HAAJA=EH2 1.09 X
10°° mg/kg b.w./day ©]%lo

ol ElyEt AlgEo] ols AFES Ei Yed 4 = PAHsol g %
el =l 100U H Y 8HAL FF9dS %ﬁ}ﬂﬂ, QLA ket =2 o] 7

bddte] ZIpderefeime] HAQl 11X ojgtEA FHHE FES

o
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w3 9 AFARe] FHFAA == 1.09 X 10° mg/kg b.w./day =
EU(10)ol A HAxsk Ao w2 3Fo HFH %+ benzo(a)pyrened (6~8
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THO.017 X 300 X 45/60/73 x107°).

o] F& 9o AR A Hargh thE A FdA o] A wEFF v
FrW, £EHPH 7] FolE 4.35 X 10 'mg/kg b.w./day, F&E7] 1.35
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b.w./day (0.257 X 1.9 X 45/60/73 %1079, 57182 1.11 X 10 mg/kg
b.w./day (1.085 X 0.1 X 45/60/73 x10™%)e]ith. o] zt& 2 oF4 K 1o] A
e kel #71E 1.77 X 10°mg/kg b.w./day, E718 6.44 X
10 "mg/kg b.w./day #H= Ael7h UQiTh ol FrBoly BI85 4
AZJA7E aqpRolng Azgge] wet SARE] HAAIL vlg- Z AFS
2 A sl whel Aggke] Aozt & diA 7Ilgk Ao el wEkA
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v. 2 £

2% F EA3+= PAHs(polycyclic aromatic hydrocarbons)E #243}7]
Qe 7Eel Mol =L GC-MS/MS (Gas Chromatography-tandem
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ABSTRACT

GC-tandem mass spectrometry for quantitation of polycyclic aromatic
hydrocarbons in ground coffee and edible oils

Soyoung Jung
Department of Chemistry

The Graduate School of Sungshin Women's University

Polycyclic aromatic hydrocarbons (PAHs) are well-known chemical
compounds, which are found in the environment as pollutants and
have been identified as human carcinogens.

The purpose of this study is to develop a rapid analytical method
for determining 15 PAHs of EU priority 1in ground coffee, sesame
oil, and perilla oil using GC-tandem mass spectrometry. The linearity
of standard mixture of PAHs in the range of 0.5 ~ 20 ug/kg was
satisfactory with correlation coefficients (R?) of 0.9941 ~ 0.9999
except for dibenzo(a,h)pyrene.

In order to evaluate the sample preparation methods, PAHs of
ground coffees were analyzed after being extracted using the
methods such as saponification -liquid-liquid extraction, soxhlet
extraction, and solid-liquid extraction. Among the tested extraction
methods, solid-liquid extraction method showed best repeatability and
efficient reduction of matrix effect. LODs of solid -liquid extraction
method for ground coffees were 0.002~0.1 pg/kg and LOQs were
0.006~0.2 ug/kg. PAHs in edible oils were analyzed using direct SPE



method. LODs of direct SPE method in edible oils were 0.05~2.5 pug/
kg and LOQs were 0.15~5.0 ug/kg.

The recovery values for ground coffee and oil ranged 52.6~93.3
% and 55.1~ 105.0% respectively.

Validation of this method was measured with the CRM (Institute for
Reference Materials and Measurements BCR 458), and the error
values ranged 2.06 ~ 4.30% as a result.

46 commercial ground coffee and 14 sesame oils, and 7 perilla oils
were analyzed to determine their PAHs contamination levels. The
PAHs concentration in ground coffees and edible oils ranged N.D ~
5.988 ug/kg and N.D ~ 29.627 ug/kg respectively. Only one sample
had excess benzo(a)pyrene, which was more than 2.0 ug/ke.

GC-tandem mass spectrometry for 15 PAHs quantitation showed
better resolution and lower LODs than GC-MS-SIM and HPLC-FLD.
The proposed preparation method can be applied to the analysis of
PAHs in ground coffees and edible oils.

This study was conducted with TEFs(Toxic Equivalency Factors),
U.S.EPA recommendation to identify dietary risk for PAHs in coffees,
sesame oils, and perilla oils. The estimated average daily dose of
PAHs was 5.24 X 10™® mg/kg b.w./day for coffees, 5.02 X 107 mg/kg
b.w./day for sesame oils, and 1.11 X 107 mg/kg b.w./day for perilla

oils.
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