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OSAC RESEARCH NEEDS ASSESSMENT FORM 
 
 
 
Title of research need: Bias in transfer and persistence of soil (particulate assemblages) 

 
Keyword(s): transfer, persistence, fidelity, mineral 
 
Submitting subcommittee(s): Trace materials Date Approved: 6/12/2025 
 
Background Information: 
 
1. Does this research need address a gap(s) in a current or planned standard? (ex.: Field identification system 

for on scene opioid detection and confirmation) 

Bias in particle populations resulting from transfer and persistence processes will affect all standards for bulk methods 
of soil analysis (bulk elemental analysis; spectroscopy of bulk soil; bulk XRD, particle size analysis) and modal 
abundance comparison criteria applied to particle-based methods of soil analysis (SEM/EDS particles, PLM, Raman 
microspectroscopy). This will directly address the interpretation of results of the draft Standard Practice for Polarized 
Light Microscopy in the Forensic Examination and Comparison of Soils and the OSAC 2024-S-0012 Standard Practice 
for the Forensic Analysis of Geological Materials by Scanning Electron Microscopy and Energy Dispersive X-Ray 
Spectrometry. 

 
2. Are you aware of any ongoing research that may address this research need that has not yet been published 

(e.g., research presented in conference proceedings, studies that you or a colleague have participated in but 
have yet to be published)? 

We are unaware of ongoing or unpublished studies that address this issue. 
 
3. Key bibliographic references relating to this research need: (ex.: Toll, L., Standifer, K. M., Massotte, D., eds. 
(2019). Current Topics in Opioid Research. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-88963-180-3) 

Aberle, M. G., Kobus, H., Robertson, J., O'Driscoll, C., & Hoogewerff, J. A. (2022). A fresh scientific look at transfer and 
persistence: From a materials science and tribology perspective. Journal of Forensic Sciences, 67(1), 9-27. 

Ausdemore, M. A., & Neumann, C. Deconvolution of dust mixtures. Forensic science international 308 (2020): 110144. 
http://dx.doi.org/10.1016/j.forsciint.2020.110144 

Bull, P.A., Morgan, R.M., Sagovsky, A. & Hughes, G.J.A. 2006.  The transfer and persistence of trace particulates: 
experimental studies using clothing fabrics.  Science and Justice, 46, 185-195. 

Christoffersen, R., Lindsay, J.F., Noble, S.K., Meador, M.A., Kosmo, J.J., Lawrence, J.A., Brostoff, L, Young, A., and 
McCue, T. “Lunar dust effects on spacesuit systems: Insights from Apollo spacesuits,” NASA Technical Report, 
NASA/TP-2009-214786, 2009,  http://hdl.handle.net/2060/20090015239C. 

Cubbage, H. R., Macey, C., & Scott, K. R. (2023). Macroscopic assessment of environmental trace evidence dynamics in 
forensic settings. Science & Justice, 63(3), 376-386. 

Fitzpatrick, R., Raven, M., and Self, P. (2017). The role of pedology and mineralogy in providing evidence for 5 crime 
investigations involving a wide range of earth materials. Episodes Journal of International Geoscience, 40 (2): 148-
156. https://doi.org/10.18814/epiiugs/2017/v40i2/017017. 

Levin, E.A., Morgan, R.M., Scott, K.R. & Jones, V.J. 2017. The transfer of diatoms from freshwater to footwear 
materials: An experimental study assessing transfer, persistence, and extraction methods for forensic 
reconstruction. Science & Justice, 57, 349-360. 

http://dx.doi.org/10.1016/j.forsciint.2020.110144
http://hdl.handle.net/2060/20090015239C
https://doi.org/10.18814/epiiugs/2017/v40i2/017017
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Murray, K., Fitzpatrick, R., Bottrill, R. and Kobus, H., 2016. Soil transference patterns on clothing fabrics and plastic 
buttons: Image processing and laboratory dragging experiments. Forensic Science and Criminology, 2(1), pp.1-12. 
doi: 10.15761/FSC.1000109 
Murray, K.R., Fitzpatrick, R.W., Bottrill, R. and Kobus, H. (2017). Patterns produced when soil is transferred to bras 
by placing and dragging actions: the application of digital photography and image processing to support visible 
observations. Forensic science international 276: 24-40. https://doi.org/10.1016/j.forsciint.2017.03.026. 

Pirrie, Duncan. "Testing the efficiency of soil recovery from clothing for analysis by SEM-EDS." Forensic science 
international 289 (2018): 83-91.https://doi.org/10.1016/j.forsciint.2018.05.026 

Procter, F.A., Swindles, G.T. and Barlow, N.L.M. (2019) Examining the transfer of soils to clothing materials: 
Implications for forensic investigations. Forensic Science International, 305. 110030.8 
https://doi.org/10.1016/j.forsciint.2019.110030 

Scott, K., Morgan, R., Jones, V., Cameron, N. (2014) The transferability of diatoms to clothing and the methods 
appropriate for their collection and analysis in forensic geoscience- 10.1016/j.forsciint.2014.05.011 

Stoney, D. A., Bowen, A. M., Ausdemore, M., Stoney, P. L., Neumann, C., & Stoney, F. P. (2019). Rates of loss and 
replacement of very small particles (VSP) on the contact surfaces of footwear during successive exposures. Forensic 
science international, 296, 39-47..https://doi.org/10.1016/j.forsciint.2018.12.020 

Stoney, D. A., Bowen, A. M., Ausdemore, M., Stoney, P. L., Neumann, C., & Stoney, F. P. (2019). Differential analysis of 
very small particles (VSP) from the contact surfaces and recessed areas of footwear. Forensic science international, 
298, 106-114.https://doi.org/10.1016/j.forsciint.2019.02.032 

Stoney, David A., Andrew M. Bowen, and Paul L. Stoney, P.L.. 2016. Loss and replacement of small particles on the 
contact surfaces of footwear during successive exposures." Forensic science international 269, 78-
88.https://doi.org/10.1016/j.forsciint.2016.11.015 

Swindles, G.T., and Ruffell, A. (2009). A preliminary investigation into the use of testate amoebae for the 
discrimination of forensic soil samples. Science & Justice 49(3): 182-190. 
https://doi.org/10.1016/j.scijus.2008.11.002.  

