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Determination of NNK in Mainstream Cigarette Smoke
by Gas Chromatography-Tandem Quadrupole Mass Spectrometry

LU Yi-feng, WU Da, GU Wen-bo, LIU Bai-zhan
(Shanghai Tobacco Group Co. Lid. , Shanghai 200082, China)

Abstract; A simple, sensitive and robust method for determination of 4-(methylnitrosami-
no)-1-(3-pyridyl)-1-butanone (NNK) in mainstream cigarette smoke by gas chromatogra-
phy-tandem quadrupole mass spectrometry (GC-MS/MS) was developed. Four kinds of to-
bacco specific nitrosamines (TSNAs) exist in cigarette smoke, NNK is considered as one of
the most harmful compounds in cigarette smoke. Determination of NNK in mainstream cig-
arette smoke is a challenging task to analytical chemists . GC-TEA method for the determi-
nation of NNK was often involved with complex clean-up steps. In this paper, the main-
stream cigarette smoke collected on Cambridge pad was extracted by dichloromethame and
the extra was cleaned up by basic alumina Solid column cartridge then analysed by GC-MS/
MS. The reproducibility, recovery and detection limit of the method were desirable. The

method was suitable for the determination of NNK in mainstream cigarette smoke. Column
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packing and concentration work are omitted in the total sample process. The use of deuter-

ated internal standard simplifies the calibration work and brings a more accurate result.

A comparison experiment with GC-TEA and the recovery experiment demonstrate the accu-

racy of this method.

Key words: gas chromatography-tandem quadrupole mass spectrometry (GC-MS/MS);

4-(methylnitrosamino)-1-(3-pyridyl )-1-butanone (NNK); tobacco specific nitrosamines

(TSNASs) ; mainstream cigarette smoke
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M OE E)-1-T B (NNK) | N-TF fi§ 2 37 48 25 5%
(NAT) . N-W fi§§ 2B A WA (NAT) 45 4 Ffpl,
H o NNK F 1977 4By Hecht ZU ¥ R 7E 540
S PR, Hoffmann 20 78 1981 4E %} £ F
W4 6 BT T FEHFRE N NNK
Xof W FL 3 WA R M BURAE A, E R BUB D
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W, — MW BE I TE ng/cig BB R, B XZE
EHEROBEY, HILERES T ERESES
N-EAS R B € B4 BT A AH S R XEBE . B AT, K
W5 4040 S R TSNAs B9 404 ik £ 8 A <M
3% AE 2 AT A ¥ (GC-TEA)Y™ |54 3% R
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M H TSNAs FIRifE .

B & I e AR SR A T A AR Y R R R B

— S A ) T 7 A B R R SR N A A 4
Br BB BT N R = DR AT R RS R
BB Y R, AT R K AT A A A A SR Y
AL 3 o 2, T EL BT b BALAR A R AR B 3 B
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75 dh, BL A 70008 B = PO AR AT R RE X AN
7890 A YIS AH 4 1A B 3h [ AH A A % H
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Mettler Toledo 23 &) 7= s FLW IR 28« LI R
B T RMA PR F P s B A 4R E A
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P o
1.2 EFEMHHERAN
1.2.1 A ZWHM 3 > CR4F, BHA S
WEH,RERERS ) s TEEM 10 14,
1.2.2 KN S5HheE —EFE@igd) .25
Dikma 23 ) 7 s oK B BE (3 Hrdd) - B 254K
5 4-CH B W A A 2 )-1-(3-1k g 2)-1-T i
(NNK) (4 EE=>98%) : B RBALZ R F B RA
A7 s AR 4 CHA B I i e 8 ) - 1- (3- kg ) -
1-T'Fi (DA-NNK) (4 fE >98%) : B R B4k 2= ik
A BRAF =i

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

120 it & 2 4R

% 33 %

1.3 MHRZERIE i 2 0§ 4E

NNK A o i 45 8 F & H BeAE WS 571, BT
HIWEBESA 1000 pg/L NNK HR A5

FEBOH - T2 % A AR (DA-NNKO ¥ h 20 pg/
L @ F SRR

¥ 1 mL.500 p..200 pL.100 pl.,40 uL.
20 pL 10 pL bR #E G 45 TR 20 3 oE W BB I &=
20 mLERR (& W) L, BBRRS, HZ RS
VAR A A PR IR A IE TR
1.4 FEmETeE

1 I8 1S04387:2 000 KM EHEE 20 X H MW
4 3 WA SRR A KA AR A 3 SRR
Wy 9 £ 5 U8 M A 250 mL #ETE L InA 20
mL Z B GE AR , R ZEH 40 min, A 3 mL
TR e T A e AR R I A R IBORE L B 3 mL
R B RE, 2 mL 4 B o Dbk v I A 3 B

