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YEZ A (N—-nitrosamine)> 3|34, 7194 S 7R = 3419

Atk =l Egd dZ7|e] 5ol uwet st 54do] AR,
&

A= FE A AJElE A8ttt (Scanlan, R. A. and Issenberg

P., 1975; Mirvish and Sidney S., 1975; Koonanuwatchaidet, P.,

1984). UERAWE =, 37, B, A% & vde el S48t
ATh B3] AFoE ofdArgo] AAF, Fo QyFow EAst=

A7 Wol YERAMS £ w=Edo7 A7 i (Scanlan, R.

A. and Issenberg, P., 1975; Kim, 2009). YEZAI-& 23 o}7l 3}
b =¥ Tl IAEH. aYE=E obAAM (nitrite),
ob& Ak (nitrous acid), 183l FFoF&Ak(nitrous anhydride) %©]
AFAZ A8 5 Qlvh ofvlF FelA
Y ZoR AZEEdH, ol 1w oWl Af =rAsto]
s T UERANNSE SR oA wEA E&iH i, 39
!
W] Fo|t}h(Gray and Dugan, 1975; Mirvish, 1975; K. Rostkowska,
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F2 2% obwle] ATAR
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ofo
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B Hbeol  Ad¥skA e e dyA Sl

1998; Kim, 2009). YE=ZAo] AAHE= HALS o5

2} (Figure 1).



(a)
NO,~ + H" = HNO,
HNO, + H" = HyNO,"
H,NO," + NOy = N,05 + Hy0
2HNO, = N;03+ H,0

R

Ri_/ N H,0 ' .

NH + F \O_/ X0 Ry ®N—N\ _ N—N\ +  H30

| 8 | 0 Rs 0

R, Ro

+
o

(b) 0

Figure 1 Formation of N—nitrosamines

(Adapted from Rostkowska et al., 1998; Koonanuwatchaidet, P. 1984; Mirvish, 1975)
(a) Formation of a nitrous anhydride from a nitrite

(b) Formation of a nitrosamine from a nitrous anhydride and a secondary amine
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Table 1 Physical and chemical properties of some N—nitrosamines

N—nitrosamine CAS number Chemical Mole?ular BQlllr;%) Part.lt}on .
structure weight point coefficient
N—nitrosodimethylamine e } _ _
(NDMA) 62—75-9 O\‘N/N\ 74.08 151-154 0.57
NTmitrosomelhy sthylamine 10595-95-6 . H 88.11 161 ~0.24
%/Nk\
Ny amine 55-18-5 \ 102.14 172-178 0.48
O\\\\N/N\/
N—nitrosodipropylamine \/\N/\/
621-64-7 \ 130.19 205.9 1.36
(NDPA) N
\0
N—nitrosodibutylamine A \/ﬁ _
(NDBA) 924-16-3 o, /N\/( 158.24 235-237 1.92
N
N-—nitrosopyrrolidine e _ _
(NPYR) 930-55—-2 O% /NO 100.12 214-215 0.19
N
0
N—nitrosopiperidine e Y _
(NPIP) 100—-75-4 —N 114.15 217-220 0.63
N—nitrosomorpholine 59-89_2 \\N_N/ % 116.12 994 —0.44
(NMOR) 5 /

“Boiling point at approx. 760 Torr

bdata cited from articles published after 2000s in ‘Reaxys Database’

“Octanol/water partition coefficient (Smith and Hansch 2000)
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1950d ] 4F, N-nitrosodimethylamine (NDMA)©] rat ©lA

!

e W e fEdts AT wadE e 2

¢

=
5Fo] (Barnes, J. and Magee, P., 1954) YEZAMIS] debAd o ofjsh
W A7 AZIETL AlFEET d7EE ATl W2, rat, B,
mouse, 7Y%, 7HA 20-40 mg/kg & NDMA 7} 9 Z<l
liver necrosis & FWsFAth T3, F& Ao rat oAl 50
ppm NDMA £ 4050 AA A Ay b Fgo] HATIT=
7ol B ¥t} (Magee and Barnes, 1956). Sumi, Miyakawa S5 %
rat oA 8 mg/kg ¢ NDMA =< 1500 mg ¢ DMA £ NaNO,9]

w5k

SAFATE A4 3 E4S 72 5 kil B aski T (Sumi and

{F I
Miyakawa., 1983). NDMA ¢ ©3]Fol= 4 rat A= <
32 ¢F o1}, newborn rat ¥} mice ol E 3F Fo] A FE0
-3~ SobA|
1964). 1 $¢]°l rat ¥ hamster & dl’d o2 g A3 ox NDMA 7}
ToofyEr Hok AAeR TS UEE
B 159t (William Lijinsky, 1987).
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NDMA ¢ v& YE=RAW ®=3 545 yekdd, N-
nitrosodiethylamine (NDEA)-> 2XZoA F4 AAAS Fs)o]
Hersdz 2A8d ¢ qlon, xE A FE Atk (Lee
W.wateenberg, 1989; Jensen and Sleight, 1987). NDEA ¢ S/
o ug} 2FA ZolE Ko, AWHA O F rat, mouse, hamster,
rhesus monkey sol4 F&H o2 It A4S dEglon tiFE 2
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rat ¥ mouse A A% FAo] YEWI, dF = U 7EeAE

T x] o
o=

e SitH (Lynne
nitrosodipropylamine (NDPA)$¢] 4% 3+ w7, A 5dS 3 4
Ath= Aol RIEHITH

NDPA Rt oFgt 545 Yehdiy 3t W3 Sl s 28
¥

Verna,

N—nitrosodibutylamine =~ (NDBA) &
ojom H|Ze] A<er(adenocarcinoma) S oF7|Al Itk Zlo] Hal
v} Qlth(William Lijinsky, 1983; Hildegard, R. S., 1976). N-—
(NPYR) X3 NDMA ¢} v R ks
adHA e

Preussmann et al. 1977), N—nitrosomethylethylamine (NMEA),

nitrosopyrrolidine

e 5 o o

1QI‘ =32 T (Sen, N. P., 1973;
N-—nitrosopiperidine (NPIP), N—nitrosomorpholine (NMOR)< %},
7k, A%, AR A3 Sl 2SS Yehdle AR AT
21t} (Lijinsky and Reuber, 1980; Lijinsky et al., 1982; Lijinsky and

Taylor, 1975).

