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2 °of N-UERARIL o]} ofulvt o} Aito] AR Slo A UERAE ¥He-S Fo) AT L ER4 81310} oF 3000]
Fol EAISI, 11 F 90%7k FEAFL Tl werdo] glgol eleirh. 1987 IARCe|4 NDMASE NDEAS Group 2AE
#3193, NDPA, NDBA, NPYR, NPIP, NMORS: Group 2B %\ 43kgieh. £ Aol N-UERAR | 48es @
22 gloto] A¥ F NUERAIFY EAWS 25tk 29K 2 A453(Solid phase extraction, SPEYS E5}o] 12
3t &, LC(APCI)-MS/MSE 0]-&5lo] Ak A slgic). Shgw BA o] A= 858~110.2% o] ¢, AWUELE 1.1~10.5%% 1}
ehetth. A3 0.0002 (NDBA) ~0.0793 (NDMA) ng/ml 019131, ZHekAd 344 of AHAR(r)E 0.999 o)/Fe 2 43 4]
AAAS BHAFQA AA 2 5 N-UEZAI RO 4t 5= NDMA 2.645 mg/g creatinine, NDEA 0.067 mg/g creatinine,
NMEA 0.009 mg/g creatinine, NDBA 0.011 mg/g creatinine, NPIP 0.271 mg/g creatinine, NPYR 0.413 mg/g creatinine ©]17, NDPA%}
NMOR- HEEA] §F3th. 325 N-UERANRIFE A =& B7F 3 Ssg7ie o3t 7I7leAdvies 282 = e o=
e o

FHO: N-UEZAN R, &AW, THA4F 22, LC-(APC)-MS/MS

ABSTRACT. N-nitrosamines are the nitroso compounds which are produced by nitrosation reactions of the secondary amine
and nitrite under acidic conditions. Approximately 300 species of N-nitrosamine have been tested for carcinogenicity in labo-
ratory experiments, with 90% of them demonstrated carcinogenic effects different animal species, including higher primates.
In 1978, IARC classified NDMA and NDEA as Group 2A, and NDPA, NDBA, NPIP, NPYR and NMOR as Group 2B. In this
study, we established pretreatment and analytical method for N-nitrosamines (NDMA, NDEA, NMEA, NDPA, NDBA, NPIP,
NPYR and NMOR) in human urine for biological monitoring of N-nitrosamines. The analytes were extracted using solid
phase extraction (SPE), then quantitative analysis was performed by LC-(APCI)-MS/MS. The accuracies of the established
method were between 85.8~108.7% and precisions were lower than 20%. The limit of detection (LOD) were between 0.0002
(NDBA) and 0.0793 (NDMA) ng/ml. The linearity obtained was satisfying for the 8 N-nitrosamines, with a coefficient of
determination (r%) higher than 0.999. The mean concentrations of N-nitrosamines in the urine were 2.645 mg/g creatinine for
NDMA, 0.067 mg/g creatinine for NDEA, 0.009 mg/g creatinine for NMEA, 0.011 mg/g creatinine for NDBA, 0.271 mg/g
creatinine for NPIP and 0.413 mg/g creatinine for NPYR. NDPA and NMOR were not detected. It can be used as a instrumen-
tal methodology for evaluation and risk assessment of human exposure to N-nitrosamines for the further research.
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Organization, WHO)AFS| =#]| & &1 7 4~ (International Agency
for Research on Cancer, IARC)9]| 5§ NDMA £} N-nitrosodie-
thylamine(NDEA)E Group 2A(Q1A] 2¢F 34, probably
carcinogenic to humans)® Z] % 3}$3 11, N-nitrosodipropylamine
(NDPA), N-nitrosodibutylamine(NDBA), N-nitrosopyrrolidine
(NPYR), N-nitrosopiperidine(NPIP), N-nitrosomorpholineNMOR)
< Group 2B(1A] W&t 7|5, possibly carcinogenic to humans)
2 )45t
Q17k9] gjo) Yo 4 N-U ERAbRIe] T E 1L, ol
U 7 dol Aol 27t 7 1
ol Hot ol A3t s
KA A% op el oful 7
N-UE2Ale QAT 2 3)1
cytochrome p4500f| 2] EH’\PQ‘H A Hotzxw &
o1& HAIBHT, Tlokzir ool & o o] A B
Ab} whgste] N7 E obd 7} O(6)m 8 Fobdl &
AHUTE NI b FeuolS ek g
1k, O(6)-E Fobd DNA9| EdRiolE kgt
NDMA Aol o1l Astel 413 o 4
]
°

