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Simultaneous Determination of Twenty-Nine Monocyclic Nitrogen-Containing
Heterocyclic Compounds in Particulate Matters of Mainstream Cigarette
Smoke by Gas Chromatography-Tandem Mass Spectrometry
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Abstract: Nitrogen heterocyclic compounds in tobacco are an important type of alkaline flavor
substances in mainstream cigarette smoke. More than 1 600 nitrogen-containing heterocyclic
compounds have been identified in tobacco smoke. Among them, the main monocyclic nitrogen-
containing heterocyclic compounds include 116 pentacyclic pyrroles, 365 hexacyclic pyridines, and
106 pyrazines, etc. These semi-volatile monocyclic nitrogen-containing heterocyclic compounds play
a significant role in the flavor of the smoke. Therefore, the qualitative and quantitative analysis of

monocyclic nitrogen-containing heterocyclic compounds in cigarette smoke is of great significance
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for the sensory quality evaluation of cigarettes. A new analytical method based on ultrasonic solvent
extraction coupled with gas chromatography-tandem mass spectrometry (GC-MS/MS) was
established for the simultaneous determination of 29 volatile and semi-volatile monocyclic nitrogen
heterocyclic components (including pyridines, pyrazines, pyrroles, etc.) in the particulate matters in
mainstream cigarette smoke. Under the standard smoking mode, monocyclic nitrogen heterocyclic
components in the particulate phase of mainstream cigarette smoke were captured using Cambridge
filters. After adding 3,5-dichloro-2-fluoropyridine and 2,5-dibromopyrazine as internal standards, the
particulate matters captured by Cambridge filter pads were subjected to ultrasonic extraction with
methanol and analyzed by GC-MS/MS using a polar capillary chromatographic column (60 mx
0.25 mm, 0.25 pm) under the selective reaction monitoring (SRM) mode. The results showed that the
excellent linear relationships (R°=0.999) were observed over the linear range. The limits of detection
(LODs) and the limits of quantification (LOQs) of 29 analytes were 1.0-7.8 ng/cig and
2.0-15.6 ng/cig, respectively. The recoveries and the relative standard deviations (RSDs) of the
29 analytes were 91.9%-108.8% and 0.3%-6.9%, respectively. This method was used to determine
29 single-ring nitrogen heterocyclic components in the total particulate matters of mainstream
cigarette smoke from 12 different cigarette brands. Consistent with the analytical purpose, the target
analytes were successfully quantified in all tested samples. There are certain differences among the
29 monocyclic nitrogen-containing heterocyclic compounds in the mainstream smoke particles of
different cigarette brands, mainly due to the influence of cigarette types, cigarette blending and
designs of cigarette auxiliary materials. The contents of 29 monocyclic nitrogen heterocyclic
components in the mainstream smoke particulate phase are positively correlated with their tar content
of the cigarettes. Eleven components, including pyridine, 2-methylpyridine, 2-methylpyrazine,
3-methylpyridine, 2,5-dimethylpyridine, 2,4-dimethylpyridine, 3-ethylpyridine, pyrole, 2-acetylpyrole,
pyrro-2-formaldehyde and indole, account for about 80%. Among them, pyridines account for about
60%, pyrroles account for about 15%, and pyrazines account for about 10%. The proposed method is
simple, efficient, sensitive, making it suitable for the determination of the release amount of the
29 monocyclic nitrogen-containing heterocyclic compounds in the particulate phase of mainstream
smoke from different types of cigarettes. This method provides new technical support for the
evaluation of tobacco leaf internal quality, the flavor characteristics of tobacco flavors, the style
features of cigarettes, and the optimization of cigarette material design.

Key words: gas chromatography-tandem mass spectrometry (GC-MS/MS); ultrasonic extraction;
cigarette mainstream smoke; monocyclic nitrogen-containing heterocyclic compound; particulate

matter
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Table 1 Information of commercial

cigarette samples

Fre KA kS fagha e —HAkEx
No. Type Specification Tar/mg Nicotine/mg CO/mg

R <27 LV 2 3 0.3 3
2 JBMEL ANSOm 3 0.3 4
3 B A4S 5 0.5 5
4SBT ARSI 6 0.6 5
5 JBIAEL ANSI 7 0.7 5
6 KEIHAL  AiSTAN 8 0.7 6
7 KA I 8 0.7 6
8 MBAEL P 8 0.8 8
9 B M 10 1.0 11
10 KR R 10 1.0 10
11 BmaE S 11 11 12
12 FEUEAS M 11 12 12
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Table 2 Information of 29 kinds of monocyclic nitrogen-containing heterocyclic compounds and 2 kinds of IS
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Table 3 Retention time and SRM parameters of 29 kinds of monocyclic nitrogen-containing heterocyclic

