KOREAN J. FOOD SCI. TECHNOL. Vol. 42, No. 5, pp. 541~548 (2010)

KOREANJOURNAL OF
IR AM SR

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

Exposure Assessment of N-nitrosamines in Foods

Cheon-Ho Jo, Hee Ra Park, Dong-Sul Kim, Kwang Ho Lee, and Meehye Kim*
Food Contaminants Division, Food safety Evaluation Department, National Institute of Food and Drug Safety Evaluation

Abstract In this study, contamination levels of 7 N-nitrosamine were investigated in processed meat products (n=51),
processed fish products (n=62), salted fish pickles (n=20), and beer and malt beverages (n=21) using a GC/PCI-MS/MS
method. The limits of detection (LOD) of the N-nitrosamines ranged from 0.2 to 0.5 pg/kg. In addition, methods were used
to estimate the recovery of 7 N-nitrosamines, which ranged from 84 to 112%. N-nitrosamines were detected in 89 (58%)
out of 154 samples. The exposure of an entire population group to N-nitrosamines through food intake was estimated using
the average body weight of the total population and average daily food consumption, to perform risk assessment based on
reports of a national health and nutrition survey. The results indicated that the daily intake of N-nitrosamines over a life
time was 4.92x10”7 mg/kg b.w./day. The margin of exposure (MOE) for the general population, estimated using the
benchmark dose lower confidence limit 10 (BMDL,,) of N-nitrosodimethylamine, was 208,939, which was found to be

safe.
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UEZANS U9t 7Fs2d 2 2 F77F Al 300995¢] 9
A GEA Jlem, ngkg FELREE %%“ oA 90% ol/d<]
7+ b dotal BaHETHI. YEEARI Y]tk det
T&-2 WHO/MARC(International Agency for Research on Can-
cer)oll Al 1A ¥} = (group 2A, probably carcinogenic to
humans) B 913 29}t 7Fa(group 2B, possibly carcinogenic to
humans) &2 % NDMAS®} N-nitrosodiethylamine(NDEA)7} group
2A°|, N-nitrosodipropylamine(NDPA), N-nitrosodibutylamine(NDBA),
N-nitrosopyrrolidine(NPYR), N-nitrosopiperidine (NPIP), N-nitroso-
morpholine(NMOR)®| group 2Bl 43HH(12).

Ble] Aol A% 2 o 37kEE Aulge] BE AT
g Agvoz MsEYL, YERA 44 7k Bes
ORIzt obdatglo] FRE A F/1E UERAR A7t o
A Thke AFomry 47 UEZAR) wEuw g,

gel we Uelde 48 B o87EE, SRF, AT,
Az, W5 T ode A5l ddte] YERAR ] gk 2UH
o] g =o] gtom, &A vl=(13)7 F=(14)°14= NDMA
9} NDEA°ﬂ iste] 71ES st sl Ark(Table 1). =W
«1 , 9= =7k WAL A AE F UEZARNI tigk a7
of VAR =57 Wt 9 71E4 44 T AF AF
P UERARIS kA E 913k A3HHQl 2ARET &
Itk whebd 2 AellM e 750 tEAQ] UERAM
Az RS HE) Azrte 5 UEzAR 44 7t
= A57REEeI, 2, J), oS7E G, o
o]jg’r_,_}\];q)’ x%71—(uﬂa]—x4 E_)’ F5 4 3§(nn2 _Q_E)
15471¢] SUlf-g AFel i LHd=g AL, v
D59 FAFHF HaASES st 19 190 AR

B7haksic,

O

=

o

A, ol
é ol
o rﬁﬂ
;O

Hir o

/\o]

>

e 2 oft Ho OIF S

oft
o 4



542

Table 1. Maximum permissible level of other NDMA in USA and
China

Maximum limits

Classification -
USA (13) China (14)
Barley malt NDMA": 10.0 pg/kg -
Malt beverages NDMA: 5.0 ng/kg -
NDMA: 4.0 ug/kg
Salted fish -
atted s NDEA?: 7.0 pg/kg
NDMA: 3.0
Meat products - nke

