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NIJ is the federal government’s lead agency for forensic science research and development as 
well as the administration of programs that facilitate training, improve laboratory efficiency, 
and reduce backlogs. The mission of NIJ’s Office of Investigative and Forensic Sciences is to 
improve the quality and practice of forensic science through innovative solutions that support 
research and development, testing and evaluation, technology, information exchange, and the 
development of training resources for the criminal justice community.

Through the research, development, testing, and evaluation process, we provide direct support 
to crime laboratories and law enforcement agencies to increase their capacity to process 
high-volume cases and provide needed training in new technologies. With highly qualified 
personnel and strong ties to the community, NIJ’s Office of Investigative and Forensic Sciences 
plays a leadership role in directing efforts to address the needs of our nation’s forensic science 
community. 

The FTCOE is led by RTI International, a global research institute dedicated to improving the 
human condition by turning knowledge into practice. With a staff of almost 6,000 providing 
research and technical services to governments and businesses in more than 75 countries, RTI 
brings a global perspective. The FTCOE builds on RTI’s expertise in forensic science, innovation, 
technology application, economics, DNA analytics, statistics, program evaluation, public health, 
and information science.

PUBLIC DOMAIN NOTICE

All material appearing in this publication is in the public domain and may be reproduced or 
copied without permission from NIJ. However, this publication may not be reproduced or 
distributed for a fee without the specific, written authorization of the NIJ, Office of Justice 
Programs, U.S. Department of Justice. 

This symposium is funded through a cooperative agreement from the NIJ (15PNIJ-21-GK-02192-
MUMU), Office of Justice Programs, U.S. Department of Justice. Neither the U.S. Department of 
Justice nor any of its components operate, control, are responsible for, or necessarily endorse, 
this symposium. The opinions, findings, and conclusions or recommendations expressed 
in this symposium are those of the presenter(s) and do not necessarily reflect those of the 
U.S. Department of Justice. Any products and manufacturers discussed are presented for 
informational purposes only and do not constitute product approval or endorsement by the 
U.S. Department of Justice.
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Greetings,

The National Institute of Justice (NIJ) and its Forensic Technology Center of Excellence (FTCOE) at 
RTI International welcome you to the 2025 NIJ Forensic Science Research and Development (R&D) 
Symposium. We are excited to be back as a hybrid event, both in person and virtual. 

NIJ is dedicated to improving knowledge and understanding of crime and justice issues 
through science. As an element of this mission, NIJ sponsors research, development, evaluation, 
technology transition, and knowledge transfer to strengthen the forensic sciences. We have 
annually hosted a Forensic Science R&D Symposium at the American Academy of Forensic 
Sciences (AAFS) Scientific Meeting to highlight recent research by our grantees and promote the 
transition of this research into practice. 

A day-long agenda of oral presentations is the core of the symposium; this year, the event 
also includes a blended poster session. The symposium is offered at no cost, and it includes 
an interactive question-and-answer platform as well as break time for networking. Every year, 
hundreds of attendees join us for a compelling discussion of the latest forensic science research. 
This year, the NIJ R&D program managers have assembled an interdisciplinary agenda and 
will serve as your moderators. The program features 16 oral presentations and 24 posters— 
representing the accomplishments of just a portion of NIJ’s diverse R&D portfolio. The sessions 
include the following:  
 
Session	 NIJ Program Managers and Moderators

Session I—Trace Evidence/Fire Investigation/	 Gregory Dutton 
Physics and Pattern	  
Session II—Forensic Anthropology and 	 Rachel Wendt 
Forensic Pathology	  
Session III—Seized Drugs and Toxicology	 Megan Chambers 
Session IV—Forensic Biology/DNA	 Tiffany Layne

After the event, the presentations will be made available to view on demand at no cost. Whether 
you are experiencing the NIJ Forensic Science R&D Symposium for the first time or are a returning 
attendee, we are pleased to have you—our fellow professionals in the criminal justice and 
forensic science communities—join us for this shared experience. 

Respectfully,

Jeri D. Ropero-Miller, PhD, F-ABFT
Director
Forensic Technology Center of Excellence
Senior Fellow, Justice Practice Area 
RTI International

Lucas Zarwell, MFS, D-ABFT-FT
Director
Office of Investigative and Forensic Sciences
National Institute of Justice



2

Poster Abstracts
Presenter Bios

Afternoon Session Abstracts
M

orning Session Abstracts
W

elcom
e and Solicitations

Directors
Jeri D. Ropero-Miller

Dr. Jeri D. Ropero-Miller, F-ABFT, is a Senior Fellow and Principal 
Scientist in the Justice Practice Area at RTI International. With 
expertise in the areas of forensic toxicology and justice research, she 
has published on topics of postmortem drug studies, emerging drugs, 
policy research, implementation studies, program evaluation, and 
technology evaluation and adoption. She leads or supports ongoing 
projects, including NIJ’s FTCOE and its Criminal Justice Technology, 
Testing and Evaluation Center, the Bureau of Justice Statistics–funded 
2022 Census of Medical Examiner and Coroner Offices, and the 2023 
Census of Publicly Funded Forensic Crime Laboratories. She is a 
certified Fellow in the American Board of Forensic Toxicology, currently serves on the Forensic 
Science Standards Board of the National Institute of Standards and Technology’s Organization of 
Scientific Area Committees, and is the President-Elect for the Society of Forensic Toxicologists 
in 2025. She is the 2021–2022 Past President of the American Academy of Forensic Sciences 
and its 2022 Rolla N. Harger Award recipient for Career Excellence in Forensic Toxicology. She 
received her doctorate in Clinical Chemistry and Forensic Toxicology from the University of 
Florida College of Medicine. She currently serves on the editorial boards of Journal of Analytical 
Toxicology, RTI Press, and Forensic Science International: Synergy and is an invited reviewer of 
Journal of Forensic Sciences. Her work has been extensively published, and she is recognized 
nationally and internationally for her work in forensic laboratory and justice research. 

Lucas Zarwell 

Lucas Zarwell is the Director of the Office of Investigative and Forensic 
Sciences at NIJ and leads a team of dedicated scientists who work 
to facilitate research and implement new technologies nationwide. 
Prior to this position, Mr. Zarwell served as Chief Toxicologist for the 
District of Columbia Chief Medical Examiner, District of Columbia 
Pretrial Services Forensic Drug Testing Laboratory, and the Armed 
Forces Institute of Pathology Forensic Toxicology Laboratory.  
Mr. Zarwell maintains his certification from the American Board 
of Forensic Toxicology and has a master’s in Forensic Science from 
The George Washington University. He currently co-chairs the Office 
of Justice Programs / Centers for Disease Control Federal Medicolegal Death Investigation 
Interagency Working Group (MDI-IWG), which is hosted by NIJ. 
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NIJ Program Managers 
Megan Chambers

Dr. Megan Chambers is a program manager in NIJ’s Office of 
Investigative and Forensic Sciences, where she manages the Seized 
Drug and Forensic Toxicology research and development portfolios. 
Megan holds a doctorate in Chemistry from the University at Albany, 
State University of New York, and a bachelor’s degree in Chemistry  
with a minor in Forensic Science from Hofstra University. Megan  
was a National Research Council postdoctoral research chemist  
at the National Institute of Standards and Technology before  
joining NIJ. 

