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1.6 Introduction ‘\O

The analysis of evidence from fires of suspicious origi compasses a variety of sample types.
Evidence collected ranges from burnt fire debris ar Kﬁﬁm igcovered at the fire scene to the
suspect’s clothing. The examination of the ev1den @Q ity an identification of ignitable
liquid/residue present or it may involve the cor @uso td recovered at the scene with a
liquid recovered from the suspect. The applO@takegm @ alysis of fire scene evidence is, for
these reasons, broad and general in nature. Q C)Q

2.0 Recovery Methods b O

Q

2.1 Separation and Conce;@atmn@hg{%’le Liquid Residues from Fire Evidence Samples
by Passive Headspa on ratk

2.1.1 Genelzg\
2, 1 1 od serves to recover ignitable liquid residues from samples
ed as evidence in fire investigations.

Kogl 1.2 This method utilizes activated charcoal impregnated polymer strips
(ACS) to adsorb, and thus trap, ignitable liquid residues.

2.1.1.3 This method will recover the entire range of ignitable (flammable or
combustible) liquids but may require solvent exiraction to differentiate
between a class 1V and a class V ignitable liquid product (refer to
2.5.1).

2.1.1.4 This method is time efficient and does not consume or alter the sample,

2.1.2 ASTM Reference Method
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2.1.3

2.1.4

2‘105

2.1.6

QK
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Refer to ASTM standard practice E 1412-95, Standard Practice for Separation and
Concentration of Ignitable Liquid Residues from Fire Debris Samples by Passive
Headspace Concentration.

Application
2.1.3.1

Sensitivity
2.1.4.1

Limitations
2151

2.1.5.2

2.1.6.1

&
0@162

2.1.6.3

This procedure is useful for samples which may contain a light to
medium range (C4-C14) petroleum distillate products as suggested by
an indicative odor. This method will recover heavy range distillates but
with the limitation discussed in section 2.5.1.

o

Capable of isolating quantities smaller th A\Qr’lopLL of an ignitable liquid
residue from a sample. %Q

: 0
A solvent extraction is lequu 01661 to differentiate a kerosene class
product (class IV} from a h{@y é eum product (class V).

Samples that contai@ggh 1@9 1ght to medium range ignitable
liquids are p101 dls nd thus loss of light petroleum
product com A sh @‘adsmptlon time and a larger ACS
should be us fm ich, based upon olfactory screening, are
suspecte con ng&ezl concentrations of light to medium range

B S

Materials ands@@i ip 1@9 Q,/&Q/

Bolv
ﬁ} O\’ACS Carbon disulfide

0 Q) Purity of solvents is assured by analyzing blanks on each

batch of solvent by GC-MSD.

Collection device

2.1.6.2.1 Activated charcoal polymer strips (ACS)
Size used depends upon the presence, and intensity of, a
characteristic ignitable liquid odor and the sample size.
Approximate size 8 X10mm to 8 X 15mm.

2.1.62.2 Paper clips with scrrated edges.

2,1.62.3 Securing of the ACS
Option One: Non-waxed dental floss.
Option Two: Magnet capable of securing paper clip to
lid of friction lid can.

Heating system
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Large oven which allows for uniform heating of friction lid cans at 50-

' 60°C.
2.1.64 2mL widemouth autosampler vials, microinsert and closures.

2.1.7 Passive Adsorption Procedure
2.1.7.1 To suspend the ACS strip over the sample, either (1) place a magnet on
the lid of the can or (2) tie a length of non-waxed dental floss onto a
paper clip. The length of dental floss should be proportional to the size
of can that the clip will be suspended into. S

