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UEZAMI (N—nitrosamine) < 2} off1¥} ofxAkt¢doly ik o=
B BAE AR hgste] A EE dgEdE AEe
A% - 2R AME AE F dow =3 F7)dA 9de] E &
T Ak SulelA JEEZAS] 719 9 &7 2% <
DA FgkEo] glom, A 9o §7] %
AR EUE Y A7 RS ThaAE e ARl
IF=A AMEE Frteta itk tEAo® g - xF=EA
gto] AF sk AEo] Skl we SAAE W UEZA
7he] QRS ek A7 skt

B Aol 22 Al g Ws e 3% UERAN, HERA
tdgolyl  (N-nitrosodimethylamine, NDMA), YE=ZAt]eodo}nl
(N—nitrosodiethylamine, NDEA), YE=ZAt]HEo}ldl (N—nitroso—
dibutylamine, NDBA) & A &4 2 a3t Alge Iy F5H=
AE 87 A=A T 87 AR ZYcte =4 31Fe) dsto] AEE
Aol st A+ AFFAFEHE o] &sto] old=s HIFeF3T.

AEFARE T =3 4% 2AME S Extrelut NTE o83 IAEA



1A & o]&g 1

2] M| FEE=HE o] Lstg o, n—3ANES Florisil =32
&35k shehA o] &3}

AgFE2 AT AN drYol 7AE
S 0]83 Gas Chromatography—Positive Chemical Ionization—
Tandem Mass Spectrometry (GC—PCI-MS/MS)Z FA3}3ch = A
A 0.99014, WHAEEA 0.03~0.07 rg/kg, WHASHA 0.08~0.22
rg/kgl® dojxty 1 A3 NDMAE ND~0.11 pxg/kg, NDEA:=
ND~0.09 pg/kg, NDBAE= ND~0.05 pg/kgd HRE HEHIoH
et vwke] gho® dojxlth. &VIx B 7 AAEE J&E
A AF 13FS AEste]l 28 Ay 27 & AR EAo] o]FoH
ok AREE 10%5 7|l =2 3o AAR A5 A9+ Extrelut
T % F Florisil TAAE o] &3t v F5& B8 Ao
A AR A oMEY oHEVOEHE AREE A FEHE
AHEsEGlom, ol C-18 FXIAC dFnyg 75 Zdste] 1A
= &qato] GAsATE. AR 218k o] GC-PCI- MS/MS=®
stk 24 dah, S48 AR 5 AlsdAMe g Ay Fg
ol AEo] HA FAY JHTA wvtez HEFHT dEZ
v x8 Ay F 25 JgFeA o]t o] dojxlon Ent
2~ AgeAM XS AASL 2 ARE ALsty g
Tl pols Holx il AT 2 AR E xE A
Bt} 22 & NDMAS] gtgo] fexo=w F71stith(p<0.05). &
HAPS) A 2 FHepdolx EgoEdA(PE) AAQD 22
Tt NDMA7ZF folAo® A AZHAATH(p<0.05), &71& °l&
zE9 &715 ol&skA &2 ek Fov|st Apol b yrERA] 2t
7] W&ol £7] ZA7F ol KBy oyl g A8 Fg A
NDMA S7Fe] dRlE #Aetr] fla g2 AEst Fx=3 HPLC
& == Y A% A8t A3 BE AlgoA NDMAZF E31%
o} HeEbd AR Q 2l) %
sto] HPLCE =2 Xd & W3sto] A5 A3, wnk =23k A

] NDMA7Z} AgeA nto g HAEEHG o, BadAxal 2238k Alg,
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=]
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" A7|AxE 2t AR s AEEHA Rt shAR W E
B s 2t AlFOlA trace~0.46 pg/kgl® AZEH AT wEkA
e Alge |3 REAZE 3 2d83e o NDMA o] 5
7babe] AG 7| A2 % NDMA @& S7tel 7]ojahs 3102 Hol A&
dea T FEel A" wkeEol 28] F &l &alHe] vl W
Hole Aoz FAAT. wepA 7t 22 Al A% delre] YEREA
A Ad=dS vhetehs A7 st
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I A&

UEZAMI (N—nitrosamine) = “(R):2N-N=0" ¢ N-YE=ZA3}%
=32 ofyle] A4 dxte] Agtst ¢AV|e TRl W vE ALdE B
Aok, HEEAIZ o] 59 AFAl= &, EY, 371 59 &4, 2%, &
A, AL "] ol EATE(ASTDR, 1989; Kim, 2009). Y
EZAME dArAel opdAd el oa A ewr AFEHVIE st
(Ender, 1964), A WMz BAE + Atk (Sen et al, 1969;
Fine et al., 1977). UEZAMIZ 34} nedyd YERAMIO R ¢
Hr, B3P UEZARIS A gl AR wekAo] AxRE ek
= Ad & HERAMS] A7A7E 2 7 vk 23 delMs 72 24
Q1 N-—nitrosodimethylamine NDMA), N-—nitrosomethylethylamine (NMEA),
N—nitrosodiethylamine NDEA), = N-—nitrosodibutylamine NDBA), =~ N—
nitrosopyrroline (NPYR), N—nitrosopiperidine (NPIP), N—nitroso—
morpholine NMOR) 2} H]3]¥J°]  N—nitrosoproline (NPRO), N-—nitroso—
sarcosine NSAR) 5] ¢tk (Herrmann, 2015; Table 1).

YUEZAL 22} o}l Hi= 3%} ofvlo] opziked, A4 To =i
AR At ARG HhES o] AR wkgo] st
ofpl E= oyl HAyAlE wA, opw Al IAA & 42 EwH
oA Aol ®rh(Gray and Dugan, 1975). 1831 YEZ 43} HES
FAAN7I= AaakstEEe Faobda (N0, HERA 2EAg)
(NOX), nitrous acidium ion (HoNO,H) ¥} e 3Fst&Eo] 3l

(Mirvish, 1975). UEZAW 2] AL pHS} ofvle] d7|A

Ao oo 2> B2 ool ot n2 rf o

o #FeEva deA Atk w2 pHY X0l 1Ak ofle UE=R
WS AAskA] Zshm 23 ofwle]l V)Mol FErE UEZAS v
ol A dojdt}. 34 ofvlo mHE = HERAIO] 2 YA A o
ot (Mirvish, 1975; Rostkowska et al., 1998). 12} o}wle] 9 F



ofd it} Agteto] YERA R FEO|2S AA diazohydroxide®: 4
stal & A7 "olAH yrbiA] diazonium ion®] AAIE I No7b Hof
A Y7bHA] carbocations @/dsHA €tk o] ol thE ofvly A
sto] 2xF ofwls FAS 4 vk Tejal 23 ofWle] A9 wizkrbA|
2 oAty AdelHA dRgols FASHAINE o]F &7t ofd
grAsts AAEA HEZANE F4dsHA @ (Rostkowska, 1998;
Figure 1). B eARMIES HERAN BA4E& ST 4+ glon, gd
A Gks st 24 ofAFTEHAN, EFAE, 94, AulAl R H,
gdit T2 HEERASY e A & AvrMirvish et al,,
1972; Fan and Tannenbaum, 1973a; Fan and Tannenbaum,
1973b; Gray and Dugan, 1975; Tricker, 1997). ofA~AF 2 HALS o}
AR A AN wEA whgete] ke A (NO) 9F ArsE 2
dehydroascorbic acid”} %3l ©]i= NDMA, NMOR2] A& 90% ©]’d o
A stttar $+ck(Gray and Dugan, 1975).



NO,~ + H* = HNO,
HNO, + H" = H,NO,*
HoNO2™ + NOz~ == N»,O3 + Hy0

2HNO; == N30z + H:0

(b)

RoNH + NyO3 = RoN—-NO + HNOg

R4
N Ot N R N
~ NGO N y N
P TN et e TN e
Rz Q_) H Ry
_r\—'o’./H
NO;" |L

Figure 1 N-—nitrosation of secondary amines
(a) Formation of a nitrous anhydride from nitrite

(b) Formation of a nitrosamine from a nitrous anhydride and a secondary amine
(Adapted from Mirvish, 1975; Rostkowska et al., 1998)
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71y 1, 7H°1H WA 3 B4 01‘&3’13} il ?ﬂ °] 4
$- LDsool HW FAR A5 26,5 mg/kg, 47 Fo19 45 50
mg/kgolslZ o] Fth(Barnes and Magee, 1954). o]o]A 2o]& &
al NDMA2& 50 mg/kg AFAFS A¢ A= 207y 5 19vhe)”
26—40F Atoleo] FF FeFo]l ALY thE AV|oE HolH = dAd=
g2l sk3ltt (Magee and Barnes, 1956). ©]%-o|% NDMA7Z} o8] &
A ZHAE AL, F TS Bl A7 BAESITH(ATSDR, 1989;
Maduagwu and Bassir, 1980; Sumi and Miyakawa, 1983; Lijinsky
and Reuber, 1984). b 2¢] t& A7|oAME TS Hol7|% 3t
. vhe2el S84 &3 NDMAGF 9 dAstAkE A8k o
7 Foka gEo] H 9 Al AT Foko] vrAE Q3 (Terracini et al.,
1966), A=9} FAE| o] gavageE: A= wol= NDMAC] <%
o9, A FFol A AREIZE ok (Lijinsky et al., 1987). NDEA
o] 7%, A=olA 12.5 mg/mle] &L 0.2ml¥ F 232 205 St
gavagedtl= W EE o b Fofo]l AFom AR v A olE F
ol AL @AEA 10 mg/mle] €45 0.1ml¥ F 232
255 F<Q gavagedste W 1+ FoFol FASHA dEon HERG
2 Aol AITE v e E FoFo] AFHTH(Lijinsky et al.,
1987). AE=9} FAXAE|A 32 H57 o] NDEAE FARIS o
DAE AAZE B EE o, NDEAZF 24 Alxe] ddid e
Afatel Az HAL7E 2SS (Jensen and  Sleight, 1987).
NDEA<S] w7, 71¢ 9 719848 AFAIAE, 7b, A%, Al7gelA &
W7t o AT E gg1Ed = Stk (Tanaka et al., 1988;
Herrold and Dunham, 1963; Clapp and Craig, 1967; IARC, 1978).
NDBAZ wh-¢-2~o Al 30 mg/kg/day S} 7.6 mg/kg/day® AFHAAIZA S o

-

4 & |



9omte]l & 44wk, 89ntE] F 19mt] AN Wage A o] FoFo] A
R AL BE whg-AefA AEQto] MAEGIT Aet A7 2 3
o A Foko] BAHYE A tH(Bertram and Craig, 1970). FEofA
gavages XAIRNE wf H v1A, AEQHS By A WA=
kS o}/189 vk (Lijinsky and Reuber, 1984). o]¢lo]% NDBA7Z}
kA e FAAE, 7UF 2 T FE Fol 8 3 i, W, A%

of WA7bsAol vk dE A AJAHTARC, 1978).

