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ABSTRACT: The headspace of samples taken from fire scenes were passed through a tube 
packed with active charcoal granules. Desorption of the compounds by either pyrolysis or carbon 
disulfide (CS 2) and subsequent analysis by gas chromatography showed enhanced sensitivity over 
the headspace method. Both methods were evaluated for the analysis of gasoline, kerosene, and 
diesel oil. Interference caused by the presence of water was eliminated by the use of 0.4-nm 
molecular sieve. Case study of samples was followed by both headspace and adsorption tube 
methods, the latter has been found to be of a higher sensitivity. 
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Arson appears to have become a significant crime in today's society [1], and new ap- 
proaches are needed for quicker and more sensitive analysis of debris from suspected arson 
cases [2,3]. Various analytical methods have been suggested in the past for this purpose, for 
example, infrared spectroscopy, X-ray, and mass spectroscopy [4] as well as nuclear mag- 
netic resonance [5]. 

One of the most popular analytical methods to date for the identification of fire residues is 
gas chromatography (GC). The headspace method requires a few millilitres of preheated fire 
residue that are directly injected into a gas chromatograph (GC) [6]. The use of both packed 
and capillary columns for the analysis of the complex mixtures of gasoline, kerosene, and 
diesel oil has been suggested [7]. Sampling of hydrocarbon vapors, mainly in air pollution 
studies, is routinely carried out by adsorption on active charcoal [8]; on various polymers, for 
example, Tenax | [9]; or other phases [10]. Desorption and analysis of the adsorbed com- 
pounds is achieved by either liquid extraction [8,10] or thermal desorption from the solid 
phase. One technique for the analysis of arson samples is the Curie point thermal desorption 
which is performed by introducing ferromagnetic wires, coated with a thin layer of highly 
active charcoal, for 1 to 2 h into the atmosphere under test, followed by inductive heating for 
desorption of the hydrocarbons [11,12]. 

Received for publication 31 May 1983; revised manuscript 19 Sept. 1983; accepted for publication 20 
Sept. 1983. 

'Researcher in formulation center, Casali Institute of Applied Chemistry, The Hebrew University of 
Jerusalem, Jerusalem, Israel. 

2Analytical laboratory, head of laboratories division, and analytical laboratory, respectively, Criminal 
Identification Division, Israel National Police Headquarters, Jerusalem, Israel. 

3Chairman of studies and head of instrumentation division, Casali Institute of Applied Chemistry, 
The Hebrew University of Jerusalem, Jerusalem, Israel. 

723 

Copyright © 1984 by ASTM International



724 JOURNAL OF FORENSIC SCIENCES 

Two recent papers deal with dynamic headspace analysis of fire debris. One uses a special 
adsorption-desorption setup in which the sample is heated in an empty can and the head- 
space collected on a charcoal tube [13]. The hydrocarbons are gas chromatographically iden- 
tified by computer assistance. Tenax is used in another work [14] to trap the volatiles by 
flushing a heated headspace produced over fire debris with nitrogen. The hydrocarbons were 
then thermally desorbed into a gas chromatograph. A similar method was used for the col- 
lection of accelerants vapors at fire scenes. 

The present work is a study of various parameters that affect the sensitivity of the adsorp- 
tion-tube method when used for the detection of gasoline, kerosene, or diesel oil residues. 
Special attention is given to the problem of water interference. Thermal desorption is com- 
pared to solvent extraction for each of the accelerants and best conditions for sampling are 
suggested. The proposed method is suitable for automatic analyses of samples. 

Experimental Procedure 

Apparatus 

Gas chromatographic analyses were carried out on a Varian 2400 GC equipped with a 
flame ionization detector (FID) (Varian Co., Palo Alto, CA). 

Air samples were pumped by Personal Air Sampling pumps, Model 7107 (Xonics Inc., 
Los Angeles, CA). The pyrolyzer used in this study was pyroprobe 150 (Chemical Data Sys- 
tems Inc.) 

Chemicals 

Hydrocarbon mixtures, gasoline, kerosene, and fuel oil were regular fuels purchased from 
gas stations. 

Active charcoal, 400 (400-m2/gm) granules of 2 mm in diameter were packed into glass 
tubes (20 by 2 mm) to make the adsorption tubes. Carbon disulfide (CS2) used was the ana- 
lytical reagent grade (Merck). Chromatographic column was 6-m by 3.175-mm (l/E-in.) 
stainless steel tubing packed with 5% OV 101 on Chromosorb P. 

