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o §' or; 27 Gasoline or kerosene modifired by fire was identified by gas chromatography (GC). The identi-
‘.;:" § & ,(? fication was tried by multivariate analysis using a personal computer.
% éc § The method of identification is as follows: Gasoline and kerosene are modified by heating or
) burning at regular time intervals and analyzed by GC. The area ratios of definite 20 peakes are

caluculated and stocked as fundamental data. The sample is analyzed by GC. The specific peak area
ratios of gasoline or kerosene are not changed out in spite of heating or burning and are used for the
identification of gasoline or kerosene. The area ratios of definite peaks are calculated and compared
with fundmental data. The comparision between sample data and fundmental data are carried out

_ by clustering analysis, discriminant analysis, principal component analysis and factor analysis. The
identification of a sample as gasoline or kerosene is determined by specific peak area ratios and
discriminant function. The degree of modification of sample is determined by cluster distance,
principal component score, and factor score. If sample does not coincide with gasoline or kerosene,
it is pointed out by discriminant function, principal component, and factor score.
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Table 2 Conditions of gaschromatograph analysis

Gas chromatograph YANACO 180 type
Column 2% OV-17 2m x 3mm¢
Column temp. 50 — 250°C, 7.5°C/min
Injection temp. 150°C

Carrier gas N,

Sensitivity 107 x 1/32

Chart speed 10 mm/min

Integrator YANACO SYSTEM 1000
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Table 1 Treament of gasoline or kerosene by heating or
burning

No.l Gasoline does not change.

No.2 Gasoline evaporates until 12.5 mi.

No.3 Gasoline evaporates until 5 ml.

No.4 Gasoline evaporates until 1 ml.

No.5 Gasoline evaporates on hot plate until 27.5 mi.
No.6 Gasoline evaporates on hot plate until 20 ml.
No.7 Gasoline evaporates on hot plate until 10.5 ml.
No.8 Gasoline evaporates on hot plate until 2.5 ml.
No.9  Gasoline burns with cloth for 1 minute.

No.10 Gasoline burns with cloth for 2 minutes.
No.11 Gasoline burns with cloth for 2.5 minutes.
No.12 Gasoline burns with cloth for 3 minutes.
No.13 Gasoline burns until 33 ml.

No.14 Gasoline burns until 23 mi.

No.15 Gasoline burns until 16.8 ml.

No.16 Gasoline burns until 5.6 ml.

No.17 Ketrosene does not change.

No.18 Kerosene burns with cloth for 1 minute.

No.19 Kerosene burns with cloth for 2 minutes. ™
No.20 Kerosene burns with cloth for 3 minutes.
No.21 Kerosene burns with cloth for § minutes.
No.22 Kerosene burns with cloth for 7 minutes.
No.23 Kerosene burns with cloth for 9 minutes.
No.24 Kerosene burns with cloth for 12 minutes.
No.25 Kerosene burns with cloth for 15 minutes.
No.26 Kerosene evaporates until 44 ml.

No.27 Kerosene evaporates until 41 mil.

No.28 Kerosene evaporates until 35 ml.

No.29 Kerosene evaporates until 29 ml.

No.30 Kerosene evaporates until 12 ml.

No.31 Kerosene evaporates until 2.5 ml.

No.32 Kerosene evaporates on hot plate until 45 ml.
No.33 Kerosene evaporates on hot plate until 43 ml
No.34 Kerosene evaporates on hot plate until 21.5 ml.
No.35 Kerosene evaporates on hot plate until 15.2 ml.
No.36 Kerosene evaporates on hot plate until 7 ml.
No.37 Kerosene evaporates on hot plate until 2.6 ml.
No.38 Ketosene'evaporates on hot plate until 1.85 ml.
No.39 Sample

50 m! of gasoline or kerosene were used.
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Table 3 The area ratio of each specific peak
Gasoline

Peak number Pe?:tgea Peak number Pe;kﬁ;xu
4/ 0.11 8/11 1.56
4/6 0.68 8/12 1.29
417 0.15 9/10 0.83
5/6 6.25 9/12 143
517 1.32 10/11 2.08
6/7 0.22 11/12 0.83
6/8 1.00 11/13 1.81