NDEA: 5.0 ng/kg

"NDMA: N-nitrosodimethylamine
INDEA: N-nitrosodiethylamine
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Table 2. Physicochemical properties of N-nitrosamines

Physicochemical properties

MF"
MW Vapor  [ARC?
Abbrev. Appearance ~ WS* LogK,,” pressure
(mmHg)
C,HN,O
74 Yellow 000 057 27 249
NDMA q
C,H,N,O Slightly
102 yellow 106 0.48 0.86 2A
NDEA liquid
Liquid
CoH, N0 Vaporizicrllg press.:
130 T 13 1.36 0.389 2B"
NDPA 997.5 mmHg
at31°C
CSHISNZO
158 Yellow 13 263 00469 2B
NDBA qu
C,HgN,O, Yellow crystal
116 Melting point: 862 -0.44 0.036 2B
NMOR 29°C
C,H,\N,O Light
114 yellow 76 0.36 0.14 2B
NPIP oil
C,HgN,O
100 Tie'lgy 1,000 -0.19 006 2B
NPYR d
DMolecular formula
Jnternational agency for research on cancer
Molecular weight
YWater solubility (g/L)
5)L0g Koctanol-\»ater
®Probably carcinogenic to humans (Group 2A)
"Possibly carcinogenic to humans (Group 2B)
Al & 717
Ao AHgR 7E] YERAWS YREZEL DM

H3C\/N\/CH3
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Table 3. Reagents and apparatus used in this study

Manufacturer

Chem service, West Chester, PA, USA
Chem service, West Chester, PA, USA
Merck, Darmstadt, Germany

Materials

N-nitrosamines standard
D, ,-N-nitrosopropylamine
Acetone, ACN, DCM, MeOH

n-Hexane Thermo Fisher, Waltham, MA, USA
NaOH Waco, Osaka, Japan

Extrelut NT Merck, Darmstadt, Germany
Glass wool Supelco, Bellefonte, PA, USA
Sep-pak florisil cartridge Waters, Milford, MA, USA
Rotary evaporator EYELA, Tokyo Rikakikai Co. Ltd.,

Japan

Zymark, Denver, CO, USA
Supelco, Bellefonte, PA, USA
Varian, Palo Alto, CA, USA

Nitrogen condenser
Vacuum Manifold
VF-5ms column

nitrosopropylamine(D,,-NDPA)-> Chem service(Chem service, West
Chester, PA, USA)A}2] Aok Fuj AR5 ). Acetone,
acetonitrile, dichloromethane(DCM), methanol= Merck(Merck,
Darmstadt, Germany)A}, hexane> Thermo Fisher(Thermo Fisher
Scientific, Waltham, MA, USAW} A|&F2 A3, NaOHE
Wako(Wako, Osaka, Japan)Al, SF<= Milli-Q system= &3¢t
33 FHTE ARSI Extrelut NT= Merck(Merck)Al, glass
wool Supelco(Supelco, Bellefonte, PA, USA)A}, Sep-Pak Florisil
Cartridge= Waters(Milford, MA, USA} 1g, 6 ccE& AME-3IATE

3 A7 5 2715 EYELA(Tokyo Rikakikai Co. Ltd., Tokyo,
Japan)E, AAF=7]E Turbo Vapll(Zymark, Denver, CO, USA)
2 AMEE Y, A8 AAZEolA AREE Vacuum ManifoldE
Supelco(Bellefonte) s AME-3FSTE ZH2 VF-5ms column(Varian,
Palo Alto, CA, USA)S AFE-3F3tH(Table 3).
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Table 4. Operating conditions of GC/PCI-MS/MS for N-
nitrosamines analysis

Parameters Conditions
Column VF-5ms (30 mx0.25 mm L.D., 1.0 pm df)
Flow rate He, 1.0 mL/min
Inlet Temp. 250°C
Inj. Vol. 2 uL
40°C (3 min, hold) — 4°C/min — 100°C
Oven (12 min, hold) —15°C/min — 250°C
(2 min, hold)
Delay time 9 min
Transfer line Temp. 250°C
Source Temp. 150°C

Reagent gas Ammonia (NH,) gas (pressure: 4.5 Torr)
Collision gas Ar (cell pressure: 1.0 mTorr)

Collision energy SeV

=47171

GC/PCI-MS/MSE= A5 AEF971(CTC Analytics, Zwinger,
Switzerland)7} &2 VarianA}2] CP-3800 GCE AME-3IA9, &
e 7 B4 EA%F g1S g triple quadrupole tandem
mass spectrometer= VarianAlS] 1200LE AME-519low, o238} o
& 3}8} o] 2319 (Positive Chemical Ionization, PCI)S AR&-3}
ATH Table 4).

