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Overview
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Goals of Presentation

• Brief Discussion on Pyrogenic vs. Petrogenic PAHs.
• Brief Discussion on Department of Environmental 

Protection (DEP) Forensic Study.
• Study Evaluation Methods.
• Evaluation Methods Applied to Case Study.
• Conclusion.



Petrogenic Vs Pyrogenic
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• Petrogenic
• From petroleum products asphalt, diesel, 

gasoline, home heating oil, motor oil, lubricants, 
unprocessed coal and crude oil.

• Pietara J, O’Reilly K, Boehm P. 2010. A Review of PAHs. 
Stormwater.

• Mahler BJ, Van Metre PC, Bashara JT, Wilson JT, Johns 
DA. 2005. An Unrecognized source of urban polycyclic 
aromatic hydrocarbons. Environmental Science and 
Technology.

• Neff JM, Stout SA, Gunster DG. 2005, Ecological risk 
assessment of polycyclic aromatic hydrocarbons in 
sediments. Integrated Environmental Assessment and 
Management.



Petrogenic Vs Pyrogenic
• Pyrogenic

• Anthropogenic 
sources include 
residential wood 
burning, diesel and 
gasoline engine 
exhaust, emissions 
from coal-fired 
power plants, 
creosote, and coal 
tar from 
pavement 
sealants.
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• Pietara J, O’Reilly K, Boehm P. 2010. A 
Review of PAHs. Stormwater.

• Mahler BJ, Van Metre PC, Bashara JT, Wilson 
JT, Johns DA. 2005. An Unrecognized source 
of urban polycyclic aromatic hydrocarbons. 
Environmental Science and Technology.

• Neff JM, Stout SA, Gunster DG. 2005, 
Ecological risk assessment of polycyclic 
aromatic hydrocarbons in sediments. 
Integrated Environmental Assessment and 
Management.



DEP Forensic Study
• October 2020.
• Seven Petroleum 

Restoration Program 
Sites — Two located 
in Broward.

• One Agency Term 
Contractor (ATC) 
(GHD Services) 
worked on all seven 
sites to get soil and 
groundwater data.
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DEP Forensic Study

• Sites with known PAH 
impacts (particularly 
Benzo (a) Pyrene (BaP) 
and BaP equivalents) 
were chosen for 
evaluation.

• Goal: Can we develop a 
method of determining if 
PAH impacts at a site are 
related to a release or 
more likely related to 
combustion/pavement 
PAHs. 
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FDEP Forensic Study Goals
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Why Do the Study?

• PAH lab results showed BaP/BaP Equivalents 
exceedances.

• Shallow soils, in many cases in the top two feet.
• If not related to release, let’s not waste time and 

money addressing impacts through the Petroleum 
Restoration Program (PRP).

• Try to determine if those PAH exceedances are 
related to the release.

• If they are not, let’s issue a Site Rehabilitation 
Completion Order (SRCO).



Forensic Study Method
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• Look at BaP data and 
Organic Vapor 
Analyzer (OVA).
• OVA can indicate 

petroleum impacts.
• High BaP and low 

OVA suggest 
pyrogenic.

• Low BaP and high 
OVA suggest 
petrogenic.



Forensic Study Method
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• Parent vs. Alkylated
• Left-skewed 

suggest pyrogenic.
• Uniform or bell 

shaped suggest 
petrogenic.

• Right-skewed 
suggest weathered 
or biodegraded 
petroleum product.



Forensic Study Method
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Compare PAH Distribution to established PAH 
Reference Histograms.
• Petrogenic = skewed to the left.
• Pyrogenic = skewed to the right.

Murphy, BL, Morrison RD. 2006. Introduction to 
Environmental Forensics



Forensic Study Method
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Examine Single Ratio Histograms

• Low Molecular Weight/High Molecular Weight.
• Combustion/Total.
• Fluoranthene (FLA)/(FLA + pyrene (PYR)).
• Benzo[a]anthracene (BaA)/(BaA + Chrysene).
• Indeno[c,d]pyrene (IcdP)/(IcdP + Benzo[g,h,i]pyrene  

(BghiP)).



Forensic Study Method
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Likely Pyrogenic:
• If the Low Molecular Weight (LMW)/High 

Molecular Weight (HMW) ratio is < 1.
• If the Combustion/Total ratio is close to 1.0.
• If the FLA/(FLA + PYR) > 0.4.
• If the BaA/(BaA + Chrysene) > 0.2.
• If the (IcdP)/(IcdP + BghiP) > 0.2.



Forensic Study Method
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Likely Petrogenic:
• If the LMW/HMW ratio is > 1.
• If the Combustion/Total ratio is < 0.8.
• If the FLA/(FLA + PYR) < 0.4.
• If the BaA/(BaA + Chrysene) < 0.2.
• If the (IcdP)/(IcdP + BghiP) < 0.2.



Forensic Study Method
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Create a Double Ratio 
Plot using the 
concentrations of four 
PAHs:
• Fluoranthene (FLA).
• Pyrene (PYR).
• Indeno(1,2,3-

c,d)pyrene (IcdP).
• Benzo(g,h,i)perylene 

(BghiP).



