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W OE. B TGN - PG R (LC-MS/MS) JUl5E &l N- RS R EE (NSAR)  3- (N- HIEWE RS IEE 56
P (MNPA) | 4- (N- RIS TG (MNBA)  WAHEEEAIF Tkt -2- RER (NAzCA) M7k, FEMZKALEL,
R T VR A R 440 5 iR 4, 3E LC-MS-MS 73 #T. &5 K8 (D NSAR. NAzCA. MNPA. MNBA £t R4 54 5.0 ng/g.
2.4 ng/g. 5.7 ng/g. 1.4 ng/g, HWKEHEENT 6.5%, HIEHGHEENT 9.4%, BIWELE 77.7%~111% 8. @74 7 E A5 14 Fi
A, BB RUAN A TR it R A 4 P VI e 2 BE R 3 TR P 20Kt NSAR. NAzCA, ¥R MNPA & MNBA, & &
JEFE 2> 59 ND~128.3 ng/g - ND~141.6 ng/g « 1687.1~2424.1 ng/g. 65.0~199.5 ng/g. Z7VER . WER, & T &M 4 FF

LI 43 T
KA WAEEESR: HE&W; LC-MS/MS
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FEMH BN Tt A2 A1 AR R FE rh 3L 4 Fhas iy
A A S, EATEE: HER I AHE (VANS) |
TR A RS % (TSNAs)  AE#% & M IV AE i A1 N-
WA EIERR 7. HurE AAMEFF T KELT TSNAs
T B A LER (R IE 9 %, 4 R R 7 T BAT
SCHRFRIE U, (EAE B P G AR A AR R e T i S S R
J7 TR o

. i 7 2 A R o E A R v ) R R DA S i A A
S ) B A A A SR A . A8k H AT
F1 5 0 A R 11 b N- 0 A 288 B 25 IR 4 I 7 H oK
1M e /4 il N- I i 5 L% R (N-Nitrososarcosine,
NSAR) . 3- (N- H1 J& W f§ 3 & #) W &
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SRR B B2 10 P 1999 4E, Cheng 25 24 R
FH B8 7% 33750 e RV €5 5 TS AL NSAR. NPRO,
NTCA K& NMTCA PY I fif 3 & 3 g ), i A4
B A SR A R (1 o T AR A T R L

AR SCER X 5 00 H E s % TE I NSAR. MNPA.
MNBA & NAzCA, 18 %] fif fb B 2% AR R3S 7 1 1)
ek, FSLT —FRE R, E S AT LC-MS-MS 4>
MTI7 e AT Uk ST A 5 2 SR TR T 11 5 MR R 3 3
AIREIE R, B EATE DS S R T
FORSHr .

1 #REFE
L1 #, X FAILER
14 RIS CUEJHAE . RESS BN 1 B

®1 4MTEOSEERER
Tab.1 Informations of 14 kinds of commercially available oral
tobacco samples

95 st LB LR BIVS

Copenhagen Wintergreen 475

EERE %

[ 2 AP S ey

[

2 Copenhagen snuff L S A e Wi Ay
3 Skoal Xtra Mint Wi BeR ez RN
4 Grizzly Wintergreen AH  HeEMer ENEE R
5 4 J% (golden dear) 2% ek WA

6 4:Ji (golden dear) YESHR EE ] B

7 Camel snus Ji R g RNBEH
8  Marlboro Tobacco Stick i fiif g RAWSMm

9 General classic white ~ JRIf e Fi )
10 Thunder ultra Frosted — i#fif ek Tt 5 J0H
2R Rt
AR TR
RESYHN

(RES /2N

11 Ariva Dissolvables THfaf

12 Stonewall Dissolvables &7
13 stonewall ES-)

14 Nicorette i

b AE e N- 7 i 25 L2 B8 (N-Nitrososarcosine,
NSAR) . 3- (N- {1 & W fif % & £) W W
(3-(N-methylnitrosamino) propionic acid,
MNPA) . 4- (N- H JE 7 f JE & H&D T &
(4-(N-methylnitrosamino) butyric acid, MNBA) .
WA RS T B -2- R IR (Nitrosoazetidine-2-
carboxylic acid, NAzCA) ; N- I i % Al & MR -d3