compounds and internal standard substance

e oW (82 ] FE B X Quantitative ion pair EMEE T Qualitative ion pair
No. Compound ty/min BFXt Ton pair (m/z)  HifERERE CE/eV  BT-Xt Ion pair (m/z) HifEfEE CE/eV
1 MEAE 7.80 79/52 10 52/50 10
2 S 8.44 80/53 10 53/26 10
3 2-HUBEn g 8.53 93/66 10 66/40 10
4 2,6-— H JLnkng 9.24 107/65 20 106/77 10
5 IE 9.42 85/58 10 58/57 10
6 2-F JEnk s 9.89 94/67 10 67/42 10
7 2-Z FEnEE 10.28 106/78 10 107/78 20
8§ 2-ZFk-6-HFLntng 10.70 120/92 10 93/66 10
9 3- P BEnL e 10.82 93/66 10 65/39 10
10 4-H JEnE g 11.11 93/66 10 66/39 10
11 2,5-H LN 11.63 108/42 10 42/41 30
12 2,5- LN mE 11.78 107/77 20 79/51 20
13 2,6-H ik 11.82 108/42 10 42/40 30
14 2-Z FENE 12.02 107/79 10 108/39 30
15 2,4- F S 12.18 107/79 10 106/77 10
16 2,3- LN 12.52 108/67 10 67/42 10
17 2,3-H S 13.05 107/65 20 106/77 10
18 2,4,6-= HI SLnL g 13.18 121/79 10 79/51 20
19 3-L AL IE 13.85 107/92 10 92/65 10
20 4-Z Fng 14.37 107/79 10 92/65 10
21 2,3,5-=HIENEE 14.60 122/81 10 81/42 10
22 2-ZE-3-FELmeE 14.62 121/93 10 80/54 10
IS-1  3,5-&-2-FnknE 16.80 165/130 10 130/110 10
23 DY R B 17.66 136/54 10 54/39 10
24 iRl 19.47 67/41 10 41/40 10
25 2-Z RSk 21.48 79/52 10 78/51 10
26 2- AL 21.92 122/80 10 94/39 20
IS-2 2,5- iRtk 24.60 238/157 10 157/130 10
27 2-Z R RN 25.52 109/94 10 94/66 10
28 N -2 FH 25.96 95/66 20 66/39 10
29 LGN 29.68 117/89 20 90/89 10

CEFER 2 B RCR SR, AR B FLA 5 i 13 55 22 ERBEFAMRKE
Wo L, ¥ #% DB-FFAP (A% H XL & W) ik 17 X F ] — A i, A A 15 min 1, 25 %€
B HmE B, ke, IEC ke, kM

N
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Table 4 Linearity ranges, linear regression equations, correlation coefficients, LODs and LOQs of 29 kinds of