8/9 0.89 12/14 2.04

8/10 0.74 13/14 0.94
Kerosene

16/17 1.56 18/20 1.43

16/18 5.64 18/21 2.15

16/20 7.87 20/21 1.49

17/18 3.71 10711 2.36

Those peak area ratio do not change in spite of heating

or burning,

Measurement the sample

by gas chromatography

i

of each specific peak

Calculate the peak area ratio
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Calculate the peak area ratio
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the result

of each specific peak

Calculate the peak area ratio

and are ten times the result
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[Factor analysis1

Fig. 2 Flow chart for analysis
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Table 4 Data for clustring analysis, discriminant analysis, principal component analysis and factor analysis

Input Data List
S’m‘:‘“&t m‘;‘; Peak number
(l)(2)(3)(4)(5)(6)(7)(8)(9)(10)(11)(12)(13)(14)(15)(16)(17)(18)(19)(20)
GROUPI:NO 1 33 32 9 1 13 2 2 23 1 2 1 1 0 1 1 1 000
GROUP1:NO 2 18 25 8 2 13 3 2 3 3 2 2 1 1 1 11 1 0 00
GROUPI:NO 3 9 19 7 2 13 3 3 33 2 2 1 1 1111000
GROUPI:NO 4 1 8 3 2 12 2 3 3 4 2 3 1 2 12 1 1100
GROUP1:NO § 29 30 9 1 13 2 2 23 1 2 1 1 0 1 1 1 0 00
GROUPI:NO 6 23 27 8 2 13 3 2 3 3 2 2 1 1 1 1 1 1 0 00
GROUP1:NO 7 13 22 7 2 13 3 2 3 3 2 2 1 1 1 1 1 1 0 00
GROUP1:NO 8 5 16 6 1 13 2 2 33 1 2 1 1 1 1 1 1 1 00
GROUPI:NO 9 21 27 8 1 13 2 2 3 3 1 2 t 1 0 1 0 1 1 00
GROUP1:NO10 24 28 9 2 14 3 2 3 3 2 2 1 1 1 1 1 1 0 00
GROUPI:NO11 22 27 8 2 14 3 2 3 3 2 2 1 1 1 1.1 1 00 0
GROUP1:NO12 17 24 8 2 13 3 2 33 2 2 1 1 1 1 1 1 0 0 0
GROUPLI:NO13 31 31 9 1 13 2 2 23 1 2 1 1 0 1 1 1 1 00
GROUPI:NO14 28 30 9 1 13 2 2 2 3 1 2 1 1 06 1 1 1 1 00
GROUP1:NO15 22 28 9 1 13 2 2 23 1 2 1 1 0 1 - 1 1 00
GROUP1:NO16 8 18 6 1 13 2 2 33 2 2 1 1 1 2 2 3 1 00
GROUP2:NO17 6 7 9 3 4 3 3 11 3 6 3 2 910 6 4 1 2 11
GROUP2:NO18 4 6 9 3 7 3 3 11 3 6 3 2 910 6 3 1 1 10
GROUP2:NO19 4 6 8 3 7 2 2 11 3 6 5 2 910 6 4 1 2 10
GROUP2:NO20 § 6 9 3 7 3 3 11 3 6 3 2 910 6 4 1 2 0 1
GROUP:NO21 4 6 9 3 7 3 3 11 3 6 3 2 910 6 4 0 2 10
GROUP2:NO22 3 S5 7 3 6 2 2 10 2 6 2 2 910 6 3 1 1 00
GROUP2:NO23 3 3 7 3 6 2 2 10 2 6 2 2 8 9 6 3 1 1 10
GROUP2:NO24 0 2 4 2 1 3 1 8 2 8 2 1 10 10 7 31 1 0 O
GROUP2:NO2S ‘I 2 4 2 1 3 1 72 s 2 1.9 1 7 5 2 31 0
GROUP2:NO26 4 6 9 3 6 3 3 11 .3 6 2 2 910 6 4 t 2 10
GROUP2:NO27 4 S 8 3 6 2 2 11 3 6 3 2 910 6 4 1 2 11
GROUP2:NO28 2 3 7 3 § 2 2 10 2 6 3 2 910 6 4 1 2 1.1
GROUP2:NO29 1 2 4 2 4 1 1 82 s 2 2 8 9 5 4 1 2 10
CROUP2:NO3 ©0 ©0 2 1 2 0 0 7 1 4 2 1 810 6 4 1 2 1 1
GROUP2:NO3L ©0 0 0 0 1 0o o0 4 1 4 1 1 912 8 5 2 3 1 1
GROUP2:NO32 4 6 9 3 7 2 3 1 3 6 3 2 910 6 3 1 1 00
GROUP2:NO33 4 S 8 3 6 2 3 103 6 3 2 9 6 6 4 1 2 01
GROUP2:NO34 1 1 3 1 3 1 1 7 2 s 1 210 1 8 5 1 2 11
GROUP2:NO3 © ©0 1 1 2 0 o S5 1 4 1 1 91 8 s 2 3 11
GROUP2:NO3% 0 0 0 0 ©0 0 0 2 1 4 0 0 1217 16 10 3 6 2 2
GROUP2:NO37 © ©0 0 0 0 0 0 ©0 0 1 1 0 17 35 48 29 12 23 8 §
GROUP2:NO38 0 0 O O O 0 0 0 0 1 1 0 20 44 71 44 18 38 12 13

