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&8 AL 2 wel x}o)7F Avk(Jagerstad & Skog, 2005).

of wh A=7H =suelld= 22 T AAdEE AE Baede] 9

S, A TG s AT Fedel SuHI gom 20034
e

J (United States Environmental Protection Agency, U.S.

o}h

EPA) oAM= +2 98iAd H7F(cumulative risk assessment)©l] T3t
2 Q&

| —
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A7k ok 9% e9ER Ad wie FgHoz B4 o

Zhol=Ekels waeigitt. WEsE Jlol=eRele] wEwW
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dxzdel dig Ad sFAESY AdAd SA4nE dehls
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93] AAEE  LGEAo|ty,  ofAd"lolwto]=rF Alyle]  SEW
cytochrome P450(CYP) 2E1°] <& a] thAl=Eoe] glycidamide?} 7
o FAlol =3l FEA|7F THEo(R|=d], ©] &Zo] DNA adduct®:

A Ele] FAEAS doyj= Aog el rk(Kitting et al., 2009).

flo

T2 ®rstEo|y ofnwAke] A FaEl, AHe TMd, EE =
25 oA ascorbic acid®] AFst Fo Tiefst HA=RE FI A
Tl A AdelA CYP2ELel Q& w=A oiAts =], 7 27 elA

cis—2—butene—1,4—dialdehyde (BDA) 7} AAECE  wkeAJo] wf-¢-



74ak ©iA 3 nucleosidesell 2 AEs= BDAYE F#9 f35A4S

oF7]8F= M4 thalA| o)tk (Mariotti et al., 2013).

FHZAIEY olWlFE FE O SFY Ade 7MY g o
e dkEdoln. sHEAIEE oflRe] Ae AWE FHH
CYP1A29] 23t N—-oxidation®} acetyltransferase—2° 2]t O-
acetylation®] #d|Z dojypy N—acetoxy arylamines JA3sk=d|, o]
E7o] DNAel AFFOoZM DNA adduct: FAste] FAHES

Ado7)= Aoz dHA Sth(Lang et al., 1994).

UERAMIFE  opgAibah o]golnlo] A xAel REE-31
A= ddEHZE CYP ¢ £24<l hydroxylation IH8& AAH a-—
hydroxynitrosamine®] %W=o]A™ oAty o] AT, Ay <
A2dE alkyl diazonium ion®©] DNA, RNA 59 zlaAe} HE-g-3lo]
st o2 FASAHS dovle Aor d#A U (Tricker &

Preussmann, 1991).

SebrEazh Aol thAbE = 9%

2+8-5}0] diol epoxideZ} AAE 4 =4, o] E2o] DNAg} A3dtsto]

O_u

oA F= CYP1A1¥% CYPIB17}+

FASEAAS 4O 71t (Baird et al., 2005).
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2.2.1. oA dGEA] HAA

=
aHs. AA g T AAEHe EgEd S AT A
(International Agency for Research on Cancer, IARC) 2] WelE2 B 5
71 w2} Group 1(Carcinogenic to humans), 2A (Probably
carcinogenic to humans), 2B (Possibly carcinogenic to humans) & %+

H 24 GA5H 48700 2 2R AFsA £d F Holx

rl

AH2013-2016) 04 =45 9= #lo] Sl ede AT i ed= A
ataleh & AolxAlelA = 2008 ~ 2013 HHAFYF2AR] AFEA]
A 24 AaE At oR AAE HRAFAR 54358 WHoR, H5E
As d dEzeye nHdeRd F 123749 AFAExzIY
pairsell thste] frefl=d o dFs 4% vk A (MFDS, 2018). x|}
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ZAFo]EE ol (2—Amino—3—methylimidazo [4,5— Aquinoline IQ), 2—

Amino—3,4—dimethylimidazo [4,5— /] quinoline (MelQ), 2—Amino—
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3,8 —dimethylimidazo [4,5— A1 quinoxaline (MelIQx), 2—Amino—1—
methyl—6—phenylimidazo [4,5— bl pyridine (PhIP), 2—Amino—6—
methyldipyrido[1,2—a:3',2'—d]imidazole (Glu—P—1), 2—
Aminodipyrido[1,2—a:3",2'—dlimidazole (Glu—P—2), 3—Amino—1,4—
dimethyl—5/—-pyrido[4,3—hlindole (Trp—P—1), 3—Amino—1-—
methyl—5/—pyrido [4,3—hlindole (Trp—P—2), 2—Amino—9/H-
pyrido[2,3—Alindole (A— a —C), 2—Amino—3—methyl—9/H—
pyrido[2,3—hlindole MeA— & —C)), YHEZAMI (N—

