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Tab. 1 Characteristics of distribution of 14 types of Oil and 4 ratioes of hydrocarbon

contents of 14 types of oil including repeatibility and weathered samples

¥ 5 i Srm | WK |PyeC, PomC,  PePh ZoatrCad
1 Bhdg 7% SE4 i | nCi—nCy, | 8C,,—nCyy | 0.4147  0.3303  1.3612 0.8435
2 * R #C,—nC,y, | nC,—nCy | 0.1843  0.1611  1.2021 0.8763
2(D—2(4) | kgEM 44 | sC—nCy, | #Cy—nCyy| 0.1918  0.1623  1.2285 0.8582
HER® +0.0051 £0.0034 £0.0411 +0.0173
3 B Bk nCy—nC,, | nC,,—nC,, | 0.4790  0.4233  1.3251 0.8332
4 TR E M nCy—nC,, | nC;p—nC,, | 0.6299  0.9666  0.7746 0.8576
5 Y R iy nC,—nC,, | nC,,—nC,y | 0.7167  1.5558  0.5094 0.8287
6 M SRBEEY | #C—nC,, | nCyy—nC, | 0.3930  0.2133  2.1790 0.8589
7 B E 7Cy—nC,, | nC,—nC,y | 0.4687  0.2467  2.2162 0.7898
8 S HE nCy—nC,, | nC,;—nC,, | 0.6759  0.5768  1.2119 0.8910
9 BEBEMN | nC—nC, | nC,,—nC, | 0.1998  0.1488  2.4850 0.0000
10 30% Fkdy | #C—nC,, | nC,y—nC, | 0.2012  0.1914  0.8447 1.1082
10(1)—10(6) | 30% @ik 6 A | nC,5—nC,,y | #C,,—nC,yy | 0.2016  0.1743  0.7994 1.0851
R ALRE (RA4k30d) | (R4 30d) [£0.0047 +0.0034 +0.0186 +0.0102
11 1000 Boriiah | #C,o—nC,, | nC,,—nCy, | 0.1282  0.1515  1.1660 0.3164
12 20% meepy | #C,,—nC,, | nC,,—nC,, | 0.1441  0.1373  1.2256 0.5099
12(1)—12¢4) | 20% FeeH 4 4 | #C,;—nC,, | #C,,—nC,, | 0.1469  0.1410  1.2020 0.4953
EEME +0.0019 £0.0056 =0.0684 £0.0035
13 042 e 3k nCy—nC,, | nC,,—nC,, | 0.1724  0.1624  1.4060 0.3278
13(1)—13(4) | o#BsEpna A | nC,—nC,, | #C,—nCy, [ 0.1794  0.1623  1.4519 0.3321
BEEH +0.0049 +0.0017 $0.0187 +0.0061
13(5)—13(10)| 0#§2s4 6 A&~ | aC;—nC,, | #Cy—nC,, | 0.1966  0.1627  1.4268 0.3455
RAL ke (Rfr30d) | (AL 30d) |£0.0087 +0.0077 £0.0832 +0.0076
14 R, #nCy—nC,, | nC,;—nC,, | 0.5688  1.4840  0.4109 0.9686
14(1)—14(4) | EEEMH 44 | nCi—nC,, | nC,;—nCyy | 0.5457  1.4389  0.4245 1.0447
BEER £0.0133 +£0.0327 +0.0166 +0.0385
14(5)—14(10)| fEEE# 6 4 | nC,—nC,, | #C,,—aCy | 0.5773  1.5115  0.3823 0.9661
KLk (R4t 30d) | (Rt 30d) {+£0.0124 +0.0339 +0.0241 +0.0259
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Fig. 1 Clustering charts of 14 types of oil
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Tab. 2 Confidence levels of 4 types of oil and their repeatibility oil samples
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Tab. 3 Confidence levels of 3 types of oil and their weathered oil samples

RALKE (d) 0 1 5 10 15 21 30
j=3=3 10 10(1) 10(2) 10¢3) 10¢4) 10(5) 10(6)
A; 0.9970  0.9971 0.9974  0.9974  0.9975  0.9975  0.9971

308 S

Fe 13 13(5) 13(6) 13(7) 13(8) 13(9) 13(10)