IARC (International Agency for Research on Cancer)$} v]=r

EPA (Environmental Protection Agency)°lAdE UYEZAWS
Tl wel 24, 2B, & B22 EFF vk gtk IARC 9 Group
AA e =z #Eeks Tt Wi SAAEE
Aae T BeE dvis, Group
2B & AT w24 BF 2AAEYE SekA oy a4

7oA S AoE AAEHE A-E vt (JARC, 2016). =

<

ul=r EPA oA %= NDMA, NDEA, NMEA, NDPA, NDBA, NPYR &9
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Table 2 Carcinogen classification of N—nitrosamines

N—nitrosamine [ARC US EPA
N-—nitrosodimethylamine (NDMA) .
N—nitrosodiethylamine (NDEA) A
N—nitrosomethylethylamine (NMEA) B2°
N—nitrosodipropylamine (NDPA)
N—nitrosodibutylamine (NDBA)
2B°

N—nitrosopyrrolidine (NPYR)

N—nitrosopiperidine (NPIP)

N—nitrosomorpholine (NMOR)

42A: Probably carcinogenic to humans
> 2B: Possibly carcinogenic to humans

“B2: Probable human carcinogen



Sell = frobg aFEAle] teto] Ve AT s ¥
a3l

MolSgeoli= 50 pgkg oldtE ARSI Utk FIAE

Foo57beA YERAD S ®A diE VRter sl
YEZARD g »=5F H7HE AAEelY. AsoMs
HH A 02 smoked fisholA 0.02 pg/day, beerol* 0.06 pg
/day®] NDMAE AF gt Baugh vk gltk(Penttila, P. L., 1990).
QX o A= volatile nitrosamines®] W3t HFHF H7IE HP5Ho]
0.5 pg /days AFHsta o, o] & 88%7} fish productselA

B2 535S X3P (Yamamoto, M., 1984). B.G. Osterdahl<

>

29 YERAY e dd AFHZFS NDMA 0.12 pg /day,
volatile nitrosamines® A% 0.29 pg /day® H7}stgich w3t
NDMA AHZFel 61% 7} S5 wlEFgow, @z u

oA F (malt product)©]l 32%%F ATt LESIATHB. G.
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1 FAAE U UEZAM 3 £4

1. A&

TAEA#S dimethylamine (DMA),  trimethylamine (TMA),
trimethylamine oxide (TMAO) ¢ ol¥lR{7}F @Wo] EAlst=
Aoz dHA Q. olHd EHES I AAR, 2 dAE AA
ojgotvle] Fert ¥ F ofdAkAH wkgstel NDMA & 4T +
oAtH(Sung, 1994; Bulushi, 1. A., 2009). Tt o}F2 4%
oo 4] putrescine, cadaverine, spermidine, spermine,
agmatine 52 biogenic amine ©] A ¥ +=d], ©]&3t biogenic
amine W3+ AME Fa olFolvlo®  HEEHo] UERAS]
ArAz #Zgd o vk WEAH SR putrescine o B
pyrolidine © %, cadaverine ¢ 7% piperidine &= Z}7} tjAE ™,

o] o]lo}u =

rlo

olAA A ¥ Wi} nitrosation & 71X NPYR 3}

NPIP & #Agt= 4 ot (Bulushi, I. A., 2009). 1281} biogenic

amine ©] Y olFoANE 54 ZHoAwt APEHE A wvla,
=

DMA % DMA & Hgkd 4 gl TMA, TMAO ¢ ofulfF+=

!

RE ofFfolA AEHZZ, NPYR ©]t} NPIP ©f B3 NDMA 9
AZE 7FsAel B Erh ool FAES Thaste] whE dA,
A SO AFe waAFEow Wi pH b wolA
YERALE A4l Ade 7o) A=, YEZA

ATA W UERARC] AAH7] §olay] wRe] UEEAHo]

o4
i)
)



gow HERAR &S A% A3, 0.8 ~ 4.7 pg/kg ©l

oth(Ahn, 2003).
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Table 3 Categorization according to matrix classification

Fat Form | Matrix Food Group Food
Cerealand | g2 gu71z a2z 343
cereal products
Nuts and seeds | 9HaF, ¥ 23)
Rice Seasonings |E"EAZR
soup
Fruits FatolA, M
Sugars and | E9, (Bh AN, Ag(H/3/5), A,
sugar products | ¥, 2819, ¢4, AV A EE
Zhebege], 7hed, 7hAbn], 4A|,
QA/3, d+, ©F5, H7],
e (FHD, 748, WE3o,
niohgo], o], o], Hol, Eg o],
: Fishes AR, o], ofA, FEl/AA, EA) Ao,
Fatless | Solid . N
Ao, 271 (1% A9, $o,
(A A AL, XY, g+,
Aol o4t A, HeE) ¥ A,
HAX(FH R), 2r|x
. MNE, 7heln], 15/3Wel, =, mu
Flatfish _
vurzAl, vy, vpxel, Wk Aef
8, A5, A, 71270, ZA4, oA,
Shellfishes | A-$-(H3}, &3t ZE LA,

A (), s (a2 29, WA,
aaty], o] (2= Z), (A A,

Fol, v,

Fish products

A, ol %3t Aol %, H710)%
AR, FAR, ASARA, o TH,
AAFHAER, o AFAR, 2R,

Z=MA

16



A D), GAlet, iAol (A7) m e,

Seaweed Seaweeds
w9 E7], 57, &, o
o Apple Beverage TAHEE, =D
Liquid .
juice Other products | Z4Fel 7] A~ 3] 2 of
AN, S, BT, ohmE, #
Nuts and seeds ' B B NN
et H, 35, SEHK], SA
Seasonings |&FHH, w7t HE
Peanut
butter Cereal and |E37IHA, XZIHA, A-¢-HA,
cereal products | 8+= 1,
Solid Sugar and UazxFd, 729, (F4) 4,
Fat— ol sugar products | 7Fe}®,
rich
. MR, AR, 217,
Fish products _ —
7190 %E, TRAAFE
Canned (b 350), EA (5x¥), thgol,
tuna . wobe, i, e, viehgel,
Fishes o = = /ol 3 o] & 2=
Ex](EH/T/ﬂ'EXDy DOE_,—O],
A (FZ2H)
.y ) ) vtedl =, IASARE A,
Liquid | Corn oil Seasonings Aol T e, Abe A Eopel gl g A
17