(N-Nitrososarcosine, NSAR-d3) . 3- (N- H &
Wi A %D TN R -d3 (3-(N-methylnitrosamino)
propionic acid, MNPA-d3) . 4- (N- H J& I fif 2
& ) T M -d3 (4-(N-methylnitrosamino) butyric
acid, MNBA-d3) . WERH3E A A0 T &t -2- FR IR -dS

(Nitrosoazetidine-4-carboxylic acid, NAzCA-d5) (4ii
%= 98%, LFRiEAFED o

il 2N (Bikal, £E Dikma A7) ; LR (H
whal, EHE Tedia AR ; LW (Fikal, EE
Dikma A ) ; FR (s, E Tedia A7) .

144 BIOTAGE isolute SLE (5mL) .

X API55000 it i (35 E AB SCIEX A ] ;
Agilent 1200 /=240 AH (L4 (3[E Agilent 2 7))
Milli-Q50 #E4li/kK 4% (3£ [E MILLIPORE A F]) ; KQ-
700DE 2 4% b Fo e i P s CR Ll il A A 3R A PR
A D CP2245 LT R (JR&E: 0.0001 g, 1 [H
Sartorius A F]) 5 e KA (it BUCHD .

1.2 HmarkE

XTI 5, JeRREC 1 g FEA, A 1 mL
RISERN STl =1 € & % NP B RSl =y i NI S i g E it
il BLEERREL 1 g B0 1 48T 50 mL ZHEOE
AN 10 mL %A WARE £ & 7K, T 2500 rpm T,
W E 30 min, BCAEHUH 5 mL, 0T ISOLUTE fif% 1
[ AF S PO A B (BIOTAGE isolute SLE) ,
30 mL LFRAHE (5 2% LFR) =M, Bk 10
mL, BB, 45°C Fik4i2T, H 0.5 mL £5
TKEWE. B, R JE3E LC-MSMS 73 #r. 704
FEIE 2.

R 2 BEEEERERREY

Tab. 2 Gradient elution conditions of high performance liquid

chromatography
5[] /min st A% B B/%
0 95 5
0.5 95 5
1 85 15
3 75 25
5 65 35
6 40 60
10 40 60
11 95 5
20 95 5
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{6, 3% A:. Waters Atlantis® T3 4 #1 £ (150 mm
X2.1 mm, 3.0 pm) ; FiE: 40°C; WA A:
0.1% (viv) HER/KEW, B: LI, WiE 025
mL/min, BB AR 2: S-S A 5 min;
AR 5 UL, B HEmIEHEEJE (ESD ;
P A AR R 2 kN
(MRM) ; HLBFZE L K: -4500 V; A AE
30 psi; GBI 1 K /7: 60 psis AR 2 JE J1: 60
psis B TFUEIRE: 500 C; FALAYINIE 2 E T4
EPEB TR, BEEN . RifEAEE (CE) K ZFEEHR
J£ (DP) &L 3.

R 3 DHESERFUEENSE

Tab. 3 Determination parameters of N-nitrosamino acids by mass

spectrometry

fetm Eﬁf %ﬁ*ﬁ R cpyv Dy

NSAR 117/32 117/73 50 -10 -40

MNPA 131/59 131/41 50 -14 -50

MNBA 145/59 145/85 50 -15 -80

NAzCA 129/73 129/85 50 -10 -40
NSAR- d3 120/32 120/76 50 -10 -40
MNPA-d3 134/62 134/42 50 -14 -50
MNBA- d3 148/62 148/85 50 -13 -70
NAzCA-d5 134/74 134/90 50 -10 -40

P

VU o IV i 5 e 2 R ) 5 A SN B 1 ffeas, RT R
IR T, AEE LRI T 7203 N-C. N-N
e, HR T R IR I = I PR A AT A SN
AR R IR AR A A, DRI, AN SR £ B A
W AH S LR SR

