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Soil and groundwater contamination by petroleum products released from 

underground or aboveground storage tanks is a serious and widespread environmental 

problem.  Diesel and aviation fuels are among the most frequently spilled petroleum 

products and are the focus of this study.  The objective of this project is to develop 

proper chemical analysis methodologies which are feasible to characterize and identify 

fuel-contaminated sites from environmental forensics prospect.  In detail, the following 

tasks will be conducted: (1) to obtain generic features and chemical composition of 

diesel fuels, (2) to establish tiered analytical approach, (3) to develop the fingerprinting 

and data interpretation techniques including fuel spill identification protocol, (4) to 

evaluate effects of weathering on hydrocarbon fingerprinting, recognition of distribution 

patterns of petroleum hydrocarbons, fuel type screening and differentiation, and (5) to 

establish source-specific marker compounds, determination of diagnostic ratios of 

specific fuel constituents, application of various statistical and numerical analysis tools, 

and application of other analytical techniques.   

By use of a two-phase liquid-liquid equilibrium model, fuel-water partition 

coefficients (Kfw) of major components were measured for civil and military aviation 

fuels (i.e., Jet A-1 and JP-8).  Target compounds and physical and chemical properties 

of aviation fuels were determined.  Partition behavior of target contaminants in aviation 

fuel was compared with other petroleum products such as gasoline and diesel.  Raoult’s 

law convention was employed to establish ideal relationship of fuel samples.  The ideal-

behavior model was as following: logKfw = -logS+0.689 (Jet A-1) and logKfw = 

-logS+0.724 (JP-8).  The models derived using Raoult’s law convention for activity 

coefficients and liquid solubility is presented.   

Soils contaminated by diesel fuel produced in 2000, 2002, 2003, and 2005 were 

used for our weathering study.  For weathering studies, change of chemical constituent 

and biodegradation effect of aging diesel contaminated soils are important factors to be 

considered, especially when there is a prolonged period of weathering processes.  The 

slightly degraded oil is usually indicated by partial depletion of n-alkanes; a moderately 

degraded one is often indicated by heavy loss of n-alkanes and partial loss of lighter 

polynuclear aromatic hydrocarbons (PAHs); for highly degraded oil, the n-alkanes and 



branched alkanes could be completely lost, and PAHs and their alkyl homologues could 

be highly degraded.  The compositional analyses of four aging contaminated soil 

samples include the following: (1) total petroleum hydrocarbons, (2) distribution of n-

alkanes and some selected isoprenoids (pristine and phytane), (3) PAH, and (4) 

biomarker compounds (bicyclic Sesquiterpanes).  Chemical analysis of biomarkers 

(isoprenoids and bicyclic sesquiterpanes) will assist environmental forensic 

investigations in terms of determining the source of spilled diesel fuel.  Pristane and 

phytane can be treated as characteristic compounds of fuel product, as these chemicals 

are minimally impacted by biodegradation.  The ratio of C17 and pristane or the ratio of 

C18 and phytane can be applied to evaluate how long fuel product was in soil.   

After the long term weathering processes of 8 and 10 years, compounds with 

molecular weight smaller than C9 alkanes were disappeared in soils contaminated by 

diesel fuel in 2003 and 2005, respectively.  Also it was found that fuel constituents with 

molecular weight smaller than C10 alkanes were disappeared in aging contaminated soil 

of 2002.  For soil sample through 13 years of weathering processes, compounds with 

molecular weight smaller than C11 alkanes were degraded, furthermore, after the long 

term weathering processes of 365 days, compounds with molecular weight smaller than 

C12 alkanes were disappeared in soils contaminated by diesel fuel in CPC and FOR.   

Isoprenoids, bicyclic sesquiterpanes and alkylated PAHs are less susceptible to the 

effects of biological indicators of biodegradation.  The ratios of characteristic factors 

such as Pr/Ph, C15 sesquiterpane/8β(H)-drimane (BS3/BS5), C15 sesquiterpane/8β(H)-

drimane (BS4/BS5), C15 sesquiterpane/C15 sesquiterpane (BS4/BS6), C15 

sesquiterpane/8β(H)-homodrimane (BS3/BS10) and 8β(H)-drimane/8β(H)-

homodrimane (BS5/BS10), methylphenanthrene Indices(MPI), methylnaphthalene 

ratio(MNR), methylphenanthrene ratio(MPR) can be utilized as forensic indicators in 

diesel contaminated sites.  The results demonstrated that characteristic ratio of diesel 

fuel in 2005 with soils contaminated by diesel fuel in 2005 were similar.  Apparently 

results of characteristic ratio match the information sources. 

Finally, source identification was attemped for samples collected from different 

fuel contaminated sites by using the unique pattern of sesquiterpanes.  Furthermore, we 

demonstrated that diagnostic ratios of sesquiterpanes are largely unaffected by 

evaporatiopn.  It is anticipated that the information generated from this study will be 



adopted by decision makers to evaluate the liability of cleanup in diesel contaminated 

sites in Taiwan.  The database, forensic criterion, and parameters established in this 

study should be coupled with other information such as hydrogeological condition, 

environmental condition of contaminated sites for better results of environmental 

forensics.   
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1.1  
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1-1. (

) 

 

1

45 ( 1-2) 

46  

 

 

1-2

88.1%(260 /295 ) 71.7%(165 /230 ) 50.9%(216 /424 ) 42%(207

/493 ) 35.3%(137 /400 )

  
  

 

(A) (B) (C)=(B)/(A) 

2001  191 10 5.24 

2002-2003  400 19 4.75 

2004-2005  400 13 3.25 

2006-2007  400 18 4.50 

2008-2009  382 9 2.36 

2009-2010  1  0 0.00 

2010-2011  376 20 5.32 

2011-2012  272 20 7.35 

 2422 109 4.50 
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(%) 
 

 

(%) 

  

(%) 

(A) (B) (B)/(A) (C) (C)/ (B) 
(E) =(B)- 

(C) 
(E)/(B) 

2006-2007  295 260 88.1 260 100 0 0 

2008  230 165 71.7 163 98.7 2 1.3 

2009  424 216 50.9 216 100 0 0 

2010-2011  493 207 42 207 100 0 0 

 1,442 848 58.8 846 99.8 2 0.2 

2011-2012  400 137 35.5 - - - - 
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1.1.2  

95% 98% C1 C60

 (hydrocarbon)
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(1) (total petroleum hydrocarbon, 
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E3 B2

 

 

2.1  

(GC/FID) (GC/MS) 2002

Improved and Standard methodology for oil spill fingerprinting (Daling et al., 2002)

 ( 2-1)

 

 

2.1.1  

 (tiered analytical approach)

(Wang et al., 

2003): 
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2-1. (Daling et al., 2002) 
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1 :  

2 :  (n-alkanes)

 (Total petroleum hydrocarbon, TPH)  

3 :  (polynuclear aromatic hydrocarbons, PAHs)

 ( )  

4 : (marker)

 

5 :  

 

 

2.1.2  

 (Jordan 

and Payne, 1980)  

(1) : ( )

(light crudes)

70% 40%

5-10%  (Fingas, 1995)  

(2) :

PAHs  

(3) 