Jillian Conte

Dr. Jillian Conte is a program manager in NIJ’s Office of Investigative 
and Forensic Sciences. She has over 15 years of experience in the 
forensic science field where she has performed casework as a forensic 
biologist, taught countless undergraduate and graduate students, 
and held a role in industry. Jillian has earned a doctorate degree in 
Cell and Molecular Biology (University of the Sciences, Philadelphia, 
Pennsylvania), a master’s degree in Forensic Science (Cedar Crest 
College, Allentown, Pennsylvania), and a bachelor’s degree in Biology 
(Misericordia University, Dallas, Pennsylvania). Jillian holds a 
certification from the American Board of Criminalistics in molecular 
biology and a graduate certificate in Six Sigma. She is a member of the DNA Consensus Body of 
the Academy Standards Board, International Society of Forensic Genetics, American Academy of 
Forensic Sciences, and the Northeastern Association of Forensic Scientists.

Gregory Dutton 

Dr. Gregory Dutton is a program manager at NIJ whose portfolios 
include Trace Evidence—material or chemical traces recovered from 
crime scenes—and Physics and Pattern Interpretation (e.g., friction 
ridge, firearms, and footwear). Greg also manages NIJ’s Graduate 
Research Fellowship program, which supports students across all 
science and engineering fields whose work is relevant to criminal 
justice. Prior to joining NIJ, Greg was a postdoctoral fellow at the 
National Institute of Standards and Technology.

Tracey Johnson 

Tracey Johnson is a program manager in NIJ’s Office of Investigative 
and Forensic Sciences. In her current role, she oversees NIJ’s 
forensic research and development program, which seeks to advance 
technologies across the forensic spectrum through program and 
project development, research analysis, and dissemination of findings. 
Tracey holds a master’s degree in Forensic Sciences from Marshall 
University and a bachelor’s degree in Biology from the University of 
Arkansas.
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Tiffany Layne 

Dr. Tiffany Layne is a program manager in NIJ’s Office of Investigative 
and Forensic Sciences. She manages the Forensic Biology research and 
development portfolio, which seeks to advance technologies across the 
discipline. She has 8 years of experience performing forensic research 
and working as a teaching assistant and mentor, with an additional 
3 years conducting forensic research working alongside the federal 
government. She received her doctorate in Analytical Chemistry from 
the University of Virginia, as well as a master’s degree in Forensic 
Science and two bachelor’s degrees (Biology and Forensic Science) 
from Virginia Commonwealth University. She is a member of the 
American Academy of Forensic Sciences and the Mid-Atlantic Association of Forensic Scientists. 

Danielle McLeod-Henning 

Danielle McLeod-Henning is a program manager in NIJ’s Office of 
Investigative and Forensic Sciences, the research, development, and 
evaluation agency of the U.S. Department of Justice. She manages 
projects in forensic science research and development and leads 
national forensic science working groups, including the Forensic 
Laboratory Needs Technology Working Group, to address needs of 
the forensic science community. Danielle holds a master’s degree 
in Forensic Sciences from The George Washington University and 
a bachelor’s degree in Anthropology from The Pennsylvania State 
University.

Frances Scott 

Dr. Frances Scott is a program manager in NIJ’s Office of Investigative 
and Forensic Sciences. She manages the Forensic Technology Center 
of Excellence, which supports the implementation of new forensic 
technology and best practices by end users and is dedicated to 
elevating the status of forensic science through advancing technology, 
sharing knowledge, and addressing challenges. She also manages the 
NPS Discovery program, a near-real-time open-access early drug 
warning system. Frances holds a bachelor of science in Chemistry 
from the University of California, Davis, and a doctorate in Physical 
Chemistry from The George Washington University.

Rachel Wendt 

Rachel Wendt is a program manager in NIJ’s Office of Investigative 
and Forensic Sciences, whose portfolio includes forensic pathology, 
forensic anthropology, medicolegal death investigation, and crime 
scene investigation. Before joining NIJ, Rachel was a forensic 
anthropologist at the Defense POW/MIA Accounting Agency assigned 
to the Cabanatuan project, contributing to the identification of 
American World War II prisoners of war. Rachel holds a master’s 
degree in Physical Anthropology from Wichita State University and 
a bachelor’s degree in Biological Anthropology from The George 
Washington University.
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Solicitations

Apply for NIJ’s Graduate Research Fellowship. By supporting 
outstanding graduate research, NIJ is expanding the future 
pool of young investigators pursuing research with the 
potential to provide solutions to issues that affect crime and 
the fair and impartial administration of criminal and juvenile 
justice in the United States.

Eligibility

Students must (1) be enrolled full time in a research doctorate 
program and (2) propose dissertation research relevant to 
improving criminal or juvenile justice practice or policy in the 
United States. Applications are submitted by the university, 
which must be an accredited academic institution in the 
United States or its territories.

Benefits
■ $41,000 annual student salary.
■ $16,000 annually for tuition, fees, and administrative costs.

■ $3,000 annually for research expenses.

■ Up to three years of funding, usable over a five-year period.

U.S. Department of Justice
Office of Justice Programs
National Institute of Justice

National Institute of Justice  |  Advancing Justice Through Science ADVANCING JUSTICE THROUGH SCIENCE

NATIONAL
INSTITUTE OF

USTICE

NATIONAL INSTITUTE OF JUSTICE

GRADUATE FELLOWSHIP

Image Source: BONNINSTUDIO/Shutterstock.com, PeterPhoto123/Shutterstock.com, Matej Kastelic/Shutterstock.
com, luchschenF/stock.adobe.com, zimmytws/Shutterstock.com

Applications are accepted once annually under a single 
funding opportunity. 

