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Abstract: The aims of this work were the identification and the classification of fresh lubricants and used
engine oils of vehicles for the application in forensic science field-80 kinds of fresh lubricants were purchased
and 86 kinds of used engine oils were sampled from 24 kinds of diesel and gasoline vehicles with different
driving conditions. The sample of lubricants and used engine oils were analyzed by GC/MS. The Bayesian
model technique was developed for classification or identification. Both the wavelet fitting and the principal
component analysis (PCA) techniques as a data dimension reduction were applied. In fresh lubricants
classification, the rates of matching by Bayesian model technique with wavelet fitting and PCA were 97.5%
and 96.7%, respectively. The Bayesian model technique with wavelet fitting was better to classify lubricants
than it with PCA based on dimension reduction. And we selected the Bayesian model technique with wavelet
fitting for classification of lubricants. The other experiment was the analysis of used engine oils which were
collected from vehicles with the several mileage up to 5,000 km after replacing engine oil. The eighty six
kinds of used engine oil sample with the mileage were collected. In vehicle classification (total 24 classes),
the rate of matching by Bayesian model with wavelet fitting was 86.4%. However, in the vehicle’s fuel type
classification (whether it is gasoline vehicle or diesel vehicle, only total 2 classes), the rate of matching was
99.6%. In the used engine oil brands classification (total 6 classes), the rate of matching was 97.3%.

2 o F ABAFOR ASANIN YT UG GBH, I BTE KB, AUE B, A%
A R ooa, % W] Jlolg, 4547 99) 5 S0 ECTH 4% el A KBRS
(80 classes)?t 8 F-2| 7 2HFH 16 2] Sf 2bFell 742} 3 34 9] Aot fdfr A8 A o

% Corresponding author
Phone : +82-(0)2600-4960 Fax : +82-(0)2600-4792
E-mail : nykim60@korea.kr

—4] -



1

A

97.5%%} 96.7%2] FEFE&S o A

eI, el A S B6e] BROA A ol

A3E

=0

sto] wlo)#|

S

S

Nam Yee Kim, Geum Mun Nam, Yuna Kim, Dong-Kye Lee, Seh Youn Park, Kyoungjae Lee and Jacyong Lee