NSAR MNPA o

[e]
O\N/l‘\)J\OH Ho)k/\T/N\O

NAzCA o
L J
o N HO
ST oH

1 4 MR E AL

Fig. 1 Structural formulas of four N-nitrosamino acids

2.1 EEERERE

4 POV AE S EE R H bR W 35 D9 AK U I AR M /N
T, SER R e IR T R KAE A Bk A Agilent
HILIC Plus (100 mmX2.1mm, 3.5 um) 7B %L
R, RIW HILIC FE 1 AN REAR 7 (1) O/ B8 DU 0 2k
ABEIR . VY Ph VA R 2 R 1) £% B I [A) 35176 1.5min
Ao

NIE BT (1) 53 B RS e B o sy B A 7K AR T 52
F: Agilent ZORBAX SB-AQ (100 mm X 2.1 mm,
3.5 um) , Agilent ZORBAX BONUS-RP (100 mm
X 2.1 mm, 1.8 pm) , Agilent Proshell 120 EC-C8
(100 mm X 3.0 mm, 2.7 um) , Waters Atlantis ®
T3 (150 mm X 2.1 mm, 3 pm) , Thermo Accucore
PFP (150 mm X 2.1 mm, 2.6 um) HE47 7 % HLSEE
4 Tl EARPIAE 5 Bl AR B B AR an I 2 BT
£ PFP Al SB-AQ # FIR A tbE 2, HIEIHLE 2 min
fil; BONUS-RP 7% NSAR. NAzCA {# & %R 47,
{H NSAR HXWIE, NAzCA [ REEZ, WML,
Ifi %f MNPA. MNBA ff B %R %; EC-C8 5 T3 #F
TR 4 B H AR OR B AR AL, I FE 2 min
PAJG, FR&E] T3 A7 7] LAY 52 100% 7KAH, i85 i
R BNAH AT Lk — A H AR e (il B S
SIS EE VS, FIE T3 T ALK A
LR
22 mEhEEGRIHL
22,1  ViBAHEIHHE

N T AR B o b A W TR R AR, R BN AE AR I
B RE SR A AT TR . SR I IR EIAE B, 430l K
F0.1% H R /K ¥, 5 mmol/L H R # /KB 1%
H R K s AE A EAT S

WFFE s TR, FshHl A Hoin N — 2 Eu il ) R
A BT WA R EE R A S I B 1AL, BT e v g
R UGS TR PR, 4 Ak S P Ok BE IR TR) A, 52 me) 13 A
FES R 4 B H ARG A E . WA A R IIA—
SE LA R IR, IV A 0 e 2 P e IS5 N, Y R i P
IS, (EIEAFZmAE S B e s, mHIMA—E
EC A5 B R Y 2 2 v H AR AE (i A B OREE, A8
FEf 4 Fh B EARRE 805, i s RanE
3. P ERELEIE 0.1 % BN 1 % i, (R
()% A 2 3 K, o e SR PR AIG; BRIE A 0.1%
(1) R A IO BN AE A
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Fig.2 Retention of four N-nitrosamino acids on five chromatographic columns
2.4
244
204 —— formic acid
} —— ammonium formate 204 formic acid
—_ : —— ammonium formate
3 1.6 NAzCA — NSAR
< © 1.6
= <
1.2 7
3 g 12
= >
[’} =
g 08 2 ;g
c 3
- c
0.4 = 04l
Tw‘{ e
0.0 0.04
— — 71T —— 1
0 1 3 4 5 6 7 8 9 10 0 3 4 5 6 7 8 9 10
time/min time/min
2.0 3.0+
formic acid —— formic acid
ammonium formate 251 ammonium formate
1.5
MNPA MNBA
& & 201
@ 2
7 1.0 7
g g 151
2 2
£ B
S 051 H 104
£ £
L 0.5
0.0
T T T T T 1 0.0 T
o 2 4 6 8 10 12 o 1 2 3 4 5 6 1 8 8 1
time/min time/min