Fields of study include, but are not limited to:

■ Anthropology

■ Biology

■ Chemistry

■ Cognitive Science

■ Computer Science

■ Criminology

■ Criminal Justice

■ Economics

■ Electrical Engineering

■ Geosciences

■ Information Sciences

■ Materials Science

■ Mathematics

■ Neuroscience

■ Physics

■ Psychology

■ Public Health

■ Public Policy

■ Sociology

■ Social Work

To learn more and see 
profiles of past and 
present GRF fellows, 
visit NIJ.ojp.gov/GRF.

https://nij.ojp.gov/funding/fellowships/graduate-research-fellowship-program
https://nij.ojp.gov/funding/fellowships/graduate-research-fellowship-program
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NATIONAL INSTITUTE OF JUSTICE 

PUBLIC LABS RESEARCH PROGRAM

Introduction 
The Research and Evaluation for the Testing and Interpretation of 
Physical Evidence in Publicly Funded Forensic Laboratories (Public 
Labs) program’s intent is to fund projects that direct the findings of 
research and evaluation toward the identification of the most efficient, 
accurate, reliable, and cost-effective methods for the identification, 
analysis, and interpretation of physical evidence for criminal justice 
purposes. 

With this funding opportunity, the National Institute of Justice (NIJ)
seeks applications for research and evaluation projects that will:

■ Identify and inform the forensic community of best practices
through the evaluation of existing laboratory protocols.

■ Have a direct and immediate impact on laboratory efficiency
and assist in making laboratory policy decisions.

Program Overview 
The Public Labs program is specifically targeted toward applications 
from or in partnership with publicly funded laboratories and has the 
following objectives: 

■ Assess existing laboratory protocols to improve
understanding of the rationales underpinning the processes.

■ Evaluate emerging laboratory methods to assess their value.

Eligibility
NIJ welcomes practitioner-researcher partnerships through this 
program. Applicants must be, or be partnered with, publicly funded 
forensic science laboratories that are currently accredited by an 
independent accrediting or certifying forensic science organization. 
Publicly funded forensic science laboratories include state, regional, 
county, municipal, and tribal agencies. 

Researcher-Practitioner Collaboration

To facilitate researcher-practitioner collaboration, we are calling on 
public laboratories and researchers to submit contact information to 
our “Connecting Researchers and Forensic Laboratories” resource. 
This resource serves to foster collaboration and/or partnerships to 
assist in preparation of robust research proposals. 

Potential applicants are encouraged to use the provided contact 
information as a way to establish collaboration as required 
by the program.

U.S. Department of Justice
Office of Justice Programs
National Institute of Justice

Photo credits: ded pixto/istockphoto.com, anyaivanova/Shutterstock.com, fotohunter/Shutterstock.com, 
Peter Kim/Shutterstock.com, science photo/Shutterstock.com

Learn More

January 2025
National Institute of Justice  |  Advancing Justice Through Science

ADVANCING JUSTICE THROUGH SCIENCE

NATIONAL
INSTITUTE OF

USTICE

https://nij.ojp.gov/
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U.S. Department of Justice
Office of Justice Programs
National Institute of Justice

The National Institute of Justice (NIJ) 
invites proposals to its Research and 
Development in Forensic Science for 
Criminal Justice Purposes program. 
NIJ-funded projects are expected to:

� Increase the body of knowledge to 
guide and inform forensic science 
policy and practice; 

      or

� Result in the production of useful 
materials, devices, systems, or 
methods that have the potential for 
forensic application.

Goals
Proposals should address at least one 
of the following goals:

� Foundational/Basic Research: 
Improve the understanding of 
the accuracy, reliability, and 
measurement validity of forensic 
science disciplines.

� Applied Research: Increase 
knowledge or understanding 
necessary to guide criminal justice 
policy and practice related to the 
forensic sciences.

� Development: Produce new 
materials, devices, systems, or 
methods that have the potential for 
forensic application for criminal 
justice purposes.

NIJ is interested in funding innovative NIJ is interested in funding innovative 
research that aligns with administration research that aligns with administration 
priorities and attempts to address the priorities and attempts to address the 
needs of the forensic science community.needs of the forensic science community.  

Needs of the CommunityNeeds of the Community
For more information on what research For more information on what research 
and technology forensic practitioners and technology forensic practitioners 
would benefit from, see NIJ’s Forensic would benefit from, see NIJ’s Forensic 
Science Technology Working Group Science Technology Working Group 
operational requirements at  operational requirements at  
go.usa.gov/xnvJ3go.usa.gov/xnvJ3..

Sign up to be notified when the 2025 funding 
opportunity posts at NIJ.ojp.gov/subscribe

Begin the application process early by 
registering with Grants.gov.

National Institute of Justice  |  Advancing Justice Through Science.

Photo Source: 
ShutterStock ©Toth Tamas

NATIONAL INSTITUTE OF JUSTICE
FORENSIC SCIENCE R&D GRANTS

https://nij.ojp.gov/topics/articles/forensic-science-research-and-development-technology-working-group-operational
https://grants.gov/
https://nij.ojp.gov/subscribe
https://nij.ojp.gov/
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ADVANCING JUSTICE THROUGH SCIENCE

NATIONAL
INSTITUTE OF

USTICE
January 2025
National Institute of Justice  |  Advancing Justice Through Science

To read the entire NIJ Forensic Science 
Strategic Research Plan, visit
ojp.gov/pdffiles1/nij/304856.pdf

II. Support Foundational Research in Forensic
Science
NIJ supports research to assess the fundamental scientific basis 
of forensic analysis. If forensic methods are demonstrated to 
be valid and the limits of those methods are well understood, 
then investigators, prosecutors, courts, and juries can make 
well-informed decisions. This can exclude the innocent from 
investigation and help prevent wrongful convictions.

NIJ sponsors research, development, and evaluation to bring innovation to forensic science, better 
understand the limits of current forensic methods, and inform forensic science policy and practice.
NIJ has identified five strategic research priorities for the Forensic Science Strategic Research Plan.

I. Advance Applied Research and Development in Forensic Science
NIJ supports applied research and development that aids the forensic science community through the 
development of methods, processes, devices, and materials. Applied research and development may
result in improved procedures or otherwise resolve current barriers.

NIJ developed the Forensic Science Strategic 
Research Plan to communicate its research 
agenda and advance its forensic science 
research mission. The strategic priorities and 
objectives outlined in this plan closely parallel 
the opportunities and challenges faced by the 
forensic science community.

Forensic Science
Strategic Research Plan
2022-2026

N A T I O N A L  I N S T I T U T E  O F  J U S T I C E

U.S. Department of Justice
Office of Justice Programs
National Institute of Justice

http://ojp.gov/pdffiles1/nij/304856.pdf
https://www.ojp.gov/pdffiles1/nij/304856.pdf
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III. Maximize the Impact of Forensic Science Research and Development
The ultimate goal of NIJ’s research and development is to make a positive impact on forensic science 
practice. For this to happen, the products of research and development must reach the community.
These products include peer-reviewed publications, presentations, databases, patents and inventions, 
software, best practice guides, and more. Implementation of new technology and methods into practice
can be aided by NIJ stewardship, in partnership with researchers and practitioners.