nitrosodimethylamine (NDMA), N-—nitrosodiethylamine (NDEA), N-—

nitrosodibutylamine (NDBA), N—nitrosopyrrolidine (NPYR), N-—

nitrosopiperidine (NPIP), N-—nitrosomorpholine NMOR)), t}&}a=

EFsl=4 (benz [al anthracene (BaA), benzo [al pyrene (BaP),

benzo [A] fluoranthene (BbF),
chrysene (CHR), dibenz[a, Al anthracene (DBahA),
cdlpyrene(IP)). ti%d =& sl =A< 2o A

o= 2tk (Table 1).

11

benzo [ 4] fluoranthene (BkF),

indenol[7,2,3—

ER= =10
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Table 1. Carcinogen classification of selected chemicals

IARC classifications’

Acrylamide 2A
Furan 2B
HCAs 1Q 2A
MelQ 2B
MelQx 2B
PhiP 2B
Glu-P-1 2B
Glu-P-2 2B
Trp-P-1 2B
Trp-P-2 2B
A-a-C 2B
MeA-a-C 2B
NAs NDMA 2A
NDEA 2A
NDBA 2B
NPYR 2B
NPIP 2B
NMOR 2B
PAHs BaA 2B
BaP 1
BbF 2B
BkF 2B
CHR 2B
DBahA 2A
IP 2B
T IARC, 2018

¥ Group 1: Carcinogenic to humans
Group 2A: Probably carcinogenic to humans
Group 2B: Possibly carcinogenic to humans

12



F&3 PhIPe] tisiAs= @3y OSF ko] E=Askx]  ¢kgkon,
tpshebek= Bkl o] A9 20179 MEA 71 benzolal pyrene)

OSF gk= wbgsto] YA 2452 OSF #l= fF=shith

WA Fbe] 4§ BMDLy #hell oish A=} CalEPA (California
Environmental Protection Agency)°l|A #|AI$t slope factore] AAH] S

o] g3l 7S AFESIATHCalEPA, 2009) (Equation 1).

Cancer Potency = qpyman=(bW,/bw,) 3 X qanimal (Equation 1)

HooqtoA] Fe BMDLy, #C® JECFA (Joint FAO/WHO Expert

-

Committee on Food Additives) |4l &3x 3l kS AP orng %59

13 ""‘\-!'I'_



AZF #bw,) oZFE= JECFANA 3 428 o 183t &
et al., 2009)° 71&€d APF=EY AT S AFESIAT AF

s
bwy) S22 441 B AT #HeE 2ol= 70 kge o

PhIP®]  7d-% Bogenel ¢Jal Ak&¥®  HCAsel digh  ierd
2= (Bogen, 1994) 5 &8st #s Al=E3F3ith. Bogeno] A|AIsH
107H4 &llelZAtol&8 ofnle] ohdt ke FXE v Aol
Zopdeksi = s H7ke o &8¢ wkb Qtk(Layton et al, 1995;

PhIPSI 59 BTl %ok

Fl[‘

Zimmerli et al., 2001). ¥ <704
1Q, MelQ, MelQx Ztztoll tish Jujz @tz o] HlE o]&3sto] {FLdt
OSF #t= < 7 B3 #s H#FZEQ PhIPY OSF #to=

Aa7gskaltt.

A B4 EZstEl PAHsS % benzolalpyrene? OSF Ztoll

n]= 3R T oA WL st RPF (Relative Potency Factor) (U.S. EPA,

14 MET



2.2.2.2. BMDL,, %9 +%

PhIPE A 93t HCAs®} 4% YE=ZAMI(NDBA, NPIP) ¢ BMDL,g
el dsixdes ARE e+ sldth o9 #Ee Ag
CPDB(Carcinogenic Potency Database) (Gold)ol4 #|Al¥l TDsodt=
o] g3to] BMDL,, #t= fr=st3ith WA th3 2ol wel BMDL,, %2

AES $3F preBMDL,o = AlAFSEAtH(Equation 2).
preBMDL,, = (TDs,)'/® (Equation 2)

)

=4 T %

o

TOF 7 HRE Peld 2md gl 9l

rir

s
Mgstel 1 Aol preBMDLy, gl Aeld wE olg3kel BMDLy,
e T ge Ao wek AFHOR FEskdthEquation 3).