B 3 mahtEdiRm PR MR 4 HIHESERRKRE

Fig.3 Effects of ammonium formate and formic acid on retention of four N-nitrosamino acids in mobile phase
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Fig.4 Chromatogram mass spectrometry of four N-nitrosamino acids in standard sample(A) and tobacco sample(B)
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2.3 RITEMERITE

EER R, BB BLR S 3 8 75 X
ST T RRAE VAT (5 pg/mL) BEAT 414, 45
REH: HARLE S T e Rz ey T 1R B A
R o PR 43 47 8 AR O B AR AT 4
e T & EEE T (M-HDD 28 )5 2000 LA
[M-H] BN TET BRD . BN
Jeik % 2 MR, HATERE SRR G HAHT
PUIIRE e A E B . ARAL S I MRM 2% A4 R Ailf 43 R
MZEFEBRIE 1.2 F13% 3 Fix.
2.4 FERUAR. FEAXRAERMEL

295 OV SCHRFT FRAREUA ), X4tk . 2
LR SR HEE 15 JR: ot o IV i 22 S IR 1) 5 R AT
L KBS PR BUSER E, HARBUSERA Y,
IR O BERE B Al LA TR B MR =
Pl RIAE R . SLIR gt R, JRiE. AR
R B I RCR A Y, Y HR 77 SN
K 10% LA o XRS5 min 2] 60 min #E4T
TS, REIR, 30 min UG, 4 RO R R
R EX BT EMAFE L. RT3 Ik,
WO E/ER, SD E/RE, SLias R ILE 5.
2.5 B AXHERE

S JEAE R 25 B K ARG, ZEHUH 2 IRER
Bk, FEFREL: WA IERR IR AN
TR, 2R 7 3 BORBST R AT IR . O %
QuEChERS 777, % %% 7 Bond Elut C18. Bond Elut
Carbon 1 Ff W B 571 1 1% 46 %R, 25 K 9. Bond

I x
[ ==
201 5
18] [ zaz
-
= 164
S
=14
2
z
=121
S04
8
081
" )64
04
0.2
0.0 4 L
NSAR NAZCA MNPA MNBA
E#:40
A

Elut Carbon XJ #£ A 5 i 5 — € WAL E L, (H R B
T B E YA — I, 4 PG5 0 RRRE i
AHEG,  ma SRR N . @—REERR 80 2 R I BH
BT, HFERAIE TE A A, (HR AN
TR A PR T &2 B EE T, BRI
TR, BUREAE, EARER T o TEah
3L, M T Bond Elut SAX 5 & 122 AL A
M B 9155 728 4. 9 F /F FH 1) Bond Elut Plexa PAX
PRI NEREAT B AH AL, 45 5RR 4 P S TEM
F/NEE EIIAGRE, HIEAENERUR . ORI 4%
WAL (SLE) PLHERImA & =g 2 5L
WEIE LR TR, 7o REEREE L2 AL K
PRI AR R TR0 PR S5 RE A, PR e R B AR ot o
WK Sy, 2 FLIREEE - R RERE T i — 2 W 1
JE, 4R NIRRT, 7E AR (1) 9 R S B
PR O R 2K B . SLE B A 5 P A AL I &
TSN P AR 75 R T B D S AT, T SR e
AR, AR AT S0 S IR — o RO A A T
H. SLE i HARIARAE, (L7 RIS,
B AT A KAH R ZEE H AR A ML LR (1) 45
MRE, BT WHERA 7258 LEE, ST
AR AR gk, HAEEHUIAR R LB ik
AN, RO SEIR R, ik
K ZERUSR & 100%, A RIFE S AH RV 7 AR R
T, LT LGN DY A A 3 2 B R R AR R S KT
50% M. PR, 4 BRI ERERIRTE L8 Ol A
A A A RS . 1 EL BIOTAGE isolute SLE i i +