<
2.1,7.2 Secure appropriately sized charcoal str 1p per clip.
2.1.7.3 Open friction lid can or evidence p&.@? (Kapak)® and suspend charcoal
strip above sample. Reseal the co,@amel
2.1,74 If strong odor of pet1oleun{@<o\du xists, allow strip to collect sample
at room tempelatule place into a 50-60°C, closely
monitored, oven f u If 01 is not present, place friction
lid can into a 50 6\ fmé}“t urs.
2,1.7.5 At the com 10;&(@’( uon period, remove can from oven and
imately 30 minutes. Transfer charcoal

allow ol
coilqg& fé}ﬁ y from can into a labeled 2mL-widemouth
aufos np@v KQ/
. ™ &
2.1.8 Elution P ‘qé@ur \ N/
2.1.8.1 S\ ut?@compounds trapped upon the charcoal, add 200pL carbon

u S,) to each vial., Seal vial and vortex. Place vial on its side

@ to tate extraction. Vial may also be placed on rocker or rotator.
091 8.2 Transfer a portion of the carbon disulfide into labeled autosampler vial
QK with microinsert, and seal. Place the vial containing the charcoal strip

and the remaining extract into the refrigerator.
2.1.83 If the initial olfactory screening indicates a strong presence of an
ignitable liquid in a sample, dilute extract with CS; prior to GC-MSD

analysis.

2.1.9 Comparison Standards

2.1.9.1 Collection of petroleum product comparison standards with the
charcoal strip device is periodically done to:
2.1.9.11 Check the adsorption efficiency of the charcoal.
2.1.9.1.2 Provides for a comparison standard collected in the same

fashion as the case samples.
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2,1.9.1.3

2.1.10 Charcoal Strip Blanks
2.1.10.1
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Preparation of charcoal strip comparison standards is as
follows:

2.19.1.3.1  Place IpL standard into a clean, unused
quart sized friction lid can, and seal.
2.1.9.1.3.2  Prepare charcoal strip standard as
described for collection device above.
2.19.1.3.3  Place prepared collection device into
prepared friction lid can.
2.1.9.1.3.4  Process charcoal strip as with case
samples,
@%

.\0

A charcoal strip blank will be run Wiﬂ@l batch of cans placed into

the oven, %
.\0

2.1.10.1.1 Prepare charc trip blank as described for collection
device aboy,

2.1.10.1.2 Place prefidred cggon device into a clean, empty
quart gd fl‘i@dn @1. :

2.1.10.1.3 P&(@% chésb@ s with case samples.
o & )

2.1.11 Analysis Q \@
2.1.11.1 \@ wze@ots by GC-MSD as outlined in
%\(b’ tio@ of this method.

O

2.2
by Solvent Extraction

2.2.1 General
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2211 This method serves to recover ignitable liquid residues from samples
submitted as evidence in fire investigations.

22.1.2 This method applies the principle “Likes dissolves like”. Any
petroleum product in the sample is recovered with a short chain
aliphatic hydrocarbon.

22,13 This method will recover the entire range of ignitable liquids.
22.14 This method will recover ignitable liquids 0%31 the entire range of
concentrations. (74
Y
ASTM Reference Method N\

Refer to ASTM standard practice E 1386-90, Stdwtlard Practice for Separation and
Concentration of Ignitable Liguid Residues f@ Fire Debris Samples by Solveni
Extraction.

@Q
Application
2.23.1 Samples which may lamG)(PxéSe to heavy petroleum distillate
product as indicat qf&
2.2.3.1.1 a\ongl eati or,
22312 QGC/ rom analysis of ACS. A solvent
e omisrequired in order to differentiate a kerosene

x‘t\ 1
ct (class IV) from a heavy petroleum product
\Q(
O
S ﬁe
2232 é@ame.s@wh\/ ontain a high percentage of charred debris.
2.2. 3 30 S\ Q‘g} p@ﬁ@hwh contain non-porous surfaces such as glass, or burned