 (Leahy and Colwell, 1990; Prince, 

1993)

pH
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(4) n-alkanes > 

branched alkanes > low-molecular-weight aromatics > high-molecular-weight 

aromatics and cyclic alkanes  

(5) 

 (Garrett et al., 1998)

(oil-mineral aggregates, OMA

clay-oil flocs clay-oil aggregates) (oil 

residues) natural cleansing  (Bragg and Owens, 

1994) OMA OMA

 

 

2.1.3  

(

)

 

(Page et al., 

1995; Wang et al., 1999a): 

(1) n-alkanes n-

C17/pristane  n-C18/phytane

alkane isoprenoid

n-alkanes isoprenoids

 

(2) aromatic compounds BTEX C3-benzenes

20-25% BTEX C3-benzenes

 

(3) Naphthalenes alkylated PAH series  

(4) PAH C0 <C1 <C2 <C3 PAH
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(5) PAH chrysenes naphthalenes

phenanthrenes dibenzothiophenes fluorenes  

(6) biomarker compounds terpanes steranes

 

 

2.1.4  

25 Nipisi (Wang et al., 

1998)

n-alkanes isoprenoids

BTEX alkylbenzene compounds n-alkane

 

Christensen and Larsen (1993) 12

( ) n-C17/pristane

Kaplan et al. (1995) Christensen Larsen

Stout et al. (2002)  Philp (2002)
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PAH profile C0 <C1 <C2 

<C3 PAH  

naphthalenes  phenanthrenes 

(Radke et al., 1982 Radke, 1987)

: 

Methylphenanthrene Indices(MPI) 

      (1) 

      (2) 

Methylnaphthalene ratio(MNR) 

        (3) 

Methylphenanthrene ratio(MPR) 

        (4) 

Dimethylphenanthrene ratio(DPR) 

       (5) 

 

(2) PAH  

alkylated PAH homologues C2D/C2P

C3D/C3P C3D/C3P(C3-

dibenzothiophenes/C3-phenanthrenes) C3D/C3C (C3-dibenzothiophenes/C3-

chrysenes) source ratios( source ratios )

weathering ratios( )

PAH triaromatic 

steranes methylchrysenes

 

 

  

MPI 1
1.5(2-MP+3-MP)

P+1-MP+9-MP

MPI 2
3(2-MP)

P+1-MP+9-MP

MNR
2-MN

1-MN

MPR
2-MP

1-MP

DPR
DMP3+DMP4

DMP5+DMP6
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2.1.6  

 (biomarkers)

 

 

 

 

(Peters and Moldowan, 1993)

terpanes (m/z 191) methylhopanes (m/z 205) steranes 

(m/z 217/218) methylsteranes (m/z 217/231)  diasteranes (m/z 217/259)

C20-C24 terpanes

Bieger  (1996)

 (terpanes)  

 

 

C19-C35 (terpanes) C20-C30  (steranes)

unique markers

18α(H)-oleanane 17α(H)

18α(H) 21β(H)-28 30-bisnorhopane  

 (Diterpenols)  
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(Diagenesis)

(Resin)

 

 (Regular Steranes)  (Rearranged Steranes, 

Diasteranes)

C27-C30 C27 C29

C27/C29 C30 

 

(adamantanes) (diamantanes)

 

 

 

biomarker  

(1) Tm/Ts:17α(H) 21β(H)-22,29 30-trisnorhopane/18α(H) 21β(H)-22,29,30-

trisnorhopane 

(2) Triplet ratio: [C26-tricyclic terpane (S)+C26-tricyclic terpane (R)]/C24-tetracyclic 

terpane 

(3) C23/C24: C23-tricyclic terpane/C24-tricyclic terpane 

(4) C29/C30: 17α(H) 21β(H)-norhopane/17α(H) 21β(H)-hopane 

(5) C23/C30 and C24/C30:   

(6) C31S/(S+R) C32S/(S+R) C33S/(S+R): alkylhopane epimer ratios

 

(7) BTO: 17α(H) 18α(H) 21β(H)-28 30-bisnorhopane (B) 17α(H) 18α(H)  
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21β(H)-25,28,30-trisnorhopane (T) and oleanane (O) steranes 

C27αββ/C29αββ C28 αbb=(αββ + ααα) C29 αββ/(αββ+ααα) 

 

 

hopane sterane

 (Williams et al., 1986; Seifert et al., 1984)

Metula oil

diasterane>C27steranes>tricyclic terpanes >pentacyclic terpanes >norhopanes C29αββ-

steranes (Wang et al., 2001)  

 terpanes  steranes 

 

 

2.1.7  

1996

(Stout et al., 2002) Wang et al. (2002)

GC/FID

2,6-bis(1,1-dimethylethyl)-phenol butylated hydroxytoluene

2,6-di-tert-butyl-4-methylphenol N-phenyl-1-naphthalenamine  

PAH  
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2.1.8 petroporphyrin  

HPLC petroporphyrins

porphyrin  (Xu and Lesage, 1992)

petroporphyrin

petroporphyrins

petroporphyrins (Xu et al., 1994)  

unresolved complex mixtures, UCM

''hump'' GC

UCM

GC UCM lactones

“ ” (Gough and Rowland, 1990, 1991)

 UCM (Howells et al., 1986)

 UCM (Wang et al., 2003)  
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2.2  

2008 2011

 (CPC)  (FOR) ( 92 98

E3) ( B1)

Environmental Pollution Environmental Chemistry

( 2-1)

 ( 2-2 2-3) (Chen et al., 2008a; 2008b)  

2-1 118-131g/mole

720-740g/L(Chen et al., 2008a)

100-105 g/mole(Cline et al., 1991) 113-122 g/mole(

2005) 240-242 g/mole 828-829 g/L

227 g/mole(Lee et al., 1992)

340 293 g/mole(Chen et al., 1994)

(Chen et al., 2008b)
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2-1.  

I.  

 CPC92 CPC95 CPC98 FOR92 FOR95 FOR98 

Below C5 1.05% 1.31% 1.51% 1.59% 1.53% 1.41% 

C5-C7 18.42% 18.46% 17.13% 20.18% 19.20% 17.82% 

C7-C8 11.84% 11.15% 15.56% 15.87% 14.12% 16.12% 

C8-C10 32.47% 33.88% 33.70% 31.43% 34.54% 32.64% 

C10-C12 24.32% 23.56% 21.53% 25.52% 26.15% 26.66% 

C12-C14 9.66% 9.67% 7.25% 5.12% 4.15% 4.79% 

C14-C16 1.93% 1.63% 2.08% 0.20% 0.22% 0.32% 

C16-C18 0.21% 0.23% 0.80% 0.08% 0.09% 0.18% 

C18-C20 0.10% 0.12% 0.46% 0.01% 0.02% 0.06% 

Molecular weight 

(g/mole) 
131 130 123 118 119 120 

Density(g/L) 730 730 740 720 730 740 

 

II.  