Table 4 Average food temperature and cooking time for cooking methods

P ti
Cooking OIDSIATED - - Subdivided cooking
methods Average foood Averagg cooking time methods
temperature (C) (Min—Max)
I = - — gz
96.7C 8.6 min v
w7 A - B
=71 (71.5-160.0TC% (1.0°-20.0 miny &/ &7 % 71
gx7] & K7, 427 &
w37, 9 F 87,
90.0C 3.0 min woF RAY, E 5
H71/F-A71 . c N M B
(64.0-138.0C) (20 sec®—8.0 min) 2o B B a7 =
571, #7] & FA7]
#), B
47 99.7¢C 6.0 min A7, @7 & 8717,
(75.0-150.0CY (1.0-15.0 min)  air frying
81.6°C 12.6 min aix17], &71, A7, £
o] %] 7] B . B e AAUZ, X7 F A7,
(65.0-99.0C) (1.0-60.0 min®) 2el7) A7 T R
#ol7], A7l & #Fol7],
W F o], _
99.0C 14.0 min w71 F Boll, WAV F
#ol7] _ . o . g #Zol7],
(85.0-111.0C) (2.0°~40 min ®) 2oy & zoly]. 27 =
#ol7],
#A & F7F,
e 62.0C 3.0 min o7 _#eE,
(50.0-82.0C) (1.0-4.0 min) o971 _d 2= 14
#: Roasted laver
b: Roasted laver and squid
¢ Pepper
41 Air fried kelp
¢: Hydrated seaweed
'': Boiled crab
18



2.2. B4t

IARC (International Agency

Eix

Mzl A=

T
T

g el

/\OP

o

A
ax

g

for Research on Cancer) & v]= EPA (Environmental Protection

Agency) °l| A

T 759

A3 NDMA, NMEA, NDEA, NDBA, NPYR, NPIP, NMOR

—
file)

~
o

O
A
mn

HEZARI

o]

1}

—_—

ez

371A]

NDBA—-d18, NPYR—-d89]

NDEA-d10,
A+

F o} (Table 5).

d|
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Table 5 N—nitrosamine targets and internal standards

N—nitrosamine

Internal standard

Fatless method

Fat—rich method

NDMA NDMA—-d6
NMEA NDEA—-d10 NMEA—-d3
NDEA NDEA—-d10
NDBA NDBA—-d18 NDBA—-d18
NPIP NPIP—-d10
NPYR NPYR—d8 NPYR—-d8

NMOR NMOR—d8

20



2.3. A1k & 7]7]

HEZAM ZFgMNogFE= Sypelco AHUSA)oA %3 EPA
8270 mix & °]&3stsiom, YUEZAM Ui 2FEA< NDMA-AS6,
NMEA —-d3, NDEA—-d10, NDBA-d18, NPIP—d10, NPYR-—dS,
NMOR-d8 £ Chiron Al(Norway)ollA %Jsto] Ag3FSiTt.
Extrelut NT ¢ GC grade n—Hexane < Merck AF(Germany) 9
AES Tl W o] g3R oW prewashing WAOIA AREIE LC
grade 2 n—hexane < Samchun Chemical A}(Korea) ©fA]
& tt. Extrelut prewashing W €% wAolA o]&% DCM
(Dichloromethane) < Z+Z} LC grade, pesticide grade =& X
Fisher AF(USA) oA 315191, Sep—pak Florisil Cartridge (1 g,
6 cc) % C—18 Cartridge (500 mg, 6 cco)v EF Waters
AHUSA) 9] AlFs olgatitt. Aol AFEEHUAW X"718} orbital
shaker & scientific industries AFHUSA)®] Vortex—Genie 29}
ROTO-SHAKE GENIE & AR sklth. 3335571 Jeio
Tech AF(USA) Q] aspirator ¢} chiller, Buchi A}(Switzerland) 2]
Multivapor™ P—-12%5 A3l 1, A4s%7]E A 7H A (Korea) 9
Hurricane—Lite & A}&3l9th TAHAIE AL FZFo] AlLF
A28 2 7]+= Hanil Science Industrial AF(Korea)? Comb-—

514R & AR&3H3IH

21



2.4. UEZAI B4

Alg AAg "W EXo= AA2(Seo, 2016)3 H¥EFE2 (Park,
2015) 9] WS AgstArt. A A Alsst uAY AR
L0 A= zlayskod . A A R Al =9 3F
DCM:hexane=9:1 &qoz Tt A=A dA-NA] FZ(solid
supported liquid—liquid extraction) S 2Alst¥ Tt €% 5 florisil
cartridgeE AFg3 SPE (solid phase extraction) & A% F
Aassmes Toll 1 w2 FFs0] 24l of&silth. uA
A7 A AeFES E3 AWS Ayl T C18 cartridges}
Fol &4l
ol g3kl GC MS/MSe| 7|7]:24 =3 (Table 6)3 72t =49
SRM %71 (Table 7)& a3t o] YeERH AT

ol

alumina® ©]&3 SPEZ F=3t & 1 m=Z =

22



Table 6 GC—PCI-MS/MS condition for N—nitrosamine analysis

Column

Pre: DB=5ms (5 m X 0.53 mm I.D., 0.25 um df)
Post: DB—wax (60 m X 0.25 mm I.D., 0.5 m df)

Flow rate

He, 2.0 m{/min

Inject temp.

220C

Inject volume

Fatless: 2 pl/Fat—rich, oil: 4 xl

Oven

50C (1 min, hold) —20C/min —120C (0 min) —5C/min
—200T (0 min) —20C/min —220C (5 min, hold)

Transfer line

2207TC
temperature
Source
150C
temperature

Reagent gas

Ammonia (NH3) gas (Flow: 2 m{/min)

Collision gas

Ar (cell pressure: 60Pa)
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Table 7 Multiple reaction monitoring conditions for N-—nitrosamine
standards and internal standards

Product Product Collision
Retention  Precursor ray (eV)
Compounds ion 1 ion 2 energy e
time (min) ion (m/z)
(m/z) (m/z) Product  Product
1 2
NDMA 9.67 92 75 43
NDMA—-d6 9.65 98 81 46
NMEA 10.45 106 89 43
NMEA—-d3 10.43 109 92 46
NDEA 11.03 120 103 74
NDEA-d10 10.95 130 113 81
10 20
NDBA—-d18 17.13 194 177 113
NDBA 17.42 176 159 103
NPIP—-d10 17.92 142 125 78
NPIP 17.99 132 115 69
NPYR—-d8 18.57 126 109 61
NPYR 18.67 118 101 55
NMOR 19.88 134 117 86
5 15
NMOR-d8 19.88 142 125 93
24



2.5. 4 AF

M2 (Seo, 2016)7 ¥rF2(Park, 2015)¢] st FAHS
255 oy, F7iEd wEYXARD AX ofRF, 1A o,
Azl dsid AW AFS AAsAT AW HA5S 7= FDA
5l AOAC, CODEX A  AlAIgE  Zhol=gkql  whje] et

833 0 (Horwitz, 2002; CODEX, 1993) & A4 (Linearity),

A = (Precision) & A4 Y% (Intraday precision) 2}
A7+ H U % (Inter—day precision) 281 A&7 7+ AAA (Inter—

laboratory precision), 2]& (Recovery), W AZ%4 (Method
detection limit, MDL), A&7 (Method quantitation limit,

MQL), =74 &3 % (Uncertainty) 52 =13}9it}.