HCAs®} NAso|A ¥ 35hE2 217 PhIP9F NDMA=Z 4783kt

N

Approximated BMDL,, of carcinogen A

= (Published BMDL, of index material) X preBMDLy, of carcinogen 4

preBMDL4 of index material

(Equation 3)

15 "-:r\' I "Nl-.|- 1_-li [£ 5



2.3. 2% 4 3%
2.3.1. Oral Slope Factor (OSF) #to] A& 9 {§% Az}

At E2o] odk OSF kel Ael 4 {5 A3E Table 29

o
el it vl= g4 1B 3 H 3 OEHHA (Office of Environmental Health

Hazard Assessment) 4] OSF #tell dist dtlo|HE Al¥stal Slo] i
AnEs o3t T 713 BFeA wEE gl Qe AR
YE=ZAMIT(NDMA, NDEA, NDBA, NPYR) ]t} benzolal pyrene®] 7%
o AT FAFIA Y Vel weh HZol MEEHAY TRE e

ST

e AL E8 ofnlF = ¥ OSF o] 9U¥d PhIPe A%
Shofl Al AFst ZAXF 1Q, MelQ, MelQx ZHztell tdt Bogen(1994) 2
cancer potency @8 AtF HlE ol&d FEskSlsdH, AL Ay

MelQxote] ZJeh= e e vlE ol &sisls w OSF #heol 7 =7

tehaks gkl A, 19929 wls SE R G oA
benzo[alpyreneo] tal 7.3(mg/kg/day) 'Sl OSF #& wxatelon
ol wisl PAHsel ozt Juid 2 43 (US. EPA, 1993)%
goz uux PAHsel oigtk OSF grel Ad€ wb qlvk =%
OEHHA®IA  1992We]  dibenz[aAlanthraceneol tisle], 1z]ar

20119l benzl[alanthracene, benzolalpyrene, benzo [b]fluoranthene,

16 M =1



benzo [ k] fluoranthene, chrysene, indenol /7,2 .5—cd]pyrene®] tl3a}o]
OSF #t= 3 ¥k Sk sHAW benzolalpyreneel thgh w=
HERGH OSF grol AEAl wagel wah(U.S. EPA, 2017), &
AFoM = i el v FHREHY RPF s HE3ste &

PAHs®| OSF #h& F=go=M HAl A7 daks wrgstaat sl

17 . ,-ﬂ kl 1_'_” i



Table 2. Published and approximated OSF values

Published and approximated OSF

Values used for

(mg/kg bw/day)™ the estimation
. . Human
Pu(b)lgf;ed Approoglglated Cancer Potency;’ RPF°
(mg/kg bw/day)
Acrylamide 0.5°
Furan 1.6
HCAs 1Q 1.4° 26
MelQ 1.5° 42
MelQx 1.7° 11
PhiIP 0.46 3.0
Glu-P-1 4.8° 8.7
Glu-P-2 1.4° 35
Trp-P-1 26° 32
Trp-P-2 3.2° 4.2
A-a-C 0.4° 1.2
MeA-a-C 1.2° 3.1
NAs NDMA 16°
NDEA 36°
NDBA 11°
NPYR 2.1°
NPIP 9.4°
NMOR 6.7°
PAHs BaA 0.2 0.2
BaP 1' 1
BbF 0.8 0.8
BKF 0.03 0.03
CHR 0.1 0.1
DBahA 10 10
P 0.07 0.07

& Calculated values using other factors as mentioned in the manuscript. The value of PhIP was calculated based on
Bogen’s human cancer potency. OSF of furan was calculated based on published BMDL;, from JECFA and OEHHA’s
cancer potency equation. EPA’s relative potency factor was used to estimate the OSF of PAHSs.

b Bogen(1994)
©U.S. EPA(2010a)
9U.S. EPA(2010b)
€ OEHHA(2009)
fU.S. EPA(2017)
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2.3.2. BMDLy, 39 A9 4 f= A3

iy =4l tisk BMDL,, #%° A% % f% d3E Table 3]
Uehlsith 24P Aat, ofmdorbe]=e] A 2011 JECFAC)A
B6C3F1 mice? 32U A (harderian gland) @] 415 (adenomas) X+
4% (carcinomas) ¥ F344 rats® H4 AH54F(mammary gland
fibroadenomas)©ll Wial Z+zF 0.18, 0.31 mg/kg bw/day?q =

W3 THJECFA, 2011). BMDL,, #2 AAboA o w& 3

il

B, St Alo] AbgelAl gl Zlael7] wie] FAZ Aesieint,

Fao] tsiAE 2011 JECFACA B6C3F1  miceo] ZHA|

r

+ % (hepatocellular neoplasms) & €o7]= Zo ds] 0.96 mg/kg
bw/day®] BMDL, #& F33st v ITHUJECFA, 2011). ©]9le] &