2 wghsto] Apd B 87

=221

42

RE g op %wmmﬂh Foop M B R TE RS of o = o I g
. g EOETT gt R Ge Bg ol i
0% g Foe Spife A% .29%efn TTices
Z e 2 FRNL FREIT X oFT T eRT P w o FUWTR
o EW‘OIV “ E..* L _.;L O_H =] O_H ‘ZT,UIEQ HTﬂ/l o &o @L‘\_ux_woo_H X K — _.;L —_ Z‘.ﬂ Tor
S o @CEE mMﬂamaaﬂommﬂqw%c,_ﬂrdu.a,%oﬂea ,MH__MW7§WNWM
i ™ o8 S AN S N W ome WO PO o
£R5  f| EREiroirPeirRyTEASLEE m S g
3 —_ e o = o o
LEL g L eR RN FrrgRTT e ta ARt aenr B ZrgEaw
m M 2 2 o MW S Eam R TR WK o ST IT™
% B 8 g Bobvomgg Sem T agsopa Pt @ R
~ oo 2 m M&é%@v%%wy%ﬂi%z_%goEﬁﬂoi il %ﬂ@u@ur%
TR % Cum AT SRt Eaedler a MITHIso
it Mo S ok ot op BB o o= <z W —
9%% g s A EX fapg SaePazzaerigcbd o e e
SEE 8| EIoiligtesriocTimicai Y g3ieiy
X g 3 ! 8 =~ = 3 [ ! il
@A 2 ﬂ%ﬁ%%%ﬁmm%mL_Lﬁo;uuoﬁw%@wopr%m% o_n_%mxz,ww%w‘
P = SN R cpna IRVECUIE ST T = > P o oo
= % g M EX T g g E R Wz olyg TR RS W
=% E A sadsldiocPorsrgorET Yo no e 2y
= ™ of E2| TN oz W ST ®=E WHX T N T o d 1 o E de
B o 8
o @ ° ) . .
e 3 TB W N W IR REUPRXFTBT I WE o
uﬁﬂ&m o n%ﬁﬂl,ﬂx_vuﬂoo_uﬂl&oﬂoﬂL @Eﬂegﬂutfﬂw.dlﬂoﬂuLEo,m,\m1aﬂo_uﬂrn £
RATIEN g . o No _ NB S B o L TR ] N
‘Mﬂ 0 _!1*7 mc 1 ‘_Ir” l}lw_ ZT 0) OL Jaﬂl \mW Eo JL' L_.wfo N ‘_IL,A o ﬂ I,Aro ‘OI O.._ N OE - AL
=T 5 2T g PR Tl T T A Mo KR o o Moy, T of
L.LINM ~ Lt —~ N __AE wHAU CXL q
X = g o T zx = M B Mo = m o Nd o e 7o I 7o m= o= B B oo ¥
iy g Axgbdx®ah By Wy Tpmeg gy mbsd o
SRV TTATETAT e wEEhge T ET RS EENT
=M o = M&Pﬁs;ﬂﬁ? oF A _NEwE S o gw e B ook
ol g W TEPEXocag=ow dh M@ IRLcTT L odTm o
o o g WG W e gy b A rer e LAY ®R eI
X il .m zu o = o5 N H/_m ) w:__ ml E._Miﬁulﬁown],go ALdrﬂL] il
_z?o_aﬂo 2 =3 o_umi_h/_oﬂolﬂﬂA ﬂ_ze%ﬂ,o_OTJl_/iPu_Mz ,Eﬂo%oﬂo
Pk B : mmz,g}za%ﬂwm_x mﬁwrﬂ,%@a.wﬂwewt%ol.wm%%%mz_oﬂ
o 2 5 - =g ® e i BPOHE do gy ool T oo W E g gy
M A S T < I A A JCAR I
g gTF = T o™X Ta® 2 e T T T TS _ERK
muo]wnvawl z B ) o o 2 an_zﬂ.ﬁ%cﬁoxﬂaoWoWﬂloTEoMuo&oZﬂ/ﬂh - A
Mwoo/uEUr s N x° EEOT@&LP\meoT Lm_ﬂﬂaoﬁWoﬂﬂ%u> NJ%N];Q.ﬂoToW
BT e E T E T Mg R g NN LT E e
Moz g R RGN TG N e G i e /B i A Y A
= WS v o T LK W = W o= W o 55 o 4 RPN
™ [3) K ﬂ”ﬂﬂ =~ ‘W._ QIV X ﬂa aﬂ EO\mW “_Mwe _.;L ’OE _/1* =) . X ﬂAlL o
BE N Pl TR IR RT o AT TR Yo
HRITRRGPPET HMTAEDWo X N R ®dM ook

Analytical Science & Technology



Identification and classification of fresh lubricants and used engine oils by GC/MS and bayesian model 43

