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Bay region 2
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Fig. 1. K, L and Bay regions for benzo(a)anthracene, K: external

corner of phenanthrenic moiety in a PAH, L: a pair of opposed open

anthracenic point atoms.
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Fig. 2. Biotransformation process of benzo(a)anthracene; (a) mixed
function oxidase-mediated epoxidation; (b) hydroxylation process with
diols formation; (c) diolepoxides formation; (d) carbocation formation
followed by (e) SN1 adduct formation; (f) SN2 adduct formation and
(g,h) deoxification process with glucuronide or glutathione conjugates

formation.
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Fig 3. The major metabolic pathway of benzo(a)pyrene leading to the ultimate carcinogen,
CYP: cytochrome P450, EH: epoxide hydrolase.
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Table 1. Formular and physical properties of EPA 16 PAHs

. . Vapo

Molecular Molecular  Melting Boiling

PAHs ) o L. pressure
formula weight point(C)  point(T)

(kPa, 25TC)
Naphthalene CioHis 128.18 80.2 218 1.1x10
Acenaphthylene CioHg 152.20 92~93 265~ 2380 3.9x10"
Acenaphtene Ci2Hio 154.20 90~96 271~279 2.1x10"
Fluorene CisHio 166.23 116~118  293~295 8.7x10°
Anthracene CisHio 178.24 96~ 101 340 3.6x10°
Phenanthrene Ci4sHio 178.24 216~219  339~340 2.3x107°
Fluoranthene CisHio 202.26 107~111 375~393 6.5%10"
Pyrene CieHio 202.26 150~156  360~404 3.1x10°
Benzo(a)anthracene CisHiz 228.30 157~167 435 15x10°
Chrysene CisHio 22830  252~256  441~448  57x10 "
Benzo(b)fluoranthene CooHi2 252.32 167~168 481 6.7x10°

Benzo(k)fluoranthene CooHi2 252.32 198 ~217 480~ 481 2.1x10°°

Benzo(a)pyrene CooH)2 25232 177~179  493~496  7.3x10 "
Benzo(g, b, i)perylene CooHi2 27634  275~278 525 1.3x10™"
Indeno(1,2,3-c,d)pyrene  CooHio 27634  162~163 - ca 10"
Dibenzo(a,hanthracene  CooHus 27835  266~270 524 1.3x10™"
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Table 2. Studied lists of PAHs in several countries

Compound ok ISERA e Gamaee o
water) waste water) Association olive oil) (air) Health  Environment

Acenaphthene O
Acenaphthylene
Anthracene O @)
Anthanthrene @) @)
Benzo(a)anthracene 0 0 0 0 0 0
Benzo(a)fluorene 0
Benzo(a)pyrene 0
Benzo(b)fluoranthene 0 0 0 0 0 0 0
Benzo(b)fluorene 0
Benzo(c)phenanthrene 0 0
Benzo(e)pyrene 0
Benzo(ghi)perylene 0 0 0 0 @)
Benzo(j)fluoranthene
Benzo(k)fluoranthene O 0 0 0 0 0 0

_12_



Table 2. continued

WHO/EE Euro
Compound (dﬁ?l{iingC ( US EPA Alﬁmﬁleii; (?)22?:; Itale roray
water) waste water) Association olive oil) (air) Health  Environment

Chrysene O O O O O
Cyclopenta(cd)pyrene @) @)
Dibenzo(a,e)pyrene 0 0 0
Dibenzo(a,h)anthracene 0 @) 0 @) 0 0
Dibenzo(a,h)pyrene @) @) @)
Dibenzo(a,i)pyrene 0 @) @)
Dibenzo(a,l)pyrene @) @)
Fluoranthene @) O O @)
Fluorene 0

Indeno(1,2,3-cd)pyrene 0 0 0 0 @) 0 0
Naphthalene O O
Phenanthrene O O @)
Pyrene @] @] @]
Triphenylene

_13_
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Naphthalene Acenaphthylene Acenaphthene Fluorene
(] A 98
S .
Phenanthrene Anthracene Fluoranthene Pyrene
Benzolalanthracene Chrysene Benzo[blfluoranthene  Benzolklfluoranthene

ul'r“ﬂ'o&

Benzolalpyrene Dibenzola,h]anthracene Benzolg,h,ilperylene Indenol1,2,3-cd]pyrene

Fig. 4. List and Structure of EPA 16 PAHs.
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E3], A4 T2 TARC : International Agency for Research o
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T3, SFE9 %< A F A (supercritical fluid)E 2=y 43S HSA A &)
o & WA F dom FAAGFI Az aA7|de e AFolsd
H7F AA 71ES EuiFEHA vl FEC A8HE Aes dA] @A

1 % gk



o
-

%2593 %9 (microwave extraction)

)

I

He

—

<

M

B

Ui

o

NA

i
™

"

3l (alkali digestion)

G

(liquid-liquid extraction).& 2% AW xZ U PAHsZ

o SE O
ho 5.?':

—

0
HH

1t 7t

el s

e

A A (clean-up) ol o wAA A7 A

&

A ge] Qe me g

747 Z 78 (florisiD®, A2 7}

o
q4ds

al

o

o} 2 1] U (alumina)® 2

vl o
P

A (silica gel)™

PAHsSh 4 al2del Felo WS waolth Lej}

49l

oEe WA

F= PAHs: E771 W9 o

7| &

o olE& EAld

o £7¥ 1

=
T

AR T

wK

o
B

ol

—_
10

it

H7] o

A S

=
|

R

o
=0
T
H

"

(gas chromatography/flame ionization detector, GC/FID), 7] | 3 2 v} & “1g 3

T
s

d

7] (gas chromatography/mass selective dector, GC/MSD)", 1

liquid

performance

*

2 ZvE 289 /d 34 = 7] (high

oN
=l

o] At

==
[<}

chromatography/fluorescence detector, HPLC/FLD)ZO)
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7| Al A ZnrE 18 9 (gas chromatography, GC)& 28 %71 £7)

Fek e AE Zhe AEdA PAHsE AEdt=d §&3% &4

AT dmAen PAHsel ®Ad A&EE GC/FIDE WA WEE
1

(retention time)el] &AM T EHS QA= THol Jormz 19 HEL
H 59 v g v F3 Holr}
HhH GC/MSDE AM&stH ExEd wE 717t PAHsE Hlu 4 g3

(0
ot

T 9o Mezr o2 AHZE(selected ion monitoring, SIM)LH S o]

Zu) o] PAHs7IA] AFE Mo 7158y 99422 (3d YEXE

oo
o
=)

FN

& (isotope labeled internal standards) A& <o 2 w9 A3l AL A

A=)

2 9e 4 A Aol Ak

MSD<+ ion sourceol A &S] Z molecular ion®] Y fragmentation iong 2
@ 2 23+ analyzer(mass filter)o] wel o8 /2 YsE 5+ Aok
°

Fol &

Magnetic Sector Analyzer: ion sourcezZ%-E 7}& 5o ES
271743 A7 = 60°, 90°, 180°)s BHAIH 2N m/zgkel wel A7),
A A single focusing® double focusing®. & TE% =4 ©]% double focusing

55 WA A7) F(electrostatic analyser : ESA)S E3AA T3

Mo

sAdUAE Zt= JATS Rol 27| & (magnetic analyzer)S &3 A 7 O 24
gt ¢ Qe = BEss 2=t
H

Quadropole Analyzere= A4S AFE3A i A @74 W

Fe A Aold Foleg

S
ot

Aoz el AFF 745 WUE BPow WAL YAAS F MO

AFMDO) BFAC)E AFaA =date] Holsozn dAF3 m/zgke 7t

e A sz AL o v @Azl Vm/zell vlEstE dEE 9
83l ZHolH, Ton Trap Analyzerv m/z2 AEEH W9 W o]&E5% ring

electrode W52 A7 &7 FoAw & A7 FS WA IH o259 o
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L4408 F& FHHAAE dEE o] &% WHom o2 4o
E7F §-473% Wb 24A 8} 8 9ES-(self-chemical reaction) wji&el A g4
ofell AHEH 7= FAT HTel= olgd EAHES Bd] oy Fo
A&stE o At

T3 HPLC/FLD+= A= ZvlE 129 (liquid chromatography) AFA|e] w
S Faled 29 o ddAS PAHsE 783 + e @4 dEd Ass

ZkAmk PAHsO 32~ Eqo] 742 ol 54& 2t FFHEVE o1&
3 Bge Eld 22 5E 802 PAHsE ¥ AZ3s 4 9},

7. 1887}

AAZ A E Ag FAHT] AR AL Ao FdHor o &
H 7] A &g ol Foltt. F, AxE A re] T giEe] A FHIES W
Absell gt 27 S7rgem old mel W dAxE wd el <k
de Ayl Sall fAdE Ads FdEAT. 2 A 44 T
A S FAE st AEstdod, HAShA dAE wHLse HHAS
gt sHA YTk A = Ksta Ak EE o3 A& A&l ofH Eh
dstel 9 FrrE HE 5 gle ddol7le AN g, BIF Fof oA
TR BgdRd o] obAA AL wIlH ZokmA Sl dE7E AA 7}
avA FEFAelA Rttt EAMAS Ada A7) wEelt. 2Eu A7t
As fadd7hs Al Ed = Sl Wye] AdEA Xstar ez A
Ao o] Hopg A% He WA E AT A Fojp

AA fAaIdHE A Y] R 9843 7Hrisk assessment)9F 9] 3
L #¥(risk management)oF® Y= 7 i, fEdB7tE A 9@
?l(hazard identification), =% % 7}(exposure assessment), & ZF-4¥-3-37}

(dose-response assessment) 2 93l =44 (risk assessment) .2 FE3 F



o zhzbel AR y9ge 19 5el e

fgd8de 544F 4 AT 5 Tt g5 - nAEH - B
2 geesle] fa4, 54 2 1 dEEs FHsts d4% 5497 4o
ZA gadEAde fa 28 384 A4 44 Ze” (environmental fate,

transformation and transport) 2 442" & ZAEke] <o Wi 2
F5F"e Adgee dACIHIH 6).

