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RRMERZSRSEERERIICEMSERE
LY P YA = AV

HFUH AP Rk ERS
Tl

wW R

f S e B s B BRI SAZ b @ E A § IR OF Ak 81644 (polycyclic aromatic
hydrocarbons, PAHs) * 4 PAHs &3k E T A8 L8054 - 4 K36 (Benzo[alpyrene ) T4
&y A4 ot F FLT AR BUR M PAHS 77 8 A L AU 248 4% o BR B & 67208/2005 5% #5545 2 4 ot
KR RMEE » L PRI mIE42.0 ug/kg © AFF % VAHPLCHE < £ 5% i I§ 7 14#2PAHs &
Z M BR 7 ik o & i 1§ YAisohexane/t-butyldimethylether (95 : 5, v/v) A #14% » 42HR-PIE 48
FEIRE FAL - IRAR A 5 BORAR B TR B AR h 3 ITPAHS & & AR A o 3 U AR B AT R
#y > 1% vASupelcosil LC-PAH & 47 % A2 4T 28 > VA L RF BOK 4% B4R AT L0 3% > 5 %
e 3 B R 290~314 nm A A AT K K 398~511 nmAA R o 14FEPAHs X AT 8 o 42 3| 4%
B E K F40.999 » AR i S P i AvS ug/kgZ PAHs » F B A A0~ 106% » #r th IR E 2%

0.04~3 ug/kg * R FHIR %0.2~10 ug/kg o & AHF 52 P 3E 52 Ty ik ki) o7 & & iy N AR
201 0 45 R 16 AR B M 1 2 A PAHs » 13484 th K38 0 4 &5 40.20~0.73 pg/kg
KR WA I M IS X R AR E2.0 ug/kg » BT EZDHE -

RASEER - RAHEE - SREBFHRBRIULSY - FE - SWRAEARBTE

[l

Al

B BRET S B ~ ez KA E T
FEEELSERGTHFERS(IEEY (polycyclic aro-
matic hydrocarbons, PAHs ) "+ B E R FE
> (International Agency for Research on Cancer,
IARC) 420074 $FETPAHS T ARSI 53 Fy3(H
E#f  Group U ABEHEUENE » Group 2AE
RN AT RER A BUE M » Group 2BHIE LLEFEE
BREIHEEEUEE - MGroup 3 HRTNZ A REEE
HHEA UM ) -

¥ (Benzola]pyrene ) [AIHFEH EBUEME K
e H 5 B Group 2AZEUEY) - AIREEI A
FEE EORIE - W B A FE S PR I S
ik AR - HATAAR FE(F R PAHS 7 1F f H A&
ZIRRE (marker) @ o FREEZ K B RIE 525 &

(immunosuppressive effects ) fiffFE8HR » MEEHE
{EREIE (no-observed-effect level, NOEL ) /%3
ng/kg bw/day ° HFHIPAHsE A AR K SR BB R
%) (biomarker of exposure ) FZZERUE ST
K et BB IR R EY - (RIBECHR
ZEE208/20055¢ i E B IR AR e R AR &

(maximum level ) %52.0 ng/kg® = & BB %
BEmPREERE TR EK - mHRE (limit of
detection, LOD ) < 0.3 ug/kg * &R (limit of
quantification, LOQ) < 0.9 ug/kg * f&%E (preci-
sion ) A& H Bar 2 ] LU ¥ A5 SRHORRAT, 75 /MR 1.5
[EERAES0~120% > J5ikRe HosiE 1 H R S 8l
ER TS

#{5Oils & Fats International FT# .~ JHAEFE M
HrEiE (2005) B - AR Z PAHS{REH
RE R I Btz ik (AR Fr ~ 12
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*—  BIFEMEM RO (IARC) #5352 PAHs BUE S}

g

PAHs IARC/#H
Benzo[a]anthracene Group 2B’
Chrysene Group 2B
5-methylchrysene Group 2B
Benzol[j]fluoranthene Group 2B
Benzo[b]fluoranthene Group 2B
Benzo[k]fluoranthene Group 2B
Benzo[a]pyrene Group 1'
Dibenzo[a,l]pyrene Group 2A°
Dibenzo[a,h]anthrancene Group 2A
Benzo[ghi]perylene Group®
Indeno[1,2,3-cd]pyrene Group 2B
Dibenzola,e]pyrene Group 3*
Dibenzo[a,h]pyrene Group 2B

