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Oil spills 

    To date, oil spills in the marine 

environments has become a global 

problem.  

         To characterize, identify, 

categorize, and quantify their 

sources and types is very important 

for environmental damage 

assessment. 



Spilled oil identification 
attempts to answer the questions of: 
Where, When, What, and Who (the 4 W’s)? 
• Where and when did the oil spill occur? 
• What was the spilled oil? 
      ——Contaminant identification and extent of impact? 
      ——What happens after the spill – sometime decades after? 
      ——Impact on sediments, soil, water and organisms? 
      ——Weathering degree and age-constraints on release of 
contaminants? 
• Who is responsible for the spill? 

Spilled oil identification 



 oil is a complex mixture  
 Hydrocarbon groups: TSEM, TPH, UCM, total saturates, total 

aromatics 

 n-Alkanes: C8-C40 plus pristane and phytane 

 Polycyclic aromatic hydrocarbons (PAHs) and alkylated PAHs 

 Biomarker terpanes and steranes 

 Stable carbon isotopes 

 Other heterocyclic hydrocarbons, heavy metals and their chelates 



 • A number of diagnostic ratios of PAHs have been successfully 
used for source identification and differentiation: 

 • Double ratio plots: C2D/C2P : C2D/C2P and C3D/C3P:  
C3D/C3C; 

 • Ratios of 3 m-DBT isomers and ratios of 2 pairs of 
m-phenanthrenes; 
 • Σnaphs/Σ total PAHs, Σnaphs/Σchrys, Σphens/Σchrys, and 

Σdibens/Σchrys; 
 • C0C : C1C : C2C : C3C and relative distribution of target PAHs 

in each homologous family; 
 • Pyrogenic Index. 

Diagnostic Ratios of Source-Specific PAHs 



     ——In most case, the most spilled oil in marine are 
crude oil and refined oil products. 

     ——It is important to differentiate the crude oil and 

refined oil products, especially for heavy fuel oil. 

     ——The purpose of the study is to find a useful 

indicator to differentiate the crude oil and heavy fuel oil. 

         

Differentiate the crude and heavy fuel oil 



Number Place Type 
A1 Russia Crude oil 
A2 Iran Crude oil 
A3 Saudi Arabia Crude oil 
A4 India Crude oil 
B1 Korea Heavy fuel oil 
B2 Korea Heavy fuel oil 
B3 Korea Heavy fuel oil 
B4 China Heavy fuel oil 

Information of the eight oils 
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Distributions of PAHs of EPA priority in the eight oils 

Distributions of PAHs  
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Distributions of alkylated PAHs homlogues in the eight oils 

Alkylated PAHs homlogues  



Diagnostic ratio Definition 
ΣN/ΣC (Naphthalene+C1-Naphthalenes+C2-Naphthalenes+C3-

Naphthalenes+C4-Naphthales)/(Chrysene+ 
C1-Chrysenes+C2-Chrysenes+C3-Chrysenes) 

ΣP/ΣC (Phenanthrene+C1-Phenanthrene+C2-Phenanthrene+C3-
Phenanthrene+C4-Phenanthrene)/(Chrysene+ 
C1-Chrysenes+C2-Chrysenes+C3-Chrysenes) 

ΣD/ΣC (Dibenzothiophenes+C1-Dibenzothiophenes+C2-
Dibenzothiophenes+C3-Dibenzothiophenes+C4-
Dibenzothiophenes)/(Chrysene+C1-Chrysenes+C2-Chrysenes+C3-
Chrysenes) 

ΣF/ΣC (Fluorene+C1-Fluorene+C2-Fluorene+C3-Fluorene+C4-
Fluorene)/(Chrysene+C1-Chrysenes+C2-Chrysenes+C3-
Chrysenes) 

An/P Anthracene/Phenanthrene 
BaA/C Benzo[a]anthracene/Chrysene 
2-m-An/total of MP 2-methylanthracene/C1-Phenanthrenes 
FI/Py Fluoranthene/Pyrene 
PI ∑(other 3-6-ring PAHs)/∑(5-alkylated PAHs) 
BeP/BaP Benzo[e]pyrene/Benzo[a]pyrene 

Diagnostic ratios  



Diagnostic ratio A1 A2 A3 A4 B1 B2 B3 B4 
(C2-D/C2-P):(C3-D/C3-P) 1.667 1.667 1.662 1.810 1.909 2.305 1.360 1.590 
(C3-D/C3-P):(C3-D/C3-C) 0.188 0.152 0.100 0.211 0.642 0.659 0.227 1.061 