2.5.1 A4 (Linearity)

0.5, 1, 5, 10, 25. 50, 100 pg/kg 9 77§ EAEe] viato]
AAAAE A8ttt Blank £, & 8719 Alge] 747t Fxe)
digshs Fel mELls FHuketn AARE AA 33 whE

SAdoRA A4S #dsEs Selth. Ee ARds

25



2.5.2 A4 % (Precision)

4, 10, 20 pg/kg 9 370 ZQEe tste] AWE EAS

Ak Ade 4L AU AU % (Intraday  precision;
repeatability), U7Fd W% (Interday  precision; intermediate
precision), Al&7]®% 7+ A YUXE (Inter—laboratory precision;

reproducibility) Al el thstol  AAEJIH. A E =g}

Addyz dojzl kS AOAC (Association of Official Analytical
Chemists) 2} CODEX oAl AAlR 713 vlwskeltt. AOAC 7]+

t=-2] ‘Equationl, 2" W4 2& &3l A=A (Horwitz, 2002).

Horwitz equation

Repeatability: RSDr (%) = C-0.15—-————————————— (Eqn.1)
Reproducibility: RSDR(%) = 2C-0.15——————————— (Eqn.2)

RSDr : Repeatability Relative Standard Deviation
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RSDR : Reproducibility Relative Standard Deviation
C: Concentration of analyte expressed as dementionless mass

fraction

CODEX 9] 4, 10, 20 pg/kg Al 7FA =% gt 71F=& A7k 2
duf g A 742k 32, 22, 22, AR 1 A e 74 54,

34, 34°f 333t (CODEX, 1993).
2.5.3 &% (Accuracy) ¥ 35& (Recovery)

YEZA 2 CRMs (Certified reference materials) & 7+ 4
A7) witel, L HIPHORE &S Ao EN AEEE
AZsAh 4, 10, 20 pg/kg 9 370 EQJAE] e WP ow,
slvd UEERA 29 H7FEY Wl UEEAR L& Blisto]
slgs AESiY Aldte Fd dod AR v R
AOAC % CODEX oA #AAlE 71+ v wsld o Horwitz, 2002;
CODEX, 1993). @al¥d sZel g 7|+ AOAC o A% 747
70-125, 70-125, 75-120°]%l2™, CODEX ¢] - 60-120, 70—

110, 70—110°] it}
2.5.4 0 H4EA (MDL) 2 W HA =S4 (MQL)

4, 10, 20 pg/kg o 371 EQJEES Aoz W AEsA 9

PHAFRAS AASAY. AIIAS a9 W BFAY 3

ol



AARA V188 AN, AFAAL wed EEHAE

A=A V182 e 3o 3.3, P WY mEEAE

ARG 71277 e ghe] 109 % AR
255588 %

Aw, AR, FRFAY AR, JEAeR FoanAd dw

295 AxE AWIUH(Table 8). BIE AA4ZF shigs

fishbone graph + 'Figure 2'¢] YE At}
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Table 8 Uncertainty factors for the N—nitrosamine quantitative method

Factor Content of factor Component Content of component Estimating method Type
sample aliquot Balance calibration Calibration certificate B
Primary standard calibration Manufacturer’ s certificate B
o Syringe Repetitiveness Weighing 10 times A
Internal ISTD dilution — : ..

Sample . calibration Manufacturer’ s certificate B

standard Volumetric flask — — -
(ISTD) Repetitiveness Weighing 10 times A
. . calibration Calibration certificate B

ISTD addition pipette — — -
Repetitiveness Weighing 100 times A
Sample preparation procedure Repetitiveness Quantifying 10 times A
Primary standard calibration Manufacturer’ s certificate B
Syringe Repetitiveness Weighing 10 times A
o . calibration Manufacturer’ s certificate B

. . Standard dilution Volumetric flask — — -
Calibration curve Repetitiveness Weighing 10 times A
. calibration Calibration certificate B

pipette — — .
Repetitiveness Weighing 100 times A
Calibration curve Linear regression Linearity Least square fitting A

. .. L. Repetitive analysis of a
Instrumental analysis Response repetitiveness Repetitiveness A
sample
29
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Sample ISTD dilution

Primary P Samp.It(.E
Sample standard ——> reparation
i «€——— syringe
(aliquot) Calibration ‘

i Repetitiveness
Vol;;:la(trlc > P

Balance —> .
Repetitiveness €——— Repetitiveness

ISTD addition

Calibration

«€—— Repetitiveness
<€— cCalibration

Pipette
— 2 Nitrosamine
Volumetric
Primary flask
standgqrd . .
Calibration —> . Linear
<€——Repetitiveness <_regression
d.fTP i Response
ilution repetitiveness
Repetitiveness Repetitiveness

syringe <€—— Calibration

Instrumental
Analysis
Pipette

Calibration
Curve

Figure 2 Fishbone graph of uncertainty factors for N—nitrosamines
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3.2% 4 &

3.1. 84Y A=

3.1.1 XA (Linearity)

ESA W 77 YEEARC s A #Adsislor

BE AAFAL 0.990149 R? 3+ YeERYSIT
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Area ratio

Area ratio

Area ratio

Area ratio

NDMA

standards (Flatfish)

450
200 4= 0.9497%+0.0507
150 R? = 0.9987
3.00
250
200 /
150 -
1.00
050 /
0.00 ‘.’
0.00 100 200 300 400 5.00
Concentration ratio
NMEA
120.00
y = 25.05x- 0.1375 ¢
100.00 Fo O_QV
80.00
60.00 /./
40.00 /
20.00
o "/
0.00 100 200 3.00 4.00 5.00
Concentration ratio
NDEA
450
200 4= 0.9534%-+0.0346
350 R? = 0.9993
3.00
250
200 /
150 /
100 —*
050
0.00 ..,
0.00 100 200 3.00 400 5.00
Concentration ratio
NDBA
160
140 u:nununn;‘
R?=0.9934
120 *
1.00
080 /V/
060 /
040 /
020
0.00 ."
0.00 100 200 3.00 400 5.00
Concentration ratio
Figure 3 Calibration curves of

Area ratio

Area ratio

Area ratio

5.00
4.50
4.00
3.50
3.00
250
2.00
1.50
100
0.50

3.50

3.00

250

0.16
0.14
012
0.10
0.08
0.06
0.04

0.02

NPIP

n!—naja/i;l

0.00 0"