1. Group 1: ¥ \EEABUEM: -

2. Group 2A: # \HHATREGEURE - A RSIARE BN A
BN - B H R R ERERE -

3. Group 2B: ¥f \JHFIREAEUELE - B — LU BERH NEH
ot - HEATERERNRER -

4. Group 3: RO R NEETUEN: - MEBERH NEAR
FEE -

&= AN RRPEIERERTTAZE R
%

28 BEGLE
JiEE 1 Food specified in Regulation (EC) No --:/2005

EEIRIR  /]NR0.3 png/kg
ERMR  /NMR0.9 ng/kg
e RERER L RHORRATIR/NMALS

[E R 50 %—120 %
2 AEEEEEREGHEEESRETES

F) IMZK - fFE TEHR ) B T &4k, PAHs (light
& heavy PAHs ) - #&#liPAHs BEH 4 {HEiLL R
B2 (ffl4anthracene & chrysene) ° B S {EZEM(E
R ELEAE R B bR o MRS BER A B R R
B (210~235°C) T - EERESFE 573 K PRES

FPAHs T AJ AR EE & £120~25 ppblA T » JL7
— M 50 FHAEAG SO AR R i < i = AR PR & - B
PAHs HAREDUE MERRIRIT STRERER - PRI £
TR I ER RN E - AIg AR 2 EE -
BRI R PAHs Z g - FFJc PR ATEE Y
PR ZE AT % - LS RO E Ak Bl & &
(fluorescence ) TPERELHNSE (ultraviolet, UV ) @
Rl - s DURAEE /B 7% (gas chroma-
tography/mass spectrometry, GC/MS ) "*"*'ai g HE
M/ R SRR SEBETE 7% (liquid chromatography/
atmospheric pressure photoionization/mass spectrom-
etry, LC/APPI/MS ) "*'OyEFTHIE
AW5e BAITER BT & AR HPAHs Z i3
S5k o [FIREET TS R HIEFPAHS & E.2 577
Mt SRR B TR E H 2% -

kBT E
— ~ BB
RB1964F10 A A & Jbith 6 &=/ 5 & #Eii(E

RS AHAR200F (R=) - EIEZSEIEH - AEK
T MU JRAE - REDRLH BRI E
fFRAHE -
—-HREREKE

(HR-P[EFHZEHLE : HR-P > 500 mg/6 ML

x= ERRAMERE4H

Gk g Ae e

B el 5
k] sl 2
g Rl 4
PNGRLZ Rl 2
Boali 2
AR 3
B 1
B 1

=t 20
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(glass) * Macherey-Nagel GmbH & Co.,
KG, Germany °

(5)0.2 pmJEfE : Nylon#1’E > Micron Separations
Inc., West Borough, MA, U.S.A. °

(5)0.45 pmJEME : Nylon#/'E » 47 mm, MNY
4547 » ChromTech, Great Tide Instrument Co.,
Taiwan °

()R e JEAiERE (Rotary evaporator ) : Buchi 461
water bath, Brinkmann Ltd., Germany °

(HEAHEZ2ZEHEEE © Supelco * Bellefonte, PA,
US.A. -

(SWRFEREHTEHE © SUPELCOSIL™ LC-PAH col-
umn > 5 pm > ANE4.6 mm X 25 cm ( Supelco,
Bellefonte, PA, U.S.A.) -

(U= RO AH g AT G I e ot b HY @ (High per-
formance liquid chromatograph equipped with
fluorescence detector, HPLC/FLD ) : HZA
Hitachi /A& ( Tokyo, Japan) Hi .2 Hitachi
pump L-21307A B 2% 24 - LA Hitachi
Autosampler L-2300H 7F 5 E#EE + Column
oven L-2300 K FL Detector L-2480% J¥:fa Hi
%‘é’ o

R ERE - HP-SMSEME » NIKEE
0.25 um * N7%0.25 mm X 30 m (J&M Sci-
entific, CA, US.A.) -

(SR AHE M YR AL B 7% (Gas chromato-
graph/quadrupole mass spectrometer, GC/MS
)t Thermo Finnigan Trace GC Ultra/DSQ,
Texas, U.S.A. °