LIEZAIR FMx2| 2l

NA| ANzo] A, #Aslet HA 5g& FE3] Zob 50mL Al
o] Y 7)o R EFH7HE ImL 3 0.IN NaOH 5
mLE o] wH7|E 1E7 J"3ITh ©]F Extrelut NT 6 g&
A ZEAMA 1.5em, Aol 35em)el] B 4727F AAEIGAT
o] Z+gol dichloromethane:hexane (70:30, v/v) £} SmLZE ¢
o] Al He JARES 23] AL 2 A Tl FUTh o]
o] dichloromethane:hexane(70:30, v/v)

N 20mLE £E3}
o] 250 mL T2ube ZEt=9

— d 1
ket oAl Z-ell dichlo-
romethane:hexane(70:30, v/v) EHA20mL)S gol &3 & &
o] &= gate] 30°Ce] FE30lA 400 mbar 0] HHL
2 23ml7t HEE S F53HTh

A AFS] A, AskEE AA S g A3 Dol S0mL Al

o] Yz olo] UIFEFH7FEN 1mL 2 0.1N NaOH 5mL
S Yol wN|Z 387 Xeslt) ool Extrelut NT 6g2 ¥
I oA 187 IR R e & 2w 7S ARR-ste] ZRl k)

Table 5. GC/PCI-MS/MS retention times and characteristic ions of N-nitrosamines

Compounds RT Precursor ion Confirm ion Quantification ion  Collision Energy
(min) (m/z) (m/z) (m/z) V)
NDMA 10.0 92 75 92 75 5
NDEA 16.9 120 103 120 103 5
NPYR 283 118 101 118 101 5
NDPA 284 148 131 148 131 5
NMOR 28.8 134 117 134 117 5
NPIP 32.0 132 115 132 115 5
NDBA 36.4 176 159 176 159 5
D,,-NDPA 27.5 162 145 162 145 5
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7 32cm, Z°] 35em)dl B3 fE=E 2 vt Dichlo-
romethane:hexane(70:30, v/v) &3 smLZ Alg#, f=d] 2
Z 71l e HREs 23] Ao &Rl F A ¥lrh o]
] dichloromethane:hexane(70:30, v/v) &3 20 mLZ 8§&3}
250mL Rte Eekasel] Wtttk oAl ZEell dichlo-
romethane:hexane(70:30, v/v) EFA20mL)E Fol &3 & &
o] &&d3 gsted 30°Ce] FE23lA] 400 mbar ©1/de] ¢PEO
2 23ml7t HEE A5 w58

A AL P2l hexane 6 mLE E3IA ] 224 JIEE
Ao 9 FFYS Wi ZTTAE hexane 1 mL¥ 33 AUt
o] A& oA 24 FtEFA Y ¥ 3t 3mLE o Yo
=3l 2|2 o]ojA] dichloromethane:methanol(95:5, v/v) &3¢
4 6mLE §23t K-D F7]°l o}, 30°C 830N das
FHAZIHA G835 | mLE F5sle] AlFEA o2 sldrk(15-17).

GCPCI-MS/MSO]| 2ofst Mgk

750 Y UERAWS mEN 2% A #4517 $st
o] 7| agvtEIZS aRH 73S HIES 7 Triple
quadrupole 7|RFe] tandem MSE ARSI, HFE oL =
AREE 0™ VE-5ms(30 mx0.25 mm 1D, 1.0 pm df) Z2HE 9]
&3te] BT 313 ol 2sPH(PCDY] A5 flsiA 4
Z13}% (hydrogen affinity)’} 7Hg %2 ammonia(NH,) gasE A¢F
7|1AE ARt UERANWIS 2453 TH15-17).