UERAE wlo] 2% @491 cytochrome P—4509] 9&l F4tsh
W3 gENEES AX dHs|=E A ExddyERA
Fei7F ®ok(Figure 2). ©] #}4> F=E cytochrome P—450 2E1%%
2A6° F4do] =9kom NDMAL: 2Al19] 98], NDEAE 2A6°] 2|3
A3 H At (Yamazaki et al., 1992). Rx-LdZAYEZA 74
= diazohydroxide® B} ¢} diazoalkane® ElE A diazocation®] %™,
o]  carbonium ion¥} N,z EI|ET old HHFAA A=
diazoalkane®} carbocation> DNA, RNA® 47|y wwlizy} ke X
AMAE  dAdstete]  E=dWolE fdstel = fEeAl du
(Rostkowska, 1998). WA ®&AE %A NDMAE o U3
S uw DNAS} RNAe] &73}l¥ 7-methylguanine®] Fo] ZloA &2
Fox WAL AFANE 1He] 1/107Foz2 AU (Swann
and Magee, 1968). 3AE S} HEoX NDMAE TYF S Wl 7—methyl—
guanidine®} O°—methylguanidine®] DNA adduct’} A ¥ ™ DNA %
85 Yoy FoFol HAskA @k (Montesano, 1981; Bartsch

and Montesano, 1984; Tricker and Preussmann, 1991).
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3t Group 2A%, NDBA+ QA wkelAd

roup 2BE 53t ATHIARC, 2016;
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Table 1 Physical and chemical properties of some N—nitrosamines and carcinogen classification

. . . Molecular Phase transition B (BN
N—nitrosamine Chemical structure . ] log Kow®! TARC
weight temperature (C)? EPA
N-—nitrosodimethylamine (NDMA) e 74.08 154 -0.57
NN
2A"
N—nitrosodiethylamine (NDEA) ( 102.14 175-177" 0.44
NN
. . . b _ jo}
N—nitrosomethylethylamine NMEA) SN 88.11 161 0.09 B2
!\‘
N—nitrosodibutylamine (NDBA) 1 158.24 235-237" 2.57
SN
N—nitrosopyrrolidine (NPYR) \\_G 100.12 214-215 ~0.10
; 2B'
N—nitrosopiperidine (NPIP) N ) 114.15 917-220° 0.45 -
N—nitrosomorpholine (NMOR) N x 116.12 224 —0.44 -
__/
N-—nitrososarcosine (NSAR) Ekﬁ/ﬁ\)ku 118.11 66—67 -0.78 -
7
| 106¢ - 3t -

N-—nitrosoproline (NPRO) M 144.13

# Data cited from articles in ‘Reaxys database’ and ‘HSDB’

> Boiling point at approx. 760Torr, ¢ Melting point at approx. 760Torr., ¢ Octanol/water partition coefficient

*2A: Probably carcinogenic to humans, '2B: Possibly carcinogenic to humans, T3: Not classifiable as to its carcinogenicity to humans

“B2: Probably human carcinogen

.-';r'\-\.-'! -k::l - 1_] ."‘.l'l
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R1H2C\"/N\ Cytochrome R1HZC\--/N\"§ («OH
N o P450 N O:  _R,CHO %
| 7—? | I R1HZC—I\L}:N
CH, CH‘:\ H . .
Ry 0, H,0 R o
a-Hydroxynitrosamine Alkyldiazohydroxide
n
e
R,CH,—X <—— RCH,"” + N=N <-—— RiH,C——N==N:
Carbocation Diazocation
l+DNA
TH2R1 o} OCH,R,
N N
+ NH NH
P =
T N NH, T N NH,
DNA DNA

Guanine adducts

Figure 2 Carcinogenesis mechanism of N—nitrosamine
X: DNA, RNA, glutathione and other nucleophiles
(Adapted from Tricker and Preussmann, 1991; Rostkowska et al., 1998)



Aol UEZAR S tfdt 9eld =32 1.1 gmol/dayld] 2 %A
H(T2%), ZADFANM =& (25%), SAQ2%), AkE, 34E, 37
5% & %8 =9 sch(Tricker, 1997). 7F4 & v &S A
AeHE AEFdde UEZANM A2 EA43d0S 5 A, 2F el
EAletE ATA =4Sl & Aol HAUS FE Stk olegh A%
eFdEA] ggacloz Ao 9, AFo] &k
29, AFE A, odd, A s 24, 2, AF 2, 244

2Ee] AR Y & 5 F Ut Nerin et al.,, 2016).
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LU

°
FRHUES AskE HA o= ofd
Shoh, A AP Aldd® SF=2EHN AP AlRu
A AXRE N,0,8 TS AXA UEEZAM S FA4sHA A o&
2] Al hydrazine, sulfamide®} 722 574 dAF-A7F S48k 23F
olrl o 2 HE NDMAZ} AT  3Sttf. =S polyamine©|dy
polyDADMACS} #Zo] ofnl7| & 7= TdAE SHAE AREstAY
ol 2T AE AR A NDMAS T7He & F A FxEY
g7t Ha2HY 220 ofyloju YERAO] 29dd B¢ YERA
W A dE¢S FAY(Krasner et al, 2013; Nawrocki and
Andrzejewski, 2011). HEEARIE 2] SR8k AE5E A%, =
ol Aol APEHYIE stk HAE BlRe] AME, EYL 29X
gl 55 B 55 T dF F52 AEA U dAad 545 AR
t}(Lijinsky and Epstein, 1970; Wolff, 1972; Gangolli et al.,
1994). Aitad2 At 2579 AdeA HA Abstste] ofdAld &

AT 7 9l oAt ofwl, ofw| =, ofuizily}t Agtetel UER

o
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S 1A 9 Clostridium botulinum® 37
AAet= HFAHOoZ A& HItsls oA E ofwl ¥ whE-sho]
= Wolff, 1972; Gangolli et al., 1994). o}u]=4A+2]
hk Hhgolup dHs| =, AEL ofvndt WS 8 OH A = wtol
FhbE, A7 E, T SolA Edo] HEd ol&
st A el oA 3t ‘?_%3}01 NDMA, NPIP,
NPYR < A& 4 Qlth(Santos, 1996; Cappillas and Colmenero,
2004; Bulushi et al., 2009). 2#F< st oA HEZA S
SreFol Wststth. AS7keE T Hlold, 3, HEEY, 2exE Zoo)
A 2B Fd 4S kst Ay NPIP7F F71skal, NDMA, NDEA,
NPYR, NPRO¥= #4she A&S HAth(Herrmann, 2015). &AAE
F70 H2S A9 NDMA, NDEA, NPYRo| Z7}8k1 #o|71} 2
A JIAE AREste] 2 eldle AFole Fashes A% ATHLi et
al.,, 2012). A&3 AFske 79 2 87] AL SR = A
#7F vk FolAl E4EA AFA| ol NMORe] o 33ppb7kA] A4 &
AL A EI A Sk "ol Yot vt v HUAE A= Fo
Aol EAJE W7FFE NMOR®] 1.1ppbE dojx o, 100%=)4 3
AzE AFeo| §EHE e IJEd A3, NMORe| F7lste 43S B
RTH(
9]

r
o
0%
o,
o

Hotchkiss and Vecchio, 1983). AS7l¥#s Lot 1ER %Y
°of uFAA doxF NDBAZF o] H7|% 3} S ™ (Pensabene et
al., 1995), frob& 2" ZEA o4 NDMAS NDBAE HIXESE & HE
Z Aol 30ppbold HEH ATE Qlth(Sen et al., 1985). IFA|E
gl ArA e u AREske 7FE SXA9 HE A
dithiocarbamates, sulphenamides, thiuram sulphides &< YE=ZA}
WA el ArAQl oplew FaE ¢ vk BEIF Sa AdA, 31
Al, A 5 EafE] ASALE Wsol HEEAN A 7]oE
T c}ylV)r(Splegelhalder and Preussmann, 1983).

ojgl/l vt FRE mFo] Thed HERARC M tAZE A2
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Ao} 9t} (Table 2). A¥E U YERAN kS nj= FDACA barley
maltel]l tha] NDMA 5.0 xg/kg, ol ofs] 10.0 xg/kge 71+
TR, ool A FH 2 AEFS A9 A%, oFItEElA NDMA
F 2+2; 3.0 ng/kg, 4.0 pg/kgoldt2 AL AT} St =
Ao tiete] T UEZAM 9 10.0 #g/kg ©lstE rAlSkaL
YEZA A 7hs 4 tidids 100.0 pg/kg ©18t=E 1A
o ok AT u5A 2ol 36702 u|nte] ofFo] AlgdlEE &
© Aol flo JpAd wksh Adtdel did] YEZARFI 0.05 mg/kg
olal, HEZAM A 7ls 54 1.0 mg/kg ©)37} HEs A8kt
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Table 2 Regulations on N—nitrosamines contents

Maximum
Authority Subject N-—nitrosamine limit
(rg/kg)
NDMA, NDEA, NDPA,
. NDBA, NPIP, NPYR, total 10.0
KFDA Baby nipples NMOR
N-—nitrosatable substances total 100.0
Rubber teats N—nitrosamines total 10.0
and soothers N-—nitrosatable substances total 100.0
EU
N—nitrosamines total 50.0
Toys”
N-—nitrosatable substances total 1000.0
Barley malt 10.0
NDMA
US FDA Malt beverage 5.0
Baby nipples Volatile N—nitrosamines total 10.0
Meat products NDMA 3.0
China
Aquatic products NDMA 4.0