HrE whS EAEA oot o] @ APt

S| ZA]EY ol Fo] A% 22 PhIPRe] Wi¥l BMDLy, #=
A= Ao g yeRdth kA ek PhiPel thaid e 5418 Qs 71Tl A
HE e gller, A5 A3 o F%(colon tumors) el tisll 1.25
mg/kg bw/day (O’Brien et al., 2006)¢ EZ5d34  4F (prostate
ventral carcinomas), +24A%%E (mammary adenocarcinomas), 3
F9%F(colon tumors)el di&  ZZF 0.48, 0.74, 2.71 mg/kg
bw/day (Carthew et al, 2010)¢ o] ®iu® # Aot 11 F
ESAYAAS sjpstd oz AbgelA EAskA 97l wiwel a1y
el A ALlatdet, A8 YEe] wet #HZol| HRd $AE Hskgl o

1 sAAE R4AJ AES fste] 7 W BMDLy, #, S @Adol
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9 A Bk STl dat g A9seltt

o

1

20124, EC (European Commission) 9] Absk 7]

r

SCCS(Scientific Committee on Consumer Safety)elA+= NDMA,
NDEA, NPYR, NMORef thsted Z+2} 0.027, 0.018, 0.16, 0.7 mg/kg
bw/day®] BMDLy, #k& Z3#3F3ItH(SCCS, 2012). NDMAS} NDEA2]
7% Colworth/Wistar rats® ZF &% (liver neoplasms), NPYRS] A9
SD rats®] & 3t &% (total liver tumors), 1831 NMOR< F344 rats?]
ZHM L 9+ (hepatocellular  carcinomas) ol tiste] ko]l  AAE St}

of thE 7]#eA HEE FHS Y oeT R SCCSAA st 3k

o

thshabek= Bb3l=A Fo|A &= benzolalpyreneo] td BMDL,,
grel ®a® vk 9lrh. 2006, JECFAelA+= B6C3F1 micee]l t%t
A5 dedel  thsked 100 ug/kg bw/day®]l BMDL,, #h=
HEston, e ueids dites B tid g2 B wpt
AT 2008, EFSAolA = vpshiaks whslrio]l 3= st
BMDL;, #= Eslom A4 o]& 7tedt H4 JH 28 &4
Ul PAHsS #etes #Hribehis AEE 8% PAH mixture (PAHS) 7}
7P Attt ddd vk QITHEFSA, 2008). 8%F° PAHel=
benz[al anthracene, benzo [al pyrene, benzo [b] fluoranthene,
benzo [ k] fluoranthene, benzo [ghi]l perylene, chrysene,
dibenza Al anthracene, indenol7,2,3—cdlpyrene®] 3Xget} o]# st
o] 2 PAHs % benzolghilperylene?] 7% IARC 3itel &38fo] =

AT Ot IstE A V)l BESHRE @A, PAHSe| ot
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BMDLj, #<Q! 0.49 mg/kg bw/dayE AEHFO=ZHR BMDLg= ©]-8-3

T A= BIkeA = 8F <] PAHsE B A 23eqith

vk zko] 919w HCAs = 1IQ, MelQ, MelQx, Glu—P—1, Glu—P—
2, Trp—P—1, Trp—P—2, A— a—C, MeA— a —C2} HEZAII = NDBA,
NPIPe] tjalx= CPDBe TDs; #S  o]g€3ste] BMDL,, #S

f=sheleh
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Table 3. Published and approximated BMDL 1, values

Published and approximated BMDL

Values used for

(mg/kg bw/day) the estimation
Published Approximated TDsy
BMDL 4 BMDLlOa (mg/kg bW/day)
Acrylamide 0.31°
Furan 0.96°
HCAs 1Q 0.63 0.812
MelQ 1.14 155
MelQx 0.73 1.66
PhIP 0.74° 1.78
Glu-P-1 0.90 4.69
Glu-P-2 1.15 16
Trp-P-1 0.59 0.575
Trp-P-2 0.96 6.66
A-a-C 0.31 49.8
MeA-a-C 0.96 6.7
NAs NDMA 0.027° 0.0959
NDEA 0.018° 0.0265
NDBA 0.040 0.691
NPYR 0.16° 0.679
NPIP 0.045 1.3
NMOR 0.7° 0.109
PAHs BaA
BaP
BbF
BKF 0.49'
BghiP (PAHS8)
CHR
DBahA
IP