Water vapors were adsorbed by Zeolite 4A (0.4-rim pores) molecular sieves (Linde). 

Procedurea 

Hydrocarbons samples from the various fuels were prepared by placing l #L of the fuel on 
filter paper, the paper was then sealed in a heat resistant nylon bag at about 300 mL in 
volume. The bag was oven heated to 130~ for 15 rain before sampling. 

Two sampling methods were compared: 

1. Headspace analysis (HS)--a  disposable syringe was used to collect 2 mL of headspace 
from the heated bag. The air sample was immediately injected into the GC and chromato- 
graphed. 

2. Adsorption tube analysis (AT)--adsorption tubes were used in two different models: 

a. The adsorption tube packed with charcoal was placed in the sealed bag with the sample 
and left there at room temperature for periods of time ranging from 15 min to 48 h. 

b. The whole volume of the bag was passed at a rate of 80 mL/min through the adsorption 
tube using the "Personal Air Sampler." 

The hydrocarbons trapped on the charcoal were desorbed by either thermal desorption or 
by solvent extraction: 

I. Thermal desorption was achieved by placing the adsorption tube in the pyroprobe and 
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setting the pyrolysis temperature to 950~ for 20 s. The interface was held at 300~ to pre- 
vent condensation of heavy hydrocarbons. 

2. The hydrocarbons on the active charcoal granules were extracted with 50 to 60 #L of 
CS 2 and injected into the GC. 

Effects of water on the process were studied by introducing 1 to 5 mL of water to the nylon 
bags containing the samples and sampled as described above. 

Exhibits from real cases of fire investigations were put in nylon bags, heated to 130 o for 15 
min and then sampled by HS as well as AT methods. 

Results and Discussion 

Gasoline, kerosene, and diesel oil are the most common fire accelerants used by arsonists. 
The analytical method was, therefore, adapted to these solvents. Since each of the hydrocar- 
bon mixtures has its characteristics problems the sampling technique of each of them was 
separately discussed. 

Sampling Technique 

Gasoline--Some chromatograms obtained using various methods are presented in Fig. 1: 
liquid gasoline directly injected (Fig. la); HS analysis of gasoline sample (1 #L) in preheated 
nylon bag (Fig. lb); the AT and pyrolysis where the tube equilibrated in the bag for 2 h (Fig. 
lc), and for 48 h (Fig. ld). The chromatogram obtained after passing the total headspace 
through the glass tube over the active charcoal and desorption by pyrolysis is presented in 
Fig. le. It is clear that active charcoal can absorb the amount of gasoline present in the bag 
(1/xL) but this process is lengthy. Passing the headspace over the active charcoal takes only 
several minutes and its sensitivity is about 350 times greater than that of the direct headspace 
analysis method (Fig. lb) as indicated by peak's height and attenuation. The comparison of 
la and le chromatograms (and the corresponding attenuations) reveals that the amount of 
gasoline detected by the AT method is about 0.5/~L of the sample that was introduced into 
the bag. 

Liquid extraction for desorption of hydrocarbons has several advantages over pyrolysis 
since it is much simpler, time-saving, and it is one step towards an automatic gas chromato- 
graphic analysis of the desorbed sample. CS 2 was chosen as the solvent since it dissolves very 
well all the hydrocarbons and itself is poorly detected by FID. As can be seen from Fig. I f  
some of the light hydrocarbons are not recorded by the detector since they are masked by 
elution of CS 2 which "blocks" the detector. Apart from this the desorption by CS 2 leads to 
the same sensitivity as the pyrolysis. 

Kerosene--Figure 2 presents the gas chromatograms obtained for kerosene (Fig. 2a). The 
HS analysis was found in the case of kerosene, as with gasoline, to be of low sensitivity. On 
application of the AT method for kerosene sample in a nylon bag, the pyrolysis of the tube 
containing the charcoal for 20 s at 950 ~ gave rise to several light hydrocarbons derived from 
cracking on the charcoal surface (Fig. 2b). Slower pyrolysis at a rate of 0.1 ~ per millisec- 
onds up to 850~ produced only slight cracking (Fig. 2c) and sensitivity equivalent to the 
detection of 25% of the kerosene, which was introduced into the bag. Desorption of the 
adsorbed kerosene by CS 2 yields in high sensitivity (equivalent to detection of about 50% of 
the initial amount of kerosene in the bag) and no cracking products were detected (Fig. 2d). 

