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Abstract The wlatile and sami-wlatile organic acids in cigarettes were extracted with a dichlo-
romethane - acetonitrile(1 2, by volume) mixture solvent by accelerated slvent extraction (A SE) ,

then derivatized with N, O-bis( trimethylsilyl) trifluoroacetamide The GC - MS/SM method for sim-
ultaneous detemination of 26 organic acids, including fomic acid, acetic acid, lactic acid, benzo-
ic acid, hexadecanoic acid, octadecanoic acid etc , was developped by using trans-2-hexenoic acid
and cinnamic acid asdual internal standards The recoveriesof themethod ranged from 81% t 106%

with RDsof 1. 73%- 7.08%. The Imitsof detection ranged fran 0.1 0 13. 72U g/g The contents
of wlatile and sami-wolatile organic acids in sme tobacco sampleswere detemined using thismethod
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1
1.1
6890/5975 / ( Agilent ), ASE200 ( D ionex
)., ( Sartorius )
25 (AcrosOrganics ); ( , );
-2- (A cros Organics ); N,O- ( ) (BSTFA)
(Fluka ); (J & TBaker )
1.2
’ ] 1 ( 1 2) ’ 1
, -2- (181) (I12) 0.96 g/L 5.19 g/L
(13) 2.51 g/L
10 mL, 25mL 20u L, -2-
SOLJ L y - ( 1 ’ 1
( )
1.3
2006 ( 87, B2F); 2005 (7 ): C3F C3F
C3F C3F B2F B2F QOTT/S
1.4
1.4.1 GC DB-9vV S (50m x0.25mm i.d. x0.254 m
d.f.); 40 3 min, 4  /min 280 40 min; ;
, 1.0 mL /min; 10 1 EI 70 &/,
230 ; 150 ; SM 1
1
Tablel The original concentrations of organic acids and their derivative ions slected for analysis
Original concentration Selected ion Original concentration Selected ion
Campounds . Campounds .
p/(mg L1 m/z p/(mg L1 m/z
Fomic acid ( ) 194. 69 103 Benmic acid( ) 2.47 179
Acetic acid ( ) 236. 38 117 Octanoic acid ( ) 1.08 201
Propanoic acid ( ) 1.41 131 Nonanoic acid ( ) 0.82 215
Butyric acid ( ) 1.14 145 D ecanoic acid ( ) 0.52 229
2+M ethyl butanoic acid (2- ) 2.60 159 Cinnamic acid ( )" - 161
3-Methyl butanoic acid (3- ) 0.84 159 Dodecanoic acid ( ) 1.29 257
Pentanoic acid ( ) 1.07 159 Tetradecanoic acid ( ) 31.84 285
3M ethyl pentanoic acid (3- ) 1.00 173 Paimitic acid ( ) 2.53 299
4-M ethyl pentanoic acid (4- ) 0.55 173 H exadecanoic acid ( ) 335. 16 313
L actic acid( ) 66. 96 117 H ep tadecanoic acid ( ) 28.22 327
Hexanoic acid ( ) 2.66 173 Linoleic acid( ) 251. 86 337
Hydroxyacetic acid ( ) 50. 18 205 L inolenic acid ( ) 374.62 335
trans2-Hexenoic acid(  -2- )" - 171 Oleic acid( ) 125.93 339
2-Furancarboxylic acid (2- ) 3.69 125 Octadecanoic acid ( ) 121.22 341
Heptylic acid ( ) 0. 60 187
* intemal standard ( )
1.4.2 , 4254 m
( yc/T311") 0.500 g , , 2-
(1s1) (I1Ix2)50p L, : 11 mL,
- ( 1 2), 100 10 342.5 kPa, 15 min,
15 min, 3 : 90 s
0.45u m 1mL, , 100U L BSTFA, 60
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Fig 1 Selected ion monitoring chramaiogransof (A) derivatives of organic acid standard sample and (B) tobacco sample
1 fomic acid; 2 acetic acid; 3 propanoic acid; 4 butyric acid; 5 2-methyl butanoic acid; 6 3-methyl butanoic acid;