{\
2.2, 40@6!181“‘1112}’
Q& 2.24.1 This separation protocol is capable of isolating guantities smaller than
1ul, of an ignitable liquid residue from a sample (ASTM E1386-95,
4.2)..
2.2.5 Limitations
2.2.5.1 The extracting solvent also recovering interfering compounds inherent
in the fire debris hampers this method. These compounds are the result
of pyrolysis of solid fuels present at the fire scene and the combustion
of organic compounds liberated during the fire process.
2.2.52 The evaporation step in this method may lead to the loss of light

petroleum product components.
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: 2.2.6 Materials
i 2.2.6.1 Solvents

2.2.6.1.1 Nanograde {or better) pentane or hexane and ACS
Carbon disulfide.
22.6.12 Purity of solvents is assured by analyzing blanks on each
batch of solvent by GC-FID or GC-MSD
2.2.6.2 Filter Paper

2.2.6.2.1 Whatman Grade 1 - Qualitative (27cm) or equivalent
2.2.6.2.2 Whatman 1PS -Phase separatimb.gIScm) or equivalent
<
2.2.6.3 Glassware A\O
2.2.63.1 Glass funnels S
22632  25ml (o 600mL beakers
22633 2 mL autosamplei\(ﬁxals inserts and seals
2.2.7 Solvent Extraction Procedure @Q
2.2.7.1 Friction lid cans

Cover sample with %nt a@pla@d on loosely. Sample should be
thoroughly motste\ @

2272 Kapak -ty@@ouc&g)
a

Place e Add sufficient solvent to thoroughly
moi &
2273 ﬂ m ,Sxd debris for approximately 5 minutes. A beaker may
ngel to facilitate the extraction of flexible debris

;\\
2.2, 740 the ple thlough phase separation paper supported with Whatman
(31 filter paper.

KOQZ 7.5 Allow sample to evaporate approximately 50%. Collect a 2mL sample.
Place a portion of the partially evaporated sample into labeled
autosampler vial with microinsert, and seal. Place the remaining
partially evaporated sample into an additional autosampler vial for
refrigerated storage. *

2,2.7.6 Continue to evaporate remaining solvent. Concentrate extract down to
%2 to 1mL. Place a portion of the sample into labeled autosampler vial
with microinsert, and seal. Place the remaining sample into an
additional autosampler vial for refrigerated storage.

2.2.8 Solvent Purity Check
2.2.8.1 A solvent blank will be run with each batch of solvent recovered
gxtracts.
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2.1.8.1.1 Place approximately 200mL of extraction solvent into a
clean beaker,
2,1.8.1.2 Evaporate solvent to approximately 1mlL.
2.1.8.1.3 The degree of solvent evaporation should be at least

twice the extent used for questioned samples (ASTM
E1386-95, 5.2.1).

2.2.9 Analysis
2.29.1 Analyze both the partially evaporated and evaporated solvent extracts
by GC-MSD as described in section 3.0, S

%)
3.0  Analysis by Gas Chromatography-Mass Selective Detector (GC-M

N
3.1 Instrument %Q
Hewlett Packard 5890 Gas Chromatograph eqtupped\QaEH a Hewlett Packard 5971 Mass
Selective Detector. (\
@

3.1.1 Column g
25 meter Hewlett Packard Ultra 2 P@llc@ ith 0.22 mm ID and 0.33 pum

film thickness. \\Q
N ¥ @
3.1.2 Instrumental Parameters Q \Q 00
3.1.2.1 Injeotcu era 280°C
3.12.2 Det eu tm@ 300°C
3.1.2.3 Helium
3.1.24 &pe am
mperature:  40°C
S\\ (\C)O Time: 4,00 min
0 él}p Rate: g°C/min
@ inal Temperature;  290°C
Final Time: 10.00 min
KOQ} 2.5 Sample size: 1.0 - 2.0pL

3.2  ASTM Reference Method
Refer to ASTM Method E-1387-95, Standard Test Method for Ignitable Liguid Residues in
Extracts from fire Debris Samples by Gas Chromatography and E 1618-97, Standard Guide
Jor Hdentification of Ignitable Liguid Residues in Extracts from Fire Debris Samples by Gas
Chromatography-Mass Spectrometry.