 CPC FOR B1 

Below C8 0.26% 0.29% 0.13% 

C8-C10 1.62% 1.33% 1.38% 

C10-C12 6.92% 5.56% 4.52% 

C12-C14 14.98% 18.67% 12.28% 

C14-C16 20.44% 20.51% 20.11% 

C16-C18 17.95% 18.16% 19.26% 

C18-C20 13.47% 12.87% 16.13% 

C20-C22 10.53% 9.67% 12.07% 

C22-C24 6.86% 6.13% 7.05% 

C24-C26 3.96% 3.50% 3.68% 

C26-C28 1.78% 1.95% 1.78% 

C28-C30 0.80% 0.89% 0.89% 

C30-C32 0.34% 0.38% 0.49% 

C32-C33 0.08% 0.08% 0.24% 

Molecular weight 

(g/mole) 
242 240 249 

Density(g/L) 829 828 829 

: Chen et al., 2008a; 2008b.    
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2-2. 

(Chen et al., 2008a) 
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2-3. 

 (Chen et al., 2008b) 

 

 

MTBE BTEX

CPC toluene

(12.0-21.8%) m,p-Xylene 6.18-8.69% Total BTEX

28.3 43.8% MTBE 9.86-12.6% FOR

Toluene CPC (6.54-7.67%) m,p-Xylene 4.24%

Total BTEX 18 19.3%

MTBE 4.65-12.2% Total BTEX 17.2%

46.2% MTBE 4.51 15.5% 2-2 Toluene

m,p-Xylene (Chen et al., 2008a)  
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2-2.  

: Chen et al., 2008a. 

 

 

  

 
Concentration (mg/L) [min-max, (average)] 

CPC92 CPC95 CPC98 

MTBE 67020-75640(71720) 73920-83040(79093) 91760-98620(95604) 

Benzene 9400-12340(10503) 11220-13160(11929) 11400-14040(12703) 

Toluene 80400-102860(87334) 96220-108680(100754) 155120-171000(160989) 

Ethylbenzene 22400-29220(24423) 23520-28260(25146) 30960-33200(31834) 

m,p-Xylene 42200-51920(44963) 45860-52720(48037) 62840-66640(64131) 

o-Xylene 36000-44600(38414) 41000-47640(43149) 52800-56080(54040) 

 FOR92 FOR95 FOR98 

MTBE 32560-34420(33522) 100240-113000(106989) 83200-94480(90647) 

Benzene 11560-18780(14629) 10360-14780(11606) 10000-10800(10477) 

Toluene 49360-64420(55354) 43320-54700(47843) 45380-51480(48869) 

Ethylbenzene 15560-20840(17297) 19020-22560(19777) 15400-16480(15926) 

m,p-Xylene 28200-35400(30560) 30080-34420(31014) 30740-31940(31414) 

o-Xylene 19780-25060(21409) 29300-33620(30234) 25600-26820(26311) 
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PAHs 2-3

Fluorene Naphthalene Phenanthrene

Naphthalene Phenanthrene Fluorene

PAHs PAHs

(Chen et al., 2008b)

2012 B2 PAH

B2 ( 2-4) pristane phytane  

 

 

2-3. (PAHs)  

Concentration (mg/L)[min-max ,(average)] 

 CPC FOR 

Naphthalene 70.0-74.0(72.7) 116-117(116) 

Acenaphthylene 8.00-12.0(10.0) 10.0-10.0(10.0) 

Acenaphthene 5.00-6.00(5.30) 7.00-8.00(7.70) 

Fluorene 70.0-77.5(74.2) 92.0-100(96.0) 

Phenanthrene 65.0-70.0(68.3) 96.0-112(103) 

Anthracene 22.5-25.0(24.2) 35.0-37.5(36.7) 

Fluoranthene N.D. 24.0-24.0(24.0) 

Pyrene 45.0-52.5(49.2) 37.5-37.5(37.5) 

: Chen et al., 2008b. 
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(1) Naphthalene (19.89 min) 

(2) Acenaphthylene (26.90 min) 

(3) Acenaphthene (27.91 min) 

(4) Fluorene (30.55 min) 

(5) Phenanthrene (35.48 min) 

(6) Anthrancene (35.61 min) 

(7) Fluoranthene (41.14 min) 

(8) Pyrene (42.37 min) 

(Pri) Pristane (32.857 min) 

(Phy) Phytane (35.330 min) 

 

2-4. B2 PAH
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(1)

( ) (2)

(3)

3-1    

 

 

 

3-1.  
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3.1  

Wang 1997; 

1999; 2003

BTEX PAHs 

Wang et al., 2001; 2004

Nordtest (Daling et al., 2002)

PCA

PARFAC (parallel factor multiway analysis)

 

(1)  

(2)  

(3) GC/FID GC/MS  
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3.2  

(gas chromatograph, 

GC)

(GC) (flame 

ionization detector, FID)

 (Gas Chromatograph/Mass Spectrometer, GC/MS) 

(Gas Chromatograph-Isotope Ratio Mass Spectrometer, GC/IRMS)

GC/FID GC/MS  (

)  ( GC/IRMS )

 

 

3.2.1  

N S

O

(1/2) ( 2008)

3-2

( 3-1)
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3-2. 2008  

 

3-1.  

 

 

 

 

 

 

 

 

 

 

 

 

Compound Quantification Ion 

 alkyl-dibenzothiophene m/z 212 226 

alkyl- phenanthrenes  m/z 206 220 

Methyl dibenzothiophene  m/z198 

 

   m/z 123 

 m/z 123 

  m/z 191 

 m/z 217 218 

 m/z 217 259 

 m/z 253 

 m/z 231 
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3.2.2  
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3.3  

-

 

(Jet A1 JP-8)

 

 

3.3.1  

(CPC) (FOR) B2

Jet A1 JP-8 1

4°C 48

30

: 

A.  

/  (HP 6890/5973, Agilent, USA) 

(HP-5ms, Agilent, USA) 5% phenyl methylpoly 

siloxane 0.32mm 0.25μm 60

 

GC/MS C5-C40

CnH2n+2
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a. 20 mL 100mL

2 GC/MS

4°C  

b. GC/MS C5-C40 C5-C40

GC/MS 32°C 5

1°C 40°C 1 10°C

100°C 1 10°C

280°C 10

49  

c. (b) C5-C40

C3-C5 C5-C7 C7-C8 C8-C10

C10-C12 C12-C14 C14-C16 C16-C18 C18-C20 C20-C22 C22-C24 C24-

C26 C26-C28 C28-C30 C30-C32 C33

 

d. 

 

e. 

(MW)  

f. 10mL  

g.  (ρo)  

B.  

100 0.5mL 50mL

2mL GC/MS

PAHs GC/MS

1mL/min 250°C 50-550 amu

2294eV GC/MS 50°C 2

20°C 130°C 3 12°C
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180°C 7°C 275°C

1°C 280°C 10

42 B2 (PAHs)

biomarkers  

C.  

100 0.5mL 50mL

2mL GC/MS

VOCs GC/MS

1mL/min 200°C 50-550 amu

2082eV GC/MS 35°C 2°C

70°C 4°C 100°C 8°C

170°C 6°C 220°C 2

44  

 

3.3.2  

(partition 

coefficients, Kfw)

 

Jet A-1

JP-8 12 24

 

1. VOCs   

VOCs

1:10 25mL 100rpm 12 24

/ (gas 

chromatograph/mass spectrometry, GC/MS)
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2. SVOCs  

SVOCs

1:10 2000mL 100 rpm

12 24 Method 625 

GC/MS 

SVOCs  

(1)  

a. 500 mL pH 2  

b. pH 2 60 mL (

)  

c. 