Werner, D., Burnier, C., Yu, Y., Marolf, A. R., Wang, Y., & Massonnet, G. (2019). Identification of some factors 
influencing soil transfer on shoes. Science & Justice, 59(6), 643-653. DOI: 10.1016/j.scijus.2019.07.004 

 
4. Review the annual operational/research needs published by the National Institute of Justice (NIJ) at 

https://nij.ojp.gov/topics/articles/forensic-science-research-and-development-technology-working-group-
operational#latest?  Is your research need identified by NIJ? 

The 2024 NIJ list Fundamental understanding of how environmental factors can affect trace evidence. 
 
5. In what ways would the research results improve current laboratory capabilities? 

A better understanding of the extent and circumstances and the extent of transfer and persistence biases affecting 
soils should improve: 

1. Selection of analytical methods for when particle bias is likely and unlikely.   Example:  Do intact soil 
aggregates indicate minimal bias permitting bulk analytical methods (provided the aggregate size is large 
enough to be representative)?   

2. When to conduct an examination of discrete particle size classes to ameliorate biases. 
 
 
 
 
 
6. In what ways would the research results improve understanding of the scientific basis for the 

subcommittee(s)? 

https://doi.org/10.1016/j.forsciint.2018.05.026
https://doi.org/10.1016/j.forsciint.2018.12.020
https://doi.org/10.1016/j.forsciint.2019.02.032
https://doi.org/10.1016/j.forsciint.2016.11.015
https://doi.org/10.1016/j.scijus.2019.07.004
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fnij.ojp.gov%2Ftopics%2Farticles%2Fforensic-science-research-and-development-technology-working-group-operational%23latest&data=02%7C01%7Ckaren.reczek%40nist.gov%7Ca27314ea4f2146e093ca08d79e7d5c5e%7C2ab5d82fd8fa4797a93e054655c61dec%7C1%7C1%7C637152133565188576&sdata=%2FZf29FUB5PDji2qfPMDtWwXxQ%2B%2FTvAU0GmhJfY7Bc0g%3D&reserved=0
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fnij.ojp.gov%2Ftopics%2Farticles%2Fforensic-science-research-and-development-technology-working-group-operational%23latest&data=02%7C01%7Ckaren.reczek%40nist.gov%7Ca27314ea4f2146e093ca08d79e7d5c5e%7C2ab5d82fd8fa4797a93e054655c61dec%7C1%7C1%7C637152133565188576&sdata=%2FZf29FUB5PDji2qfPMDtWwXxQ%2B%2FTvAU0GmhJfY7Bc0g%3D&reserved=0
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Increased understanding of the effects of properties (texture, moisture, grain shape, clay mineralogy, organic matter 
content, substrate, contact type), both individually and as a group, on transfer and persistence bias will allow 
examiners to justify use (or elimination) of:  analytical methods, size fractionation in analytical schemes, and modal 
abundance data in comparison or provenance decisions. 

Examples:   

• What soil textures (or organic matter contents, or clay mineralogy classes) are more or less 
susceptible to transfer and persistence bias, and how do moisture levels affect this susceptibility?  

• If soils are transferred as moist aggregates and begin to dry on a substrate, what properties promote 
retention or loss of larger particles? 

• Do substrate properties (composition, morphology) affect transfer and persistence biases? 

A strong foundation based in both empirical studies and theoretical data (Aberle et al 2021, and soil physics) will allow 
examiners to justify when modal differences could result from transfer and persistence bias. In the absence of a 
mechanistic explanation, modal differences can serve as a basis for the exclusion of a common source of samples 
within forensic comparisons.   

 
7.  In what ways would the research results improve services to the criminal justice system? 

Research on transfer and persistence bias of soils will assist by strengthening the ability of the analysts to justify 
choices of analytical methods and decision criteria based on case-specific information such as soil properties, 
substrate properties, and moisture levels. These studies might improve formal reporting on: 

1. Limitations of the evidence based on sample size or condition (why certain methods were not used or why 
quantitative grain count data was not used in interpretation) 

2. Identification and significance of unusual characteristics and whether these could be caused by transfer and 
persistence processes 

3. Restrictions on ability to conduct comparisons 

4. Enhanced confidence in analytical results 

5. Effects of specific case factors (e.g. time, water, location, soil type, vegetation cover, substrate, activity) 
 
8.  Status assessment (I, II, III, or IV): IV 

 
 

Major gap in 
current 

knowledge 

Minor gap in 
current 

knowledge 
   

  No or limited 
current research is 
being conducted I III 
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  Existing current 
research is being 
conducted II IV 

 
This research need has been identified by one or more subcommittees of OSAC and is being provided as an 
informational resource to the community. 
 


