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Historical Crude Oil Contamination in 
Peruvian Rainforest Organic Soils
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Peruvian Soil TPH Analysis Method
Adaptation of USEPA SW846 8015 Method

• Microwave extraction in acetone, hexane and dichloromethane solvents

• Silica gel cartridge cleanup of polar (biogenic) compounds

• F2 and F3 concentrations quantified by Gas Chromatography - Flame Ionization 

Detector (GC-FID) on a 3 minute run 

• Chromatograms were provided for all samples  

• F2 (C10-C28);  regulatory limit 1,200 mg/kg

• F3 (C28-C40);  regulatory limit 3,000 mg/kg
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2015 Contaminated Site Study Overview

• 30 years of crude oil extraction activities contaminated a 

721 hectare (ha) rainforest area. 

• 17,132 soil samples were analyzed for TPH 

• Most of the 5,569 peat soil samples exceeded TPH F3 regulatory limits

• CH2M resolved false exceedances of TPH regulatory limits due 

to background peat soils
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What is Peat/Turba?

• Typically has >40% total organic carbon (TOC) content

Saturated Soil and 

Decayed Plants

Thousands of 

Years Peat/Turba

• Natural Biogenic Organic Compounds (BOCs) are often falsely detected as 

Total Petroleum Hydrocarbons (TPH) 

Peat (English); Turba (Spanish)
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Biogenic Organic Compounds are the Building Blocks of Life

❖ Natural carbon-based compounds biosynthesized by living organisms. 

❖ BOC groups contain alkanes, lipids, carbohydrates, proteins, etc. 

http://images.google.ca/imgres?imgurl=http://www.poster.net/anonymous/anonymous-cows-5000235.jpg&imgrefurl=http://greenplanets.blogspot.com/2007_07_01_archive.html&h=319&w=450&sz=36&hl=en&start=9&um=1&usg=__ilivK1154hlC4Q2CSLrWsDOaP_s=&tbnid=iygITZFjqk25SM:&tbnh=90&tbnw=127&prev=/images?q=cow+manure&um=1&hl=en&sa=G
http://images.google.ca/imgres?imgurl=http://www.cookiemag.com/images/homefront/2007/09/hoar01_diapers.jpg&imgrefurl=http://ucrsr500.blogspot.com/2008/08/diaper-saves-baby.html&h=404&w=337&sz=47&hl=en&start=27&um=1&usg=__dOUG6n9XRpek5Dh9Vbzh_IbbxDI=&tbnid=vEd1N_FrKNwRxM:&tbnh=124&tbnw=103&prev=/images?q=baby+diapers&start=21&ndsp=21&um=1&hl=en&sa=N
http://images.google.ca/imgres?imgurl=http://v.mercola.com/ImageServer/public/2007/07--july/7.5milk.jpg&imgrefurl=http://v.mercola.com/blogs/public_blog/What-Have-They-Done-to-Milk--26121.aspx&h=341&w=352&sz=21&hl=en&start=3&um=1&usg=__1G0R36fWXP-mgHaSQGbKbmn0ldE=&tbnid=q7Uilh9tmGoPJM:&tbnh=116&tbnw=120&prev=/images?q=milk&um=1&hl=en&sa=G
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Why Do BOCs Cause False TPH Detections?

Laboratories use organic solvents to indiscriminately extract all 

carbon regardless of petroleum or natural biogenic sources.
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Site Data Examples:  True and False Exceedences of 
Regulatory Limits in Clean and Contaminated Peat Soils
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• 90% of clean samples falsely exceeded F3 limit

• 0% of clean samples exceeded F2 limit
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CH2M’s Solution?
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GC-FID Chromatogram & Carbon Range Analysis
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Canadian PhD Research Applied to Peru Study

Contamination Experiments

2007-2010

Contaminated Site Studies

2005-2017

Clean Background Soil Surveys

2007-2015
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Publications 
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Global Peat Distribution Map

Source: Parish et al. 2008

Canadian 
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Peru Results
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Clean Peat has Minimal F2  

Site Samples:  GC-FID Chromatograms and                             
Carbon Ranges for Crude Oil, Clean Peat and Spiked Peat

Carbon Range

Crude Oil

Clean Peat

C40C10 C28

50% 50%

85%15%

67%
33%

Crude Oil 

Spiked Peat

F2 F3 %F3%F2

Carbon distribution patterns were used to calculate TPH 
versus BOC concentrations in peat samples
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Crude Oil Spiked Peat

Total F2 & F4 percentages

C40C10 C28

Total F2 Total F3

%F3

%F2

C40C10 C28

Petrogenic F2 Petrogenic F3

12,915 mg/kg 20,314 mg/kg

50%

50%

%F3

%F2

66%

34%

Overlayed Crude Oil Chromatogram

PeatCrude Oil

C40C10 C28

Total F2 Total F3

Calculated true TPH percentages when 

BOC area is subtracted from total area
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F2 Crude Oil Area F2 Peat Area

F3 Crude Oil Area F3 Peat Area

F3 F2

GIS Calculated F2 and F3 Petrogenic Concentrations

GIS Area Measurements of 

Contaminated Peat Sample
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F2 Crude Oil Area F2 Peat Area

F3 Crude Oil Area F3 Peat Area

F3 F2
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Final Results

1,199 (22%) of 5,568 contaminated soil samples were identified as 

falsely exceeding the F3 regulatory limit due to background peat
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Project Challenges and Opportunities

• The laboratory’s electronic GC-FID files were not accessible for this study. 

CH2M developed an alternative graphical software technique for quantifying 

chromatogram areas and TPH concentrations. 

• CH2M’s study approach was initially based on a Canadian template, which 

was adapted to meet Peruvian analytical methods and regulatory limits.

• The Peruvian Ministry of Environment had recently adopted TPH soil chemistry 

analysis and site remediation requirements, which provided CH2M with an 

opportunity to conduct one of the first projects under these new requirements. 
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