* Toys intended for use by children under 36 months or intended to be
placed in the mouth
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= A FokE %jiMW HUERZAM =2% 37HE 8sa
= 2], 2009), ‘FHE=AAZS} VIRAFA-25F oA UERA 7
% (NDMA, NMEA, NDEA, NDBA, NPIP, NPYR, NMOR) | tial %
2ol ZAME 3d7H(2013Wd 9€~2016 7€) sl Utk F 2ol FAF
o Ygow gt Ao &7 - A @3l AFE FE A UER
ARl BHeFo]  FTbEE @Ao]l A EHAT (AL, 2015 HEE,
2016). WEA -OdE’ of HEAN) —HTI_BeE oAM=
UERA 7% EF fHEo] HA gAY A=A mntezs HE%%
A e HHEAN) -7 A2 RIA]T ol A= NDMA, NDEA, NDBA
o dFol FUHHEHSGEw I & AdTh w3 &7 2 Ag,
‘2, &71", AHEE , ‘gd, &71", Fol ¢ ghd, 8719,
EAE oA 2 A ARERG #A 5 F7hsto] #Bl?z} 735
NDEAZ} 2-3u] F7}atdet. ‘A4, dEZE AgE x9 dAx &2
=2 U AlE, AXEAAZ 2 Als EF NDMA7ZF HE5 A A]
T xY A3 xE Fof WE FAQl Aol E HolA = gt §7] -
Ao ol E = HEZAMI g A= hAlolwt $h H o
UEZA ghaF Wstrr A5 2A 2 ‘%’i:‘ﬂr ] ZAA] B7IAFE- o
Eﬂ;:@}} °Jo1o1xloﬂ st grgol dask AAort wehA ;141 7P°ﬂ
7}

O

rir

¢

0 R
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I §7] - £4EA=2E JFAALEWE o9
JE2Al 33

ATE SAS W O ASIAY B S 4F wE 4FANE
E E A

=
2 - AR 2R e WA
17

21.9%°) H)3] 2014 41.1%= AA =7}tk

TC
& mlae] MEE 17.3% S7HEHACH@ TSR FHEBAL 2016).

S AFAY S Avnd JT 9 g7 243 BaAs o)
Fol FESE 20009 ol FE PRI Frsgla, suwejas 72

S/t (E A, 2016). =rdlellA AFE 719 9@ &7 - 23] A
AL FAFAA (38F), MRBA, 1FA, FolAl Tt IAA, F5
Al, A, ARA, FEA, EA7A, HE 2 37179 8FoRE it
sho] #aElalar ub (A FoekEkd A, 2015). =Y 75 A 71
o] 7] - ¥ZE= SAFAA(RLTR), +5A(8.2%), +HA(5.0%
FolA(1.1%), 1FA(0.9%) o2 AFEEHW FAFAA o=
oA (PE, 46.3%), ZZZZIAA (PP, 35.1%), ZoedHz 2

1>
o

~—

ik
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Jo]E(PET, 15.4%), ZYAHA(PS, 1.4%) o2 AREE 1L (7]
£24 9], 2012). °] TAAE AEFS 24 e FHE 2T F
i AAE= PE, PP, PS, A AZ FHE FolA, 554 o]

5go] gk,

SHATAA & ZElelE ¥ (Polyethylene, PE) o|g@#e] gf{&o]
50% o] TgAlZ ofgdl Fg Ale]l 1-propene, 1—butene,
1—hexene, 1—octene ExHE 7/ Hrlstel 37|15 b @A}
€9 Ar Ex dEe me AdE EYClEdl(Low—Density
Polyethylene, LDPE) ¥} BRI A Z 2l o & @l (High—Density
Polyethylene, HDPE), 414+ Xﬁ‘?ﬂlE Zg]o€d (Linear LDPE) 02 &
F ¥tk LDPE= 150-300%9] AL} a1gtelld &gk Abau 7]
HAbstEs FA7bebaA S 5 Qv FEAY FAAdo]l Fow st
o] Folx A3 g Aol WEAE Ao o] ALg-HTh HDPE+=
G By FEsta 1 B oA FHul (chromium oxide supported
on silica or titanium halides and alkylaluminium compounds) & A}
st o w2 2E9f AStelA ¥4do] ¥k, HDPE+ LDPEe°]| H]&l
Erete Aol FEAT 1 BT el ¢fu T8V, 9
E2ZE A AM-HETHTice, 2003; AF2leF#ebd A, 2014a). 2
oM PEE v ‘j)r/\E] aAel gudolE B FEE ARG T
2 v =AM uee 3932 FHl= ULdE (polyamide) ¥ HA A wb
SoAH, AAnE mo} PES] AtstE o= 47V AEE T Fol
Aol sE st ARGS ESE FRAtAA o] ¢FEta g3l oo =
7t W 7= dHeAdel A Wil wol ARE-¥tH(Tice,
2003).

ut

Z2] 2 23 (Polypropylene, PP)< 7| @A 5 Z=dd9 g
Freo] 50%017dRl FAATAE BETH(AFL oAb A, 2015). EF

. S0



23 SdFFAY AS HErE & WFoEw wdEHe
isotacticst Ejel W€ 7|7} Wdoba vlEE = syndiotacticd, HE7]
7} B2 wld = atacticg o] =AY T2 isotacticg o] AFEH
T}, PP & ethylene¢|t} 1—-butened 1-7%°] H&ZE FF LA
ARG = gtk ol st Al FAde]l F1 HeFo] wolAA
S 2R ReXE 9SS RAeth(Tice, 2002). EEZ=E
el Zrel AFREI Fu WIELETF 121-16552 Fof Ud &
I AREIA 8712 AREE AXE 2 2 2 (Oriented
polypropylene, OPP) H &2 wE=oixl 'égt% AR SR A £
A, AE, TR AR, WA S EA e AR M A E Y
Gz goly Wy o ALEEh PES Zo] FolA o guly|o] Edt
ARSI sk, dFvlEolv UHYdE, PETE AXA dHEZE 73X
2 AFE871 %= Sk (Tice, 20025 2)F 2] ekE<ekd A, 2014a).

o

ZZ ~E 3l (Polystyrene, PS)«&= 7] T¢A & 2EH Ee o —H
YA &0l 50%0174) FAFA Ao, WX ZejAHAS E
IR (Ao oFE b A, 2015). StyreneWrs WEAlE AREE wed

Ant Mg PS(General Purpose PS, GPPS) gt &t w3}

o dste] A3 g fHolu AFR AL T2 AT F

I w718y Z1Eel FHeks A Aoy VEs we dHdd
AFg-5A] Bkl GPPSE benzoyl peroxide®} 2 dAabsbE

=

=

A}

:

ol moh
-

A=

A, 2B S Aol e o

&
@ Afet gHoR =
AN 71 HE A S o] 8-5le] TS WHol Qlth 1,3-butadienes ¥
A 2 Abgstd WEZAA PS(High Impact PS, HIPS) 7} 5w %24
ZE7k AT g $EAe Qo f714de da AT
dol Xt WEAEe EYol, Q7 EEY ofo]Aaw], FHEY] F

o ARg-3tt}. HIPS+ polybutadiene 1%5 Ag# E1ra’ﬁﬂloﬂ =9l &
AE D go e o] AR LEAE o] &3t WE PSE TE 4T
AZ AFEE Y FA = oFstAI vt ddAo] Eot A3 8o HEY AEFS



NS4 AEo g0 F& AMgdnh WX PSE PS FEAel 3w
A BEAE HI7Fsk=d # A= chlorofluorohydrocarbons (CFCs) &
AP @ ES 9y EZol7] wlitol| hydrocarbon pentane©]ut
butane ©. % thAISFATFALSI, 2002; 2% k& A A, 2014a).

+°lﬂl H2ZE FHd8F o] A3 A Loy, A AT Fo|
Aol AEFE oA FAAFAA = 5FA| 2 SAAMEe Aes w

@)

#o WEANE AT o)

iFei% PEE 72 4

%—fi—%:—% A7 B

=g Fo e
ECIMEES

aesha +Ee Frstel BRAAE
A

o]
', TRE, ﬂﬂl %‘fi o A7bEEol AR
FH A, 2013b).

DFu)F FEAL D T FASE LEAS AYZ so] s

G498 F oA Arldste] shEs AR HEAAE ATA
843 Ae) £x ATAE A FL LEAA
g 22 AAse] A
e e she 5AAAS AANEA ATHTHAFFERAA, 2013b).

7175 W 8] - 2FEE Alx A TR QedE AsPEAA, FH7
WA A, A, AEA, JA2A 5 B> HA7AEC] AFEEHA, 1 T
obl AlA H7IA9 sodium nitrite9} A FZHA L AFE-o] 3] 71EH o]
UTHCEFR 21 Part 174-178). 7]9- 8 &7] - 249 A& d¥rd

nN'
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o= 7 EA A AFORE ol F Qe BEAES R4
7}z (Indirect Food Additives) & #/38tal ARSI 7HAlZ #2]shar
o AW+ % (Code of Federal Regulations, CFR)OHH A 2 2}
HE AFE7s =4, AME", AMR R o= rdeta Stk 9
Regulation (EC) 1935/2004% &3 *4% G
Aot AFZIZA Ax A AT B 55
s AAste] st Utk FdeldE o
Ao} H7 Aol gtk 8717t obd FH A F e
Soto] AFo® oldd Ut Qv FAEAE 4 AHER
= 14E A5ty #EEH. HEZAMNIS ofnly} ofxAkgo]
oA Aol HH, AxzFHolvt AFE ThaelA HA 24l
ATk ESE doll ofgh IFEA AFE Alolo] S A

FsAdol A7ldt. webq 2 AFeM = =d 8 A0 A
UEZA] o]k FAste] &7]o @1l 259 X8 Al HE
AP e W EE vebd Als vpetstaal eFith

e

MN (R oo

Ja

ﬂH

S
N

D

KU S o2 ot 0 N X fo me px rlo
ok = |V -
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2. A5 2 Wy
2.1. Al5 9 7] FH]