IV. Cultivate an Innovative and Highly Skilled Forensic Science Workforce
NIJ supports the development of current and future forensic science researchers and practitioners through 
laboratory and research experience. Student engagement and the promotion of new scientific perspectives 
and pioneering approaches within the forensic science workforce are critical elements of this effort.

V. Coordinate Across the Community of Practice
The forensic science enterprise benefits from collaboration across academic, industry, and government 
sectors. NIJ serves as a coordination point within the forensic science community to help meet the
challenges caused by high demand and limited resources.
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AGENDA

MORNING SESSIONS

8:30–8:40 Welcome and Opening Remarks

8:40–10:20 SESSION I—Trace Evidence/Fire Investigation/Physics and Pattern

10:20–10:35 BREAK

10:35–12:15 SESSION II—Forensic Anthropology and Forensic Pathology

12:15–1:25 LUNCH BREAK

AFTERNOON SESSIONS

1:25–3:05 SESSION III—Seized Drugs and Toxicology

3:05–3:20 BREAK

3:20–5:00 SESSION IV—Forensic Biology/DNA

POSTER SESSION

5:00–6:30 All Disciplines

At a Glance

February 18, 2025: 8:30 a.m.–6:30 p.m. Eastern Standard Time (EST)

All posters are available online.  
Visit https://site-39191310.bcvp0rtal.com/ 
or scan the QR code  to view the virtual 
poster session.

https://site-39191310.bcvp0rtal.com/
https://site-39191310.bcvp0rtal.com/
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8:40–10:20 SESSION I—Trace Evidence/Fire Investigation/Physics and Pattern  
Moderated by NIJ Program Manager Gregory Dutton

8:40–9:05 Assessment of the Added Value of New Quantitative Methodologies for the Analysis of 
Surface Soils in Forensic Soil Comparisons 
Kelly A. Meiklejohn, North Carolina State University

9:05–9:30 The Influence of Soils and Chlorinated and Non-Chlorinated Agitated Water on Surface-
Enhanced Raman Spectroscopic Analysis of Artificial Dyes on Hair  
Dmitry Kurouski, Texas A&M University

9:30–9:55 Experimental Study of Heat Transfer and Fire Damage Patterns on Walls for Fire  
Model Validation
Matthew J. DiDomizio, Fire Safety Research Institute

9:55–10:20 Evaluation of the Occurrence and Associative Value of Non-Identifiable Fingermarks on 
Unfired Ammunition in Handguns for Evidence Supporting Proof of Criminal Possession, 
Use, and Intent
David A. Stoney, Stoney Forensic, Inc.

10:20–10:35 BREAK

10:35–12:15 SESSION II—Forensic Anthropology and Forensic Pathology 
Moderated by NIJ Program Manager Rachel Wendt

10:35–11:00 Optimizing Bruise Detection in Forensic Imaging: A Comparative Analysis of Object 
Detection Models
Mehrdad Ghyabi, George Mason University

11:00–11:25 Using Artificial Intelligence: Deep Learning for Human Decomposition Staging
Audris Mockus, University of Tennessee, Knoxville

11:25–11:50 Deep Learning Empowers Fine-Grained Population Affinity Estimation with  
Craniometric Data
Jinyong Pang, University of South Florida

11:50–12:15 Is Decedent Residual Odor Detectable by Human Remains Detection (HRD) Canines and 
Analytical Chemistry?
Dawnie Steadman and Mary Cablk, University of Tennessee, Knoxville 

12:15–1:25 LUNCH BREAK

MORNING SESSIONS: 8:40 a.m.–12:15 p.m. EST

Detailed Agenda
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1:25–3:05 SESSION III—Seized Drugs and Toxicology 
Moderated by NIJ Program Manager Megan Chambers

1:25–1:50 Identifying High-Quality Aptamers for Drug Detection  
Alexandra Bryant, North Carolina State University 

1:50–2:15 Caught Green-Handed: The Detection of Potential Cannabis-Use Biomarkers in Fingerprint 
Residues Using Mass Spectrometry
Rabi Ann Musah, Louisiana State University 

2:15–2:40 Chromatographic Interferences That Can Inflate the Levels of Δ9-THC in Cannabis Samples 
Walter B. Wilson, National Institute of Standards and Technology

2:40–3:05 Evaluation of a Quantitative Analysis Method for Tetrahydrocannabinol Isomers in 
Biological Matrices
Rebecca Wagner, Virginia Department of Forensic Science

3:05–3:20 BREAK

3:20–5:00 SESSION IV—Forensic Biology/DNA 
Moderated by NIJ Program Manager Tiffany Layne

3:20–3:45 Trace DNA in Activity-Level Propositions 
Ashley Hall, University of California, Davis, and Ray Wickenheiser, Ray Wickenheiser Forensic 
Consulting

3:45–4:10 A Comparison of Small-Amplicon Mitogenome Enrichment Methods for Massively Parallel 
Sequencing of Low- and High-Quality Sample Types  
Courtney Cavagnino, AFMES-AFDIL and SNA International

4:10–4:35 Fragmentomics of Hair DNA 
Samuel Sacco, University of California, Santa Cruz

4:35–5:00 Adaptive Sampling for the Simultaneous Analysis of STRs, SNPs, and mtDNA in Human 
Remains Identification 
Katherine E. McBroom Henson, University of North Texas Health Science Center

5:00–6:30 Poster Session

AFTERNOON SESSIONS: 1:25 p.m.–5:00 p.m. EST
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An asterisk (*) denotes the presenter(s) for presentations that have multiple authors.

MORNING SESSION ABSTRACTS

SESSION I—Trace Evidence/Fire Investigation/Physics and Pattern

Moderated by NIJ Program Manager Gregory Dutton

Assessment of the Added Value of New Quantitative Methodologies for the Analysis of 
Surface Soils in Forensic Soil Comparisons 

NIJ Award: 15PNIJ-21-GG-02711-SLFO

Kelly A. Meiklejohn* and Melissa K. Scheible | North Carolina State University 
Jack Hietpas | John Jay College of Criminal Justice 
Hannah Dickson, Jodi Webb, and Libby A. Stern | FBI Laboratory 