Table 1. List of fresh lubricants used in this study

??11;5 ;CNI?)' Usage Brand name Manufacturer
1 P-31 S-oil
2 Base Oil P-96 S-oil
3 (BA) us-6 S-oil
4 PAO-4 S-oil
5 Z1C Supervis 46 SK
6 Gold Speed Tap Golden Trade
7 Royco 782, hydraulic fluid Royal Lubricants, US
8 SK, sewing machine oil SK
9 Pipe machine oil DS Lube & Chem
10 ) ) SKAF power stearing oil SK Chemicals
o ndestnE LBRCANS b ) Lubricants LPS
12 D) RANDO 46 HD CZ GS Caltex
13 Speed Tap Korean Golden Trade
14 KF-96-1, Silicone Shin Etsu, Japan
15 Tri-Flow superior lubricants KRYLON, US
16 Super Lube Synco Chemical, US
17 Vacuum pump oil Inland Vacuum Industries
18 GS Dexron DX - II1 GS Caltex
19 Dragon Dexron 111 S-oil
20 Daewoo Motor ATF Dexron 111 Daewoo Moto Company
21 SHELL ATF III Shell Korea
22 TERACAN ATF Hyundai MOBIS
23 Automatic Transmission Mobil MT ATF Exxon Mobil
24 Fluid (AT) ATF Hyundai MOBIS
25 GS ATF HD GS Caltex
26 SUPER ATF (for SSANGYONG) 76 LUB/US
27 Mobill Synthetic ATF (old model) Exxon Mobil Oil Corp.
28 Mobill Synthetic ATF (new model) Exxon Mobil Oil Corp.
29 Mobil ATF 550 AMSOIL
30 FX Gear 75w85 S-oil
31 GS HD Gear GS Caltex
32 ) Gear oil, genuine parts Hyundai MOBIS
33 GfgrR())‘l LSD Gear oil, genuine parts Hyundai MOBIS
34 THUBAN GL-4 Gear oil GS Caltex
35 Gear oil HD GS-Caltex
36 Mobil Synthetic Gear Lubricant Exxon Mobil Oil Corp.
37 Boat use (BT) Gold Power 1000 Coastalunilube INC, US
38 2 Stroke multi purpose oil Valvoline Korea
39 Power ACE 2T L&C
40 2-Cycle use ELF 2T S-oil total lubricants
41 (CCO) Super 2 Stroke oil GS Caltex
42 Super Stroke oil GS Caltex
43 DS-2-Cycle motor oil DAESUNG Petrochemical
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Table 1. Continued

(SSIII;E ;eNI\OIz Usage Brand name Manufacturer

44 Kixx G1 GS Caltex

45 ZIC A SK Lubricants

46 ZIC XQ RV/SUV SK Lubricants

47 PREMIUM Gasoline engine oil S-oil

48 PREMIUM LS Diesel engine oil SK

49 Kixx RV GS Caltex

50 SSANGYONG MQTOR genuine parts engine Isu Chemical, Korea
oil for diesel/gasoline
RENAULT SAMSUNG MOTORS genuine .

31 parts engine oil for gasoline/LPG ¢ SK Lubricants

52 ZIC XQ Gasoline LPG fully synthetic SK Lubricants

53 GM Daewoo diesel engine oil Isu Chemical, Korea

54 Engine oil SSU GXO gasoline engine oil S-oil

55 (EG) SSU DXO Turbo diesel engine oil S-oil

56 SSU Euro XT S-oil

57 Kixx D1 Turbo GS Caltex

58 Kixx PAO GS Caltex

59 Mobill Exxon Mobil Oil Corp.

60 Mobil 1 Extended Performance Exxon Mobil Oil Corp.

61 Elf excellium full-tech EIf

62 Ravenol SSL Ravenol

63 BPvisco7000 BP Korea

64 Castrol EDGE Sport BP Korea

65 Castrol Magnetic Professional Castrol

66 REPSOLELITE Evolution Fuel Economy Repsol YPF Lubricants

67 RAVENOL FO Ravenol

68 Nevy hyppl 2T, high performance 2 Stroke for S&T Motors Shell Korea
engine oil premium grade

69 Ne\y hypol 2T, high performance motor cycle S&T Motors Shell Korea

2-Cycle use engine oil premium grade

70 (CC) Shell, advance SX 2T, 2-cycle engine oil S&T Motors Shell Korea

71 Zic, MAHA 2T SK, Lubricant

7 Valvoline, Tur_bo 2T, advanced synthetic, Valvoline Korea
motor cycle oil

73 Mobil Super 3000 Mobil Korea

74 MOTUL 300V chrono France

75 REPSOL ELITE Evolution Repsol YPF Lubricants

76 Engine oil RAVENOLVMO Germany

77 (EG) Kendall GT-1 With Liquid Titanium Kendall Motor Oil

78 Mobil 1 Exxon Mobil Oil Corp.

79 ZICXQ (10.4.30) SK Lubricants

80 AMSOIL High Zn/phosphorus usS

oil) 4%, FSH, AER, TUE SOl AgeE AU AESHE 2402 2cycle, CC) A& SBF 11 F 2

A8 &F-H(industrial use, ID) 13 &, Aqtg &3 =i
, LEHR] i—:r"'a, o z7] Fol

+-(boat oil, BT) 1%

A5 £

o IL=TTT
transmission fluid, AT) 12 &,

= A58 24
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o Al&3k= 7]o]f(gear oil, GR) 7%, NF o
(engine oil, EG) 32 22 BF 80709 Al §£ZH=
ko 2 sheict.