2.1.1. £7] - ¥ZA 8 FH

_4

—

ggutES] Qe Y AP EANA FF FA AF T
st A 31ERE TFulEksith UgEo] fle
A4 FskE d oggel o Fue FEeA uE=
sto] Ao ARE-stGiTh RS Alme
TH, ZEoEA HEZE XA 28
Yz 39 FolAl &7 3FH, & aﬂxﬂ 27 9%, &
23U dEERE IFA 8FF, %éxﬂ £7] 1FFH(Table
3). AgE MAE oF 44cmo) dFoz et AHoR AZIA 2
Ag G 378 AEE §E3A1Pel AHEsiith HEEE 239 A5
FAZE gF7] Wl 3-4%S BldojA EAIES PGt UEE
o] AN 3] AAHA ¢ B EEAD AA AFRG W
AUZ Bsta 34182 1-249 ghell Waystsich

oTN
Ju
1 K ﬂﬂﬂ
_YE
i
=
2
o
A}
CJO

A

Ir

2.1.2. @ALEZ7)4 A Z

A gdE AR V19 9 STIERS] Vs 2ot E AR
o

(LA A2014-27%) & wetth A9 2-6 ALY §EABE
A o] WEw AT R §7) - 239 AFe] AFAE A B D
e F FEAUL AYsetn YA QAW Bel A% YERAR
ool $HHEE A Fu Arjd ol FAL AAS ] ALgHLh ®
@ AT e+ U 87 BPARY BT 871 23] I8
S M5 A A LE - ABES BAT RS AYgAoR g
% gAsa ek ST §7] - £ moko] thakabel EWAL A4



7] oF7] wiel AAE ¥ F fle ARY BYVF $UA 2L Al
=29 Aeel dlgsls SEAIEME AESTH(AE o ok b A,
2014b). o] &EAI P Figure 33 £ GHIE7|7E AHEStes

gAsta glom &7 (@) A BY AR #As] odwol

U= Aor FEst FEV|T(b)E ARRSHIE Skld. e A
lem®3d A FA RS 2mLe] v &R AEE APy wiel, 1A &
A XA S 100cm” e 2 BHA AAG 2 tialel] WA
50cm” o & A #tato] GujAlER-E E30th Figure 3(0) 9 &7 &
ddz $71E AFesle W &1 £ AR R0 /\LLJ FA7Y
2k o> AR A Goo] A= Aol MASIIT T Al A
717V HE2 WA 5 7HA] dojd Are 2 Aok AEEd0] A
o mEbA BlEE MEe AEQlYA celll Imm FREe] EolAE F
AL Al A S celld] AART A7 HEE ARG 24 s

of E9ZE 93\% o A K] GEE Heste] A Zelslth
(Figure 4).
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Table 3 Collected samples and food simulant for migration test

Material Contained The number Simulant
food of samples
Water
Ramen 4
PE? coated n—Heptane
papers Beef soup 1 n—Heptane
Lasagna 1 Water
PE 4% Acetic acid
packaging Sauce 1
materials n—Heptane
Water
PSP Ramen 3
n—Heptane
Noodles 1 Water
Stir—fried . .
c ) 4% A
PP¢ coated rice cake 1 % Acetic acid
papers
Fried rice ) Water
with sauce n—Heptane
4% Acetic acid
Sauce/Stew 7
n—Heptane
PP Cooked rice 4 Water
ackagin
P g . Fried rice 3 Water
materials
Chicken 1 n—Heptane
Noodles 1 Water
Bread 1 n—Heptane
Aluminium Noodles 1 Water
* PE: polyethylene
b PS: polystyrene
¢ PP: polypropylene
¥ i
21 A1 =T} @
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Migration unit (a)

@) :
® :
©:
@ :
e :

Stainless steel ring
(diameter: 11.28+0.01 cm”)
Silicon mat

Stainless steel plate
Stainless steel bar
Fixing nuts

Migration unit (b)

Figure 3 Recommended migration units for single sided migration test

(KFDA, 2014)

@@ ®

(diameter: 11.28*0.01 cm")

. Stainless steel lid

: PTFE® mat

: PTFE ring

. Stainless steel clamp

* : The actual area of the surface wetted by solution is 100cm?.

# PTFE: Polytetrafluoroethylene

22

. Stainless steel migration cell



8.9cm ®

Fo_

7.98 = 0.0lcm ’_;E@g:[z:o.za
@® @ &
6.3cm
_____ @

. Stainless steel migration cell (diameter: 7.98£0.01 cm")
. Stainless steel lid

: PTFE?® mat

: PTFE ring

. Stainless steel clamp

©@®00®

Figure 4 Modified and detailed migration cell for migration test

* : The actual area of the surface wetted by solution is 50cm?.
@ PTFE: Polytetrafluoroethylene
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2.2. 4 oA+

AAT (M2, 2015) 9 AF Wl SAsH: YEZA 759 24
AreA zes W= Al & WSV 7B & NDMA, NDEA, NDBA
= wAUde R ARsdnh. wA oM EA S5 aested A
g Ag= skl gl 7 3% HERAN] dste] Wi meEds A
shadth. Wraseds 2 478 sa dAE SeAE A9

NDMA—d6, NDEA—d10, NDBA—-d18& A}&3}9)t},

w
ofN

o,

oo 1o

2.3. AlefF W 7]7]

wAYER] HEZAWS 2FE22 Supelco AHUSA) A EPA
8270 mixE TYdte] AFEEIR 1 WE-EFE4AL Chiron AF(Norway)
°] NDMA-d6, NDEA—-d10, NDBA—-d18& 7}Z} #9l&te] &3 F A}
gttt 28 9 UWHFEFEALENY Az dAge] AHEH
dichloromethane (DCM) - Fisher AF(USA) 9] pesticide grade&vZ
ARGk T

2 FFAE I E AR B3 4% RGN A X A 3|A g o7 A3
=, n—Heptane<> Fisher AF(USA)e°l|A HPLC & A|oks F¢135to] Ab
23}%lal, acetic acid, glacial= Samchun Chemical(Korea) A& &
AFEEFA T, Extrelut NT+= Merck AF(Germany) A% & AF&38F3 0™
Extrelut NT¢  prewashing®] 22?1 n—hexane<  Samchun
Chemical (Korea), DCM<> Fisher AHUSA) ¢ HPLCE A|eFS Al-&3}
Ak A #HAgolM Extrelut £FNOZ ARSI n—hexane
Merck AF(Germany), DCM<> Fisher AF(USA)A X5 pesticide
grade A%F& AFESRQlth. A7 & A4Sk dHel= 0.1N¥ IN

sodium hydroxide solution< Fluka A}(Switzerland) 9 A|#& A&

24 Ak



3} t}h. SPE (Solid Phase Extraction) @] £Z&wA o4 222l Methanol
S Acros AF(USA) pesticide grade £wE AFE3FTE Sep—Pak
Florisil Cartridge(lg, 6¢cc)+= Waters AH(USA) A#& ARS8

EEAFY Ax Al o] & FLFFE Jeio Tech AHUSA) 9
BS—21 Shaking & Heating bathE AF£3l3t). X &7]+= Scientific
Industries AH(USA) ¢] Vortex—Genie 25 ARSI 1L, T Sui&
A7 "1 AR IAASYES7I+= Jeio Tech AHUSA) 9
aspirator, WZt+84x], Buchi AF(Switzerland) 2] Multivapor™
P—125 AREsialtt. whx et &A1 9] sFoll= FREH A (Korea) o] 24
5%7] Hurricane—Litegs AF&3tth. GC—PCI-MS/MS+ Thermo
Scientific AFH(USA) @] Triplus RSH autosampler2} TSQ 8000 triple
quadrupole mass spectrometer’} AZ¥  Trace 1310 Gas
chromatography & AF&3F3t.  Agilent Technologies AF(USA) 9]
DB-5MS (5m X 0.53mm 1.D., 0.25xm df) 2} DB—-WAX (60m X
0.25mm LD., 0.50 xm df)& AZste] &A]skqlTh
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o g AdgAoRr AREElth 448 Alge 33 RbEAde AA
stk =3 4% =AY §E A9 892 50mL conical tubeel 7
@eral n—Heptane? &A1 SN2 40mL 24 wpo]dof &7 o}

-80Coll R3St
3.1.2. FoA A &4 A

27 - TF=A AR 31F T FolARl 9T Ee HEE
25TCE 10+ &8F WA A& AP gAo=w AR 72H2Ee] A
33 HrEAHE
fole 50mL conical tube®] %7 D“’LI’_ n—Heptane® £&A*
N 40mL ZA vpo]te] A ol 80T H st

fuieu)
oo o

3.2. FEAF N HEZA & 24

AR AR P ARAT (AL, 2015) 9 UEZAY E4L 9
& A P ARLE A gt

3.2.1. A EAAE

(1) Extrelut NT Prewashing

Pyrex dishell Extrelut NT 1200 mLE A& & (DCM:
n—Hexane=7:3(v/v)) 1400 mL$® 7 Y rocking shakerelA
35rpm e & 15%7F XEatit 13 Az & AH s Hdg oy
3 500mle] A AFEWE F7rE Yo 1:}/\] 35rpm, 15%3F A&
sttt ZE]al o] #AFE 13] vl wbEsto] & 33| AlFsdTh AlF +
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35C 2F° = 5w Bt AEAA v‘i—*—i oﬂ AF-8-51 5 o

(2) A=8M7F =< A Fd dA7

ﬂHN

yHEx+=E2 NDMA—-d6, NDEA—-d10, NDBA—-d18& DCMOo = 3
Hato] Az 10ng/mLe] UFEFA7IENe AALHH) nAL 9
& Abgall.