7. pentanoic acid; 8 3-methyl pentanoic acid; 9 4-methyl pentanoic acid; 10. lactic acid; 11 hexanoic acid; 12
hydroxyacetic acid; ISL trans2-hexenoic acid; 13 2-furancarboxylic acid; 14 heptylic acid; 15 benic acid; 16
octanoic acid; 17. nonanoic acid; 18 decanoic acid; IS2 cinnanic acid; 19, dodecanoic acid; 20. tetradecanoic acid;

21 palmitic acid; 22 hexadecanoic acid; 23 heptadecanoic acid; 24 linoleic acid; 25 oleic acid and linolenic
acid ( selected characterized ionsm/z 339, 335 can be sparated) ; 26, octadecanoic acid

2.2
, (Is3, m/z 104) ,
( 2-
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( ASE )
2.2.1 (AmL/ ),
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(10 20 30 40 50 60ML) ,

: 60 40 min; BSTFA 40p L
2.2.2 BSTFA , BSTFA ,
BSTFA, , BSTFA
“1.4.2 (ImL/ ), BSTFA (40 60 80 100 120M L),
: : BSTFA 100uL
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Table 2 Regression equations, correlation coefficients, detection limits, relative
standard deviations, contents in sample and recoveries of organic acids

Campounds L inear regression Correlation ~ Detection limits RD (n=6) Content Recovery
equation (n =2) coefficientsr — w/ (@ g-_a ) s /% w/g gt) R/%
Fomic acid y=2.491 1x - 0.592 6 0.999 4 11.5 4.13 139.2 99
A cetic acid y=1.988 9x - 0.386 6 0.999 7 13.7 3.33 158.5 95
Propanoic acid y=1.844 5x + 0.002 8 0.999 7 0.1 4.59 1.3 90
Butyric acid y=1.2557x + 0.004 7 0.999 9 0.1 6.18 0.2 84
2-M ethyl butanoic acid y =0.957 7x + 0.000 9 0.999 8 0.1 6.07 0.9 89
3-M ethyl butanoic acid y=1.041 8x + 0.000 7 0.999 9 0.2 6.44 0.5 92
Pentanoic acid y=1.0839x + 0.001 6 0.999 9 0.1 4.35 1.0 81
3M ethyl pentanoic acid y =0.674 2x - 0.000 6 0.999 9 0.1 5.34 0.3 92
4M ethyl pentanoic acid y =0. 756 4x - 0.000 4 0.999 8 0.2 6. 36 - 84
Hexanoic acid y =0. 914 8x - 0.006 6 0.999 7 0.1 2.11 1.4 86
L actic acid y=1.245 6x - 0.278 9 0.999 5 2.3 4.02 68. 7 89
Hydroxyacetic acid y=0.481 2x - 0.104 5 0.999 5 1.1 2.79 25.9 86
2-Furancarboxylic acid y=1.263 9x - 0.018 8 0.999 4 0.2 4.7 3.7 97
Heptylic acid y =0.622 9x - 0. 000 2 0.999 8 0.1 2.58 0.2 96
Benaic acid y=4.3815x + 0.0011 0.999 4 0.3 5.42 2.3 97
Octanoic acid y =0. 646 4x - 0.001 9 0.999 0.1 7.08 0.7 103
Nonanoic acid y=0.432x + 0.000 1 0.999 1 0.3 6. 06 0.9 93
D ecanoic acid y =0.418 4x - 0.000 1 0.999 4 0.1 6.74 0.5 106
Dodecanoic acid y=0.895x + 0.000 6 0.999 5 0.2 5.23 1.1 97
