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Abstract: This project examined the potential of using the QuEChERS method to extract ignitable liquid residues from fire debris 
for the purpose of forensic fire analysis. Samples of 10 cm cotton t-shirt squares were doused in one of three ILs and ignited; the 
debris was then analyzed either via the QuEChERS method or the current method used in forensic labs, PHC. After extraction, 
subsequent analysis was performed via gas chromatography-mass spectrometry. The initial ignitable liquid used was a combination
of 3-methylpentane, cyclohexane, toluene, nonane, dodecane, and hexadecane. Additional samples were analyzed using either 
charcoal starter or unleaded gasoline. After extraction, resulting spectra from both extraction methods were compared to one
another. All of the major peaks present in the PHC mass spectra were also present in the QuEChERS spectra, but the QuEChERS 
method was consistently at a lower abundance. The results demonstrated that the QuEChERS method may be a viable extraction 
method to use in fire debris analysis, but its potential forensic use needs to be further analyzed before it can be fully viable.

INTRODUCTION

The Current Method

Detection and identification of ignitable liquid residues (ILRs) 
at fire scenes is a key step in any fire investigation. The most 
commonly used ignitable liquids are commercially-available 
petroleum-based products, such as gasoline, because they 
are both easy to obtain and easy to ignite [1]. However, there 
are several classes of ILs that can be used to accelerate fires, 
and within their respective class, they can range from light, 
to medium, or heavy, depending on the length of the carbon 
chains.

In order to determine what chemical components are 
present, analysts extract the ILRs from the debris and 
perform subsequent analysis via gas chromatography-mass 
spectrometry (GC-MS) with extracted ion profiling [2,3]. The 
current extraction method used in forensic labs is known as 
passive headspace concentration with activated charcoal or, 
more commonly, passive headspace concentration (PHC). 
The PHC method, which has been around since 1985, has 
remained popular in forensic investigations because it is a 
simple, clean, non-destructive, and sensitive method of IL 
extraction. [4] The method involves suspending an activated 
charcoal strip above debris in an evidence container, typically 
a metal can, and resealing the container. The container is then 
heated to a temperature between 50 to 80°C for anywhere 
from 2 to 24 hours, with the temperature and duration varying 
based on the sample type [4,5]. Once heating is complete, the 
activated charcoal strip is placed into a test tube, and the ILRs 
are desorbed from the strip with an appropriate eluting solvent. 
Since analysts may be working with trace amounts of ILRs, 
ASTM recommends using as little solvent as possible – 50 to 
1000 μL. The solvent is then placed into a GC vial (typically 
fitted with an insert to accommodate the small volume) and 
analyzed [5]. 

A Possible New Method

In 2003, an Italian group of researchers developed a new 
multi-residue cleanup method that was quicker and easier to 
perform than any of its predecessors, while still managing to 
provide high recovery rates. This method, originally designed 
for the extraction of nonpolar pesticides from complex matrices, 
became known as QuEChERS, an acronym standing for 
“Quick, Easy, Cheap, Effective, Rugged, and Safe.” With the 
QuEChERS method, nonpolar analytes are extracted with 
salt-induced partitioning from the sample matrix into a nonpolar 
organic solvent, such as acetonitrile (ACN). The extract is 
then transferred to a dispersive solid-phase extraction (dSPE) 
clean-up tube to remove matrix co-extractives. The resulting 
extract can then be diluted and analyzed by GC-MS [6]. The 
QuEChERS method can be easily modified; for example, one 
could add buffers, change the extraction solvent, or change 
the dSPE materials. All of these benefits have made the 
QuEChERS method very popular amongst scientists in the 
analytical chemistry community, and scientists from other 
disciplines have begun to look into potential applications as well 
[7,8,9]. 

In 2010, the forensic community began to look at possible 
applications of the QuEChERS method and have shown that 
the QuEChERS method can be modified to successfully extract 
unknown basic, neutral, and acidic analytes simultaneously 
from complex matrices [7,8]. Overall, forensic-based studies 
have concluded that the QuEChERS method can be extremely 
useful for extracting unknown compounds from forensic 
samples, that the QuEChERS method can be easily modified 
to suit a particular forensic purpose, and that further forensic 
applications should be investigated [7,8,9].

