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&

This manual is intended as a guide to introduce a forensic analyst to the many aspects of
fire evidence analysis. The manual first addresses issues such as how fire evidence is
received into the laboratory, how to write up the results of an analysis and how to safely
use the necessary solvents, The main goal of this manual is to prepare the analyst to
recover and identify ignitable Hquids in fire related evidence. In order t erstand and
correctly interpret the analytical data generated, various sections willlalso address the
chemistry and physics of fire, pefroleum refining and the classifieation of ignitable
liquids. For the fire chemist to be a resource for fire inve%(ors, the manual has
sections dealing with the determination of origin and cayse nd the collection and
packaging of fire related evidence. %\

Section 1, Training Objectives
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Section 2, Evidence Handling

2.1 Fire Evidence Intake
The trainee should demonstrate an understanding of the procedures
followed for the intake of fire samples and subsequent specimen handling
considerations.

Date of Completion

Trainee %
* 0®
R\

%Q

Trainer

2.2 References .
2.2.1, Pocatello Forensic Services T&i‘nanual
2.2.2, ASTM E 1459-92, St@%d for Physical Evidence
Labeling and Relateg{)oa @
2.2.3.

(O X
ATF Labmaﬁbgﬁmz&j ¢ Fire Debris Course,
Section CGQ C@e ement. l

2.3 General famlllaqgg@
The trainee sh d@su
and the p1o$§n th

O

e ewdence analysis program
) undelstandmg of the agencies served
1emlst is involved with.

D{t@f Compf‘fm @ Trainee
Q@
Q&O Trainer
24 References
24.1. Idaho’s Canine Accelerant Detection Program Manual.

2.4.2.
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Section 3. Safety Issues

3.1 Solvent Use
To include an understanding of the safety hazards associated with the use
of carbon disulfide and pentane.

Date of Completion Trainee
9
0
Trainer A\V
%Q
3.2 References Oy
3.2.1. ASTM D 752, Standard Pragtzce Jor Safety and Health
Requirements Relating é\ %patzonal Exposure to
Carbon Disulfide, \
3.2.2. Material safety she:&s !@) for carbon disulfide
and pentane.
’ Qa \\ &Q @
3.3.3. ATF @ tox@& Basic Fire Debris Courss,
Sectlo
% N
& <
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Section 4,

Review of Relevant Principles of Organic Chemistry

4.1
4,2

&
SCH 10/0G

Terminology, Nomenclature and Structures

4.1.1, The trainee will demonstrate a practical understanding of the
terminology, nomenclature, physical properties and structures
involved with petroleum chemistry.

Date of Conpletion Trainee %]

<
RS)

Trainer N
%e}

References \CJ
4.2.1. Basic Current Organic Chemistry I@%

4.2.2. Basic Current College ChenQ@/ T@ é

4.2.3. Elementary Chemistr @%om@t papter 2 pp. 7-17. im
Kirks’s Fire Invest] é n, 4& 997.

42,4, Olah, G.A, an @ ocmbon Chemistry, Wiley-
Inteiscwn

o
&

foo<</
Os\\éooo\/
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Section 5. Chemistry and Physics of Fire
5.1 Familiarization with the Basic Elements of Fire Behavior.

5.1.1. The trainee should demonstrate an understanding of the following:
fire triangle versus fire tetrahedron, the three modes of heat
transfer and the phases of the burning process.

5.1.2. Define the phenomenon of fire, describe each of the four
classifications of fire.

_ %
5.2 Fire Chemistry Terminology

5.2.1. Define the terms flammability range, expl 1ange ignition
temperature. Describe the interdependng@ these terms.

5.2.2. Define the terms flash point, %}&éble liquid, combustible
liquids, flanimable and British iheuQs unit (BTU).

5.2,3. Describe the phenomena onQO 6)@9 b&kdmﬂ

5.3 Pyrolysis Products @ \' Q/é

5.3.1. The trainee shou @\Spla G \f@érization of the pyrolysis
products pioduced uum&\ @ stion of fuel sources at the fire
scere, O

\’0 > Q
2N\
sr\o \O &
o (& m
Date of Cog@uon N rainee
NEOEY
O 0 @ Trainer
54 @‘efel ‘ences O
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0 5.4.1. Elementary Chemistry of Combustion, Chapter 2 pp. 7-17.

QK

Kirks’s Fire Investigation, 4th edition ,1997.

5.4,2, The Nature and Behavior of Fire, Chapter 3 pp. 18-39. im:
Kirks’s Fire Investigation, 4th edition ,1997.

5.4.3. Combustion Properties of Liquid and Gaseous Fuels, Chapter 4 pp.
66-88. in: Kirks’s Fire Investigation, 4th edition, 1997.