oA o] L=, NDMAZ} RN
TRA AL FAd ZhE gk 04454 o4, LB} 2FL w1
om, YR Ao o]2th NDEA ItheZ2 <13
UEhE 7hss SAe AR S B, X)L 2R,
58, T, 1, 2 1h A, 99 V) A4 B0l

9;11\1:]—-11 12

AR = N-UEZAR RO B o 2 4AHS
3 Ay E o] o, HA4 FZ(liquid liquid extraction,
LLE),”® 114 A Z=Z(Solid liquid extraction, SLE),'*!> 11
A A; Z=Z(solid phase extraction, SPE)'°1} 7+-& A 2 2] |}
& ol &3ten, GC-MSMS 2 LC-MS/MSE ©]-8-5}
A sklch

20150l = R/, AR 5 7S g2l A
Group 1 B4 2 A As}HA N-UEZA
Sk AR 7R B, DRAFE B A
2R of et HU B Pt W A= vk E o] A,

A =Z T E At v)eRE Aotk - EZAL

570 QA=) 45~75%% Q1A oA A EE W
AN o 9Tt Aojth Yl =& A W 78
oA oWl BT} o} AALE W ol AAIIA B3t YERZ A4S}
T2 ol NUERANS] GO R Q% s ofv|
3t Q1zke] 9, W, 7 Well A MU EZ AN RO
Aol 7hsshtar ARl wheh @ walol YsE L
o)} 921

olof B Al NUERZAT O QA w=ES H7telY]
skl 2 5 N-HEZANWI S| A A2 Wiy 7] 7]E 4

BAM A 2E

NDMA, NDEA, NMEA, NDPA, NDBA, NPYR, NPIP =

N-UEZA] 732 EPA 521 nitrosamine mix(2,000 pg/ml),
NMORE Sl g2 A|ank-gre e Jol 4 75t
AW EE 859 EAF2AE Fig. 19] YEty it
YR EEE2-8 NDMA-d6, NDEA-d10, NMEA-d3, NDPA-
d14, NDBA-d18, NPYR-d8, NPIP-d10, NMOR-d102 CDN
isotopes(Quebec, Canada)ol|A] U3}t oA EYEH
(acetonitrile), T] & = & v g(dichloromethane, DCM), 34k
(hexane), =5~ Burdick&JacksonAH(Muskegon, USA)
AlF& AHESEAAL, Q5 W Ao AMEE= HEHEE,
AV ER, 24 o}, NEZAL, L-ofATZHAL QlAR:
a7ZbE, Aot Y, A YER, S84 UEE, Sk
A A} =20 AHE-E]= Supelclean™ Coconut Charcoal SPE
Tube(2 g/6 ml, Supelco)y= A]Lu} =] X AKSt Louis,
USA)YlH T2l 5ko] AFEatsTh

QB A9 H|E

gEFEetaI(l L)o] 2845 500 miE 91 AL E
(299.5%) 3.8 g, ABFIEE(=99.0%) 8.5 g, SOk 99.0%)
245g, AEEAK=99.0%) 1.118g, L-o}A 2 HAK>98.0%)
0382 g, Q1AL A ZFE(298.0%) 1.18 g, =& oFE| (> 98.0%)
l4g SABPIEB(=970%) 064 g FEMFFE E(995-1005%)
047 g, BHK= 95.0%) 028 ml2 Y1 2852 FA71R|

