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Study for Oil Spill Source Identification by Comprehensive
Two Dimensional Gas Chromatography
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2 o2& 98(crude oil) ¢ AEH (petroleum product) = A Z PEEE dIF2E4E 7ML Uk AF] ZE¢
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7] BolA zolFe] BT =, AAANIY FUs BAHRE Aute] gl dolde AFHo EF S A
FEHE EFL HAA 99 02§ B44L o} 4% 1M A E714 (oil fingerprint method) it ¥t

E dFqME 38 N2 FAEVHoR 88 sMsAel dFEx 9= 2344 7tA23 2rtE 2832 (Comprehensive Two
Dimensional Gas Chromatography)& ©]&3te 7]|&2 7AAz2eERI(GO) % . 7/AAZvtEIHE  FAFEAN7
(GC/MS) she] A vl 5& 58 AL 24789 AEAe dsiy =snz o).
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ABSTRACT : A distinctive difference of hydrocarbon in crude oil and petroleum products exists. Depending on the
origin where it comes from, crude oil shows its own unique pattern which is different from petroleum products
containing characteristics according to their operating process and production period. A process of mixing
behavior In a tank containing residual amounts of oil draws its own pattern when analysis is conducted. The
analytical process described above is named oil fingerprint method. This study investigates an effectiveness of the
method for comparing data sets produced by conventional gas chromatography with mass spectrometer (GC/MS)
and comprehensive two—dimensional gas chromatography (GC X GC) which is known as powerful new technology

for chemical analysis.
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[Table 1] H2 533 AYe A n A5 L #5F
ER- A 1kgo| 2t 1~ 10ke 10 ~ 30kt 30~ 100kt 100kL0| 4}
i 1,835 1,696 88 29 17 5
* - 92.4% 4.8% 1.6% 0.9% 0.3%
& e 4,407.7 124.7 260.2 456.9 850.8 2,715.1
(ke) - 2.8% 5.9% 10.4% 19.3% 61.6%
2001 455 428 22 1 3 1
2002 385 363 15 4 2 1
2003 297 263 23 3 6 2
2004 343 315 16 9 2 1
2005 355 327 12 12 4 -

Ao F83 EAHe R ZEAa 2ot I E(GC: Gas
Chromatograph), A3 F=A(R:Infrared Spectroscopy),
R34 A (FL:Fluorescence  Spectroscopy) & ©]-8-3F ¥4
So] glo GC/MSE o83 A E neAoz ALy
A 7ol ol d VHES FAEY YRS
AgRRoe s ANA®|E P Ao
F AERHeR AMgEa e ARvEIYY Jled &
PsigEe HEE g% AR Aasee
Jek L= AASI= 2307 AMRETh 2471719 2
tEo w23y vt EAHRo] sEn gled
53], Ao theFst @840 ZdEH e Ao olAd
7p2AZE P E(GCXGC) 71¥ ol

£ dAfoldE HZ A2 AAE7IHLR 88 71l
HEFEHT Y= 239 7123 2 orE 1 X (Comprehensive
Two Dimensional Gas Chromatography, GCXGC) & 9]
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el
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Ao AEE 7EAEE 159 Y8 (crude oiD Y 2
F9 A EH(product oiDE AHEsId GC, GC/MS,
GCXGCE o]&38t) 438ttt [Table 2]& Al At

49 /3 HEMISIH
[Table. 2.] 4A/FF
A T 2 T % AZAY ¥ 3
1 4 o) &l - BN g
2 AER 34 & SK HIE
3 AEF MF100 SK RUess

2.2 JIA3Z2ntEd) X (Fast GC—FID)

AAFAZoETHREE GC 2010(Shimadzu, Japan) &
AHgagl T A A2 vtE 1 Z R (gas chromatography)
& 71859 TeslriARE EEol&3HZE7](flame
ionization detector)7} ¥-#@ 7|AAZ0IEIHZ (gas
chromatograph) 8 ¥2-243 Ao R & vaxd
o &t #F9 Ay FAQNRE BAE DYook

ol W HAYHMEFIZE=AIR Y FFEFFEA(FL)
2 BAsE PRt Agdol £3 %ol Hojud
S ARAHOE FEHF B4 FAERYPLE AIEHI 3
o} B35 asRES v5H et F @l BH
BZo| 23427 (FID)E FAH 7I1FA 77 1179
chromatogram? Uepdch GCEAWUHLS HAAE 7123
Zule a2 g o] 83t 433t} [Table 3]2 GC
ENZAE Yo

