
Hydrocarbon Forensics 
(Product Characterization) 



2 maxxam.ca 

Overview 
 

 

ÁSome of the tools used in Hydrocarbon Forensics 

 

ÁApplication of analytical data to answer: 
ïά²Ƙŀǘ ƛǎ ƛǘΚέΤ 

ïάIƻǿ ƻƭŘ ƛǎ ƛǘΚέΤ ŀƴŘ 

ïάLǎ ƛǘ ƳƛƴŜΚέ 
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Available Analytical Tools 
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Á History 
ï Background Information 

ï Manifests/Phase I ESA information 

ï Past use of the property or location 

ï Compounds of concern 

Á Geology/Geochemistry 
ï What is the nature of the soil environment?  Is is aggressive or passive?  

Á Hydrogeology 
ï Groundwater flow 

Á Where were the samples collected? 
ï Relative to surface 

ï Relative to water table 

ï Relative to potential sources of impact 

Background Information: 
ά5ŜǘŜŎǘƛǾŜ ²ƻǊƪέ 
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Extraction 

Purge & Trap 

Analysis 

Headspace 

ωF1 Hydrocarbons 
 (C6 ς C10; e.g. gasoline) 

 
 
ωPIANO Analysis 

 
 
 
ωOrganoleads 
 (e.g. TEL) 

Volatile Hydrocarbon Analysis 
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Extraction 

in-situ Clean-up 
όΧƻǊ ƴƻǘύ 

Analysis 

ωF2-F4 Hydrocarbons 
 (C10 ς C50+; fingerprinting) 

 
 
ωBiomarkers: 
 (age estimation) 
ω nC17/pristane 
ω nC18/phytane 
ω Norpristane 

 
ωBiomarkers 
 (source determination) 
ω Steranes 
ω Hopanes 
ω Terpanes 
ω ΧŜǘŎΦ 

Semi-Volatile Hydrocarbon Analysis 
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Á/ŀƴŀŘƛŀƴ /ƻǳƴŎƛƭ ƻŦ aƛƴƛǎǘŜǊǎ ƻŦ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘΥ άwŜŦŜǊŜƴŎŜ 
Method for the Canada-Wide Standard for Petroleum Hydrocarbons 
in Soil ς ¢ƛŜǊ L aŜǘƘƻŘέ нллм  

 

Á F1 information  is helpful for light hydrocarbons 

 

Á F2 ς F4 is useful for mid-range to heavy hydrocarbons 

 

Á Be consistent in the analysis 
ï Same instrument 

ï Same GC program 

Hydrocarbon Fingerprinting: 
Visual Comparison and Characterization 
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Á.ƛƻƳŀǊƪŜǊǎ ŀǊŜ ŎƘŜƳƛŎŀƭ άŦƻǎǎƛƭǎέ ǘƘŀǘ Ŏŀƴ ŀŎǘ ŀǎ ǳƴƛǉǳŜ ǘǊŀŎŜǊǎ ŦƻǊ 
petroleum contaminants which are structurally very similar to 
natural products (i.e. plants/chlorophyll) and are one of the last 
group of compounds to degrade in a petroleum product 

Á Isoprenoids (e.g. pristane and phytane) are found in middle 
ŘƛǎǘƛƭƭŀǘŜǎ ŀƴŘ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ άōƛƻƳŀǊƪŜǊǎέ  

ÁGC/MS peak patterns for specific biomarker compounds can be 
used to: 
ï Evaluate degree of weathering under specific soil conditions 

ï Differentiate petrogenic and biogenic impacts 

ï Identify crude oil sources 

ÁGC/MS analysis for biomarkers is not trivial nor is it routine 

Gas Chromatography/Mass Spectrometry: 
Biomarkers 



9 maxxam.ca 

ÁGasoline contains several hundred compounds 

ÁGasoline hydrocarbons (non additives) typically fall into one of five 
categories: 
ï Paraffins, Isoparaffins, Aromatics, Napthenes or Olefins  

Á¢ȅǇƛŎŀƭƭȅ ŎƻƴŘǳŎǘŜŘ ƻƴ ŀ b!t[ΧƭŜǎǎ ŎƻƳƳƻƴƭȅ ƻƴ ƎǊƻǳƴŘǿŀǘŜǊ 
samples 

Á Specialized GC/MS analysis on a specialized column with a very long 
run time 

Á PIANO results are expressed as relative % concentrations 

Á Diagnostic ratios can be calculated to assess: 
ïWeathering 

ï Biodegradation 

ï Octane Rating (do you have a premium gas, mid grade, regular) 

Gas Chromatography/Mass Spectrometry: 
PIANO Analysis 
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Stable Carbon Isotope Analysis 

ÁAnalysis of stable isotopes is done by Isotope Ratio Mass 
Spectrometer (IRMS) 

ÁResults are expressed relative to a benchmark standard 
13C/12C ratio derived from a universal reference material 
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Stable Isotope Analysis 

Á Analysis of stable isotopes by Isotope Ratio Mass Spectrometry 
(IRMS) 

Á There are two types of isotopes: stable and radioactive. Carbon has 
a stable isotope with 7 neutrons (13C) and a radioactive isotope with 
8 neutrons (14C).   