Abstract: Geologic materials, including soil and dust, are ubiquitous and often inadvertently 
transferred during crime events. Forensic geologists use a range of particle-based analytical 
approaches to characterize the inorganic fraction of soils, with the resulting data primarily 
used to form subjective interpretations. Geological materials are also increasingly used to 
help address provenance questions for investigative leads and intelligence purposes. In many 
cases, such analyses provide sufficient information to conclude whether there is or is not the 
possibility the questioned soil originated from the same source as the known. However, there 
are inevitably cases where the samples being compared lack exclusionary differences or there 
is too little inorganic material for analysis. In these scenarios, information gleaned from new 
quantitative methodologies might provide valuable exclusionary differences. In this study, two 
types of surface soils representing scenarios that would potentially benefit the most from new 
quantitative methods were collected from across North Carolina. These include surface soils 
with (1) similar inorganic content but with distinct land use (15 locations), and (2) limited 
inorganic content but recognizable organic fractions (15 locations). At each location, triplicate 
samples (1 m apart) were collected from two sites approximately 100 m apart to assess method 
reproducibility, accuracy, and small-scale variation that might be realistically observed in 
Q-to-K comparisons (total n≈180). Each sample was subjected to examination using methods 
currently used in practice (e.g., manual color determination, polarized light microscopy, X-ray 
diffraction), along with three new quantitative methods: (1) instrumental colorimetry, (2) 
automated scanning electron microscopy–energy-dispersive X-ray spectroscopy (SEM-EDS) 
of soil minerals, and (3) DNA metabarcoding of plants, bacteria, arthropods, and fungi. This 
presentation will outline the study’s final findings, comparing the utility of these three new 
quantitative methods for the differentiation of highly similar soils at various levels, including 
triplicate samples, paired samples at the same site, samples across sites in the same region (i.e., 
Coastal Plain, Piedmont, Mountain), and across North Carolina. Some key findings that will 
be highlighted include (1) the combination of color and mineral grain presence improves the 
capacity to differentiate soils, whereby 92% of sites could be differentiated by comparing average 
color with the unique presence or absence of a mineral type among all three subsite samples; (2) 
Bray-Curtis dissimilarity derived from plant and fungi taxa could be used to differentiate sites 
within a single location; and (3) a customized SEM-EDS method was developed that provided 
objective high-throughput mineral classification and quantitation. The results of this study 
demonstrate improved methods of differentiating soils and provide analytical methods for 
samples containing insufficient inorganic content for conventional examination.
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The Influence of Soils and Chlorinated and Non-Chlorinated Agitated Water on Surface-
Enhanced Raman Spectroscopic Analysis of Artificial Dyes on Hair

NIJ Awards: 15PNIJ-21-GG-04169-RESS and 2020-90663-TX-DU 

Dmitry Kurouski* and Aidan P. Holman | Texas A&M University

Abstract: Chlorine, commonly found in pools and tap water, presents an intriguing concern 
in forensic hair analysis due to its sources and composition. In addition to chlorinated water, 
hair can be exposed to soils that contain various microorganisms. Current forensic analysis 
involves optical microscopy, which is subjected to advanced training where multiple experts 
can deliver opposing conclusions about the same hair sample. Despite challenges in traditional 
analysis methods, emerging techniques like surface-enhanced Raman spectroscopy (SERS) offer 
promising solutions, showcasing success even in harsh environments such as prolonged sunlight 
exposure or stagnant water immersion. This study employs partial least-squares discriminant 
analysis (PLS-DA) to evaluate SERS efficacy in identifying dyes on hair immersed in chlorinated 
and distilled moving water for up to 8 weeks. The researchers also coupled PLS-DA and SERS 
to examine the effect of hair exposure to different soils. The results demonstrated that one 
semi-permanent colorant overwhelmingly influenced Raman signals in dyed hair exposed to 
chlorinated and non-chlorinated water over an 8-week period, masking other colorants’ spectral 
signatures. Despite one colorant’s dominance, PLS-DA identified underlying colorants and their 
exposure conditions, suggesting persistent, unique interactions between original colorants and 
the environment. The researchers found that SERS enabled the correct prediction of 97.9% of 
spectra for five out of the eight dyes used within the 8 weeks of exposure to different soils. These 
results highlight high potential for PLS-DA-based identification of dyes on hair using SERS.

Experimental Study of Heat Transfer and Fire Damage Patterns on Walls for Fire Model 
Validation 

NIJ Award: 15PNIJ-21-GG-04167-RESS 

Matthew J. DiDomizio | Fire Safety Research Institute

Abstract: Fire damage patterns can occur on solid objects, such as the walls of a structure, 
when they are subjected to fire exposures. This physical evidence may be collected after a fire 
to support a fire investigation. Discoloration and mass loss fire effects are driven by thermal 
decomposition (e.g., mass loss) of walls, which in turn is driven by the fire exposure. Heat flux 
is known to vary spatially and temporally over fire-exposed walls, and it is commonly presumed 
that regions of greater damage can be related to greater cumulative heat flux. Fire models can 
be used to predict heat flux and mass loss on fire-exposed walls. Fire investigators can leverage 
fire models to test hypotheses; however, there is presently no suitable mechanism to relate fire 
model heat flux and mass loss predictions to the physical evidence (i.e., fire damage patterns). 
Furthermore, the validation space for predictions of heat flux over fire-exposed walls is not 
satisfactory. The objective of this study was to develop a comprehensive dataset to address 
the shortcomings in this validation space and to identify a mechanism to relate fire model 
predictions to physical evidence. Freestanding walls constructed of gypsum wallboard (GWB) 
and measuring 1.2 m (4 ft) wide by 2.4 m (8 ft) tall were exposed to fires. Fire sources included a 
natural gas burner, gasoline and heptane pools, wood cribs, and upholstered furniture. Full-field 
temporally and spatially varying heat flux was measured using a newly developed software tool 
that has been released to the public. Fire damage patterns were measured using photography 
(i.e., discoloration fire effect) and mass loss surveys (i.e., mass loss fire effect). Fire damage 
patterns attributed to the discoloration fire effect were defined as the line of demarcation 
separating charred and uncharred regions. The average cumulative heat flux and mass loss 
ratio coinciding with the lines of demarcation over all experiments were 10.4±1.5 MJ/m² and 
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14.9±2.1%, respectively. These damage metrics may have utility in predicting char delineation 
fire damage patterns in GWB using a fire model, with the mass loss ratio metric being the 
best fit over all exposures considered. Although cumulative heat flux fields were qualitatively 
consistent with the observed fire damage patterns on a case-by-case basis, no direct correlation 
was found between cumulative heat flux and mass loss that applied to all fire types considered. 
Although heat flux drives thermal decomposition of GWB, mass loss is a temperature-dependent 
phenomenon for which the time history of exposure is relevant. Based on these findings, it is 
recommended that cumulative heat flux should not be used as the sole metric for predicting fire 
damage patterns using a fire model.

Evaluation of the Occurrence and Associative Value of Non-Identifiable Fingermarks 
on Unfired Ammunition in Handguns for Evidence Supporting Proof of Criminal 
Possession, Use, and Intent

NIJ Award: 15PNIJ-21-GG-04192-RESS

David A. Stoney* and Paul L. Stoney | Stoney Forensic, Inc.