0.00

100 200 300

Concentration ratio

4.00

NPYR

5.00

y=07068x=0:0069
R?=0.998

/8'

e

200 3.00
Concentration ratio

400

NMOR

5.00

y=0.0319x- 0,0002/‘

- 0.098

/

0.00 /

0.00

100 200 300

Concentration ratio

400

seven N-—nitrosamines with
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Area ratio

Area ratio

Area ratio

Area ratio

4.00
350 y=08605x4+ 00328 &
R?=0.9996
3.00
2.50
2.00 /
150
1.00 /
0.50
000 0’.’
0.00 100 200 300 4.00 5.00
Concentration ratio
NMEA
4.50
400 —101x-001128
3.50 R? = 0,99
3.00
250 —
200 o
150 /
1.00 /
0.50
000 &
0.00 100 2.00 300 400 500
Concentration ratio
400
150 y=08588x+0.0151 g
R?=0.9995
3.00
2.50
2.00 /
150
1.00 /
0.50
000 O’I
0.00 100 2.00 300 400 500
Concentration ratio
3.00
250 y=05991x+ 0.0352 o
R?=0.9976
2.00
150 /'/
100
000 ../
0.00 100 200 3.00 400 500

Concentration ratio

Figure 4 Calibration curves
standards (Canned tuna)

Area ratio

Area ratio

NPIP

450

- 0.0651%—0-011—&

4.00

' R’=09982/‘

350
3.00

250
2.00

P

150

1.00
050

/'

0.00 0'(‘

0.00 100 200 3.00 400

Concentration ratio

NPYR

5.00

y = 0.6487x-0.001

R¥=0.9983

2.00 300
Concentration ratio

400

NMOR

500

y = 0.0255x+ 0.0003 #

R =0.9941

1.00 200 3.00

Concentration ratio

400

5.00

of seven N-—nitrosamines with internal
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NDMA

4.00
150 y=0.8605x+0.0328 g
R?=0.9996
3.00
£ 250
E 2.00 /
E 150
100
050 /
0.00 ""
0.00 100 2.00 3.00 400 5.00
Concentration ratio
4.50
400 ¥=1.01%-00112.9
3.50 R =09
‘ﬁ 3.00
250
g 200 e
< 150 P
100 /
050
0.00 /’
000 100 2.00 3.00 400 5.00
Concentration ratio
4.00
150 y=0.8588x+ 0.0151 &
R? =0.9995
3.00
8 250
E 2.00 /
E 150
100
050 /
000 0'.",
0.00 100 2.00 3.00 400 5.00
Concentration ratio
3.00
250 =
R?=0.9976
o 200
k-]
E 150 //
5 1.00

0.50
0.00 /
000 200 3.00

Concentration ratio

400 500

NPIP
450
4.00 =o g
350 R? = 0.9982 i'
o 3.00
B 250
2 200
< 150 /
oo o
0.50
0.00 O"
000 100 200 300 400 5.00
Concentration ratio
3.00
=0.6487x- 0.001
250 ! R‘:D;QBE 4
o 200
E 150
H /
1.00 /
050
0.00 /
000 100 200 300 400 5.00
Concentration ratio
NMOR
012
y=0.0255x+0.0003 *
0.10 R =DV
% 0.08
z 006 /*/
< 004 /
0.02
0.00 0’/
000 100 200 300 400 5.00

Concentration ratio

Figure 5 Calibration curves of seven N-—nitrosamines with internal

standards (Seaweed)
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3.1.2 A4 % (Precision)

Fol MEHAE olgste] 4, 10, 20 pgkg A 7HA sEolA

rir

dUEE ST du FEEs 1.03~12.63%, U=

=)
bt

0.45~12.81%, A1&@71#% 3+ A (A F) = 9.15~14.23% =

=
o
30
=
T
o
=
=
=
N
o
0
[
&
<.
5
o
i
-~
—
=
[\
o
I
e
~
)
=
=
=
wn
)
=
|

AArrst Az= 77z 18.18%, 15.85%, 14.28% %=, AOAC 2
Codex oA AAISE 7] o Ader dojx AHAHAE Ao}

THEE AL FAE 5 YT (Table 9).

3.1.3 &%= (Accuracy) ¥ 35 (Recovery)

o

EFEEY HMHE AREstel B4 An W I5E
Ath. AOAC ¢t Codex oA AAT 7|+=S AHgste] 35&
AZ A¥dE FHrpstd v (Horwitz, 2002; Codex, 1993). 37}A
oA BFE AAE 7)FE M9 del Eolits st (Table

10).
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Table 9 Precision for the determination of seven N—nitrosamines in flatfish (%RSD)

Conc.
Precision NDMA NMEA NDEA NDBA NPIP NPYR NMOR Codex® HorRat®
(¢ g/kg sample)
A 3.86 2.1 514 912 397 529 1.03 39 18.18
Intraday 10 127 1.9 142 552 432 402 243 99 15.85
(N=5)
20 1.24 289 1.26 168 195 165 1263 o9 14.28
A 3.41 284 05 1281 398 1.11 045 39 18.18
Interday 10 449 223 422 742 183 156 1.54 99 15.85
(N=5)
20 1.74 234 111  6.84 446 242 1271 gy 14.28
4 305 325 363 857 7.1 1.00 9.15 54 18.18
Interlab
(N=3) 10 9.56  0.25 1.09 11.70 530 1.99 10.64 34 1585
20 14.23 465 423 1358 547 174 1344 34 14.28

4 CODEX criteria include sample preparation

b repeatability relative standard deviation (RSDr) calculated from Horwitz equation
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Table 10 Recoveries of the seven N—nitrosamines spiked at three levels from three food matrices (Unit: %)

. Conc. Acceptable Range
M NDMA NMEA NDEA NDBA NPIP NPYR NMOR
atrix (1t g/kg sape) O AOAC  Codex
4 (N=b) 92.47 106.55 101.44 86.60 98.42 83.95 92.89 70—125 60-120
Flatfish 10 (N=5) 85.01 113.88 99.03 91.15 95.91 83.80 91.51 70—-125 70-110

20 (N=5) 79.15 116.54 105.24 90.91 101.17 79.84 94.36 75—-120 70-110

4 (N=5) 105.14  96.07 95.72  94.12 96.86 104.31 95.72 70-125 60-120
Canned tuna 10 (N=5) 101.81  95.62 96.81 97.13 107.78 103.16 96.81 70-125 70-110
20 (N=5) 109.79 106.99 95.08 95.30 98.79  97.01 95.08 75—-120 70-110