Method Validation

A o] gt ZF8de ZAIAZeEa 2z F93H
o] Aozl o FEo AZREIR NN Zzke] FFEHH W
FEFEA M3 Fol¥] EE WAH|E YEOT sl 7 ¥
B2 Y FEE XFOo= st HHEFFZHE 2

3 FE(recovery)> FTEAS R Hukele A E
1 @3 A5 AARE AXA &2 HAF FT=4Y o=
WHWAE BlaLste] 8T

AN Ze] AZ3M(limit of detection, LOD)2} 7 #F3HA] (limit of
quantitation, LOQy= EF8N-E GC/PCI-MSMS F4st & 4
A T2 FA o] AEste] EIC(extracted ion
chromatogramydollx] Fola= AR 4 U YAk Ao H]
£ 7HRE 29 A&t #-S-H](siganl to noise ratio)7} 301X
He HAY FEE AEME A9, Asd FHrt 10
o, AUTIT 20% oW TR A HFAE AASIAT

L
>

AZ = LEZA D =% "I}

B Ao FAlE YEZAW A= AFe} 20053 WA
AR FzAE] AT B AFSGS kg ARE o83t AF 4
FHoll 93 YEZAN 19 o AA=2FS =AU THE. 1).

n
=Y AF o YERAW P L A& (mgkg)
AR Ha AF (kg bw)

1
o
x B7F AT 2F Wt A3 % (g/day) )

TS AEE QA =E %S 7EX 3. WHO/JECFAS] U EZEAN
kol #1337 HEHs E-8-3F MOE(margin of exposure)E A&
gt QTS A5 nReEolx o] ZRHERAESZ )l
g BMDL,, 0.06 mgkg bw./days == &390 tHEq. 2).

BMDL,,(0.06 mg/kg b.w./day)”
T 1Y A =ZEF(mgkg b.w./day)

MOE"= @)

29k (margin of exposure, MOE): §-354S 7HAH

RIEE=E X7t gle 45, A8Hs g7t ies

A E Fgk SHeS] dA Tl F= AR

b) BMDL,(benchmark does lower confidence limit): &4 3
AFHZHE J4tE 2 ZellA B4 control 2F-E 10%
(BMD,)) TFZAY &Hdose) AR 95% A1=|77ke] &
ZH(18)

b

a)

e

[

2oty o
GC/PCI-MS/MS £4

ol 2¢e] §t&ol oF 45 Tor/t AAIHES AEHOE FYH
£ YRUOKNH,) AleIAE =& o3} ou=](150 eV)ell <]
3 o] 23HNH,HE §F T4 FEUotete] o3 w08 NH,'%}
72 o] 2o] AdHETh NH," o]2-2 A8 2K M)eH vhgste]
AREA}F ]2 (pseudo-molecular ion) =, [M+NH,]'S AAdA1ZIch
o] ATLo]l&(precursor ion)O-E AeET FE oLdA](collision
energy)S T AAdo]2(product ion)S AJAFAIA EAoleS A
8] 5= MRM(multiple reaction monitoring) 'H2 A3} Th
(Table 5).

we Zeady 2444 758 YEZAR] T NDMAE 10.0
min, NDEAE 16.9 min, NPYR-S 283 min, NDPA+ 28.4 min,
NMORE 28.8 min, NPIP+= 32.0 min, NDBAE 36.4 min 123
WHEFZEZ2! D,-NDPA= 27.5mindl|A HE=HATHFig. 2, 3).

Method validation

QoA zAF =89 25, 5 10, 25, 50, 100 pgkgS GC/
PCI-MS/MSZ #4151e] UlH-3EFE (internal standard method)2-
2 s S FRAFE)7E 099 o] Yuet A

58 29 AT BF§0) FEIb 25 ugkgt H=

=2 243 T A7 AAZE HAH GC/PCI-MSMSZE EA1513 T
UEZAY] 3t 3582 84-112%9] 7S Ve, CveE
8.5% olstZ Ut S HAoH, -12-105%] HI=E HIA

o} T3 AEEAE 0.5 ugke o8k BFTAE 1.5 pgke ©13t
o] 3S eI TH(Table 6).