Aadd s SE(FHE, ES A7) 2 AE T wFallEs =49 A=
o] olse] #I AF HolRA YAEAY FHFEITAHAELD T FIUAE
Al met FF AR wg Aol 7b dnh webA SehE/E Al G (kow),

el g, = e Sde s =2 st Jde deofst= Aol W =+

T3 3 T 29d EAdo A AUE FUHEA Fe B AE S
HZ AW S5Ee=xE g doF 3t (transformation). 12 1L
st M- =29 FaAlEZAo U7, Aty S 9 o5 E= Eite] 4

U oo fel it s AR QA =EFAE s o] W% F28 2

S49 dFe o
b g AR A5H Arolr A F4E %A o)
e A GA BEAA ARG F 5 Ak

fEA 25 AAZA IARCY ®(nternational Agency on Cancer Research)

<
-
E];ﬂ_ q]/g—%ﬁ_o,] %/\-] = dlol ] %O]%]/\‘] 1;.1 :t:lL]\c‘l
2]
=
=
L

2
r‘O

A A 2 U.S.EPA(United States Environmental Protection Agency) A7} 1Tt
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* Chemical, Physical prop.
* Toxicity data of animal

* Epidemiology data

* Carcinogenecity

Hazard |dentification

Exposure assessment Dose-response assessment
[ I

[ | I |

Environmental

exposure

Human exposure Carcinogen Noncarcinogen

* Data of carcinogen
« Extrapolation(high to low « NOAEL. LOAEL

onc. mathe. Modeling) * Uncertainty factor(UF)

* Scaling of dosage « Reference dose(RfD)
« Slope factor

« Unit risk
v

Risk assessment

Carcinogen : excessive cancer risk
Noncarcinogen : Hazard index

* Chronic daily intake
* Subchronic daily intake
* Acute daily intake

Fig. 5. Arrangement of risk assessment.
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Chemical, Physical Environmental Toxicities Data
Properties Fates

Vapor pressure Advection Carcinogenicity
Kow(Octanol-water Volatilization Acute—/Subchronic-/Chronic
partition coefficient) Sorption Toxicity
Koc(Organic carbon Hydrolysis Mutagenicity
partition coefficient) Photolysis Teratogenicity
Water solubility Redox Developmgntal to.xi‘city
Melting point Specific reactions Reprodugtlve t9x.'c'ty
Henry’s law constant Biouptake Systematic toxicity
Diffusion coefficient Bioaccumulation NOAEL (No observed

) o adverse effect level)
KD (Sorption coefficient) Metabolism/ LOAEL (Lowest observed
Media-specific Biodegradation adverse effect level)
Transformation rates Epidemiology data

Classification of carcinogenicity

A : Carcinogen to human

B1, B2 : Probably carcinogenic to human

C : Possibly carcinogenic to human

D : Not classified

E : No evidence of carcinogenicity to human

Fig. 6. Informations and data for hazard identification.
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= U.S. EPAY

al
© 2 Group A~E7ZFA BF3a 9lon Group BE B, B9 ¥ 18& z72te=

o i 7o Av #9049 A wtE A (human carcinogen), B F3

o

o] Al ¢} & A (probable  human carcinogen), C¥ 7}s3F <A wotE 4
(possible human carcinogen), D& <AL I Edz {3 = ¢l 4 (not
classifiable as human carcinogen), Ei= <1A4 #H]@dAd &4 (evidence of
non-carcinogen for human)®Z &% ™ Group B & B2 9G4 et
del AgtdE SAE Zte EHoH By & EgAY FEE A =
EAZA A dig EFEAY A 2 A5V gl 24S T

T3k, TARCAH A9 Group 12 <A%<= (carcinogenic to human), Group

2AE 93k ¢l A werE 4 (probably carcinogenic to human), Group 2B¥ 7}

53k <l A ¥t E A (possibly carcinogenic to human), Group 32 <A Wt E4
2 BHFd 4 9le ZZ(not classifiable as to its human), Group 4% 93}

A & <ol A ok & A (probably not carcinogenic to human)® &3t <

AA

—

al
th. USEPAIA PAHsE $Add £d= A4 165 PAHsel o
IARC A AIst US. EPA AA 575 & 3 el

2) =347}

wE@Ate Fotd v gRd - 2o fdadld g AAeERE -
FAE, NE, 717 5o FASSL B4R 2AF 19 A=A

[

30,
s 3
ol
EoE
N &
oo
o
ftd
>
o,
r

Ao 4 =F gt A =ERUtE £

N
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Table 3. Classification of EPA 16 PAHs

No. PAHs IARC EPA
1 Naphthalene 2B D
2 Acenaphthylene 2B D
3 Acenaphthene 2B D
4 Fluorene 3 D
5 Phenanthrene 3 D
6 Anthracene 3 D
7 Fluoranthene 3 D
8 Pyrene 3 D
9 Benzo(a)anthracene 2A B2
10 Chrysene 3 B2
11 Benzo(b)fluoranthene 2B B2
12 Benzo(k)fluoranthene 2B B2
13 Benzo(a)pyrene 2A B2
14 Dibenzo(a,h)anthracene 2A B2
15 Benzo(g, h i)perylene 3 D
16 Indeno(1,2,3-c¢,d)pyrene 2B B2
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Environmental

exposure assessment

Human
exposure assessment

* Direct analysis
* Deduction of modeling

Measurement of chemicals
in exposed environments

* Fate of chemicals
Patterns transport

Exposure routes & * Types of Analysis

Make a exposure — | * Population in exposure

scenario * Routes of exposure

* Frequencies of exposure

* Durations of exposure

* Exposure equations

according routes
* Variables of exposure
* Monte—Carlo Simulation

Calculate of
exposure amount

Fig. 7. Orders and contents of exposure assessment.
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s #EEE Fa% Axtelt)

o] gt LJAteleE wWe B
Agtaty] 918 o8 7hA e i Ede] AlgE 5 e o5 94
o wet Ao zEE FIAE wHEd g &Fe] Fe Z Aol E YERA
ot

&F e T4 el 7pA QAtrde) wel F e APAFdERH o
2 A3E a4 #r}). linear 9o H3+] supralinear 22S 7228 ko] dosed]]
i3t & responses YEEZ &3] A7 () risk)E 7P, HHd
o sublinear 2@ 22 &9 dosed st Z2 responses UEMEZ i
BF7F (B4 risk)E UERALL

T2 Aol A vEetEde] fal=dErbeE 1943 8] -8 F(acceptable
daily intake, ADI : WHO®I A Aotst HA HHN = fF3dFo] YelyA] <&
=0 #AdHe A 9 19 AdAdASER) e A 28] A E =,

ADIE AgHew dojd gH-uwrgRdonvy A4H, AUT4EFno

stddol s Hed ol d Eea

oo

3y

N
|

observed adverse effect level, NOAEL : A A A3l S Ao A Azt
G &Fo] UetA f= A& F(mg/kg b.w./day)lell elsta] A&
#els 2A-ste =82 AR oA AL Sl
NOAEL2 ARl st Ao AEHor fod A= 54 =
AEHE UBA F2 SAELY &t & A 9o Fod A=
&

adverse effectE YEPUA] &Z&= 7HE =&

B
x

iy
Jo

a)
f
o
H

=9A Z2 Aol YElU= baseline adverse effect®] d&eol < sl
e W=t 12 o] NOAELS & &0l wi:A fleles do7A &&=
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o] YeEtUHA et ddEHE A 9 194 Ad ==
LER Ao A9t 7Fo] NOAELY & 824 <1#}2l UF(uncertainty fact!
gatal AtEoA = ger e BUHE flste]l AMEHE VIEo] WO
ol

=, gE-drgaHdoR7HEE NOAELES T3+ ©l7F ©] benchmark
dose(BMD : =& 7+ Faldd HAo] 44 v& Yed Aoz o=
He A4 4bE £3)90 RIDE A4S @18k Aot} o] RID & Wby o

2 mg/kg AE-dayz thepfjo] 7o,

RfD=NOAEL/(UF x MF)

NOAELE +& F glv d9de A& F[lowest observed adverse
effect level, LOAEL : falddo] #&AH = FHAE&ZHF(mg/kg b.w./day)l=
RfD=LOAEL/(UF x MF)9| 2] & Ap&3tt},

MF (modifying factor)= #H7F4< &322 A2 HE 10 ©3e] £AE
Ab&stH, AFEE MF A7) UFeA wds A e 544 JAAE AHES
of yetdola HEZHQ AT Ad oo AP oknt 3o}

AR BEAA AR AFES (1) A4S HEAEo] FU|F w=EH o

Qe APAAZRE S S AP x 109 A4 At IR 2

—o

T fAY ol g g data® A= ol B B AdEEAA I =E:A
A 42 daE ArEEte] @A w, or]d FUtH e x 108 AFEFH. o]
23 datas Abgel Al 4 stE A #EE ESAA dxtelt

=
(10A =aL o). (3) &7IzbEst Abdel =F A7 datas] ©]&°] &7ls &
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2 HI7FH< x 10 QAAE AFESTr (10S 2o ko). (4) o 7)ol ~
Aol LOAEL (lowest observed adverse effect leve) 238 RfDE
A E g2 H7HEQ x 10 AAE AFE St ornt stk (10L o] 23k

rr

o).

