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Table 1 Analytical conditions

: Hewlett Packard 5890 I1
: DB-1 1.5 pm; 0.53 mm i.d. X15m

Gas chromatograph
Colum

Column temp. : 70°C (1 min) -16°C/min-250°C (5
min)
Injection temp. : 250°C
Carrier gas : He 10 ml/min
Detector : FID
Sample size s lul
5
7
11
8 10
2
12
3 9 13
6
14 %ﬂ
— {
0 5
tr/min

Fig. 1 Chromatogram of heavy oil and kerosene
mixture (heavy oil : kerosene=11 : 9)

1~23: selected peaks by quantification IV; S:
selected specific peak by quantification IV
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Table 2 Calculation of input data
Input data® Deviation data®
Peak®  iz/
number min 1Y od) 34 49 54 6 U, U, U, U, U, Us
(100 : 0) (80 : 20) (60 : 40) (40 : 60) (20 : 80) (—)
1 1.2 0.000 0.143 0.324 0779 2.383 0.424 41.570 43.355 45.614 51.292 71.303 46.862
2 2.0 0.263 0.582 1.484 3.835 11.705 2.063 42.204 43.017 45.316 51.308 71.366 46.791
3 26 008 0.403 0.994 3.817 10.435 1917 41.994 42.883 44.540 52.453 71.004 47.127
4 2.8 0303 0.448 0963 2.339 6.406 1.299 42.098 42.790 45.246 51.809 71.208 46.849
5 3.0 0368 0.731 1.463 4602 13.738 2.449 42.366 43.152 44.738 51.539 .71.331 46.874
6 3.7 0.250 0.227 0838 1.975 5.264 1.072 42.222 42.090 45.590 52.105 71.063 46.931
7 4.1 0481 0810 2.130 5.265 14.072 2863 41.845 42552 45.389 52.128 71.057 47.029
8 5.1 0.641 0.885 1.792 4.261 10.396 2.363 41.788 42.517 45.226 52.599 70.921 46.949
9 5.7 1.075 0964 1.425 2.520 6.670 1.634 43.413 42.854 45.178 50.699 71.624 46.232
10 6.0 0578 0.780 1.482 3.458 7.723  1.971 41479 42.303 45.169 53.236 70.674 47.166
11 6.1 1452 1461 2117 4.091 5.752 2495 40.719 40.777 44.997 57.697 68.382 47.429
12 7.7 1.030 0991 1.332 2.144 3.513 1.480 41.838 41.391 45293 54.241 70.250 46.987
13 85 4879 1656 0.735 0360 0.152 0554 71.393 51.635 45.989 43.690 42.415 44.879
14 8.7 2.121 1.319 0.596 0.187 0.044 0.348 68.505 57.527 47.630 42.031 40.073 44.235
15 9.2 3.796 1.719 0.674 0.261 0.085 0.485 70.427 54.271 46.142 42929 41.560 44.672
16 106 2714 1542 0.706 0.199 0.059 0.425 69.130 56.486 47.466 41.997 40.486 44.435
17 11.3 2.766 1.890 0.650 0.192 0.061 0.460 67.839 58.974 46.426 41.792 40.466 44.504
18 11.9 1812 1.160 0.463 0.117 0.044 0.323 68.309 58.008 46.995 41.529 40.375 44.783
19 125 1.606 1.541 0.669 0.067 0.031 0.335 63.881 62.876 49.395 40.087 39.531 44.231
20 13.1  1.233  0.902 0.396 0.064 0.023 0.252 66.974 52.529 48.148 40.681 39.759 44.909
21 14.0 0.644 0.631 0.246 0.037 0.015 0.184 63.698 63.191 48.173 40.021 39.163 45.755
22 15.0 0.549 0.439 0.239 0.028 0.010 0.176 65.538 60.004 49.941 39.325 38.420 46.772 ’
23 16.2 0492 0.293 0.221 0.019 0.007 0.144 67.721 55.807 51.497 39.403 38.685 46.887
S 9.9

a) Category number.

b) Number 1 ~ 5: known sample; Number 6: unknown sample (content of heavy oil: 55% )
(each peak area)/(Area of selected specific peak by quantification IV).

¢) Deviation U: U;;=50.000+ 10 X (

x;)/0;, here U;;, deviation of j category in sample number i; x;;, data of j category in sample number 7; x;, mean

ofJ category; 0, standard deviation of j category.
by quantification IV
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d) Heavy oil : kerosene (v/v, %).