Tetradecanoic acid y=1.721x- 0.099 1 0.995 6 1.0 4.38 29.8 94
Pamitic acid y =0.943 8x - 0.000 4 0.999 6 0.3 2.83 7.3 90
H exadecanoic acid y=4.523 5x- 3.1759 0.997 5 3.1 2.51 357.6 93
Heptadecanoic acid y=2.1431x- 0.112 9 0.994 8 0.6 1.73 22.4 93
L inoleic acid y=1.026 3x- 0.775 2 0.994 7 3.1 1.85 330.6 82
L inolenic acid y =0.627 4x - 0.559 9 0.998 5 5.4 1.73 401.0 84
Oleic acid y=2.490 5x - 0.589 3 0.999 1 1.4 1.88 96.0 84
Octadecanoic acid y=4.205 3x- 0.961 2 0.997 6 1.7 4.13 93.8 99
2.5
, 81% 106% 6
, 1.73% 7.08%, 2
2.6
7 2
3 7 “alg’
Table 3 The contentsof wolatile and sami-wolatile organic acids in seven tbacco smplesU g/g)
Tobacco smples C3F C3F C3F C3F B2F B2F QOTT/S
( ) )« ) ) ) )
Fomic acid 744.9 770.3 791.3 901.9 450. 8 709.9 168. 6
Acetic acid 481.8 659. 9 1024.6 802.5 277.6 626. 1 308.7
Propanoic acid 3.4 5.2 6.2 5.5 3.5 5.4 3.1
Butyric acid 0.5 0.7 0.6 0.8 0.6 0.8 0.6
2-M ethyl butanoic acid 3.5 4.2 3.8 3.0 3.1 59 2.4
34M ethyl butanoic acid 1.5 2.2 1.8 1.4 1.8 1.8 6.7
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7 : 26 GC-MS/SM
( 3)
Tobacco samples C3F C3F C3F C3F B2F B2F COTT/S
( ) ( ) ( ) ( ) ( )« ) ( ) ( )
Pentanoic acid 1.6 2.0 1.8 2.2 1.8 1.7 2.3
3M ethyl pentanoic acid 0.5 0.8 0.5 0.4 0.4 0.8 0.3
Hexanoic acid 2.8 2.9 2.5 2.8 2.9 2.9 3.6
L actic acid 385.9 353.5 413.0 320.9 338.0 435.3 105. 8
Hydroxyacetic acid 101.5 91.7 82.0 118.7 138.6 91.6 46.3
2-Furancarboxylic acid 22.6 19.5 14.9 24.0 25.3 17.6 9.1
Heptylic acid 0.6 0.7 0.5 0.6 0.7 0.6 0.8
Benmic acid 5.6 6.7 5.4 6.3 6.8 5.7 66.0
Octaroic acid 2.4 2.6 1.9 2.4 3.0 2.6 2.6
Nonanoic acid 2.9 3.2 2.5 2.7 2.8 2.8 4.0
Decanoic acid 2.6 2.8 2.9 2.3 3.3 3.4 2.9
Dodecanoic acid 4.1 4.8 3.4 3.7 4.1 4.5 3.1
Tetradecanoic acid 69.2 69.1 65.2 50.2 64.5 70.5 54.8
Palmitic acid 29.5 28.4 25.2 24.8 27.9 28.6 37.6
H exadecanoic acid 1023.4 1059.8 930.5 1059.5 998.7 917.7 525.7
Heptadecanoic acid 53.1 57.0 49.2 53.4 54.1 47.4 36.4
L inoleic acid 793.2 803.7 700.0 746.6 787.1 764.1 473.6
L inolenic acid 1110.5 1054.9 989. 4 1002.3 960. 8 935.3 533.9
Oleic acid 277.6 290.8 243.8 305. 2 269.6 249.0 157.0
Octadecanoic acid 238.2 268.9 235.3 248.8 235.9 224.9 149. 1
Tobacco samples 5363.2 5 566.5 5598.1 5702.1 4 663.7 5 156.6 2705.0
* 4-methyl pentanoic acid wasn't detemined because its low concentration (4- , )
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