% 49l diE+tel tiste] NOEL, NOAEL ¥ LOAEL®] oj= A% &) 3ol
2 YW EAE o2 or dF 5o AAsAT

Az #HAE 54 endpoint® 3+ 45, NOAEL & A& dixatd H
stal o 2% FoAd e HAE el W, LOAEL & @A F
20%° #2E vels &Fe=w Adstal Stk NOEL& ZolA = dxa
Aol & UER A ek

AntH oz RfD WUl 2 &3 A= adverse health risk7} dojd 7
dol A¢l gler, o] mAdEde Ao A= #ye B #ile] a2t

a7 @t et RIDE s7bes §de =% 8 At ATguel

ol

1o

adverse health riskE& 7F4d &&o] F7ldv. 23t RfDo| st &A=
risk7} EA8HA] &L RfDold e & Aw risk7} EAddvis HES
g A2 e 1A T

Cancer riskE& ®&43t7] 913 A dAl= Aol =¥ F9leAe o &
Aegd sgE &ZFAtole] #AE AHAAse= Aoln. olelg HFA <
risk® ALl A ofw Zdo] Atge A WS HEdHdE Ae dAxdS

2 At gt o SRl g B A4 AEAe Faw

=

2 AEHQ riske] @bl =g A Foldvs A2 FxE
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Table 4. Hypothetical data to illustrate reference dose concept

Dose

(mg/kg-day)

Observation

Effect level

Control-no adverse effects observed

No statistically or biologically significant differences

between treated and control animals

NOEL

2% decrease () in body weight gain (not considered
to be of biological significance) Increased ratio of
liver weight to body  weight Histopathology
indistinguishable from controls Elevated liver enzyme

levels

NOAEL

25

20% decrease (*) in body weight gain Increased liver
weight (*) to body weight gain Enlarged fatty liver
with vacuole formation Increased liver enzyme levels

()

LOAEL

# Statistically significant compared to controls

(Barnes and Dourson, 1988)
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Select to
carcinogenic data

Dose-reponse
relation plotting

] ] Abott’s formula
Calculate risk value according . (R-control)
to dose by Abott’s formula Rc= — x100
(1-control)

Select to maximal dose in
50 % of calculated risk value

- Multistage model
Select to - Weibull

extrapolate model - Log-Normal

- Mantel-Bryan

Calulate to oral slope factor

: - Exposure pathway
conversion factor - Exposure Concentration
(animal - human) - Exposure frequency

(high dosel - low dose) - Exposure duration
--Body weight or skin area

Cancer potency, Q ;"
Unit risk
Actually safety dose

Fig. 8. General scheme of dose-response assessment for carcinogen.



N 0 4

(B)

S

Q;*(Slope factor)

Risk
R L
E X
S —+
P
o —+
N X
s | 10°
E —Mu N\
) o
G / Unit Rigk
; ;n/aprﬁal, Mantel-Bryan

T

Dose (mg/kg/day)

| >

1.0 10.0 100
Dose

VSD
(Virtually Safety Dose)

Fig. 9. The examples of mathmatical models (A) and quantitation

of Ql* (B)

_32_



Table 5. Models used in risk extrapolation

Models Descriptions (or Assumptions)

. - Single stage for cancer and one molecular or radi
One-hit

interaction indudes malignant change
(One stage)

- Very conservative

Multihit - Multiple critical number of hits for the adverse response

- Maximizing the likelihood function over polynomials ;

Multistage 2 k
P(d) = 1- eXp[*(}\o + Aid+ Aed” + e e o+ ANid )]

- Multistage for cancer

- Fits curve to experimental data

Mechanistic | Linearized . .
- Linear from upper confidence level to zero

multistage . . .
& (A¢x in multistage model are replaced with the upper
confidence limit of Ay")
Stochastic . .
- Based on two-stage model for carcinogenesis where
two-stage

two mutations are required for carcinogenesis
(MVK model)

- Assumed @ multistage for cancer
PBPKs - Fits curve to experimental data
- Linear from upper confidence level to zero

- Estimates the probability of response at a specified dose
(d): P(d)=dla+Blog dl,”
Log-probit - Assumed S shapes at low doses.

- Sigmoid curves are symmetrical around 50% response

level.
Statistical or - Derived from chemical kinetic theory :
distributional Lot P(d)=[1-expla+BLog d)]"
ogi
& - Log logistic curves approach the 0 and 100% response
levels with a more shallow curve shape
- Similar dose-response function to multihit model ;
Weibull P(d)=1-exp[-Ad"]

- k : critical number of hits

*% O ! cummulative function for a normal distribution of the Jlog tolerances

with standard deviation 0 and mean p. (a=p/o, B=-1/0)
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Table 6. The maximum permissible level of various countries

Maximum limits

Smoked food Germany, Austria, Poland, BaP 1 ng/g
Israel, Switzerland

Edible oil Germany | Heavy PAHs” 5 ng/g
(German Society for Fat
Science)
Spain Total PAHs” 2 ng/g
(Pomace olive oil)
Canada Total PAHs” 3 ngTEQ/g
(Pomace olive oil)

Smoke Korea BaP 10 ng/g

flavours

1) Heavy PAHs : BaA, BbF, BkF, BaP, DahA, BghiP, IcdP
2) Total PAHs : BaA, BbF, BiF, BeP, BaP, DahA, BghiP, IcdP
3) BaP toxic equivalents
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in various food types

Table 7. Summary of extraction, clean—-up and analytical methods for the determination of PAHs

Extraction

Clean-up

Analysis

Food type

General review

KOH saponification, sonication,
Soxhlet, cyclohexane/caffeine-
formic acid solution

Saponification, propylene

carbonate extraction of a

dried celite/sodium sulphate/food
mixture, partitioning into DMSO
following caffeine-formic acid
complexation (fats and oils), Soxhlet

Ultrasonication with CHClI3
Saponification

Saponification

Saponification

Saponification

Liquid-liquid
chromatography, silica gel,
HPLC

Liquid-liquid partition,
liquid-solid chromatography,
TLC, GPC

GPC
SPE then silica

Silica gel column

Liquid-liquid extraction

Liquid-liquid extraction
HPLC

LC-fluorescence

TLC
HPLC-UV (254nm)
GC-FID, GC-MS

TLC

GC-FID, GC-MS
HPLC-UV
HPLC-fluorescence

HPLC-fluorescence
HPLC-UV

HPLC-fluorescence
TLC-densitometry
(336nm)

HPLC-fluorescence

GC-MS

Spinach, infant formula, egg,
oil, bran cereal

Meat, vegetable oils, smoked
products, fish, plant tissue

Oils and fats, smoked sausage,
wheat grain, malt, sugar—beer,
fibre, lettuce, rye grain, cereal
products, total diet samples

Smoked meat products
Beef

Smoked meat, bacon, fish,
tea, flavours, herbs, spices.
vegetable oils, roasted coffee,
coffee extracts

UK total diet sample

Fish and shellfish
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Table 7. continue

Extraction Clean—-up Analysis Food type

Saponification KS and silica gel columns, GC-FID Fish
GPC

Saponification Liquid-liquid partition, GC-FID Meat, poultry, smoked fish,
column, chromatography on yeast
silica gel then Swphadex LH 20

Saponification liquid-liquid partition HPLC-fluorescence vegetables, fruit, pasta, rice,

Soxhlet then saponification

LC(silica gel) followed by in-line
solvent evaporation

Donor-acceptor complex
chromatography (DACC)-HPLC

LC(silica)

Supercritical fluid extrcaction (COs—
methanol) following freeze drying

Solvent (DCM) extraction

Sep-pak florisil cartridge

LC(aminosilane column)

DACC-HPLC

LC(silica)

SPE alumina/silica gel 60 &
C18

None

(290nm/430nm)

HPLC-UV (254nm)
HPLC-fluorescence
GC-MS
GC-FID

HPLC-fluorescence

GC-MS

HPLC-UV (254nm)

SFC-UV (254nm)
HPLC-UV (254nm)

fish, milk, yogurt, cheese,
meat, eggs, vegetable oils,
butter, chocolate, wine, beer,
coffee, pizza

Smoked chicken

Edible oils

Edible oils

Vegetable oils

Smoked and broiled fish

Water
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Table 7. continued

Extraction

Clean—-up

Analysis

Food type

Liquid-solid extraction with
Sep-pak C18, SDB disks

Solvent (cyclohexane) extraction

Solvent (cyclohexane)extraction

Solvent (cyclohexane)extraction

Caffeine-formic acid complexation

Homogenisation with
trichlorotrifluorethane (TCFE)

None

Liquid-liquid partition, column
chromatography on silica gel
then Sephadex LH 20

liquid-liquid, silica column

Liquid-liquid partition, GPC

Liquid-solid chromatography,
TLC

Liquid-liquid partition

HPLC-fluorescence

GC-FID
GC-MS

GC-FID
GC-MS

GC-MS

GC-FID

TLC-direct fluorimetry
GC-FID

Water

Oils and fats

Edible oils

Vegetable oils

Vegetable fats and oils

Ham
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dibenzo(a,hanthracene 8~24 mwf, benzo(g, hiperylenee 4~24 ml,
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Table 9. Fractional recovery in n-hexane and 10 % dichloromethane : n—hexane

AT n-hexane 10 % dichloromethane : n-hexane Total recovery

0~4m¢  4~8ml | 8~12m0 12~16mf 16~20m 20~ 24ml (%)

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, hanthracene 0.00 0.00 0.50 85.08 6.88 0.21 92.67
Benzo(g, i ) perylene 0.00 0.51 1.61 79.07 5.93 0.33 87.45
Indeno(1,2,3-c,d)pyrene 0.00 0.47 2.56 84.84 2.56 0.00 90.43
Average 0.00 0.12 7.34 83.51 2.29 0.08 93.33
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Table 10. Retention times (RT) and mass spectral characteristic ions

of PAHs.

