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Determination of TSNAs in smokeless tobacco products by liquid
chromatography-tandem mass spectrometry

ZHANG Jie' > WANG Zhao-yu'® LI Peng' WANG Sheng' ZONG Yongdi' XIE Jian-ping'
1 Zhengzhou Tobacco Research Institute CNTC  Zhengzhou 450001 China;
2 Beijing Technology Centre Shanghai Tobacco Co. Lid. Beijing 101121 China;
3 Zhejiang Tobacco Quality Supervision & Test Centre CNTC Hangzhou 310001 China

Abstract: An HPLC-MS/MS method for simultaneously determining four tobacco-specific N-nitrosamines ( TSNAs) in
smokeless tobacco products were developed and validated with ammonium acetate as extracting agent. Detection limits
to N-nitrosonornicotine ( NNN) 4« methylnitrosamino) 4« 3-pyridyl) 4 -butanone ( NNK) . N-nitrosoanatabine ( NAT)

and N-nitrosoanabasine ( NAB) are 0.03 0.08 0.03 and 0.02 ng/mL respectively. Recovery rate of these TSNAs
varied from 93.17% to 105.25 % with mean precision ranging from 2. 03 % to 4. 80 % . The method is suitable for
quantitative analysis of TSNAs in smokeless tobacco products. Results also indicated significant difference existed in
quantity of TSNAs between smokeless tobacco products of different brands and tastes. Total TSNAs ranged from 0. 54
pg/g to 31.91pg/g  with mean of 5.06 pg/g.

Keywords: smokeless tobacco products; TSNAs; liquid chromatography-electrospray tandem mass spectrometry ( LC—
EST MS/MS)
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2 TSNAs MRM
Qlmass/amu Q3mass/amu Time/msec DP/v CE/v EP/v CXP/v
NNN 178. 200 148. 100 50 50 15 10 9
178. 200 120. 100 50 50 18 10 9
NAT 190. 100 160. 000 50 50 14 10 9
190. 100 106. 100 50 50 18 10 9
NAB 192. 100 161. 800 50 50 15 10 9
192. 100 132. 900 50 50 19 10 9
NNK 208. 100 122.100 50 50 14 10 9
208. 100 148. 000 50 50 18 10 9
d,NNN 182. 200 152.100 50 50 16 10 9
182. 200 124. 100 50 50 19 10 9
d,NAT 194. 100 164. 000 50 50 15 10 9
194. 100 110. 100 50 50 18 10 9
d,-NAB 196. 100 166. 000 50 50 15 10 9
196. 100 136. 100 50 50 20 10 9
d,NNK 212.100 126. 100 50 50 16 10 9
212. 100 152. 000 50 50 19 10 9
MRM
1.5 o (A )
2h (B ) NNK
1.00 g 50 mL 0. 1% (A ) 0.1%
0.1 mL 2000 ng/mL 30 mL 100 mmol/L (B ) NNN.NNK.NAT NAB
130 rpm 30 min ( 1) .
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3 4 TSNAs TSNAs TS-
/ NAs 0.54 -31.91pg/g
TSNAs R e/ml) (ng/ml) 506 pelg 50 4  TSNAs
NNN Y =0.0283X-0.0122 r=0.9995 0.03  0.12 :