LA 3 mL VIRED : V(ZE&H k) =8 : 92
FR) T VB G » AU IH BT 23 R B VR R A AT . LA
AP GE S VR A1 1 mL/min,

1.5 {U|/&KH

1.5.1 @miELMH  f@igf: VF-200 ms (30 m
X0. 25 mmX0. 25 pm) ; FHEFR T : ¥ 4R IR BE 50
Cof## 1 min, L 20 C/min F+ & 190 C, L 3
C/min F+ £ 220 C, £ 2 min; & 1 L,
A o3 VRAERE s HERE O R AR 250 C5 B TR
B 280 CH;BA AR EEMHE 1. 2 mL/min;
B RIIERT : 8 min,

1.5.2 fig&MF BT EFMRM; 8§71
AE:70 eV ATHL I :35 mA, ﬁﬁﬁ%ﬁﬁﬁéﬂ 1
mL/min; M H R K& : AR 2. 25 mL/min, &
P E BB TR AR TR 1.

%1 NNK, D4-NNK EE, EEE FHIEFMAIEE
Table 1 Quantitation and confirmation MRM transition, collsional energy of NNK and D4-NNK

E P ER
BB F (m/2) FEFOn/2 MiiEfE/ eV BB F (m/2) FEFOn/ T RE/ eV
D4-NNK 181 122 15 181 150 5

NNK 177 118 15

177 146 5
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(CZEFR) =81 92 WHEW™. BT EBEAM
RA B AR H NNK & & 2 518 K, fr DAk
HUJE SR R FIR A B I & — A E o, B 25 X R
Ak R AT BRI B R TR R E R M. B
HEEEAAERAEL —AF kG, EHE,
A 2 mL Z & B ek Uk » YA HE I 43 WA O VR AR
M EA S mL VURED) : V(& H k) =28 :
92 MV W HEAT VR, 23 5 WU, B I 1
mL PR HERE AT . 45 SRR B, % K A R
A U A R TR VR T 38 R A Y NNK, #8 E 7EFE
i NNK AR WRTIR T, AR A 2 mL —4&
FR o Y98 Ok 21 4 5 BBORE: , 2 B % B 76 1 AH 25 BURE |
B — BB 43 2% 0 5 A YRR G, — b S A 45 4 o
#9 NNK #5E F7EFT 3 mL YEBE H &5 2 mL
VEB W AR A & A NNK, # % F 3 mLV (B

BE) : V(ZEF b)) =8 ¢ 92 F ¥ AR S B i 1
A AT A A 7 2L
2.2 @iHREE

3T VF-200 ms(30 mX0. 25 mm X0. 25
pm) , HP-5ms(30 m X 0. 25 mm X 0. 25 pm) B Ff
N TR [ 8 A e i AR B NINK fY g B & 5 2% i g
R B R, WA 1 & 2 BT R, NNK 7 VF-
200ms & iEAE FIERIX PR L, T iR, B
5 R UG B 23 B RORGF bk T R SR R R T,
PR TR 45 2R A v A
2.3 “HRIGFHMRL

4B 10 pg/L i) NNK.D4-NNK i i 4
PHE RN E YA T, HEH GCMS/
MS £ i Wi (MRM) 75 =, f % £ 10 £ 55
FHEAT R R 23 BT, 288 o A v o B S T R AR
PEFE T IR EAN& B RREE AR B E AT
AL SE, Nl 3 Frs, Pkt — X BB/ 75
FAEREER FX, — BB F/FEFENE
BB 75,185 NNK 9 R R &0,
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2.4 EEKIEME

5 JALIEVE WA T Ja » BESL T N W5 25 A% 1E 1l
L, A 4 Fian. 7E0.5~200 pg/L MTEEN,
LM R RE A 0.999 8, ERWKEEEMH YT
NNK & & 0.5~200 ng/cig.
2.5 WNAEHNKRHRMESR

Wi bR VE IR R AR W BE (0. 5 pg/ L) i 4 AR
10 W, M5 HAn R 22, LA 3 5 b IR 22 0K
FR L BL 10 F5 5 MR 2 0 8 & R, B 8 NNK 94
H B4 0. 026 ng/cig.%E & TR 0. 087 ng/cig.
e 4 R % JH MR, NNK & B — it 78 1~ 10 ng/
cig, [RAREMMES NNK S BN EF, Frig
J5 B JLF- 7T LA R BT A 6 KA A 43 A D E
2.6 WA EKNESEMEKZE

PRBUE MR (COF- 2 & & 3. 78 ng/cig) \IRA
B P& & 56. 9 ng/cig) B & — M5, [
BN S 6 Y, T E kM B B M, A

B X PR AERZE S B R2. 7% 5 2.3%,
BEEERL.