Compound RT(min) M.W." Characteristic Ion(m/z, %)
benzo(a)anthrathcene 42.57 228 228(100) 226(90) 229(25)
chrysene 42.82 228 228(100) 226(80) 229(20)
crysene—di» 42 .68 240 240(100) 120(10)
benzo(b/fluoranthene 48.90 252 252(100) 253(70) 126(10)
benzo(k)fluoranthene 49.03 252 252(100) 253(65) 126(10)
benzo(a)pyrene 50.57 252 253(100) 252(80) 126(10)
inden(1,2,3-c,d)pyrene 57.59 276 276(100) 277(25) 138(8)
dibenzo(a, h)anthracene 57.82 278 278(100) 279(30) 139(5)
benzo(g,h,)perylene 59.51 276 276(100) 277(20) 138(8)

* ¢ molecular weight

*% .
: relative abundance %
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Atz o5 AEFS ¢t 7 PAHS A& Ausly d&EHo=
AAE = AEol 2 HAMH(selected ion monitoring, SIM)e] ¢ & -&3}t}.
SIM mode+= o9 dedor WalEdEe] dolas AA FAAIAL W
HoOBAE A st PAHs Jola9 #HEE A4 ZE7kA 70t

b A F oA 7 PAHsS &gl (detection of limit @ LOD)E SIM
mode® L& F, ZF PAHsd W3k Ao 7<% (relative response factor,
RRF) % T54= X%d WHEFEH crysene dipEs AH&3te]l 23S HF
M9 AHATE & 11 YEA T

% 1lelA BZol A&FSA+= PAHs 7x<F Ao A7le 433

2 Ueud. 353 FHdE AR F AR

=z
=
(split) == H] E3H(splitless) WA o Wt E e AgS wb=t} Wk

i
>
AE
pot

&

gl 5-67l& Z&  dibenzo(a,

h)anthracene,  benzo(g,h,i)perylene EL
inden(1,2,3-cd)pyrene©] =< HZ37A9 3ts HEIUFI 2™ SIM mode= 4
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Table 11. Detection limits of 8 PAHs obtained with GC-MS-SIM

mode at signal to noise ratio 3.

Compound LOD(yg/g) RRF R’
benzo(a)anthracene 0.02 1.15 0.9995
chrysene 0.02 1.30 0.9996
benzo(b/fluoranthene 0.41 0.61 0.9998
benzo(k)fluoranthene 0.35 0.74 0.9997
benzo(a)pyrene 0.4 0.50 0.9995
inden(1,2,3-cd)pyrene 0.15 0.32 0.9998
dibenzo(a,h)anthracene 0.2 0.40 0.9997
benzo(g,h,i)perylene 0.18 0.24 0.9996

Relative response factors (RRFs) were calculated by the peak area of 1 pg/g of each PAH
into the peak area of 1 ug/g of crysene-diz using GC-MS-SIM mode.
RRF = (concentration of crysene-djs/concentration of each standard PAH)

X (area of each standard PAH/arca of crysene-dis)
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Fig 13. GC/MSD chromatogram of PAHs by SIM mode.
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Table 12. Operating condition of GC/MSD

Column : DB5/MS (30 m x 0.25 m x 0.25 ym)

Carrier gas : He at 1.0 m{/min
Injector mode : splitless

Injection port temp. : 270 T
Transfer line temp. : 290 T

Ion source temp. : 200 C

Oven temp. program :

Initial temp. Initial time rate final temp. final time
(T) (min.) (T/min) () (min.)
65 1 7 200 5
4 300 10

Solvent delay time : 40 min

Group Start Time(min.)
1 40
2 45
3 53

Selected Ions (m/z)
120, 226, 228, 229, 240
126, 252, 253

138, 139, 276, 277, 278,279
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Table 13. Maximum and programmed wavelengths of 8 PAHs using fluorescence detector

maximum fluorescence(nm) programmed fluorescence(nm)
PAH RT

Ex Em Ex Em
benzo(a)anthracene 12.21 308 410 254 390
chrysene 13.21 267 384 254 390
benzo(b)fluoranthene 16.65 298 440 260 420
benzo(k)fluoranthene 18.36 308 411 260 420
benzo(a)pyrene 20.51 384 406 260 420
dibenzo(a, A anthracene 22.56 296 396 260 420
benzo(g, b )perylene 25.51 383 408 260 420
indeno(1,2,3-c,d)pyrene 26.43 293 498 293 498
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Table 14. Operating condition of HPLC/FLD

Column

Flow rate

Solvent system

Injection volume

Wavelength
(Ex/Em)

Supelcosil LC-PAH column (25 cm x 4.6 mm)

with Supelguard LC-18

1 m¢/min

Omin
20min
2bmin
27min

40min
20 uf

0-15min
15-26min
26-40min

ACN
80%
1002
100%
80%
80%

254 nm/390 nm
260 nm/420 nm
293 mm/498 nm

HZO
20%
0%
0%
20%
20%
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ISTD

LU

Sample

W

B F
1STD

Standard

BaF

Bas,
CRY

BbF

[ ahe,
Bghip
BbF
Bl F

BaF

r,_._

S
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] _ﬁ
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Fig. 14. HPLC/FLD Chromatogram of PAHs. BaA: benzo(a)anthracene, CRY: chrysene,
BbF: benzo(b)fluoranthene, BkF: benzo(k)fluoranthene, BaP: benzo(a)pyrene,
DahA: dibenzo(a, h)anthracene, ISTD: 3-methylcholanthrene BghiP: benzo(g,h, i)perylene,

IcdP: indeno(1,2,3-c,d)pyrene
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Table 15. Limits of detection(LOD), mean recoveries(R) and
coefficients of variation(CV) of PAHs spiked to mackerel

samples(n=10)

PAHs LOD(ng/g)  R(%)  CV(%) R?
Benzo(a)anthracene 0.02 106.3 5.1 0.9998
Chrysene 0.02 102.8 5.4 0.9998
Benzo(b)fluoranthene 0.002 103.4 3.9 0.9998
Benzo(k)fluoranthene 0.005 104.2 5.1 0.9998
Benzo(a)pyrene 0.013 103.9 3.7 0.9997
Dibenzo(a,h)anthracene 0.03 99.1 6.2 0.9998
Benzo(g, b i) perylene 0.03 89.6 5.8 1.0000
Indeno(1,2,3-¢,d)pyrene 0.5 100.6 4.7 0.9995

_65_



7V&% 5 PAHs 2YEH

=
2
&
4
¥g

TH OAaHAE T AAZe] B oF 12F, dlF 5F, tEE TEE A
&, =3, oA, F5, FAe 5 =4 7 Al 4 4 A FHE F 205 A
=g gz AR 16).

T3t PAHs9 YA EL S benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene,

dibenzo(a, hanthracene, benzo(g,h )perylene, indeno(1,2,3-¢,d)pyrenes 8%F

PAHs® A A3t}

2. Aok 2 E£47171

MEEFEY benzo(a)anthracene, chrysene, benzo( b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a, hanthracene,
benzo(g, h perylene, indeno(1,2,3-¢,d)pyrene @} YH-EF=EH

3-methylcholanthreneS Chem Service(USA)S A 4 3te] A3k & AF&3)
Fom EFRTFENS o5 MERETENAS &7, A & FAste] A&
S

n-hexane, ethanol, dichloromethane, acetonitrile %<2 HPLC-& (Merck,

Germany)< A3 21 potassium hydroxider= WakoAl A& A& &St}
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Table 16. List and average consumption of food samples

Daily

Food group Food item intakeﬁn Izlozl)d No.
(g/day)
Squid (273 9]) 6.1 1.0 10
Mackerel (1135 ]) 5.6 20.8 10
Alaska Pollack (Y4 H) 5.3 15 10
Yellow Croaker (37]) 4.0 6.2 10
Anchovy (& 3A]) 3.1 49 10
. Hair Tail (&X]) 2.5 7.5 10
Fish
Flatfish (g #]) 1.5 1.7 10
Spanish Mackerel (2Fx]) 1.1 10.6 10
Tuna (th&e]) 1.0 1.0 10
Pacific Saury (Z3X]) 09 19.4 10
Pacific Cod (") 0.9 1.1 10
Herring (%4 1) 0.0 19.0 10
Sub Total (average) 32.0 (79) 120
Short-necked Clam (¥}%] 2}) 2.0 1.1 10
Oyster (&) 1.1 2.1 10
Shellfish  Granulated Ark (ZL3}) 0.4 15 10
Kind of Clam (#3}) 0.3 1.0 10
Sea Mussel (&3%) 0.3 1.7 10
Sub Total (average) 4.1 (15) 50
Tuna Can (FA&x49) 2.0 2.1 5
Mackerel Can (iS5 8%49) - 9.9 5
Saury Can (ZX&5xd) - 18.8 5
Processed
products Whelk Can (2ol x4) - 0.7 5
Pollack Slice ('8 ¥ 3%) 1.0 2.4 5
Squid Slice (2 ]3¥E) 0.9 2.7 5
Dried File Fish Fillet (F X 3) 0.3 - 5
Sub Total (average) 4.2 (52) 35
Total 24% 40.3 205
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3} 22 W<l blender® 33 o
BE Ame dd A9 3 F EelA AFAs

composite Al B2 ZAsgon 24 A7A WE ®23(-30T)sHg o)

