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Abstract 
According to the Basel Convention, wastes are “substances or objects which are 
disposed of or are intended to be disposed of or are required to be disposed of by the 
provisions of national law.”  The Convention defines 45 categories of wastes that are 
presumed to be hazardous.  Materials in these categories are classified as hazardous if 
they exhibit one or more hazardous characteristics such as being explosive, flammable, 
oxidizing, corrosive, poisonous, ecotoxic, or infectious.   
  
Forensic evidence collected during hazardous waste investigations can range from 
highly pure substances to complex multi-phase mixtures.  There are special 
considerations for site evaluation, site monitoring, field testing, sampling, and evidence 
transportation to a laboratory.   Laboratory examinations can include straightforward 
standardized tests, such as flashpoint determinations, or an array of complex analytical 
techniques to characterize unknown materials. 
 
This presentation will provide examples of field and laboratory activities that have been 
used successfully to support environmental crime investigations involving hazardous 
wastes.  Current trends in support for these investigations will also be reviewed (e.g., 
investigations involving e-waste, contaminated refrigerant products, and asbestos 
containing materials).  The objective of this presentation is to provide practical 
information for both small and large laboratories so that forensic environmental 
chemistry capabilities can be developed or expanded.   
 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 

Recent Advances in Geoforensics that Advance Investigations into 
Environmental Crime 

 
 

Alastair Ruffell 
 

School of Geography, Archaeology & Palaeoecology, Queen’s University, Belfast, 
N.Ireland 

 
Abstract 
From the macro-scale of satellite imagery and aerial photography, through the meso-
scale of geophysics, laser scanning and GPS surveying, to the micro-scale of trace 
evidence analysis, a number of advances in geoforensics have been made. Remotely-
sensed data is now available at high resolution (20cm horizontal accuracy) and using a 
range of imagery from thermal through ultra-violet and multispectral. High resolution 
data may allow surface waste or pollutants to bb observed, whilst thermal data may 
prove useful for buried waste with organic matter. Disturbed and polluted ground will 
affect surface mineralogy and vegetation, which can be observed on multispectral and 
UV data. LiDAR may be used to detect subsidence. Case studies from Italy and Ireland 
will be used to illustrate these applications. The need for rapid site surveys that 
eliminate areas with no buried waste, but allow fuller investigation of suspect sites is 
now achievable using Differential Global Positioning Systems (dGPS) that avoid the 
need for the laying out of tape measures or the problem of positioning surveys on out-
of-date maps. dGPS also allows the collection of topographic data: if the site is then 
revisited months or years later may allow estimates of subsidence, or of continued 
tipping of waste. Accurate positioning is essential for the calculation of waste volumes 
above ground, and used in conjunction with geophyiscs, below ground as well. Volume 
estimates are critical for the successful prosecution of offenders, as this dictates the 
seriousness of the offence. Established methods for the analysis of geological 
(sediment, soil) materials that may exclude a suspect from a scene of environmental 
crime, or then possibly associate that person to a site, are being used in environmental 
investigations. However, as cases come to court, like serious offenders (rape, murder, 
terrorism), suspects become better-versed in methods of cleaning up their clothing and 
vehicles. This requires more sophisticated analytical methods. One of the best available 
is the QemScan system, developed originally for the mining industry, this uses an 
automated SEM with EDX analyser to automatically measure the shape, size and 
chemistry of thousands of particles. This provides a range of information that allows 



superb discrimination of samples, in conjunction with other methods (microbiology, 
DNA, other geological methods). 
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Abstract 
 
Recently there has been an increase in awareness of the importance and relevance of 
soil materials in forensic science. The Centre for Australian Forensic Soil Science 
(CAFSS) has been actively involved in specialized soil forensic work, including assisting 
law enforcement and environmental agencies with: (i) the search, location and recovery 
of soil and mineral samples and (ii) assessing the range and impacts of natural and 
man-made soil hazards that present major risk to both national and international soil 
and water security. The majority of soil forensic cases were overwhelmingly complex, 
and the challenges of associating relevant information from one source with another, 
often requires the development of new sophisticated field and laboratory methods. 
The experience gained from conducting over 70 forensic cases has led to the 
development of guidelines for soil forensic investigations that are designed to provide a 
“systematic approach” for examining and characterizing soils for forensic comparisons. 
This approach involves subdividing methods into the following 4-stages each 
comprising several steps and involving a combination of techniques: (1) Morphological 
characterization of soils for screening of samples. (2) Identification, characterization and 
semi-quantification of minerals and organic matter following sample selection and size 
fractionation (<50µm). (3) Detailed characterization and quantification of minerals and 
organic matter using advanced analytical methods. (4) Landform and soil mapping; 
construction of soil-regolith conceptual models. 
Through case studies, this presentation will demonstrate how advanced field and 
laboratory approaches have been critical in developing coherent, predictive, soil-regolith 
models, from landscape to microscopic scales, to solve practical soil-based 
environmental crime investigations for both Australian and overseas stakeholders. To 
demonstrate the critical importance of soil in environmental crime investigations, the 
following five case studies, which tackle difficult problems at a range of scales involving 
highly complex issues, will be presented: 
• Formation of polluted salt-affected and Acid Sulfate Soils in what has become known 