I i
&=
I ==

NSAR NAZCA MNPA MNBA
=Ry

B

5 ZEBUAH (A) RERAN (B) RIEREF

Fig.5 Selection of extraction solvent (A) and extraction method (B)
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WAL XS FE g T e, ROl (8 2% &
B e, SRSt R 30 mL LR B vTK H bs
Yise AP, FERIKRAESIE)S, 3 LC-MS-MS 434,
4 PhVAH RS SR IETY R AP, kR4 sr 5, H R
FERm, e R 2, HEAT 4 M EFRY
MRM &4 222 HE 4 (B) Fimw.
2.6 FRAETEMLZ. KHRMESR

N- WhHFENIEE (NSAR) . 3- (N- H LAY 3L
FHE) W (MNPA) . 4- (N- IR HEEHE) T
g (MNBA) FHAHIE A T i -2- BRI (NAzCA)
b #E T AE % R B S B 4 B 2 10~500 ng/mLs
50~2500 ng /mL; 10~500 ng /mL; 10~500 ng /mL. #x
e TAE B AR NAZCA- d5. NSAR- d3. MNBA-
d3 W E )4 50.0 ng/mL, MNPA-d3 ¥ J& Ny 250.0 ng/
mL. 7 i bR dE TARS W4T HPLC-MS/MS 7341,
FH LA A B S R R A 5 P AR A e T R B T FE B
HATEYERNE, 152)% B Atk & rbsiE ARl 2 .
DAAME T 3 R PEmE Lo R, DAAMVIET 10 £ PR
be e &R, 4R 4 s
27 ERMER

3R AL

EACTY R A A SR T

R4 AMDHEIERHNEMERRE. HXRHY. WHR
REER
Tab.4 Linear equations, correlation coefficients, limits of detection
and quantitation of the four N-nitrosamino acids

P KPR /e ERR /

waEY) AL UEES

(ng/lg)  (ng/g)
NSAR y=0.0121x-0.0108  0.9999 5.0 16.7
NAzCA y=0.0132x +0.0296  0.9993 2.4 8.0
MNPA  y=0.0307x-0.0793  0.9991 5.7 18.9
MNBA y=0.0421x- 0.0308  0.9998 1.4 4.8

Jic i) S P DU BCAR IE VA W, PR RN 77 AE 1 Bl 2R /LR Y
S, DIV ON . SEIn g R (R 5 ,
KA, SRR R B — i 58 5 ol e v i 28
J5 FERE 2R 5 R FH VA SR s v it 6 7 AR AR L
i (SR) HITE 94.4%~105.6% 2 A, 1% 712387
BRBLEL /N, AT RV IR 77 3 B 5 R 3 2 2
DAL A i b 38 75 v 7 >R A T BIOTAGE isolute SLE i 8
T AR, @R AR, K e SRR R
H AT FEARSR T, # bR 25 T s B AL T Ay
FHNSLIRI,  AHB TR R R B TR IEAER

RS 3 MOSMERIEREL

Tab. 5 Matrix effects of three kinds of oral smokeless tobacco products

H ) TR AR bR i 28 77 7 B KA FE I AR b o it 28 5 SR
(Wit ¥ =0.0104x +0.0108 95.4%
NSAR 3=0.0109x+0.0098 ATy y=10.0110x +0.0124 100.9%
i8St ¥=0.0106x+0.0110 97.2%
(| »=0.0132x + 0.0296 105.6%
NAzCA ¥=0.0125x+0.0302 oy ¥=0.0130x +0.0316 104.0%
i ¥=0.0127x + 0.0279 101.6%
(] y=0.0327x +0.1624 103.5%
MNPA 3=0.0316x+0.0027 Ty ¥ =0.0307x +0.0084 97.2%
i y=0.0311x +0.0121 98.4%
(Wit ¥ =0.0482x +0.0287 103.0%
MNBA =0.0468x+0.0246 Rt ¥ =0.0442x +0.0296 94.4%
Jie ¥ =0.0448x +0.0311 95.7%

28 FAEREESEWRE

WIS 4 Fh LAY AL LR 15 AR 1 R,
BEAT I H N R AR S 0. — RINIEAT 5 74T
KU ABE R TNEH WAS T, Sk 5 R, RERHEHTE

W DA BT Ik E AR R, SR, 4 MRS
SERRHG RSB  6.5%, I RDRESE REAN T 9.4%.

