st s Ut A B 55X

Journal of the Korean Society

for Marine Environmental Engineering
Vol. 7, No. 3. pp. 122-130, August 2004

The Study for Identification of Waterborne Spilled Oil
by Fast Gas Chromatography

J. W. Chung, W. S. Lee, J. Y. Yoon and H. G. Kim'

Pollution Analysis Division of Korea National Maritime Police Agency,
105, 1-ga Buksung-dong, Jung-gu, Incheon, 400-707, Korea

o OF
pT e =

e F71EAEC] W73 X AZ o8 A 27stelA gstdoz F4d f718gEdol).
= 95 BARE ZFshe Adeln AR AR, FA, A, A9 2 Byl wep dEE
< 73 ok AR TS ol8$t EAE o) gsle] s-ERS] 29 9S WR)Y) fgh A 2A 7S 2eit)
E AMEEE 717184 71AZ 20 E 18 29(GO), 3R FF = (FL), & A48 3 3=1R)e|H o5 A 7t
Yol AR EE 7Y ZAaErE I Yoltt ZAZRRE IHZE o] 83 FAEI IS 77| w2 Algk
7 gt 2ele W AEANOR QEte] E8Ao] B2 B4mloly aiERS) A9 BS- vl E Alzle]
o} 2oHE Aol qrt. B AfdME o3 &S Heslual A Y BEE JAE g ReE 1=
(fast GCYZ o] g38fo] 7|9 BANZLS 11725 W3l Bel5s Tt A5 s B oisf] dT7sigit.

"
N oX Jo

LE« oL 0_?‘1_.,

Abstract — Crude oil is complex mixture of thousands of different organic compound formed from a variety
of organic materials that are chemically converted under differing geological conditions over long periods of
time. Also oil composition varies according to crude source, refining, processing, handling and storage. The oil
fingerprint method is application of specific knowledge of petrochemicals and use of sophisticated analytical
equipment and techniques to identify the source(s) of oil pollution. KNMPA currently utilizes three primary
analytical techniques: Gas Chromatography (GC), Fluorescence Spectroscopy(FL) and Infrared Spectros-
copy(IR). Of all these techniques, GC technique are most widely used. Gas Chromatography is used as a pri-
mary analytical method because high reliableness, high separating efficiency and repeatability, but it is time-
consumable. The study results of identification of waterborne spilled oil by Fast Gas Chromatograph method
showed that analytical time is cut down to 30minutes in comparison with packed column method and chro-
matograms represent high resolution and high repeatability.
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Table 1. Quantity of coastal transported goods, export and import.

78 a7 123

(unit : million tonnage)

Types/Year 1970 1980 1990 1996 1997 1998 1999 2000 2001
Total 33 113 284 582 632 590 656 704 744
Export and import 22 94 220 441 485 475 532 570 608
Coast 11 19 64 141 147 115 124 134 136

Table 2. Numbers and amounts of oil lost in terms of spill size during 1993-2002.

Year Total <IKL 1100kL 1001,000kL >1,000kL
Number of 4,007 3,649 328 22 8
Total spills 100% 91.1% 8.2% 0.5% 0.2%
o Quantity 39,951.5 4272 32134 6,974.8 29,336.1
spilt(kL) 100% 1.1% 8.0% 17.5% 73.4%
1993 371 325 38 5 3
1994 365 313 52 . -
1995 299 257 34 4 4
1996 337 296 37 4 -
1997 379 339 35 4 1
1998 470 431 37 2 1
1999 463 440 23 - -
2000 483 457 25 1 -
2001 455 428 26 1 -
2002 385 363 21 1 -
A HHEY AR IS FHFEARL RINEHA 2 F - SSE S H 2 AE88 A (IR: Infrared Spectroscopy)
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Table 3. Operating conditions for Chromatographic Column of Korea NMPA"

A-method(packed Column)

B-method(capiliary Column)

Detector FID
Column Stainless Steel, 3 mmx2 m
Phase

Carrier gas, flow N2(99.9% more) 50 mL/min
air : 0.5 kg/cm?®

hydrogen : 0.6 kg/cm®

Temp. program 80(2 min)~300°C(35 min)

2% OV-1, 60/80 mesh chromosorb W (AW-DMCS)

FID

Fused Capillary, 30 mx0.25 mmx0.25
100% dimethylsiloxane or equivalent
N2(99.9% more)

split ratio 1:80

column flow 1.2 mL/min

air : 400 mL/min

hydrogen : 47 mL/min

50(2 min)~320°C(24 min)