33 Preparation for Analysis of samples by GC/MSD
3.3.1 Perform AUTOTUNE,
Refer to maintenance manual for tune evaluation criteria.

3.3.2  Programming of GC/MSD sequence tun.
3.3.2.1 Load ARSON sequence from sequence menu.
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3323

3324
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Select Edit Sample Log Table from sequence pull-down.

In Sample TLog Table, program questioned samples into sequence by
laboratory and sample number. Information should include method of
recovery.

In Sample Log Table, program quality control samples into sequence by
laboratory number or date prepared. Information should include
method of recovery.
33241 System Blanks for Chalcoal@&?ips or Solvent Purity
Check
Designate BLK-ACS, - E or similar notation.
3.3.24.2 In-between Sample lf;%s
To ensure that- @1y~ovel between samples is not
oceurring, p1$@?n a carbon disulfide solvent BLANK
between ea Se S 1p]e TIC from BLANK should be
place it @ e ﬁ

33243 1xt
%@Jhs stem has the capability to resolve

é@ 0 in ASTM E1387-95 and ASTM
161
Program test mixture into each sequence

M E1387-90 column resolution check
1224 or equivalent) is analyzed with each
N Lysi _ :
(O \th‘@ C and selected ion profiles (SIP) print-outs
uld be place in ASTM E1387-90 binder.

L

le @}(d Standards
\‘3%\.2. % In Sample Log Table, program appropriate ignitable

O liquid standards. The source and lot numbers for
commercially obtained products should be included.
The source of locally obtained fuels (gasoline, diesel
fuel, etc) should be described.
3.3252 A copy of the relevant standard(s} should be placed into
the casefile.

2.3.3 Post-run Selected Ton Profiles Macros

33.3.1

Included with the ARSON GC/MSD method is a post-run macro
provided by Alcohol, Tobacco and Firearms (ATF). This macro
generates the TIC and individually printed selected ion profiles, two per
page. Individual profiles allow the analyst to see less abundant ions
indicative of certain classes of compounds in greater detail than
summed profiles.>”® This macro will initiate upon the completion of
saniple analysis. lons included are as follows:
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Alkanes 43 57 71 85
Aromatics | 91 105 119 133
PNAs* 128 142 156

* Polynuclear aromatics (Naphthalenes)

3.3.3 Command Line Selected lon Profiles Macros
Two macros are available which provide for further options for data

3.3.3.1

o

<
&S

5\\\50 2
O

' presentation to assist with interpretation.

The macros are accessed

under data analysis using the command line.

3.33.1.1

,(}\

9
<
ARION WO
On command line type @RO “ARION’, GO.
This macro provide ustom header on the TIC and
one page with conhined selected ion profiles for ions
characteristic fi y ignitable liquid groups

Alkar Oé ax 143 57 71 85
: % O N 105 [ 119

55 69 82 83

128 142 156

mmand line type MACRO “CUSTOM”, GO.

ﬁts macro provides a custom header on each printout.

O\/ Operator selects either a TIC or full-page version of the

w2
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selected ion profiles indicated above for ARFJON. Macro
also allows for defining of window size (X-axis) and
abundance (Y-axis) which allows for enhancement of
low abundance compounds.
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.0  Interpretation of Analytical Results

4.1 Petroleum Product Classification System
4.1.1 Classification system consists of six major classes of ignitable (flammable or

combustible liquids).

Peak Spread Based on

Class Number {Class Namc) n-Alikane Carbon Numbers Examples
(Unevaparated Liquid)

1 C-Cy; Petrolenm ether, Pocket lighter fuel, some

Light Pefroleum Distillates (LPD) rubber cement solvents, Skelly selvents,
V M & P Napths, Some camping l'ueis. O

2 Cs-Cpz All brands and grades of autonwtn{g&solmo,

Gasoline including gasohol.