"
ol

LEZA YA 5g5 50mL polypropylene (PP) conical tube®] 438}
At o] tubeo]l 0.IN NaOH 5mLE Yo 47|14 A4S A%
ImLe YR EEH NS H7tsta 287F vortex® B8 114
AAA AAFES A8 WA 2.0cm, do] 25ecme] 8 A AHESt
3L glass wool® AHE wle-& w2 & ok 6g2] Extrelut NTE |
AA 477 AT AEE Adel Yo Extrelut NTel F5A171
S g=N(DCM:Hexane=9:1 v/v) bmLE tube? FIHE=S Ao A
of ¥Wgla olF 13 ¢ HEESIGIY. o]% 8% 9 (DCM:Hexane=9:1
v/v) 40mLE FolF ¥ 60mL Al@ e 1xeof st W&o Sr=x o}

55w

Ut A fFo0] By gAe 30C0o|8+e &% oA Multivapors
o] &3kl AmL7HA| 7+t :Z=aloinh g /\] £ 15mL /\]fﬁ%oﬂ £
A G 25C 78 AeA dAR FFsto 1mL°] sh7b HEF ofqlth
o] FZNE 2mL A vfoldo] %71 & DCM= ¥ ImL=E 1;}-7‘@ o

S GC= #4383t
(3) AE=Em7F 4% A EEAF N AT

LEZAP N 508 50mL polypropylene (PP) conical tubeol] A3}
=%

,iﬂ} o] tubeoll 1IN NaOH 5mLE 9ol F3& 9 4714 a4 =A%
T, ImLe WP EFH7FE NS A7bskal 283F vortex® APl
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oo AgagdE (2 HE&WIt =< FEAEN AAE o

=
(4) A=E7} n—HeptaneSl §EFAI A A A]g

SEAE N 5g= 60mL 2] AlPde] AEstdth ImLe] WH-EF
H7bgAE Hrtsta 54 22 FH 237 vortexE X GESIT
n—Hexane 6mL=Z &/ 3}A|# FH]SE Florisil 7FEE X ¢ &3tals W
3 1x9] 3 HL2°o £E=F loadingdtth. 60mL AP #S hexane
ImL=E 33] Ao 7tEYA Y &8+ § 3mLe hexanes F7IE H &
9] washingd}$th. DCM:Methanol 95:5 (v/v) &% 6mLE €%
b 5 wholdl E NS 26T 8 AoA AAFEH7]E o] &sto] 1mL
o]tz FFEUU. o] FFAS 2mL #A wpolde] %371 & DCME

R
A9l ImLE St s GCE w4kt
3.2.2. 71714

YEZA 246 Jh¥ GC-PCI-MS/MS #4215 443t
(M2, 2015; BFe, 2016). Guard column® == DB-5MS(5m
X 0.53mm LD., 0.25¢m dDHE AF&3t3S™ main column®®
DB-WAX (60m X 0.25mm LD., 0.50 #m df)& AHg3tqich. o]&7d
7= dF 7IAE 75 2mL/minl 2 A5 AgFdES 241
2 sl AgEA 79 o] sl e efE Yol 7]|AlE reagent gasE
Sk positive chemical ionization(PCI) 2] o2 it upaba 2+ &
AEA 4 YR EFEZA precursor ione [M+NH, 12 24w
product ion 1& [M+H'IZ AAsGlch AF 717134 =13
SRM (Selected Reaction Monitoring) 71> ‘Table 4> ¢} ‘Table
5" o YeERSIH

29 e |



Table 4 GC-PCI-MS/MS condition for three N-nitrosamines analysis

Guard: DB—5ms (bm X 0.53 mm 1.D., 0.25 um df)
Main: DB—wax (60m X 0.25 mm L[.D., 0.5 wm df)
Flow rate He, 2.0 mL/min

Inlet temp. 250C

Column

Inject volume 2 pL

50C({1 min) —»20C/min —»120C (0 min) —5C/min
—170C (10 min) —25C/min —240C (5 min)

Oven

Transfer line

240C

temperature
Source i
150TC

temperature

Reagent gas  Ammonia (NH3) gas (Flow: 2 mL/min)

Collision gas  Ar (cell pressure: 60Pa)
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Table 5 Multiple reaction monitoring conditions for N-nitrosamines and their internal standards

Retention Precursor Product Collision Product Collision
Compounds ) ) ) . .
time (min) ion(m/z) ion 1(m/z)  energy(eV) ion 2(m/z)  energy(eV)
NDMA—-d6 9.94 98 81 5 46 20
NDMA 9.94 92 75 5 43 20
NDEA—-d10 11.30 130 113 5 81 15
NDEA 11.31 120 103 5 75 15
NDBA—d18 17.46 194 177 5 66 15
NDBA 17.75 176 159 5 57 15
3 A =tff &
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Table 6 Method detection limit (MDL) and method quantitation limit

(MQL) of three N-—nitrosamines in each food simulants (Unit: g«g/kg
sample)
Simulant NDMA NDEA NDBA
MDL 0.03 0.04 0.05
Water
MQL 0.11 0.14 0.17
4% acetic MDL 0.05 0.03 0.03
acid MQL 0.15 0.09 0.11
MDL 0.06 0.02 0.07
n—Heptane
MQL 0.20 0.08 0.22
35 ; ;H -
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1.2. NB §2A 9 BHAT

3152 N5 FEEMEY UERAW o|dgds Ay A3, I=
g7 £2 ¢ NDMA* ND~0.21ng/cm?, NDEA¥ ND~0.17ng/cm?,
NDBAE AZFHA &gtk 4% =4 HE479 3% NDMA+
ND~0.15ng/cm? NDEA ND~0.11lng/cm? NDBAYE HZEHA &k
3!, n-—heptane® A%+ NDMAZF HEHA L3 NDEA+
ND~0.09ng/cm? NDBA* ND~0.04ng/cm’Z #HZ4 <t} (Table 7,
8, 9). AR B SFEAIGNA MQLUIFH] Esfor dojxct A
=87t = A, o8 JAE8vel vlsl NDMA AE&°] 63.1%%
AZH . HEE7F n—Heptane?! A5+ 1971 & NDMA7Z} A=
A7 glelen, & fweM s HEHA &%d NDBAZF 2719
AlzolA HEHAT ol et Aol= FAEHEY F&d BE Aol
|= =19 AoloM ZIleRs Floletn AlRdT EEAIE A Y
ERA 3 A Ay, e oldow HEE AIETE A7 o
ol %71 EAAA L GEo] 8 Al AFE U HEEAPUJQ dF =
7= 3l Aolgtal E
of JEH 2ol 7F AP S Flo

= Y33
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Table 7 Occurrences of three N—nitrosamines in food simulant water

Material Contained food No. of sample NDMA NDEA NDBA
1 —a - -
Ramen 2 — — —
PE coated papers 3 - - -
4 trace® - -
Lasagna 1 trace - -
1 —_ —_ —_
PS Ramen 2 trace - -
3 trace trace -
Noodles 1 - - -
PP coated papers - - -
Fried rice with sauce 1 trace trace -
1 trace trace -
. 2 trace - -
Cooked rice
3 trace - -
] ] 4 trace - -
PP packaging material 1 — — —
Fried rice 2 - - -
3 trace - -
Noodles 1 trace - -
Aluminium Noodles 1 trace - -

# —! Not detected
b trace: <MQL
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Table 8 Occurrences of three N—nitrosamines in food simulant 4% acetic acid

The number

Material Contained food NDMA NDEA NDBA
of samples

PE packaging material Sauce 1 —a - -

PP coated papers Stir—fried rice cake 1 trace® trace -
1 — — —
2 — — —
3 trace - -

PP packaging material Sauce/Stew 4 trace trace -
o trace - -
6 trace trace -
7

# —: Not detected
b trace: <MQL
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Table 9 Occurrences of three N—nitrosamines in food simulant n—Heptane

The number

Material Contained food NDMA NDEA NDBA
of samples
1 _a _ _
Ramen 2 — — —
PE coated papers 3 - - -
4 — — —
Beef soup 1 - - -
PE packaging material Sauce 1 - - -
1 — — —
PS Ramen 2 - - -
3 — — —
PP coated papers Fried rice with sauce 1 - - -
1 — — —
2 - trace” trace
3 — — —
Sauce/stew 4 - - -
PP packaging material 5 - - -
6 — — —
7 - - trace
Chicken 1 - - -
Bread 1 - - -

# —! Not detected
b trace: <MQL
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YEZAE 22 opdl HE= 32 ofnlo] opatyd, AAA FolA A
A ARAstER R AT As Wl SAeE obdl AT A= o
A, obmAt, AAE F2 43 dEEddd A ¥ (Gray and
Dugan, 1975). ofu]wAte] &ebil wk-g W
st Rbgo 2 AV|= wpoleAly ol I
b 29, wA " 22 X Aol AAl®E A8 4 At (Wainright,
1986; Santos, 1996; Cappillas, 2004).

YEZAMES A&7tg %, off7tes, 73, 72 S7, 95, 2
AAFE TolA TE AFe wlE AEFWET =
Preussmann, 1991). =uj¢]e] HE=ZA AdS A
A4 NDMA+ Hu 5pg/kg7tA #HZEo] o™ NPYR 1-204u
g/kg, NPIP+= 0.08—-0.25 2 g/kg?] s L2 HEHJL B EE =9
st 9> AlE, xE %W 7hast AR BFolx NDMAZE HE=H A0
Az A= NDMAZF AEHAA R GA Kol vsia= A7 HE=3ct
(Gough et al., 1978). t}& Aol A
NDEA, NPYR, NPIP, NDBA 2% HZEHA 99HA|
U w3AY HAE W 552 UERARIC] BT FtsheE
H FxHolu Hol7]l 5 heads ARE W NDEAE A|2sh 459
HEZAM stgro] =718t (Yurchenko and Molder, 2007). ©] 4}
o] AFNME AF7EE, oH7eE oA UEZARIC] HAEH it

(Maki et al., 1980, Mitacek et al., 1998, Yamamoto et al., 1984).
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By 2AA 9 Aekr]o A NDMA o] {9
Row F& HolAqME FHh NDMA 17.2 #g/kg, NPYR
21.8 ng/kgd &% AEHUTH(Sen et al., 1979). Iy AFoA=
o] oAl NDMA7Z}F A&& 100%= 1.21-3.92 1 g/kg
o srE HEHIJoH AAX e FolMx= Ho 3.28, 3.45pg/kg?
SEE AEHAY AdST7teEY AdFolAE NDMAZE Hdl 9.36 ¢
g/kg®l FEE FEo] Hom WFo} HegEolXE FDA At
o1 NDMAZ} E#E0]3la. NDEAS NPIP7F AEHJTG (5%
2009). o o]Fojx Total Diet StudydTFol%E FAE R T}
AZbEEAM UEZAMS HEE3 %] o mavh B3 2571
3 A3, SALVE HAT], w571, AV 2HE e
NDMA gtFo] foAow Frtatlvh(BtE2, 2016). o]A 7 YERA}L
W A Jheste A st B olA kol SUteke A