2) 2L

AAE #-e 19 169 Zom Y5 HAS AEE A2 s &
°F 10 g& A ZFstaz 1M KOH - ethanol &<} 100 m(<F $HA flaskel] @i W
FREFE=EE000 ng/g) 1 mE H7bskA .

o] wWj &A% (blank)¢} th2&A 2 (QC) %= 1M KOH - ethanol &<} 100 m¢<k

FEFEH000 ng/g) 1 ME ¥ RASNE EFEFEN ug/g) 100

g
WE AN T ARYLFAE FHA AL,

3) F&
¥z & p-hexane 50 mE SHILGVE N EFY dojFa
ethanol:n-hexane(1:1) &< 50 mME o] &3A EAAF] FHTE. EHA T
50 mo] EHFE P IBAA BEFH ANFoR £EAZ F p-hexaned
n-hexane& < <75 50 M2 33 A F3 F F 5 NaSO,s E9AA &
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Homogenized Sample 10 g
100 ml 1M K OH/Ethanol
Spike ISTD (3-Methylcholanthrene)

'

Boil under reflux for 3hat 80C |

v

Add 50 ml n-Hexane,
50 ml EtOH : n-Hexane (1:1)

Transfer to the Seperatory funnel
with 50 ml deionized-water

v

Extract with 50 ml n-Hexane
(2 times)

v

Wash with 50ml DI-water (3 times)

'

Dehydrate with
Sodium sulfate anhydrous

v

Concentrate to near dryness(2 mL) on arotary evaporator |

Purify by Sep-Pak Florisil Vac 6 cc(1g) Cartridge
* Activation : DCM 10 ml — n-hexane 20 ml
* Elution : n-hexane 8 ml — n-hexane/DCM (3:1) 12 ml

v

Concentrate to near dryness
on a Turbo-V ap evaporator

v v

| Dissolvein ACN | | Dissolve in n-Hexane |
v v

| HPLC/FLD | GCIMSD |

Fig. 15. Flow diagram of PAHs analysis in fish, shellfish and

their processed products.
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4) AA

Sep-Pak florisil cartridge(Waters, USA)E dichloromethane 10

n-hexane 20 m= &g ¢ A&t &4 A7 Sep-Pak florisil
cartridged] F% =4S 718t np-hexane 8 ml ¢} n-hexane:dichloromethane
(3:1) 12 Mz #AE =2 EE=A A

A 2 EFAE FEEEEV)NAN Axrtrz 55T F JAE
acetonitrile® A AEFES 1 M2 3t o] = 045 gm membrane filterE %

A1 A HPLC/FLD® 243} t}.

5) 7171 &4

Alm dAErE ¢5¥ PAHse 717124& 918 HPLC/FLDE AH&3H]

AAY7F ¢45¥ batchE +A4E wvitt HPLC/FLDQ sequencev 7743

AE 93 5 point EFE9, acetonitrile, blank, QC, acetonitrile, A&,

oz Aol B4 F AW F dE wA

A
to

acetonitrile, 1 point 7+ &

S WA sk
4. 43 4 31 F

1) odHF 2 713 % 5 PAHs9 o9dd 2 g3
< 20619 A5, HF R JhEFel dig 87F4 PAHse /M 2 & S
¥ 17, 19 16-249F 2t}
oAulF 2 7hEFE F 87FA F PAHs9 #Hit d#HS 023 ng/golen o
# 026 ng/g, M7 048 ng/g, 7+EE 006 ng/gS = Kellice 5779 @1+ 2
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sl Wz fEolglen AR, o, HEES £ow ot

w3k o F 2 UbEEe JiE PAH #Hit $#ES benzo(a)anthrac

=, chrysene 0.01 ng/g, benzo(b)fluoranthene 0.04 ng/g, benzo(k)fluorant
0.07 ng/g, benzo(a)pyrene 0.05 ng/g, dibenzo(a,hanthracene 0.004 ng/g,
benzo(g,hDperylene 0.0008 ng/g, indeno(1,2,3-c,d)pyrene 0.06 ng/g<] AT}

o9 /¥ PAH %S benzo(a)anthracene + 73, chrysene 73,
benzo(b)fluoranthene  0.008 ng/g, benzo(k)fluoranthene 0.06 ng/g,
benzo(a)pyrene 0.06 ng/g, dibenzo(a, h)anthracene 0.008 ng/g,
benzo(g,hperylene 0.002 ng/g, indeno(1,2,3-c,dpyrene 0.12 ng/g<] 3o
B3¢ /i PAH =S benzo(a)anthracene 7%, chrysene 0.04 ng/g,
benzo(b)fluoranthene  0.22 ng/g, benzo(Kfluoranthene 0.12 ng/g,
benzo(a)pyrene 0.07 ng/g, dibenzo(a, h)anthracene 24%,
benzo(g, b perylene &7 %, indeno(1,2,3-¢,d)pyrene &7 <] 3l t}.
a8 7hEEe il PAH 8 %2 benzo(a)anthracene =7 %, chrysene &
A%, benzo(b)fluoranthene 0.003 ng/g, benzo(k)fluoranthene 0.03 ng/g,
benzo(a)pyrene 0.03 ng/g, dibenzo(a, h)anthracene 2H1=,
benzo(g,hperylene &7 2, indeno(1,2,3-c,d)pyrene &7 & o] At}

o] {9l A += benzo(a)anthracene, chrysene® 4i1#] PAHs7} E7@EFollonm
T2 benzo(a)pyrene, indeno(1,2,3-c,d)pyrene 53 #S 5-61L2 PAHs7| #
=5 A

Wb 9 Fo A = chrysene, benzo(b)fluoranthene &3 o] 4-5312] PAHs
7} A&HF U S benzolg, hiperylene, indeno(1,2,3-c,d)pyrene®] 6128 PAHs
= AEHA FokH
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Table 17. Concentration of PAHs in fish, shellfish and their processed products

(unit : ng/g)

BaA Chry BbF BKF BaP DahA BghiP IcdP Total

Squid "0.00 . 0.00 0.00 0.00 0.56 0.05 0.00 0.00 0.61
(ND.-N.D.) ('ND.-N.D) (ND.-N.D.) (N.D.-N.D) (N.D.-1.05) (N.D.-049)  (N.D.-N.D.) (ND.-N.D.)  (N.D.-1.41)

Mackerel 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND.-N.D.) (ND.-ND.) (ND.-ND.) (N.D-ND) (ND.-ND.) (ND-ND.) (ND-ND.) (ND.-ND) (N.D.-N.D.)

Alaska Pollack 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01
(ND-ND.) (ND-ND.) (ND-ND.) (ND.-014) (ND.-ND.) (ND-ND.) (ND-ND.) (ND.-ND.) (N.D.-0.14)

Yellow Croaker 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.09
(ND.-N.D.) (ND-ND.) (ND.-093) (N.D.-N.D) (ND.-N.D.) (ND.-N.D.) (ND-ND.) (ND.-N.D.) (N.D.-0.93)

Dried Anchovy 0.00 0.00 0.01 0.01 0.03 0.00 0.02 0.65 0.72
(ND.-N.D.) (ND.-N.D.)  (N.D.-0.09) (N.D.-0.07) (ND.-024) (ND.-N.D.)  (N.D.-0.23) (N.D.-3.08) (N.D.-3.08)

Hair Tail 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.03
(ND-ND.) (ND-ND) (ND-ND) (N.D.-0.09) (ND.-023) (ND.-ND.) (ND-ND.) (ND.-N.D.) (N.D.-0.32)

fish Flatfish 0.00 0.00 0.00 0.10 0.07 0.00 0.00 0.00 0.16
(ND-ND.) (ND-ND) (ND-ND) (N.D.-0.97) (ND.-066) (ND.-N.D.) (ND.-ND.) (ND.-N.D.) (N.D.-1.63)

Spanish Mackerel 0.00 0.00 0.00 0.00 0.00 0.001 0.00 0.00 0.001
(ND.-N.D.) (ND-ND.) (ND.-ND.) (N.D.-ND) (ND.-ND.) (N.D.-0001) (ND.-ND.) (ND.-N.D.) (N.D.-0.01)

Tuna 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00 0.57
(ND.-N.D.) (ND-ND.) (ND.-ND.) (ND.-164) (ND.-ND.) (ND.-ND.) (ND-ND.) (ND.-ND.) (N.D.-1.64)

Pacific Saury 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.76 0.76
(ND-ND.) (ND.-ND) (ND-ND.) (ND-ND) (ND-ND.) (ND-ND.) (ND-ND.) (N.D.-2.62) (N.D.-2.62)

Pacific Cod 0.00 0.00 0.00 0.03 0.03 0.04 0.00 0.00 0.11
(ND-ND.) (ND-ND) (ND-ND) (N.D.-017) (N.D.-0.21) (N.D.-044) (ND-ND) (ND-ND.) (N.D.-0.62)

Herring 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND-ND.) (ND.-ND.) (ND-ND.) (ND-ND) (ND-ND.) (ND-ND.) (ND-ND.) (ND-ND) (N.D.-ND.