Analysts like to use the PHC method because it eliminates 
many possible sources of contamination [5,10,11,12,13]. 
However, since PHC uses heat, distortion can occur in the 
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1. Introduction1
In July 2021 the Organization of Scientific Area 

Committees (OSAC) for Forensic Science released 

its landmark report, Strengthening Fire and Explosion 

Investigation in the United States: A Strategic Vision 

for Moving Forward (the Strategic Vision Report).2 This 

150-page document is a comprehensive plan for the 

future of fire investigations.
Beginning with the history of the field, the report then 

describes the current practice of fire investigations and 

its relationship with the justice system in the U.S. The 

report culminates with far-reaching recommendations 

needed to advance fire investigations as a forensic 

discipline. Although the legal aspects of fire 

investigations that it addresses relate primarily to the 

American experience, the report as a whole has vital 

implications for fire investigations world-wide. It is a 

must-read for anyone involved in fire investigations 

and is available for download, free-of-charge, from the 

NIST-OSAC website.3The Strategic Vision Report was written by the OSAC 

Fire and Explosion Investigations Subcommittee (SC). 

(More about OSAC is explained in section 3 of this 

article). The report authors are leaders in our field who 

are experts in various aspects of fire investigations: 

Craig Beyler, Ph.D., Philip Crombie, Jr., Chris 

Connealy, Mark Goodson, John Lentini, Melvin "Dixon" 

Robin, David Sheppard, Ph.D., Charles "Randy" 

Watson, and Chad Wissinger. The authors' credentials 

are summarized below.4This article begins with a précis of the report published 

by the National Academy of Sciences and prepared by 

the National Research Council, Strengthening Forensic 

Science in the United States: A Path Forward (the NRC 

Report).5 It was this groundbreaking report that called 

for an overhaul of the forensic sciences in the U.S. It 

also resulted in fire investigations becoming recognized 

as a forensic science discipline, which ultimately 

created the impetus for OSAC to respond to the NRC 

Report through its Strategic Vision Report.

Next, we review the roles of the National Institute 

of Standards and Technology (NIST) and OSAC in 

developing and promoting fire investigation standards. 

This is relevant since the Strategic Vision Report 

examines the importance of standards for the fire 

investigations field. The relationship between OSAC 

and the National Commission on Forensic Science 

(NCFS) is also briefly addressed, because the 

Strategic Vision Report has adopted several of the 

NCFS's recommendations. Thereafter we feature 

highlights from the report, consisting of excerpts of 

some of its most significant recommendations. We 

conclude with a few observations concerning the 

report's logical organization.
2. The Entry of Fire Investigations into the Forensic 

Sciences
The "big bang" event transporting fire investigations 

into the realm of forensic sciences occurred after 

the National Academy of Science published the 

NRC Report,6 which was funded by Congress.7 This 

350-page exposé took a deep dive into the scientific 

reliability and validity of a number of forensic science 

disciplines and found many of them seriously wanting. 

Further, it noted that the problem caused by gaps 

in the scientific foundations of many disciplines is 

compounded by a number of factors putting pressures 

on the forensic science system, as well as by sources 

of error or even fraud by forensic practitioners.8

The NRC Report also examined the role of the 

judicial system in admitting forensic science evidence, 

concluding:
The bottom line is simple: In a number of 

forensic science disciplines, forensic science 

professionals have yet to establish either 

the validity of their approach or the accuracy 

of their conclusions, and the courts have 

been utterly ineffective in addressing this 

problem. [Emphasis added.]9

It was apparent to the NRC Report's authors that 

testimony based on either unreliable scientific premises 

or faulty analyses have been contributing factors in 

wrongful convictions.10At first blush it appeared that the NRC Report was 

dealing with disciplines traditionally thought to 

constitute the forensic sciences such as laboratory 

sciences. However, upon closer examination, the 

report emphasized that it was addressing a "broad 

range of forensic science disciplines"11 and included 

crime scene investigation as falling within its scope.12 

Though the authors did not address fire investigations 

in any depth, it specifically observed that, "much more 

research is needed on the natural variability of burn 

health & safety Committee Update

Providing the latest in fire investigator health and safety information to our members

Jeff Pauley  M.S., IAAI-CFI,  and CI, MIFire, Chair, Health & Safety Committee

The Health & Safety Committee is now accepting requests for 2022 in-person and virtual training 

presentations. The preferred presentation length is four hours (with breaks); however, we will 

consider other time frames if needed. If you are in the planning stages for next year's chapter 

or other investigator training and would like to include a health and safety segment in your 

curriculum, email iaai-safety@firearson.com for more information or to get on the schedule. 

Health & Safety In-depth: The Importance of Having a Safety Culture

 
Suppose you accept the premise that post-fire scenes are inherently hazardous to everyone's 

health, and fire investigators are exposed to many gases and particulates that can adversely affect 

their health. In that case, your agency or company needs to ensure that it has a good safety culture. We 

encourage everyone to have a personal safety culture and do things to take care of themselves regardless 

of their employer's policy or position. However, great things can happen when employers take this to the next 

step and embrace fire investigator safety as their culture.

 
From the smallest organization to the largest, in today's fire investigation workplace environment, 

and with a keen awareness of the hazards that are likely present in almost every post-fire scene, having a 

positive safety culture just makes good sense. Many papers and articles are available to help understand 

and implement the process, but developing a culture is more than just issuing a policy document. 

 
An essential element to building an organization's safety culture is top-down leadership. From 

multiple personal experiences, I can assure you that if a new process, procedure, etc., is not fully embraced 

and supported at the top, and then by each of the layers below, it will not work. But then, those folks need to 

lead by example! On average, it can take five to seven years for an organizational change to become fully 

embraced and incorporated. So, it is more than just a decree from above. 

If this critical component happens, then there needs to be consistent and ongoing training. Safety needs 

to be incorporated into every process. Formal and informal training are important ways to accomplish 

this, from the first day of new employee orientation training to regular practical exercises and in-service 

classes. Perhaps of greater importance are the impromptu opportunities that present themselves when 

good safety practices are not followed. Let's agree that it is everyone's responsibility to ensure a safe 

working environment. We should also agree that it is the role of anyone who observes an unsafe situation 

or practice to say something when they see it. There needs to be coaching and positive reinforcement when 

shortcomings are observed. 
 

In many cases, fire investigators may be working at a post-fire scene by themselves, which 

presents some unique issues. Most workers need to follow the applicable Occupational Safety and Health 

Administration (OSHA) regulations in the US. In other countries, you may have similar. Unfortunately, 

these were written for traditional jobs with often singular hazards – not the post-fire environment with 

many challenges, but we still need to follow them. Conducting a job hazard analysis (more generic than 

a scene safety assessment) is easy in a traditional work environment; it is much more difficult in our work 

environment, which is why the Fire Investigator Health and Safety Best Practices document, available to all 

at www.iaaiwhitepaper.com is beneficial – the work has been done for you. Having a positive and proactive 

safety culture will help ensure compliance with all applicable safety regulations. 

 
Finally, an essential component to having a safety culture is tracking safety metrics. Lagging 

metrics are things like injury incidents and lost work time. Leading metrics include training given and safety 

inspections. Documenting accidents and near-misses is a crucial component of this metric-tracking process 

that safety-conscious organizations should embrace. Near-miss incidents are often regarded as unimportant; 

after all, no one was hurt. However, we can all learn from accidents and near-miss incidents, which provide 

valuable safety metrics. Sharing this information can help prevent future accidents and near-miss incidents. 

Near misses or almost accidents can be even more revealing than an actual accident. Near misses are 

also beneficial to improving safety because we tend not to fix them when something does not go wrong. 

Unfortunately, many people mistakenly believe it demonstrates how well the safety system worked if no 

accident occurred. The only problem is that something happened that we did not predict. So, it demonstrates 

how well the system worked and how well it did not work. Because nothing exists to track this data 

specifically for fire investigators, the Health & Safety Committee is developing an accident and near-miss 

data collection system to address this shortcoming. ■
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Cameron Novak, Electrical/Fire Research Engineer with the ATF’s Fire Research Laboratory. 
He is a licensed electrical and fire protection engineer and holds the IAAI’s Certified Fire 
Investigator and Certified Instructor certifications.

Welcome to the first installment of Electrical Shorts. It is the goal of this series 
to provide informative content related to electricity, electrical systems, and fire 
investigations. While most of these topics will be related to electricity, we may also 
sprinkle some gas-related content in as well. This first article will answer the question: 
What is electricity?

The Merriam-Webster Dictionary defines electricity as “a fundamental form of energy 
observable in positive and negative forms that occurs naturally (as in lightning) or is 
produced (as in a generator) and that is expressed in terms of the movement and 
interaction of electrons” [1].  

But how do electrons move and interact to create electricity?

To understand this, we must refresh our knowledge of what comprises all matter: atoms. You can see a 
simplified diagram of an atom in Figure 1. Atoms consist of protons, electrons, and neutrons. Protons are 
positively charged while electrons are negatively charged. The number of protons in an atom defines what 
chemical element the atom represents and is called the atom’s atomic number. When the number of protons 
and electrons are equal, an atom is said to be balanced or have a neutral charge. Neutrons have no associated 
charge, hence their name. The protons and neutrons are clustered at the nucleus of each atom, while the 
electrons circle the nucleus in electron orbits or valence shells. 

Figure 1 – Diagram of an atomic model published by the 
U.S. Energy Information Administration [2]. The protons and 
neutrons are located in the nucleus and the electrons are 
located in the electron orbits or valence shells.