& Calculated values using relative ratios of TDs, to the power of one fifth and published BMDL 4, values of reference

compounds in each chemical group. Details are explained in the manuscript.
o CPDB(Carcinogenic Potency Database)

¢ JECFA(2011)

4 Carthew et al.(2010)

€SCCS(2012)

' EFSA(2008)
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Table 4. Food items which showed high contribution rate to the exposures of

selected carcinogens reported in TDS(2013-2016)

2 E A7 7115 (E4)

72t 23.3% (NDEA)
A 317] 31.4% (PhIP)
A7), AR A 36% (MelQx), 35.2% (PhIP)
HA 177 2=, @ 20.8% (NMOR)
S 58.9% (NDBA)
Hj S 71 4] 25% (NDMA)
e 21.3% (NDMA)
7], FY5 50.6% (A—a —C), 33.8(MelQx)
2a17], 3% 100% (MeA— a —C)

= A 38.8% (DBahA)

100% (Trp—P—2)

21.3% (NPYR)

ol (| PN | >
Nejod | Mo

43.8% (NPIP), 20.3% (Acrylamide)

M
=}
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[Exp]cid]’pk

[Exp]cidjpk; Exposure of carcinogen i in dish j, for person k

[Clc.q.f,; Mean concentration of carcinogen i in food ingredient [,
cid;n

cooked for dish j

[I]djflpk; Amount of food ingredient [ in dish j consumed by person k
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3.2.3. & A7t

3.2.3.1. Oral Slope Factor (OSF) Ztk2 o]&3t =3 93|37}

OSF #= wd #, 24 =2l i3 gs dsklth(Equation 5). ©]%

&2 8 wE gisto] shpel 249 CCR @g 71E02 so] Al

[CCR]djpk = 2i( [OSF]ci x [Exp]cidjpk) (Equation 5)

[CCR]d].pk; Combined cancer risk in dish j, for person k
[OSF].,; Oral Slope Factor values of carcinogen i

[Exp]cid].pk; Exposure of carcinogen i in dish j, for person k
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3.2.3.2. BMDL,, #= o]€3t B3 93l

o,

7}

[
2

3 HElEE ek oE FAIWoEs st 7] SA9

E3let vt (Equation 6). H=3H Al % Hd=E vlwstr] 9§
A T Yaxe TAHS Wl weEl #@ e aFo=
S pid=

-1

-1
[Pooled MOE]d].pk = (Z (MOE of individual carcinogen) )
-1
[EXp]Cidjpk
= L (Equation 6)
<Z [BMDLyo]c,

[Pooled MOE]djpk; Pooled MOE of dish j, for person k
[BMDL,]c;; BMDL,, values of carcinogen i

[Exp]cidjpk; Exposure of carcinogen i in dish j, for person k
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ATelx= EFSACA #xst 8%
PAH(PAH8) E3Ee] digk BMDL, #e A=skelcth  wjehA
benzo[ghilperylene®] 7-¢ =AGAT2olA 7 wess Group
3(Not classifiable as to its carcinogenicity to humans)el &3&Fo] &
Aol i sE A VIl FEsiAle &AW, BMDLy, #s
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Table 5. Combined Cancer Risk(CCR) per serving per body weight for selected
dishes reported in KNHANES 2014 to 2016

CCR Median of
Relative b serving size
th th a N per body
50 95 CCR weight
(9/kg bw)
Side  Fish Braised  4.6E-05 2.1E-04 39 1282 1.07
dishes Roasted  16E-05 2.4E-04 14 2395 0.58
SOUP&  75E05 82604 64 2,005 1.80
Stew

Japchae® 6.7E-05  2.6E-04 5.7 602 141
Kimchi® Pancake =~ 2.2E-05 1.7E-04 18 228 0.95
Raw 21E-05 8.8E-05 18 21504 0.44
Soup 8.0E-05 55E-04 6.8 344 1.30
Stew 7.1E-05 3.0E-04 61 2711 1.36
Stirfied ~ 1.2E-05 5.8E-05 10 832 0.83
Meat® Boiled 3.1E-06  4.4E-05 03 1012 118
Fried 39E-05 1.6E-04 34 1146 151
Panfied  18E-05 1.8E-04 15 623 0.66
Roasted  6.6E-05 3.7E-04 56 3393 191
Steamed ~ 55E-05 2.5E-04 47 455 2.24
Stew 4.8E-05 1.9E-04 41 1422 171
Stirfied ~ 2.8E-05 1.1E-04 24 1253 203
Namu  DAIOON 3506 11E05 03 312 0.27

ower root
Eggplant 18E-06 1.2E-05 0.2 1,280 0.55
Soybean 3 0r 05 1.2E-05 03 2310 0.43

sprout
Spinach  3.2E-05 1.2E-04 27 2158 0.61
Potato Braised 15E-04 52E-04 128 282 1.04
Fried 13E-04 53E-04 112 519 0.81
Roasted& 4 oe04 16E03 342 344 281

