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A SENSITIVE, RAPID AND ECONOMICAL METHOD FOR ANALYZING
FIRE DEBRIS USING ADSORPTION ELUTION TECHNIQUES.
John A. Juhala and Frances K. Beever
Michigan State Police
Bridgeport Crime Laboratory
P.0., Box H

Bridgeport, MI 48722

The analysis of fire debris today is frequently carried out using some form of
sample concentration on charcoal or a porous polymer, followed by elution

using a solvent or heat, with headspace analysis remaining as a rapid screening
technique or in reserve for strong samples where the odor of a petroleum product
is obvious. Adsorption on activated charcoal followed by elution with carbon
disulfide is by far the most widely used technique although trapping the sample
on a porous polymer such as Tenax GC followed by heat desorption has been used
by several investigators and is a more sensitive technique because there is no
dilution by a solvent (1,2). However, thermal desorption of porous polymers

has not proved to be as popular as the charcoal purge and trap procedure for
several reasons: The total sample collected is desorbed at one time and no
second chance is available should there be a problem with the first run; very
little automated equipment is available to handle this method; the actual de-
sorption step is somewhat more cumbersome than a simple liquid injection and
there are difficulties with trapping of very volatile hydrocarbons and alcochols.
Its main advantages are sensitivity and the fact that no solvent is required for
desorption.

Most of the charcoal adsorption methods use a relatively large quantity of
charcoal, typically one to three inches in a disposable pipet, with elution
carried out using a correspondingly large volume of solvent, 0.5 to 3 ml (3,4,5).
The use of such large amounts of charcoal and solvent are umnecessary and intro-
duce a tremendous dilution of the trapped hydrocarbons with a resulting loss of
sensitivity. Of course the solvent can be readily concentrated by evaporation,
but this is time consuming and also concentrates any impurities in the solvent

or picked up elsewhere in the procedure. The large amount of charcoal also

traps too much accelerant when a strong sample is encountered. This sometimes
requires several reruns if a data system is not available on the gas chromatograph
or else switching to an alternate technique such as headspace to deal with strong
samples. A more desirable alternative is to adjust the sampling technique so
that regardless of concentration all samples can be processed in the same fashion.

Experimental

Our goals were to minimize the dilution effects of using a solvent to elute the
sample from charcoal, be simple to use, and allow for the use of an autosampler.
We reported earlier on several procedures using small quantities of charcoal and
carbon disulfide which had the requisite sensitivity, speed, and ease of
implementation, however the coated bead produces a sample which contains too
much charcoal dust for autosampling and the coated wire procedure uses such
small volumes that it likewise cannot be used with an autosampler (6).




At the outset, the limiting factor was the requirement of the autosampler to
have at least 50 ul of solvent to operate properly, according to the manufact-
urer. We elected to use 100 ul of carbon disulfide in a standard autosampler
microvial (0.2 ml capacity). We quickly discovered that the Varian 8000 auto-
sampler is not capable of controlling the pressure used to force the sample out
of the vials to the syringe well enough to prevent all of the sample being
expelled during the wash cycle. We then installed a second stage of regulation
in series with the first using a capillary colum pressure regulator. This
provided a more even pressurization of the sample vials and offered some hope
the autosampler could work with small volumes of carbon disulfide.

To trap the sample we use a disposable hypodermic needle, 18 gauge x 1%'",

which contains the charcoal in the hub. A very small amount of cotton is placed
into the hub to prevent any of the charcoal from falling into the needle and
plugging it. This is followed by approximately 6 mg of 50-200 mesh charcoal
(Fisher Scientific) and another small plug of cotton. If done carefully there
is still enough space left in the hub to allow the charcoal packed needle to

be placed onto a standard luer-lock fitting which is then attached to any con-
venient vacuum source (see Figure 1). If needles with aluminum hubs are used a
quantity can be packed ahead of time and stored for later use. Those with poly-
ethlene hubs seem to contribute some artifacts which may increase with storage
time. We are currently investigating the length of time the charcoal can
remain in a polyethylene hub without picking up an objectional background.

