Trace Evidence Research Needs List
HAIRS 

· Determine the discrimination power of microscopy examinations of hairs alone

· Determine the discrimination power of mitochondrial DNA analysis of hairs alone

· Determine the discrimination power of Microscopy and mtDNA used in tandem

· Calculate the error rates in microscopic hair comparisons

· Evaluate the frequency in which a nuclear DNA profile is able to be obtained from a hair root

· Evaluate the factors effecting hair root suitability for nuclear DNA analysis

· Evaluate the significance and weight of microscopic hair comparisons from a forensic perspective versus a legal perspective
· Evaluate of the utility of hair analysis on primary versus secondary transfer and persistence of hair, especially when DNA results show mixtures. 
· Develop methods and determine frequency in which it is possible to recover touch DNA profiles of the minor/hairless person on the pubic hair of the suspect.

· Evaluate digital imaging and pattern recognition software for initial screening or population frequency estimates of hair characteristics

FIBERS
· Evaluate the variability in fabric impressions taking into account sliding impressions

· Develop methods for the reconstruction of damage to clothing through folds and layers from bullets, blades, etc.
· Evaluate the characteristics of fabric damage caused by different implements in different types of fabrics

· Evaluate changes in those characteristics based on different movements or types of activities per implement

· Gauge the aging and decomposition of fabrics and individual materials considering local environmental factors (climate, temperature, humidity, pollution, soil if buried, etc.)

· Assess the transfer and persistence of fibers based on different activities

· Develop and evaluate methods for fiber dye comparisons via Raman spectroscopy

· Determine the discriminating power of FTIR within the same generic fiber classes

· Develop efficient methods of discrimination between similar natural fibers

· Develop methodology to measure the sheddability and retention capability of different textiles

· Develop a comprehensive database including composition, manufacture, spinneret, and industry use of multi-component synthetic fibers
· Develop a method for analysis and identification of dyes in typical casework size fiber samples
· Evaluate whether it is meaningful or necessary to identify the dye class for fiber analysis

· Evaluate current trends in manufactured textile fiber production

· Population study of fibers

· Assess the effects of manufacturing on the identification potential for fibers

· Study the fluorescence of fibers and the effects of environmental factors 

· Evaluate the effects of processing procedures of other forensic disciplines (latent print processing, ignitable liquids, etc.) on the analysis and fluorescence of fibers 
GLASS
· Conduct inter-laboratory variability study of refractive index of float glass by GRIM

· Evaluate the transfer and persistence of glass on clothing of individuals

· Assess this for different types of glass: safety, heat resistant, etc.

· Assess the variability of refractive index and chemical composition of modern automotive glass

· Assess the variability of refractive index and chemical composition of glass along a single production line of a modern float glass plant

· Compare the variation of float glass refractive index to the refractive index error of silicone oils used in automated GRIM analysis

· Perform a side-by-side evaluation and comparison of various instrumentation used to conduct trace elemental analysis of glass

· Develop procedures and validation guidelines for elemental analysis of glass by LIBS

· Evaluate the different types of window tinting commercially available and their effects or interferences with refractive index or elemental analysis
· Survey glass manufacturers related to new formulation technologies, manufacturer formulation trends, and rates of change

· Perform a comparison study between the GRIM system and the double variation method
· Evaluate the +/- 3sd and other statistical methods as a match criterion for refractive index data of float glass by GRIM

PAINT
· Develop and perform a study to evaluate practitioner error rates
· Look at existing transfers on a population of cars to evaluate random occurrence of foreign paint on vehicles

· Asses validity and/or develop procedures and validation guidelines for new instrumentation or current instrumentation with new applications

· Raman for pigment analysis 

· Direct Analysis in Real Time (DART) 

· Differential Scanning Colorimetry (DSC)

· Cathodal luminescence

· Design a study to determine the discrimination potential of specific instruments and which combinations need to be used to get the most discrimination of a selected number of specific paint samples

· At what level of discrimination should we be operating

· Develop a comprehensive current digital collection of IR spectra of aftermarket paint systems
· Assess the environmental effects on paint characterisitcs

· Develop standardization and data-basing methods for pyrolysis-GCMS, specifically for rubbers, paints, and polymers

· Develop better methods to detect and identify fillers, releasing layers, pigments, etc., so that they can be considered in the comparisons

· Develop and assess methods to calculate and/or account for heterogeneity in paint samples

· Assess the frequency of factory refinishes as to how often they occur and how many layers.
· Develop a comprehensive digital library of paint coloring and extender pigment Raman spectra

TAPE
· Measure intra-roll variation on different types of tapes: electrical, duct, packaging, etc.

· Assess whether Raman and/or ICPMS add any discrimination power in the analysis of tape

LUBRICANTS
· Develop and asses extraction protocols of lubricants from clothing

· Determine the limits of detection of lubricants

· Determine the resiliency of lubricant samples

· Asses the degradation of lubricant components through normal bodily functions

· Asses the variability in condom lubricants among models and manufacturers

SOIL
· Develop a flow chart or other method to help examiners easily identify microscopic minerals.

· Assess the variability in building materials, including cement, seen in soil samples

· Research is needed to investigate the effects of different variables on the relative abundance of soil components after transfer.
· Soil contains components with differences in shape, size, density, magnetic susceptibility, and other physical properties. Sorting processes may take place during and/or after transfer of soil from a source to evidence.