30

 

d. 15

 

e. 

 

f. b e  

g. 

5-10mL 1mL  

(2)  

pH 12  
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3.3.3  

( )

 

1. VOCs  

Jet A-1 JP-8

1mL

100mL

1mL 20mL 2mL 

GC/MS 

VOCs  

2. VOCs  

Jet A-1 JP-8

 1:10 25mL 100rpm 12

GC/MS VOCs  

3. SVOCs  

Jet A-1 JP-8 1mL 100mL 

2mL 

GC/MS SVOCs  

4. SVOCs  

1:10

2000mL 100rpm 12

Method 625 GC/MS 

SVOCs  
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3.3.4 -  

(partitioning behavior)

( )

 

(Schwarzenbach et al., 2003)  

Kd = Co,e/ Cw,e (mole/Lo,e ×Lw,e/mole)       (1) 

K
d

(partition coefficient) 

Co,e  

Cw,e  

Kd

 

(chemical potentials)

(Schwarzenbach et al., 2003)   

γoXo = γwXw          (2) 

Xo  

Xw  

γo (activity coefficient) 

γw  

 

1.  

2. γo =1  

 

Xw =Xo×1/ γw          (3) 

X ( Sx ) 1/ γw 1/ γw = Sx  

Xw = XoSx          (4) 
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Cw
sat

 = Sx/Vw  

Sx = Cw
sat

Vw          (5) 

Cw
sat

Vw

(4) Xw = Xo Cw
sat

Vw  

Xw /Vw = Xo Cw
sat 

        (6) 

 

Cw,e = XoSl          (7) 

Xo S1 mole/L  

(1)  

Kd = Co,e/XoS1 = ρo/MWo /S1       (8) 

ρo g/L MWo g/mole  

 

log Kd = -log S1-log(MWo/ρo)        (9) 

Kfw: ( ) 

S ( ) 

MW ( ) 

ρ0 ( ) 

S1

 

log S1 =log Sw + Hf Tm-T / 2.303RTmT     (10) 

Sw T(
o
K) (mole/L) Hf

(Kcal/mole) Tm
o
K R (8.314J/mole K)  
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3.3.5  

1. VOCs  

VOC

VOC

(Kfw)  

2. SVOCs  

SVOC

SVOC

(Kfw)  
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3.4  

pH CEC

 

( )

1000g

20mL  

( )

0 1 3 6 12

2000 2002 2003 2005

(PAHs) TPHd 100

0.5mL 50mL

2mL GC/MS

PAHs 5 20 mL 1:1(v/v) 

 (sequential extraction)

(gas chromatograph/mass spectrometer, GC/MS)
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3.5  

3.5.1  

GC/FID

(TPH)

(carbon preference index, CPI)

 

GC/MS

 

2007 2008 7 15 1

(B1) 2010 7 1 2 (B2)

1988

2000

 

 

3.5.2  

(carbon preference 

index, CPI) (Low molecular weight, LMW)/ (High molecular 
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weight, HMW) (Weathering Index, WI)

 

1.  

GC/MS

core sample USEPA Method 8270

(Morel et al., 1991; Nadim et al., 2000; Wang and Fingas, 2003)

: 

(a) (Presence) 

peak

GC/MS peak

peak (Senn and Johnson, 

1987)  

(b) (Type)  

(Philp, 1994)

peak UCM UCM

(Senn and Johnson, 1987)  

(c) (Concentration) 

peak area

peak area

(Senn and Johnson, 1987)  

2.  

C4 C12 C8 C21

:
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( 1999; Ashley et al., 1994)  

3.  

(Senn and Johnson, 1987; Ashley et al., 1994; Roques et al., 1994 ) core 

sample

(weathered) (Roques et al., 1994; Vandermeulen et al.,1994; Wang et al., 

1998)

 

4.  

C8 C14 C22 C28

 

WI = (n-C8+ n-C10+ n-C12+ n-C14)/( n-C22+ n-C24+ n-C26+ n-C28)  

5.  

(CPI≈1)(Wang et al., 1994; Leal-Granadillo et al., 2000)

 

CPI = (sum of odd n-alkanes) / (sum of even n-alkanes) 
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( )

 

 

4.1  

(Jet A1 JP-8)

   

 

4.1.1  

B2 GC/MS

70 ( 4-1)

C28

4-

1 C26 1%

B2

C8-C26   
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4-1. B2  
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4-1.  

ª 2008 

 

B2 C8-C26 C8-C21

(Potter and Simmons, 1998) B2

B2 2008

C8-C28

100-105 g/mole(Cline et al., 1991)

2005 113-122 g/mole( 2005)

2008 118-131g/mole(Chen et al., 2008a)

B2 227 g/mole 234 g/mole 4-1

240-242 g/mole B1 249 g/mole

B5 251 g/mole (Chen et al., 2008b) 2013 B2

 

Former Study- 

CPC ª 

(fossil diesel) 

Former Study- 

FORª 

(fossil diesel) 

CPC 

(B2 diesel) 

FOR 

(B2 diesel) 

(%) 

Below C8 0.26 0.29 0.62 0.28 

C8-10 1.62 1.33 3.79 1.66 

C10-12 6.92 5.56 8.64 5.60 

C12-14 14.98 18.67 16.46 16.56 

C14-16 20.44 20.51 22.15 22.19 

C16-18 17.95 18.16 18.85 19.50 

C18-20 13.47 12.87 14.24 16.45 

C20-22 10.53 9.67 9.53 11.67 

C22-24 6.86 6.13 4.25 4.82 

C24-26 3.96 3.5 1.22 1.07 

C26-28 1.78 1.95 0.21 0.19 

C28-29 0.8 0.89 0.05 
 

C29-30 0.34 0.38 
  

C30-32 0.08 0.08 
  

Molecular 

weight 

(g/mole) 

242 240 227 234 



 

 

50 
 

2008 B1 B5

  

 

4.1.2  

Jet A1 JP-8 GC/MS

4-2 4-3

40 Jet A-1

C18 1% Jet 

A-1 C7-C18 JP-8 C14

JP-8 C7-C14 4-2

Jet A-1 JP-8 161 147g/mole JP-8

180g/mole (McDougal et al., 2000)

JP-8  

 

 

 

4-2. Jet A-1  
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4-3. JP-8  

 

 

4-2. Jet A-1 JP-8  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Carbon range Jet A-1(%) JP-8 (%) 

C7-8 2.78 0.86 

C8-10 28.4 34.7 

C10-12 32.8 52.8 

C12-14 24.0 11.1 

C14-16 10.4 0.44 

C16-18 1.49 - 

C18-20 0.21 - 

C20-22 0.04 - 

C22-24 0.01 - 

Molecular weight(g/mole) 161 147 

Density(g/L) 786 780 
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4.1.3  

1.  

12

12

 

 

2.  