N o] O, N O, N
N XN XN
nitrosodimethylamine nitrosomethylethylamine nitrosodiethylamine
(NDMA) (NMEA) (NDEA)
O, O,
XN XN
N N\/\ \/\/N\/\/

nitrosodipropylamine nitrosodibutylamine
(NDPA) (NDBA)

o/\
C\N\N/o N\N/O K/N\N/O

nitrosomorpholine
(NMOR)

nitrosopyrrolidine nitrosopiperidine
(NPYR) (NPIP)

Figure 1. The chemical structures of 8 N-nitrosamines.
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LC-MS/MS A|AHIS 0] 83} A
713t & & Eaksiet Al 2E Q3 AWS ZHd o dol
-20°C oJslof| Al W R 5, ALE A] 5 3to] Haof
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2% 10 miof] W5 E2-8H(1 pug/ml) 100 plE 3 7}sto] 2
3}35} a1, Supelclean™ Coconut Charcoal SPE Tube(2 g/6 ml,
Supelco)E AHE-SHY] ANt F=&& HA|SHS T SPE 7+
EgA] A3 ) Ak 12 ml, E2 2|9 ml, H|
B8 6 ml, Z5H 6 miE FIIAZ 5, Z20)E 2HA RS
FTHAT S 28] A AT Aske] 2g/dE ol A
1A o] AXAZ &, YE2 2T 6 mlE £ )4
245 &ALt & dof ot EYEH 100 e 3
71k &, A355715 AHESEe] 100 pl7bA] 5531, o]
AE AEEHo g 51t

0,
ol

7|7|-.'?'_-&1

2 Ao AREE BA77 = AASHA SRR E
1)) 1] (high performance liquid chromatography, SI-2, Shiseido,
Japan)@} B A SFE A 7] (mass spectrometry, triple quad 4500
system, AB SCIEX, USA)E A3}ttt

MS/MSE o]-&3t AZFE A2 APCI positive =2 A

Wetgon, A2 Fol ol N-UERAT R
2 EZ(parent ion, m/z, Q1)Q} TE-XH(daughter ion, m/z, Q3)
4 2 Q3 o LR 2 Table 19 A A5} T Curtain gas=
25 psi, Gas 1-2 60 psi, NC(nebulizer current)= 3.0 kV, source
temperature+= 350 °C, collision gas (CAD)= 8 eV9] 712
AT,

A AEZ ] Bof o] &% ZAH-2 BEH C8 column
(75 mmx4.6 mm, 3.5 um, Waters)©|t}. LC-MS/MS &A1&
SIak RIS 10 plo]nl, 212 9T Ol B4 02% TFA
7} HE B3t obEUEA®B)E Agetath fL
400 wlmino] o3, 7 A}§-0) 2718 oh& 3} o 0] o]
& B 20%E A|&sto] 452744 o] 54 BE 70% 7HA] 5
ZHAIZ1 AL, 1327 A A R e 18] AL 872 7HA] o] 54 BE
90%= Z7FA1 7] 2L 187 §-X] ¢ %

Sk 5, 9. 18 27| 27(0]
EAFB, 20%) 0 2 HEY & 657 SR A H )

=MH AS

A& (accuracy) H A W = (precision) B 7S 3t Al 2=
olF AW = =7} 0.005,0.05,0.2, | ngml7} H =2 &
ZEAS HArtsta, el g 2hz SRR ZH]Ekginh &
HE Az WREEEES F7RE 5, & AtolA &
Hel A ?eré—% AR A st AW Aee 4
AUE=ES AAsHAL. o] B S 3URE WhEsho] 3Uxt
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Table 1. Mass spectrometry parameters for the 8 N-nitrosamines
and their deuterium labeled internal standards