monocyclic nitrogen-containing heterocyclic compounds

s Ew LRPEIE [ =1 75 AHCREL K BR EERR RN
No. Compound Linear range/(mg/L) Regression equation Correlation coefficient (R*) LOD/(ng/cig) LOQ/(ng/cig) ME/%
1 e 0.038~3.76  y=1.6121x-0.0498 0.9995 1.5 3.8 11.25
2 niigk 0.013~1.32  1=1.2277x-0.0209 0.9997 2.5 5.0 10.64
3 2-F Sk e 0.011~1.09  1=0.9311x-0.0066 0.9995 2.0 4.0 12.51
4 2,6- " HIFEmEE 0.011~1.09  1=0.7515x-0.0047 0.9994 4.4 10.9 12.61
5 A 0.014~1.35  3=2.5216x-0.0333 0.9992 2.7 5.4 12.26
6 2-FH Nk s 0.012~1.32 »=1.3169x-0.0137 0.9995 2.5 49 12.46
7 2-Z FENkE 0.011~1.09  y=2.7300x-0.0139 0.9993 2.0 4.0 9.57
8 2-ZF-6-HIIEMEEE  0.010~1.05  3=1.9579x—0.0103 0.9995 2.0 4.0 8.88
9 3-H Sk 0.040~4.00  1=0.6088x—0.0196 0.9997 7.8 15.6 18.34
10 4-F Bk g 0.010~1.05  y=0.6697x—0.0128 0.9994 2.0 4.0 16.88
11 2,5- "Ik 0.011~1.15  1=0.8641x-0.0103 0.9999 2.3 4.6 11.31
12 2,5- gk 0.011~1.09  1=0.6155x—0.0064 0.9999 22 4.4 12.68
13 2,6-Higkntws 0.015~1.54  1=0.6385x—0.0129 0.9997 3.0 6.0 8.49
14 2- Z SR 0.012~1.20  1=0.8537x-0.0066 0.9995 4.8 12.0 13.38
15 2,4-"HIJELNE 0.011~1.09  1=0.5916x-0.0073 0.9997 44 10.9 15.97
16 2,3- ik 0.012~1.20  =1.4576x-0.0159 0.9998 49 12.2 8.04
17 2,3-Hisknbng 0.012~1.16  y=0.3582x—0.0044 0.9998 4.9 12.2 10.47
18 2,4,6-= Lk 0.011~1.09  3=1.1192x-0.0065 0.9998 43 10.8 13.75
19 3-Z N 0.011~1.09  1=1.0011x-0.0094 0.9999 22 44 18.25
20 4-Z Hne g 0.010~1.05  y=0.5234x—0.0031 0.9999 42 10.5 18.76
21 2,3,5-=HIJEmfwE 0.012~1.20  1=0.4209x—0.0043 0.9998 48 12.0 11.07
22 2-ZHE-3-HUBLIEEE  0.011~1.15  1=0.8287x-0.0028 0.9999 4.6 11.5 12.58
23 o T 0.014~1.42 y=3.2772x-0.0256 0.9997 2.8 5.7 5.34
24 g 0.012~1.16  =1.8498x—0.0222 0.9993 4.6 11.5 -15.78
25 2-ZEEEMmE 0.013~1.26  =5.5232x-0.0222 0.9995 1.5 2.5 9.49
26 2-ZPBEEENEIE 0.016~1.60  y=2.2318x—0.0205 0.9995 3.0 6.0 14.97
27 2-LFREENE% 0.010~1.00  y=16.7860x+0.0626 0.9995 1.0 2.0 11.17
28 AR -2- F g 0.025~2.50  1=4.0361x—0.0210 0.9996 1.0 2.0 8.81
29 LGS 0.016~1.60  y=17.8226x+0.1274 0.9996 1.6 32 4.93

RGP L R R RAF, MM R B
(R*)>M 0.9992~0.999 9. i i Fii B A e & s vfE
WG AT GC-MS/MS 43 #r, LA M e (S/N) =3
1 SIN=10 i & 25 AL A 1 B H BRI 6 R 43331
4 1.0~7.8 ng/cig 1 2.0~15.6 ng/cig.
AR R 3 2 2%, F A0 (matrix
effect, ME) A BE 3 5% Wi 77 ¥ 114 ¥ iff B 0 R A0 1

PRI Jb A 512 56 T J i o A0 A P LAl
SC 1) ) o AV R 1 [0 U 7 R RS &y, R BAR U
VWY RV T AR RN ky, W ME 5 5K
AT

ME:(%—l)xlOO% (1

1

Horp, IME|<20% 0 555 BTN ; 20% < |ME|<
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2.5 SKERFEMINE

R AR T3 00 5 12 b AN [ it st 46 A0 52 0 AT
SUBLAR Y T 29 B FLER S 2% BRI I RE B, 45
RINTF 60 AL, AR dh RS 0 A9 HUAS | IE
J7 KRBT B 22 S, R RO ORI A A
29 Fi BLER G2 B0 B3 B0 AT AR 25 55 29 Bl
G B TR TR AR TR B 4% 5 G AR R i B A

x5 BHEIRESH 29 HARELTMULSYERENENEEESEKE(n=6)

Table 5 Precision and recovery of 29 kinds of monocyclic nitrogen-containing heterocyclic compounds

in mainstream cigarette smoke (n=6)