A &85 4 $E8/E classZ sho] #84
AR AT} class HEE TS 3 tH(Table 1).
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Table 2. The 6 kinds of engine oil brand for mileage

o]& 20 classol &3t}

221 Al AiF
Agol A o
st Ao ot
AHghe s B

ol |E
A(Table 2)2 2182 A&
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o], Kixx= GSZH 29 BE

ZICE= SK9

Fuel type Brand name Products name Manufacturer SAE
. ZIC A ZIC A Gasoline synthetic VHVI, 4 L SK Lubricants Sw30
dasoline Kixx GI Kixx GI, 4 L GS Caltex 5w30
& Hyundai G PREMIUM Gasoline engine oil, 4 L S-oil 5w20

) ZIC XQ Z1C XQ RV/SUV Diesel fully synthetic, 1 L SK Lubricants Sw40
Diesel Kixx RV Kixx RV, 6L GS Caltex 10w40
& Hyundai D PREMIUM LS Diesel engine oil, 6 L SK Sw30

Table 3. The information of vehicles for used engine oils

Vehicle information

Clas§ of Fuel type Brand name Vehicle’s mi
vehicle Brand Model Model year ehicle’s mileage
(km)
UD1 Zic XQ Kia Spotage 2005 126,900
uD2 Kixx RV Hyundai Starex 2006 72,362
UD3 Kixx RV Hyundai Starex 2010 5,238
UD4 . Kixx RV Hyundai Grand Starex 2011 2,450
UD5 Diesel Hyundai D Hyundai Starex 2002 210,000
UD6 Zic XQ Hyundai Grace 1999 146,542
UD7 Zic XQ Hyundai Trajet XG 2005 43,108
UD8 Hyundai D Hyundai Starex 2003 106,643
UGl1 Zic A Hyundai Accent 1996 205,200
UG2 Zic A Samsung SMS 1998 160,000
UG3 Zic A Kia K7 2006 53,345
uG4 Kixx G1 Kia Spectra 2000 219,722
UGS Kixx G1 Kia Sepia 1997 146,474
UG6 Kixx G1 Samsung SMS 1998 17,800
UG7 Hyundai G Hyundai NF Sonata 2004 42,390
UG8 . Hyundai G Kia Credos 1997 202,571
UG9 Gasoline 10 hdai G Hyundai EF Sonata (LPG) 2004 115,419
uGl10 Kixx G1 Hyundai Avante 2009 24,724
UGI1 Zic A Hyundai Grandeur XQ 1999 104,838
UGI12 Hyundai G Hyundai Avante 2005 73,200
UGI3 Zic A Kia Morning 2009 25,070
uGl4 Hyundai G Hyundai Avante (hybrid) 2010 10,266
UG15 Zic A Hyundai Sonata 1999 79,290
uGle Hyundai G Hyundai Avante 2009 34,400
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Fig. 1. TIC and chromatogram with normalization (upper from left), and wavelet coefficient after wavelet fitting and selected
wavelet coefficient after thresholding (bottom, from left) of sample 20[1].
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Fig. 3. TICs of lubricant sample (a) within day and (b) between days.
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Fig. 4. The procedure of Bayesian model with wavelet fitting, that is chromatogram with normalization, wavelet coefficients,
and probability of classification for sample 20[1] (from left).
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npxjEto 7 QE& I H 20[1] A&7 204 A Parameter Condition
class2 &7F2 gEo] 19 77 A2 YeuA Column DB-5 MS (30 mx0.25 mmx0.25 pm)
=}, o]ZA golEdl AGE ARE Qo83 U | Oven Temp. 120 °C (2 min)-10 °C/min-280 °C (30 min)
olx]oF HE mEO ez Heam §o Injection Temp. 350 °C

A} £/ 2P S A &ate] £/ F 240 71 €] Spilt ratio 30:1
AR F 6715 LEFsIATh ol 2&7FE°] 25% Carrier gas flow 1 mL/min, He
2 s =& A2 Bgr}. £3) AA AFE o A ionization energy 70 eV
&obA) B 896 Meke ArjHo s He o) A Mecion Vol Tl