AEE

Benzo[a]pyrene (B[a]P, fif#99.5% ) -
benz[a]anthracene (B[a]A, #liE99.5% )
cyclopenta[cd] pyrene (C[cd]P, fiE99.0% ) -
5-methylchrysene (5-MC, fif£99.8% ) K&
benzo[k]fluoranthene ( B[k]F, fiE99.5% ) %
5 Fe e A AL ¥E 5 % 5 Dr. Ehenstorfer GmbH
(Germany ) ° Benzo[b]fluoranthene ( B[b]F,
flif£99.9% ) - benzo[j]fluoranthene (B[j]F, fili

11
4

E100% ) ~ chrysene (Chr, fiE98.7% ) -
dibenz[a,h]anthracene ( DB[a,h]A, FEE100% )
dibenzo[a,e]pyrene ( DB[a,e]P, fiE99.4% ) -
dibenzo[a,h]pyrene ( DB[a,h]P, ##if99.5% )
dibenzo[a,l]pyrene ( DB[a,l]P, fi#97.3% ) -
indeno[1,2,3-cd]pyrene (IP, #f/99.8% )
benzo[ghi]perylene ( B[ghi]P, fi[£99.0% ) % 97f&
B A AE LB H AccuStandard Inc. (U.S.A.) »
Dibenzo[a,i]pyrene (DB[a,i]P, fiE98% ) %iHE I
Y& % H Sigma Chemical Co. (U.S.A.) - fE#ES:
ZYJECRM458 (PAHs in coconut oil ) » fE/RIE
HE®0.93 £ 0.09 ug/kg » BEHCORDIS Service,
European Commission Host Organization, Luxem-
bourg ° IECSE (n-hexane) -~ ZfF (acetonitrile )
KE RS (isohexane) ¥ BEER » VYL
(tetrahydrofuran) (fE7K#} ) Fs-butyldimethyle-
ther (LGl ) ¥IE EHMerck/N &) ( Darmstadt, Ger-
many ) °
I~ SRS IR AR Bis

HY 14TEPAHSEE®E fL % #4910 mg - fEHEREE -
PLZBEE A E50 mL @ {ERPAHSTRAE W - fF
R AT S B Group T~ TR IS = (E#H B -
I#H Fsbenzol[j]fluoranthene ~ dibenzo[a,!]pyrene
indeno[1,2,3-cd]pyrene * dibenzo[a,i]pyrene &
dibenzo[a, h]pyrene * 11#H Fybenzo[a]anthracene
5-methylchrysene * benzo[k]fluoranthene &
dibenzo[a,h] anthrancene * III§H Fschrysene
benzo[b]fluoranthene * benzo[a] pyrene &
dibenzo[a,e]pyrene ° HUE & 75 A2 HE [ AR RH 1R
B LLZIEFEZ0.3~50 ng/mL * {EHPAHs 2R
EIEHETATR -

1~ SRREET R IEERSE

HUPAHs I SR HEATE 10 wLiE AAHE AT
& - DAFTIS R e T A A R P P ] - AR [|I R o 175K
HiRIE TR > BAGIRRE AR -

AR o e
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HUH ARt EE2 g » 45 o [E 85 A BIR A g DL
40°CRRZKINEL » iR AR AGTERE - Il Aiso-
hexane/t-butyldimethylether (95/5, v/v) VAR5 mL
BEH - EATFES L Lisohexane/t-butyldimethylether

(95/5, v/v) ¥ 10 mLiE %~ HR-PEFHAZ R -
#<J Llisohexane/t-butyldimethylether  (95/5, v/v)
YAMR12 mL ~ isohexane/t-butyldimethylether ( 80/20,
v/v) %810 mL K isohexane/t-butyldimethylether

(50/50, v/v) ¥ATE10 mLYE BEEFHALHLE - FE0
HiE o DAY R 20 mL s> KAELT T » g
I - R40°C LU /KB R R #E 202 - BB Y
INZHE1 mLERE » £20.2 umiE g% @ HEElR
1’ -