S: selected specxﬁc peak
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Table 4 Result of principal component analysis

Factor loading

Category
number 1 9 3 4 5

1 0.925 0.378 0.074 —0.014  0.000

2 0.916 0.395 0.052 —0.015  0.000

3 0.928 0.373 0.023  0.009  0.000

4 0.922 0.363 0.037 —0.021  0.000

5 0.914 0.402 0.046 —0.015  0.000

6 0.928 0.369 0.008 —0.021  0.000

7 0.930 0.366 0.023 —0.021  0.000

8 0.933 0.358 0.023 —0.021  0.000

9 0.892 0.448 0.032 —0.044  0.000

10 0.943 0.333 0.004 0.015 0.000
11 0.962 0.202 —0.122 0.121  0.000
12 0946 0.316 —0.050 0.028  0.000
13 —0.788 0542 —0.295 0.012  0.000
14 —0.896 0.441 —0.037 0.02¢  0.000
15 -0.836 0.516 —0.186 0.013  0.000
16 —0.883 0.463 —0.079 —0.001  0.000
17 —0.888 0.452 0.023 0.070  0.000
18 —0.891 0450 —0.012 0.016  0.000
19 —0.908 0.331 0.247  0.057 —0.040
20 —0.913 0.401 0.073  0.012  0.000
21 —0914 0.312 0.250  0.057  0.040
22 —0.943 0.301 0.137 —0.061  0.000
23 —0.928 0.326 —0.036 —0.178 —0.000
D.P.C. 19.074 3.537 0.311  0.068  0.003

Unknown sample: the content of heavy oil is 55%.
D.P.C.: dispersion of principal component

EEOE_ERABEA, P E—ER T HEH
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log Wen—1=a " Cp—y +b (1)
log Wn+1=a* Cuv1tb (2)
log W,=a-x+b (3)
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Chart 1 Calculation of principal component score
First principal component score

23
3 1(015=50,000) X Fy /D,
P

Example .

(41.570—50.000) X 0.925/19.074+ (42.204—50.000) X 0.916/19.074+ -+ (67.721 —50.000) X
(—0.928)/19.074=—13.681

—13.681-+50.000=36.319

Second principal component score
23
> {(U);—50.000) X Fy;f /Dy
=

Example

(41.570—50.000) X 0.378/3.537+ (42.204—50.000) X 0.395/3.537+ -+ + (67.721 — 50.000) X
0.326/3.537=13.344

13.344+50.000=63.344

Sample First principal Second principal Heavy oil : kerosene
number component score component score

1 36.319 63.344 100: 0

2 41.420 50.582 80 : 20

3 48.197 41.187 60 : 40

4 56.063 41.913 40 : 60

5 67.283 63.194 20 : 80

6 50.719 39.780 —

Sample number 1~5: known sample; Sample number 6: unknown sample (content of heavy oil: 55%). U, ;:
deviation of sample number 1; F, ;: first factor loading; D,: first dispersion of principal component; F,;: second
factor loading; Dy: second dispersion of principal component

Chart 2 Calculation of heavy oil content from principal component score
Corrected first principal component score
{(first principal component score) —50.000)! X {(first dispersion of principal component)/ (total dispersion of
principal component)} +50.000
Example
(36.319—50.000) X 19.074/22.611 +50.000= 38.459
Corrected second principal component score
{(second principal component score) —50.000)} X {(second dispersion of principal component)/(total dispersion
of principal component)} +50.000
Example
(63.344—50.000) X 3.537/22.611 + 50.000=52.087
Corrected total principal component score

38.459+52.087=90.546

Sample Corrected first principal Corrected second principal Corrected total Heavy oil : kerosene
number component score component score component score %

1 38.459 52.087 90.546 100: O

2 42.762 50.091 92.853 80 :20

3 48.479 48.621 97.100 60 : 40

4 55.115 48.735 103.850 40 : 60

5 64.579 52.064 116.643 20 : 80

6 50.607 48.401 99.008 —

Sample number 1~5: known sample; Sample number 6: unknown sample (content of heavy oil: 55%).

log 97.100=60Xa-+4 . —3. i -3 -
log 103.850=40 X a+} a 1.460X107°; $=2.075. log 99.008=(—1.460X107>)Xx+2.075; x=54.79
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Table 5 Analytical results (content of heavy oil) b4 13
U;;l;;;g;;n Voo™ B Az, 1) REFIR—, Ak 8, HEEEE, R E: B
sample ¢ (A), < (B), % BT, (1971), (EFHEE).
2) BEF—, 5 EEE, REE_, RETET, 4
1 25.8 25.0 0.8 ], HEbs T ki K EMTE, (1976), (H
2 30.2 30.0 0.2 BHIGHE ).
3 38.5 40.0 —1.5 3) C. Chatfield, A. J. Collins: “Introduction to Multi-
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Determination of blend composition of heavy oil and kerosene by GC usin§
principal component analysis. Toshiyuki Mitsut®  and Yoshikazu Fujimura™
(*Criminal Science Laboratory, Aichi Police H.Q., 2-1-1, Sannomaru, Naka-ku,
Nagoya-shi, Aichi 460; **Department of Industrial Chemistry, Faculty of Engineering,
University of Chubu, 1200, Matsumoto-cho, Kasugai-shi, Aichi 487)

When a mixture of heavy oil and kerosene was measured by GC, we could not accur-
ately judge whether the measured material was heavy oil or kerosene because the respec-
tive chromatogram overlapped. Therefore, to analyze the blend composition ratio (v/v)
of heavy oil to kerosene, some chromatograms were made using mixture of heavy oil and
kerosene with blend composition ratios. Each peak in the chromatograms was expressed
by a relative value to provide data for calculation by principal component analysis. The
blend composition ratio of an unknown sample was calculated more finely by factor score
and dispersion of principal component. By this method, the blend composition ratios of
heavy oil-kerosene mixtures could be determined with a high degree of accuracy.
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