2.3 A3 Z0lEdE AFEHMII(GC/MS)

NxazotE Y E AFEA 7= GC 20107 QP2010
& ZA%3% A~¥(Shimadzu, Japan) & AH&-3F31th

GC/MSE ol &% /& H ZE4YYLS GC-FID
oA A3ty TaE A T BEHQA WHoF AE
&= "9holth, GCO AAFQL ARENFH 28 NEFHA
Epllo]- 29 AR o] 7teste] AAAsE FE49 F
ol§ A REHoT AEHE Yol

o] A2 267012 thEAQI EbAlo] & (target ion) &
AR Aol 27U E H (selected ion monitoring) ¥4
L Agsted BAEQY Fo ¥4 didEAL A AW
Z (aliphatic) # &% (aromatic) A|14 2 T2 5 gloH
A B3 alkane(m/z 85, 113, 183), PAHs(C2N ~ C4N,
P/A~ C3PA etc), Z(sulfur)E X% PAHs(D™C3D),
183 biomarker2 ¥#4d m/z 191, 217, 218%5°]th
B35t 79 Fluorenes(COF ~C3F) %+ Chrysenes(COC~
C30)52 =Y 4 Yt GC/MS EA4L 18 F1, F2 &
g WUEZ 84 %I n-Hexanel® %% whole oil
< A3l

[Table. 4.]& GC/MSS} #4202 uehhich
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2.4 2D GC(GCXGC) 723 Rl =

2D GC(GCxXGC)+¥ LECOA} Thermal ModulatorE #
2% Agilent 6890 GCE AH&-8tgith
[Table. 3.] GC Experimental Conditions

10mx0.18mm IDX0.18m film, 100% dimethyl polysiloxane(VB-1)

Columns
80°C(1min hold) ~300C @ 15C/min
Injection Split 300T
Detection FID 320C
Flow N2 at a constant flow of 1.2ml/min

[Table. 4.1 GC/MS Experimental Conditions

Columns

30mx0.25mm IDX0.25/m film, 5% diphenyl 95% dimethyl polysiloxane(DB-5ms)

80°C(0.5min hold) “300C @ 6C/min

Injection Splitless 300C
200C

Selected lon Monitoring

lon Source temperature
Mode

Flow

He at a constant flow of 1.2ml/min

[Table. 5.] GCXGC Experimental Conditions

Columns 1st column 10mx0.18mm IDX0.18m film Rtx-5
Main oven 40°C(0.2min hold) ~ 320°C(1min hold) @ 15C/min
2nd column 1mX0.1mm IDX0.1m film Rtx-1701
2nd oven 40°C offset from main oven
Injection Split 250T
Detection FID 250C
Flow He at a constant flow of 1.5mi/min
Modulator temperature 30T offset from main oven
frequency 5s with a 1s hot pulse time
AZeEgHNE B3 FFEe] 2 E A% IR comprehensive ¥82t= MNES ZE AE7 #971%
Mow /MASTES AN B2 APt B AHg o =EHE AHoE F9d F Utk Giddings[15] ] <3}
20 715 2 239 d¥EL gyer 2 o RE | Rt 9F9 TEAEE 2 HA FEAA
AFES RAFARAANA Bt AL oee A9t oAdRs ¥ ZE AR ZE A9 272
o} ok 2 WA ol Eite }FES sy da xEFHa dold BYAdE ojdd A ¥
ot el 7o) AEEA H}u FRE RA3 HE 2oz AYsta Yok
[Fig. 1.] GCXGC System [16] [Fig. 2.] 2D GC dloje] AA¥=] [.16]
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[Fig. 3.] GCE o|&3 7ZAAH3Y Iranian heavy crude oil9] A Z2vlET¥Y
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GCXGC A2"2 ¢4 Auste ZYo] Yojof 3in,
Qe H o] A (interface) b EE#H ) E (modulator) S F3)
o] ¥ "AHo] AZAH 1st AH (first column) A Y=
IFES BEHIAY REotH F71HOE 2nd HHY
(second column) 22 {3k ), GCXGC AlAH o
2 F9¥ ANEx= dutA Ak GCS w2 1A
dxrdHNAN FZrETHSFHI FErt dojdh. ¥
H FES uE FE7Z2 AR g AN
U 382 REdoHE St (Fig. 11L& 7123
?l GCXGC Al2¥9 M= Yepdsich

o] REHIHE STES 4AT AUNFA BotA HF2
A2WEDNY EX PYR OXAYLR FYIHA Bk

I3 YA daEEeA = GE RS ZokA o)A
Agez 1Y FuE AE. o] VF ojFA-H AN
£ old FE9 Eert 2A4%A Bt olaEH e o
AAPNA 2P EARFFE SHFHo7 EEYr) o)
FojAt HFFHoE oAEPE T3 JPEES AE
Tl £2dA gAY A2ulETWE AAEA Pt

