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RESEARCH DESIGN AND METHODS 
 
Phase I:  Physical, Chemical and Biological Characterization of Soils 
 

Several soil samples were gathered over the course of one year at various locations, 
including agricultural, residential and brownfield sites. These soils were packaged and delivered 
to Dr. John Pichtel of the Department of Natural Resources and Environmental Management at 
Ball State University (BSU) in Muncie, IN.  Dr. Pichtel’s laboratory then determined various 
chemical and physical properties of the soils including particle size distribution, pH, total 
organic carbon, and concentrations of ammonium, nitrate, P, K, Cd, Cr, Fe, Zn, and Pb.  The 
same soil samples were also examined by Dr. John McKillip in the Department of Biology at 
BSU.  Dr. McKillip’s laboratory determined the populations of total bacteria, fungi and 
actinomycetes in the study soils.  In addition, bacteria in the samples were identified using 
genetic (DNA) techniques; strains of interest were Acinetobacter, Pseudomonas, Alcaligenes, 
Burkholderia, Arthrobacter, Flavobacterium and Bacillus. 

 
Phase II:  Microbial Degradation Experiments 
 
 For controlled degradation experiments, procedures developed in the Goodpaster lab 
were employed. 1 In these tests, 20μL of an ignitable liquid was spiked onto approximately 100 
grams of soil and stored in a sealed quart-sized paint can for periods of up to 30 days. The 
samples, as well as an unspiked soil control and an empty can control, were then extracted 
using passive headspace adsorption onto a charcoal strip (cut into thirds). The samples were 
heated at 85°C for 4 hours and the strip eluted with 300μL of pentane, in accordance with 
Indiana State Police Laboratory protocols. All extracts were analyzed using an Agilent GC/MS.  
This procedure was also carried out on all soil samples treated with anti-microbial agents. 
 
Phase III:  Development of Antimicrobial Treatments 
 

The following criteria were established for a successful fire debris preservative: 
 
1. Can be safely and immediately deployed by an on-scene investigator at the time of 

evidence collection. 
2. Suppresses or eliminates the activity of microbes responsible for degradation of 

ignitable liquids in soil for periods of up to 30 days; 
3. Does not degrade ignitable liquids, damage evidence containers, nor interfere with 

standard methods for ignitable liquid concentration and identification 
 

Testing of the anti-microbials was carried out in one-quart paint cans.  The cans 
contained a thin layer of soil (100 grams) that was spiked with 20μL of ignitable liquid, followed 
by either an anti-microbial agent or deionized water. The cans were allowed to stand for 
periods of up to 30 days and then processed using the passive adsorption-elution protocol 
discussed in Phase II.  The practicality of these agents was also evaluated (e.g., degree of 
potential toxicity, shelf life, and simplicity of storage and use). 
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Figure 15: Summed extracted ion profiles for the alkylbenzene fraction of gasoline residues 
from burn study samples.  This figure compares the residues recovered from a charcoal strip 
that was exposed to the sample headspace at room temperature followed by heating in an 
oven as per a passive headspace elution method (“Modified Sampling Container”) to residues 
recovered from a fresh charcoal strip that was inserted into the can as per a typical passive 
headspace method. 
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CONCLUSIONS  
 
Discussion of Findings 
 
Given that there were two major goals of the study, there were also two major conclusions: 
 

• A concentrated solution of triclosan in sodium hydroxide acts as a preservative for 
ignitable liquid residues on soil.  It is effective up to 30 days, non-volatile, non-corrosive, 
and does not interfere with standard methods for extracting ignitable liquid residues 
from fire debris. 

• A sample container has been designed that is airtight, but allows for a charcoal strip to 
be exposed to the container headspace and thus passively adsorb any ignitable liquid 
vapors that may be present. 
 

Current practice in fire debris analysis does not always include steps to mitigate 
biodegradation.  As a result, degraded samples can yield poor quality results.  This, in turn, can 
contribute to incorrect classification of an ignitable liquid residue or even false negatives.  
Adopting the chemical preservative developed in this work would immediately impact the issue 
of biodegradation and improve the results of fire debris analysis.   
 
Implications for Policy and Practice 
 

One implication of these results is that a chemical solution could be made available for 
purchase by fire investigators, who are primarily responsible for gathering fire debris.  In order 
for this type of product to be successful, both fire investigators and fire debris chemists must be 
satisfied that it is affordable, safe and validated.  Therefore, one aspect of this work that 
remains undone is allowing investigators and labs to evaluate the chemical solution.  This will 
be necessary so that end users can determine their applicability within the practices and 
protocols of their agencies. 
 
Implications for Further Research 

In order to establish a correlation between observed degradation levels in each soil type 
and bacterial activity, we would need to investigate two aspects of this work further:  a) 
messenger ribonucleic acid (mRNA), and b) in vitro culture validation of key genera identified in 
quantitative mRNA analysis.  We are currently using real-time reverse transcriptase polymerase 
chain reaction (RT-PCR) to enumerate each of the six bacterial genera by soil type and season in 
order to ascertain which of these bacterial groups may be most active in degradation.  Once 
this is determined (end of Dec. 2012), we can use pure cultures of the key genera identified 
(using type/reference strains already obtained) on some IN VITRO biodegradation studies to 
confirm ability of each to act on chemical adulterants of interest.  This could easily be 
quantified.   
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DISSEMINATION OF RESEARCH FINDINGS 

PUBLICATIONS, CONFERENCE PAPERS, AND PRESENTATIONS 

Publications 

D.A. Turner, J.V. Goodpaster; “The effects of season and soil type on microbial degradation of 
gasoline residues from incendiary devices,” Anal Bioanal Chem 405, 1593-1599 (2013). 

Presentations 

D.A.Turner and J.V. Goodpaster. “Die Critters Die: The Challenges of Mitigating Microbial 
Degradation in Fire Debris Samples,” Young Forensic Scientists Forum Bring Your Own Slides at 
the Annual Meeting of the American Academy of Forensic Sciences, Chicago, IL 2/23/11. 

D.A.Turner, A. Flores, and J.V. Goodpaster. “Monitoring and Characterizing Microbial 
Degradation of Gasoline on Different Soil Types,” Central Regional Meeting of the American 
Chemical Society, Indianapolis, IN 6/10/11.  

D.A. Turner, and J.V. Goodpaster. “The Effect of Season and Soil Type on the Microbial 
Degradation of Gasoline,” Annual Meeting of the American Academy of Forensic Sciences, 
Atlanta, GA 02/25/12. 

D.A. Turner, and J.V. Goodpaster. “Microbial Degradation of Gasoline Used in Incendiary 
Devices: Triclosan as a Solution,” PITTCON CONFERENCE AND EXPO, Orlando, FL 03/14/12. 

D.A. Turner, and J.V. Goodpaster. “Microbial Degradation of Gasoline Used in Incendiary 
Devices: Triclosan as a Solution,” National Meeting of the American Chemical Society, Orlando, 
FL 03/25/12 and 03/26/12.  

INVENTIONS, PATENT APPLICATIONS, AND/OR LICENSES  

We have submitted a PCT International Patent Application entitled “Biodegradation 
Suppression Solution for Forensic Samples” (Attorney Docket: 19202.096128) 
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