- #ERERESENE
RO A s

FE e B b VR R IR ME VS A5 10 ul @ EA

HPLC/FLDH » DU i B A5 18 VA R T 15 R e

i R R R L i B+ WA ME AR K

S HPAHs Z & &

EEEE TR R - T E A

FsSupelcosil LC-PAH column * Jii# F1.5

mL/min (0-38 min) ° 3.0 mL/min (38-62

min) - BRI 2 ME R RB290~

314 nm * G R R398~511 nm » FE F

medium * EFEIRERTF23°C

CsaAH R BT Y s =B R

SRR EATE BHP-SMSEME M -

EATEWRE : 60°C » 3 min 5 15°C/min,

230°C, 10°C/min, 300°C, 15 min - i

fE# (electron impact, EI) &= » 70

fR¥F (electron voltage, eV ) & BEEHE T

(selected ion monitoring, SIM ) &= = £ A

E 1 uL 0 FEARS 0 (splitless ) VESFEZ -

BEtHRARE © 2% 0 Ji# 1 mL/min ©

A~ BB

RAEjEF R RE2 g IR &SR
group I » ILKIII » HERINE S A Fs1 ~ 25

10 ~ 20 pg/kg * WRFENT & gt fT = B mGR,
By o [FIRS I Ze 5B - SRELS Il iR Ry 8 AR
# (RSD) -

N~ R E R E SRR

IR0 E & PAH S HE A A Bk T A - kAT
AT 2 HiESEST IR, - LODKELOQS B DAL
(S/N ratio ) KFA3 K 101E Fs | FEHE -

+  REZEYEZ 0

LTI Z B ETEEZ2EYE
CRM458HPAHs & & . Zf#ll > Effichry-
sene * benzo[k]fluoranthene * benzo[a]pyrene °
benzo[ghi]perylene Kzindeno[1,2,3-cd]pyrene 55
T FEDGRHEA R e -

+—  MERBED

201 e Fi e Ml e e AR P A2 L 2 A B 5 R
{7534 -

HRETS
— \ ERARBAT AT IR

R EHIA R
Supelcosil LC-PAHE 11 5y 7311 2 38 75 7 fik
fLEaEMEHZEERL AR HESE
PAHs » AbF7E A1 3T W B R B [F] i B2
i o BE PR 3 1 PAHSs » 2T LR PR 1
ZPAHs Ry HIEA ¥ 5 - HALEEAS A AN E — -
LA 7K E R R B EhAE - AT[E2D 93 A 1478
PAHs > HHicyclopenta[cd]pyreneX# Y8555
R - R DIk HER (] - HEPAHS
Eal RO EE (') -

()R Fe o %
PAHs.Z Bk 5 1 B A Ra iy s e fr 1t -
DA 6] 0 3% Bl il S I R IR FE 55 1478
PAHs » Fit 15 B 5@ 8 B 5 I & a0 3%
MY R RETEE & 0 K 14TEPAH SR EKE 53
By 3@ FH B - I#H Fsbenzo[j]fluoranthene
dibenzol[a,/]pyrene > indeno[1,2,3-cd]pyrene
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Benzo[ ﬂuoranthene

Benzo[a]pyrene I il . .

Benzo[ghi]perylene

Benzo[a]anthracene

Benzo[k ﬂuoranthene

‘ I Dibenzo[a,e]pyrene
Cyclopental[cd]pyrene O‘

Dibenzo[a,l]pyrene

Benzo[j] ﬂuoranthene
Indeno[1,2,3- cd]pyrene
Chrysen

HSJ i I

5-methylchrysene

Dibenzo[a,h]pyrene

B — - 15%&PAHs Z (LB 4E A=
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Z o Z
144 140
124 F120
106 100
> 8d ~ F80
- ] -
[T
60 - 60
E N
40 © 40
E o N E
n o ~
~l | ol
0 [ [ 1 1 T [ T T | 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Minutes

B — - 145&PAHs Z SRR AR B AT BIRE
1. Benzo[a]anthracene; 2. Chrysene; 3. 5-methylchrysene; 4. Benzo[j]fluoranthene; 5. Benzo[b]fluoranthene; 6.
Benzo[k]fluoranthene; 7. Benzo[a]pyrene; 8. Dibenzo[a,|]pyrene; 9. Dibenzo[ah]anthrancene; 10. Benzo[ghi]perylene; 11.
Indeno[1,2,3-cd]pyrene; 12. Dibenzo[a,e]pyrene; 13. Dibenzo[a,ijpyrene; 14. Dibenzo[a,h]pyrene