Forensic Study Method
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Plotted with the axes 
representing these 
ratios:

𝐹𝐹𝐹𝐹𝐹𝐹
𝐹𝐹𝐹𝐹𝐹𝐹 + 𝑃𝑃𝑃𝑃𝑃𝑃

 & 
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 + 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

See if the results are 
clustered, and where on 
the chart they cluster.



The Case Study

Speedway #6450

FDEP Facility No. 
06/8502095
Address:
6395 Taft Street
Hollywood, 
Broward County
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The Case Study

Speedway #6450

An active Speedway 
retail petroleum 
facility with a 
convenience store.
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The Case Study
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The Case Study
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The Case Study
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The Case Study - Complications

Speedway #6450

• Potential Source 
Removal.
– Over 500 yd3

• Several 
complicating 
factors for 
implementation.
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The Case Study - Complications

Speedway #6450
• Complications 

with excavation 
area.
• Parcel to North 

owned by 
Seminole 
Tribe/Historic 
Oak Tree.

• Septic drain 
field.
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The Case Study - Complications
Speedway #6450
• Complications 

with excavation 
area.
• Active 

station/utilities.
• Narrow parcel 

to west owned 
by City with 
Department of 
Transportation 
Right of Way 
(ROW) further 
west. 23



The Case Study – OVA and Lab
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Speedway #6450
• Low OVAs but multiple 

exceedances of PAHs 
(mainly BaP and BaP 
equivalents).



The Case Study - Parent vs Alkylated
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Speedway #6450
• Looking at the Parent vs. Alkylated we see a bell 

curve that is skewed to the left. 



The Case Study - Parent vs Alkylated
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Speedway #6450
• Looking at the Parent vs. Alkylated we see a bell 

curve that is skewed to the left. 



The Case Study – Single Ratios
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Speedway #6450
• The LMW/HMW ratio is < 

1.
• Likely Pyrogenic.

• The Combustion/Total 
ratio is close to 1.0.
• Likely Pyrogenic.



The Case Study – Single Ratios
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Speedway #6450
• The FLA/(FLA + PYR) > 

0.4.
• Likely Pyrogenic.

• The BaA/(BaA + 
Chrysene) > 0.2.
• Likely Pyrogenic.

• The (IcdP)/(IcdP + 
BghiP) > 0.2.
• Likely Pyrogenic.



The Case Study – Double Ratio
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Speedway #6450
• The Double Ratio plots showed us good clustering 

all on the Pyrogenic side of the chart.
• Conclusion: The impacts are the result of Pyrogenic 

sources and not related to the release.



The Case Study – Double Ratio
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Speedway #6450
• The Double Ratio plots 

showed us good clustering 
all on the Pyrogenic side of 
the chart.

• Conclusion: The impacts 
are the result of Pyrogenic 
sources and not related to 
the release.



Closure
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• The ATC completed the 
evaluation of data.

• The ATC has stated that in 
their professional opinion 
the PAHs are not related to 
the release.

• The ATC recommends No 
Further Action (NFA).



Closure
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• The Local Program agrees with 
the ATC’s conclusions.

• The Local Program creates a 
memo to PRP with their 
agreement attaching 
necessary backup data such 
as tables and maps.



Closure
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• PRP reviews the memo 
from the Local Program 
and the supporting 
information and if they 
concur, issues a response to 
the Local Program.

• The Local Program reviews 
the response from the PRP.

• SRCO Order is prepared by 
Local Program for issue by 
PRP.



Closure
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What Did We Learn?

• Basics of differences 
between Petrogenic and 
Pyrogenic PAHs.

• What tools the 2020 
Forensic Study used to 
determine the origin of PAH 
impacts.

• How to use those tools.



Closure
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What Did We Learn?

• The example of the 
Speedway #6450 Case 
Study showing how the 
tools were used.

• How to obtain a SRCO when 
the conclusion is the 
impacts are not related to 
the release.
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The FDEP Forensic Study Document, with the data on 
all 7 study sites:

Forensic Site Investigation Report Comprehensive
Court at Palm Aire, 2701 N. Course Drive
Pompano Beach, Broward County, Florida
Facility ID No. 06/9700139
Purchase Order No. B6913D, Contract #GC908

Prepared by GHD Services, Inc. 

https://depedms.dep.state.fl.us/Oculus/servlet/shell?command=getEntity&%5bguid=11.4098283.1%5d&%5bprofile=Cleanup_Remediation%5d


Questions?

Nicholas Maksimoski P.E., Licensed Engineer
Resilient Environment Department 
Environmental Permitting Division 
1 N University Dr, Mailbox 201 
Plantation, Florida 33324 
Office:  954.519.1237
www.broward.org
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David J. Sheehan P.E., Licensed Engineer
Resilient Environment Department 
Environmental Permitting Division 
1 N University Dr, Mailbox 201 
Plantation, Florida 33324 
Office:  954.519.1439
www.broward.org
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