AE & LIERAMD 2g=
3L [
U SE 2 A8 9 o8NBE, A, 3 2 28 5

A ol3le] AEE BF EREE At AEREE UE=R
AL AEAFE AS7HE 514 T 274, oJS7E 624
F 297, A7 2071 = 14, 7 2 S5 214 F 7794 Y
EZAle] AEHI, A AFE 1547 F 8970] A&l A
E89] 58%E HIOoH o]F ZAXE UH] A&TFEEC] 27%,
o&7FEEC] 19%, AL 7%, T/ 2 28 5% HAEES HY
TR UEEAW Ha@FHA2-Fd) SHEE Table 76 LERATE

AMZ = LERAR =2 -y}
B AES B3 YERZAMW QA= A28 Y A
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Fig. 2. GC/PCI-MS/MS chromatogram of N-nitrosamines standard (peak identification: 1=NDMA; 2=NDEA; 3=NPYR; 4=NDPA,
5=NMOR; 6=NPIP; 7=NDBA; *=D,,-NDPA): (a) mixed standard and (b) blank.
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Fig. 3. GC/PCI-MS/MS chromatogram of N-nitrosamines in sample (peak identification: 1I=NDMA; 2=NDEA; 3=NPYR; 4=NDPA,
5=NMOR; 6=NPIP; 7=NDBA; *=D,,-NDPA): (a) QC and (b) sample.
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719l A5 11 19 A ARAF ATE65 kgye FASAH AR AETFE wohol A AT 55 kg2 o] AF
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Table 6. The extraction recoveries, LOD, LOQ and precision of spiked N-nitrosamines in food by GC/PCI-MS/MS (n=4)

LOD*

No Compounds LOQ** Conc. Recovery CV Bias***
' Cone. (ug/kg) (ng/kg) (%) (%) (%)
1 NDMA 02 0.5 25 90 2.5 10.5
2 NDEA 0.2 0.5 25 84 4.8 16
3 NPYR 0.5 1.5 25 95 5.8 45
4 NDPA 0.2 0.8 25 87 5.9 13.4
5 NMOR 0.3 1.0 25 112 7.5 -12
6 NPIP 02 0.5 25 105 6.3 -5.2
7 NDBA 02 0.5 25 98 8.5 2.5
*LOD: limit of detection (at S/N>3),
**LOQ: limit of quantification (at 20%<RSD and S/N>10),
***Bias=(true value-measured value)/true value*100
Table 7. Level of V-nitrosamines in food samples
Level of N-nitrosamines (ng/kg)
Category Commodity Mean (Min-Max)
NDMA NDEA NMOR NDPA NPYR NPIP NDBA Total
2.36 0.11 0.07 I 2.54
Bacon (12139) D077y NP NDND b o.s0) ND (ND-3.92)
Processed meat 1.32 0.11 0.06 0.04 1.53
product Sausage (ND328)  (ND-1.78) NP NDOND o n 00 (ND-060)  (ND-3.28)
1.27 0.07 1.35
Ham (ND345)  (ND0.77) P ND O ND ND ND (ND-3.45)
1.45 0.09 1.54
Crab meat (ND-9.36) ND ND ND ND (ND-1.01) ND (ND-9.36)
Processed fish . 0.94 0.05 0.05 1.04
product Fish paste (ND-6.44)  (ND-0.74) NP ND O ND g ND (ND-6.44)
. 0.86 0.86
Fish sausage (ND-2.71) ND ND ND ND ND ND (ND-2.71)
2.19 2.19
Salted Pollack roe (ND-4.08) ND ND ND ND ND ND (ND-4.08)
Pickled fish 0.61 ND ND ND ND ND ND 0.61
(ND-2.13) (ND-2.13)
Salted fish 030 030
pickle Pickled roe (ND-0.59) ND ND ND ND ND ND (ND-0.59)
Pickled shrimps ND ND ND ND ND ND ND ND
. 0.29 0.29
Pickled clams (ND-0.57) ND ND ND ND ND ND (ND-0.57)
0.07 0.22 0.29
B ND ND ND ND ND
Beer and malt o (ND-1.14) (ND-0.84) (ND-1.14)
beverage 0.11 0.15 0.25
Malt beverage ND (ND-0.54) ND ND ND (ND-0.73) ND (ND-0.73)