£ Ty

Compounds  Ql(m/z) Q3(m/z) DP’ CE CXP
NDMA 75.0 43.0 51 10 6
75.0 58.1 51 15 12

NDMA-d6 81.1 46.0 51 25 8
NDEA 103.0 752 51 15 8
103.0 472 51 23 4

NDEA-d10 113.2 81.0 46 19 6
NMEA 89.0 61.1 36 17 4
89.0 43.1 36 17 10

NMEA-d3 92.2 64.2 11 15 6
NDBA 159.1 103.0 51 19 4
159.1 57.2 51 15 8

NDBA-d18 117.4 66.2 61 21 4
NDPA 131.0 59.2 46 15 6
131.0 431 46 23 8

NDPA-d14 1454 50.2 51 27 8
NPIP 115.0 69.0 71 19 4
115.0 412 71 31 10

NPIP-d10 125.2 78.2 36 21 6
NMOR 117.0 87.0 51 17 6
117.0 45.1 51 31 8

NMOR-d8 125.2 95.1 61 19 6
NPYR 101.0 55.0 56 23 4
101.0 411 56 37 6

NPYR-d8 109.1 62.1 130 44 7

*declustering potential
*collision energy
**collision cell exit potential

Ao W AU e 5 31t A= (accuracy)= IS
(recovery, %) ©]-&-5to] Frletglon, A= SH vhE
S A A0 A EEHAHRSD, %)E ©]-85H3lt
H R A= njot 2 AEX]E(US Department of Health
and Human Services) A5} FDA7} A o]at B A A =)o) A=
oA skl = HETAY A& AHE-SHATHEDA,

1998).%
Ay g
=MH 245 2
2 Aol A g-E ¥ 5 N-HERANIF 2AHS
ol Do N-UERARFO A=rtE 19 Fig. 29
et otk du A E 85.8~108.7%0] %11, AU E=
20% olstz Uk 1 7+ A8}

E 87.2-110.2%0] 9111, é‘?:_‘E‘— 20% o]t} ZHe
ATH(Table 3). A=FA 3] 714 9] ABA () 0.999 o4
o2 948 AL HolF otk BAYSEAY P2
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Figure 2. LC-MS/MS chromatograms of N-nitrosamines.
Table 2. Intra-day accuracies and precisions (n=5)
Accuracies (%) Precisions (%)
0.005 (ng/ml)  0.05 (ng/ml) 0.2 (ng/ml) 1 (ng/ml)  0.005 (ng/ml) 0.05(ng/ml) 0.2 (ng/ml) 1 (ng/ml)
NDMA 108.7 106.2 5.6 3.8
NDEA 100.5 95.9 98.9 100.0 3.8 34 2.4 4.1
NMEA 90.6 97.1 100.2 98.7 3.8 22 3.8 1.5
NDBA 100.1 97.6 97.1 100.6 10.5 2.9 2.1 2.4
NDPA 85.8 97.2 98.2 101.4 6.6 2.1 1.8 1.1
NPIP 86.0 97.8 96.4 97.2 4.7 2.3 1.5 14
NMOR 97.6 101.6 99.2 7.6 3.0 4.5
NPYR 101.5 101.4 98.9 100.2 4.1 1.9 2.1 22
Table 3. Inter-day accuracies and precisions (3 days)
Accuracies (%) Precisions (%)
0.005 (ng/ml) 0.05 (ng/ml) 0.2 (ng/ml) 1 (ng/ml)  0.005 (ng/ml) 0.05(ng/ml) 0.2 (ng/ml) 1 (ng/ml)
NDMA 110.2 108.7 6.6 3.7
NDEA 100.5 102.0 100.9 102.1 3.8 9.0 2.7 5.8
NMEA 94.3 100.1 99.5 101.8 5.8 22 2.9 2.9
NDBA 105.7 99.6 97.9 101.1 9.5 2.0 1.7 4.1
NDPA 87.2 99.5 100.8 103.7 5.5 22 1.8 2.7
NPIP 88.7 97.0 98.7 100.3 10.2 2.0 1.5 29
NMOR 101.7 100.4 102.0 5.6 3.9 5.5
NPYR 101.5 100.3 100.9 105.8 4.1 1.8 2.5 4.0
3HA= NDMA 0.0793 ng/ml, NDEA 0.0029 ng/ml, NMEA 7|E et Hlw
0.0064 ng/ml, NDBA 0.0002 ng/ml, NPIP 0.0007 ng/ml, NMOR AlZT}L DA EA Q] N-UEZANNE BHo =
0.0180 ng/ml, NPYR 0.0212 ng/ml o] ¢l th. GC-TEA, GC-MS, GC-MSMS & o] HAe =
E
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Table 4. The concentration of N-nitrosamines in the urine (unit: mg/g creatinie)