ZRIY ~ LU SARRIZRRAIPAHs 2 B R R R ST R

FLU

Peak No. PAHs MW Retention Time (min) Ex (nm) Em (nm)
1 Benzo[a]anthracene 228 11.8 270 400
2 Chrysene 228 13.6 270 400
3 5-methylchrysene 242 14.5 270 400
4 Benzo[j]fluoranthene 252 17.4 314 511
5 Benzo[b]fluoranthene 252 19.0 290 410
6 Benzol[k]fluoranthene 252 21.8 290 410
7 Benzo[a]pyrene 252 243 290 410
8 Dibenzola,l]pyrene 302 27.6 290 410
9 Dibenzo[a,h]anthrancene 278 29.9 290 410

10 Benzo[ghi]perylene 276 32.1 290 410
11 Indeno[1,2,3-cd]pyrene 276 34.0 293 498
12 Dibenzo[a,e]pyrene 302 36.9 306 398
13 Dibenzola,i]pyrene 302 52.5 285 430
14 Dibenzo[a,h]pyrene 302 59.4 300 435
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A 1478 PAHs ZE#h4G

Group Peak No. PAHs Linear Range (ng/mL) y=ax+b R’
4 Benzo[j]fluoranthene 1-20 y=11152.27x+1473.72 0.9994
8 Dibenzo[a,/]pyrene 0.5-20 y=39571.48x-575.68 0.9998
Gr‘l"‘P 11 Indeno[1,2,3-cd]pyrene 0.5-20 y=41057.93x-1689.08 0.9999
13 Dibenzola,i]pyrene 0.5-20 y=130336.86x+3904.90 0.9999
14 Dibenzo[a,h]pyrene 0.5-20 y=98419.50x-18245.72 0.9998
1 Benzo[a]anthracene 0.1-5 y=301931.88x-12364.03 0.9993
Group 3 5-methylchrysene 0.1-5 y=176473.50x-5519.02 0.9993
1 6 Benzo[k]fluoranthene 0.1-5 y=855701.62x-32349.04 09995
9 Dibenzo|a, h]anthrancene 0.1-5 y=205823.53x-6442.57 0.9997
2 Chrysene 0.1-5 y=261835.66x+5325.43 0.9997
Group 5 Benzo[b]fluoranthene 0.1-5 y=141786.90x+1365.22 0.9999
I 7 Benzo[a]pyrene 0.1-5 y=615504.76x-7162.98 0.9999
12 Dibenzola,e]pyrene 0.1-5 y=192391.75x+2206.27 0.9999

dibenzo[a,i]pyrene )z dibenzo[a,h]pyrene *
II#H Bsbenzo[a]anthracene * 5-meth-
ylchrysene * benzo[k]fluoranthene &
dibenzo[a,h] anthrancene * III#H Fschrysene
benzo[b]fluoranthene * benzo[a] pyrene &

dibenzo[a,e]pyrene °
— BRI AIE

7 TRy PAH s DUk O e H & 10 I L2 1R 4 iffy
% > T#HER T benzo[jlfluoranthene.” S M4 & E Ky 1~
20 ng/mLPASR » HERE F50.5~20 ng/mL » HH|
TELRE (R?) £5£0.9994 2L F 5 I R IHL 2 Jgk
FEEE » HAREEIE F50.1~5 ng/mL » H)E 78
(R*) 7R3%0.9993LL | » BURHIEHRE#HEA
BB RIFHRIERA LR -

= ~ HPLCA N Bt B

il = s 3fHPAHSIRE A AR HE ML 222 g @A fT
T Group TFRIN20 ug/kg * Group IR I RN
5 ng/kg » WA AT A E R B G % EH LR IHPLC
SFTEZERE - =AM SEPAHSIR IR & H

AR Z B  RINEE RS ~ 10520 pg/ke
B T8~111% » RSD/NA12 o THRITTH /R A
Ft o RINEE L > 285 ug/kg » Group II 2
benzo[a]anthracene 2 5-methylchrysene E2Group III
Zchrysene /AR INT ng/kghf B R 43 Bl Fy5.45
16.345216.20% » FHIA L3 TEPAHs ZLOQ43 5l K
1.0 ~ 1.5 1.4 pg/kg » KIFLEICEREGE § HARE
< PAHs[EICRAITES2~114% ° DL_E.Z PAHSYIRT
Z B Directive 2005/10/ECH £ 5 AT HR & 5] 1 3K
50~120%" -

