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Why is Oil Fingerprinting Important?Why is Oil Fingerprinting Important?

Comparison of suspect samples to known Comparison of suspect samples to known 
spill sourcespill source
Mystery spillsMystery spills

Natural petroleum seepsNatural petroleum seeps
Anthropogenic Anthropogenic 

Acute (bilge cleaning, sudden leaks/spills)Acute (bilge cleaning, sudden leaks/spills)
Chronic (shipwrecks, slow leaks)Chronic (shipwrecks, slow leaks)



Why is Oil Fingerprinting Important?Why is Oil Fingerprinting Important?

Natural Petroleum SeepsNatural Petroleum Seeps

Worldwide, ~180 million gallons (4.3 million Worldwide, ~180 million gallons (4.3 million bblsbbls) into ) into 
marine environment per yearmarine environment per year
In Santa Barbara Channel, ~6 million gallons (143,000 In Santa Barbara Channel, ~6 million gallons (143,000 
bblsbbls) released per year) released per year

USGS
OSPR

UCSB

Source:Kvenolden and Cooper 2003



Why is Oil Fingerprinting Important?Why is Oil Fingerprinting Important?

Natural Petroleum SeepsNatural Petroleum Seeps

Oiled Wildlife Care Network (OWCN) intakes an average Oiled Wildlife Care Network (OWCN) intakes an average 
of about 275 miscellaneous oiled birds per yearof about 275 miscellaneous oiled birds per year
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Why is Oil Fingerprinting Important?Why is Oil Fingerprinting Important?

ShipwrecksShipwrecks

S.S. Jacob S.S. Jacob LuckenbachLuckenbach estimated to have killed >50,000 estimated to have killed >50,000 
birdsbirds
S.S. MontebelloS.S. Montebello poses potential riskposes potential risk

Montebello

UCSB
Luckenbach



Petroleum FingerprintingPetroleum Fingerprinting

Gas Chromatography/Mass Spectrometry (GCMS)Gas Chromatography/Mass Spectrometry (GCMS)
Comparison of chromatogramsComparison of chromatograms

BasicsBasics



Petroleum FingerprintingPetroleum Fingerprinting

Biomarker = organic compounds from dead thingsBiomarker = organic compounds from dead things
Ratios provide way of quantifying comparisonsRatios provide way of quantifying comparisons

Biomarker RatiosBiomarker Ratios



Petroleum FingerprintingPetroleum Fingerprinting

Biomarker = organic compounds from dead thingsBiomarker = organic compounds from dead things
Ratios provide way of quantifying comparisonsRatios provide way of quantifying comparisons

Biomarker RatiosBiomarker Ratios
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Petroleum FingerprintingPetroleum Fingerprinting
Biomarker RatiosBiomarker Ratios
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Biomarkers can be affected by:Biomarkers can be affected by:
BiodegradationBiodegradation
WeatheringWeathering

USGS identified 19 ratios USGS identified 19 ratios 
that are relatively stablethat are relatively stable

Lorenson et al. 2009



Petroleum FingerprintingPetroleum Fingerprinting
Biomarker RatiosBiomarker Ratios

USGS and others have used ratios to model similarity of USGS and others have used ratios to model similarity of 
samples, using PCA, etc.  samples, using PCA, etc.  

USGS



Project GoalsProject Goals
Ratio Comparison Tool:Ratio Comparison Tool:

Able to quickly compare a mystery sample to a large Able to quickly compare a mystery sample to a large 
number of other known samplesnumber of other known samples
Be simple to use and to interpretBe simple to use and to interpret
Is not dependent on the number or variability of other Is not dependent on the number or variability of other 
samples in the databasesamples in the database



MethodsMethods

Developed two simple Developed two simple 
MATLAB routines with MATLAB routines with 
different algorithmsdifferent algorithms
Tested validity of results with Tested validity of results with 
standard visual comparisons standard visual comparisons 
of chromatogramsof chromatograms



MethodsMethods
Method 1: Mean Percentage Difference (MPD)Method 1: Mean Percentage Difference (MPD)
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MethodsMethods
Method 1: Mean Percentage Difference (MPD)Method 1: Mean Percentage Difference (MPD)

MPD = abs(0.03MPD = abs(0.03--0.06)/avg(0.03, 0.06)0.06)/avg(0.03, 0.06)
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MethodsMethods
Method 1: Mean Percentage Difference (MPD)Method 1: Mean Percentage Difference (MPD)

MPD = abs(0.03MPD = abs(0.03--0.06)/avg(0.03, 0.06)0.06)/avg(0.03, 0.06)
= 0.67= 0.67
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MPD = abs(0.86MPD = abs(0.86--0.70)/avg(0.86, 0.70)0.70)/avg(0.86, 0.70)
= 0.21= 0.21



MethodsMethods
Method 1: Mean Percentage Difference (MPD)Method 1: Mean Percentage Difference (MPD)

MPD = abs(0.03MPD = abs(0.03--0.06)/avg(0.03, 0.06)0.06)/avg(0.03, 0.06)
= 0.67= 0.67

0.190.190.130.130.050.050.640.641.601.600.770.770.560.560.760.760.400.400.560.560.140.140.700.700.060.060.950.9544441.101.104.44.40.280.28--22.822.8
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MPD = abs(0.86MPD = abs(0.86--0.70)/avg(0.86, 0.70)0.70)/avg(0.86, 0.70)
= 0.21= 0.21