No.1 — 38: seetable 1

. Group 1: Gasoline; Group 2: Kerosen

(1)
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Table 6 Result of discrimanant analysis
Cofficients of Discriminant Function

" 39.81420 (inear discriminant function)

135.87100----
135.76200----
142.81400----
136.32700----
133.94100----
133.69300----
136.35700 - ---
131.08000----
137.78000----
133.25800----
138.27100----
133.31300----
137.69500----
135.74200- - --
140.81600----
134.81900----

Gl
G1
Gl
Gi
Gl
Gt
Gl
Gl
Gt
Gi
Gt
Gl
Gt
Gl
Gl
G1

(K 1z -1.265)
(K 2: 4013)
(K 3 «3589)
(K & ~1624)
(K §: 0.793)
(X 6: 0.582)
(K T: -4.612)
(K 8: -$574)
(K 9: 5§7.135>
¢K10: 54303
(K1t ~0.705»
(K12: ~22.548)
(Ki3: -13965>
¢Kl4: -0.179)
(K15: -1.610)
(K16: 15.217
(K172 -2.958)
(K18: -3547,
(K19: -4.154)
(K20: -1.729)
Standard

Result of Analysis
GROUP1 NO 1----
GROUP1 NO 2---
GROUP1 NO 3---
GROUP1 NO 4---
GROUP1 NO S-
GROUP1 NO 6----
GROUPL NO 7-.---
GROUP1 NO 8---
GROUP1 NO 9--
GROUP1 NO10--
GROUP1 NO11
GROUP1 NOi2----
GROUP1 NO13
GROUPt NOM
GROUP! NO1S
GROUP1 NO16---
GROUP2 NO17--
GROUP2 NO18----
GROUP2 NO19---
GROUP2 NO20---
GROUP2 NO21---
GROUP2 NO22----
GROUP2 NO23----
GROUP2  NO24----
GROUP2 NO25----
GROUP2 NO26----
GROUP2 NO27----
GROUP2 NO28----
GROUP2. NO29----
GROUP2 NO30----
GROUP2 NO3t----
GROUP2 NO32----
GROUP2 NO33----
GROUP2 NO3M4----
GROUP2  NO3§----
GROUP2 NO36----
GROUP2 NO37----
GROUP2 NO38----

-101.20200----
~97.09450 - - -«
-98.47520----
-99.57630- -~

-~101.06700 - ---
~97.54980----
~99.89390----

-101.10000----
-97.88310----
-94.29130----

~101.65700----

-102.20500- ---
-95.98540----
-99.54940.---
-94.98970----
~98.79160----
-96.92780----

~100.35600 - - -~

-101.88700 -- -~
~99.39960 - -- -
-99.25330----
-98.90490- - --

Group 1: Gasofine; Group 2: Kesoene
No. 1 —38: seetable }

K1 ~ K20: coefficient vector
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Table 7 Result of discrimination

1
Discrimination of Samples th
NO.39: 1 8 3 1 12 2 3 3 4 2 31 2111100 0---- 138.94500----) G1
G1 - -- - Gasoline G2 ----Kerosene
) Sample was discriminated as gasoline,
(2)

Discrimination of Samples
NO. 39:

6 3 9 9756410182114 17 9 7 1 1 3 1 0 0 O0---- 805.55800----> G1

G2 ----Kerosene
Sample was not discriminated as gasoline or kerosene.