4 (N=7) 91.19 100.46 101.38 99.47 102.20 97.40 96.42 70-125 60-120
Seaweed 10 (N=7) 91.56 119.55 100.33 95.64 95.22  98.53 9595 70-125 70-110
20 (N=7) 91.10 114.20 102.09 97.81 99.95 99.51 9592 75-120 70-110
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3.1.4HHAZSAMDL) 2 HHAZFA

|=]
RN

VS|
ay

W AHASE T 4o

11 YeR ATt

HHAEEA 9

Table 11 Method detection limit (MDL) and method quantitation limit (MQL)
of seven N—nitrosamines in three food matrices (Unit: xg/kg sample)

Matrix NDMA NMEA NDEA NDBA NPIP NPYR NMOR
Flafisn,  MDL 012 010 0.10 0.10  0.11 0.10 0.10
MQL .34 0.30 0.30 0.30 0.34 0.30 0.30
Cammed  MDL 012 010 0.10 0.10  0.10  0.12 0.10
tuna MQL .37 0.30  0.30 0.30  0.30  0.37 0.30
MDL  0.17 0.13  0.11 010  0.10  0.10 0.10
Seaweed
MQL (50 0.40 0.34 0.30 0.30 0.30 0.30
s 1 =
3.153FEFTE
Zy 4 e mE AN ESEE S ¢ RFEEFER
shakele IS AXH FSAHAEIEE  FoIsY AR wEAS
AAFoF wWEHAE AFESe] 153 HEEEASSIY. 1 Ay
dojx B85 = vy Zkth(Table 12).
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Table 12 Relative, standard, and expanded uncertainty for seven N—nitrosamines

NDMA NDEA NMEA NDBA NPIP NPYR NMOR
Sample Combined relative  0.0714 0.0714 0.0714 0.0714 0.0714 0.0714 0.0714
uncertainty
Sample . .
. Combined relative  0.0194 0.0112 0.0091 0.056 0.0254 0.0262 0.034
preparation .
uncertainty
procedure
Calibration ~ Combined relative  (,0054 0.0052 0.0022 0.0055 0.0036 0.0029 0.0044
curve uncertainty
Instrumental ~ Combined relative 0.01 0.011 0.009 0.034 0.026 0.025 0.037
analysis uncertainty
. . 0.075 0.073 0.073 0.097 0.08 0.08 0.088
Total relative uncertainty
Total combined standard 0.151 0.145 0.125 0.195 0.162 0.156 0.183
uncertainty (x g/kg sample)
Expanded uncertainty 0.302 0.29 0.29 0.391 0.325 0.312 0.366
(¢ g/kg sample)
k (confidence interval 95%) 2 2 2 2 2 2 2
Final analysis result 2.019 1.980 1.995 2.013 2.024 1.946 2.091
(1 g/kg sample) + 0.302 * 0.290 + 0.290 *+ 0.391 *+ 0.325 * 0.312 =+ 0.366
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3.2 FANE W YEZAW FFEA

266712 FAAE AlmOA TE HERAR IS AR A
NDMA* ND~89.96 rg/kg, NDEAE ND~0.36 rg/kg, NDBA:=
ND~1.85 ug/kg, NPIP&= ND~0.15 pg/kg, NPYRS ND~1.98
rg/kg, NMOR= ND~0.45 pg/kg, NMEA®= ND~0.19 pg/kg W=z
A== 72+ UEEAWS HAEES vlastel HW, NDMAZE
80.83%% 71 w2 HEES HYow UthE YEZAS NDBA

4.89%, NPYR 4.51%, NDEA7} 4.14%= vlud w2 HEES

Hetiigit, Sddo s AuRgts w Huwko YERAC] HEH
AgE gy, 99 Zolgith FARE AR 7F YERAW ko
e H 9D EFH2}E ‘Table 139 et

‘Table 14'¢]] z} YERAIY HE 7%T7} AZE AE22 A9 544

e SitE NMEA S NMOR®] B¢+ g A= 9oe AZd AE7t

Qonz AEH ARWE AU B739ck

40



Table 13 Occurrence of seven N—nitrosamines in fishes and fish products (Unit: x«g/kg sample)

Food group Sample NDMA NMEA  NDEA NDBA NPIP NPYR NMOR
ke - 0.71%+0.05 -P - - _ - -
7t g —&ol7] 1.4940.60 - - - - _ _
w7 -2 = trace® - - - _ _ _
W 7] =%0] 7] - - - - - - _
Zhohol bl - 2 2.51+4.34 - - - - _ _

Zhepao] W — 2o AU 3.20£0.38 - - - - - -

7HA] = 7] 2.86%0.13 - - - - - -
Fishes RS 0.44+0.12 - trace - - - -
7¥Am] — 7ol 7] trace - - - - - -
7}A}v] —air frying 0.47+0.02 - - - - - -
A2 -2 = 0.87+0.54 - - - - - -
ZA —Fol7] 0.75+0.38 - - - - - -
A =47 1.39£0.62 - - - - - -
Tso-IdE trace - - - - - -
41
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5ol —H7] 2.46+2.13
o] —%ol7 3.74%+4.08
5ol —F-%7] trace

AR Fo -1 2 trace
Ak aLEo] -] 0.87%0.07
Ak G o] = F-2] 7] trace

BA - 5.31+3.71

FA =0l 5.67+5.20

FA A 7 13.31£2.06
ojoiol,l\;ﬂj’l__ —

X g-ar = -
gt - Fol7] -

- 2.46%0.19

-0l 1.92+0.50
- 2.18+0.71

A/ gol-ad =

42

trace



YA /ol -#ol7]

L e A

7 —&ol7]

)+ —air frying

dA - AW

& Bl —air frying

trace

2.50%£0.63

4.29%0.18

1.63%=0.25

1.756£0.52

1.15+£1.00

1.60*=0.23

1.72%0.42

1.00x0.22

1.53%=0.18

1.72%0.72

3.89%0.88

7.20x£0.73



HEl -2 = 3.46%0.85
e —&ol7] 2.584+0.47
W B3 -] 89.96+4.54
WEll HRA - 58.46+50.64
BEl, 2R —Fol] 8.281t14.34
IR R A, -
u] ] —$2o] 7] -
ol —#7] 0.851+0.28

Hol’oi—lﬂ]fr'_ —

Ho] —Fol 7] 0.50%0.19
o] —air frying 0.49%+0.28
o] M A — 5 7] 3.71+0.98

ol WAl - = 3.21+1.28
Wof A -7 1.71£0.10
Hol-g = trace
Eo]—Fol7] trace
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trace



o] —air frying

FA-a =

A =357

A%l

oFl - 1ol

oHI -]

e/ gt -1z

SN/ -7

FEl/ A -] 7]

doj-ad=

Ao —777]

o] —air frying

FA Al - =

45

0.64%0.17

1.30£0.13

0.34%0.11

0.83*0.28

0.97£0.72

trace

0.70x1.22

trace
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o]l s=o] —air frying

ECESTES

Aof— 01

Aol =371

Z7-aY =

£71-%7]