Total MPD (mean of 19 MPD individual values) = 0.57Total MPD (mean of 19 MPD individual values) = 0.57



0 1

1

-1

MethodsMethods
Method 2: Standardized SlopeMethod 2: Standardized Slope
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Convert ratio to slopeConvert ratio to slope
Standardize distance Standardize distance 
between peaks to between peaks to 
height of second peak height of second peak 
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MethodsMethods
Method 2: Standardized SlopeMethod 2: Standardized Slope
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Ratio 0.03 = slope 44.1Ratio 0.03 = slope 44.1°°
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MethodsMethods
Method 2: Standardized SlopeMethod 2: Standardized Slope
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Ratio 0.03 = slope 44.1Ratio 0.03 = slope 44.1°°

Ratio 0.06 = slope 43.2Ratio 0.06 = slope 43.2°°

Difference = slope 0.09Difference = slope 0.09°°
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MethodsMethods
Method 2: Standardized SlopeMethod 2: Standardized Slope

0.190.190.130.130.050.050.640.641.601.600.770.770.560.560.760.760.400.400.560.560.140.140.700.700.060.060.950.9544441.101.104.44.40.280.28--22.822.8

0.350.350.110.110.200.200.300.300.830.830.590.590.320.320.880.880.630.630.230.230.170.170.860.860.030.030.020.0210101.101.106.26.20.590.59--23.423.4

1919181817171616151514141313121211111010998877665544332211
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Difference = slope 8.7Difference = slope 8.7°°

Average Diff = 10.2Average Diff = 10.2°°



MethodsMethods
Summary of 2 MethodsSummary of 2 Methods

Less intuitive Less intuitive 
(values range from 0 (values range from 0 
to 135to 135°°))

Does not Does not 
overestimate overestimate 
difference when difference when 
values very small or values very small or 
largelarge

Standardized SlopeStandardized Slope

May overestimate May overestimate 
difference when difference when 
values very small or values very small or 
largelarge

Simple, intuitiveSimple, intuitiveMean Percentage Mean Percentage 
Difference (MPD)Difference (MPD)

ConsConsProsProsMethodMethod



ResultsResults

Comparison of 2 methods (53 paired samples + 6 paired Comparison of 2 methods (53 paired samples + 6 paired 
replicates)replicates)
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ResultsResults

Comparison of 2 methods (53 paired samples + 6 paired Comparison of 2 methods (53 paired samples + 6 paired 
replicates)replicates)
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Threshold of 0.10 = 91% consistent



ResultsResults

Comparison of 2 methods (53 paired samples + 6 paired Comparison of 2 methods (53 paired samples + 6 paired 
replicates)replicates)
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ResultsResults

Comparison of 2 methods (53 paired samples + 6 paired Comparison of 2 methods (53 paired samples + 6 paired 
replicates)replicates)

Mean Percentage Difference (MPD) method 
performed better, with threshold of 0.10 
(average of 10% difference in ratios) 
predicting 100% of matching samples with 
9% error.  



SummarySummary

Benefits of MATLAB search tool:Benefits of MATLAB search tool:

Can quickly compare samples to large database (676 Can quickly compare samples to large database (676 
USGS samples; >120 OSPRUSGS samples; >120 OSPR--PCL samples)PCL samples)
Can help identify groups of matching samples that could Can help identify groups of matching samples that could 
have a chronic anthropogenic sourcehave a chronic anthropogenic source
Simple program can be easily shared (1 KB)Simple program can be easily shared (1 KB)

MATLAB search tool is NOT a statistical test to determine MATLAB search tool is NOT a statistical test to determine 
similarity (not intended to replace visual comparison)similarity (not intended to replace visual comparison)



SummarySummary

Helped identify/refine groups of matching/similar samplesHelped identify/refine groups of matching/similar samples
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SummarySummary
MATLAB MATLAB dendrogamdendrogam
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SummarySummary
Next Steps:Next Steps:

Continue to build OSPRContinue to build OSPR--PCL ratio databasePCL ratio database
Additional validation with larger sample sizeAdditional validation with larger sample size
Investigate refinement of algorithm (some ratios better Investigate refinement of algorithm (some ratios better 
than others?) than others?) 

0
0.05
0.1

0.15
0.2

0.25
0.3

0.35
0.4

0.45
0.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Ratio

C
oe

ffi
ci

en
t o

f V
ar

ia
tio

n

A
B
C
Among



AcknowledgmentsAcknowledgments

OSPROSPR--PCL: Susan PCL: Susan SugarmanSugarman, Shane Stahl, Dave , Shane Stahl, Dave 
CraneCrane
USGS biomarker ratio pioneers: Tom USGS biomarker ratio pioneers: Tom LorensonLorenson, Bob , Bob 
RosenbauerRosenbauer, Fran Hostettler, Ken Peters, Fran Hostettler, Ken Peters
OWCN: Mike OWCN: Mike ZiccardiZiccardi and many member organizations and many member organizations 
(especially IBRRC)(especially IBRRC)
OSPROSPR--MWVCRC: Erin Dodd and Hannah MWVCRC: Erin Dodd and Hannah NevinsNevins

THANKS!