Diesel Oil--With diesel oil (Fig. 3a) the phenomena of cracking during pyrolysis was 
again observed at high temperatures (950~ 20 s) while at lower temperatures (700 ~ 20 s) 
no cracking was observed. However, only a small fraction of the hydrocarbons was desorbed 
(about 30% of the initial amount adsorbed). When CS 2 was used for desorption a partial 
chromatogram was obtained (Fig. 3b). The proportions of original quantities of the various 
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FIG. 1--Gas chromatograms of gasoline obtained by various sampling techniques. Attenuation val- 
ues are given, for each sample, h~ brackets: (a) t ps of  tiquid gasoline (256 • t 0 -  lO), (b) HS analysis of 
lpZ gasoline in the bag (8 • 10 11), (c) tube equilibrated hi the bag for 2 h (8 • 10-11), (d) tube 
equilibrated in the bag for 48 h (128 • 10-1~ (e) A T  analysis-pyrolysis (128 X 10-1~ and (f)AT 
sampling-CS 2 desorption (128 • 10-1~ 

hydrocarbons were changed, the amount of the higher molecular weights hydrocarbons be- 
ing reduced, the chromatogram being no more typical of diesel oil. Two obvious reasons 
could cause this change in the relative amount of the hydrocarbons: 

(1) selective adsorption of the various constituents on the charcoal surface and 
(2) selective desorption from the charcoal as high molecular weight compounds are known 

to adsorb more strongly on charcoal surfaces. 

To determine which of these possibilities was responsible for this phenomenon two addi- 
tional experiments were carried out: 1/~L of diesel oil was dissolved in 50/~L of CS 2 and six 
granules of the active charcoal were added. After equilibration for 1 h the solution was in- 
jected into the gas chromatograph. The chromatograph obtained was identical to that of 
liquid diesel oil. No selective adsorption was observed, a fact that eliminates the second pos- 
sibility mentioned above. 

In the second experiment six granules of the active charcoal were introduced into a nylon 
bag containing filter paper and 1 /~L of diesel oil. The bag was heated for 1 h at 130~ 
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FIG. 2--Gas chromatograms of  kerosene obtained by various sampling techniques. Attenuation val- 
10 o ues are given in brackets: (a) 1 lzL of  liquid kerosene (256 X 10-  ), (b) A T  analysis-pyrolysis at 950 C 

10 o 10 (64 • 10-  ), (c) A T  analysis-pyrolysis up to 850 C (64 • 10-  ), and (d) A T  analysis-CS 2 desorption 
(128 X lO-l~ 
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FIG. 3--Gas chromatograms of diesel oil obtained by various sampling techniques. Attenuation, in 
all cases, is (256 • 10-1~ . (a)1 izL liquid dieseloil, ( b ) A T analysis-CS 2 desorption, ( c ) A Tsampling of  
cooled bag-CS 2 desorption, and (d) A T  of hot bag-CS 2 desorption. 
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cooled, and the charcoal was treated with 50/zL of CS 2 to desorb the diesel oil. The gas 
chromatogram obtained was typical of diesel oil! Since adsorption as well as desorption 
could be achieved without any distortion of the chromatogram, it must be the sampling 
method used which causes this problem. As already mentioned, the sampling method in- 
cluded heating of the sampling bag at 130~ for 15 min, taking it out of the oven, and 
passing the whole headspace through the adsorption tube. During the sampling, the bag is 
cooled down and diesel oil vapors may condense on the bag. The higher molecular weight 
constituents condense first and therefore will not be absorbed on the charcoal. To emphasize 
this effect, the sampling bag, after being heated in the oven, was cooled at room temperature 
for 15 min and sampled. The gas chromatogram obtained is shown in Fig. 3c. The further 
distortion of the typical diesel oil chromatogram proves that it is the sampling method which 
causes this phenomenon and this step has to be improved. This was done by pumping the 
content of the bag, over the adsorption tube, in the oven itself. The bag is sampled hot and 
the chromatogram obtained under these conditions is presented in Fig. 3d. This chromato- 
gram is a typical one for diesel oil. About 50% of the amount of diesel oil which was origi- 
nally introduced to the bag was detected by this method. 