C2-D/C2-P 0.833 1.717 3.074 0.095 0.655 0.434 0.896 0.608 
C3-D/C3-P 0.500 1.030 1.850 0.053 0.343 0.188 0.659 0.383 

ΣP/ΣD 1.810 0.842 0.497 10.286 2.688 4.375 1.692 2.835 

ΣN/ΣC 26.556 22.267 42.333 12.583 2.572 1.793 12.182 1.756 

ΣP/ΣC 8.444 8.867 13.333 6.000 1.893 1.897 6.667 1.452 

ΣD/ΣC 4.667 10.533 26.833 0.583 0.704 0.433 3.939 0.512 

4-MD/1-MD 2.065 2.055 1.856 4.648 3.341 3.143 2.756 1.748 
2-MN/1-MN 1.723 1.505 1.472 1.324 1.811 1.806 1.906 1.619 
2-MP/1-MP 1.059 1.152 0.805 0.828 2.040 1.928 2.032 1.413 

An/P 0.026 0.036 1.787 0.124 0.144 0.499 0.444 0.008 

BaA/C 0.113 0.053 0.075 0.272 0.336 0.538 0.561 0.621 

2-m-An/total of MP 0.003 0.003 0.003 0.005 0.141 0.110 0.034 0.077 

Different diagnostic ratios of PAHs of eight oils 

MD:methyldibenzothiophene; MN:methylnaphthalene; MP:methylphenanthrene 

Diagnostic ratios  



Ratios of 2-m-An/total of MP are different significantly between 
crude oil and heavy fuel oil samples. The ratios for crude oil are lower 
than 0.01, and all the ratios of heavy fuel oil are higher than 0.01. 
Compare with other ratios, the ratio of “2-m-An/total of MP” is an 
important indicator to differentiate the crude oil and heavy fuel oil. 
Reason: crude oil can generate or degrade to 2-m-An due to 
pyrolysis during the production of heavy fuel oil. 

2-m-An/total of MP 
Diagnostic ratio A1 A2 A3 A4 B1 B2 B3 B4 

(C2-D/C2-P):(C3-D/C3-P) 1.667 1.667 1.662 1.810 1.909 2.305 1.360 1.590 
(C3-D/C3-P):(C3-D/C3-C) 0.188 0.152 0.100 0.211 0.642 0.659 0.227 1.061 

C2-D/C2-P 0.833 1.717 3.074 0.095 0.655 0.434 0.896 0.608 
4-MD/1-MD 2.065 2.055 1.856 4.648 3.341 3.143 2.756 1.748 
2-MP/1-MP 1.059 1.152 0.805 0.828 2.040 1.928 2.032 1.413 

An/P 0.026 0.036 1.787 0.124 0.144 0.499 0.444 0.008 

BaA/C 0.113 0.053 0.075 0.272 0.336 0.538 0.561 0.621 

2-m-An/total of MP 0.003 0.003 0.003 0.005 0.141 0.110 0.034 0.077 



15 heavy fuel oils (B1 to B15) 

 32 crude oils (C1 to C32)  

produced in Turkmenistan, Korea, China, Vietnam, Morocco, 

Algeria, Sultan, Yemen, Saudi Arabia, Argentina, Russia, Indonesia, 

Brazil, Equatorial Guinea, Angola, and Mauritania. 

Based on the results of GC-MS analysis, 10 PAH diagnostic 

ratios from 47 oils were calculated. 

Test the available of the ratio  



Diagnostic ratio Definition 
ΣN/ΣC (Naphthalene+C1-Naphthalenes+C2-Naphthalenes+C3-

Naphthalenes+C4-Naphthales)/(Chrysene+ 
C1-Chrysenes+C2-Chrysenes+C3-Chrysenes) 

ΣP/ΣC (Phenanthrene+C1-Phenanthrene+C2-Phenanthrene+C3-
Phenanthrene+C4-Phenanthrene)/(Chrysene+ 
C1-Chrysenes+C2-Chrysenes+C3-Chrysenes) 

ΣD/ΣC (Dibenzothiophenes+C1-Dibenzothiophenes+C2-Dibenzothiophenes+C3-
Dibenzothiophenes+ 
C4-Dibenzothiophenes)/(Chrysene+C1-Chrysenes+C2-Chrysenes+C3-
Chrysenes) 

ΣF/ΣC (Fluorene+C1-Fluorene+C2-Fluorene+C3-Fluorene+C4-
Fluorene)/(Chrysene+C1-Chrysenes+C2-Chrysenes+C3-Chrysenes) 

An/P Anthracene/Phenanthrene 

BaA/C Benzo[a]anthracene/Chrysene 
2-m-An/total of MP 2-methylanthracene/C1-Phenanthrenes 
FI/Py Fluoranthene/Pyrene 
PI ∑(other 3-6-ring PAHs)/∑(5-alkylated PAHs) 
BeP/BaP Benzo[e]pyrene/Benzo[a]pyrene 

Diagnostic ratios  



Diagnostic ratios  



Diagnostic ratios  

Difference of 2-m-An/total of MP between heavy fuel oil 
and crude oil. 
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Conclusions 

The ratio of “2-m-An/total of MP” is a useful indicator to 

differentiate the crude oil and heavy fuel oil. 

In general, the ratio of “2-m-An/total of MP” bigger than 

0.015 indicates that the oil is heavy fuel oil, and the ratio lower 

than 0.015 indicates that the oil is crude oil. 



Thanks!
谢   谢！ 
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