To sample a polymer bag containing arson debris, the needle is merely pushed

into the bag and sealed by clamping a forceps, which has a small hole drilled
through the jaws, around the bag and needle. The container, which has been
previously heated to QOOC, is then evacuated for a minute or two depending

upon its size. With any type of rigid debris container two holes are first
punched through the 1id and then a packed needle which has been pushed through

a standard G.C. septum is placed into one hole and a charcoal trap, either a
second packed needle or a charcoal packed pasture pipet, is placed into the other
hole. The septa provide a very good seal against the container 1id and frequently
the container will collapse even with an air inlet. We are currently using a
small vacuum pump to evacuate the containers, but a water aspirator works

equally well, After sampling, the needles are placed back into previously
labeled 12 x 75 mm culture tubes and sealed with corks.

Elution of samples is carried out in a fume hood. The needles are placed into
holes in a piece of cardboard. The holes are spaced to match those in a wooden
block which holds 14 microvials, Approximately 100 ul of carbon disulfide are
added to each needle using a pipet. The effluent is collected in the vials
which are sealed with teflon faced septa. A room air blank, collected and
processed in the same way as the debris samples, is included with each case.

The process is quick and economical. A pint of carbon disulfide will last for
six months and a pound of charcoal for years, There is no apparatus to clean
and the small volume of carbon disulfide reduces the fire and toxic hazard of
this chemical. Once the samples are adsorbed the needles can be stored con-
veniently in a stoppered tube and processed at a later time.



Results

ATthough autosampling using the above procedure should work very well, in
practice there are several problems which have prevented us from using the auto-
sampler on a routine basis. The sampling system in use by Varian and several
other manufacturers requires pressurizing the sample vial to force the sample
through a transfer tube and into the syringe for injection. In order to clean the
syringe and transfer line between injections to prevent carryover of the previous
sample the line is flushed with the current sample before injection. This works
fine with 2 ml sample volumes, but with 100 pl samples this cannot be carried

out effectively without using up all the sample in the wash cycle leaving nothing
to inject. The only alternative is to place a 2 ml wash vial containing carbon
disulfide between each sample and use this to wash the system between injectionms.
However, this cuts the sample capacity from the typical sixty vials to thirty and
as several cases are being run consecutively the room air blanks from each one
occupy more of the available sample space. Thus, a full carousel may only handle
three to five cases. Secondly, in spite of the addition of a second pressure
regulator to control vial pressure we have not been able to get the autosampler
to process an entire carousel without emptying some of the vials which then
requires reprocessing those samples. A third problem encountered with older data
systems such as the Vista 401 is the lack of sufficient disk space for data storage.
This is particularly true when using capillary colums. Because of the limited
disk space, it is necessary to collect the data points at less than the most
desirable rate. If data points are collected fast enough to capture narrow capillary
peaks only a few chromatograms can be stored on a disk. If the data collection
rate is decreased to save disk space frequent loss of peak maxima occurs and the
peaks look as though they have been chopped off. A reascnable compromise will
allow only twelve chromatograms to be stored per disk. Thus, both the amount of
available data storage and the need for wash vials to prevent sample carryover
combine to restrict the number of samples which can be processed automatically
with this particular system. Even four or five cases at a time, however, would be
useful if the problem of emptying the vials during the pressurizing step could be
eliminated, but the system has not yet proved reliable when handling a volatile,
low viscosity solvent like carbon disulfide in 100 pl volumes.

As a result of these limitations we decided to try the larger sample vials, i.e.

2 ml, coupled with a larger amount of charcoal and carbon disulfide. This eliminated
the problem of emptying the sample vials and the system worked very well. Experience,
however, had lead us to believe that using larger amounts of solvent and charcoal
would not be as sensitive as working with the scaled down technique we have developed
so we decided to test the two procedures side by side.