B A ok B2 9 NNK FR #E 5 80 A =8 B 8
Brug R v O ¥R R4S I p iR, IR R
GRI TR 2, A MR E I ER 98. 8% ~
101. 1%, kA 25 I bs B IR R4 .

R2 FAEEKE
Table 2 Recoveries of the method
A /ng THE/ng Bl / %
90. 88 89.92 98.9
NNK 373.18 377.83 101. 2
2 000. 07 2 004. 97 100. 2

VEICEE (A IR & B M & — AR, UK
Sthr NNK & 85 50%.100% ,200 % /il A #x #E
YIRS E 7 Bk B RE RN B R 1 4
RIVTR 3, ZHFSE B M B FE 5w [ 2R 43
4 100. 0% ~109. 0% & 100. 5% ~116. 8%,
J5 ¥k BB b 1] e B AF

=3 HmmirE$=x
Table 3 Recoveries of the method

in mainstream smoking samples

o— LR/ MAR/ R/ EN
(ng/cig) ng ng /%

50 50 100. 0

92 HE 102. 4 100 109 109.0

200 204 102.0

500 501 100.5

RA A 1124.0 1 000 1078 107. 8

2 000 2 337 116. 8

2.7 WA ZEEERFRESEHEITRE

PRI [F] 2 B ) 45 AE i 13 A4S, o A 7 ¥k
S5ERREFE GB/T 23228—2008(GC-TEA)
W s EWAESH NNK B & &, 5 45
RIVT R 4, & T 0 W 845 5 B R e 7 &
GB/T 23228—2008 (GC-TEA) — B ¥4 T, % iiF
T AT s R o
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M ERMS P B NNK, LA AR (D4-NNK) 9

24 R R VA R R R O R 5 B 4 A 4 A
o 18} FEBURE AL , 75 WA T S A8 3o 43 9 45 S 1
= SR, 7 1 0 T M T R A D R 4 4 A W6
= 1} B4 W SR 5 E R AT B GB/T 23228—
;Iﬁ A 2008(GC-TEA) —BUH:4F , B ilf T A< J7 1 1 Y 1
i® P, AW HEABREME. AR ARED F

o} 188 A A e i, R PR M T I Y RN TE

0 1000 2000 3000 4 000
NNK# &/ng S LAk :

[1] BRUNNEMANN K D, HOFFMANN D. Analyti-

cal studies on tobacco-special N-nitrosamines in to-

BE 4 NNK WH#RZERIE £

Fig. 4 Linear relationship for determination of NNK bacco and tobacco smoke[J]. Crit Rev Toxicd,

1991, 21(4) . 235-240.
x4 IR [2] HECHT S S, YOUNG R, MAEURA Y. Com-
Table 4 Results comparison with GC-TEA of parative carcinogenicity in F344 rats and Syrian
golden hamsters of N ’-nitrosonornicotine-N-ox-
ide. Cancer Lett, 1983, 20.: 333-340.

mainstream smoking samples

pams OO P COMSIMSS ey [3] HECHT S 'S, HATSUKAMI D K, BONILLA L
(ng/cig) (ng/cig) E, et al. Quantitation of 4-oxo-4-(3-pyridyl) bu-
1 20.2 21.2 3.42 tanoic acid and enantiomers of 4-hydroxy-4-(3-pyr-
2 5.7 6.5 9.27 idyl) butanoic acid in human urine; a substantial
3 8.6 7.8 —6.90 pathway of nicotine metabolism [J]. Chem Res
4 1.0 1.6 9.87 Toxicol, 1999, 12(2): 172-179.
° L2 .8 %43 [4] #EH.4k9. BHA.%. GB/T 23228—2008
° > b 5o B VAR ARAR ) A B RA N G
! 52 -3 218 WiE SR — A TR ], A R
8 14.9 15.9 4.59 ff/ﬁiﬁﬂj#ﬁﬁ:,%o&
? o7l 030 o [5] ZHOUJ, BAIRS, ZHU Y F . Determination of
10 4.6 42 —6.43 four tobacco-special nitrosamines in mainstream
%il;jgl:lﬁ 12.6.10 1;‘2;)4 :z i; cigarette smoke by gas chromatography/ion trap
BASH 116 12.2 5 57 mass spectrometry [ J ]. Rapid Commun Mass
Spectrom, 2007, 21(24). 4 086-4 092.
(6] kRxX#.# &R, XIEH, % LCMS/MS X% M
3 Zig AR 4 FORERA MM RENED] 445
AR BFFUR PR = O AR FF 6T A0 W 2010,29(1) :26-50.

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn



