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Fire Danger

How easy it is to ignite 
vegetation, how difficult a 

fire may be to control, 
and how much damage a 

fire may do



8000 fires occur each year, and 
burn an average of over 2.1 

million hectares

these represent a small 
percentage of all fires but 

account for most of the area 
burned (usually more than 

97%).

Types and scale of fire incidents



Cost of fighting fires in Alberta

Agencies plan budgets based 
on average wildland fire 
suppression costs over a 
period of several years. 

However, fire activity. and 
severity varies considerably 
from year to year, making it 
difficult to anticipate future 

costs.

The annual national cost of fire 
protection exceeded $1 billion 

for six of the last 10 years. 
On average, costs have risen 

about $150 million per decade 
since data collection started in 

1970

https://www.nrcan.gc.ca/climate-change/impacts-
adaptations/climate-change-impacts-forests/forest-change-
indicators/cost-fire-protection/17783

https://natural-resources.canada.ca/climate-change/impacts-adaptations/climate-change-impacts-forests/forest-change-indicators/fire-regime/17780
https://www.nrcan.gc.ca/climate-change/impacts-adaptations/climate-change-impacts-forests/forest-change-indicators/cost-fire-protection/17783


Types and scale of fire incidents



How do they start?

In Canada, two-thirds 
of all forest fires are 
caused by people, 

while lightning causes 
the remaining third

lightning fires account 
for over 85% of the 

area burned in Canada 
– remote, challenging 

to suppress 
~50% in western Canada & NWT; 10% in 

Maritimes



Human Caused

Human-caused fires usually start 
close to communities, where they 
are reported quickly and dealt with 

by local fire crews



Police-reported arson and fire-related homicide in 
Canada

2012 to 2021, Canadian police services 
reported nearly 95,000 incidents of arson
95% of them were for arson solely related 

to property (property arson), while the 
remaining 5% were for arson with a 

disregard for human life (violent arson)

Incidents in the rural north are 2.5x 
higher than the rate in the rural 

south and 4x times higher than that 
in urban areas



Arson

https://globalnews.ca/news/5334842/five-youths-age-12-15-arrested-
by-little-grand-rapids-rcmp-for-arson/

https://vancouversun.com/news/local-
news/rcmp-say-arson-behind-29-okanagan-
wildfires-over-last-four-years

Five youths between the ages of 12 and 15 
have been arrested – fire set near school interface’ 

settings 
rural 

setting with 
buildings

RCMP 
created a 
task force 
to identify 
the person 

— or 
persons —
responsible 

for the 
wildfires.



Arsonist: Who are they?

Age, sex, motivation, 
employment, mental health; 

more likely to occur on weekend, 
evening or night (6pm-6am), 

spring and summer (60% April -
September)

Urban or Rural - almost always 
exclusively men ranging in age 

from 18 to 30 who enjoy the 
outdoors, have jobs and set fires 

near where they live



Origin to Courtroom



Challenges of Fire Investigation 

Huge crime scenes – hundreds of hectares
Low levels of ILR

High levels of natural compounds



Challenges, Knowledge gaps, Progress

American Association for 
Advancement of Science (2017)

National Fire Protection 
Association (first 1992)

ASTM E1618 - 1997



ILR Analysis ASTM 1618-19

Three Musketeers
C2-benzenes

Castle Group
C3-benzenes

Gang of Four
C4-benzenes

Twin Towers
C1-naphthalenes

Five Fingers
C2-naphthalenes



Potential Of GC x GC

Three Musketeers

Castle Group

Gang of Four

2-1 Tetris

Twin Towers
Five Fingers



Method Development

Method development undertaken to 
fully utilize the potential of GC ×GC 

by maximizing separation space 
and resolution

Box-Behnken

Doehlert



Study Design

Seven column combinations with different 
stationary phase chemistry, column 
dimensions and orthogonality were 

assessed for suitability based on target 
compound selectivity, retention, resolution, 
and peak shapes, as well as overall peak 

capacity and area use



Wildfire Debris Sample 
The final method employed a low polarity column (5% diphenyl) coupled to a semi-polar column (50% 

diphenyl) 