Abstract: This project explores the application of non-identifiable fingermarks (NIFMs) on 
loaded ammunition to link suspects with firearms. NIFMs are fragmentary, partial fingermarks 
that are insufficient for identification and that, as a result, have remained unused as a matter 
of routine, historical practice. Prior NIJ-sponsored research has shown that NIFMs have strong 
associative value. The goal of the project is to answer the question of how often NIFMs occur on 
naturally loaded ammunition and what range of associative values can be expected. If NIFMs 
of high associative value occur commonly on loaded ammunition, this will provide the impetus 
for a major paradigm change that will use this additional source of evidence. Alternatively, 
if the value is very limited or rarely occurring, the results will inform researchers, reviewers, 
and funding agencies of their limited potential benefits. Cyanoacrylate fuming and fluorescent 
staining using BY-40 were used to process 934 rounds of handgun ammunition collected 
from 150 handguns. Rounds showing coherent ridge detail with four or more minutiae were 
photographed (after Porter et al. 2015), using multiple exposures followed by image processing 
for cylindrical unwrapping. Minutiae were expert evaluated and annotated using the Picture 
Annotation System (PiAnoS) (University of Lausanne 2021). Fingermarks judged identifiable 
were found on only 2.7% of rounds. However, marks with four or more minutiae (sufficient for 
measurement of associative value using expected score-based likelihood ratios [ESLRs]) were 
found on 21.1% of the rounds. ESLR measurements for these marks (after Stoney et al. 2020) 
show a wide range of values, representing strengths of association ranging from an expected 
random correspondence of 1 in 62 (log10 ESLR of 1.79) for one of the four minutiae marks, to 
an expected correspondence of 1 in 428 billion (log10 ESLR of 11.63 for 11 minutiae marks). For 
comparisons, the researchers grouped rounds of ammunition by caliber class (.22, .32, .38, .45) 
and handgun type (revolver, semi-automatic pistol), where the caliber class “38” included 38 
Special, 357 Magnum, 380 Auto, and 9 mm calibers, and the class “45” included 40 S&W,  
44 Magnum, 45 Colt, and 45 Auto calibers. Percentages of fingermarks with four or more 
minutiae on semi-automatic pistol rounds in the caliber classes were .45: 11.1%; .38: 18.9%; 
.32: 45.6%; and .22: 18.4%. Percentages for revolver rounds were .45: 31.7%; .38: 31.1%; and 
.22: 8.5%; no .32 caliber revolvers were observed. Among 269 marks with 4 or more minutiae, 
there were 46.5% with 4, 23.0% with 5, 11.5% with 6, 6.7% with 7, 5.6% with 8, 3.3% with 9, 
and 3.3% with 10 or more. The observations clearly demonstrate the common occurrence of 
NIFMs of measurable associative value on loaded handgun ammunition. Although differences 
among handgun types and caliber classes occur, it is expected that case-specific factors (mostly 
unknowable in casework and uncontrolled in this study) will have a significant contribution as 
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to whether useful NIFMs will appear on loaded ammunition in any given case. These factors 
include the condition of the subject’s fingers and the ammunition’s surface and the dynamics of 
alternative loading practices.

References
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MORNING SESSION ABSTRACTS

SESSION II—Forensic Anthropology and Forensic Pathology   

Moderated by NIJ Program Manager Rachel Wendt

Optimizing Bruise Detection in Forensic Imaging: A Comparative Analysis of Object 
Detection Models  

NIJ Award: 15PNIJ-21-GG-04145-SLFO 

Mehrdad Ghyabi,* Kiyarash Aminfar, Katherine Scafide, Janusz Wojtusiak, and David Lattanzi | 
George Mason University

Abstract: Bruise detection is essential in forensic investigations, particularly in cases of physical 
trauma where precise identification and documentation are crucial for legal and medical 
purposes. This study evaluates the application of widely used object detection models, including 
Faster R-CNN, FCOS, RetinaNet, and YOLO, for forensic bruise detection. The researchers 
address key challenges these models face in real-world forensic imaging and propose mitigation 
strategies. Additionally, the presenter will briefly explore the interdisciplinary connection 
between structural health monitoring and forensic science, demonstrating how visual diagnostic 
techniques from engineering can inform and enhance forensic imaging methodologies. Using a 
high-resolution, expert-annotated dataset, this research assesses the models based on precision, 
recall, and overall accuracy. Transfer learning techniques are employed to improve detection 
performance under typical forensic imaging challenges, such as skin tone variability and 
inconsistent lighting. A core aspect of this research examines the impact of poor image quality—
such as low resolution, blur, and suboptimal lighting—on detection accuracy. The presenter 
will discuss the limitations of current object detection models under these conditions and offer 
strategies to improve their effectiveness. Additionally, lightweight deep learning algorithms are 
adapted for rapid bruise detection, potentially streamlining forensic workflows and enhancing 
injury assessment reliability. These findings highlight the potential for computer vision-based 
models to address common challenges in forensic imaging, contributing to more accurate and 
efficient bruise detection. This advancement could significantly improve injury documentation 
and post-trauma care, with notable implications for clinical and legal outcomes.

Using Artificial Intelligence: Deep Learning for Human Decomposition Staging 

NIJ Award: 15PNIJ-21-GG-04161-SLFO  

Audris Mockus* and Dawnie Steadman | University of Tennessee, Knoxville 

Abstract: The degree of decomposition is vital for estimating the postmortem interval and 
identifying human remains. Existing decomposition scoring methods are manual and rely on 
subjective interpretation made by humans affecting the accuracy of downstream tasks. These 
labor-intensive methods are not scalable to the emerging large-scale archival collections of 
human decomposition photographs. The aim of this research is to explore the feasibility of 
automating two common human decomposition scoring methods proposed by Megyesi et al. 
(2005) and Gelderman et al. (2019) using artificial intelligence. Two popular deep learning 
model architectures (Inception V3 and Xception) were trained on a large dataset of human 
decomposition photographs to classify the stage of decay for different anatomical regions, 
including the head and neck, torso, and limbs (including the hands and feet). An interrater study 
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using the Fleiss kappa statistic found the reliability of the developed artificial intelligence models 
to be comparable with that of expert human forensic examiners for stage of decay identification. 
The Xception model (Boesch 2024) achieved the best classification performance, with macro-
averaged F1 scores of 0.878 for the head, 0.881 for the torso, and 0.702 for the limbs when 
predicting the Megyesi et al. (2005) stages of decay and 0.872 for the head, 0.875 for the torso, 
and 0.760 for the limbs when predicting the Gelderman et al. (2019) stages of decay. This work 
demonstrates the potential of artificial intelligence models trained on a large dataset of human 
decomposition images to automate stage of decay identification.
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Deep Learning Empowers Fine-Grained Population Affinity Estimation with 
Craniometric Data