P HEAT I VR I B, 5 B R
ERM, IO, A R O
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Bl AE S s AR 3 NI B KT BT AR B i
Mg, “FATIE 3R, 45 LW K6 Frn. NSAR,
NAzCA. MNPA. MNBA Jil ¥ [A] i 2 3t [ 43 51 75
84.2%~102.3%. 77.7%~102.3%. 90.8%~111% #I
89.5%~101.7 % 2 [f] .
29 HoOaEERP4MHIHESERSS

P H RTIE A S R T A R R R =
A&, A S N- A S 2 SR R 1) SC R
FEEPIE 1985 £ 5] 1999 48, FE A K 12 E %
HGEfTA2 GC-TEA fill 75i%. )\ 14F4R, Ohshima H
SERRIN T BLH] S MNPA 2 MNBA [IFETE, FEXT
B . S [ 1R S K R B R AT T A, S
Bl 7> 3N 0.1~7 pg/g. ND~2.24 pg/g. 1988 4E, 1989
., Tricker AR %573 5| %f EJ FF zarda. kiwam &
HE4T 7 43T NSAR. NAzCA. MNPA /2 MNBA & &
5 73 5~ ND~0.35 pg/g. ND~0.14 pg/g. 0.08~7.8
ug/g. 0.008~1.1 ng/g. JL 44X, Djordjevic MV %%
F T T A7 fils 25 A0 S5 J00 6 0 A R 2 R TR B | ) S
SRR, B E A I ) A K R A R T I T
mr, WAHRE R & E R &Y . Hoffmann DH.
Djordjevic MV &5t Fig $ . 3 [5 (1) 11 5 00 r 11 37 4 22
R & ST THFS, NSAR. MNPA. MNBA
& & 76 B 2 % N ND~0.68 pg/g. 1.45~14.03 pg/g-
0.01~6.9 pg/g. HULAT I, B R AN T T ZHA

&R 6 4 FPILAHESEBRAINARE I Z

Tab. 6 Spiked recoveries of the four N-nitrosamino acids

[ /%

S sk

FA KF¥ NSAR  NAZCA  MNPA  MNBA
it i< 84.2 77.7 108.9 90.4
Gl 99.8 86.5 111 94.6
[ 95.8 97.7 101.8 91.4
JRe LAY fiK 85.2 89.5 90.8 92.4
el 95.8 94.6 98.4 97.2
= 102.3 102.3 106.4 101.7
Eyial fiX 86.2 85.7 92.4 89.5
G 93.2 92.7 99.2 95.8
[ 101.4 96.7 102.5 100.6

], TR ER & B R R,

KA ARSCHTEITENE T 14 FiA [F S8 K 1R
TR R AR R R ER SR, SRWMEKTH
e MRRGE R R IERURI S AR ) 5 A R A Y 4
RS IEE IE RS, AHE 10 MO SREER S, B
1t NSAR. NAzCA, ¥ H 7 MNPA. MNBA.
NSAR. NAzCA. MNPA K& MNBA £ H & 45 %l N
ND~128.3 ng/g - ND~141.6 ng/g . 1687.1~2424.1 ng/g-
65.0~199.5 ng/g. 5 UMESCERAHLL, %, B

R UAOSBEERPOMIEHESERNSE

Tab. 7 Contents of the four N-nitrosamino acids in 14 oral smokeless tobacco product samples ng/g
U vl PR B A Ik AR FER KAy NSAR NAzCA MNPA MNBA