£71-%°17]

271 =527

271-A7]

46

trace

trace

2.69*0.28

0.72%0.26

5.68+1.13

0.80x0.14

1.24£0.29

0.77%£0.12

0.41%0.35

0.38*0.66

1.29%+0.35

0.39%0.09

trace

0.52%0.19

0.45*0.77
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EERE

o &k — %71

) 3} —air frying

47

0.81%+0.25

1.31=0.99

1.07£0.20

1.37£0.14

1.36=0.87

0.62*0.04

1.14%=0.33

0.69%+0.17

6.44%+0.76

trace

trace

0.55*0.06

trace

trace

trace

0.40x0.03

trace

trace



0.44%0.19

1.33%£0.43

1.18+0.69

0.97%£0.88

0.31%0.06

0.22%£0.19

Z38}—air frying

0.31x0.07

ZE A -T2 =

AALAS -]

0.36%+0.14

ZHe| LA §-— 501 7]

ZHe LA~ 257

trace

ZE A S A 7]

trace

ZHel D AR - — 471

ZHE| D A|-$-—air frying

M- AR F -T2

3.70£0.26

AT AAE— 7o)

1.36=0.16
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A A E -7 18.66+1.13
SEE R -
3l k2] —d| %] 7] -
X -2 trace
YA -Fol7] 0.35+0.06
A =57 -
AargA] — 2 trace
A A —F ol 7] trace
Fol-ag = trace
ol -0l 0.89%+0.35
ol —4t7] 0.82%0.10
R e e =t 0.79%+0.15
2ol -Fol7] 1.72£0.22
Qo] —37] 1.93%1.20
Lol -F-A7] 1.07+0.16
RIS | 1.00+0.11
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QA o] —air frying

AL R e B e A

Ap-ad =

A —%e)7]

HeAgol- agE

FeAol- qA]

FeAol- B

e gol— F-47]

TR - R

Shellfishes ZA, G- 2

1.03£0.40

1.10%0.46

1.11£0.31

1.03£0.19

1.05£0.02

1.04=0.47

0.57%0.09

trace
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A, -3l 7]

AL =71

bl

A -1z

AL F -8l

AL F A7

A - 2th =

A —Fe]7]

hA-#7]

7he]H =5 7]

ZheH -2 =

7heln] -0l 7]

IF/ZWol -

g/l -4

F-OUE

51

0.42%£0.05

0.38%£0.22

0.35£0.06

0.34*0.16

0.51%+0.14

0.44*0.25

0.41%£0.37

0.79%£0.07

0.46*0.28

0.56%0.30

0.44x0.21

0.54*0.19

0.72%+0.32

trace

0.63*0.12



e -4k
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TEESEE

g - %0]7]

A=A 7]

2E-ad 2

aek=a7] 5 #elV]

52

0.36x0.1

0.34%0.01

0.34%£0.08

trace

0.47%£0.03

0.37%0.11

0.46*0.08

0.52%+0.22

0.52%0.06

trace



Zgl—2t7] 387 0.62+0.22

AR -5 7 trace
- = 0.43%£0.17
Z3—220]7] 0.41%+0.22

T -
S 1.06£0.48

+
YARA- v 0Ti=01
o %) A — 48=0.

Fish products AA-H92 ZASE010
QAR - TR 0.82£0.13
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0.67%=0.08

of A 9 A — Lo

trace

trace

trace

0.36%£0.63

—Ig =z

A5

trace

trace

0.37*0.65

ERC ST

A-HAYE -1 =

-84, 85 —air frying

0.38%0.06

BRI

0.42%+0.14

Ao %2201
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~
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0.71*0.36

U e A S

0.86*0.43

Aol 52017
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o5 S — o 7]_AAeeI A

A - =

A -7

olgEs-Id=

ZFNA - =

A wFEA —air frying

ThAjek -T2 =

ChAlmE Z R - T 2
seaweeds

T vE SR A - o) 7]

AR B A —air frying

FA L HZ - 1o %

ol -2 =

uj o] —2o) 7]

0.86%0.01

0.91%0.26

1.11+0.24

trace

0.34*0.07

1.16 £0.58

0.90x0.51

1.07£0.6

0.92+1.59

trace

1.24%0.06

1.37£0.11

3.37%0.28

trace

trace

1.5656+2.25
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0.63*0.32

1.45%+0.21

trace

0.37%£0.06

1.04%=0.25

0.34%0.59

trace

trace

1.98%+1.36



AT

1.17£0.02

4 average Lstandard deviation
> —: Not detected

“trace: MDL< trace <MQL
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Table 14 Top five fishes and fish products, whose contents of each seven N—nitrosamines are high

Rank NDMA NMEA NDEA NDBA NPYR NPIP NMOR
1 HeEl, gAML/ R A - SEER - Qo H 3 - ahe, w2 - 7,3 —air z71.90% -
o A 7] e A hand frying i
HELERA - ool - AeFHA-ad AeFHRA-Id A vEA-ar g ERA-R ———
2 I #7] 2 2 frying 7 »
A A - Hel,EAR -1 e/ - HA AR -2 )
’ ’ S ’ %l_trﬂ —
3 7] - 0=z 7] Z =171 o]7] 3] — 12
QAAE A - Zi’m—ﬂﬁ—l B
L EA-AY) . e R R 5977
el R - A A
’ 0] —ai : AL =] -2y ’
5 22017) _ °} —air frying thak—ak7] Ao =7l 7 _
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Table 15 N—nitrosamine contents in fishes of previous studies

Fishes and fish

NDMA NMEA NDEA NDBA NPIP NPYR Reference
products
. Penttila, Pirjo—Liisa, Leena
Shrimp meat 2.7—26.1 - - - - =
Résanen, Sinikka Kimppa. 1990
. . 5.4— Penttild, Pirjo—Liisa, Leena
Dried shrimp - - - - - . .
131.5 Raséanen, Sinikka Kimppa. 1990
Mackerel - — — — - = Yurchenko, S., Molder, U. 2006.
M. Yamamoto, R. Iwata, H.
Salmon - - - - - - Ishiwata, T. Yamada, A.
Tanimura, 1984
M. Yamamoto, R. Iwata, H.
Canned tuna ND-8.3 - ND-2.0 - - - Ishiwata, T. Yamada, A.
Tanimura, 1984
Clams 1.6 - - - - 0.4 B.-G. Osterdahl, 1988
. _ _ _ _ B _ S.J. Lee, J. H. Shin, N. J. Sung ,
Octopus +.8-7.3 J. G. Kim, J. H. Hotchkiss. 2003
_ _ _ _ _ _ S.J. Lee, J. H. Shin, N. J. Sung ,
Anchovy 1.0~1.59 J. G. Kim, J. H. Hotchkiss. 2003
. _ _ _ _ _ _ S.J. Lee, J. H. Shin, N. J. Sung ,
Shrimp 197155 J. G. Kim, J. H. Hotchkiss. 2003
_ _ _ _ _ _ S.J. Lee, J. H. Shin, N. J. Sung ,
Alaska pollack —7.7-46.9 J. G. Kim, J. H. Hotchkiss. 2003
Dried alaska 8.2-55.5 - - - - - Sung, 1994

pollack

The range from minimum to maximum ( zg/kg sample) / —, ND : Not Detected
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Table 16 Mapping pattern for extra food samples