Temperature rate 9.5°C/min 5.0°C/min

Detector Temperature 320°C 320°C

Injector Temperature 320°C 300°C

Stop time 30 min 70 min

Run time 60 min 80 min

£ o] g3t} BAlEks v B doA =g "IQI"%TI"F Z3}  Arabian Medium crude oil(3°%d)S ARSI AA H-EAME &
B3lras fol EF BESHsTA, A2 e £ ok] 8 AdRER AR 139 AR oS e Y
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Fig. 1. Representative Iranian Heavy crude oil Chromatograms: (a) packed stainless steel column, (b) capillary column.
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EA L (VB-1, 100% dimethylsiloxane, 30 mx0.25 mmx0.25 um)
¥242- Shimadzu GC-2010¢] GC-FIDE AR&3131 11 o547 14
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52 0.2 ul, AEV] 5 320°C 019101 BAAIZHS 70 min®.
2 3I3irh

JPAE ATy 24E VB-1ZH(100% dimethylsiloxane,

15 mx0.1 mmx0.1 ymy2 ARE8H] ¥4x71-2 450t

3.3 IfAE GCo| Med

okl A sk f5 @A e Muke] E449l o)5/d Wi
of PARFTo] o WAE TR A&S AEAE Fe
2 k= SRER 22 - B4 A dAE B4E U e
g 7iolet & 4 itk Ao HAE BA7EE TEE
T VA ZErE 2] 21 ofde} 2t

* GC oven 2&98 #5& - 347} 7%

o 1%+8] $HE7|A) (Carrier gas) A)F
o 15 8] 7HE7](Detector)

o 152 data H2)5Y

o Narrow bore column (20 m~10 m* 0.1 mm)2] AF&7+52) %
A& ook st

AE-HQl 2Ho 7 AL E= 24| A (carrier gas)oll QAT
HFeEEe S vE 471 ot A7datel gJsi R
B AR & S 7IA F 8 Hee] AAE A7 E 7™
3= dl 7P FAe ZAog HuEy glovt B AfoaE V]
o) AR vlwsh] s AN IAE ARSIt

HA HAET & B 7IAAZvE T 2] FRE A
VIRZ FREC HAE BATE dgo2 s dEgwAv)e)
HE o2 AREE Z|AFErtE T Ze) A5g TAIA At

[e =1
Y3} AE $HS HYHOE B 5 Qe B2 2R 5

e
U

-

30
N rl

0~
5E

A HERAY A BHEA) W Hx 3097 A

Table 4. Main specification of gas chromatograph.
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HPAE BAHZR (VB-1, 100% dimethylsiloxane, 15 mx0.1 mmx
0.1 pm) Shimadzu GC-20102] GC-FIDE ARE-8}31 1 01547
A= 242(99.999%), 42 1.2 mL/min, makeupZ 30 mL/min©]
o B @EEE FXZH] 27|29 HU3A 80°C(1 min)el
A Algkslglom £ 15°C 523107 310°C(10 miny/FA] “35A1%ict.

I 255 300°C, split ratio 1:80019, Flow pressure 680 kPa,

T

Total flows= 101 mL/min© 2 SRITFUHE 02, HE7) 228
320°Co1 oW FEAAIREE 20 min® 2 A 3300t
Table 5. Operating conditions for fast chromatograph
Column VB-1(15 m*0.1 mm*0.1)
Injection

Mode split(1:80)

Temperature 300°C

Carrier Gas Nitrogen(99.999%)

Column Flow 1.2 ml/min

Tem. Program 80°C(1 min)—310°C(10 min)
Program rate 15°C/min

Detection

Temperature 320°C

Makeup Flow N, 30 mL/min

H2 Flow 47 mL/min

Air Flow 400 mL/min

Stop Time 20 min

Total Time 30 min

GC-17A(Shimadzu)

GC-2010(Shimadzu)

High speed analysis enabled
Column oven
Range of temperature increase 7°C/min up to 450°C 35°C/min up to 450°C
Cooling speed 300°C—50°C in 6 min 450°C—50°C in 6 min
Injection port
Temperature range Up to 450°C(1°C step) Up to 450°C(0.1°C step)
Detector
Temperature range Up to 450°C(1°C step) Up to 450°C(0.1°C step)
Minimum range 5 pgCls 3pgCls
Carrier gas flow control unit
Split/splitless Range 0 to 400 kpa 0to 970 kpa
Flow rate Range 0 to 400 kpa 010 970 kpa




Fig. 2. Chromatograms of Dubai crude
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Fig. 3. Chromatograras of Dubai crude
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Fig. 4. Chromatograms of MF-180 with GC-FID.
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Fig. 5. Chromatograms of Shengli crude oil with GC-FID.