5.4.4. Combustion Properties of Solid Fuels, Chapter 5 pp. 66-88. i
Kirks’s Fire Investigation, 4th edition, 1997,

5.4.5. ATF Laboratories/NFSTC, Basic Fire Debris Course, Section
Covering Chemistry and Physics of Fire.
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5.4.6. DeHaan, J.D. and Bonarius, K. Pyrolysis Products of Structure
Fires, J. For. Sci Soc, 28(5/6):299-309, 1988,

54.7. Clodfeiler, RW. and Hueske, E.E. A Comparison of
Decomposition Products from Selected Burned Materials with
Common Arson Accelerants, J. For, Sci, 22(1); 116-118, 1977.

2
&

%)

0?)
-\

\Q’& X

«° QOQ &
@ S
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Section 6.

The Refining of Petroleum

6.1 Refinery Processes

6.1.1. The trainee will obtain an insight into petroleum refinery
operations and processes.

6.1.2. The trainee will have an understanding of the relationship between
the refinery processes and the petroleum products that are
produced.

9
6.1.3. Describe the molecular types found in petrolelgkc)
e
K3 r‘
Date of Completion Trainee Q(O\V
F
TraineQ @) &
NG
) NS
0.2 References Q) \Q
S A
6.2.1. ATF :@Jrat&]\@ , Basic Fire Debris Course,
Secti ov@ig P eum Refinery.
% \\e® %ﬁ
6.2.2. \<\®sic \Q’@ anL nic Chemistry Text
>
6.2.3, \6 @? \atid Molnar, A.  Hydrocarbon Sources and
O$\ pargon, pp. 4-8, in: Hydrocarbon Chemistry, Wiley-
* 0 It ience, New York, 1995.
&
Q 2.4 Olah, G.A. and Molnar, A,  Petroleum  Refining  and
QO Upgrading, pp. 10-11, in: Hydrocarbon Chemistry, Wiley-
Q Interscience, New York, 1995,
6.2.5. Olah, G.A. and Molnar, A. Hydrocarbons from Petroleum
and Natural Gas, pp. 28-55 in: Hydrocarbon Chemistry,
Wiley-Interscience, New York, 1995,
SCI¥ 10799 10
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Section 7.

Methods for the Recovery of Ignitable Liquids from Fire Evidence
and Practical Exercise

7.1
7.2
7.3
QK
SCH 10/99

Historical Perspective,
7.1.1 Trainee must demonstrate an appreciation of historical
development of current recovery techniques.

Solvent Extraction Recovery Technique
7.2.1 Knowledge to include an understanding of the principle, the
limitations of] and the applications of this recovery t@.’hnique.

7.2.2 Knowledge of ASTM E E1386-96, Staugﬁ Practice For
Separation and Concentration of Ignitabi@&iquid Residues by
Solvent Extraction.

O

7.2.3 Discuss the adage “Like—Dissolvesé@’ as it applies to fire debris
analysis. \Q *
%EO QQ A
Charcoal Strip Static Adsorptio chitigite
7.3.1 Includes an understand] f t?}\pri , the limitations of, and
the applications 01?&1@00\/@ e k&me.

7.3.2 Knowledge of @FM ‘@ 1 é)Standard Practice for Separation
and Conc @ion é\lit iquid Residues from Fire Debris
Samples b as&@{e ce Concentration.

O

7.3.3 Degfy e f&wh@zrms: Adsorption, Desorption.
\ O Q\/
7.3.4@6@ the@ ces and mechanism involved with the physical
\S adsoxpti cess
N

OQ@.S.S Discuss the parameters that affect the physical adsorption recovery

Process.

Date of Completion Traince

Trainer

11




7.4
7.5
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Sample Preparation Techniques Practical Exercise
7.4.1 Trainee must successfully complete exercise.

Date of Completion Trainee

Trainer

References
7.5.1 ATF LaboratoriessNFSTC, Basic Fire Debris Co Sect10n
Covering Historic Evolution of Fire Debris @ ysis.

7.52 ATF Laboratories/NFSTC, Basic Fne C@cbrls Course, Section
Covering Adsorption 101.

7.5.3 ATF Laboratories/INFSTC, @gl ebris Course, Section
Covering Sample Prepala (@@%u — Practical Exercise
#2.

C)
7.5.4 Idaho State Polic \\Fm @ ices Manual:  Separation,
Concentration a:r(énalj@f Ighitable Liquid Residues from Fire

Evidence Sanwp@ \ O

7.5.5 ASTM E%S? @ Test Method for Ignitable Liquid
Res$ rom Fire Debris Samples by Gas
to

7.5.6 éﬁ @ Standard Guide for Ignitable Liquid Residues in
\S Extr ire Debris Samples by Gas Chromatography-Mass
Spectromeity.

