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Considering the fact that trimethylamine (TMA) is one of the major offensive odor compounds, we inves-
tigated the performance characteristics of GC/NPD from various respects. For this purpose, calibration data sets
were derived and compared for both gaseous and liquid phase standard of TMA prepared at varying con-
centration levels. All of these TMA standards were calibrated and evaluated in terms of absolute injection mass
(ng), regardless of matrix phase used for experiments. The results showed that the enhancement of GC sen-
sitivity was accompanied by the decrease in injection volume. When the detection limits were computed for
gaseous and liquid-phase standard, the values were 6.1~8.5 ng and 17~53 ng, respectively. The findings of rel-
atively reduced sensitivity of liquid-phase standard (compared to gaseous standard) suggest that liquid-phase
calibration can be restricted by a number of factors. The overall results of our study suggest that an accurate
assessment of the basic analytical technique is an essential component of TMA analysis.
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Table 1. Results of gaseous TMA standard calibration at fixed injection volumes of 10, 20, 50 and 100 ul (at 25°C)

STD Absolute TMA Mass Peak area
Order
ppm pmol ng Gl G2 G3
A. Injection Volume = 10 pl
1 10.0 4.09 0.24 272876 276453 88675
2 25.1 10.2 0.61 620847 490971 109442
3 50.1 20.4 121 1060011 624343 243002
4 100 40.9 2.42 1681052 1304885 318385
5 501 204 12.1 4139019 4450333 717860
6 1002 409 24.2 11868753 10677993 2497076
B. Injection Volume = 20 pl
1 10.0 8.18 0.48 246232 351894 306536
2 25.1 20.4 1.21 420550 646486 394316
3 50.1 40.9 2.42 1141201 945638 636932
4 100 81.8 4.84 2244074 1679605 1512678
5 501 409 24.2 7753336 9008307 8211820
6 1002 818 48.4 16278327 19432254 16696898
C. Injection Volume = 50 pl
1 10.0 20.4 1.21 640070 403138 413829
2 25.1 51.1 3.03 1383991 1041989 704451
3 50.1 102 6.06 1909046 2284402 858026
4 100 204 12.1 4651267 2925857 1074013
5 501 1022 60.6 23699690 20597030 11741081
6 1002 2045 121 51564771 45604478 25428218
D. Injection Volume = 100 pl
1 10.0 40.9 2.42 546770 320822 507352
2 25.1 102 6.06 1360718 1030566 816167
3 50.1 204 12.1 2221589 1531207 1694993
4 100 409 24.2 5424729 3705694 4234017
5 501 2045 121 38620951 34505126 40124352
6 1002 4090 242 81004361 74062642 82459409
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Table 2. Results of liquid-phase TMA standard calibration
at fixed injection volumes of 1, 2, 3, 4 and 5 ul (at

25°C)
STD Absolute
Order Concentration TMA Mass Peak area
ppm ng L1 L2
A. Injection Volume = 1 pl
1 0.50 0.50 155046 95112
2 1.00 1.00 252420 196053
3 1.50 1.50 391709 289582
4 3.00 3.00 552999 391832
5 5.00 5.00 686645 530203
6 10.0 10.0 2340559 1032539
B. Injection Volume = 2 pl
1 0.50 1.00 151942 88822
2 1.00 2.00 236828 133836
3 1.50 3.00 318186 274173
4 3.00 6.00 541174 412189
5 5.00 10.0 805299 706695
6 10.0 20.0 2055997 1200397
C. Injection Volume = 3 ul
1 0.50 1.50 185066 106030
2 1.00 3.00 353400 238281
3 1.50 4.50 437195 299677
4 3.00 9.00 647876 446258
5 5.00 15.0 1139199 692876
6 10.0 30.0 4261603 1343275
D. Injection Volume = 4 pl
1 0.50 2.00 153907 137469
2 1.00 4.00 272306 202042
3 1.50 6.00 390468 274541
4 3.00 12.0 1001909 583236
5 5.00 20.0 1253256 739325
6 10.0 40.0 3003097 2267501
E. Injection Volume = 5 pl
1 0.50 2.50 124946 78232
2 1.00 5.00 278545 169302
3 1.50 7.50 356918 224519
4 3.00 15.0 607260 446029
5 5.00 25.0 1083663 874543
6 10.0 50.0 3725893 1979461
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Table 3. Changes in gaseous TMA standard calibration slope values as a function of GC-injection volume