3 C-Ciy Mineral spirits. Some |)Xd! inners,

Medium Petroleum Distillates (MPD) Some Charcoal starter ir;‘? lv-cleanlng” solvenis. Some terch fuels. Some
solvents for Insectici 1 polishes. Some lamp oils,

4 Co-Cy Number lfueld}dct- @n fuel, insect
Kerosene sprays. 8 e Some torch fuels, Seme paint thinners, Some
1

sulvcnts scct:c lld%l 3, some Inmp ails.
’ Q
5 Co-Cy3 Né'{k 2 fu{@Diesc

Heavy Petroleum Distiliates (HPD)

: \ r\

0. ‘0

Miscellancous \’al‘m etm cortyounds. Turpentines, Specialty mixture that cannat be further
cgh into one of the categories hetow.

0.1 @ml %‘ohols, Esters, Ketones

Oxygenated solvents 0

0.2 Q’Q'!b Q% Isoparaffin products, Some charcoal starters.

Isoparalins 6 Some copicy fluids, Some aviation gasoline, Some Janyp ofls, Some solvents for

insectlicides nnd polishes. Some camping fuels,

03 Q Variable Specialty products formulated from nermal

Nermal alkanes KO alkancs. Some lamp oils, Some solvents for insecticides amd polishes.

04 E Varlable Light, mediwm and heavy “nromatic naptha® used

Aromatic solvents as solvents for paints and plastics.

0.5 Variable Specialty solvent/Tuel prodacts made from class 3 or

Naphthenic/paraffinie solvents Class 4 distillates treated to remove normal alkanes and arematics, with higher

cyclonlkane content than isoparaffin products,

|
J

v 2 10
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4.2

4.3
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Procedure for Interpretation of Chromatograms
4.2.1 Obtain a chromatogram with the major peaks on-scale (*/4 to full scale).
4.2.2 Note in what region of the chromatogram the peaks reside.

4221 Examine chromatogram to determine in what retention time range the

peaks are present (light, medium or heavy region),

4222 Examine chromatogram to determine the width of the carbon spread.
4.2.3 Compare sample chromatogram with chromatogram from a l%()wn standard obtained

under similar conditions. 74

4.2.3.1 Note significant points of correlation. 4\0

N

424 To establish carbon number range, compare the g@?ple chromatogram with normal

alkane chromatogran.
4.2.5 Be able to explain differences between at @ﬁ and standard based on

evaporation, interference from matu%@nple gﬁiion techniques and/or bacterial
degradation (soil samples). Unexp 1@ would preclude identification as

an ignitable liquid. ;

O
Criteria for Interpretation of D‘i&
4.3.1 Refer to ASTM E 1615&’ .SN@/ by tde for Identification of Ignitable Liquid

Residues in E\nc om is Samples by Gas Chromatography-Mass

Spectrometry, Se w

\(\
s\\é(b C)O(\ O\/
Q) Q)%
SRS

11
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‘ /{-} Analysis scheme for extraction of fire debris

Olfactory
Screening
Case 1: @6
Strong Indication of C4-C13 Range Petrolet@&”roduct
(9. i
O%V
2
) A
NO A\ YES
& ooQg\
’\\C) > <(/

PRI

16-24 hours \@ \Q\' §)ent 4-16 hours
|@ 50°C

‘ C‘g\(b\\gé Qe s0°c 1-3 hours

AN
Deg&i@h@@m disulfide
A\ v
2 Qf
R
QK 3 GC-MSD analysis

Issue Report

rev, 2 12
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i »0  Analysis scheme for extraction of fire debris (cont.)

Case 2:

Indication of Kerosene or Diesel Fuel Range Petroleum Product

2
NO Y] vs
)
0%
Issue Q%\ Solvent
Report \Q * Extraction
QO oQ )
o° O
Xe) {</
&N
, e
W <<,Q
S A
\QC-I\@ araly¥is
A
OQ® Issue Report
Qﬁ
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