75 Ew PR i W B [l AHXHR AR 22
No. Compound Content/(ug/cig)  Added/(pg/cig)  Measured content/(ug/cig) Recovery/% RSD/%
1 nERE 2.06 0.60 2.642 97.0 1.4

1.44 3.503 100.2 42
2.94 4.941 98.0 3.7
2 NIz 0.13 0.05 0.180 100.2 2.7
0.13 0.265 103.6 6.5
0.26 0.389 99.5 2.3
3 2-HIEEniL g 0.85 0.17 1.021 100.5 1.9
0.41 1.245 96.3 32
0.83 1.649 96.3 3.8
4 2,6-— ik iz 0.16 0.09 0.253 102.8 2.5
0.21 0.358 94.4 0.3
0.43 0.570 95.3 22
5 e 0.05 0.05 0.098 96.5 2.7
0.13 0.181 100.9 47
0.26 0.311 100.4 2.9
6 2- P Stk g 0.46 0.20 0.653 96.5 12
0.47 0.913 96.4 3.4
0.97 1.406 97.5 0.9
7 2-Z BN 0.22 0.09 0.308 98.1 3.0
0.21 0.420 95.1 2.3
0.43 0.631 95.6 5.8
8 2-LHk-6-HIELMLIE 0.09 0.04 0.129 98.7 2.4
0.10 0.187 96.6 2.4
0.20 0.286 98.1 3.1
9 3-H g 2.51 0.62 3.177 107.5 14
1.50 3.943 95.5 1.3
3.06 5.438 95.7 48
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Fre EY SEBREE wmE ME(E e AR AR U 2
No. Compound Content/(ug/cig)  Added/(ng/cig) Measured content/(pg/cig) Recovery/% RSD/%
10 4-H Nk ngE 0.28 0.08 0.359 98.9 2.3
0.20 0.467 93.4 1.8
0.41 0.679 97.2 1.6
11 2,5- H Sknikigg 0.07 0.05 0.122 103.5 0.6
0.11 0.172 92.9 2.8
0.23 0.286 93.7 5.8
12 2,5-Z F JEnk g 0.29 0.09 0.386 106.7 1.2
0.21 0.485 92.7 2.5
0.43 0.695 94.1 4.0
13 2,6- H Sknlkigs 0.19 0.12 0.316 105.1 0.8
0.30 0.473 94.4 2.4
0.60 0.773 97.1 0.3
14 2-Z FEN i 0.06 0.05 0.110 100.6 0.9
0.12 0.175 96.1 0.8
0.24 0.294 97.3 0.5
15 2,4- LN BE 0.36 0.17 0.536 103.4 4.5
0.42 0.750 92.8 22
0.85 1.162 94.4 3.6
16 2,3-Z F Bk g 0.08 0.05 0.131 101.0 1.1
0.12 0.194 94.7 1.6
0.24 0.310 96.0 6.2
17 2,3- " HIFENLBE 0.19 0.09 0.279 98.9 0.7
0.22 0.396 93.6 3.6
0.45 0.609 93.1 5.3
18 2,4,6-—HIELnkhE 0.29 0.09 0.375 94.4 1.1
0.21 0.494 97.1 5.4
0.42 0.696 96.7 438
19 3-Z 3k 0.63 0.09 0.726 106.7 1.7
0.21 0.827 93.8 1.7
0.43 1.043 96.0 3.0
20 4-Z FEnknE 0.08 0.04 0.120 100.0 6.9
0.10 0.177 97.0 2.3
0.21 0.281 95.7 3.4
21 2.3,5-—HIELnk 0.08 0.05 0.133 106.0 2.9
0.12 0.195 95.8 1.3
0.24 0.317 98.8 1.9
22 2-LFE-3-HIEEE R 0.04 0.05 0.088 96.0 6.0
0.11 0.144 94.5 1.9
0.23 0.260 95.7 6.5