» HPLCHg i FR 8 K € E AR 2 AlE

£/ UB2EEEES « Kavran® A (2006) ¥
FeTroche¥E A (2000) 251k » DAS/NELE AR
b EERE > HITSLODE0.04~3 ug/kg 5 PAS/N
FER R 108 A EREYE - HITRLOQK0.2~10 pg/
kg  M#AEZLODKLOQ B R0.06 ng/kgfi0.2
ug/kg * AE FF & 8 EDirective 2005/10/ECE £
fitZ LODZE/NA0.3 ng/kg X LOQZE/INA0.9 ug/kg
ZHAH -
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FLU

FLU

FLU

B = - RAMAEIRNMPAHSIREE 52 S RURABREATE S5 (A) R INGroup | FR2#E520 pgkg ~ (B)iAAMGroup IR

YRR RFANEHEHR (Ann. Rept. BFDA)
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201

' &y
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| 2 A
sl ol e
[T 1T

(A)

DhP

r 60

r40

r20

10 15 20 25 30 35 40 45 50 55 60
Minutes

80

80

60 1

40

20

80

60 1

40 |

20 1

(B)

BkF

BaA

5M
DhA

60

40

10 15 20 25 30 35 40 45 50 55 60
Minutes

80

BaP

Chr
BbF
P
DeP

F60

L40

F20

(|
S 1

10 15 20 25 30 35 40 45 50 55 60
Minutes

kg ~ (C)i&NGroup IKB%ER5 1 glkg

=
R

5 ug/

FLU

FLU

FLU
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5 nglkg 10 pgrkg 20 pgrkg
Group 1 Recovery RSD Recovery RSD Recovery RSD
(%) (%) (%) (%) (%) (%)
Benzol[j]fluoranthene 100.66 3.38 102.80 8.89 78.95 227
Dibenzola,/]pyrene 88.81 11.06 97.32 7.86 95.46 6.11
Indeno[1,2,3-cd]pyrene 94.18 8.82 107.94 4.40 103.84 1.64
Dibenzola,i]pyrene 92.04 222 111.16 2.27 102.45 2.65
Dibenzol[a,h]pyrene 86.46 0.91 109.33 6.17 104.84 10.22
n=3
#t ~ Group 1|12 PAHSTRAN A B A i AE < BT R
1 ng/kg 2 ng/kg 5 nglkg
Recovery RSD Recovery RSD Recovery RSD
(%) (%) (%) (%) (%) (%)

Group I
Benzo[a]anthracene 5.45 1.10 69.01 441 63.85 3.08
5-methylchrysene 16.34 1.59 72.34 2.66 72.32 3.08
Benzo[k]fluoranthene 73.19 7.41 91.42 2.69 91.88 4.17
Dibenzo[a,h]anthrancene 100.66 8.97 114.02 2.99 106.44 7.34
Group II
Chrysene 16.20 3.20 79.73 1.92 60.86 5.09
Benzo[b]fluoranthene 52.82 2.02 79.57 1.39 79.19 6.46
Benzo[a]pyrene 75.18 4.58 96.02 3.09 88.94 6.09
Benzo[ghi]perylene 85.57 5.96 88.65 10.09 88.61 7.56
Dibenzo|a,e]pyrene 91.79 14.06 101.28 3.57 90.37 6.66

n=3

I RESBYE 2O
DANEERT 2 7 253 HTCRM4S5 8.2 i S A g At

kg » BFER{E0.93 + 0.09 ng/kgMR BT » fi5TE
PAHsH 5 5 2 ff SR (EAR R - BERA ST k2 U

[ ERESE

75 ~ GCIMSH 1 K & E MR Z BITE

B 1SRG HFRESEERTRZR
THENTE L E - =1+ 7 BPAHSCAGC/MS 73172
LOQ > DAS/NILE AR 105 H] EZYE » HIELOQ

F55.0~30 pg/kg © HRFTHITG Z LOQMEE

REMEDR > AR DU 5 A ] -

5
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<)\ » PAHs /i¢ HPLC /FLD Z 73 AR IASIRR K2 7 2 1R