Analysis time 2~40 min.
W AHgdtel e £ ATE AL+ Agom,

21 AFHE Table 59 Ve AT 53] TIC o] E
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Fig. 5. Chromatograms with normalization of sample 1[1] and 45[3] (from left).
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Fig. 6. The wavelet coefficients of sample 1[1] and 45[3] (from left).
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Table 5. The classification result of fresh lubricants by Bayesian model with various data preprocessing techniques

Sample Wavelet fitting PCA TIC data
number Classification Misclassification  Classification Misclassification  Classification  Misclassification
1 2 1 1 2 2 1
2 3 0 3 0 0
3 3 0 3 0 3 0
4 3 0 3 0 3 0
5 3 0 3 0 3 0
6 3 0 3 0 3 0
7 3 0 3 0 3 0
8 3 0 3 0 3 0
9 3 0 3 0 3 0
10 3 0 3 0 3 0
11 3 0 3 0 3 0
12 3 0 3 0 3 0
13 3 0 3 0 3 0
14 3 0 3 0 3 0
15 3 0 3 0 3 0
16 3 0 3 0 3 0
17 3 0 3 0 3 0
18 3 0 3 0 3 0
19 3 0 3 0 3 0
20 3 0 2 1 3 0
21 3 0 3 0 3 0
22 3 0 3 0 3 0
23 3 0 3 0 3 0
24 3 0 3 0 3 0
25 3 0 3 0 3 0
26 3 0 3 0 3 0
27 3 0 3 0 3 0
28 3 0 3 0 3 0
29 3 0 3 0 3 0
30 3 0 3 0 3 0
31 3 0 3 0 3 0
32 3 0 3 0 3 0
33 3 0 3 0 3 0
34 3 0 3 0 3 0
35 3 0 3 0 3 0
36 3 0 3 0 3 0
37 3 0 3 0 3 0
38 3 0 3 0 3 0
39 3 0 3 0 3 0
40 3 0 3 0 3 0
41 0 3 0 3 1 2
42 2 1 2 1 2 1
43 3 0 3 0 3 0
44 3 0 3 0 3 0
45 3 0 3 0 3 0
46 3 0 3 0 3 0
47 3 0 3 0 3 0
48 3 0 3 0 3 0
49 3 0 3 0 3 0
50 2 1 2 1 2 1
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Table 5. Continued
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Sample

Wavelet fitting

PCA

TIC data

number

Classification Misclassification

Classification Misclassification

Classification

Misclassification

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7
73
74
75
76
77
78
79
80

(53]
(e}
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(93]
S
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(53]
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(=]