· Variables that could be considered include but are not limited to the type of donor substrate, receiving substrate, time since transfer, and environmental factors such as moisture content.
· Develop methods for incorporation of GIS datasets for strengthening soil assessments.

· Evaluate the strengths of a soil comparison.

· Assess the meaning and value of an inclusion, exclusion, or inconclusive result. 
GUNSHOT RESIDUE
· Assess the transfer and deposition of GSR after traveling through a body or soft substrate
· A comprehensive peer-reviewed work or meta-data analysis assessing the rate of particulate loss as a function of particulate size to determine the feasibility and viability of searching for smaller particulates and sub-micron particulates.  
· Assess the cost/benefit of utilizing these small and sub-micron particulates in terms of information gained vs. scanning time needs to be understood.
· Assess whether morphology can more closely associate lead with gunshot residue as opposed to other sources.  
· Develop methods for detection and interpretation of organic gunshot residues.

· Assess organic GSR testing methods with samples more similar to casework scenarios (not tested immediately after firing a weapon) with retention studies and instrument validations. 

· Evaluate the persistence of 3-component GSR produced by a firearm after firing of lead free ammunition or other ammunition lacking one or more of the 3 (Pb, Ba, Sb) components.

· Develop more affordable standardized QA/QC samples for GSR which can gauge instrument performance and comparability across laboratories.
· The community needs access to fully characterized reference stubs that have a known number of particles, a known number of characterized GSR (or GSR simulant) particulates of known particulate sizes.  The stubs are not meant to be developed as proficiency tests but instrument controls that will allow labs to determine if their procedures are performing adequately and comparably.
· Develop a statistically defensible method (or methods) to push the field beyond to the point where it is possible to unambiguously identify an individual as a shooter rather than one involved with or near a shooting.  
EXPLOSIVES
· Develop or asses current post-blast smokeless powder residue analysis and comparison methods and procedures

FIRE DEBRIS
· Develop methods capable of comparing ILs extracted from fire debris to a suspected source

· Evaluate the extraction efficiency of current adsorption methods used for the recovery of ignitable liquids from fire debris samples.  
· Include the calculation of real extraction efficiencies for a variety of ignitable liquid residues using different adsorbents (e.g. activated carbon and Tenax) and different eluting solvent(s).

· Determine the threshold of identification for ignitable liquids by GC/MS
· This is similar to the determination of a limit of identification (LOI) for a single compound, which is defined as the lowest analyte concentration that yields a library searchable mass spectrum, the threshold of identification is the minimum concentration of ignitable liquid that can be identified from GC/MS data using accepted pattern identification criteria (e.g. peak ratios of extracted ions).
· Software/macro development to improve efficiency of data analysis in complex fire debris data.  
MISCELLANEOUS
· Assess variability in trace elements of drywall dust.

· Assess variability in department store security tag inks.

· Assess variability in vehicle greases, brake fluids, transmission fluids.
· Evaluate if it is possible to make a determination of the ON/OFF condition of High Intensity Discharge automotive lamps.
· Develop methods for the identification, characterization, and sourcing of tire rubber traces.  
· Develop methods for the differentiation of Inks by FTIR, DESI, and DART-MS.
General Trace and Instrumentation
· Establish a statistical or other firm foundation for the interpretation of chromatographic data.

· The study should include some or all of the following aspects: retention time, chromatographic peak shape, signal to noise ratio, where in the peak to obtain the best spectrum, assessment of the quality of a mass or infrared spectrum, which may consider overall shape of the spectrum, presence or absence of particular fragments and absorption bands and determination of acceptable ranges for these values.  
· An additional area of research includes development of data interpretation algorithms.   
· Establish a statistical or other firm foundation for the interpretation of mass spectrometric data. 

· The study should include some or all of the following aspects: assessment of the quality of a mass spectrum, overall shape of the spectrum, presence or absence of particular fragments, and determination of acceptable ranges for these values.  
· An additional area of research includes development of data interpretation algorithms.   
· Use research to test materials using conditions to mimic "weathering" to understand how environmental factors can affect trace evidence.  

· Conduct a study of the effect of heat, weathering, mounting media, latent print processes and/or other chemicals on the physical, optical and/or chemical features of trace evidence (i.e. fabric fibers, fibers on duct tapes, etc)

· Improve the testing and understanding of weathered materials in order to better understand how weathered materials can affect analysis through the use of controled environmental chamber.

· Create a value scale or other statistical information to help explain what several positive findings in trace evidence means.  Ex. Class characteristic shoe association with a fiber match.

· Establish the usefulness and limitations of chemometrics in order to understand when problems arise.  
· Establish a statistical or other firm foundation for the interpretation of microspectrophoometer spectra.

· Determine how association scales should be used for each subdiscipline (paint, glass, fibers, etc).

· Address and evaluate statistics or measures of error rates in qualitative methods of chemical analysis. 

· Should include measures of false positives/false negatives for individual methods of analysis—such as spectroscopic or chromatographic methods of analysis—and in analytical schemes that combine multiple methods of analysis.
· Define error rates as they pertain to various trace disciplines.

· Define error rates [or some other form of expression] for qualitative techniques.  Error rates, as commonly discussed, only relate to quantified results.
· Develop databases and application of statistical tools for the evaluation of uncertainty and error rates in comparisons/classifications of trace materials.
· Perform updated transfer and persistence studies and survey/population studies that enhance the significance and reliability of trace evidence materials (i.e. fiber, glass, paint).

· Conduct round robin style validations of various areas of trace.