Two identical sets of samples were prepared. One set consisted of two pieces of

3/4" plywood to each of which was added 5 pnl of gasoline before being sealed into

a polymer bag. The second set contained two similar pieces of carpet to which

had been added 5 ul of fuel oil. These samples were also sealed into polymer bags.
The four samples were heated for one hour at 900 ¢, After one hour, the vapors

from one sample in each set were trapped using a charcoal packed needle and those
from the other set trapped on a charcoal packed pipet. Those from the packed needles
were processed as described above and the charcoal packed needles were eluted using

2 ml of solvent. The eluted samples were run on a Varian Vista 6000 GC/401 Data
System equipped with a J § W Megabore colum, DB-1, 15 meters. The flow rate was

15 ml/min of hydrogen. The temperature program included a 4 min hold at 50 C followed



by programming at 14°C/min to 225 C. The resulting chromatograms are shown

in Figures Z and 3. The upper chromatogram in Figure 2 is from the gasoline
sample adsorbed on the charcoal packed pipet, while the lower one is from the
gasoline sample adsorbed on the charcoal packed needle, Figure 3 shows a

similar comparison between the fuel oil samples. All chromatograms were run

at the same attenuation of the electrometer, 10-11 x 2. The chromatograms
resulting from the charcoal packed pipets do not show the presence of any
flammable liquids while those from the packed needles would have to be attenuated
considerably to be brought back on scale. The increase in sensitivity obtained
by working with small amounts of charcoal and carbon disulfide is obvious.

Another example of the sensitivity of the procedure occurred umexpectedly. In

the middle of February a series of peaks appeared in our room air blanks which

had not been observed before. Over a period of several weeks they became

fairly intense (see Figure 4). We examined all aspects of our procedure and

found the artifacts were present in the laboratory air and were not from the
procedure in use, We also found that the contaminant was identical to a

charcoal lighter fluid marketed by the A § P gorcery chain., We were unable to
locate the source of the contaminant for several days until, while rumning our new
office copy machine which was installed in January, it was necessary to change the
toner and dispersant. At that time we discovered this machine used a liquid toner
and dispersant whereas our old machine used dry chemicals, Of course the liquid
toners and dispersants are petroleum based and our problem appeared shortly after
the introduction of the new machine. Examination of the toner and dispersant
showed them to be the source of the contaminant (see Figures 5 § 6). We sampled
the laboratory air throughout the building as well as several sheets of paper
coming from the copy machine., The solvent background was distributed everywhere in
the building and was also on the paper from the copy machine (see Figures 7-9).

Our building has a forced air heating/cooling system with little makeup air and
this, coupled with hand carrying machine copies around the building distributes

the vapors throughout. This background contamination would not have been observed
using charcoal packed pipets with 2 ml of carbon disulfide for elution, but with the
increased sensitivity of the packed needle it was becoming a serious problem since the
contaminant is a known flammable liquid which we occassionally find in fire debris
samples. We have since replaced our copy machine with one using dry chemicals and
the background is slowly disappearing.

Summary

The examples described above show there are considerable benefits to be obtained by
reducing the amount of charcoal and solvent when carrying out purge and trap pro-
cedures as i1s common in the analysis of arson debris samples today. It is possible
to obtain a significant increase in sensitivity, speed of processing and reduce costs.
The small volume samples have not yet proved amenable to our autosampler, but with

a system such as the H-P which inserts the syringe directly into the sample and a
data system with sufficient data storage it would be possible to process a large
number of arson samples automatically with a minimum of attention by the analyst.



While we are currently looking at some of the parameters associated with the
method such as equilibration time, solvent volume and efficiency of desorption,
the procedure described has become our standard method of analysis for all arson
samples whether neat liquids or debris. It is not necessary to switch from
purge and trap for weak samples, to headspace for strong samples or screen with
headspace and run negatives on purge and trap. The method allows cases to be
batch processed with confidence that weak samples will not be missed and strong
samples will not be outside the range of the electrometer and samples do not have
to be segregated for special handling.
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IMPURITIES IN ACTIVATED CHARCOAL

By
Dr. Richard W. Henderson
Southeastern Research Laboratories, Inc.