0 

I I 
15 I 0  5 0 

Time (rain) 

FIG. 4--Gas chromatograms of gasoline analyzed by the A T  method-CS 2 desorption in presence of 
water (5 mL in the bag) and zeolite O. 4 nm as adsorbant for the water: (a) zeolite present in the bag for 
l h before sampling, (b) zeolite present in the bag for 5 h before sampling, (c) zeolite left in the bag 
overnight, and (d) zeolite left in the bag for 5 h and taken out before heating the bag. Attenuation, in all 
ehromatograms: 64 • 10 -tO. 
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Water  Interference 

Many of the field samples that reach the arson research laboratory contain water since 
usually an attempt is made to extinguish the fire at the site. Water might interfere in analyz- 
ing the hydrocarbons, since the concentration may be manifold that of the hydrocarbon 
traces and water may coat the surface of the charcoal. To examine this problem, 5 mL of 
water were introduced into a bag containing filter paper and 1 #L of gasoline. Under such 
conditions, no gasoline could be detected by the AT method. The use of Zeolite 4A proved to 
improve the situation since its 0.4-nm pores retain water and carbon dioxide but allow the 
hydrocarbons to pass (too large). Zeolite 4A (10 g per 5 mL of water) was introduced into the 
sampling bag which contained 1 #L of gasoline and left to equilibrate for various lengths of 
time before the bag was heated. Figure 4 presents the results obtained under these sampling 
conditions, when the Zeolite 4A was left in the bag for 1 and 5 h (Fig. 4a and b, respectively) 
and overnight (Fig. 4c). Further improvement was achieved by leaving the adsorbant in the 
bag for 5 h and taking it out (or isolating it) before the sampling bag is heated. Under such 
conditions, water interference is eliminated (Fig. 4d). 

Water does not interfere in the analysis of kerosene or diesel oil, most probably because of 
their strong affinity to the charcoal surface. 
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FIG. 5--Gas chromatograms of field samples collected by arson investigators and analyzed by HS 
versus A T methods. Attenuation values are given, for each case, in brackets. (a) and (b) Case 1--A T (64 
X 10 -z~ and HS (32 • 10 - l l )  methods, respectively. (c and d) Case 2--A T (64 • 10 -l~ and HS (32 
X IO-H), respectively. (e and f)Case3--AT(512 X 10 -1~ and HS (32 • lO-tZ), respectively. (g and 
h) Case 4 - - A T  (128 X 10 -10) and HS (32 X lO-Zl), respectively. 
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Comparison of the HS and A T  Methods in Field Cases 

Since all the experiments that were carried out during this study were done under labora- 
tory conditions, using filter paper as the "carr ier"  for the solvents, it was important  to com- 
pare the suggested AT method with the HS one in actual samples which were collected by 
arson investigators. The debris included charcoaled remains of cloth and wood as well as 
empty bottles. Figure S shows gas chromatograms of some field samples that were sent to the 
arson.investigation laboratory in the Israeli Police Headquarters and analyzed by both meth- 
ods: HS versus the AT. As it can be seen in three of the four examples that are presented, 
nothing is detected by the HS method while the AT method detects various hydrocarbon 
mixtures. In the fourth case (Fig. 5 g-h) some light hydrocarbons are detected by the HS 
method but the chromatogram is not typical of any known hydrocarbon mixture. The chro- 
matogram obtained by the AT method is clearly typical of kerosene, although detector sensi- 
tivity in the latter case is 40 times smaller than in the former. 

Conclusion 

The AT method for determining fire debris is found to be a most sensitive and useful 
method. It  is suitable for light hydrocarbons (such as gasoline) as well as for higher molecu- 
lar weights (kerosene or diesel oil). The experimental conditions overcome interferences 
caused by the presence of water in the sample and provide enhanced sensitivity as compared 
with the HS method which was used in the past. It has other advantages over the HS method: 
first, the need to store samples for prolonged periods of time is eliminated. The latter needs 
large spaces and requires efficient sealing in order to prevent contamination of one sample 
by others. The samples might be heated in the bags when accepted, sampled on the AT, and 
the tubes might be easily stored in small glass vessels. Solvent desorption of the hydrocar- 
bons from the charcoal was found to be as sensitive as thermal desorption and offers an 
additional advantage since it enables an automatic injection of the samples into a gas chro- 
matograph, an important  step towards full automatization of analytical procedure. 
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