RN~ {ZH2EY)E CRM4582 PAHsHERIFE R

i 2

No. PAHS b orb
1 Benzo[a]anthracene 0.2 1.0
2 Chrysene 0.4 1.4
3 5-methylchrysene 0.5 1.5
4 Benzo[j]fluoranthene 3.0 10.0
5 Benzo[b]fluoranthene 0.2 0.8
6 Benzo[k]fluoranthene 0.04 0.2
7 Benzo[a]pyrene 0.06 0.2
8 Dibenzo[a,l]pyrene 1.4 5.0
9 Dibenzo[a,h]anthrancene 1.6 5.0
10 Benzo[ghi]perylene 0.5 2.1
11 Indeno[1,2,3-cd]pyrene 1.0 4.0
12 Dibenzo[a,e]pyrene 0.5 2.0
13 Dibenzo[a,i]pyrene 14 5.0
14 Dibenzo[a,h]pyrene 0.3 1.1

1. Limits of detection.
2. Limit of quantification

T RRBEPRESERERER

&' M HIE20- KT &L .2 TR
fide (£R+—) B3WMAEL - SE#HER
0.20~0.73 ug/kg » 10{44# HHdibenzo[a,e]pyrene
GEHER2.06~6.17 ng/kg » 40 H
benzo[k]fluoranthene * & & #i[& £50.29~0.38 ug/
kg » 2 Hichrysene H & & 55 1.67 5.3.53 ng/kg 5
Hrb R s i STEPAHs (B 75) © FrE
Eakk it BUE E A R A #F &2.0 ug/kg
DUFZH &Y - 20054 f M B i L 28 S

(Food Safety Authority of Ireland, FSAI) fAERAH
#& (Dublin) T &R 1200F - H10f:
R FEYIH - R A SRR 5 B #F 50.08~0.72
ug/kg *” = 20004 Moret 5 A A 55 B #1 ¥ & A
R R B FEER0.9~2.4 ug/kg®” © 20004
Troche % AJRPE LA fili B i - RS ERAR

Certified value  Concentration

PAHs (ppb) found (ppb)
Chrysene 49 £ 04 4.04 = 0.33
Benzo[k]fluoranthene 1.87 £ 0.18 1.96 £ 0.13
Benzo[a]pyrene 0.93 £ 0.09 1.17 = 0.11
Benzo[ghi]perylene 0.97 £ 0.07 0.97 = 0.06
Indeno[1,2,3-cd]pyrene  1.00 £ 0.07 1.00 = 0.03
n=3
R+ PAHs /% GCIMS 27355 £ 1R
Peak No. PAHs LOQ (ng/kg)

1 Cyclopenta[c,d]pyrene 15
2 Benzolj]fluoranthene 7.5
3 Dibenzola,l]pyrene 7.5
4 Indeno[1,2,3-cd]pyrene 7.5
5 Dibenzola,i]pyrene 30
6 Dibenzo[a,h]pyrene 30
7 Benzo[a]anthracene 7.5
8 5-methylchrysene 7.5
9 Benzo[k]fluoranthene 15
10 Dibenzo[ah]anthrancene 15
11 Chrysene 5
12 Benzo[b]fluoranthene 10
13 Benzo[a]pyrene 10
14 Benzo[ghi]perylene 5
15 Dibenzo[a,e]pyrene 15

i ~1.16 ng/kg"” « A7l &ML S
B BRI > WA R -

N~ @& EE

e BURE Akt R AR AR S B AL
MY HEFZEEE (Joint FAO/WHO Expert Com-
mittee on Food Additives, JECFA ) PfA200545F
ERE - HREEEEHATBAR - ZEGX
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RT: 15.79 - 35.30
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2.92E7
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90 6 new-mix15
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Relative Abundance

30 10
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. l | L A
Time (min)
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1. Cyclopental[cd]pyrene; 2. Benzo[a]anthracene; 3. Chrysene; 4. 5-methylchrysene; 5. Benzo[b]fluoranthene; 6.

Benzo[jlfluoranthene; 7. Benzo[fluoranthene; 8. Benzo[a]pyrene; 9. Indeno[1,2,3-cd]pyrene; 10. Dibenzo[a, hlanthrancene; 11.
Benzo[ghilperylene; 12. Dibenzola,pyrene; 13. Dibenzo[a,elpyrene; 14. Dibenzo[a,Jpyrene; 15. Dibenzo[a, h]pyrene
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F+— » RAMBEPPAHSIRERFER