[Fig. 21 GCXGC dHlol¥ 34L& E Yehldth

3. dx ¢ o3

HFRHET ZA7IHY FAEHOE AHEHI Ye W
AER2UMY (fast column analysis) S A4 3 24
FAEHY F A B3PS B& AoZ FRAY uls)
EHAE 1/2 @53 SHAE AT ZH] Y&y

40,0 4is 450

£ Jt5A st AlRE 247)geld)

234 (capillary  column)9lX  #2]=+  Pristane
(C19H402,6,10,14—Tetramethylpentadecane) 3
Phytane (C20H42 2,6,10, 14—Tetramethylhexadecane)<
n—Heptadecane(C17), n—Octadecane(C18) # &7 Yeqh}
= AZEHA(couple peak)°ld 71EYE YeFE b0l
u}# (biomarker) & 4Zo|t},

Pristane® Phytane& 7}A 2 Pri/phy9 Hl &} C17349)
o)) (C17/pr) &} C18#9 %o]H](C18/phy) & ©] &3}
723 o] o9 {834 At

HAFE R FHARE W37 HHAME B4
GC-FIDS| AZrtEId #AYY KAV BH3tojor &
o dutrlo g ¥z FAHY HES a) Hze HEE
peak? &4, b) H¥F AEE peak?d BAF, o) A
peak %018 Vel ©4AF d) peakd AARE ojF 1 3l
= A9 3E, e) peakd vIRAE o}F 3 U= M 5F,
f) pristane, phytane®} C17, Cl18% o}y, g
UCM (unresolved complex mixture)2] EX & BEX35}
o FA-FAHIY wdS JE 5 U

{Fig. 31= GCE& o]&% AAWMEE Iranian heavy
crude oil9) AZVEITHE eI

ZA2azutE aH=E AFEA71(GC/MS) Y E4ge
AFo] A BAog B § k. AFEYIE A
2712 ol&3A Hd A=riEaH ] Fj9 AFAH
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[Fig. 4]& ol&an¥i &4 m/z 85, 113, 1839 #H& L
YERITh GC/MSE ©l 83 242 71859 @i edS
Berad 9 FFEY Hhuae] He F-43 Yol
o
27H) GCXGCAI A" 71€9 @49 GCY #HFAE
FE37) st H2o] MY AIAREIHE AL
HogA MEZ & F A(phase)d YA Ee&7t o) F
A= FA ] Ut

[Fig. 5.] GCXGCE ©]&3 contour plot
chromatogram

(a) o] @38 S(ranian heavy crude oil)

(¢) MF100(marine fuel oil)
AR g8 FAY 249, & Ist 492 GCY HleE s
AFEElH 2nd HY2 HYAQ 2rxAo] sgdt R

E (mini oven) & 7FX 3L 3o}

o] = AR A4A4F+= ZE#HIH (modulator) 7} A&
Hol glo] 1stAHolA 8 dES I 2&(trap) 3
A7t A 2nd BE LR E¥ (elution) AFA 1st AHo
A 2asA 23 AEL 2nd A4 g 2EEsE 4
gojr},

ZEHolH = hot jet 270, cold jet 270 F 4709 jetE
TAE 1st AYA FE8 A&l 2nd AHLE EY
7] AA cold jetold AAAXLE o] & WAEAow
24e BN T hot jetolME neo] 4TINS
o] 43te} 2nd BHoZE EAY =M.

#2865 AW (aliphatic) & #%FZF (aromatic) J &2
2 FE 2 5 ded 1st AP E AYSEY FE
Qojum 2nd AHANNE BFEHE] 22 Bt Ao

= 3e ¢ vk

[Fig. 51 A&&Fo] thg 239 GC2 contour plot
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[Fig. 317 [Fig. 41149 GC9} GC/MS}e] A#g} 2t

[Fig. 612 oj&dn]H9 2DAEvEIAE Surface
plot?] FEE Jerftt.

[Fig. 6.] 2D GC® Surface plot(o]&a]n]%)
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[Fig. 7.] 2D GCE& ©}&& ojd3nl {2 2P
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[Fig. 8.] 2D GCE °]&% ol@3ul® nCl16 " nCl9B

[Fig.9.12D GCE o] & & ol&3|u]H nC16 "nC19%8 ¥

4. 2 E
oz @A GCoAME FAHIEY A% £t of
g8tk Aotk 2D GC(GCXGO) A E Mz b& F

7}2] “d(phase) 8] AHEE <& e £4E T3] W&o
1xpol A BelEX £33 3 E 2D &= 3DE #AE £
%e] FAANE dEte & Y EHNoze A=
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HE FdEdg £
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b= - 28y - detn

TOFMS (time of flight mass spectrometer) $28] A%
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