Table 8 Calculated result of principal comp ing

Peak i . :
number Variables Factor Loading

1-0.478-0.718 0219 0411 0.037 0.095 0.091 0.094 0.009 0.013-0.015 0.001 0.006 0.041 0.002 0.011 0.000-0.022 0.000-0.000
2-0552-0.774 0.220 0.199-0.001 0.032 0.033 0.003 0.001-0.005-0.010 0.009 0.002-0.008-0.000-0.003-0.000 0.058 0.000-0.000
3-0.774-0.002 0.504 0.376 0.046-0.050-0.013-0.047 0.004-0.017-0.002-0.000 0.007-0.065 0.002-0.015 0.091-0.020-0.000-0.000
4-0.564 0.648 0.464 0.127 0.032-0.123-0.055~-0.091 0.001-0.019-0.015-0.005 0.007 0.063 0.002-0.622 0.001 0.004-0.000 0.000
5-0.706-0.618 0.282-0.113 0.102-0.074-0.033 0.013-0.000 0.018 0.109 0.007-0.001 0.010-0.003-0.002-0.001-0.002 0.001-0.000
6-0.772 0.147 0.404-0.113-0.434 0.137 0.021-0.013-0.001-0.039 0.021 0.002 0.003 0.003-0.001 0.009-0.000-0.004 0.000 0.000
7-0.809 0.076 0.527-0.172-0.021-0.104-0.084 0.072-0.001 0.032-0.037 0.007-0.065-0.005-0.002 0.012-0.001-0.000 0.001 0.000
8-0.212 0.950 0.104 0.172 0.036-0.041 0.052-0.042 0.005 0.035 0.018-0.018 0.009-0.005 0.003 0.060 0.001 0.009-0.001 0.000
9-0.868 0.199 0.272-0.340 0.027-0.085-0.008 0.041 0.005 0.018-0.036 0.010 0.075-0.007-0.003 0.007-0.001-0.002 0.001-0.000
10-0.041 0.963-0.056 0.166-0.123 0.029-0.054 0.097-0.008 0.065 0.019-0.030 0.017-0.005 0.003-0.032 0.001 0.010-0.001 0.000
11-0.553 0.586 0.369-0.189 0.260 0.318-0.010-0.018-0.012 0.005-0.002 0.003-0.004-0.001-0.001-0.006-0.000 0.001 0.000 0.000
12-0.444 0.847 0.017-0.112 0.077-0.096 0.232 0.072 0.025-0.050 0.011 0.006-0.011-0.004 0.001-0.014 0.000 0.005-0.000 0.000
13 0.783 0.593 0.094 0.146-0.035 0.003-0.035 0.020-0.004 0.012 0.009 0.093 0.008 0.001 0.002 0.002 0.001 0.001-0.000 0.000
14 0.910 0.228 0.259 0.078 0.083-0.008-0.151 0.097-0.014-0.087 0.010-0.018 0.013-0.001 0.001 0.017 0.000 0.006-0.000 0.000
15 0.942-0.017 0.330-0.012-0.009 0.004 0.027-0.006 0.034 0.012 0.000-0.006 0.001-0.001-0.021-0.003-0.020 0.000 0.015-0.019
16 0.942-0.028 0.330-0.012-0.009 0.004 0.027-0.006 0.034 0.012 0.000-0.006 0.001-0.001-0.021-0.003-0.020 0.000 0.015 0.019
17 0.898-0.205 0.365-0.094-0.011 0.004 0.025-0.007 0.034 0.012 0.001-0.006 0.001-0.001 0.081-0.002-0.000 0.000 0.000-0.000
18 0.918-0.126 0.372-0.040-0.010 0.004 0.026-0.006 0.034 0.011 0.000-0.006 0.001-0.001-0.021-0.003-0.020 0.000-0.029-0.000.
19 0.922-0.122 0.352-0.052-0.010 0.004 0.026-0.006 0.034 0.011 0.000-0.006 0.001-0.001-0.021-0.003 0.059 0.000 0.000-0.000
20 0.884-0.132 0.405-0.043-0.010-0.041 0.100-0.006-0.140 0.011-0.001-0.006 0.001~0.001~0.001-0.003-0.000-0.001 0.000-0.000