AL ¢ pglkg
e RPN S R T e
PAHs K
Benzo[a]anthracene ND#* ND ND-0.79 ND ND ND ND ND
Chrysene ND ND ND-2.64 ND ND ND 1.25 ND
5-methylchrysene ND ND ND-1.24 ND ND ND ND ND
Benzo[j]fluoranthene ND ND ND ND ND ND ND ND
Benzo[b]fluoranthene ND ND ND ND ND ND ND ND
Benzo[k]fluoranthene ND-0.25 ND ND-0.22 ND ND ND 0.21 0.28
Benzo[a]pyrene ND-0.50 ND ND-0.37 0.24-0.30  0.20-0.26 ND-0.32 0.73 0.72
Dibenzola,l]pyrene ND ND ND ND ND ND ND ND
Dibenzo[a,h]anthrancene ND ND ND ND ND ND ND ND
Benzo[ghi]perylene ND ND ND ND ND ND ND ND
Indeno[1,2,3-cd]pyrene ND ND ND ND ND ND ND ND
Dibenzola,e]pyrene ND-41 ND ND-1.68 298-4.62  3.12-2.55 1.54-2.77 1.62 ND
Dibenzo[a,i]pyrene ND ND ND ND ND ND ND ND
Dibenzo[a,h]pyrene ND ND ND ND ND ND ND ND
Eitil LR 5 2 4 2 2 3 1 1
B HIB ()P 3 - 3 2 2 1 1 1
*ND: A H
40 40
20 N 20
o) I o)
e o
5 S -
M % e L
0 o = oA -0
| L
I
10 ' 20 ' 30 ' 40 ' 50 ' 60
Minutes

Bl7< ~ {iEmiRRE P PAHS Z S XUR AR B AT Bl 5L
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T N AR ENSET &80 N4 RiER
HOR & - A Z BB A - 20004F 5
Bl & HHPAHs Z FEER - FHEHEKEF R
S HE A 1.6 ng/kg bw/day © HAKERE
FiHE & R HSEH#E A 2501 ng/kg bw/day®
A 723 e H B RS 20.20~0.73 ug/kgl
AL HLAR A0 s ERE » MARTTE 6
SN TEHIKRERER ) @ RASHER-3
GREHAEFI45 A% (BG5S ) FHER
HH & R 2 R FEi A& R50.15~0.55 ng/kg bw/
day » SF¥9750.26 ng/kg bw/day °

w m
AHIEFE HE FH 5 ORI BT 5 3 A B R H AR A
14fEPAHs Z & & » THE R HE2004 5 2
ERGR - RIEEEEHEHND~0.73 ng/kg @ 1478
PAHE EHIE BND~6.58 ug/kg  F# i KR
MBI TR 2 2% -
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The Study on the Multiresidue Analytical Method for
Determining PAHs in Edible Oil

CHE-LUN HSU, BO-SHEN WO, SHU-CHU SU AND DANIEL YANG-CHIH SHIH

Food Chemistry Division

ABSTRACT

Polycyclic aromatic hydrocarbons (PAHs) form during food processing or cooking. Some PAHs were
considered as carcinogens. Benzo(a)pyrene was used as a marker for the occurrence and effect of carcinogenic
PAH. In Commission Regulation (EC) No 208/2005, maximun level of benzo(a)pyrene in edible oil was 2.0 pg/
kg.

A method to analyze the contents of 14 PAHs in edible oil was developed in this study. Benzo(a)pyrene was
extracted from edible oils using isohexane/z-butyldimethylether (95:5, v/v) and cleaned up with HR-P cartridge.
The extracts were analyzed by high performance liquid chromatography using with fluorescence detector (HPLC/
FL). The Supelcosil LC-PAH column was used for the separation in HPLC. The LC was affected with a gradient
elution using acetonitrile and water as mobile phase. Excitation and emission wavelengths of the detector were
290 - 314 nm and 398 - 511 nm, respectively. All the linear regression coefficients standard curves of PAHs
were higher than 0.999. The recoveries of PAHs (5 pg/mL) spiked in edible oil were between 60 - 106%. The
limit of detection ranged 0.04 - 3 pg/kg and the limit of quantification was 0.2 — 10 pg/kg. This method was well
qualified for the performance criteria of analysis that is requested by EC. The 13 items of the benzo(a)pyrene

were detected in 20 various edible oils with a concentration range of 0.20 - 0.73 ug/kg.

Key words: edible oil, PAHs, benzo(a)pyrene, HPLC/FL