VOCs SVOCs

4-4 4-5

4-3 4-4 Jet A-1 1,2,4-

Trimethylbenzene xylenes ( m,p-Xylene o-xylene) ethylbenzene 1,3,5-

Trimethylbenzene n-butylbenzene JP-8

1,2,4-Trimethylbenzene xylenes ( m,p-Xylene o-xylene)

ethylbenzene 1,3,5-Trimethylbenzene n-propylbenzene n-butylbenzene

Isopropylbenzene p-

isopropyltoluene sec-butylbenzene JP-8

VOCs SVOCs
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4-4. Jet A-1  

 

 

4-5. JP-8     

1:100 dilution 

1:100 dilution 
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4-3. Jet A-1  

 

 

4-4. JP-8  

  

Compound 
Jet A-1 

Neat Jet A-1 Aqueous phase 

Toluene 246(183–289) 0.536(0.466–0.571) 

Ethylbenzene 2906(2153–3297) 2.168(1.900–2.302) 

m+p-Xylene 6788(5123–7726) 6.459(5.749–6.907) 

o-Xylene  3872(2926–4393) 3.270(3.003–3.461) 

1,3,5-Trimethylbenzene 2388(1822–2676) 0.764(0.498–0.847) 

1,2,4-Trimethylbenzene 9958(7631–11250) 2.114(1.955–2.247) 

p-Isopropyltoluene 1068(977.0–1120) 0.086(0.071–0.107) 

n-Butylbenzene 1954(1531–2199) 0.086(0.080–0.093) 

Naphthalene 295(275–315) 0.035(0.029–0.040) 

2-Methylnaphthalene 130(105–155) 0.005(0.004–0.007) 

Compound 
JP-8 

Neat JP-8 Aqueous phase 

Toluene 110.6(96.50–135.9) 0.103(0.071–0.121) 

Ethylbenzene 2891(3414–2711) 0.854(0.840–0.864) 

m+p-Xylene 6862(4262–5681) 1.993(1.912–2.056) 

o-Xylene 4500(3977–5303) 1.436(1.398–1.458) 

Isopropylbenzene 1150(1001–1370) 0.117(0.114–0.120) 

n-Propylbenzene 2503(2206–2987) 0.183(0.170–0.198) 

1,3,5-Trimethylbenzene 2746(2408–3285) 0.226(0.203–0.249) 

1,2,4-Trimethylbenzene 11271(10053–13265) 1.082(1.056–1.110) 

sec-Butylbenzene 1011(896.1–1204) 0.021(0.013–0.025) 

p-Isopropyltoluene 1316(1173–1571) 0.063(0.061–0.065) 

n-Butylbenzene 2135(1907–2554) 0.037(0.027–0.056) 

Naphthalene 312.7(292.0–332.0) 0.013(0.012–0.015) 

2-Methylnaphthalene 95.33(84.00–106.0) 0.004(0.004–0.004) 
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3.  

( ) (partition 

coefficients, Kfw) 3.3.4 (1) Kfw= Co/Cw

Kfw

- Kfw

Kfw

 

Kfw 4-5

toluene ethylbenzene m/p-xylene o-xylene ( )

Jet A-1

JP-8  

 

4-5. Jet A-1 JP-8 (Kfw) 

  

K
fw
 Jet A-1 JP-8 

Toluene 449.52 1060.7 

Ethylbenzene 1330.6 3375.8 

m+p-Xylene 1040.9 3432.8 

o-Xylene  1173.9 3122.8 

Isopropylbenzene - 9809.5 

n-Propylbenzene - 13644 

1,3,5-Trimethylbenzene 3116.2 12152 

1,2,4-Trimethylbenzene 4700.6 10411 

sec-Butylbenzene - 49050 

p-Isopropyltoluene 12407 20767 

n-Butylbenzene 25607 58050 

Naphthalene 8511.1 23605 

2-Methylnaphthalene 24518 21461 



 

 

56 
 

4.  

3.3.4 (9) logKfw=-logS - log(MWo/ρo)

logKfw logS

Kfw

4-6

4-6 Jet A-1 JP-8

Jet A-1 JP-8

JP-8

Jet A-1

 

 

 

4-6. Jet A-1 JP-8 logKfw logS  

 

 

 

 

 

 MW(g/mole) Density(g/L) Ideal relationship 

Jet A-1 161 786 log Kfw = -log S + 0.689 

JP-8 147 780 log Kfw = -log S + 0.724 



  

5
7

 

  

  
 

4
-6

 J
et

 A
-1

(
)

JP
-8

(
)

lo
g
K

fw
lo

g
S
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5. -  

- (Kow)

-

Kow (Miller et al., 1985)

Kow Jet A-1 JP-8

log Kfw log Kow 4-7 : 

logKfw = 0.8571logKow + 0.5043    R² = 0.971 

logKfw = 0.8927logKow + 0.7394    R² = 0.925 

4-6 4-7 logKfw logS logKow

Kow

Kfw Koc
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4-7. Jet A-1( ) JP-8( ) log Kfw logKow  
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1.2 

 (Yim 

et al., 2011)  2000 2002 2003  2005 

 2005 

(PAHs) TPH

 

4.2.1  

 4-8 

 8 10 11  13 

 8  10 (  

2003  2005 )  C9 

 11 (  2002 )  C10 

 13 (  2000 )

 C11 

(  n-C17  n-C18) (pristine  phytane)

 pristine  phytane  

n-C17/pristane n-C18/phytane  pristane/phytane 

(CPI) (WI)

pristane phytane 

20  19  pristane

 20  phytane

 pristane  phytane  phytane  

pristane (Peters et al., 1993)  4-7  2000 

2002 2003  pristane/phytane  1

 2005  
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(A) 

 

(B) 

 
 4-8. (A)2000  2003 (B) 2005 

 

  

2000- Diesel contaminated soil 

2002- Diesel contaminated soil

2003- Diesel contaminated soil

2005- Neat diesel

2005- Diesel contaminated soil
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4-7. 2000 2005 2005  

(A) 

 

(B) 

a 
CPI = (sum of odd n-alkanes) / (sum of even n-alkanes) 

b 
WI = (n-C8+ n-C10+ n-C12+ n-C14)/( n-C22+ n-C24+ n-C26+ n-C28) 

 

 

 

 

 

 

 

 

 

 

Diesel contaminated soil 2000 2002 2003 

TPH (mg/kg) 8163 7261 5437 

n-alkanes (mg/kg) 3300 2183 1979 

Isoprenoids (mg/kg) 594.8 559.3 526.9

Pristane/Phytane 0.81 0.81 0.81

C17/Pristane 3.35 2.41 2.28

C18/Phytane 2.01 1.88 1.78

CPI a 1.04 1.08 1.04 

WI b 2.91 3.12 3.03 

2005 

 Neat diesel 

(mg/L) 

Diesel contaminated soil 

(mg/kg) 

TPH  205966 4812 

n-alkanes  50169 1848 

Isoprenoids  10191 384.8

Pristane/Phytane 1.30 1.31

C17/Pristane 3.39 3.40

C18/Phytane 3.07 3.15

CPI a 1.04 1.05 

WI b 3.91 3.64 
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 pristane/phytane  1

 

 4-8

(CPI≈1)

(WI)  2005 

 WI  3.91  3.64

pristane/phytane  

C17/pristane C18/phytane

C17 C18 pristane phytane

2000 2002 2003 pristane/phytane

pristane phytane  

 4  3  PAH 

 chrysenes ( )  

naphthalenes/chrysenes phenanthrenes/chrysenes dibenzothiophenes/chrysenes 

fluroenes/chrysenes (Wang et al., 1998)