Certified reference standards and simulated wildfire debris were used for method development and 
verification, and wildfire debris case samples scrutinized for method validation



Wildfire matrix interferences 

pentyloxirane

β-pinene 
benzaldehyde

1,2,4-trimethylbenzene

3-isopropyltoluene

limonene

1,2,3-trimethylbenzene

4-isopropyltoluene

1,2,4,5- tetramethylbenzene

1,2,3,5-tetramethylbenzene

carveol

The resulting method was evaluated against ASTM E1618 and found to be an ideal routine analysis 
method providing great resolution of target com- pounds from interferences and excellent potential 

for ILR classification within a complex sample matrix.



Retention Time Indices

Kovats indices

Lee indices

Applied a combination of two well-
established GC RI systems: non isothermal
Kovats index in the first dimension and Lee 
index in the second dimension



KLI retention index for calibration compounds highlighting the 
relationship between increasing carbon number (first dimension) 

and number of aromatic rings (second dimension). Brackets 
highlight heptane, octane and triacontane as com- pounds 

outside of linear alkane alignment. 

KLI RI system showed very 
good correlations when 

compared with predicted
values and existing RI systems 

(r2 = 0.97 in first dimension, r2 = 
0.99 in second dimension) and
was valid for a wide range of 

analyte concentrations and 
operational settings (coefficient 

of
variance (CV) < 1% in first 
dimension, < 10% in second 

dimension).



ILR mapping according to ASTM E1618

Fig. 6. KLI contour map of 
ASTM E1618 ILR classes with 
arrows for light (L), medium (M) 

and heavy (H) ranges (A -
Gasoline, B - Petroleum 
Distillate, C -Isoparaffinic 
Products, D – Aromatic 

Products, E – Naphthenic –
Paraffinic Products, F – Normal 

Alkane Products, G –
Oxygenated Solvents).



ILR mapping according to ASTM E1618

KLI contour map overlay on Gasoline (A) and Petroleum 
Distillate (B) in light (black crosses) and heavy (grey dots) range.











Cross Contamination – Bubble Plots

Comparison of matrix blanks 
and contaminated samples 
after 1 h and 120 h 
highlighting the location of 
compound groups of interest

Bubble size indicating 
abundance of individual 
compounds of interest in 
each compound group.

Alkanes are shown in blue, 
alkylated aromatics in 
orange, indanes in red, and 
condensed ring aromatics in 
green.



Uptake Rates

Predominantly hydrophobic, with n-alkanes have the highest log KOW = least polar 
compound group



Group type analysis 

The final distributions of spiked samples are very similar regardless of the matrix, whereas the 
background composition varies drastically. The relative distribution pattern resembles a 

positive sample between 8 and 24 h of exposure.



Effects of
packaging and storage on detection and characterization



Computational Fingerprints Sourcing ILRs

Challenges in data management of large 
and complex chemical data from this type 

of analysis can be overcome using 
chemometric techniques. 

This study developed a novel chemometric 
workflow to identify relevant marker 

compounds for the distinction of ILs’ types 
and sources for arson investigations. 



Workflow



PCA



On-going work

• ILR reference Library – 3 seasons, 
gasoline & diesels

• Non traditional ILRs
• Weathering

• Implication of extraction temperature 
on profile 

• Screening of materials to explore 
background levels of ILR

• Burn studies to identify combustion 
compounds and presence of 
background ILR compounds 



New Area of Research - UAV



SUMMARY – THANK YOU!

• Demand to increase the scientific rigor within Fire Investigation – natural 
hesitations to adopt new technologies & approaches

• GCxGC has decrease the number of false negatives in our work and has 
helped us get a better understanding of the implications of sample 
storage and preservation and weathering

• Potential for chemometric tools to provide support for fingerprinting 
sources 
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