Steamed
Soup 25E-04 71E-04 216 167 2.05
Strfied ~ 1.1E-04 4.0E-04 9.5 540 1.09
?:;tessed Panfied  3.9E05 18E-04 33 163 0.69
Roasted  7.3E-06 5.4E-05 0.6 546 0.81
Stew 9.6E-05  2.6E-04 8.2 261 219
Stirfied ~ 1.5E-05 7.6E-05 13 263 0.77
Sgg’ttéea” Soup 1.3E-04 6.7E-04 114 4350 1.44
Stew 7.1E-05  4.4E-04 61 3678 1.08
One  Bibimbap® 1.7E-04 75E-04 144 552 5.97
dish Jajangmyeon” 6.3E-04 1.4E-03 54.0 483 5.14
meals  Hamburger 6.0E-05 2.2E-03 5.1 391 341

 Relative CCRs were obtained by comparing each CCR with that of stir fried kimchi dishes(*). Stir fried kimchi dishes were

selected for the comparisons since its combined cancer risk was the closest to 10°°, which is the guideline value for

genotoxic carcinogens on the excess lifetime cancer risk(WHO, 2004).
The frequencies of the dishes reported in KNHANES during 3 year period(2014-2016)

¢ General term that refers to a Korean traditional dish of stir fried mixed vegetables, with noodles

9 General term that refers to a traditional, fermented Korean food including cabbage and various spices

®Meat dishes indicate the dishes made with pork or beef.

f General term that refers to cooked vegetable dishes

9 General term that refers to a Korean traditional rice with mixed vegetables

" General term that refers to noodle served with black soybean sauce
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Table 6. Median risk values for major carcinogens in one serving of selected

dishes
AA Furan _NDBA __ NDEA _ NDMA
Side Fish Braised 0 12E-05 6.1E08 6.1.E06 16.E-05
dishes Roasted 0 21.E-08 0 0 14.E-05
Soup& 0 13E05 28E07 65E-06 42E05
Stew
Japchae 41E-06 47.E-05 44E07 11E-05 29.E-06
Kimchi Pancake 21E-08 11E-05 25E-08 45E-06 3.6.E-06
Raw 0 0 0 42E06 17.E-05
Soup 0 63E06 12E-07 42E06 60.E-05
Stew 0 12E05 30.E-09 37E06 46E-05
Stirfried ~ 3.7.E-08 1.2.E-07 0 76E06 22E-06
Meat Boiled 0 0 0 0 15.E-06
Fried 75E-06 11E-05 21E-07 87.E-07 59.E-06
Panfried ~ 10.E-06 42E-06 16.E-08 56E07 32E-06
Roasted ~ 19.E-05 23E05 18E-08 69E08 6.0.E-06
Steamed  65E-07 21E05 92E-08 18E-05 5.4.E06
Stew 13E-06 30E05 64E-07 7.8E06 6.0.E06
Stirfied ~ 27.E-06 7.1E-06 6.1E-07 22E-06 4.8.E06
Namu ~ Baloon 24 Eo08 75E07 0 20E-06 24E-07
flower root
Eggplant ~ 13.E-07 88E-07 15E-08 16E07 3.0.E-07
fggg)‘iﬁ""“ 11E-07 15E06 16E-08 13.E-07 1.0.E-06
Spinach 12.E-07 73E07 30E-09 28E05 15E07
Potato Braised 27.E-08 14E-05 b58E-08 13E-04 4.2E-06
Fried 11E-04 3.1E-06 0 0 2.1E05
Roasted& 0 32E05 0 33E04 B84E-06
Steamed
Soup 0 22E05 25E-07 18E04 11E-05
Stirfried  4.0.E-05 9.6.E-06 0 60E05 51E-07
?:;tessed Pan fried 0 29E05 12E-07 0 86.E06
Roasted 0 0 0 12E06 37.E-06
Stew 0 50E05 15E-07 68E06 3.1E-05
Stirfied ~ 7.1E-08 5.2.E-06 0 40E07 39.E-06
Sgg’tt;ea” Soup 0 27E05 30E-05 78E06 1.1E-05
Stew 0 25E05 17.E-05 B80E06 43E-06
One  Bibimbap 51E-06 9.3.E-05 19E-06 29.E-05 15E05
dish Jajangmyeon 0 6.1E04 12E-06 88.E-06 6.1.E-06
meals Hamburger 0 0 0 17.E-05 1.7.E-05
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Table 7. Pooled MOE per serving per body weight of selected dishes reported in
KNHANES 2014 to 2016