O® iz S
A; 0.9985  0.9966  0.9993  0.9933  0.9993  0.9984  0.9902

j=2=3 14 14(5) 14(6) 14(7) 14(8) 14¢9) 14(10)

E
A 0.9974  0.9974  0.9947  0.9973  0.9973  0.9931  0.9907

L IR R w a4

N S e 3 T o T ) 1 N3 RAY DD (10

a 14 \\3/\(\:/\t.§) l\f‘i/)(\:}/)\l)l(‘?,)"6/)1‘\9/‘%)69@@?@@@?@@@\/@

! .. JR I N AR (RO - SRS ISR NS AU R PR S -
] | _

0.5973  emeeeree i

0.9974 -_;i :

0.9968 oo e s b
0.9963 e b
i
1

—

0.9957 mem--os mmeeaamasicoos e

0.9947  mcmmm ae e me i __[_J

QG931 wmmmmm s e e e

0.9907 = ommm s m e o eeeaia oo '
0.9847  c o e T
09846 = v mm e e e e e e

0.9788 - - RSP P EP R PRI

[Eiak R} - S . - e e e e m e oo o

VT e e o - - - - .
0.9723 ———-——--—---—u----------—-----~—--—---—-—-----<—-—---L,—-

(,9543 = = - - m et e e e L.

0.9424  —mmro o et e e e e e oo

0,01 58 == Tt ot e e e e e e e e o e e ek e e e e

09118 =- - m o m e e e e e e et e e e e e e e e

0,87 26+ == - = = = & e e e e me e e e e e

n S e e e b i mh i m i m mm et m e e em i et e e e m e e

Y

B2 13 fiEEERERERRE  EEEREE

Fig. 2 Clustering charts of 13 types of oil and Renqiu crude oil and its weathered
and repeatibility oil samples
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Fig. 3 Clustering charts of spilled oil at sea surface of Dalian Bay
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CLUSTER ANALYSIS OF EUCLID APPROACH FOR
IDENTIFICATION OF OIL SPILL AT SEA SURFACE

Xu Hengzhen, Shang Longsheng, Zhou Chuanguang, Liu Tong

(Institute of Marine Environmenial Protection, SOA, Dalian 116023)

AssTrRACT

Fourteen common oil types of China and spilled oils at sea surface in Dalian
Bay were analysed with gas chromatograms in 1984—1986. The distributions of hy-
drocarbons of nine crude oils and five fuel oils mostly ranged from #Cy—nC,, and
nC,—nC,,. The impact of weathering on the oil chromatogram fingerprint is impo-
rtant. One month weathering experiment on 30% heavy diesel oil, 0¥ light diesel oils
and Renqiu crude oil on the seawater, showed the fluctuation of the weathered oil
with carbon less than #C,; was large, than the fluctuation of the weathere oil with
carbon more than nCy, especially Pr and Ph, was less. Pr/nC,,, Ph/aC,, Pr/Ph
and (#C, + nC,,)/(nCy + nCy)oil type information points for data handling. A
model is established for fuzzy mathematics clustering analysis of Euclid approach
for identification of sea surface spilled oil. The Euclid approach between the types
of oil is expressed as:

Yi=1— \/i D7 (g — 2 )
m k=1

where x;; is the ratio of the hydrocarbon content % in the oil i,x;; is the ratio of
the hydrocarbon content £ in the oil j. If the spilled oil and the suspected source
oil come from the same source, their Eucllid approach will be equal to or near 1,
The concept of fuzzy area of confidence level 1; of Euclid approach for identifing
sypes of oil was introduced. The confidence level 1; for the identification of the
tea surface spilled oil is found to be greatly influenced not only by the types of the
oil, but also- by weathering and experimental error. In geneal, the threshold value
of this effects is equal to or more than 0.9857. The results show that the confide-
nce levels 1; for differentiating Daqing crude oil, 30¥ heavy diesel oil, 20 heavy di-
esel oil, 0% light diesel oil, and Rengiu crude oil, from other thirteen types of oil,
are [0.8726,0.9953), [0.8726,0.9970),[0.8726,0.9857),[0.8807,0.9902) and [0.8726,
0.9907), respectively. '

Key words Euclid approach Fuzzy clustering analysis Identification
Spilled oil