Food groups Food Mapped to
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Table 17 Mapping pattern for extra cooking methods

Cooking method Mapped to
2017 B> A X 715R 715> 8 71552 71> 71> F 7] 7] >air
91471 71> 7)>30] 71> 871> %2 71> 5 7] 7 Sair
217] HI271>H 715301 71> W K 71> 521 71> 71> 5 71 7] >air
7] H1 2 71> 571> 3] 71> 8> % 71> 52 71> § 7] 7] >air
17 FAZN>EZ>E N 7 >air>H 71> A A 71> 471> 801 71> W
1.2]7) BEI>E 71 71> F 7] >air>A 71> H X 71> 4E 7] > 2 o) 7] >4t
w57 air>F 7] 71> 52 71>/ 715> A 71> b 2 71> 3 71> 32 0] 7] >t
£7]7] R 7)>B7)1>H 7 >air>R 71 >H A 7] > 4E 7| > 20 7] >ut
Air B 77> F 7] >8] 7 >E ) >H 7] > X 7] >4 7] > 22o] 7] >ut
B3z Zo| 71> > U A 71> M 71 >F 7] >air> ¥ 7] 71> %71 > 54 7
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2.4. =EAAY HU}

AAtA A3E vl oz »=Zdd (MOE)E A4t MOE:

i

71Ee] AIAE reference pointE A% W YEZAM ek A&

AFFS ol &sto] ALt A =EFHFCoR Uir oz, b

S
mlo
=)

28 2] (Equation 3) o] €3] A3l tH(COC, 2007).

Reference point (BMD) (mg/kg bw/da
MOE = ? <( ) (mg/kgbw/day) (Eqn.3)
d U1 A =% (mg/kg bw/day)

AbZo] o]g€¥ BMDL,, #< NDMAS 7<% J. OBrieno] 7t

kol o) t)ste] A|AISE 62 pg/kg b.w/dayE AFE3SF 00, NDEAZS]
749 SCCS (Scientific Committee on Consumer Safety)olA] total
liver tumorel ©ste] A|AISH 18 pg/kg b.w/day & ©]&3FSItH(.

O'Brien, 2006; SCCS, 2012).
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Table 18 Estimated daily intake of N—nitrosamine depending on gender (Unit: xg/kg bw/day)
NDMA NMEA NDEA NDBA NPIP NMOR NPYR
Male 24.24 0 10.09 11.66 0.37 0.12 0.51
Female 23.40 0 10.37 11.80 0.35 0.11 0.49
Total 23.77 0 10.24 11.74 0.36 0.11 0.50
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table 19 Estimated daily intake of N—nitrosamine depending on age (Unit: xg/kg bw/day)

NDMA NDEA NDBA NPIP NMOR NPYR

1-2 7.61 5.86 5.93 0.28 0.03 0.17
3-6 14.25 8.31 8.44 0.40 0.06 0.29
7-12 21.62 8.94 9.25 0.40 0.14 0.37
13-19 14.40 6.23 5.73 0.33 0.11 0.36
20—64 24.53 9.97 9.91 0.37 0.12 0.52
65< 30.00 13.68 20.56 0.35 0.12 0.63




Table 20 Contribution of food groups to estimated daily intake of N—nitrosamines (Unit: %)

NDMA NMEA NDEA NDBA NPIP NMOR NPYR
Cereal and cereal 5.93 0 15.72 1.28 2.7 20 0
products
Potatoes and 0.88 0 27.25 0.09 0 0 2.04
starches
Sugar and sugar 0.13 0 0 0.26 0 0 0
products
legume and legume 1.18 0 4.3 0.43 0 0 0
products
Nuts and seeds 0.04 0 0 0 0 0 0
Vegetables 45.04 0 22.27 9.38 13.51 30 30.61
Mushrooms 2.35 0 0.1 0 0 0 0
Fruits 1.72 0 8.3 2.73 0 0 0
Meats and meat 1.47 0 0.2 0.26 2.7 10 0
products
Eggs 0.76 0 0 0 0 0 0
. . 25.44 0 0.1 0 0 0 2.04
Fishes and fish
82



products

Seaweeds 0.17 0 0 0 0 0 0
Dairy products 0.34 0 0 0 8.11 10 2.04
Oils 2.57 0 0 0 0 0 0
Beverages 5.72 0 4.3 1.45 0 10 4.08
Seasonings 6.18 0 17.48 84.14 72.97 20 59.18
Ready—to—eat 0 0 0 0 0 0 0
products
Other products 0.08 0 0 0 0 0 0
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Abstract

N-—nitrosamines are carcinogenic substances formed by the reaction
of nitrites and secondary amines. Nitrosamines are known to be
carcinogenic and ubiquitous. In foods, the abundance of amines and
the possible presence of nitrites has been considered as a main
source of nitrosamine exposures. The objective of the present
study is to determine the contamination levels of N—nitrosamines in
foods and to estimate dietary exposure. To select the samples,
frequently consumed food lists based on Korea National Health and
Nutrition Examination Survey (KNHANES) were used. Matching
cooking methods were selected to reflect the effect of cooking on
nitrosamine contents in foods. GC—PCI-MS/MS was employed as
an analytical method. N-—nitrosodimethylamine (NDMA) was
detected in 80.83% of the samples that were analyzed. It was less
than 10% for other N-—nitrosamines. It was grilled dried alaska
pollack that showed highest concentration of NDMA, average 89.96
pg/kg (n=3). Overall, fish samples showed high NDMA level. The
exposure was estimated for the N-—nitrosamines for Korean
population. Among seven N-—nitrosamines, NDMA showed the
highest estimated daily intake. For NDMA intake, vegetable
contributed to 45% and fishes and fish products 25%. It is supposed
that vegetable products are staple food, so their high intake effected
their estimated daily intake level of NDMA. MOE of NDMA was
calculated as negligible concern. A further study for reducing N—

nitrosamine exposure is required.
Keywords: Nitrosamine, Method validation, TDS study, exposure

assessment
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