4-8 2005

naphthalenes/chrysenes(N/C)  88.6  57.5

phenanthrenes/chrysenes(P/C)  35.5  4.36 naphthalenes/total PAHs(N/Total 

PAHs)  0.18  0.16

fluroenes/chrysenes(F/C)

4-8 2002 2003 N/C 

P/C  F/C chrysene

chrysene C25-C26

chrysene     
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 4-8. 2000  2005  2005  PAHs  

Compounds 

Diesel contaminated soil Neat diesel 

2000 2002 2003 2005 2005 

Average concentration 

(mg/kg) 

Average 

concentration 

(mg/L) 

Naphthalene 0.73 0.70 0.88 1.01 45.2 

Acenaphthylene 0.93 1.22 1.11 0.44 66.1 

Acenaphthene 1.21 1.19 1.14 0.95 53.2 

Fluorene 0.81 1.65 1.51 1.31 18.1 

Phenanthrene 1.37 0.82 0.70 1.21 31.2 

Anthracene 1.42 0.39 0.37 1.14 20.1 

Fluoranthene <0.13 <0.13 <0.13 <0.13 9.34 

Pyrene <0.13 <0.13 <0.13 <0.13 8.76 

Benzo[a]anthracene <0.09 - - <0.09 2.21 

Chrysene <0.13 - - <0.13 0.51 

Total  PAHs 6.55 6.07 5.86 6.33 255 

Ratio 

N/C 
a
 

P/C 
b
 

F/C 
c
 

N/Total PAHs 
d
 

39.2 

73.1 

1.23 

0.11 

- 

- 

- 

0.12 

- 

- 

- 

0.15 

57.5 

4.36 

69.4 

0.16 

88.6 

35.5 

61.2 

0.18 

a 
N/C = naphthalene/chrysene 

b 
P /C = phenanthrene/chrysene 

c 
F /C = fluroene/chrysene 

d 
N/Total PAHs = naphthalene/ total PAHs  
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Michel et al. (1999)  4 (1)

( )

 (di-aromatic hydrocarbons)

 2000 2002 2003

2005  2005 

 Michel (2) ( )

C1- C2- (2) ( ) C1-

C2- (3) ( )

 naphthalene  fluorene  phenanthrene alkyl- homologues (4)

( )  pyrene

chrysenes  5 

Wang et al. (2005) 25 

% (Sesquiterpanes)

 

(Stout et al., 2005)

 C14 

(Wang et al., 2005) (bicyclic 

sesquiterpanes) (BS5/BS10)

 (diterpenols)

(diagenesis)

(Resin)

( 2009)  

(total ion chromatogram, TIC)

 m / z123 

 8β(H)-drimane 8β(H)-homodrimane
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 C15 C16  

C14 ( :Jet A JP-5)  C14 

 C15 C16 (Stout et al., 2005)  

(m/z 123)

 4-9  4-9

 10  5  3 (Wang et al., 2005)

10(8β(H)-homodrimane, BS10)  5(8β(H)-drimane, BS5) 3(C15 

sesquiterpane, BS3)

 4-10  1  4

2000 2002 2003 

BS1/BS2 BS6/BS5 BS8/BS10

(RSD) 5 % BS1/BS3

5 %

 

 

 4-9.  (m/z 123) 

Peak Compounds Code 

1 C14-decalin BS1 

2 C14 sesquiterpane BS2 

3 C15 sesquiterpane BS3 

4 C15 sesquiterpane BS4 

5 8β(H)-drimane BS5 

6 C15 sesquiterpane BS6 

7 C16 sesquiterpane BS7 

8 C16H30-sesquiterpane BS8 

9 C16H30-sesquiterpane BS9 

10 8β(H)-homodrimane BS10 
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 4-9. 2000  2005 2005 m/z 123  

bicyclic sesquiterpanes  

2002 

1 
2 

3 

4 

5 

7 
8 

6 

9 

10 2000 

1 
2 

3 

4 

5 

6 

7 
8 

9 

10 

1. C14-decalin 

2. C14 sesquiterpane 

3. C15 sesquiterpane 

4. C15 sesquiterpane 

5. 8β(H)-drimane 

6. C15 sesquiterpane 

7. C16 sesquiterpane 

8. C16H30-sesquiterpane 

9. C16H30-sesquiterpane 

10. 8β(H)-homodrimane 

1. C14-decalin 

2. C14 sesquiterpane 

3. C15 sesquiterpane 

4. C15 sesquiterpane 

5. 8β(H)-drimane 

6. C15 sesquiterpane 

7. C16 sesquiterpane 

8. C16H30-sesquiterpane 

9. C16H30-sesquiterpane 

10. 8β(H)-homodrimane 
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 4-9. ( )  

  

2003 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

1. C14-decalin 

2. C14 sesquiterpane 

3. C15 sesquiterpane 

4. C15 sesquiterpane 

5. 8β(H)-drimane 

6. C15 sesquiterpane 

7. C16 sesquiterpane 

8. C16H30-sesquiterpane 

9. C16H30-sesquiterpane 

10. 8β(H)-homodrimane 

2005 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

1. C14-decalin 

2. C14 sesquiterpane 

3. C15 sesquiterpane 

4. C15 sesquiterpane 

5. 8β(H)-drimane 

6. C15 sesquiterpane 

7. C16 sesquiterpane 

8. C16H30-sesquiterpane 

9. C16H30-sesquiterpane 

10. 8β(H)-homodrimane 
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 4-9. ( ) 

 

 

 

  

1 

2 

3 

4 

5 

6 

7 8 

9 

10 

1. C14-decalin 

2. C14 sesquiterpane 

3. C15 sesquiterpane 

4. C15 sesquiterpane 

5. 8β(H)-drimane 

6. C15 sesquiterpane 

7. C16 sesquiterpane 

8. C16H30-sesquiterpane 

9. C16H30-sesquiterpane 

10. 8β(H)-homodrimane 

2005-Neat diesel 
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 4-10. 2000  2005 2005  

 (A) 

Diagnostic ratio 
Diesel contaminated soil 

RSD(%) 
2000 2002 2003 

C14 group  

BS1/BS2 1.06 0.89 0.95 8.92 

C15 group  

BS3/BS5 0.50 0.50 0.53 3.40 

BS4/BS5 0.37 0.34 0.36 4.28 

BS4/BS6 0.68 0.64 0.65 3.17 

BS6/BS5 0.55 0.48 0.51 6.84 

C16 group  

BS8:BS10 0.20 0.16 0.14 18.3 

intergroup  

BS1/BS3 0.39 0.38 0.40 2.56 

BS3/BS10 0.58 0.55 0.57 2.70 

BS5/BS10 1.15 1.10 1.09 2.89 

%C14 of Total 10 11 11 5.41 

%C15 of Total 62 60 60 1.90 

%C16 of Total 29 30 29 1.97 



 
 

71 

 

 4-10. ( ) 

(B) 

 

  

Diagnostic ratio 
2005 

Neat diesel Diesel contaminated soil  

C14 group 

BS1/BS2 1.29 1.31  

C15 group 

BS3/BS5 0.95 0.93  

BS4/BS5 0.63 0.72  

BS4/BS6 1.36 1.41  

BS6/BS5 0.25 0.28  

C16 group 

BS8/BS10 0.18 0.14  

intergroup 

BS1/BS3 0.58 0.48  

BS3/BS10 0.57 0.61  

BS5/BS10 1.03 0.97  

%C14 of Total 14 10  

%C15 of Total 53 60  

%C16 of Total 33 30  
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(lightly degraded) 