NIJ Award: 15PNIJ-22-GG-04431-RESS 

Jinyong Pang* and Xiaoming Liu | University of South Florida

Abstract: Estimating population affinity from skeletal remains is one of the most crucial tasks of 
forensic anthropology. Craniometric data are the most frequently used data source for this task. 
Multiple statistical and computational methods have been developed for craniometric population 
affinity estimation, including but not limited to linear discriminant analysis (LDA), geometric 
morphometrics, mixture model-based clustering, and artificial intelligence (AI). Although 
LDA remains the most-used method, AI or machine learning–based methods often outperform 
traditional statistical methods when determining the accuracy of the predictions. The recent 
debate on the practice of ancestry estimation in forensic anthropology has demanded methods 
with good performance with fine-grained population definitions. The researchers hypothesize 
that deep learning models can be potential candidates for such practices. Deep learning is a 
recent breakthrough in AI that has surpassed traditional machine learning methods in many 
areas. The researchers developed several deep feedforward neural network models for population 
affinity estimation using the Howells Craniometric Data Set, which consists of 82 craniometric 
measurements from 2,412 human crania from 26 populations collected globally. The average 
accuracies obtained were 94% for 26-population affinity estimation based on cross-validation 
and 89% based on test data. The results suggest that deep learning models can help to obtain 
great accuracy for fine-grained population affinity estimation.
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Is Decedent Residual Odor Detectable by Human Remains Detection (HRD) Canines and 
Analytical Chemistry?

NIJ Award: 15PNIJ-22-GG-04412-SLFO

Dawnie Steadman,* Mary Cablk,* James Ha, and Shawn Campagna | University of Tennessee, 
Knoxville

Abstract: Human remains detection (HRD) canine teams (dog and handler) have recently been 
used to locate “residual” odor of deceased individuals in the absence of a body. However, no 
scientific research has addressed the reliability of canine detection of residual odor. The goal 
of this project is to evaluate the ability of 35 canine teams to detect residual odor in a double-
blind, standardized residual odor recognition test (ORT). Residual odor was obtained by placing 
cleaned gauze underneath three recently deceased donors (targets) and three living participants 
(distractors) for 10 minutes. The nine ORTs consisted of 18 clean paint cans arranged in three 
rows of six spaced 5 feet apart. Sixteen cans contained control (blank) gauze, one can contained 
gauze from a target, and one can contained a distractor sample. Each canine team participated 
in three trials within a single day. All 35 teams were presented with samples from the same 
targets and distractors, although their location changed in each trial. All gauze samples used 
in the trials were tested using analytical chemistry immediately after each trial to detect the 
metabolites present. Each gauze sample used in the ORT was submitted for headspace solid-
phase microextraction (SPME) analysis to identify volatile organic compounds (VOCs). A total of 
1,790 spectral features were detected. Partial least-squares discriminant analysis demonstrated 
that there were distinct metabolic profiles of the target, distractor, and blank gauze. This means 
that there are distinguishable VOC profiles between residual decedent and living person odor. 
However, HRD teams were unable to discriminate among blank, distractor, and target odors 
accurately and consistently. In a total of 105 trials, the target was correctly identified only  
30 times (28.57% sensitivity). The positive predictive value (PPV) was 0.13, meaning an alert was 
correct only 13% of the time. Only one team correctly identified the target sample in all three 
trials, but that team also identified non-targets as positive, resulting in a team PPV of only 23.3%. 
Analysis of the video and audio showed a wide range of handling styles across handlers, some 
of which affected the results. Video and audio also revealed effects of handler bias, cuing, and 
offered insight into training and handling errors that may be correctable. Although the results 
indicate that residual odor may be below the limits of detection of standard trained HRD canines, 
the fact that chemical signatures exist indicates that HRD team performance may improve with 
appropriate residual training aids.
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AFTERNOON SESSION ABSTRACTS

SESSION III—Seized Drugs and Toxicology

Moderated by NIJ Program Manager Megan Chambers

Identifying High-Quality Aptamers for Drug Detection 

NIJ Award: 15PNIJ-22-GG-04440-RESS

Alexandra Bryant,* Yi Xiao, and Obtin Alkhamis | North Carolina State University 

Abstract: Aptamers are single-stranded DNA or RNA oligonucleotides that are isolated via an  
in vitro method, systematic evolution of ligands by exponential enrichment (SELEX). Due to 
their high affinity and specificity, aptamers can be used in various detection applications, such 
as the identification of illicit drugs in seized substances. Because the SELEX process typically 
provides hundreds to thousands of unique sequences, a high-throughput method is needed to 
rapidly perform binding characterization screens for forensic applications such as drug detection. 
The gold standard method used to measure binding affinity is isothermal titration calorimetry 
(ITC), which can provide accurate information on the thermodynamics of binding. However, it is 
a low-throughput process. Alternatively, there are two established high-throughput methods for 
screening aptamers—the exonuclease digestion assay and the strand displacement assay—both 
of which are fluorescence based. Here, the researchers compare the performance and accuracy of 
these two methods for determining the binding properties of drug-binding aptamers. Although 
most of the data between assays are consistent, there are some aptamer-ligand pairs for which 
the results are discordant. For example, both techniques were in close agreement regarding the 
binding properties of a heroin-binding aptamer (HM116) and an oxycodone-binding aptamer 
(OM6), but inconsistent results were obtained for the aptamers XA1 and F27, which respectively 
bind the synthetic cannabinoid XLR11 and the opioid fentanyl. ITC confirmed that the 
exonuclease digestion assay is more accurate than the strand displacement assay.

Caught Green-Handed: The Detection of Potential Cannabis-Use Biomarkers in 
Fingerprint Residues Using Mass Spectrometry

NIJ Award: 15PNIJ-23-GG-04236-RESS

Rabi Ann Musah* and Niara Nichols | Louisiana State University

Abstract: Cannabis sativa is the most widely used controlled substance in the United States. 
Despite its growing legality at the state level, there are instances when it is important to know 
whether an individual has consumed cannabis, such as in the event of a driving under the 
influence case or an accidental consumption case. Techniques for the definitive detection of 
cannabis ingestion can be invasive, requiring the collection of blood or urine. Furthermore, 
these biological matrices cannot be readily collected in the field, such as at a traffic stop. This 
research seeks to develop a less invasive and field-deployable method for the determination 
of cannabis use through the detection of cannabis metabolites in fingerprint residues using 
high-resolution mass spectrometry. Fingerprint residue samples collected from donors who had 
consumed cannabis via inhalation or oral administration and donors who had not consumed 
cannabis were solubilized, and their chemical profiles were analyzed using direct analysis in real 
time–high-resolution mass spectrometry (DART-HRMS). The mass spectral data from the two 
experimental groups were compared using machine learning models to identify m/z values that 
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can differentiate cannabis use from non-use. Several models with cross-validation accuracies of 
greater than 85% were created. A list of m/z values that were found to be impactful in enabling 
these models to discriminate between the two experimental groups was revealed. Future work 
will focus on determining the identity of the m/z values that enabled discrimination between 
the experimental groups to identify potential cannabis consumption–specific biomarkers. These 
compounds can serve as the basis for a field-deployable test for cannabis use.