[> ) E=lelel el e N e e e oo - ol = No R -2 =N - X = Re o el = el R el

Total 234
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Rate of

. j . 2.59
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Fig. 7. Chromatograms with normalization of sample 1[2] and 50[1] (from left).
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Fig. 8. Chromatograms with normalization of sample 41[2] and 42[1] (from left).
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Fig. 9. The scores of principal component of sample 1[2] and 45[1] (from left).
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Fig. 10. Chromatograms with normalization of sample 20[3] and 26[1] (from left).
Fo g fREIHE, ol 277 FAEE] AA & TR AT Aol7t A e deS E T
‘E%OI 99% oS Ao A A A8 54 AACE 2PA FAAR B oE A5V & FEE
2 Uehly] B A0E welth 3ALEHE FHR AL oW BRI A} F
2R Bool ARE B TRIE AT W e A% B9 ¥ S ANk
ate] 1[1] A& dlo]Eje} 45[3] A& dlo]Efol] e ey QEREE AR 200313 26119 F 22
AR HAFE Fig 99 vns] sU=d F A9 Wt EIWE(Fig 10)2 A2 vl fARgHE AubE <l
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Table 6. The samples of misclassification by Bayesian model with wavelet fitting
Sample 112] 41[1] 41[2] 41[3] 42[1] 50[2]
Brand name Base oil Super 2. Super 2. Super 2. Super ' SSANGY-
P-31 Stroke oil Stroke oil Stroke oil Stroke oil ~ ONG MOTOR
Result 50 class 40 class 42 class 42 class 41 class 1 class
misclasificaion ! ! ! ! !
Table 7. The samples of misclassification by Bayesian model with PCA
Sample 112] 1[3] 20[3] 41[1] 41[2] 41(3] 42[1] 50[2]
Brand name Base oil Base oil Daewoo Super 2. Super 2‘ Super 2' Super . SSANGYONG
P-31 P-31 Motor Stroke oil ~ Stroke oil ~ Stroke oil ~ Stroke oil MOTOR
Result 50 Class 50 Class 26 Class 40 Class 42 Class 42 Class 41 Class 1 Class
mI:(c)Elas]zilt;tc};t?(fn 1 0.5037  0.9990 1 0.9266 1 1 1
Table 8. The samples of misclassification by Bayesian model with data itself
Sample 112] 41[1] 41[3] 42[1] 50[2]
Brand name Base oil Super 2' Super 2. Super ' SSANGYONG
P-31 Stroke oil Stroke oil Stroke oil MOTOR
Result 50 Class 40 Class 42 Class 41 Class 1 Class
misclasificaion ! ! ! ! !
AP BE AL WA mYA W FAs & AHl AgAE APE +9) =M DEHP
20[3] &&= 26 classZ LEFEHUT ©] A8 Z+ (diethylhexylphthalate)”t MF-5 AlZF 17.72 A &
712 shie] MEE By FIYUL ANS ARA  FHoIM o F AAN] fAste] HTE A7 17740~
2031904 26[11744 9 ALlE 563142, 2 Rkl 17.8687H4¢) FlolElE AAISk BA A SAc,
23k 20[1], 20[2]?%91 7%EI° 4.6933, 4.793018.t} = Age] FAAEE A 8] BRAA T2 2
2 o 270 A9 228 Holeky A7k ol2M  HE HelE dojna AYYOE ackay P
WG] B SERAE A EE AR A T How vRE AT Er AT T ALY
o 7] wiTolgtal e 4= ek subclass, 2+ class, A5 EFYH class9 B =
3) A AR class® 25 4 71X 2 A3kt
TIC Hlel8] A & ARg-ste] welAeh i R ahte] TIC dlelE= DEHPY| 935 Ale|stal &
o] R 5 070 AR B SAT 2 619706 W} AEASIT, ol & Aol ASE
F(Table 8) 3tJth. & QEFEL 208%E 71F = ol &3t WHoR (EE Q93 £/ EES UE
< AF4E B B0 d¥es dolsdEn ¥ 7] flste] HlolB S REIATIAL AR S JiFE 29
Ak, AR WA 7t =Evhe EA 0l 33 STE TE7] A8IA 1995 M9 02 FI1EFAh A
th 57 A= Table 59 VPRSI AS Faste] HolHE adaor goksr] 98
thresholdingS 2-8-3}¢] 575 7119] dle|&d AFE
32. Al dIXl 2dE9| ERF 2=
22 ol T 2470 AFelM 8679 A e A D)+ A E7
BEE AL 74 A 2 F 3714 AEE TE 7 B28S T A subclass 712 23H =
o] F 258 7)o A BZHE HoHE AUTE ET A TY A 2dS 2 Ao ¥ TPt w T

Vol. 27, No. 1, 2014



56 Nam Yee Kim, Geum Mun Nam, Yuna Kim, Dong-Kye Lee, Seh Youn Park, Kyoungjae Lee and Jacyong Lee

T T T T T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000

Fig. 11. Chromatograms with normalization of sample UD1-A[1] and UD1-E[1] (from left).