§0Q757 ASTM E 1386-96, Standard Practice For Separation and
Concentration of Ignitable Liquid Residues from Fire Debris
Samples by Solvent Extraction

758 ASTM E 1412-95, Standard Practice for Separation and
Concentration of Ignitable Liquid Residues from Fire Debris by
Passive Headspace Concentration.

7.5.9 NFSTC Advanced Fire Debris Analysis Course Student Manual,

Section Covering Analysis Protocols and Proficiency Testing in
Fire Debris Analysis.

12
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Section 8, Instrumental Method of Analysis; GC/MS

8.1

8.2

8.3

8.4

8.5

Basic theory of gas chromatography utilizing a mass selective detector,
8.1.1 The trainee will demonstrate an understanding of the theories associated
with gas chromatography and mass spectrometry.

General operation and maintenance of HP 5890/5971 GC/MS.

8.2.1 The trainee will demonstrate their ability to operate and maintain the
GC/MSD. This is to include familiarity with the Chem Station software,
source and inlet maintenance and troubleshooting techniqueg:9

<
Reasons for GC/MS in Fire Evidence Analysis A\O
8.3.1 The analyst will describe why GC/MS is preferabié&ver GC/FID for fire
evidence analysis.

0\0
8.3.2 Define the groups of ions used for extracte@l profile for each compound
type. <
O N

Familiarization with and use of ExtractedMon @cr &
&1@

8.4.1 Demonstrate an understandin% @)}ic @@, f extracted ion Macros
to interpret mass spectral dét@ (Q &
SN
_ x0T O
Date of Completion (O \\® Traince”

0 O K
N
\6@' 06\ &l‘ rainer
N 00O
SN
%}\%‘ences O
Q .

3 5.1 ATF Laboratories/NFSTC, Basic Fire Debris Course, Section
QK

Covering Mass Spec Overview,

8.5.2 NFSTC Advanced Fire Debris Analysis Course Student Manual,
Section Covering Mass Spectrometry Theory.

8.5.3 NFSTC Advanced Fire Debris Analysis Course Student Manual,
Section Covering Instrumental Methods of Analysis.

SCH 10/99 13
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Section 9,

Classification of Petroleum Products/Ignitable Liquids

9.1
9.2
SCW 10/99

Ignitable Liquid Classification System
9.1.1 Trainee will demonstrate an understanding of the ignitable liquid
classification system and its applications.

9.1.2 Give examples of the products in each ignitable liquid class.

Date of Completion Trainee

3®

Trainer %Q)
\0

References
9.2.1 Newman, R., Gilbert, M. an {&ﬂm@ K., GC-MS Guide to
Ignitable Liquids, CRC Ple

922 ATF Laboratories/NFS\, %Q}’n ris Course, Section
Covering Mass S el

9.2.3 NESTC Advan@d Fife] eb analysis Course Student Manual,
Section C l&oducts.

le
9.2.4 NESTCQdv, @ eblls Analysis Course Student Manual,
Se&@l Co@n Spectrometry Data Interpretation.

9.2. Sé& &gji S 5, Standard Test Method for Ignitable Liquid
Res Extracts from Fire Debris Samples by Gas

\’* Chr oma@ ‘aphy.

KOQQ 2.6 ASTM E 1618-94, Standard Guide for Ignitable Liquid Residues in

Extracts from Fire Debris Samples by Gas Chromatography-mass
Spectrometry.

14
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Section 19,

Interpretation of Data and Practical Exercises

10.1 Describe the minimum criteria that must be met to characterize an extract
as containing a particular class of ignitable liquid, for each of the six
classes (classes 1-5 and class 0 {0.1-0.4}) of ignitable liquids.

1¢.2 Discuss the proper approach to the interpretation of GC/MSD data.

Ca
Date of Completion Trainee <~
‘\O
Q
Trainer %Q‘
&

10,3 Interpretation of Data Practical Exercisé >

10.3.1 Trainee must successag' co te exercises #3: Real
World Samples a t Samples in ATF
Labmatoues/NFS”@ &/ us Counse.

10.3.2 Trainee m @cce lete practical exercises #1:
CEaSSLﬁc i n, World Samples, in NESTC
Adval ysis Course Student Manual.

é\
Date of Cor on @l‘rainee

s\ %@ O(\ O\’
SIK o
@ Trainer
10.4 @lefel ‘ences
KO 10. 4.1 ATF Laboratories/NFSTC, Basic Fire Debris Course,
Section Covering Analysis of Real World Samples

10.4.1 ATF Laboratories/NFSTC, Basic Fire Debris Course,
Section covering Chromatographic Interpretation

10.4.2 NFSTC Advanced Fire Debris Analysis Course Student
Manual, Section Covering Practical Exercise #3, Real
World Samples.