Sub Total Average 0.00 0.00 0.008 0.06 0.06 0.008 0.002 0.12 0.26
(ND.-N.D.) (ND.-ND.) (N.D.-093) (N.D.-1.64) (N.D.-1.05) (N.D.-0.49) (N.D.-0.23) (N.D.-3.08) (N.D.-3.08)

“The values express mean(min~max) of data
“N.D. : Not detected
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Table 17. continued
(unit : ng/g)

BaA Chry BbF BAF BaP DahA BghiP IcdP Total

Short-necked Clam 0.00 0.21 0.32 0.19 0.28 0.00 0.00 0.00 1.01
(ND.-ND.)  (N.D.-0.86) (N.D.-0.66) (0.08-0.30) (ND.-056) (ND.-ND.) (ND.-ND.) (N.D.-ND.) (N.D.-142)

Oyster 0.00 0.00 0.16 0.30 0.07 0.00 0.00 0.00 0.54
(ND.-ND.) (ND.-N.D.)  (N.D.-0.58) (N.D.-0.81) (ND.-035)  (ND.-N.D.) (ND-ND.) (N.D.-ND.) (N.D.-1.13)

Granulated Ark 0.00 0.00 0.21 0.08 0.02 0.00 0.00 0.00 0.31
<hellfish (ND.-ND.) (ND.-ND.) (N.D.-2.12) (N.D.-0.52) (ND.-018) (ND.-ND.) (ND-ND.) (ND.-ND) (N.D.-2.82)

Kind of Clam 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND.-ND.) (ND.-ND.) (ND.-ND.) (ND.-ND.) (ND.-ND.) (ND-ND.) (ND.-ND.) (N.D.-N.D) (N.D.-N.D.

Sea Mussel 0.00 0.00 0.40 0.05 0.00 0.00 0.00 0.00 0.45
(ND.-ND.) (ND.-N.D.)  (N.D.-4.00) (ND.-044)  (N.D-N.D.) (ND-ND.) (N.D.-N.D.) (ND.-ND) (N.D.-4.00)

Sub Total Average 0.00 0.04 0.22 0.12 0.07 0.00 0.00 0.00 0.46
(ND.-ND.)  (N.D.-0.86) (N.D.-4.00) (N.D.-0.81) (ND.-056) (ND.-ND.) (ND.-ND.) (N.D.-ND.) (N.D.-4.00)

Tuna Can 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND-ND.) (ND.-ND.) (ND-ND) (ND-ND) (ND-ND.) (ND-ND.) (ND-ND) (N.D.-ND) (N.D.-ND)

Mackerel Can 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND.-ND.) (ND.-ND.) (ND-ND.) (ND.-ND,) (ND-ND.) (ND-ND.) (ND.-ND.) (N.D.-N.D) (N.D.-N.D.

Saury Can 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND-ND.) (ND.-ND.) (ND-ND) (ND-ND) (ND-ND.) (ND-ND.) (ND-ND) (N.D.-ND) (N.D.-ND)

Whelk Can 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
processed (ND.-ND.) (ND-ND.) (ND-ND) (ND.-ND.) (ND.-ND.) (ND-ND.) (ND.-ND.) (N.D.-N.D) (N.D.-N.D.

products Pollack Slice 0.00 0.00 0.00 0.17 0.20 0.00 0.00 0.00 0.38
(ND-ND.) (ND-ND) (ND-ND) (N.D.-031) (ND.-052)  (ND.-ND.) (ND-ND.) (N.D.-ND.) (N.D.-0.83)

Squid Slice 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.04
(ND.-ND.) (ND-ND.) (ND-ND.) (N.D.-019 (ND-ND.) (ND-ND.) (ND-ND.) (N.D.-ND.) (N.D.-0.19)

Dried File Fish 0.00 0.00 0.02 0.01 0.01 0.00 0.00 0.00 0.03
Fillet (ND.-N.D.) (N.D.-N.D.)  (N.D.-0.08) (N.D.-0.05) (ND.-0.03)  (ND.-N.D.) (ND-ND.) (N.D.-ND.) (N.D.-0.16)

Sub Total Average 0.00 0.00 0.003 0.03 0.03 0.00 0.00 0.00 0.06
(ND.-ND.) (ND.-N.D.)  (N.D.-0.08) (N.D.-0.31) (ND.-052)  (ND.-ND.) (ND-ND) (ND.-ND) (N.D.-0.83)

Total Average 0.00 0.01 0.04 0.07 0.05 0.004 0.0008 0.06 0.23
(N.D.-N.D.) (N.D.-1.25) (N.D.-4.000 (N.D.-1.64) (N.D.-1.05) (N.D.-0.49) (N.D.-0.23) (N.D.-3.08) (N.D.-4.07)
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Fig. 16. Average levels of total PAHs (ng/g) in fish, shellfish and

their processed products.
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Fig. 17. Average levels of total PAHs (ngTEQ/g) in fish, shellfish

and their processed products.
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Fig. 18. Average levels of benzo(a)pyrene (ng/g) in fish, shellfish

and their processed products.
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Fig. 19. Average levels of chrysene (ng/g)
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Fig. 20. Average levels of benzo(b)fluoranthene (ng/g) in fish, shellfish

and their processed products.
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Fig. 21. Average levels of benzo(k)fluoranthene (ng/g) in fish, shellfish

and their processed products.
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Fig. 22. Average levels of dibenzo(a, hanthracene (ng/g) in fish, shellfish

and their processed products.
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Fig. 23. Average levels of benzo(g,hi)perylene (ng/g) in fish, shellfish

and their processed products.
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Fig. 24. Average levels of indeno(1,2,3-c,d)pyrene (ng/g) in fish, shellfish

and their processed products.
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A& & PAHs &l o ges A&t =,

TEQ(Toxic equivalent)Zt e & YEeERHACHZH 17).

o

=]

TEQ = [ Concentration of PAH ] x [ TEF ]
Total TEQ = sum of all TEQ

o] FoE A7l 061 ngTEQ/ge 2 7}E =gkt ol TEFgo #
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o
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TAAE HA 287 AmdAR PAHs7F &5 189 §2)¢] PAHs
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Table 18. Toxicity Equivalent Factors in WHO and EPA

No. PAHs WHO EPA
1 Naphthalene - 0.001
2 Acenaphthylene - 0.001
3 Acenaphthene - 0.001
4 Fluorene - 0.001
5) 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 0.01 0.01
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 1) perylene 0.01 0.01
16 Indeno(1,2,3-c,d)pyrene 0.1 0.1
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Table 19. PAHs intakes from fish, shellfish and their processed

products.

Concentration of Benzo(a)pyrene (ng/g)Portal

Concentration of PAHs (ng/g)

Daily intakes of fish, shellfish
and their products (g/kg b.w./day)

Daily intakes of Benzo(a)pyrene from fish,
shellfish
and their products (ng/kg b.w./day)

Daily intakes of PAHs from fish, shellfish
and their products (ng/kg b.w./day)

0.05

0.23

0.67

0.034

0.15
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Table 20. Concentration of PAHs in meats and their processed products

unit ng/g ngTEQ/g
Chry BAF BAKF BaP DahA BghiP IcdP Total| Chry BAHF BAF BaP DahA BghiP IcdP  Total
Ham 0.05 0.02 001 002 000 0.00 0.00 011 | 0.0005 0.0020 0.0010 0.0200 0.0000 0.0000 0.0000 0.0235
Smoked ham 030 0.04 0.02 003 0001 0.00 0.00 038]| 0.0030 0.0040 0.0020 0.0300 0.0010 0.0000 0.0000 0.0400
Bacon 017 0.09 014 007 025 027 0.08 1.07| 0.0017 0.0090 0.0140 0.0700 0.2500 0.0027 0.0084 0.3558

Processed meat products 0.03 0.04 0004 001 000 0.05 0.00 013| 0.0003 0.0040 0.0004 0.0100 0.0000 0.0005 0.0000 0.0152

Sausage 014 0.07 003 007 0003 0.02 0.00 034| 0.0014 0.0070 0.0030 0.0700 0.0030 0.0002 0.0000 0.0846
Chicken, raw 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Roasted chicken 0.00 0.00 0.004 0.003 0.00 0.00 0.00 0.01| 0.0000 0.0000 0.0004 0.0030 0.0000 0.0000 0.0000 0.0034

Charcoal-barbecued chicken | 2.42 215 060 190 014 144 085 950 0.0242 0.2150 0.0595 1.9000 0.1400 0.0144 0.0854 2.4385

Wood-barbecued chicken 052 031 018 045 0.03 028 012 1.89| 0.0052 0.0310 0.0180 0.4500 0.0300 0.0028 0.0122 0.5492

Beef, raw 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Pork, raw 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00]| 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Charcoal-grilled beef 019 029 006 015 0004 0.06 0.02 0.78| 0.0019 0.0290 0.0060 0.1500 0.0040 0.0006 0.0023 0.1938
Charcoal-roasted beef 0.00 0.00 0.01 001 0.00 0.00 0.00 0.03| 0.0000 0.0004 0.0010 0.0100 0.0000 0.0000 0.0000 0.0114
Charcoal-grilled pork 1532 126 082 290 026 196 1.66 10.18| 0.0152 0.1260 0.0820 2.9000 0.2600 0.0196 0.1655 3.5663
Charcoal-roasted pork 0.02 0.02 001 002 000 000 0.00 006]| 0.0002 0.0020 0.0010 0.0200 0.0000 0.0000 0.0000 0.0232
Gas-roasted beef 0.01 0.01 0.002 0.003 0.00 0.00 0.00 0.03| 0.0001 0.0010 00002 0.0030 0.0000 0.0000 0.0000 0.0043
Gas-roasted pork 0.01 0.01 0.003 0.004 0.00 0.00 0.00 0.03]| 0.0001 0.0010 0.0003 0.0040 0.0000 0.0000 0.0000 0.0054
Total Average 023 020 009 027 003 019 013 1.14| 0.0023 0.0200 0.0090 0.2700 0.0300 0.0019 0.0132 0.3464
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Fig. 25. Average levels of total PAHs in meats and their processed products.
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Table 21. Concentration of PAHs in edible vegetable oils

unit ng/g ngTEQ/g

BaA Chry BBF BKF BaP DahA BghiP IcdP Total | BaA  Chry BOF BkF  BaP DahA BghiP IcdP Total