Electrons are held in their shells by the force between charges, 
since opposite charges attract and like charges repel each 
other. This force becomes weaker as the distance between 
charges increases. The forces between electrons keep them 
separated in the valence shells, while the pull of the protons 
keep the electrons within the atom. Electrons in the outermost 
valence shell experience the weakest pull from the protons. 
When atoms come together to form a solid, such as a copper 
wire, these outer electrons can move from one atom to the next 
within the solid. These electrons are the charge carriers that 

create an electric current but require a force to knock them loose. The repulsion of like charges is why your hair 
would stand on end when your body becomes charged – the electrons in each strand of hair are trying to stay 
as far apart from each other as possible, causing each strand of hair to stick straight up. 

How tightly an atom holds on to its electrons dictates whether the atom is a conductor or an insulator. In 
other words, is it easy or difficult for the electrons to flow? If the bonds between the valence electrons and 

By Cameron J. Novak, P.E., ATF – FRL
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Furious George II:Peace is Restored
‘“[A] pessimist gets nothing but pleasant surprises, an 

optimist nothing but unpleasant.’- Fer-de-Lance, Rex Stoud

  the northern exposure By Margot Liechti, BSc, BEd, LLB, LLM

and Christopher Mackie, BA, LLB, LRHSC

Part 2

When we last left George, a jury of his peers had 

convicted him of intending to damage his own 

rental property by setting it on fire, and, in doing 

so, seriously threatening the safety of others.

Mr. Justice Baird had “no doubt at all that [George] has 

committed a very serious criminal offence... fire, no matter 

how well planned, is often erratic and unpredictable and gives 

rise to unforeseen consequences.” Justice Baird went on to 

say that what George “did here was extremely dangerous 

and is worthy of this court’s strong rebuke. Parliament’s 

condemnation of this particular form of criminal mischief is 

clear from the 14-year maximum sentence provided for it.”

And so one of the big questions was,  

would George go to jail?After the guilty verdict, George came back to court to 

argue over a fit sentence for his crime.

The prosecutor, Jess Patterson, told the court that a fit 

sentence would be in the range of two to three years in prison. 

The prosecutor reminded the court of George’s “disregard for 

what happened after the fire… But for the burns, [George] 

would have left [town.]”The record is unclear as to what George’s lawyer thought 

a fit sentence would be. But when the court agreed with 

the prosecutor, and determined that prison would be fit 

for George, there was some distress. George said that he 

wasn’t ready for jail! He’d need an adjournment, so that he 

could make arrangements for his wife to access their bank 

accounts, and make payments on their car lease, and so on.

The judge was stunned: “What in the world did you think 

was going to happen today?!?” Despite George’s lack of 

preparedness, the judge was set to send him to jail then 

and there. But when the prosecutor did not oppose the 

adjournment request, the court relented, and adjourned the 

sentencing hearing for a week so that George could sort 

out his affairs. As matters were being postponed, Justice 

Baird could not help but remark: “I do find it surprising that 

[George] is taken so unaware by the fact that he should face 

a jail sentence for torching a house in the middle of a densely 

populated residential area[.]”

So, the following week, George was back. And this time 

he was ready: as he returned to the courtroom, he bore a 

fully-packed backpack with a small, pink suitcase trailing 

behind him. Before announcing to George how long he 

would be spending in jail, the judge asked him if George had 

anything to say to the court. And George, in fact, did: along 

with his backpack and suitcase,  

he’d brought a two-page statement that he’d like to read out…

The court insisted that George review this statement with 

his lawyer before he began reading it aloud. And so, after a 

10-minute intermission, George came back, and read out 

an abridged version of his statement. It began by expressing 

his confusion as to how he had been found guilty. But then 

he went on to express his thanks for his treatment during the 

process. George thanked the police for their, ‘wonderful job’: “I 

have to say I was really impressed by the[ir] professionalism, 

especially [by the fact] they even unlocked [my] iPhone.” Then 

he thanked his lawyer, whom he called “a true gentleman.” 

And he thanked the tax-payers for the trial. 

The record is silent as to what kind of impact this 

statement made on the court. The judge did remark, in his 

decision, that what George did was extremely dangerous and 

“unbelievably stupid”. It was a serious offence, and George’s 

“degree of responsibility for committing it is high, especially… 

considering the planning and deliberation that went into it. The 

cases are unanimous that denunciation and deterrence are 

the key sentencing principles to be served in this matter.”