P.0. Box 15120
Quinby, SC 29501

Activated charcoal is commonly used in the purge-trap
technique for flammable liquid extraction from fire debris. Our
laboratory procedure involves washing the charcoal tubes (each
tube contains one inch of 50-200 activated charcoal) with one ml
of carbon disulfide after the tubes are prepared. A number of
gquality control tests have shown that under our analytical
procedure conditions, no measureable extractable residue remains
after the washing. In the course of other experiments on char-
coal, we had occasion to concentrate the wash solution and
analyze it on a Varian Model 3700 gas chromatograph equipped with
FID. A 0.75 mm x 60 m SPB-1 capillary column was used for the
analyses with the following conditions: 60 degrees for 2 minutes,
followed by a ramp of 10 degrees per minute to 250 degrees;
helium flow rate of 36 ml/min. The chromatograms were recorded
on a Linear Model 1200 dual pen recorder. The extraction condi-
tions were as follows: three inches of Fisher Activated Carbon
(50-200 mesh and 6-14 mesh) in 6 mm ID glass tube were washed
with 1.5 ml of carbon disulfide; the resulting eluate was con-

centrated to 0.05 ml, and a two microliter aliquot injected.

= 13 .



Chromatograms A and B show the results obtained with the
concentrated eluate from two different cans of 50-200 mesh
charcoal. The patterns for these two are quite similar, as are
those for other batches of comparable charcoal. The results
(C) for 6-14 mesh activated carbon are quite different, having
considerably less background and a substantially different
pattern. The chromatographs for gasoline and kerosene are in-
cluded for comparison (D and E, respectively). The material in
the 50-200 mesh charcoal resembles kerosene very closely and has
additional components in the light-distillates range. Clearly,
any procedure involving charcoal should be examined for possible

interference from these residues.

On a different note, the chromatograms for carbon disulfide
in our laboratory always include a small peak following the major
peak. Evaporation of the carbon disulfide causes this peak to
increase in size. There appears to be no discussion in the lit-
erature of the identify of this peak, although it is invariably
present in published chromatographs in which carbon disulfide is
utilized as the solvent. If anyone has information concerning

the identity of this component, please forward it to me.

- 14 -
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Notes
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ATF ANNOUNCES ARSON ACCELERANT DETECTION COURSES FOR 1987

The Bureau of Alcohol, Tobacco and Firearms will conduct two Accel-
lerant Detection Classes in 1987 for state and local forensic examiners.
The classes are scheduled for April 26 — May 1 and July 13 - 17, 1987.
Enrollment is limited to 10 students per class.

The one-week course, conducted at ATF's National Laboratory Center

(NLC) in Rockville, MD, emphasizes hands-on laboratory analysis utilizing
all of the sample preparation techniques in common use today for arson
examination. Lectures and discussions cover classifying accelerants,
developing your own analysis scheme, accelerant comparison techniques,

use of analytical techniques other than gas chromatography including GC/MS,
pre—-analysis clean-up techniques, refinery operations and proper evidence
handling.

The course has been updated to place even more emphasis on the examiner's
most challenging problem...interpretation of data. An additional prac-
tical exercise has been added. Recognition of incendiary devices and
components has also been included in the lesson plans.

The course is designed for state and local chemists who perform, or will
be performing, laboratory arson analysis. There is no tuition or regis-
tration fee, and all course materials are provided at no cost to the
attendee. The ATF Laboratory will arrange a group rate ($66 per night
including tax) for all selected students at a hotel convenient to the
NLC. All transportation, lodging, and per diem costs must be borne

by the local department or individual. The U.S. Government per diem rate
for the Washington, DC metropolitan area is $112/day. Attendees should
budget accordingly.

Those persons interested in applying for the school can obtain an
application by contacting Rick Tontarski at ATF NLC, 1401 Research Blvd.,

Rockville, MD 20850 (202)294-0420. The application deadline is February
15, 1987. Applicants will be notified of their selection in March.

Please, keep those announcements and articles coming!!
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