£ o v

Oy

S Heolt), A EF YERAM Steko] Z71sk ol B sk oﬂﬁlt
FEok Aoy, wEba ZhEAEL] e Al YERAR O] F7ksh ¢l
S shotaty] g& A2 At
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Table 10 Food samples and their cooking method

Total sample

The weight of

Material Contained food ) added boiling Cooking method
weight (g)
water (g)
PE coated Ramen A 65 248 stay 3 m%n.
Ramen B 65 248 stay 3 min.
papers -
Ramen C 65 257 stay 4 min.
PE packaging Black soy bean . . )
] 120 - put in boiling water 2 min.
materials sauce
Ramen A 114 397 stay 4 min.
PS Ramen B 115 397 stay 4 min.
Ramen D 110 397 stay 3 min.
PP coated . .
Udon 222.5 297 microwave (700W) 4 min.
papers
Curry 200 - put in boiling water 3 min.
Black soy bean . . )
. 200 - put in boiling water 3 min.
PP packaging sauce
materials Tomato sauce 140 - put in boiling water 3 min.
. put in boiling water 10 min.
Cooked rice 210 - ) )
or microwave (700W) 2 min.
.. boil on medium heat 2 min.
Aluminium Udon 524.6 -

and on high heat 10 min.
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ok Ao A BA3 Aty mkz7bx] 2 NDMA, NDEA, NDBA
35S BAHYAor AAEFL 4 3F YEZAM dtste] yE-EF

27& NDMA-d6, NDEA—d10, NDBA-d18% A&-3titt.

2.3. AlefF W 7]7]

AR HERAMSY ¥FE22 Supelco AFUSA) A EPA
8270 mixE TYdt] AFEEIR 1 W EFE42 Chiron AF(Norway)
°] NDMA-d6, NDEA—-d10, NDBA—-d18%& 7}7} #9l&te] &3 F A}
gotaitt. 28 9 UWHFEFEALENY Az dAge] AHEH
dichloromethane (DCM) - Fisher AF(USA) 9] pesticide grade&vZ
ARGk AT

Extrelut NTi= Merck AF(Germany)Al# & AFE3F% 2™ Extrelut
NT®] prewashingo] 229l n—hexane<> Samchun Chemical(Korea),
DCM< Fisher AH(USA) ©] HPLCE AloFS AME-3FITh Extrelut &%
Ao Z AFE-3F n—hexanes Merck AF(Germany), DCM<> Fisher A}
(USA)ollA X5 pesticide grade AleFS AFE3FSIth Acetone®}
acetonitrile’= Fisher A}¢] pesticide grade Al°FS AFE3sF3ith 9714
34S A% d 229 0.1N sodium hydroxide solution®} 1AW
A5 AAE e SPEEAC] 291 basic aluminium oxide: Fluka A}
(Switzerland) ] A& AFESFSITE. SPE(Solid Phase Extraction) 9]
4% TAelA 2221 Methanol Acros AFH(USA) pesticide grade &
W& AFESFTE. Sep—Pak Florisil cartridge(lg, 6c¢cc)@F C—18
cartridge (500mg, 6¢c) = Waters AHUSA) AlFS AHE-sFAA T
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MEAT AF A AE FAZZF = Braun AHGermany) 2] MQ725%
AFEEFE 1 A S22 Dretec AF(Japan) ] KS—208CRES A}£3le] A=

sk th. X ¥7]i= Scientific Industries AF(USA) 2] Vortex—Genie 2
= AREekla, A Al5E] FEol& LaboGene Ah(Denmark) 9]
1580R WA nEAANTE 7| E ARSIt e EmE SdAl7]= Tl
AbgE 3 A7 s%7]= Jeio Tech AH(USA) 2] aspirator, W23+
%], Buchi AF(Switzerland) 2] Multivapor™ P—125 AFg3}9ith A&
57 AWH A (Korea) ¢ Hurricane—LiteE A3}

L

15 AlEvkth 28 d5e £ Ao wE oA AolE A
7] #1383 SAS(9.4) & AH&stglom, o] FAHEA & A AlskaL
AFEASS 98 Tukey's HSD testE AAESTH(p <0.05).
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3. UEZA $3F 24

3.1. A5 A=

FEI SN ARE ALl 10%vwor AR AR HdA
gl (M2, 2015) % A&t ghEs AAFo ANdES B
T 20%m| o) A qk A AW A2 M WHozE Az o] ¢
A AAEA Fob APATF(HFL, 2016) ] YEZAN 245 9
g A AR A We A8kl

AFARS AAYAE U EFEZ NDMA-d6, NDEA-dAI10,

NDBA—-d18E DCMO =z 3|X3to] A %3 25ng/mLe WHEFH7IE
NS Ao HAL 98] AFEEA )

(1) Extrelut NT Prewashing

Pyrex dish®] Extrelut NT 1200 mLE A& £ (DCM:n—
Hexane=7:3(v/v)) 1400 mL% &7 Y3l rocking shakero]4]
35rpm O 2 15%7F WFsivt. 13] A2 & AHEwWE st whepy
3 500mle] A AFEWE F712 Yol YAl 35rpm, 1583 &
shlvt. 22l o] Hgs 13 ¢ RiEste] T 33| AlF st AlH
AFAEE o] g3ato] AHEmE #AASHLL, Pyrex dishol €A &2
25T &F 0% oyl B3t AAxAA E4 ) AMEsith

2) AAY A= AA =

23 E AA 5g2 50mL polypropylene (PP) conical tubeol] A%
atg Tt o] tubeo] 0.1N NaOH otmLE Yol A7 dHS A3 &
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ImLe UWRIZF=H7IgHe Hr7psta 287F vortex® 2 EsFY )
Extrelut NT ¢F 6g& tubed] Y1 Alm2} Z1F AolA 3t & glass
wool® A9 vtehE =2 A 3.7cm, o] 15cm] 2 A ¥
Str £= N (DCM:Hexane=9:1 v/v) bmL=Z tubed FIFES Ao A
Hol ¥l o5 13 ¢ rHEs3in. o] % &% (DCM:Hexane=9:1
v/v) 40mLE FolF ¥ 60mL & Al@dTe] 1z 3 W& S22
WwobSltt. A7l &Fo] € &4 30Colske] &XelA Multivapor
= o]&ste] 4mL7HAl A sFAT. 5% AR+ n—hexane
6mL=Z &35 AlFE Florisil cartridgeo] €1l 1% 329 %
T2 ZHFAY. n—hexane 1mL% 3¥ Agd#Ao] JAFES Ao
cartridge®] ¥ 31 3mL<¢ n—hexanes F7}IZ ¥ o] washings}3it}.
Cartridgeel €<9o] tf W&7bd DCM:MeOH=95:5(v/v) €9 6mLZ
§Zsto] 16mL Al ¥ W3t} o] & 25T 8 Aol daz 55
sto] ImLolstrt H %% skl o] 5 & 2mL 24 nlojete] &3]
% DCM= A9 ImL2 StE 9= GCE 2483l

(3) A Az A

TAstE AA oF 5g& AwdE 50mL polypropylene (PP) conical
tubeo] 1mL2] WHIEFH7}E NS Hrlsla 287 vortex® ALY
o} Acetone:Acetonitrile=1:1(v/v) &1 20mLE tubeo] €1 2
vortex® Z&3F1 ThAl 20mLE F7Fste] 2+3F vortexdlo] oA
=5 Asgltr. 3000 rpm, 4CEAAA 47 2 A
5, —80TCelA 2087 AT shsol Aol o Ze 9
3000 rpm, —4TCelA 4&3F A E Pt A& AW
A AEF ZAHAAHA 60mL g o]l & T
2 Ao Axr=w FFHste] 16mL ol HEE St vES
(2016) o] A3YATF-oA = Multivapors AR 55349 24
o] gAEe A FFHOE w55 P tt. SPEE C—18 cartridge
o ¢F 2g9] basic aluminium oxide® ¢ AFE3FATE o] cartridges
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acetonitrile 20mL=Z A ojUi1 A} 60mL f32] wlo]d=z wAst F
Shs 1x0 3t W HE2 Wolgitt. wFIqS
acetonitrile 256mLE F7I2 =¥ 5% E]- o] &N
Foll A % %okl ImL olsh7F H =% 53l

2mL Z—i@i H}Oloéoﬂ #%1 ¥ acetonitrile® XHH ImL=Z ‘;l

GC®= #4383t

/\Ei

:
ek

o
D o
2, 4

OHE
-

O:

o
o iy o o
to 12 oo Lo

o
o Ol-F
J

3.2. 71718~

UEZAM X FHe GC-PCI-MS/MS 4 zAS ALt
(78L&, 2015; ¥%2, 2016). Guard column®®+ DB-5MS(5m
X 0.53mm ID. 0.25xm dHE AFEs¥ 9™ main columnl =
DB-WAX (60m x 0.25mm ID., 0.50 zm df)& AFE&F3IT} ol 54t
NAe dF 7IAE 5 2mL/minl® AR A EFYHFLS 2xL1

2 3k AgL(2015), HE2(2016) 9 APAFolE A A
TAHFS 4pLZ SIAAT Ao g A% @A &

T =

59 AF F
Z1gol & eslol $HYY 2,LE EUT ARFEA V] o232
<= %‘EW o} 7]#|& reagent gas® & positive chemical ionization (PCI)
WAaow stk weEbd 72 FAE4d YW UFEFEAS precursor
ion [M+NH, 12 A3 3 product ion 1< [M+H]Z 243}
oh A EHA (MDL) ©F W= A (MQL) & A A4-2(2015) 2 A A
W Aol TAAR, vEL(2016) 2 AW AA R MDL, MQLS
|02 13tk (Table 11).