Table 9. The classification result of used engine oils by Bayesian model with wavelet fitting technique

Sample Symb.ol of Brand.nam? of Mll:cage ?ﬁer Symbol Classification Misclassification
number vehicle engine oil replacing oil (km)
1 1013 UDI-A 3 0
2 2,200 UDI-B 3 0
3 uDI1 Zic XQ 3,393 UDI-C 3 0
4 4443 UDI-D 3 0
5 5443 UDI-E 3 0
6 100 UD2-A 3 0
7 1,000 UD2-B 3 0
8 , 2,000 UD2-C 3 0
9 ub2 Kixx-RV 3.300 UD2-D 3 0
10 4,500 UD2-E 3 0
1 5,500 UD2-F 3 0
12 300 UD3-A 2 1
13 _ 2,000 UD3-B 3 0
14 UD3 Kio-RV 4,000 UD3-C 3 0
15 5,700 UD3-D 3 0
16 1,500 UD4-A 3 0
17 UD4 Kixx-RV 2,500 UD4-B 3 0
18 5,000 UD4-C 3 0
19 1,500 UD5-A 3 0
20 , 2,500 UD5-B 2 1
21 UD3 Hyundai D 4,000 UD5-C 3 0
2 5,500 UD5-D 3 0
23 _ 600 UD6-A 3 0
2 UD6 Zie XQ 900 UD6-B 3 0
25 uD7 Zic XQ 90 UD7-A 3 0
26 UDs$ Zic XQ 1,000 UDS-A 3 0
27 1,500 UGI-A 1 2
28 . 3,000 UGI-B 3 0
29 UGl Zic A 6,000 UGI-C 3 0
30 7,500 UGI-D 2 1
31 50 UG2-A 2 1
3 1,000 UG2-B 3 0
33 G2 Zic A 2,500 UG2-C 3 0
34 3,000 UG2-D 3 0
35 4200 UG2-E 3 0
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Table 9. Continued

57

Sample Symbpl of Brand rame Mlléage gfter Symbol Classification Misclassification
number vehicle of engine oil replacing oil (km)

36 50 UG3-A 3 0
37 UG3 Zic A 1,000 UG3-B 3 0
38 2,000 UG3-C 3 0
39 1,000 UGHA 3 0
40 UG4 Kixx G1 2,000 UG4-B 0 3
41 3.000 UG4-C 1 2
0 200 UG5-A 3 0
8 1,000 UGS5-B 2 1
44 UGS Kixx G1 3.000 UG5-C 1 2
45 4000 UG5-D 1 2
46 6.000 UGS-E 2 1
47 50 UG6-A 0 3
48 . 1,000 UG6-B 3 0
49 uaGe Kixx Gl 2,500 UG6-C 3 0
50 3.100 UG6-D 2 1
51 600 UGT-A 1 7
52 1,000 UG7-B 2 1
53 uG7 Hyundai G 2,000 UGT-C 3 0
54 4,000 UG7-D 3 0
55 6.300 UGT-E 2 1
56 . 1,000 UGS-A 3 0
57 UG8 Hyundai G 3.000 UGS-B 3 0
58 200 UG9-A 3 0
59 1,000 UG9-B 3 0
60 UG9 Hyundai G 3,000 UGY-C 3 0
61 4500 UG9-D 3 0
62 7,500 UGY-E 3 0
63 1,500 UGI6-A 3 0
64 _ 2,800 UG16-B 3 0
65 UG19 Hyundai G 3.800 UG16-C 3 0
66 6.500 UG16-D 3 0
67 1,000 UGI10-A 2 1
68 . 2300 UG10-B 2 1
69 UGl1o Kixx G1 4200 UG10-C 3 0
70 5.800 UG10-D 3 0
71 1300 UGII-A 3 0
) . 2,000 UG11-B 3 0
73 UGl Zic A 3.100 UG11-C 2 1
74 4500 UG11-D 3 0
75 1,000 UGI12-A 2 1
76 . 2,000 UG12-B 3 0
77 uG12 Hyundai G 4000 UG12-C 3 0
78 47700 UG12-D 3 0
79 _ 1,200 UGI3-A 0 3
80 uGl13 Zic A 3.900 UG13-B 3 0
81 800 UGI14-A 2 1
82 . 2,000 UG14-B 3 0
83 uG14 Hyundai G 3,000 UG14-C 3 0
84 3.800 UG14-D 2 1
85 . 1,300 UGI5-A 2 1
86 UG5 Zic A 2200 UG15-B 3 0

Total 258 35

Rate of misclassification

13.6%
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Fig. 12. Chromatograms with normalization of sample UG1-A[1] and UG13-A[1] (from left).
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