10.4.1 Newman, R,, Gilbert, M. and Lothridge, K., GC-MS Guide
to Ignitable Liquids, CRC Press: New York, 1998.

SCIV 10/99 15
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Section 11,

Proficiency Testing

11.1

11.2

11.3

SCIV 10/99

Internal,

Date assigned:

External,

Date assigned:

Date completed;

Date completed:

®"o
Trainee . O
A\
%)
Trainer %
é\"
References *
11.3.1 ATF Labowtones ¢¢Fire Debris Course,
Section covering Pé) cien e {
11.3.2 Analysm Course Student

NFSTC Adv@@cd Fi Qb
Manual, Q;;‘ @%ve Analysis Protocols and
Profici \g Debris Analysis.

16
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Section 12.

Preparation and Presentation of Courtroom Testimony

12.1

12.2

12.3

12.4

SCIV 10/99

@Q

Moot Court
12.1.1. The trainee will participate in moot court with laboratory
personnel serving as the prosecuting and defense attorneys.

Courtroom Appearances

12.2.1, Discuss appropriate eye contact, gestures, voice volume,
and approach for visual aides during testimony.
. . 9
12.2.2. Describe proper attire for courtroom appee@&ces.
R\
Admission of Evidence é
12.3.1 Discuss the ramifications of Daubert v. Merrell Dow
Pharmaceutical. N
12.3.2 List the factors that he %dSSllle a scientific testing

procedure to be estabhshQ@hs 3

References C)O &

1alysis Course Student

12.4.2 NESTC Advan%) 1@
Manual, é n i

Expert  Testimony/
Preparatioy for T@li

12.4.1 nv%QCommunications in the Courtroom,
g&p 1985
O
\‘ <</

Date of Qo\%@d %O Trainee
«\* ¢

Trainer

17
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Section 13,

Determination of Origin and Cause

13.1. Cause and Origin
13.1.1 The analyst will develop an understanding of the approach
fire investigators take in the determination of cause and
origin,
13.1.2 Describe the factors and indicators used by fire
investigators when determining the origin of a fire.
13.1.3 Discuss the potential causes of a fire that@g’ considered by
the fire investigator, A
=3
13.2 Protection of Fire Scene Indicators
13.2.1 Define what is meant by oves; n&' of a fire scene. Discuss
why selective overhaul b ersonnel is crucial for
reconstruction purpose Q
QOK C)OQ
Date of Completion ( ;;ameeKcE @
@ \f\ AC)
\(b s H%U
‘b N\
\
13.3 References \(\ &
13.3.1 6 Q%émes/NFSTC Basic Fire Debris Course,
on@r ring Cause and Origin
Qf;&s of Ignition, Chap, 6, pp. 89-126.. in: Kirks’s
Investigation, 4th edition ,1997.
Qﬁo 13.3.3. Structure Fires and Their Investigation, Chap. 7, pp. 127-
199. in: Kirks’s Fire Investigation, 4th edition ,1997.
13.3.4. O’Connor, I.J.  Practical fire and Arson Investigations,
New York: Elsevier, 1987.
SCI 10/99 18
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Section 14,

Collection and Packaging of Fire Related Evidence

14.1

14.2

14.3

Fire Sample Nomenclature
14.1.1 Describe the types of samples submitted in fire cases,

14.1.2 Describe what types of comparison samples are useful in
fire casework.

Proper Collection and Packaging .
14.2.1 Trainee will demonstrate an understandiog of proper
collection and packaging techniques for ﬂ&wdemce

14.2.2 Discuss acceptable choices of cm%@xs for the packaging
of fire evidence.

1423 Describe the advantages ant&advantages of the approved
evidence containers, \

14.2.4 Describe the bes @g' yk@ a &contamination when

collecting ﬁw% 1ce
4 \9 S
Date of Completion \(b @rai;@\/
DO W
W <&
O O AL
Q 'h'amel
’b O\/

&ownsm Services, Physical Evidence Manual for Fire

Ref ‘\ (\
14:;\11 e%
Investigators, 1999,

QQOQM 3.2 ATF Laboratories/NFSTC, Basic Fire Debris Course,

SCI¥ 10/99

Section covering Collection and Packaging of Evidence.
14.3.3 Rynearson, JM. The Arson Scene, in: Evidence and Crime

Scene Reconstruction, 5™ ed., National Crime Investigation
and Training: California, 1997,

19
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Additional References (I will be listing these at a later date)

In Fire Evidence Analysis Binder:

In Reference Manual from NFTSC Advanced Fire Debris Analysis Course:

S
%Q
é\O
Q
<
«© QOQ*'\
F &S

SCIV 10/99 20
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