(moderately degraded) 

(highly degraded) 

(Wang et al., 1994b; Bieger et al., 1996)   5 

 

 naphthalenes  phenanthrenes 

(Radke et al., 1982 Radke, 1987)

(  1 2)  2005 

(  4-11)

 



 
 

73 

 

 4-11. 2005  

2005 

Diagnostic 

ratio 

Neat 

diesel 

Diesel 

contaminated soil 

X CD AD Match 

BS3/BS5 0.95 0.93 0.94 0.13 0.02 Match 

BS4/BS5 0.63 0.72 0.67 0.09 0.08 Match 

BS4/BS6 1.36 1.41 1.38 0.19 0.06 Match 

BS3/BS10 0.57 0.61 0.59 0.08 0.04 Match 

BS5/BS10 1.03 0.97 1.00 0.14 0.06 Match 

C17/Pr 3.39 3.40 3.40 0.48 0.01 Match 

C18/Ph 3.07 3.15 3.11 0.43 0.08 Match 

Pr/Ph 1.30 1.31 1.31 0.18 0.01 Match 

MNR 0.72 0.82 0.77 0.11 0.10 Match 

MPR 1.46 1.62 1.54 0.22 0.16 Match 

MPI 1 0.99 0.97 0.98 0.14 0.02 Match 

MPI 2 1.14 1.10 1.12 0.16 0.03 Match 
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1  4 

 

pristane/phytane 

2000 2002  2003  2005  2005 

4-12

 2005 

5%

BS3/BS5 BS4/BS5 BS4/BS6

BS3/BS10 BS5/BS10  

Michel et al. (1999) PAHs 4 1

PAHs  (di-

aromatic hydrocarbons)

 4 2

( ) C0- C1 C2-  PAHs 

(3) ( )  naphthalene  fluorene  phenanthrene alkyl 

homologues (4) ( )  PAHs

pyrene chrysenes 4

Wang et al. (2005) 25%

sesquiterpanes sesquiterpanes
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 4-12. 2000  2005 2005  

(A) 

Diagnostic ratio 
Diesel contaminated soil 

RSD(%) 
2000 2002 2003 

C14 group  

BS1/BS2 1.06 0.89 0.95 8.92 

C15 group  

BS3/BS5 0.50 0.50 0.53 3.40 

BS4/BS5 0.37 0.34 0.36 4.28 

BS4/BS6 0.68 0.64 0.65 3.17 

BS6/BS5 0.55 0.48 0.51 6.84 

C16 group  

BS8:BS10 0.20 0.16 0.14 18.3 

intergroup  

BS1/BS3 0.39 0.38 0.40 2.56 

BS3/BS10 0.58 0.55 0.57 2.70 

BS5/BS10 1.15 1.10 1.09 2.89 

%C14 of Total 10 11 11 5.41 

%C15 of Total 62 60 60 1.90 

%C16 of Total 29 30 29 1.97 
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 4-12. ( ) 

(B) 

 

  

Diagnostic ratio 
2005 

Neat diesel Diesel contaminated soil 

C14 group 

BS1/BS2 1.29 1.31 

C15 group 

BS3/BS5 0.95 0.93 

BS4/BS5 0.63 0.72 

BS4/BS6 1.36 1.41 

BS6/BS5 0.25 0.28 

C16 group 

BS8/BS10 0.18 0.14 

intergroup 

BS1/BS3 0.58 0.48 

BS3/BS10 0.57 0.61 

BS5/BS10 1.03 0.97 

%C14 of Total 14 10 

%C15 of Total 53 60 

%C16 of Total 33 30 
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(Sesquiterpanes)

(Stout et al., 2007)

(Bicyclic Sesquiterpanes)

(BS5/BS10)

 (Diterpenols)  

(Diagenesis) 

 (Resin)

( 2009)  

(m/z 123)

( 4-10) 10 5 3 (Wang et 

al., 2005) 4-9 10(8β(H)-homodrimane, BS10) 5(8β(H)-

drimane, BS5) 3(C15 sesquiterpane, BS3)

4-10 4

4

BS3 BS5 BS4 BS5 BS4 BS6 BS3 BS10 BS5 BS10

BS5/BS10

C14

C14 C15 drimanes C16 

homodrimanes (OH ) drimanes

homodrimanes C14  (Cheng et al., 

1991) BS5  

  



 

 

78 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-10. 2000 2005 m/z 123 bcyclic 

sesquiterpanes  

  

2002  

1 
2 

3 

4 

5 

7 
8 

6 

9 

10 2000  

1 
2 

3 

4 

5 

6 

7 
8 

9 

10 

1. C14-decalin 

2. C14 sesquiterpane 

3. C15 sesquiterpane 

4. C15 sesquiterpane 

5. 8β(H)-drimane 

6. C15 sesquiterpane 

7. C16 sesquiterpane 

8. C16H30-sesquiterpane 

9. C16H30-sesquiterpane 

10. 8β(H)-homodrimane 

1. C14-decalin 

2. C14 sesquiterpane 

3. C15 sesquiterpane 

4. C15 sesquiterpane 

5. 8β(H)-drimane 

6. C15 sesquiterpane 

7. C16 sesquiterpane 

8. C16H30-sesquiterpane 

9. C16H30-sesquiterpane 

10. 8β(H)-homodrimane 
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4-9.( ) 

 

 

4-10.  

  

2003  

1 
2 

3 

4 

5 

6 

7 
8 

9 

10 

1. C14-decalin 

2. C14 sesquiterpane 

3. C15 sesquiterpane 

4. C15 sesquiterpane 

5. 8β(H)-drimane 

6. C15 sesquiterpane 

7. C16 sesquiterpane 

8. C16H30-sesquiterpane 

9. C16H30-sesquiterpane 

10. 8β(H)-homodrimane 

2005  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1. C14-decalin 

2. C14 sesquiterpane 

3. C15 sesquiterpane 

4. C15 sesquiterpane 

5. 8β(H)-drimane 

6. C15 sesquiterpane 

7. C16 sesquiterpane 

8. C16H30-sesquiterpane 

9. C16H30-sesquiterpane 

10. 8β(H)-homodrimane 
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(lightly degraded) (n-alkanes)

(moderately degraded) 

(highly degraded) 

(Wang et al., 1994b; Bieger et al., 1996)  4

 

4

pristane/phytane
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4.2.2  

 4-11  4-12 

 365 

 C8  C9  365 

 C8  C10 

 

 4-13  4-14 

 365 

 C8  C10 ; 

 C8  C12 ;

 

365  C8  C10 

;  C8  C12 

Fingas(1995)  
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 4-11.  0  365  

 

 4-12.  0  365  

 

  

0 day 

365 days 

0 day 

365 days 
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 4-13.  0  365  

 

 4-14.  0  365  

 

 

0 day 

365 days (Airtight) 

365 days (Open) 

0 day 

365 days (Airtight) 

