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Discussion Topics

• QP perspective on the proposed asphalt exemption rule

• Case studies on how petroleum hydrocarbon (PHC) forensics has been used to obtain 

approvals for beneficial reuse of asphalt contaminated sediment

• How AI can be used to semi-automate the PHC forensics process

• Municipalities are invited to participate in an Ontario-wide asphalt chemistry survey



MECP Proposed Asphalt Exemption for Greater 
Flexibility on Beneficial Reuse Options 



17-Year Sediment Asphalt Forensics Study of 121 SWM Ponds
• 99% failed Table 1 SCS for F4G PHCs
• 87% failed Table 2.1 ESQS for F3 PHCs
• 77% failed Table 3.1 ESQS for F3 PHCs

At least 77% of 
ponds would not 
meet any excess soil 
standards due to inert 
asphalt PHCs  
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2016 - 2020 Plant and Earthworm Ecotoxicity Tests 
of Asphalt Contaminated SWM Pond Sediment

• Growth and reproduction were as good or better in the sediment 
mixed with 20% compost than in the clean control soil. 

• Earthworm tissue analysis did not indicate PHC uptake



Proposed Amendment - Discussion Points 

Complex asphalt forensics identification 
process requires an SME 

• PHC forensics Subject Matter Experts (SME) 
are required to identify asphalt sources

• QP’s would work with SME’s on beneficial 
reuse evaluations  



Examples of Sediment Reuse Approvals that 
Required PHC Forensic SME Evaluations



PHC Forensic Weight-of-Evidence 
Tools Used for Previous Approvals? 

• F2-F4G PHC Gas Chromatogram Flame Ionization Detector (GC-FID) chromatogram patterns

• Bulk soil and leachable PHC and PAH concentrations & distributions



PHC Content

1) Aliphatic PHC Examples

PHCs

Straight chains, branched chains, 
non-aromatic rings (non-polar)

Propane 2-methyl-propane

Cyclohexane

2) Aromatic PHC Examples 
(Benzene Rings)

Single and Multiple 
Benzene Rings (polar)

Benzene
(single ring)

Polyaromatic Hydrocarbons 
(PAHs)

Multiple Benzene Rings

Pyrene



PHC Sources Organized by Carbon Ranges

F4

C34-C50

F2

C10-C16

F3

C16-C34
F1

C6-C10

F4G
Gravimetric

Gasoline

Hydraulic Fluid, Engine Oil  

Coal Tar/Creosote

Asphalt, Tire Rubber

Diesel/No. 2 Fuel Oil

Crude Oil

Natural Organic Matter (False Detections)



Examples of GHD’s PHC Source Library
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Chromatograms with Appropriate y-scales 
are Essential for Asphalt Identifications 

Sample ‘A’ 
GHD adjusted 
160 pA y-scale
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FID1 A, Front Signal (E:\ENBRIDGE TRIALS\MAY 9 2018\7890D FRONT DETECTOR FILES\BATCH FILES\135F1301.D)

Sample ‘A’        Different Chromatogram y-Scales

Sample ‘A’     
Laboratory PDF report

4000 pA y-scale



Examples of PAH Percentages of 
F1-F4 PHC Concentrations
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Case Study: Highway 407 ETR diesel tanker fuel 
spill into a SWM pond

• 40,000 litres of diesel spilled into a SWM pond

• Forensics demonstrated that the sediment 
contained diesel from the tanker spill mixed 
with historical asphalt. 



F2

F3
F4

F4G

Diesel

Asphalt

Natural Organic 
Matter

Comparison of Impacted Sediment to GHD Reference Library Sources 

Diesel Impacted SWM Pond Sediment

F2F3

F3
F4

F4G

GHD Reference PHC Library Sources

Spilled Diesel Fuel Natural Organic Matter

F3
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Asphalt

Diesel

Asphalt

Natural Organic 
Matter

Comparison of Impacted Sediment to GHD Reference Library Sources 

Impacted SWM Pond Sediment

GHD Reference PHC Library Sources

Spilled Diesel Fuel Natural Organic Matter
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Comparison of Diesel Impacted SWM Pond 
Sediment to Offsite SWM Pond Sediment

Diesel Impacted SWM Pond Offsite SWM Pond

Asphalt

F2

F3
F4

F4G

Asphalt

Diesel

F3

F4

F4G



Benefits of Semi-automating Forensic Tools? 

• GHD is developing domain informed Artificial Intelligence (AI) to semi-
automate the asphalt identification process, which would always require SME 
guidance and review. 

• All 121 SWM ponds were manually evaluated, which was very time 
consuming 

• GHD’s reference library would be linked to sediment characteristics



AI Feature Engineering

Feature Engineering: Conversion of raw data to machine learning inputs that a statistical model can 
use to create a decision boundary

What should the features be?



AI Feature Engineering

PHC & PAH Percentages

Required
Data Sources

Chromatogram Response Data



Web-based Chromatogram Processing Tool

Sample/Product 
Database 

• Create 
chromatograms 
and PHC 
fraction charts 
from data

• Additional tab 
for clustering 
included to 
group similar 
samples

F2(C10-C16) F3(C16-C34) F4 (C34-C50) F4G(>C50)

Asphalt Product

Spilled Diesel Product

Diesel and Asphalt Contaminated Sediment

Asphalt Contaminated Sediment

Asphalt Contaminated Sediment

Signal Analysis |  Clustering



Asphalt 
PHCs 

Diesel 
PHCs 

Asphalt Diesel 
PHCs 

F2(C10-C16) F3(C16-C34) F4 (C34-C50) F4G(>C50)

Asphalt Contaminated Sediment

Cluster Plot Conceptual Case Study
• Created automated process to create PHC distributions from chromatography and concentration data
• Performed k-means cluster analysis, which groups samples together
• This indicates PHC fraction distributions create useful features for a machine learning classification model

Asphalt Product

Diesel and Asphalt Contaminated Sediment

Spilled Diesel Product



Future Road Map: Leveraging Computer Vision for Advanced 
Feature Extraction in Signal Analysis

• Based on Reference (Fig. A-2), certain compounds are presumed to dominate specific fractions.

• We assume that patterns in the region can indicate the type of PHC product present.

• By analyzing these patterns, we expect to determine the product associated with each signal.

• This approach assumes a consistent correlation between pattern characteristics and compound dominance.

• Further validation will be required to confirm these assumptions and interpretations.



Summary

• PHC Forensic SMEs would determine if exceedances are due to asphalt or different source(s).

• QPs would use SME findings to identify beneficial reuse options. 

• GHD is developing AI to semi-automate the asphalt identification process, which will         

always require PHC Forensic SME guidance and reviews.

• Municipalities are invited to participate in an Ontario-wide asphalt chemistry survey.

 Contact francine.kelly-hooper@ghd.com 519-502-3122

mailto:francine.kelly-hooper@ghd.com


Questions?



28


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Examples of GHD’s PHC Source Library
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28