Soyhean oil 031 011 079 002 006 0.03 08 1.79 4.00 |0.0310 0.0011 0.0790 0.0020 0.0600 0.0300 0.0088 0.1790 0.3909
Corn oil 1.01 174 064 027 072 021 017 100 578 [0.1010 0.0174 0.0640 0.0270 0.7200 0.2100 0.0017 0.1000 1.2411
Rape seed oil 011 035 052 001 008 0.09 015 081 214 |0.0110 0.0035 0.0520 0.0010 0.0800 0.0900 0.0015 0.0810 0.3200
Rice bran oil 027 030 061 020 046 025 082 012 3.03 |0.0270 0.0030 0.0610 0.0200 0.4600 0.2500 0.0082 0.0120 0.8412
Sesame oil 068 166 070 028 055 010 033 073 503 |0.0680 0.0166 0.0700 0.0280 0.5500 0.1000 0.0033 0.0730 0.9089
Perilla oil 077 062 057 027 035 0.07 010 039 315 |0.0770 0.0062 0.0570 0.0270 0.3500 0.0700 0.0010 0.0390 0.6272
Safflower oil 0.10 0.00 0.01 001 0.01 0.00 0.00 009 022 |0.0100 0.0000 0.0010 0.0010 0.0100 0.0000 0.0000 0.0090 0.0310
Sunflower oil 0.00 015 0.03 003 0.05 0.00 0.00 000 027 |0.0000 0.0015 0.0030 0.0030 0.0500 0.0000 0.0000 0.0000 0.0575
Cottonseed oil 0.08 060 032 0.10 021 0.00 0.00 056 1.87 |0.0080 0.0060 0.0320 0.0100 0.2100 0.0000 0.0000 0.0560 0.3220
Peanut oil 018 025 014 011 018 035 0.00 000 1.19 |0.0180 0.0025 0.0140 0.0110 0.1800 0.3500 0.0000 0.0000 0.5755
Olive oil 052 1.00 013 008 016 0.09 0.04 001 204 |0.0520 0.0100 0.0130 0.0080 0.1600 0.0900 0.0004 0.0010 0.3344
Pala oil 024 006 019 011 016 0.00 0.00 0.00 0.76 |0.0240 0.0006 0.0190 0.0110 0.1600 0.0000 0.0000 0.0000 0.2146
Coconut oil 129 282 371 160 235 144 020 0.04 1345 (0.1290 0.0282 0.3710 0.1600 2.3500 1.4400 0.0020 0.0040 4.4842
Mixed edible oil 069 072 037 019 039 0.00 066 051 353 |0.0690 0.0072 0.0370 0.0190 0.3900 0.0000 0.0066 0.0510 0.5798
Shortening 0.15 0.00 034 000 0.00 041 059 000 1.49 |0.0150 0.0000 0.0340 0.0000 0.0000 0.4100 0.0059 0.0000 0.4649
Margarine 030 063 054 010 021 0.00 018 023 217 |{0.0300 0.0063 0.0540 0.0100 0.2100 0.0000 0.0018 0.0230 0.3351
Red pepper seed oil 1.87 264 100 036 093 071 083 035 869 01870 0.0264 0.1000 0.0360 0.9300 0.7100 0.0083 0.0350 2.0327
Other edible fat and oil | 098 138 024 012 050 003 019 0.18 3.63 [0.0980 0.0138 0.0240 0.0120 0.5000 0.0300 0.0019 0.0180 0.6977
Processed fat and oil | 0.37 018 055 035 011 000 146 1.64 4.66 |0.0370 0.0018 0.0550 0.0350 0.1100 0.0000 0.0146 0.1640 0.4174
Total Average 053 082 050 018 035 016 031 044 329 |0.0630 0.0082 0.0500 0.0180 0.3500 0.1600 0.0031 0.0440 0.6863
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Fig. 26.

Soybean oil
Corn oil

Rape seed oil
Rice bran oil
Seasame oil
Perilla oil
Safflower oil
Sunflower oil
Cottonseed oil
Peanut oil
Olive oil

Pala oil
Coconut oil 1345
Mixed edible oil
Shortening

Margarine

Red pepper seed oil
Other edible fat and oil

Processed fat and oil

Total

Soybean oil

Corn oil

Rape seed oil

Rice bran oil
Seasame oil

Perilla oil

Safflower oil
Sunflower oil
Cottonseed oil
Peanut oil

Olive oil

Pala oil

Coconut oil

Mixed edible oil
Shortening

Margarine

Red pepper seed oil
Other edible fat and oil
Processed fat and oil

Total

¢ (ngTEQ/! gg

Average levels of total PAHs in edible vegetable oils.

_93_




Table 22. Concentration of PAHs in cereals, pulses, potatoes and their processed products

— BaA Chry BbAF BkF BaP DahA BghiP IcdP "lzlft/agl BaA Chry BAF BiF BaP  DahA BghiP

Rice 023 019 000 000 0.00 000 0.00 0.00 0.41|0.0230 0.0019 0.0000 0.0000 0.0000 0.0000 0.0000
Glutinous rice 0.00 000 000 000 0.00 000 0.00 0.00 0.00|0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Instant boiled rice 0.00 000 000 000 0.00 000 0.00 0.0 0.00|0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Rice cakes 0.00 000 000 000 0.00 000 0.00 0.00 0.00|0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Barley 0.08 000 002 000 002 000 000 0.00 0.13|0.0080 0.0000 0.0020 0.0000 0.0200 0.0000 0.0000 0.0000 0.0300
Corn 006 011 000 000 0.00 000 000 0.00 0.170.0060 0.0011 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0071
Breakfast cereals 0.00 000 002 000 005 000 494 1.10 6.10|0.0000 0.0000 0.0020 0.0000 0.0500 0.0000 0.0494 0.1100 0.2114
Wheat flour 0.00 000 000 000 0.00 000 0.00 0.00 0.00]0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Dried confectioneries | 045 019 012 003 027 08 1.08 027 3.25]0.0450 0.0019 0.0120 0.0030 0.2700 0.8600 0.0108 0.0270 1.2297
Noodles 087 059 041 025 047 007 0.08 0.08 2.80|0.0870 0.0059 0.0410 0.0250 0.4700 0.0700 0.0008 0.0080 0.7077
Instant noodles 001 000 005 001 008 044 1.09 030 1.980.0010 0.0000 0.0050 0.0010 0.0800 0.4400 0.0109 0.0300 0.5679
Pasta 0.00 000 000 000 0.00 000 0.00 0.00 0.00|0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Loaf bread 0.08 028 019 008 0.00 000 0.00 0.00 0.63|0.0080 0.0028 0.0190 0.0080 0.0000 0.0000 0.0000 0.0000 0.0378
Cakes 0.00 000 000 001 000 000 0.00 0.0 0.01|0.0000 0.0000 0.0000 0.0010 0.0000 0.0000 0.0000 0.0000 0.0010
Pizza 0.00 000 000 000 0.00 000 0.00 0.00 0.00|0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Frozen pizza 0.00 000 003 002 000 000 0.00 0.00 0.05|0.0000 0.0000 0.0030 0.0020 0.0000 0.0000 0.0000 0.0000 0.0050
Hamburger 063 012 023 012 050 010 0.04 0.08 1.81|0.0630 0.0012 0.0230 0.0120 0.5000 0.1000 0.0004 0.0080 0.7076
Sweet potatoes 0.00 000 000 000 006 074 000 0.20 0.99 [0.0000 0.0000 0.0000 0.0000 0.0600 0.7400 0.0000 0.0200 0.8200
Pulses 007 000 000 000 000 000 004 015 0.250.0070 0.0000 0.0000 0.0000 0.0000 0.0000 0.0004 0.0150 0.0224
Bean curd (Tofu) 0.00 000 000 000 000 000 000 0.00 0.000.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Potatoes 0.00 000 000 000 0.00 000 0.00 0.0 0.00|0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
French fries 009 023 009 000 005 011 016 019 0.93|0.0090 0.0023 0.0090 0.0000 0.0500 0.1100 0.0016 0.0190 0.2009
Potato chips 0.05 008 003 001 008 053 115 031 2.25|0.0050 0.0008 0.0030 0.0010 0.0800 0.5300 0.0115 0.0310 0.6623
Chinese noodles 0.00 000 000 002 000 000 0.00 0.00 0.02|0.0000 0.0000 0.0000 0.0020 0.0000 0.0000 0.0000 0.0000 0.0020
Total Average 013 008 006 003 008 015 045 0.14 1.11 |0.0130 0.0008 0.0060 0.0030 0.0800 0.1500 0.0045 0.0140 0.2713
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Fig. 27. Average levels of total PAHs in cereals, pulses, potatoes and their processed products.