(A) Comparison of calibration slope values for TMA standard (FSV)

Exp date Injection Vol. (ul)
Exp No.
Start End 20 50 100
Gl 2007-03-29 2007-03-29 463,359 334,169 418,441 330,118
G2 2007-03-30 2007-04-01 427,483 394,989 368,265 299,996
G3 2007-04-01 2007-04-01 343,147 205,709 336,810
Mean - - 445,421 357,435 330,805 322,308
RSE - - 4.03 5.30 1941 3.51
G1X 2007-01-24 2007-01-25 2,478,188 2,111,503 1,893,980 1,789,195
G2X 2007-01-25 2007-01-26 2,424,342 2,203,804 2,022,714 *
G3X 2007-01-26 2007-01-26 2,869,981 2,309,298 1,979,116 1,627,919
Mean - - 2,591,004 2,208,202 1,965,270 1,708,557
RSE - - 5.42 2.59 1.92 4.72

* Peak area values are excluded because of eccentricity

(B) Comparison of calibration slope values for TMA standard (FSC)

Concentration (ppm)

Exp No.
10 25.1 50.1 100 501 1002
Gl 353241 333047 265727 222963 279331 299585
G2 323356 298844 178957 185782 219759 197031
G3 313649 303028 162137 144542 159831 249122
Mean 330,082 311,640 202,274 184,429 219,640 248,579
RSE 36.1 34.6 123 157 119
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Fig. 1. Calibration results of gaseous TMA standard.
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Fig. 2. Calibration results of liquid-phase TMA standard
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Fig. 3. Comparison of TMA chromatogram obtained by a 10 pL injection of gaseous TMA standard and 1 pL injection
of liquid-phase TMA standard prepared at varying concentrations.
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Fig. 4. Changes in TMA standard calibration slope values
as a function of GC-injection volume.
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Fig. 5. Relationship between injection volume and GC
sensitivity : comparison is made for both gaseous
and liquid-phase TMA standard using their mean
slope values.
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Table 5. Comparison of DL values for TMA by the GC/
NPD method between gas and liquid phase
standard

(A) Gaseous TMA standard

Injection Vol. (ul) 10 20 50
DL (pg) 6.13 764 826

(B) Liquid-phase TMA standard

Injection Vol. (u) 1 2 3 4 5
DL (pg) 170 339 320 435 526

100 -
8.48 -

Table 4. Changes in liquid-phase TMA standard calibration slope values as a function of GC-injection volume.

(A) Comparison of calibration slope values for TMA standard (FSV)

Exp date Injection Vol. (ul)
Exp No.
Start End 1 2 3 4 5
L1 2007-02-20  2007-02-21 213,930 98,182 124,503 73,160 66,001
L2 2007-02-22  2007-02-26 107,854 63,140 46,004 52,371 37,892
Mean 160,892 80,661 85,254 62,766 51,947
RSE 33.0 21.7 46.0 16.6 27.1

(B) Comparison of calibration slope values for TMA standard (FSC)

Exp No. Concentration (ppm)
0.5 1 1.5 3 5 10
L1 90639 58713 64381 68923 77604 81981
L2 48055 41281 43140 47972 51514 55705
Mean 69,372 49,997 53,761 58,448 64,559 68,343
RSE 307 174 198 179 202 191
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Fig. 6. Comparison of calibration results of gaseous TMA in terms of fixed standard concentration (FSC) method.
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Fig. 7. Comparison of calibration results of liquid-phase TMA in terms of fixed standard concentration (FSC) method.
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