N
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Table

11 Method detection

limit (MDL)

and method quantitation

limit(MQL) of three N-—nitrosamines in three matrices (Unit: g g/kg
sample) (Adapted from Park et al., 2015; Seo et al., 2016)
Matrix NDMA NDEA NDBA
Fatless liquid MDL 0.10 0.10 0.10
(Apple juice) MQL 0.30 0.30 0.30
Fatless solid MDL 0.12 0.10 0.15
(Rice soup) MQL 0.35 0.30 0.46
Fatrich solid MDL 0.12 0.10 0.19
(Beef) MQL 0.38 0.30 0.60
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4. A% 4 &
4.1. BXHY AAA &gl

HE-2F=22 concentration ratio® xFOZ, area
sto] AAgAe 1% A, Figure 8, 99 AAFAE
o A &} mh7IR] 2 (M2, 2015; B2, 2016) 3 A
1A Ao YERANIC] HE57] wited ydHAs FA|s)
= FAAS a3 Be JEEvel dial 3F UEZEANIS
A A#AAS=(R?, correlation coefficient) 7} 0.99 o] &els}

At} (Figure 8, 9).
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54



4.2. AF A5 U HEZAN 3= 24

7T 2§ ERAER Aw Zsts AEY 2y Ax zg o U
EgA shgF WElE ZARSE A3tE Table 120 YERASI Al 57
24 & Figure 109} 119 =238t PP EvlEAA dEZEA
NDBAZ} njgo 2 HAEd AL #A9sta ZE Al54 NDEA, NDBA

= AZHA Askh
(1) %& A=

PP 38 FolAle $% AzeME z#, €719 ¥ BA)

EZAO] AEHA Fokrh FEHAA dRuE §7]9 $E A
7 A, ¥ Z%e]A NDMA7}F g HAEHU} 5 A=Y 7
A7d-(2015) 9 A7 ME FEFITFEH_IgE o4 NDBAZF
2 ‘Zol7]" ARelA NDEA7F wZoz AEd 2 glo] JERA

=HEH A

e 4r
o W LT

2 2 o o

(e}

_

PP 8715 AREE SN AlReldE =g, 8719 5 dAgo]
B YEZAMo] HEEHA skt A& (2015) 9 AFelA=

|Zoz HEHJL #9A g Al
SolAE HERZANWIO] EdEHon HAAHRIAE e AlmolAe=
NDMA, NDEA, NDBA, NMOR7} A&4HAth. & Ae= A 1A
2 dL Als7]8] zPol7F QAT o]E= Total Diet Study? A&+
pooling3st Algo]7] wite /NE Al5g} 2po]lE HQl Zo=® A5 Hr),

E

>

55 A 2 ]



(3) IEEE AN®

PE dEZE Alzm9AM %z A NDMA+= 0.54+0.33 £g/kg, ¥34
Az BA AlZE 0.84F£0.20pxg/kg, WHHlel F@ate] #A Al
1.27£0.45 pg/kg® AEHUCH 2] A, 39 FoH<l Zpo]= HO]
Al FRARE 2] F ghFo] FUkskE S Hth PPHEEE AR
oA EntE HEALAGAME EE FE A NDMAZE AEH%on, =
g A ABe T AR 2YI AR o= F-9v]E Zolrh AT
X AASL 22 AR el Fod zpolzt ATk Fhel ek A
A2 2y A AmAAME 42 3.81£0.97 rg/kg, 1.65£0.13 £g/kgd
TS Blom xE Ay Fox {FE2R1 AkolE HolA okttt v}
£2(2016)9 dAFeAE NDMAS gro] ‘Fhel-xg A’ oA
4.6510.28 ng/kgd ‘A, HEZE-FT A oA 479i0.41/¢
g/kg®= AZHAJTE T, 22 -x8 A oA EAF HA TH,
Ed—Fol7] oA wFew HEHIUTE HPAT9] 7&#-‘3} H| w sk
HEZE AFNA NDMAS §Fo] F7ishs & & Stk % god=
=, 49, 92, 1A, 7] T AsE ¥ 8 Xﬂl%olﬂ ] o]
7Vels Zolet FAET F4 Ao npo] oAy ofvlE AF R
ToM AFAaAE WEE oA vlo] Al ofvle] AR ES &
skl 42 S| AEI(~273mg/kg) ¥ B 2FH (~131mg/kg) o] @
F EAE, YEZA A4 #do] 212 FE#4(~28.59mg/kg),
FH ™ (~2.04mg/kg), A7 (~11.63mg/kg), A~HW (~1.49mg/kg)
o] AT Aol slAENI FE O] FAol Bls f24
o7 AR AFHvHY Auvle] FolFor Frtekdct o F
Hlo] @ AlY  oflo] FAFelA 2oz 200504 FElske g ellA
70%°1% Aaste A2 GAsHSt(Bai et al., 2013). WekA] vio] 2
AY ofnlo] EaE WA NDMA, NPIP, NPYRQ| &&o] Sridrts <
79} %2o] (Bulushi et al.,, 2009; Drabik—Markiewicz et al., 2011)
Ao el e olA wioleAly ofnlo] FajuHEA YERAWIC]

fo & r2 o\
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(4) z=hd A=

A BE ZE A AlZelA NDMAZE AEHA FdAN BE =
g ¥ A BoME trace~0.93 pg/kg® AEZFHS Felg 5= Yt 1
du B e I5edA 7] AE st ARg 8718 At
ZE3 AlE, 87 AE FxEE 2 AR e fFost AolE B
o]# ottt ‘Noodle soup’ ©A HAArde]l =xg A, & EF
40-260mg/kg dry, ‘Vegetable—noodle soup’ °l4 =g A
150—680mg/kg dry, %8 % 160—610mg/kg dryRt=2] ZAArdo]
=% X7} 9tk (Garcia—mata et al., 1995). AAtdo] kA F o}z At
A HEZAR Ao AFARA o] g2 Ay FhidAe] HE=R
AL AAS Ayt 5= Qi) gl Ax o] AR oe A B B

W ST, AETEE, FEELY ol FREAAUT. Ao axTt
Fo]A NDMAZ} z+zb 1.37 ng/kg, 2.74 pg/kge] &% NPYRO]
247 1.53 ng/kg, 3.12 pg/kge]l AEH Az Bavk 3tk (Tricker et
al. 1988). xmg oA HEZA TS &gt AFox= 1971
AR S 3 AsAlA 5, 5, 20xg/kge] NDMA7ZF HEEH]oH,
NPYRS 1709 AlE, NPIPE 16709 AlZold #HZ%AH(Gough
T.A. and Goodhead K., 1975). o]&ist A5 vl o=z gt g

HERAW AYee Axety FYsth £ 2adn, e Az

AFe] PE 2bdl 53t PS 2P 1E 2helli= NDMAZE #9141 Aol & 1
Sth. PESH PS 15 Z47F 871 Al 2o 2l A 43 AR 3

o] “o)Ael ol gorF Lo oldgi® UEZA o]zl
®H7] o]t} o]5 PE Z2 £33 PS & &390 gl A Q49 1)
S AHHW(Table 13) &9 H]&2 PE 10| ¢ A

al
I, AG7IAZE] H[Eo] PS IFelAM o & Ae g9
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Table 12 Occurrences of three N—nitrosamines in foods which can be cooked with their packaging materials

(Unit: ¢ g/kg sample)

- - i
Material of Contained Cooking Sample type NDMA NDEA NDBA
FCS? food water
Non Uncooked —b -
HPLC grade  Cooked with .
trace -
water FCS
HPLC grade Cooked
. trace -
water without FCS
Cooked with
Tap water trace -
FCS
Non Uncooked — -
HPLC grade Cooked with
; FCS trace -
PE coated water
Ramen HPLC grade Cooked ;
race -
papers water without FCS
Cooked with
Tap water trace —
FCS
Non Uncooked - -
HPLC grade Cooked with
0.39+0.17 —
water FCS
HPLC grade Cooked
. 0.39%0.19 —
water without FCS
Cooked with
Tap water 0.55£0.09 -
FCS
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Table 12 (Continued)

Non Uncooked —
HPLC grade Cooked with
0.62*0.16
water FCS
HPLC grade Cooked
. 0.78%+0.14
water without FCS
Cooked with
Tap water trace
FCS
Non Uncooked —
HPLC grade  Cooked with
0.85%+0.18
water FCS
PS Ramen HPLC grade Cooked
. 0.93%£0.04
water without FCS
Cooked with
Tap water 0.68*0.14
FCS
Non Uncooked -
HPLC grade  Cooked with
0.87t0.22
water FCS
HPLC grade Cooked
. 0.8210.26
water without FCS
Cooked with
Tap water 0.57%0.21
FCS
#H a‘l:
60 :



Table 12 (Continued)

Non Uncooked 3.81+0.97 —
Cooked with
Non 2.98%0.19 -
Curry FCS
Cooked
Non ) 2.921+0.17 -
without FCS
Non Uncooked 1.65%£0.13 —
Cooked with
Black soy Non 1.46%+0.02 —
FCS
bean sauce
Cooked
Non _ 1.41+0.13 -
without FCS
PP Non Uncooked 0.71£0.16 trace
) Cooked with
packaging Tomato Non PCS 0.84%£0.11 trace
material sauce
Cooked
Non . 1.31*x0.11 trace
without FCS
Non Uncooked — —
N Cooked with _ _
on FCS—boil
N Cooked without
on — _
Cooked rice FCS—boil
Cooked with
Non i — _
FCS—microwave
Cooked without
Non i — _
FCS—microwave v~
I ==
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Table 12 (Continued)

Non Uncooked 0.54%0.33 —
PE Cooked with
. Black soy Non 0.84%£0.20 -
packaging FCS
] bean sauce
material Cooked
Non ) 1.27%0.45 —
without FCS
Non Uncooked — —
HPLC grade Cooked with _ _
water FCS
PP coated
Udon HPLC grade Cooked
papers . _ _
water without FCS
T . Cooked with
ap water - -
P FCS
Non Uncooked trace -
Cooked with
o Non trace —
Aluminium Udon FCS
Cooked
Non . trace —
without FCS
* FCS: Food contact substance
b —: Not detected
¢ trace: <MQL
#H [,
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Figure 10 Comparison of NDMA contents in instant noodles contained in PE and PS cups

In all groups, contents of NDMA in the cooked samples were significantly increased compared to that of the
uncooked samples. There were no significant differences between cooked samples in all groups. Error bars
indicate standard deviations calculated from triplicates. 'Cooked w/FCS, Cooked w/o FCS’ are cooked using
HPLC grade water.

* Significant differences between the instant noodles in PE cup and in PS cup(p<0.05) which were
manufactured by company A.