Factor Contributions

11.00 5.369 2.164 0.686 0.303 0.185 0.118 0.053 0.027 0.020 0.016 0.011 0.011 0.010 0.008 0.006 0.00S 0.004 0.001 0.001
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Table 9 Result of principal component analysis Table 10 Result of factor analysis
g (1) sampie - 2 . (1) S (2) ;',,
nzl:xber Factor Score numger Factor Score nu;?‘g:r Factor Score nmg:t Factor Score T
1 47 35 51 1 53 48 67 1 43 37 s3 1 54 39 63 RS
2 47 39 S2 2 53 48 61 2 4 41 53 2 53 42 87 PN
3 46 42 s1 3 53 49 §7 3 44 44 51 3 53 44 54 LH
4 46 47 51 4 53 49 s1 4 45 48 S0 4 52 48 49 -
S 47 36 49 5 53 48 65 5 4 371 51 5 54 40 61
6 47 38 53 6 53 49 63 6 43 40 54 6 54 42 59 10.
7 46 41 51 7 53 48 59 7 4 42 52 7 53 43 s6
8 46 43 45 8 53 47 55 8 47 42 46 8 51 44 2 A
9 46 38 49 9 53 48 62 9 45 39 50 9 53 41 58 ?ﬁ
10 47 38 S2 10 53 48 63 10 43 39 54 10 54 41 60 E
11 47 38 53 11 53 49 63 11 43 40 54 11 54 42 59 12
12 47 40 52 12 53 49 60 12 44 41 53 12 53 43 s7 T3
13 48 35 50 13 52 48 67 13 44 36 53 13 54 40 63 E£
14- 47 36 50 14 53 48 65 14 44 37 52 14 54 40 61
15 47 37 48 15 53 47 63 15 45 37 s0 15 53 40 60
16 48 42 47 16 52 47 57 16 47 41 48 16 51 44 s4
17 49 59 64 17 53 53 42 17 47 63 60 - 17 52 54 43
18 49 59 61 18 53 52 42 18 47 62 57 18 52 sS4 42
19 49 61 66 19 52 54 42 19 46 65 62 19 52 55 43
20 49 59 61 20 5§53 52 42 20 47 62 57 20 52 54 42
21 49 59 62 21 53 53 42 21 47 62 S8 21 52 54 42
22 48 59 55 22 53 51 41 22 49 61 51 22 51 53 41
23 48 59 53 23 53 50 41 23 49 60 50 23 51 53 41
24 47 63 47 24 5S4 48 35 24 51 62 43 24 49 53 36
25 48 59 44 25 52 47 41 25 52 57 42 25 48 51 41
26 49 59 61 26 53 52 42 26 47 62 58 26 52 54 42
27 49 59 60 27 52 52 42 27 48 62 56 27 52 54 42
28 49 60 54 28 52 50 40 28 50 61 50 28 50 54 41
29 48 60 43 29 52 47 40 29 53 57 40 29 48 51 40 -
30 47 60 30 30 52 44 40 30 57 54 29 30 45 49 39
31 49 59 24 31 50 42 40 31 60 51 25 31 43 49 40
32 48 59 60 32 53 52 42 32 47 62 56 32 52 54 42
33 48 59 59 33 53 52 42 33 47 61 56 33 52 54 42
34 48 59 138 34 52 46 40 34 54 56 136 34 47 51 40
35 49 59 29 35 50 43 41 35 59 53 30 35 44 50 40
36 56 54 24 36 44 41 42 36 66 45 28 36 38 50 43
37 80 49 42 37 20 44 48 37 80 43 55 37 23 62 60
38 102 45 58 38 -2 47 54 38 93 41 79 38 10 72 75
39 46 48 51 39 45109 52 39 45 49 50 39 84 95 69
No. 1 — 16: Gasoline; No. 17 — 38: Kerosene; No. 1 - 16: Gasoline; No. 17 — 38: Kerosen;
No. 39: Sample _ No. 39: Sample
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(2)

£§, Factor Score
1 54 39

2

3
4
H]
6
7
8
9
0
1
2
3
{

53
53
52
54
54
53
51
53
54
54
53
54
54
53

-} |

52
52
52
52
52
§1

51

49
48
52
52
50
438
45
13

42
44
48

40 .

42
43
44
41
41
42
43
40
40
40
44
54
54
55
54
54
53
53
53
51
54
54
54
51
49
49
54
54
51
50
50
62
72
95

3sen;

63
57
54
49
61
59
56
52
58
60
59
57
63
61
60
54
43
42
43
42
42
41
41
36
41
42
42
41
40
39
40
42
42
40
40
43
60
75
69
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