Pooled MOE Median of
Pooled serving size
" " MOE NP per body
50 95 Group® weight
(g/kg bw)
Side  Fish Braised 12,976 2,476 Bl 1,282 1.07
dishes Roasted 25,865 1,792 B2 2,395 0.58
Soup& 7,406 536 A3 2,095 1.80
Stew
Japchae® 10,977 3,300 Bl 602 1.41
Kimchi® Pancake 34,355 4,964 B2 228 0.95
Raw 21,504 5,169 B1 21'52 0.44
Soup 6,063 816 A3 344 1.30
Stew 7,451 1,701 A3 2,711 1.36
Stir fried 43,503 8,357 B2 832 0.83
Meat® Boiled 113,559 13,442 C 1,012 1.18
Fried 9,615 2,590 A3 1,146 1.51
Pan fried 31,625 4,626 B2 623 0.66
Roasted 4,955 653 A2 3393 1.91
Steamed 11,474 2,554 Bl 455 2.24
Stew 15,529 3,681 Bl 1,422 1.71
Stir fried 13,696 3,243 Bl 1,253 2.03
f Balloon
Namul i 202,493 57,545 c 312 0.27
ower root
Eggplant 266,565 58,272 C 1,280 0.55
Soybean 515954 55,951 C 2310 0.43
sprout
Spinach 21,729 6,004 Bl1 2,158 0.61
Potato Braised 4,557 1,307 A2 282 1.04
Fried 1,341 332 Al 519 0.81
Roasted& 1,781 422 Al 344 2.81
Steamed
Soup 2,377 830 Al 167 2.05
Stir fried 2,792 771 A2 540 1.09
?:;tessed Pan fried 21,882 4,438 Bl 163 0.69
Roasted 53,049 8,264 B3 546 0.81
Stew 7,644 2,614 A3 261 2.19
Stir fried 29,157 6,338 B2 263 0.77
Soybean o, 4,981 720 A2 4350 1.44
paste
Stew 9,892 1,156 A3 3678 1.08
One  Bibimbap® 4,576 1,263 A2 552 5.97
dish Jajangmyeon” 2,196 1,022 Al 483 5.14
meals  Hamburger 6,256 337 A3 391 3.41

@ Classified as follows: A1(1,000-2,500), A2(2,500-5,000), A3(5,000-10,000), B1(10,000-25,000), B2(25,000-50,000),
B3(50,000-100,000), C(=100,000)

® The frequencies of the dishes reported in KNHANES during 3 year period(2014-2016)

¢ General term that refers to a Korean traditional dish of stir fried mixed vegetables, with noodles

9 General term that refers to a traditional, fermented Korean food including cabbage and various spices

®Meat dishes indicate the dishes made with pork or beef.

f General term that refers to cooked vegetable dishes

9 General term that refers to a Korean traditional rice with mixed vegetables

" General term that refers to noodle served with black soybean sauce
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3.3.1. =¥ & I3 A3

AHQl CCR @& AMnw, 448 FA422 A8d 849 4%
T WA W A A gele] werele] Mg e AoE dEwod

g1 %5 Q87 1 HE wsktH(Table 5). Pooled

PN
EJYE
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MOEE ©o|&% &% a7t dyels= |4, 7= a4 2 8 724,

=  Q¥7F Al IFe®E, ZFHIY ES Qo9 A2 IFo=
B2tk (Table 7). 7R A olmolmfol=e] ojst F&o »=
AEAER 2 dex dew 53] AR, AARZ Tl =

F
o2 AE% vl 9tk (Lineback et al., 2012; Tareke et al., 2002).
offdetutol B TR O120°0C &2 I oldel koA A EY,
wol71E FellM= o aFubol AAHETH(WHO, 2006). °l= #HA,
Fed e v e AR AAeAMe dE B A=
ol Holuto| E7p HEHA ok F HolxAb Ao Adelw A&t
AA R S E A, 5 gEel ot ofadotviol =l High mEe]
A7 eglel v&) WSeln Byeta o 29 AdiAel CCR #ol H7
ey 2w Zhg w2 dEbed = edd] w2 S fldEs e
NDEA, NDMASE £ o2 &dso] oigt x=Zclx 7g Zew
Helth Figure 3eM%E & F Qo] A9 79 =4 474 T
otlgHoluto] =5 A|9et FF3, NDEA, NDMASl A9 = QoA ¢
He BEE WY 53] 7 2 OSF 42 7k NDEAS] 7]o] #37}
T3 HA Qs WS 9 FEYAA AolE: Btk T AolxAb
Aol et zeyel whe k] NDEA 2 & #datellA 7Hd