214 Bkl BaTE
&gk
Fre EY SEBREE wmE 5 e AR AR U 2
No. Compound Content/(ug/cig)  Added/(ng/cig)  Measured content/(ug/cig) Recovery/% RSD/%
23 DY ik 0.02 0.03 0.051 103.3 25
0.07 0.092 102.9 5.1
0.14 0.158 98.6 4.4
24 Mg 0.56 0.18 0.727 92.8 1.4
0.44 0.978 95.0 0.6
0.90 1.389 92.1 6.3
25 2- P EEEE 0.16 0.10 0.263 103.0 2.6
0.24 0.421 108.8 4.0
0.49 0.677 105.5 22
26 2-Z P EEnE R 0.05 0.13 0.178 98.5 32
0.30 0.364 104.7 32
0.62 0.684 102.3 47
27 2-Z P EEn g 0.62 0.16 0.779 99.4 33
0.39 1.025 103.8 4.4
0.79 1.439 103.7 3.1
28 M -2 - T i 0.81 0.41 1.227 101.7 2.9
0.97 1.826 104.7 2.5
1.99 2.864 103.2 5.9
29 LB 2.01 0.26 2.249 91.9 22
0.61 2.583 93.9 1.7
1.25 3.201 95.3 12

®6 12 MARMBEEERESHAEYF 29 MERERAMAENNEE

Table 6 Content of 29 kinds of monocyclic nitrogen-containing heterocyclic compounds in the particulate matter

of mainstream cigarette smoke from 12 different cigarette brands

5 2 EY i Content/(ug/cig)

No.  Category Compound | LA - A A A S (NS § RO U
1 MHEIESS Mg 046 055 129 217 206 246 266 279 3.63 440 4.09 4385
2 2-F 3t 021 023 052 09 085 097 101 1.12 129 161 160 181
3 2,6-HIEEMME 006 006 0.11 016 016 018 017 018 021 027 027 034
4 2-Z kg 0.07 0.07 0.4 023 022 025 027 028 033 038 040 045
5 2-Z.F-6-HEMIE 003 0.03 006 008 009 0.09 009 009 007 014 0.15 0.18
6 3-FH 3tk 075 086 1.75 236 251 260 271 3.15 266 333 334 476
7 4-FR Fntng 0.09 0.09 018 026 028 030 028 036 028 032 030 045
8 2,5-THIEMEEE 011 011 021 029 029 032 030 034 032 039 040 054
9 24-THIEEMEME 012 012 024 034 036 038 033 039 035 043 045 0.61
10 23-THIEAEEE 004 008 014 019 019 021 025 027 022 025 027 035
11 2,4,6-—HIEMEE 007 007 017 022 029 030 0.09 0.09 027 037 037 051
12 3-Z. FEnne 023 026 049 060 063 062 071 078 067 071 078 121
13 4-Z FEnng 0.03 0.03 006 007 008 009 011 013 009 008 009 0.12
14 2-Z RN RE 0.08 0.09 013 017 016 018 020 023 018 0.19 023 028
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&gk

e 2 &y % Content/(ug/cig)
No.  Category Compound ¥ 2r 3 4 5" 6" 7" 8" 9" o 1t 12
15 ngmEk g 0.05 0.06 0.09 013 013 017 016 017 021 022 024 025
16 2-FH Jntp g 0.10 0.16 025 053 046 057 061 069 068 070 083 0.75
17 2,5-"HIJEAEEE  0.03 0.04 0.05 008 007 008 018 018 0.09 010 0.13 0.10
18 2,6-HIEMEE 007 0.0 0.2 021 019 020 024 024 027 028 039 030
19 2- 2 FEnH g 0.02 0.03 0.04 007 006 007 009 010 009 008 010 0.10
20 2,3-HIEMEE 004 005 005 008 008 008 006 007 009 010 012 0.1
21 2,3,5-=HIFEmEE 003 0.04 005 0.08 0.08 007 008 008 010 010 0.15 0.12
22 2-Z.FE-3-HIFME  0.03 0.03 003 004 004 003 005 005 003 002 003 0.03
23 P A SNt g 0.01 0.02 0.02 002 002 002 003 003 003 003 004 0.03
24 2-ZWEFEMEE  0.04 005 005 005 005 005 006 007 004 004 005 005
25 WL AL 0.16 027 020 028 056 054 044 038 033 046 135 1.10
26 2-Z WM 020 028 043 058 0.62 062 080 072 067 071 080 092
27 ML -2- S 030 034 06 064 081 090 093 1.5 060 071 087 1.50
28 Hot e 0.04 0.04 0.05 005 005 006 006 006 007 007 0.07 0.08
29 g1 091 1.10 1.03 159 201 1.83 210 285 128 1.63 259 3.03
JEsiy 438 526 855 1247 134 1424 1507 17.04 15.15 18.12 20.50 24.93
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