Number of Concentration (n=33)
Compounds detected samples ini i
p Average Minimum Maximum
NDMA 33 2.645 0.451 7.435
NDEA 32 0.067 ND 0.151
NMEA 11 0.009 ND 0.058
NDBA 33 0.011 0.002 0.047
NDPA 0 - - -
NPIP 33 0.271 0.009 3.641
NMOR 0 - - -
NPYR 33 0413 0.026 4.079
AR g o] am, 2WA RS SAM LCE ol 43 o Ferke] aWolA 243k B4 tebgo 57
£Ao] FESIERE B AT A LOMSMSE o §3te] A0z o3 Aol S Mol x| ghekh. EIE, B Ao
BAHS 5t gict AHA| RO AA g 22 AL NDPA2} NMOR©| A% A] 9k3FA] 9t Hua CW et al.(2016)"
FRULE I 0] FHOLE Y DA FHOPENE ol Ao Ao BaEsA SR, wE el
B3] o]Fo] At E Ao AA g WHE v w5k UTI(urinary tract infection, @ 27+ 5) AL A4 30%
#EEAN WREESEHE Y 3eEo] 100%01] +g 2 olF el AmolA HEHU o2t E2 AL E u|Fo]
A = WS gkl £ o NYERAYFY AA &2 UERAN 44
A Aol A o] HE37HA|+= NDMA(0.0026~0.0133 ng/mL), THe = AH 2 Medd s Lol el aql

NDEA(0.0026~0.0133 ng/mL), NMEA(0.0020~0.0080 ng/mL),
NMEA(0.0020~0.0080 ng/mL), NDBA(0.0047 ng/mL), NPIP
(0.0007~0.0051 ng/mL), NMOR(0.0030~0.0078 ng/mL), NPIP
(0.0082~0.0267 ng/mL)©] ZFS kg0 m 131516 1.y 1) A]
Ao 4l 7EFA 9} vl st 9 v NDEA. NMEA, NDBA,
NDPA, NPIP, NPYRS A3 o1 Lof| 4] A A3t A &34 ]
flofl &3+ 2 1, NDMA NMOR2 A A-1t5 Hrt
§ AlZF =9kt shAIRE =2 At A AR ARAIRE

Aol AP Ao £443}o)| 4 NDMA+=
94 *lioﬂfﬂ H&5 3L, NMOR+= thH=9] Al=
%EIXI Jom IR Az LHAR B o=
Ne= Ao T

HATS

jshY
HHN'

dr
HE r°“

o
A

w47

"‘mﬂ

A F NLHEZAIRRIF 2ME 0

o4 33l et 4 F N-UERAYI B 5
(H2~F 55 )= NDMA 2.645(0451~7.435) mg/g creatinine,
NDEA 0.067(ND~0.151) mg/g creatinine, NMEA 0.009
(ND~0.058) mg/g creatinine, NDBA 0.011(0.002~0.047) mg/g
creatinine, NPIP 0.271(0.009~3.641) mg/g creatinine, NPYR
0.413(0.026~4.079) mg/g creatinine ©]11, NDPA2} NMOR-2
HEHA ekth(Table 4).

£ A9 A2E o] AT AT} 1] w3t NDMAL
2o AlRollA BF HEEE FS EQAh Seyler
TH et al.(2013)°7} Hua CW et al.(2016)'%9] &to A=

B EAR FARe] 2 F N-UERANRS BEE
H| W3} 92 w], NDMA, NMEA, NDEA, NPIP, NPYR 9] =
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