=orom 71 Arle M= HEEHA U (MEDS, 2018).
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Table 8. Comparison of the results of combined risk by two methods

Relative CCR? Pooled MOE®
Jajangmyeon 54.0 Al
Potato, roasted & steamed 34.2 Al
Potato, soup 21.6 Al
Bibimbap 14.4 A2
Potato, braised 12.8 A2
Soybean paste, soup 11.4 A2
Potato, fried 11.2 Al
Potato, stir fried 9.5 A2
Processed meat, stew 8.2 A3
Kimchi, soup 6.8 A3
Fish, soup & stew 6.4 A3
Kimchi, stew 6.1 A3
Soybean paste, stew 6.1 A3
Japchae 5.7 Bl
Meat, roasted 5.6 A2
Hamburger 5.1 A3
Meat, steamed 4.7 Bl
Meat, stew 4.1 Bl
Fish, braised 3.9 Bl
Meat, fried 34 A3
Processed meat, pan fried 3.3 Bl
Namul, spinach 2.7 Bl
Meat, stir fried 2.4 Bl
Kimchi, pancake 1.8 B2
Kimchi, raw 1.8 Bl
Meat, pan fried 15 B2
Fish, roasted 1.4 B2
Processed meat, stir fried 1.3 B2
Kimchi, stir fried 1.0 B2
Processed meat, roasted 0.6 B3
Meat, boiled 0.3 C
Namul, balloonflower root 0.3 C
Namul, soybean sprout 0.3 c
Namul, eggplant 0.2 c

? Relative CCRs were obtained by comparing each CCR with that of stir fried kimchi dishes. Stir fried kimchi
dishes were selected for the comparison since its combined cancer risk was the closest to 10'5, which is the
guideline value for genotoxic carcinogens on the excess lifetime cancer risk(WHO, 2004).

Classified as follows: A1(1,000-2,500), A2(2,500-5,000), A3(5,000-10,000), B1(10,000-25,000), B2(25,000-
50,000), B3(50,000-100,000), C(=100,000)
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Table 9. Classification of the dishes reported in KNHANES 2014 to 2016
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Abstract

Combined Carcinogenic Risk Estimation
by Dishes for Five Cooking Related Compounds

Using Oral Slope Factor and BMDL ;o Values

Soo Mee Hwang
Department of Food and Nutrition

The Graduate School

Seoul National University

Cooking related carcinogens are formed during the heating or
processing of foods. To date, numerous studies analyzing carcinogens
with ingredients or in different cooking methods have been conducted.
However, combined risk assessment is important for practical
reasons. The purpose of the present study was to conduct a combined
risk assessment for five cooking related genotoxic carcinogens
encompassing 25 chemicals: Heterocyclic aromatic amines (HCAs),
acrylamide, furan, polycyclic aromatic hydrocarbons(PAHs), and
nitrosamines (NAs). Oral Slope Factor(OSF) and BMDL,, of the

compounds were obtained from public databases and the values for
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the compounds that did not have published reference values were
approximated using related toxicity values. The high—risk
contributing food items and cooking methods for each carcinogen
were selected for the study based on Korean Total Diet Study (TDS)
and  Korea  National Health and  Nutrition  Examination
Survey (KNHANES). Exposures of the carcinogens from selected
dishes per serving were estimated based on concentrations
determined in TDS and consumption data gathered from 24—hour
recalls in the 2014 to 2016 KNHANES. The combined cancer risks
were obtained by summing the risks of individual compounds in a dish
which were calculated by multiplying the OSF values with
concentrations of carcinogens per serving. The risks of the dishes
prepared with potatoes were high, while namulvegetable dish) had
the lowest. Soup or stew dishes exhibited relatively high risks.
Estimated combined risks based on BMDL;y showed the similar trends
except in fried potato and roasted or fried meat dishes. Combined
risks of cooking related carcinogens may vary from the major
contributors in individual carcinogens. The results could provide an

insightful guideline for selecting menu for consumers.

Keywords: Combined risk assessment, Cooking carcinogens, Oral
Slope Factor, BMDLg
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