Dpristane: CigHyp 2,6,10,14-Tetramethylpentadecane
3 ‘phytane: CyoHa, 2,6,10,14-Tetramethylhexadecane
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Table 6. Pri/Phy height ratio of samples.
No. Types of oil Pristan/phytane Pristan/nC,; Phytane/nC,g Pristane/nCjo Phytane/nCy
1 Diesel Oil 1.02 0.53 0.62 0.71 0.84
2 MF80 0.93 047 0.57 0.54 0.61
3 MF180 0.83 0.51 0.60 0.45 0.51
4 Aarbian Light 0.71 0.31 0.50 0.39 0.59
5 Kuwait 0.73 0.33 0.51 0.41 0.62
6 Dubai 0.78 0.53 0.74 0.57 0.78
7 Iranian Heavy 0.93 0.63 0.75 0.71 0.82
8 Oman 0.89 0.46 0.61 0.57 0.75
9 Dagqing 1.24 0.26 0.21 0.24 0.19
10 Shengli 0.57 0.67 1.31 0.71 1.29
* spill oil # 01 0.78 0.50 0.72 0.58 0.79
** spill oil # 02 0.78 0.47 0.70 0.57 0.78
o] HAE FAHLE & Azt et Rl 71519 A
HAQD HREAE FAlol vebd = Qlrks A HoE
Fig. 5= =4} ShenglLi crude oil®] A2 Z2rHE 73S VeRiSIT), Cis
718%¢ thE4Q Biomarker?] pristane?(nCio isoprenoid)™} Ci7
phytane®(nCy isoprenoidys ©]-4-3te] B4 AME X807 ¥ Ci1s
@ 5 vk AAAR] AL FAEL o] FAAFATE A
HE ARAE 7 & AT 22 4 (oil wel)?] AHRI 739 Ci1e coo
pri/nCi3 phy/nCs2) =019 vl YA 2k FRIsh nlad) ’
49 7180] AR B o] k2 AY fAkSA vehd
Table 6& A7l AFEH AlE 108l thall 2 Biomarker & & g
e vehliglet. of £ 1F0R Bof gl ERER 212 || £
#01, #0022 ZAslo] A= 1089 FA2RY] g3 vlwsiit =]
F443} No. 69 Dubai crude oil?} 22 ke Yelbd A &
& Qlth. 749 ad-3-E A= Dubai crude oil& A|BZ ARt}
Table 604 & & Ql5%0] 7]&2] AEW AR prinC2} phy/
nC,0) ol % pristane®} phytane®] nCis nCyp® isoprenoid {17 ‘w‘w}(‘ i j\A} | .,,*ﬂ)li,% LY

% 7Q810] primCis®h phyinCr®] OIS 2hE S 22} o]
ol9] HIE o ¥ JUWAE M 2S¢ 5 YA

Fig. 62 Iranian Heavy crude oil®l A& X+ nCie~nCan

Fig. 6. Biomarkers in oil.
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Table 7. pri/phy height ratio of Arabian Medium crude oil.

A -2 Ty @ 129

Sample Pristan/phytane Pristan/nC,; Phytane/nCis Pristane/nCiy Phytane/nCzo
(a) 0.68 0.26 0.46 0.35 0.56
(b) 0.70 0.26 0.44 0.34 0.55
(c) 0.69 0.28 0.46 0.35 0.56
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Fig. 8. Gas Chromatograms of marine spilled oil and suspect sources in Apr. 2003.
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Fig. 74~ Arabian Medium crude oil®] AAIWS}TdE HAE
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Table 8. pri/phy height ratio of Arabian Medium crude oils.

CE T

4.5 AN @YAID =2 Al

PAE FA Y AgTbedE Hksh] A8 HE wg
Bt AAlare] Hgslo] EAANE Hrlsle] B Fig. 8&
2003 49 AxFolA LAAg B e GAtare] B4 Aujelt) &
Hull £ £-270) 7w vessel #1(b), (c), ()T vessel #2(e),
(D2 ARE AH3N] 45t AT} vessel #101]/\19] Al27t A
FER @ S2F0), (OE BT =3 FAEAE EUE2
A Aarst A7) Aol gRE AAERE BHWES A&

Sample Name Pristane/phytane Pristan/nC; Phytane/nC,q Pristane/nC,o Phytane/nCy Report
spill sample 1.06 0.49 0.52 0.60 0.66
vessel #1-1 1.06 0.47 0.52 0.60 0.65 Match
vessel #1-2 1.02 0.60 0.67 0.74 0.69 NonMatch
vessel #1-5 1.04 0.52 0.56 0.62 0.68 Match
vessel #2-1 0.90 0.38 0.50 0.50 0.64 NonMatch
vessel #2-4 0.71 0.30 0.49 0.38 0.51 NonMatch
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