365 days (Open) 
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 pristine  phytane 

 pristine  phytane  4-13 4-14 

 pristine  phytane 

 365  pristane/phytane  

1.09-1.18; C17/pristane  3.16  3.01 C18/phytane  2.77-

2.93 pristane/phytane  1.08-1.18 ; 

C17/pristane  3.16  3.05 C18/phytane  2.81-2.93  

pristane/phytane  1  

 365  

pristane/phytane  0.80-0.81;  C17/pristane  3.82  3.47; 

C18/phytane  2.08-2.05   pristane/phytane 

 0.77-0.81; C17/pristane  3.82  3.46 ; C18/phytane 

2.08-2.06 pristane/phytane 

 1

 

n-C17 n-C18

 pristane/phytane 3

4 C17/pristane C18/phytane

pristane/phytane C17/pristane

( 30 )

(WI)

 365  

WI  4.94  3.92;  WI  4.94  1.25

 365  WI  4.12  2.25;  WI  

4.12  1.42

(CPI≈1)
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 2000-2005 4  3  PAH

 chrysenes ( )

 4-15  4-16  naphthalenes/ total PAHs (N/Total PAHs)

 365  naphthalene  75.3 mg/kg 

 17 mg/kg N/Total PAHs  0.4  0.27 total PAHs  188 

mg/kg  64 mg/kg  66 %;  365 

 naphthalene  198 mg/kg  35 mg/kg N/Total PAHs  0.31 

 0.16  total PAHs  633 mg/kg  218 mg/kg  65.6%  

4-17  4-18  365 

 naphthalene  3.14 mg/kg 0.53 mg/kg N/Total PAHs 0.42 

 0.38  total PAHs  7.14 mg/kg  1.41 mg/kg  81 %;

 naphthalene 3.14 mg/kg  0.24 mg/kg N/Total 

PAHs  0.42  0.02  total PAHs  7.14 mg/kg  1.07 

mg/kg  81.6 %  

 365  

naphthalene  7.49 mg/kg  2.1 mg/kg N/Total PAHs  0.31  

0.29  total PAHs  24.39 mg/kg  7.36 mg/kg  69.8 %;

 naphthalene  7.49 mg/kg  0.24 mg/kg N/Total 

PAHs  0.31  0.09  total PAHs  24.39 mg/kg  4.45 

mg/kg 81.6 %  PAHs 

 Michel (1999)  PAHs 
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 sesquiterpanes 

 sesquiterpanes 

(m/z 123) (  4-15 4-16 4-17 4-

18)  2000-2005 

 10  5  3  Wang 

(2005)  2000-2005 

BS3/BS5 BS4/BS5 BS4/BS6 BS3/BS10  

BS5/BS10  

4-19 4-20 4-21 4-22

 365 BS3/BS5  0.92-1.01; BS4/BS5 

 0.58-0.79; BS4/BS6  0.94-1.02; BS3/BS10

 0.47-0.54  BS5/BS10  0.68-0.77

 365 BS3/BS5  0.47-0.6; BS4/BS5 

 0.46-0.54; BS4/BS6  0.83-1.1; BS3/BS10  0.38-0.42 

BS5/BS10  0.58-0.63  

 naphthalenes  phenanthrenes (  

5 6 7 8 9 10)

(  4-19 4-20 4-21 4-22)

 phenanthrenes 

(fatty acid methyl ester, FAME)  

2008  7  15  1 % (  B1 )

 2010  6  15   2 %(  B2)

( )

( ) (
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 4-15. m/z 123 bcyclic sesquiterpanes  
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10. 8β(H)-homodrimane 

365 days 
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 4-16. m/z 123 bcyclic sesquiterpanes  
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 4-17. m/z 123 bcyclic sesquiterpanes 
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 4-18. m/z 123 bcyclic sesquiterpanes 
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0 day
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 4-19.  0  365  

CPC-Diesel 

Diagnostic 

ratio 
0 day 365 days X CD AD Match 

BS3/BS5 1.01 0.92 0.97 0.14 0.09 Match 

BS4/BS5 0.77 0.79 0.78 0.11 0.02 Match 

BS4/BS6 0.94 1.02 0.98 0.14 0.09 Match 

BS3/BS10 0.51 0.47 0.49 0.07 0.03 Match 

BS5/BS10 0.77 0.74 0.75 0.11 0.03 Match 

C17/Pr 3.69 3.23 3.46 0.48 0.47 Match 

C18/Ph 3.50 3.35 3.43 0.48 0.15 Match 

Pr/Ph 1.13 1.07 1.10 0.15 0.05 Match 

MNR 1.32 1.26 1.29 0.18 0.05 Match 

MPR 1.28 1.40 1.34 0.19 0.12 Match 

MPI 1 1.09 1.06 1.08 0.15 0.02 Match 

MPI 2 1.23 1.11 1.17 0.16 0.13 Match 

 

 4-20.  0  365  

FOR-Diesel 

Diagnostic 

ratio 
0 day 365 days X CD AD Match 

BS3/BS5 0.57 0.60 0.59 0.08 0.03 Match 

BS4/BS5 0.54 0.48 0.51 0.07 0.05 Match 

BS4/BS6 0.99 1.10 1.04 0.15 0.12 Match 

BS3/BS10 0.35 0.39 0.37 0.05 0.04 Match 

BS5/BS10 0.61 0.61 0.61 0.08 0.00 Match 

C17/Pr 5.59 5.29 5.44 0.76 0.30 Match 

C18/Ph 3.24 3.18 3.21 0.45 0.07 Match 

Pr/Ph 0.81 0.81 0.81 0.11 0.00 Match 

MNR 1.63 1.64 1.63 0.23 0.01 Match 

MPR 2.70 2.52 2.61 0.37 0.18 Match 

MPI 1 1.78 1.76 1.77 0.25 0.02 Match 

MPI 2 1.82 1.92 1.87 0.26 0.09 Match 
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)

Fuller (2013)  FAME 

 6 8 10 (0 )  

365  FAME  FAME 

 FAME  

 2000 2002 2003 2005 

 2005  4-19  n-C17/Pr  

n-C18/Ph 1 2  3 4 5 

 2MN/1MN (3+2)MP/(9+1)MP 1 2 

 3 4 5  3 4 

8  
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 4-19.  
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4.2.3  

2011 2012

S01 S02 S03 S04 S05 S06 S07 S08

S09 S10 4-23  

 

 4-23.  

     

S01 ( ) 2011 5 31    

S02 ( ) 2011 7 11    

S03 ( ) 2012 4 9    

S04 ( ) 2012 5 21    

S05 
 2012 7 23  

 

 

S06 
 2012 7 23  

 

 

S07  2012 7 23    

S08  2012 7 9    

S09 
( ) 2012 10 11
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4-24

naphthalenes (C0 C1) phenanthrenes (C0 

C1)

S02 S04 S05 S08 S09

pristane/phytane 0.90 1.14 1.62 1.57 1.56
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 4-20. m/z 123 bcyclic sesquiterpanes  
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1. NAPL  

logKfw logS

- logKow Jet A-1 JP-8

 

log Kfw = -log S + 0.689 

log Kfw = 0.8571logKow + 0.5043    R² = 0.971 

log Kfw = -log S + 0.724 

log Kfw = 0.8927logKow + 0.7394    R² = 0.925 

( )
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