1 Copenhagen Wintergreen S WA 2 31.2% / 72.7 1756.8 132.9
2 Copenhagen snuff EUS WA 2 29.8% 112.2 / 1760.2 133.6
3 Skoal Xtra Mint AT WUk 22 49.7% 128.3 / 2332.6 199.5
4 Grizzly Wintergreen ESi OS2 22 50.2% / / 2424.1 196.6
5 4 (golden dear) AP ] 38.1% / / 1762.2 65.0
6 4 (golden dear) AR g 34.9% / / 1928.5 75.8
7 Camel snus JEUS Rk 29.8% 90.9 141.6 1687.1 131.1
8 Marlboro Tobacco Stick v sk 14.0% / 86.1 1349.2 108.9
9 General classic white J Ik A3 51.5% 101.4 / 2354.2 186.8
10 Thunder ultra Frosted AT g 45.0% 100.4 36.4 2029.8 168.1
11 Ariva Dissolvables i) Zi IR / / / / /

12 Stonewall Dissolvables ES Zi IR / / / / /

13 stonewall A& MES DN / / / / /

14 Nicorette TR ESiEMN / / / / /
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O VY e P A i PR 5 R 0 DA P AR TE P Y LY
HAw T8 B R, X EERRN, 2
YARSTES /2 I 1) 1 O N v PN 1) e S R )
T, UETH A E R & B E T A58
RURTEIR SME B CnngE . SR SR B,
XHFE LAY fh SRR, AN DR RA). R O
S, BT R, KNI TR, PR
TEAH A S BRI R A HY o

3 &g

PLZK N 7, ZEHCE A H NSAR. NAzCA.
MNPA. MNBA PU Ff V. fiF§ 2 24 25 2, £ BIOTAGE
isolute SLE fif: 5 AL AL AT 1 ALk 4, &1 T
A By AR A 12 O e 4 o I A R R R 1Y LC-
MS/MS AT 775 4 Tl A 2 28 S R T A i 2 AH K R
IR T 0999, kiR, E &R 57 1.4~5.0 ng/g
Z 8], 4.8~18.9 ng/g Z IA], [BIWZIEIHE 77.7%~111%
Z 18] FZITIES BT L A 14 b 5 B8 1T A
g5 R IR S A AN B A Y ) v R R A HY 4 BT A R 2
B DS BFE S, 504 NSAR. NAzCA,
YK MNPA & MNBA ; MNPA & & m, N
1687.1~2424.1ng/g. 1ZJ7 V% HT AL BRI B, &5 B UEN,
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Determination of four N-nitrosamino acids in oral smokeless tobacco products by LC-MS/MS

WANG Bing, YU Jingjing, CAI Junlan, WANG Sheng, LIU Kejian, ZHAO Xiaodong,
LIU Shaofeng, QIN Yaqiong, XIE Fuwei, WANG Xiaoyu*

Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou 450001, China

Abstract: A liquid chromatography-electrospray ionization tandem mass spectrometric (LC-MS/MS) method has been developed for
the determination of N-Nitrososarcosine (NSAR). 3-(N-methylnitrosamino) propionic acid (MNPA). 4-(N-methylnitrosamino)
butyric acid (MNBA). Nitrosoazetidine-4-carboxylic acid (NAzCA) in oral smokeless tobacco products. The samples were extracted by
water, purified by liquid - liquid diatomite extraction column and concentrated, and then analyzed by LC-MS-MS. The experimental
results revealed: 1) The detection limits of NSAR. NAzCA. MNPA. MNBA were 5.0 ng/g. 2.4 ng/g. 5.7 ng/g. 1.4 ng/g respectively,
the within-day and inter-day precisions were less than 6.5% and 9.4%, the recoveries ranged from 77.7% to 111%. 2) 14 oral smokeless
tobacco products were analyzed, the four N-nitrosamino acids were not detected in nicotine chewing gums and dissolvable tobacco
products, NSAR and NAzCA were partially well MNPA and MNBA were entirely detected in snus and moist snuff with contents ranging
from ND~128.3 ng/g. ND~141.6 ng/g. 1687.1~2424.1ng/g. 65.0~199.5 ng/g respectively. The method is simple, accurate and suitable

for the analysis of four N-nitrosamino acids in oral smokeless tobacco products.

Keywords: N-nitrosamino acids; oral smokeless tobacco product; LC-MS/MS
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