as “one of the world's greatest environmental disasters”, where over 90% of the 
Mesopotamian marshlands in Iraq have changed by dewatering and the burning of 



reed vegetation through the combined actions of upstream damming and 
downstream drainage projects undertaken by the regime of Saddam Hussein. 

• Six million dollars worth of dinosaur nests and eggs (over 100 million years old) were 
illegally exported from China and imported into Australia (seized at the request of 
China).  

• Illegal clearance and theft of eleven million dollars worth of tree ferns from national 
parks in Victoria. The cost to repair the environment was estimated to be more than 
$300,000. 

• Damage to the Australian telecommunication optic fibre cable network from shrink-
swell soils and soil corrosion is very costly to repair and if avoided, can save millions 
of dollars. 

• The use of soil evidence to help solve a double murder case. This investigation used 
morphological, chemical, physical and mineralogical properties to identify similarities 
between soil found on a shovel taken from the suspect’s vehicle and wetland soil 
subsequently located in the bottom of a quarry. 
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Kenna Yarbrough works for the USEPA’s National Enforcement Investigations Center in 
Denver, Colorado.  She is the Field Branch Quality Assurance Manager.  Kenna has 
worked for the NEIC for 23 years, as a civil and criminal enforcement inspector, and, for 
the past 17 years, in some QA management capacity.  She was instrumental in the 
NEIC receiving, in 2001, and maintaining an ISO/IEC 17025 field and laboratory 
accreditation.  She is EPA’s representative on the Standards, Practices and Protocols 
Interagency Working Group of the Subcommittee on Forensic Science that was 
established by the Office of the White House - National Science and Technology 
Council (NSTC) Committee on Science (COS) to respond to forensic science related 
concerns.  The IWG is tasked with identifying standard development organizations, 
inventorying existing forensic sciences standards, analyzing standards' abilities to meet 
the forensic science community needs, and help determine what a "good" standard 
looks like and how they should be developed/reviewed/approved. She has a Bachelor of 
Science degree in Geological Engineering from the Missouri Science and Technological 
University. 
 
Presenter Biosketch: Alstair Ruffell 
I am a geologist (1st degree UCL london, phd Birmingham). Worked in the oil industry. 
Started doing forensic work on weapons hides in 1997. Started working on detecting 
buried waste in 2004. Have 140 cases on my cv, 60 serious crime, 40 environmental, 
20 engineering and 20 humanitarian. Approximate. Wrote a book entitled Geoforensics 
and have a European space agency grant looking for buried waste.  
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Dr Rob Fitzpatrick holds a joint appointment as Chief Research Scientist in CSIRO and 
Professorial Fellow at both Flinders University and The University of Adelaide.  He is 
Director of the Centre for Australian Forensic Soil Science. He is a Fellow of the 
Australian Academy of Technological Sciences and Engineering (FTSE) and has co-
edited seven books and is author of over 500 scientific publications. 
Rob has 40 years experience in pedology, soil classification, soil survey, soil 
mineralogy, biogeochemistry and spatial analysis research as applied to soil-landscape 
processes, and in developing advanced techniques to characterize, map and monitor a 
wide range of soils worldwide. He has also led major multi-disciplinary research projects 
and conducted over 250 specialized soil investigations and soil surveys for industry, 
mineral exploration companies, governments and the justice system (involving criminal 
and environmental soil forensic investigations). 
Awards for outstanding contributions to science: The Prescott Medal of Soil Science by 
The Australian Society of Soil Science, Sir Joseph Verco Medal by The Royal Society of 



South Australia, Fellow of the Soil Science Society of America, Honorary Fellow of Soil 
Science Society of South Africa and Gold medal for science by Chinese Academy of 
Sciences. 
 