Table 23. Concentration of PAHs in fish, shellfish and their processed products

unit ng/g ngTEQ/g

BaA Chry BBAF BkF BaP DahA BghiP IcdP Total BaA Chry BAF BAF BaP  DahA BghiP  IcdP  Total

Squid 0.00 000 000 000 056 005 000 000 061 0.0000 0.0000 0.0000 0.0000 0.5600 0.0500 0.0000 0.0000 0.6100
Alaska Pollack 0.00 000 000 001 000 000 000 000 001 0.0000 0.0000 0.0000 0.0010 0.0000 0.0000 0.0000 0.0000 0.0010
Mackerel 0.00 000 000 000 000 000 000 000 000 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Yellow Croaker 0.00 000 009 000 000 000 000 000 009 | 0.0000 0.0000 0.0090 0.0000 0.0000 0.0000 0.0000 0.0000 0.0090
Anchovy 0.00 000 001 001 003 000 002 065 072 | 0.0000 0.0000 0.0010 0.0010 0.0300 0.0000 0.0002 0.0650 0.0972
Tuna 0.00 000 000 057 000 000 000 000 057 | 0.0000 0.0000 0.0000 0.0570 0.0000 0.0000 0.0000 0.0000 0.0570

Hair Tail 0.00 000 000 001 002 000 000 000 003 | 0.0000 0.0000 0.0000 0.0010 0.0200 0.0000 0.0000 0.0000 0.0210
Flatfish 0.00 000 000 01 007 000 000 000 016 | 0.0000 0.0000 0.0000 0.0100 0.0700 0.0000 0.0000 0.0000 0.0800
Spanish Mackerel 0.00 000 000 000 000 0001 000 000 0.001 [ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.0000 0.0000 0.0010
Pacific Saury 0.00 000 000 000 000 000 000 07 076 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0760 0.0760
Pacific Cod 0.00 000 000 003 003 004 000 000 011 0.0000  0.0000 0.0000 0.0030 0.0300 0.0400 0.0000 0.0000 0.0730
Herring 0.00 000 000 000 000 000 000 000 000 [ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Short-necked Clam 000 021 032 019 028 000 000 000 1.01 0.0000 0.0021 0.0320 0.0190 0.2800 0.0000 0.0000 0.0000 0.3331
Oyster 0.00 000 016 03 007 000 000 000 054 | 0.0000 0.0000 0.0160 0.0300 0.0700 0.0000 0.0000 0.0000 0.1160
Granulated Ark 0.00 000 021 008 002 000 000 000 031 0.0000 _ 0.0000 0.0210 0.0080 0.0200 0.0000 0.0000 0.0000 _0.0490
Kind of Clam 0.00 000 000 000 000 000 000 000 000 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Sea Mussel 0.00 000 040 005 000 000 000 000 045 | 0.0000 0.0000 0.0400 0.0050 0.0000 0.0000 0.0000 0.0000 0.0450
Mackerel Can 0.00 000 000 000 000 000 000 000 000 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Tuna Can 0.00 000 000 000 000 000 000 000 000 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Saury Can 0.00 000 000 000 000 000 000 000 000 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Pollack Slice 0.00 000 000 017 02 000 000 000 038 | 0.0000 0.0000 0.0000 0.1700 0.2000 0.0000 0.0000 0.0000 0.3800
Whelk Can 0.00 000 000 000 000 000 000 000 000 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Dried File Fish Fillet | 0.00 0.00 0.02 0.01 001 000 000 0.00 003 | 0.0000 0.0000 0.0020 0.0010 0.0100 0.0000 0.0000 0.0000 0.0130
Squid Slice 0.00 000 000 004 000 000 000 000 004 | 0.0000 0.0000 0.0000 0.0040 0.0000 0.0000 0.0000 0.0000 0.0040
Total Average 0.00 001 004 007 005 0.004 00008 006 023 | 0.0000 0.0001 0.0040 0.0070 0.0500 0.0040 0.0000 0.0060 0.0711
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Fig. 28. Average levels of total PAHs

in fish, shellfish and their processed products.
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Table 24. Concentration of PAHs in vegetables and fruits

unit ng/g ngTEQ/g
BaA Chry BbBHF BkF BaP DahA BghP lcdP Total BaA Chry  BbHF B&F BaP DahA  BghiP ledP Total

Radish 0.00 000 0.00 0.00 002 000 002 0.00 0.04 0.0000  0.0000 0.0000 0.0000 0.0200 0.0000 0.00019 0.0000 0.0202
Onion 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Bean sprouts 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Welsh onion 0.00 0.00 0.00 0.00 0.00 000 0.0z 0.00 0.02 0.0000  0.0000 0.0000 0.0000 0.0037 0.0000 0.00014 0.0000 0.0038
Chinese cabbage| 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Spinach 0.00 0.00 0.00 0.00 006 000 006 0.00 012 0.0000  0.0000 0.0000 0.0000 0.0568 0.0000 0.0006 0.0000 0.0574
Tangerine 0.00 0.00 0.00 0.00 0.004 000 000 0.00 0.004 [ 0.0000 0.0000 0.0000 0.0000 0.004 0.0000 0.0000 0.0000 0.0040
Apple 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Pear 0.00 000 0.00 0.00 0.00 000 000 0.00 0.00 0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Total Average | 0.00 0.00 0.00 0.00 0.01 000 0.02 0.00 0.02 0.0000  0.0000 0.0000 0.0000 0.0141 0.0000 0.0002 0.0000 0.0095
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Fig. 29. Average levels of total PAHs in vegetables and fruits.
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Table 25.

Estimation of average daily intake for PAHs in fo

Concentration Daily Average
Food .
(ngTEQ/g) consumption(g) (mg/kg b
Ham
0.0318 19 6.21 x
Smoked ham
Bacon 0.3558 0.1 3.66 x 107"
Sausage 0.0846 0.5 435 x 107
Roasted chicken
Charcoal-barbecued chicken 0.9970 13.2 135 x 107
Meats Wood-barbecued chicken
Charcoal-grilled beef
Charcoal-roasted beef 0.0698 26.7 191 x 10°®
Gas-roasted beef
Charcoal-grilled pork
Charcoal-roasted pork 1.1983 35.3 435 x 107
Gas-roasted pork
Soybean oil 0.3909 3.8 153 x 10°®
Vegetable Corn oil 1.2411 0.4 510 x 107
oils Sesame ol 0.9089 19 177 x 107
Perilla ol 0.6272 0.1 644 x 107"
Rice cakes 0.0000 11.1 0
Breakfast cereals 0.2114 0.3 652 x 10 "
Dried confectioneries 1.2297 0.6 758 x 10°
Cereals Instant noodles 0.5679 15.6 9.10 x 10::
Loaf bread 0.0378 2.8 1.09 x 10"
Cakes 0.0010 0.8 822 x 10
Pizza 0.0000 1.7 0
Hamburger 0.7076 3.4 247 x 10"
Pulses Bean curd (Tofu) 0.0000 28.1 0
Sweet potatoes 0.8200 6.4 539 x 10°
Potatoes French friles 0.4316 04 177 % 10°
Potato chips
Anchovy 0.0972 0.3 3.00 x 107"
Tuna 0.0570 14 820 x 107"
Flatfish 0.0800 2.2 1.81 x 10
Fish Tuna Can 0.0000 1.7 0
Pollack Slice 0.3800 1.3 508 x 10°
Dried File Fish Fillet 0.0130 0.3 400 x 10"
Squid Slice 0.0040 1.0 410 x 10"
Shellfish Oy ster 0.1160 15 179 x 10"
Radish 0.0202 34.8 722 x 10°
Onion 0.0000 18.0 0
Vegetables Bean sprouts 0.0000 18.2 0 -
Welsh onion 0.0038 14.4 562 x 10
Chinese cabbage 0.0000 14.0 0
Spinach 0.0574 12.8 755 x 10°
Tangerine 0.0040 81.4 335 x 10°
Fruits Apple 0.0000 36.0 0
Pear 0.0000 27.0 0
Total 421.4 8.38 x 107
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Abstract

Carcinogenic Risk Assessment and Comparison of Contamination Patte
by Construction of Analytical Method

of Polycyclic Aromatic Hydrocarbons in Foods

Hu Soo Jung
Department of Chemistry

Sung Shin Women’s University

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. Although many studies on PAHSs
in foods have been conducted in other countries, little has been done in
Korea.

In this study, to establish the analytical method for PAHs in fish and
shellfish, alkali digestion time, extraction solvents, elution volume of florisil
cartridge for clean—up, operating conditions of GC/MSD and HPLC/FLD
have been optimized.

The following concentrations of some PAHs were investigated ;
[benzo(@anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, dibenzo(a, /Hanthracene, benzo(g,/,dperylene,
indeno(1,2,3-¢,d)pyrenel in fish(n=120), shellfish(n=50) and their processed

products(n=35). Constructed analysis method and performed risk assessment



were used to provide actual current data for Korea.

The food samples were purchased at the local markets 1
Chuncheon, Daejeon, Kwangju and Pusan. The samples were s
mackerel, alaska pollack, yellow croaker, hair tail, flatfish, spanish mackerel,
tuna, pacific saury, pacific cod, herring, short-necked clam, oyster,
granulated ark, kind of clam, sea mussel, tuna can, mackerel can, saury
can, whelk can, pollack slice, squid slice, and dried file fish fillet.

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%. The mean level of the following PAHs were
determined ;  benzo(@anthracene,  chrysene,  benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,/Danthracene,
benzo(g,/,Dperylene and indeno(1,2,3-c,d)pyrene in fish, shellfish and their
products was N.D., 0.01, 0.04, 0.07, 0.05, 0.004, 0.0003 and 0.06 ng/g,
respectively. The results were similar to those reported by other countries.

This study used both TEFs(Toxic Equivalency Factors) proposed by
U.S.EPA for carcinogenic effects and was executed to identify cumulative
dietary risk due to PAHs that can be exposed through food ingestion.
Exposure should be calculated food ingestion, the average body weight for
19-64 yrs and average consumed values from report on national health and
nutrition survey was used. The estimated average daily intake of PAHSs
was 838 x 107 mg/kg b.w./day for carcinogenic effects. The dietary excess
cancer risk estimated using cancer potency of benzo(@pyrene as 7.3(mg/kg

b.w./day) " was 6.11x10°.
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