NNK Y =0.0338X +0.0108 r=0.9996 0.08  0.27
NAT Y =0.0636X +0.00177 r=0.9999 0.03  0.09 * NNNLNRKLNAT  NAB (n=6)
NAB Y =0.0242X +0.000462 r=0.9998 0.02  0.08 ! / RSD /%
(ng/g) ( ng/mL) 1%
2.4 NNN 0.96 5.00 94.33 3.61
3 20. 00 102. 17 3.73
N NNN.NNK.,NAT NAB 40. 00 103. 58 2.67
o NNK 0.37 5.00 96. 00 3. 14
20. 00 101. 83 4.80
40. 00 105. 25 2.36
( 4) o
NNN. NNK. NAT NAB NAT 0.04 5.00 94. 67 4.59
93.17% -105.25% ( RSD) 20.00 93.17 3.26
2.03% -4.80% 40. 00 96. 08 3.88
2.5 TSNAs NAB 0.35 5.00 97.90 4.28
20. 00 101. 53 3.33
2 40. 00 104. 27 2.03
5.
5 72 TSNAs (
NNN/ NNK/ NAT/ NAB/ TSNAs
(ng/g) (pg/e) (pg/g) (pg/e
(ng/g)
1 Skoal Bandits Mint Pouches Moist Snuff ~ US Smokeless Tobacco Company 681 3.4 417 091 1531
2 Husky Wintergreen Long Cut Moist Snuff ~ US Smokeless Tobacco Company 297 072 08 015 47
3 Skoal Origina Wintergreen Fine Cut  Moist Snuff ~ US Smokeless Tobacco Company 681 429 330 08 1523
4 Skoal Peach Blend Long Cut Moist Snuff ~ US Smokeless Tobacco Company 273 081 0% 014 46l
5 Redseal Wintergreen Long Cut Moist Snuff ~ US Smokeless Tobacco Company 48 157 178 023 847
6  Copenhagen Wintergreen Loose Moist Snuff ~ US Smokeless Tobacco Company 28 09 078 014 467
7" Skoal Bandits Black cherry Pouches ~ Moist Snuff ~ US Smokeless Tobacco Company 17200 600 637 25 3.9
8  Cope Long Cut Moist Snuff ~ US Smokeless Tobacco Company 298 073 0.8 015 474
9 Skoal Cherry Loose Moist Snuff ~ US Smokeless Tobacco Company 7.68 348 651 165 19.32
10 Rooste Icy Mint Long Cut Moist Snuff ~ US Smokeless Tobacco Company 2.18 0.56 0.59 0.10 34
11 Rooster Wintergreen Long Cut Moist Snuff ~ US Smokeless Tobacco Company 280 065 148 02 528
12 Husky Mint Long Cut Moist Snuff ~ US Smokeless Tobacco Company 45 24 309 072 1078
13 Skoal Wintergreen Long Cut Moist Snuff ~ US Smokeless Tobacco Company 258 074 08 013 43
14 Skoal Citrus Blend Pouches Moist Snuff ~ US Smokeless Tobacco Company .24 007 032 004 168
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15 Skoal Mint Long Cut Moist Snuff ~ US Smokeless Tobacco Company 242 072 072 01 3.97
16 Skoal Vanilla Blend Long Cut Moist Snuff ~ US Smokeless Tobacco Company 366 110 L3R 018 62
17 Skoal Straight Long Cut Moist Snuff ~ US Smokeless Tobacco Company 200 072 08 014 465
18 Skoal Berry Blend Pouches Moist Snuff ~ US Smokeless Tobacco Company 531 131 135 014 810
19 SKOAL Mint Pouches Moist Snuff ~ US Smokeless Tobacco Company 218 08 125 013 44