Á The approximate ratio of 12C to 13C is 99:1 

Á The carbons contained within hydrocarbon compounds will have a 
13C/12C isotopic signature that can be significantly different based 
on factors such as: the formation of the fuel (source and the 
refining process); and the changes that occur once it is released to 
the environment  

Á Biodegradation will effect the 13C/12C signature 
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!ƴȅ ƻǘƘŜǊ ǊŜƭŜǾŀƴǘ ƛƴŦƻǊƳŀǘƛƻƴΧ 

Χȅƻǳ Ŏŀƴ ƎŜǘ ȅƻǳǊ ƘŀƴŘǎ ƻƴ 
 

Á% Moisture 
ï can be used as a line of evidence in differentiating biogenic from petrogenic 

impacts 

 

Á Background samples 
ï can be used as a line of evidence in differentiating biogenic from petrogenic 

impacts 
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!ƴȅ ƻǘƘŜǊ ǊŜƭŜǾŀƴǘ ƛƴŦƻǊƳŀǘƛƻƴΧ 

Χȅƻǳ Ŏŀƴ ƎŜǘ ȅƻǳǊ ƘŀƴŘǎ ƻƴ 
ÁOther marker compounds 
ï Gasoline additives 

ÁOrganoleads 

ÁMMT (methylcyclopentadienyl manganese tricarbonyl)  

ÁMTBE (methyl-tert-butyl ether) 

ÁEtOH (ethanol) 

Á Lead scavengers 
ï EDB/1,2-DCA 

ÁOther Oxygenates 

Á Amines 

Á Dyes 

Á Anti-LŎƛƴƎ /ƻƳǇƻǳƴŘǎ όŜΦƎΦ ƎƭȅŎƻƭǎύ ά²ƛƴǘŜǊ Dŀǎέ 
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ά²Ƙŀǘ ƛǎ ƛǘΚέ 
(characterization) 
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Á Gasoline (C6 ς C13/14) 

ï BTEX 

ï Isooctane 

Á Diesel/Fuel Oils (C8 ς C22) 

ï Linear and branched alkanes 

 (may or may not be there depending on degree of weathering) 

ï Biomarker Compounds 

ÁIsoprenes, steranes, hopanes, bicyclic sesquiterpanes 

Á Biogenic Organic Material (peat) 

ï Characteristic peak pattern (C28 ς C34) 

ï Is F3 reduced with additional silica gel clean-ups 

Nature of Impact: 
Look for Indicator Compounds 
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Hydrocarbon Characterization: 
Visual Evaluation 
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Isoprenoid Biomarkers: 
Pristane and Phytane 

nC18/phytane 

nC17/pristane 

norpristane 

#2 Diesel Fuel 
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Biomarker Signatures in Crude Oils: 
Steranes, Hopanes and Terpanes 



19 maxxam.ca 

Another Class of Biomarkers: 
Bicyclic Sesquiterpanes (m/z = 123) 

Crude Oil Standard 

Sample B123213 

m/z = 123 

m/z = 123 



20 maxxam.ca 

άIƻǿ ƻƭŘ ƛǎ ƛǘΚέ 
(weathering) 
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Age Estimation 
όάIƻǿ ƻƭŘ ƛǎ ƛǘΚέύ 

 

Á Evaluation of Weathering 

 

Á Can you estimate when the impact occured? 
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Weathering Mechanisms 

Á Volatilization 

 

Á Solubilization or Dissolution 

 

Á Biodegradation 



23 maxxam.ca 

Impact of Weathering 

ïLight hydrocarbons 

ïOlefins 

ïN-Alkanes 

ïMonoaromatics 

ï Isoalkanes 

ïParent PAH > 2-ring 

ïC1, alkyl PAH Ą C4 alkyl PAH 

ïTriterpanes 

ïDiasteranes Ą Aromatic Steranes 

ïPorphyrins 
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Introduction to Environmental Forensics, Murphy and Morrison 
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Moderately Weathered Diesel 
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Weathering 

ÁUsing weathering as an indicator of age may be subject to 
considerable scrutiny 

Á.Ŝ ŎŀǊŜŦǳƭ ǿƛǘƘ ǎǘŀǘŜƳŜƴǘǎ ƭƛƪŜ άǘƘƛǎ ƎǊƻǳƴŘǿŀǘŜǊ ǎŀƳǇƭŜ 
contained diesel, but many of the low boiling point 
ƘȅŘǊƻŎŀǊōƻƴǎ ŀǊŜ ŀōǎŜƴǘΣ ǎƻ ǘƘƛǎ ƛǎ ŀƴ ƻƭŘŜǊ ǊŜƭŜŀǎŜέ 

ÁWhat impacts weathering? 
ïVolume of contaminant released 

ïTime of release (one event / leak over time) 

ïDepth of spill (or depth of where the sample was collected) 

ïSubsurface conditions (oxygen content, microbiological populations) 
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Using Weathering to Estimate 
Impact Age 

It can be done, but weathering information must be 
considered in the context of other available information 
including: 

ï Soil environment 

ï Volume of contaminant released 

ï Time of release (one event / leak over time) 

ï Depth of spill (or depth of where the sample was collected) 

ï Subsurface conditions (oxygen content, microbiological 
populations) 

ï Diagnostic ratios of specific hydrocarbon compounds 



27 maxxam.ca 

άLǎ ƛǘ ƳƛƴŜΚέ 
(source determination) 
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Source Determination 

ÁThis is probably the most difficult question to answer 

 

ÁAll of the tools described need to be considered (if data are 
ŀǾŀƛƭŀōƭŜύ ǘƻ ǇǊƻǾƛŘŜ ŀ ǊŜŀǎƻƴŀōƭŜ ƧǳŘƎƳŜƴǘ ŀōƻǳǘ άǎƻǳǊŎŜέ  

 

ÁaǳƭǘƛǇƭŜ άƭƛƴŜǎ ƻŦ ŜǾƛŘŜƴŎŜέ ƴŜŜŘ ǘƻ ōŜ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ƻǊŘŜǊ ǘƻ 
build a compelling case 
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Principal Component Analysis (PCA) Plots 

Chemometric plot of isoprenoid ratios
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Source Determination: 
Visual Evaluation 