+*% Significant differences between the instant noodles in PE cup and in PS cup(p<0.05) which were
manufactured by company B.
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Figure 11 Comparison of NDMA contents in sauces contained in retort pouch

-
]

Except PP 3(tomato sauce), there were no significant differences between contents of NDMA in the cooked
samples and that of the uncooked samples. Error bars indicate standard deviations calculated from
triplicates.

* Significant difference between the uncooked sample and cooked sample without FCS(Food Contact
Substances) (p < 0.05)
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Table 13 The weight (Unit: g) and proportion(%) of each constituent of instant noodles

Company Noodle Seasoning Dehydrated Water Total
vegetable

PE 55 8 1 248 312

% 17.63 2.56 0.32 79.49 100

A PS 100 14 2 397 513
% 19.49 2.73 0.39 77.39 100

PE 55 6 2 248 311

% 17.68 1.93 0.64 79.74 100

b PS 101 13 2 397 513
% 19.69 2.53 0.39 77.39 100

PE 55 9 1 257 322

¢ % 17.08 2.80 0.31 79.81 100
PS 101 11 2 397 511

. % 19.77 2.15 0.39 77.69 100
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A5 T84 EA

Zbd AJgoA Zg A] NDMA F719] el ®EA357] 9 Zgd
ZHS FASE QA4S W, BdAy AU|AE B2 R bsd
zgdE5e 240

4.3.1. EA9 YEZAIY £X

21420l 4] NDMA7Z} 6.4—13.9ng/L, NDEA 1.9-16.3ng/L, NDBA7}
1.0-19.9ng/LE HA=" A7 o™ (Wang et al.,, 2011) =A<
L7sA el AZIHATE EolAe] HERAS #4817 98k dA e
v A¥AAe]l 2 asty 29vbs S WA A AR AR
A WA LA FAANAFE ©o]F SPEE XFstA] &l wi=
&kl Rttt A7g2(2015) 8] Aol EellAi= NDEAZ} »|%
o7 HEH A 9 v UEZAMS HEHA AdAT ‘= (blank) —
)2 +blended o4 NDMA, NDEA, NDBA7} %591 NDMA+
0.98£0.72 ug/kgo. & 73] F7tstleh. AFAIEE Frlete FA ol
A A SR o] dasty o] BRAA do] LAste] YERAN A
of 71e3g kAol Q7] Wil wA4S WAL ek zESE
ARSSE =Y HPLCE &5 ‘28 A0, ‘28 A 37 A8,

Fol/l, Fol] F wAY) AP = wbrold A4S agstg
=

Fol #YHLUF s Bl WYzsHs BYOR PAHHCERAEF
3 2010). W ARFYANA FE HESH FHRYOY 71E
o Og FFIFAN oA, FL WA A Fel A% ool $ew
ok mhebd wel B B HE A9 2ASA sl zest



FREAA ot 29 WA s HPLCE & AH8s9a §7)
AN 2t 2 WA A §71% AA%T 2o AYSHAL
AAels AAAE RS ko 1 A3t BAY PEAED CALY
PEAE, DAFSl PSAEAE NDMAZ vgoz A&s 9w 2e4
el e B FhE APSI BEREn,

u

—

I A kS 2rETE EFECUE FHold. 2Rl e
2 AZ Rt NDMA ko]l HU X7} 13.48 pg/kgl 2 AEEon,
NPYR, NPIP?] HJx&= Z}7; 6.48 pg/kg, 6.53 pg/kgl & AojH 11,
NDEA, NDBAX A#ZstAl ooz HEHAH(Park et al., 2015).
AT E g xE A ARl e UEZARIO] HEHA &%
or®w & Fd dol Thele wWe WEE RISl Ao F=
e FolA 2Es AsEe 29 AAE A8 AAEAE AAHHE o
ok A Ay, A Fe 25 FUkstel s AlE BT UER

Apulo] AEHA gk,

=]
e
=

rrw

A, g, AR A, s=zegt, 7
1

oltol Aotk EamA WY A3} g}, FE

o 5% Zd Ao

A A (ML, 2015), S7HEF (BFFS, 2016) oA YEZEAMI O] 94
H 7hsAdol 7] wiiEell A adkgith shAR AT ] Ao ¢
< ¥ F FFoA AH s vEo] 0.31-0.64%% wFom Al
Al Ak Fe 9 7Aoo Ee] Wy Agr|AZE @A s A
S5 vt 2@ Almef Hlwstua skl shARE o] Fgol= HE
ZAO] HEHA gt FEIE BUAM AGT|AMeL B F3H
A5 Aoy JERZANIO] HEHA kot

s Wa wEars RoER xR W PE A

NDMA7} 0.42 ~ 0.46 pg/kgo® #HZE ]
AT PS TEOIAE W, BUAE, AU ATE BE W 29
W o

ses Wt 24 AEHch webd Hed s

i
2
k]
;/U)m
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vl YEZA AA7F NDMA Aol 71ofshs o2 4= 2
H7]|~2Z% NDMA 3 F7he] 7]ofst= Ao Aetd
g u AFFH2E T T A HgE0] =

o] REgo] &GS Ao FHHY 7} 424 Yo dgAel oist
AE7} B a3t
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Table 14 Contents of NDMA in various combinations of noodles, seasonings, dehydrated vegetable, water

(Unit: wg/kg sample)

PE A PS A PE B PS B PE C PS D
Uncooked ND ND ND ND ND ND
Cooked without FCS trace 0.78+0.14 trace 0.93+0.04 0.39+0.19 0.82%+0.26
water ND ND ND ND ND ND
blended water ND ND ND ND ND ND
boiled water ND ND ND ND ND ND
boiled and blended water ND ND ND ND ND ND
noodle+boiled water ND ND trace ND trace trace
seasoning+boiled water ND ND ND ND ND ND
noodle+dehydrated
) ND ND ND ND ND ND
vegetable+boiled water
seasoning+dehydrated
] ND ND trace ND ND ND
vegetable+boiled water
noodle+seasoning
. 0.46*0.19 trace 0.46*0.14 trace 0.42%0.11 trace
+boiled water
* FCS: Food contact substance
b ND: Not detected
¢ trace: <MQL
— ;
HET1H &l
| : ¥ || i ]
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B Aol 4% 87 24 Az z2dshs 49 UERA)
Ol FASE AN $7] - ERANS ME2NTe] §39E
Folstginh. 222 @ 5 At 87 T4 1% O 4 AF 43
A2 AERASAE Aol CAEEARE AWANG, 3159 A
F 87 249 Ade T2 ZeDAPE), FYAEAPS), E

A PP), F5AA €5 AlFES AYgst dap, £7] - FoA =
NDMA, NDEA, NDBA7} BE A nwo v HEHo wet

A g7 EAEAN AFRAENEY 5L Vv AT AFAAE
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ES 7 ANEE AZALE BEFHA A NEAFS Aol A
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o g Az Astar 4 AFS 871 LY §F 2950
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Abstract

Factors Attributing to the Formation of

N—Nitrosamines in Instant Foods

Bo Kyung Suh
Department of Food and Nutrition
The Graduate School

Seoul National University

N-—nitrosamines are formed by reaction of amines and nitrogen
oxides or can be formed during heating, processing, storage and
packaging. There 1s only  migrant specification  about
N—nitrosamines for baby nipples regulated by the Korea Food
and Drug Administration(KFDA). There is no regulation for other
food contact substances(FCS) and the studies of N—nitrosamines
migration from FCS were rather limited. As demands for instant
foods increase, the size of food container and packaging market
enlarges. A pilot study has shown the increases of
N-—nitrosamines contents when cooking instant noodles. It is
necessary to monitor the migration of N—nitrosamines from the
food packaging materials to food simulants and examine the
change of the N-—nitrosamines contents when cooking instant
foods.

For the migration test in the present study, 31 samples were
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selected and N-—nitrosodimethylamine (NDMA), N—nitrosodiethyl—
amine (NDEA) and N-—nitrosodibutylamine NDBA) were analyzed.
Water, 4% acetic acid and n—heptane were used for food
simulants. A solid supported liquid—liquid extraction(SLE) using
Extrelut NT was employed for water and 4% acetic acid test
solutions. A solid phase extraction(SPE) using Florisil was
applied for preparation of migration test solution, n—heptane. The
extracts were analyzed by gas chromatography positive chemical
ionization tandem mass spectrometer (GC—PCI-MS/MS) adopting
ammonia gas as an ion source. In the tested food simulants, the
correlation coefficient(R*) values were above 0.99. Method
detection limits (MDLs) for all of the investigated N—nitrosamines
were ranged from 0.03 to 0.07 pgg/kg. In all test solutions,
N-—nitrosamines were detected under method quantitation
limits(MQLs). Food samples were also investigated to assure
that there is no effect of FCS when cooking instant foods.
Fatless samples with less than 10% fat content, were purified by
a combination of SLE using Extrelut NT and the SPE using
Florisil. Liquid extraction using acetone and acetonitrile
accompanied by a fat filtration with C—18/alumina combination
was applied for fatrich samples. The extracts were also analyzed
by GC—PCI-MS/MS. As a result, three N—nitrosamines were not
detected in instant rice and ‘udon’ contained in polypropylene
coated paper cup. In  ‘udon’ of aluminium container, only
NDMA was detected as trace. In retort sauces such as curry,
black soybean sauce and tomato sauce, NDMA concentration was
ranged from 0.54 to 3.81xg/kg. All retort samples except
tomato sauce, there were no significant differences between

unheated and heated samples. However, the contents of NDMA
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in all of the instant noodle samples were significantly increased
when cooked(p<0.05). No effects from the food contact
substances or cooking water was observed. To determine the
cause of increasing contents of cooked instant noodles, water
used for cooking was examined. NDMA was not detected in all
water samples when it is boiled or blended. Only when seasoning
powder and noodle were cooked together, NDMA was detected.
Individual components (noodle, seasoning powder or dried
vegetable) or other combination such as noodle and dried
vegetable did not generate N-—nitrosamines. Therefore, it is
supposed that NDMA may be formed from the precursors in
noodles and seasoning powders when they are solubilized in the

medium of water.

Key words : N—nitrosamine, Migration, Food contact substances,
Instant food, Cooking
Student Number : 2014—-22890
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