But the judge also considered George’s personal history 

and circumstances. He had a wife and children. He had no 

previous criminal history, and had been gainfully employed 

throughout his adult life. His wife was suffering from cancer, 

and though George was estranged from her, they were 

still trying to raise their children together – one of whom 

was autistic. And so, in the end, the court agreed with the 

prosecutor’s position, and sentenced George to the lowest 

end of the sentencing range for his crime, that is, to two years 

custody in a federal penitentiary (close to George’s family in 

Montreal). In passing this sentence, the judge noted he was 

“exercising the maximum restraint”.
As part of the jail sentence, the judge also ordered that 

George provide a DNA sample to be held in government 

data bases as a means of identifying him in future, if need be. 

Interestingly, Lloyd’s had indicated to the prosecutor that they 
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1. Introduction1
In July 2021 the Organization of Scientific Area 

Committees (OSAC) for Forensic Science released 

its landmark report, Strengthening Fire and Explosion 

Investigation in the United States: A Strategic Vision 

for Moving Forward (the Strategic Vision Report).2 This 

150-page document is a comprehensive plan for the 

future of fire investigations.
Beginning with the history of the field, the report then 

describes the current practice of fire investigations and 

its relationship with the justice system in the U.S. The 

report culminates with far-reaching recommendations 

needed to advance fire investigations as a forensic 

discipline. Although the legal aspects of fire 

investigations that it addresses relate primarily to the 

American experience, the report as a whole has vital 

implications for fire investigations world-wide. It is a 

must-read for anyone involved in fire investigations 

and is available for download, free-of-charge, from the 

NIST-OSAC website.3The Strategic Vision Report was written by the OSAC 

Fire and Explosion Investigations Subcommittee (SC). 

(More about OSAC is explained in section 3 of this 

article). The report authors are leaders in our field who 

are experts in various aspects of fire investigations: 

Craig Beyler, Ph.D., Philip Crombie, Jr., Chris 

Connealy, Mark Goodson, John Lentini, Melvin "Dixon" 

Robin, David Sheppard, Ph.D., Charles "Randy" 

Watson, and Chad Wissinger. The authors' credentials 

are summarized below.4This article begins with a précis of the report published 

by the National Academy of Sciences and prepared by 

the National Research Council, Strengthening Forensic 

Science in the United States: A Path Forward (the NRC 

Report).5 It was this groundbreaking report that called 

for an overhaul of the forensic sciences in the U.S. It 

also resulted in fire investigations becoming recognized 

as a forensic science discipline, which ultimately 

created the impetus for OSAC to respond to the NRC 

Report through its Strategic Vision Report.

Next, we review the roles of the National Institute 

of Standards and Technology (NIST) and OSAC in 

developing and promoting fire investigation standards. 

This is relevant since the Strategic Vision Report 

examines the importance of standards for the fire 

investigations field. The relationship between OSAC 

and the National Commission on Forensic Science 

(NCFS) is also briefly addressed, because the 

Strategic Vision Report has adopted several of the 

NCFS's recommendations. Thereafter we feature 

highlights from the report, consisting of excerpts of 

some of its most significant recommendations. We 

conclude with a few observations concerning the 

report's logical organization.
2. The Entry of Fire Investigations into the Forensic 

Sciences
The "big bang" event transporting fire investigations 

into the realm of forensic sciences occurred after 

the National Academy of Science published the 

NRC Report,6 which was funded by Congress.7 This 

350-page exposé took a deep dive into the scientific 

reliability and validity of a number of forensic science 

disciplines and found many of them seriously wanting. 

Further, it noted that the problem caused by gaps 

in the scientific foundations of many disciplines is 

compounded by a number of factors putting pressures 

on the forensic science system, as well as by sources 

of error or even fraud by forensic practitioners.8

The NRC Report also examined the role of the 

judicial system in admitting forensic science evidence, 

concluding:
The bottom line is simple: In a number of 

forensic science disciplines, forensic science 

professionals have yet to establish either 

the validity of their approach or the accuracy 

of their conclusions, and the courts have 

been utterly ineffective in addressing this 

problem. [Emphasis added.]9

It was apparent to the NRC Report's authors that 

testimony based on either unreliable scientific premises 

or faulty analyses have been contributing factors in 

wrongful convictions.10At first blush it appeared that the NRC Report was 

dealing with disciplines traditionally thought to 

constitute the forensic sciences such as laboratory 

sciences. However, upon closer examination, the 

report emphasized that it was addressing a "broad 

range of forensic science disciplines"11 and included 

crime scene investigation as falling within its scope.12 

Though the authors did not address fire investigations 

in any depth, it specifically observed that, "much more 

research is needed on the natural variability of burn 