UND=not detected

F UEZARS] A =EZFS T =
EEA}“H o] EXEE HAE }E{— BT 0o & ALk
stem, AF FFE UER }“4 A =% JAEE FF
2 S5 37%, AS7FEE 35%, ASTFEEC] 24%, A2 4%
2 Uehdth B 2F *131%1 %f‘& HEZARI QA =EF
& Ha 4.92x107 mgkg bw/day, FTHO5M) 1.51x10° mg/ke
bw/day 522 Lutz®} Schiatter(19)7}F AAISE UEZAI Q1A
&% 14x10”° mgkg b.w/daye} HIwshH ZHE 35% 2 10.8%
2 UHT @ FFEOR FriEATH

ZH MA=EFE 7L AF AFHE T8 A AT

LA,

Table 83 Zt} U

UEZAM =29 (MOE) 2089392 $lsiddko] A gl
T2 YERSTH(Table 9).

u=3 FoAde AF 5 UEZAG g8t maximum
levelS A3l #A)8lal o}, Codex, EU, 9 Sojja: 7]
=As A3 1ok Azs At 51f‘ﬂ‘*l Y= A,
] AFAANME YEZA A 7o) B8 2)Fd
sl HAAxzA 9] dtelEAS e AFHIES dske
A &2 A7a}t o] RFYE I gle, olo] tigt A&
7 % xhe 53 UEZAM ?l@a&ﬂ Hete] U}%QOM
Zlo|t}.

=

T
ok rﬂ ot &
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Table 8. Estimated daily intake to the N-nitrosamines in food consumed by the Korean overall population
Food intake Estimated intake of N-nitrosamine
Category Commodity (ﬁ;\g) (g/day) (mg/kg b.w./day) % of Total
Mean 95™ percentile Mean 95™ percentile
Bacon 2.54 0.189 0.544 8.75x10° 2.51x10
Processed meat Sausage 1.53 1.642 4.884 4.57x10° 1.36x107 24.0
product 8 -7
Ham 135 2.599 8.554 6.38x10 2.10x10
Crab meat 1.54 0.114 0.405 3.18x10° 1.13x10®
P“’Cfgfﬁ‘itﬁSh Fish paste 1.04 7.613 24544 1.44x107 4.64x107 352
P Fish sausage 0.86 1.642 4.884 2.57x10® 7.64x10®
Salted Pollack roe 2.19 0.274 0.990 1.09x10° 3.94x10°%
Pickled fish 0.61 0.325 0.988 3.60x10° 1.10x10%
Salted fish Pickled roe 030 0.061 0.151 333x10™° 8.23x10™ 42
P Pickled shrimps ; 0.131 0.500 ; ;
Pickled clams 0.29 1.139 4.564 6.00x10° 2.41x10%
Beer and malt Beer 0.29 34.008 97.820 1.79x107 5.16x107 36.6
beverage Malt beverage 0.25 0.096 0.181 4.36x101° 8.22x107° :
Sum - - - 4.92x107 1.51x10°¢ 100

Table 9. Estimated MOE for overall population to V-
nitrosodimethylamine in food samples

‘ MOE
Category Commodity Mo 95"
Bacon 7,380,945 2,568,437
Processedmeat o caoe 1,522,879 511,854
product
Ham 999,799 303,751
Crab meat 20,017,897 5,616,128
Processed fish — po oste 461,144 143,034
product
Fish sausage 2,337,442 785,636
Salted fish pickle Salted Pollack roe 5,500,718 1,521,544
Pickled fish 16,651,761 5,472,864
Salted fish Pickled roe 180,405,239 72,900,985
pickle Pickled shrimps - -
Pickled clams 9,992,721 2,493,391
Beer and malt Beer - -
beverage Malt beverage - -
Sum - 208,939 65,222

% Interpretation for the MOE Band

<10,000: Possible concern

10,000-100,000: Low concern

>100,000: Negligible concern with action minimizing future exposure
>1,000,000: Negligible concern

o OF
el =

GC/PCI-MS/MSE ©]83t AS7HE &5 5 15471 e
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