20 Skoal Apple Blend Pouches Moist Snuff  US Smokeless Tobacco Company 300 L6 13 018 615
21 Skoal Wintergreen Pouches Moist Snuff ~ US Smokeless Tobacco Company 208 066 L18 012 404
22 Skoal Straight Pouches Moist Snuff  US Smokeless Tobacco Company 221 08 126 014 44

23 Skoal Bandits Wintergreen Pouches  Moist Snuff ~ US Smokeless Tobacco Company 276 1.2 127 016 551
24 Copenhagen Original Pouches Moist Snuff ~ US Smokeless Tobacco Company 279 097 15 02 553
25 Skoal Regular Dry Tobacco PacksUS Smokeless Tobacco Company 387  L07  LO4 017 616
26 Skoal Cinnamon Dry Tobacco PacksUS Smokeless Tobacco Company 28 08 08 014 46
27 Kodiak Premium wintergreen Pouches ~ Moist Snuff ~ American Snuff Company LLC 28 0¥ 228 025 635
28 Grizzly wintergreen Pouches Moist Snuff ~ American Snuff Company TLLC 39 1.8 281 029 80
29 Discreet Emerald ice PACK SNUS American Smokeless Tobacco Co. ILC 3.51 108 110  0.00 578
30  Grizzly Long Cut Mint Moist Snuff ~ Conwood Company 225 065 043 012 345
31 Hawken Wintergreen Loose Moist Snuff  Conwood Company 247 06 071 010 3.9
32 Kodiak Ice Long Cut Moist Snuff ~ Conwood Company 53 L17 218 045 913
33 Kodiak Wintergreen Loose Moist Snuff ~ Conwood Company 265 074 06 012 417
34 Grizzly Straight Long Cut Moist Snuff ~ Conwood Company 275 05 08 017 430
35 Grizzly Wintergreen Fine Cut Moist Snuff ~ Conwood Company 266 078 078 014 436
36 Silverado Wintergreen Pouches Moist Snuff  Swisher Int. Inc 960 124 223 034 1347
37 Kayak Wintergreen Long Cut Moist Snuff  Swisher Int. Inc 241 06 077 01 39
38 Kayak Apple Long Cut Moist Snuff ~ Swisher Int. Inc 200 064 072 010 345
39 Kayak Grape Long Cut Moist Snuff  Swisher Int. Inc 1L20 014 031 004 L&
40 Camel Frost Pouches Snus R.J. Reynolfs Tobacco Company Lol 031 033 006 L&
41 Camel Winterchill Snus R.J. Reynolfs Tobacco Company L12 05 02 007 19
42 Camel Mellow Pouches Snus R.J. Reynolfs Tobacco Company L10 045 027 007 18
43 Camel Robust Pouches Snus R.J. Reynolfs Tobacco Company L2 08 03 008 223
44 Marlboro Peppermint Pack Snus Philip Morris 068 016 030 003 113
45 Marlboro Rich Pack Snus Philip Morris 066 012 02 00 1.0
46 Marlboro Mild Pack Snus Philip Morris 065 018 027 004 114
47 Marlboro Spearmint Pack Snus Philip Morris 064 017 028 003 1LI2
48 TLonghorn Straight Pouches Moist Snuff ~ Pinkerton Tobacco Co. LP 200 05 L3R 015 397
49 Timber Wolf Peach Packs Moist Snuff ~ Pinkerton Tobacco Co. LP L5103 097 01 297
50 Renegades Wintergreen Pouches Moist Snuff ~ Pinkerton Tobacco Co. LP L65 046 L1l 012 334
51  Durango Blended Smooth Chewing tobacco Louisville 52 13 L4 013 1%
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52 Gletscher Prise Loose Nasal tobacco  Rauchfieier Tabakgenu@ Tob 1.87 08 058 007 339
53 Johnny Apricot Loose Nasal tobacco  Rauchfreier Tabakgenu@ Tob L6l 070 058 007 29
54 Gawith Apricot Loose Nasal tobacco  Rauchfreier Tabakgenu@ Tob L72 09 06 008 347
55 Oiona Loose Nasal tobacco  Rauchfreier Tabakgenu@ Tob .47 058 05 007 267
56 L owen—Prise Loose Nasal tobacco  Rauchfreier Tabakgenu@ Tob L4 L1 05 00 33
57 Romeoy Julieta Pouches Snus Swedish Match L20 032 04 006 202
58 Montecristo Pouches Snhus Swedish Match 0% 020 028 005 149
59 Goteborgs Rapé White Portion Snhus Swedish Match 031 011 011 00 0%
60  FEttan Portion Snus Swedish Match 041 011 014 002 068
61  General Portion Snus Swedish Match 04 015 015 002 074
62 General White Portion Snus Swedish Match 031 011 012 00 055
63  Catch White Eucalyptus Portion Snhus Swedish Match 039 014 014 002 069
64 Gotland Flider ( green) Portion Snus Swedish Match 070 017 02 004 113
65  Skruf Tranb Snus Skruf Snus 051 013 02 002 0.9
66  Skruf Stark Portion Snus Skruf Snus 047 011 024 003 085
67  Skruf Xtra Strong Portion Snus Skruf Snus 060 011 03 003 107
68 Jakobssons Wintergreen Strong Portion  Snus Gotlands Snus AB L64 036 038 008 246
69 Thunder Xtra Strark Snus Gotlands Snus AB L5 02 06 008 257
70 Grand Prix Genuine Swedish Snus V2 Tobacco A/S 038 010 014 001 064
71 Klondike Peppermint blast Pouches Snus Nordic American Smokeless Inc. L03 030 038 00 L7

72" Kundli (Haryana) Pack Moist Snuff ~ Harsh International Khaini Pvt. Ltd. 2414 042 09 3.8  29.35

D7 0.3 g 1 g
© NNN 0. 3124. 14pg/ 2.90 pg/g TSNAs *
78
¢ NNK 0. 07-6. 00 pg/ 0.85 pg/g
86 1 Alpert HR Koh H Connolly GN. Free nicotine content and
e NAT0.11-6.51 pg/g 1.06 pg/g strategic marketing of moist snuff tobacco products in the U-
59 nited States: 2000 - 2006 J . Tobacco Control 2008 17
e NAB 0.01-3. 82 pg/g 0.25ug/g (5): 332338.
382 . 2 Connolly G N Alpert H R. Trends in the use of cigarettes
40 ( Moist Snuff) and other tobacco products 20002007 J . Jama 2008
TSN As o4 (Smus) TS 299 (22) : 2629-2630.
NA« t 3 Cullen J W Blot W Henningfield J. et al Health conse—
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