Chromatographic Interferences That Can Inflate the Levels of Δ9-THC in Cannabis 
Samples 

NIJ Award: DJO-NIJ-22-RO-0002 

Walter B. Wilson | National Institute of Standards and Technology

Abstract: The passage of the Agriculture Improvement Act of 2018 (Farm Bill) legalized 
hemp plants containing 0.3% or less Δ9-tetrahydrocannabinol (Δ9-THC), leading to a surge 
in hemp production and availability of hemp-derived finished products. Additionally, hemp 
manufacturers started to convert cannabidiol-rich hemp flower into other cannabinoids such 
as Δ8-tetrahydrocannabinol (Δ8-THC) and other THC isomers. For these reasons, forensic 
laboratories have seen a significant increase in the seizure of cannabis plant samples and 
cannabis-derived finished products. In response, the National Institute of Standards and 
Technology (NIST) has developed and evaluated analytical methods to provide forensic 
scientists with the tools necessary to assign seized samples as hemp or marijuana. The primary 
technique employed at NIST has included liquid chromatography (LC) coupled to an ultraviolet 
(UV) detector or photodiode array (PDA) detector. LC is the most widely employed separation 
technique by the cannabis industry because it permits the determination of total Δ9-THC, 
which is calculated as the sum of Δ9-THC and its acidic precursor tetrahydrocannabinolic 
acid (Δ9-THCA). Despite numerous advantages, the LC separation of Δ9-THC is susceptible 
to chromatographic interferences from chemicals present in the samples or created due to the 
adulteration of cannabis products (e.g., byproducts of synthetic processes). In this presentation, 
NIST will highlight examples of these chromatographic interferences, including cannabinolic 
acid, that form due to improper long-term storage, resulting in the degradation of Δ9-THCA.  
A second co-elution issue involves the presence of synthetic byproducts in Δ8-THC vape 
products. Last, NIST will provide examples of how chromatographic methods can be modified to 
prevent these types of co-elution issues in the future.

Evaluation of a Quantitative Analysis Method for Tetrahydrocannabinol Isomers in 
Biological Matrices 

NIJ Award: 2020-DQ-BX-0017 

Rebecca Wagner | Virginia Department of Forensic Science

Abstract: Recently, forensic toxicology laboratories have been grappling with the emergence 
of tetrahydrocannabinol isomers within biological specimens. Traditional methods for 
the identification and quantitation of cannabinoids only includes the evaluation of Δ9-
tetrahydrocannabinol (Δ9-THC) and its metabolites in biological matrices. Upon analysis 
of additional tetrahydrocannabinol isomers, laboratories often find co-elution or minimal 
separation between Δ9-THC; exo-THC; Δ8-THC; Δ10-THC; and Δ6a,10a-THC. These 
emerging isomers are commonly observed in the seized drug community in manufactured 
cannabis products (e.g., edibles, electronic cigarette cartridges). Trends within the seized 
drug community and legislative changes to include tetrahydrocannabinol isomers dictate the 
need for change within forensic toxicology. Traditional methods require adaptation to the 
ever-changing climate surrounding tetrahydrocannabinol. Additional method development 
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with subsequent validation to meet ANSI/ASB Standard 036, Standard Practices for Method 
Validation in Forensic Toxicology, is often required. A dual chromatographic column method 
was developed and optimized for the separation of tetrahydrocannabinol isomers. An Agilent 
Technologies 1290 Infinity liquid chromatograph was coupled independently to a 6460 and 
a 6470 quadrupole mass spectrometer for development and validation. Two independent 
chromatographic methods were developed using different analytical columns, mobile phase 
conditions, chromatographic gradients, and flow rates. The qualitative analytical method used 
an Agilent Technologies Poroshell 120 PFP 3.0 × 100 mm, 2.7 µm column held at 50°C. The 
quantitative analytical method used an Agilent Technologies Poroshell 120 EC-C18 3.0 × 50 mm, 
2.7 µm column held at 50°C. The dual-column methodology was used to enhance the separation 
of tetrahydrocannabinol isomers. The sample preparation procedure consisted of the supported 
liquid extraction (SLE) using 0.5 mL of biological specimen. The biological specimen was 
acidified with 200 µL of formic acid in water before placement onto the SLE cartridge. Specimens 
were allowed to incubate for 5 minutes before the addition of ethyl acetate (3.0 mL). After 
elution and collection, n-hexane (3.0 mL) was added to each cartridge. Samples were evaporated 
to dryness at approximately 50°C and reconstituted in 50 µL of methanol. The optimized 
method was validated for quantitation of Δ9-THC, (±)-11-hydroxy-Δ9-THC (Δ9-OH-THC), 
(±)-11-nor-9-carboxy-Δ9-THC (Δ9-carboxy-THC), (-)-Δ8-tetrahydrocannabinol (Δ8-THC), 
and cannabidiol to meet ANSI/ASB Standard 036. All other isomers were validated to meet 
qualitative identification criteria. When validating, samples were evaluated on both analytical 
methods to ensure congruence in results. The calibration range was 1/2/5 ng/mL to 100/200/500 
ng/mL (Δ9-THC, Δ8-THC/Δ9-OH-THC, cannabidiol/Δ9-carboxy-THC). All compounds were 
within ±20% for bias and precision when evaluating pooled fortified samples of blank blood, 
antemortem blood, and postmortem blood. Significant ionization suppression (>25%) was 
noted for antemortem blood, postmortem blood, and urine, requiring additional matrices to 
be added to the estimated limit of detection and lower limit of quantitation experiments. An 
extensive validation was performed on the optimized SLE extraction with subsequent analytical 
analysis using liquid chromatography tandem mass spectrometry. The validated method ensures 
chromatographic separation between tetrahydrocannabinols, providing enhanced identification 
of these isobaric compounds.
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AFTERNOON SESSION ABSTRACTS

SESSION IV—Forensic Biology/DNA

Moderated by NIJ Program Manager Tiffany Layne

Trace DNA in Activity-Level Propositions 

NIJ Award: 15PNIJ-22-GG-04425-DNAX 

Ashley Hall* | University of California, Davis  
Ray Wickenheiser* | Ray Wickenheiser Forensic Consulting 

Abstract: Consider the scene—your DNA is found on a knife handle at the scene of a stabbing. 
One side presents this as evidence that you stabbed the victim with the knife. The other side, 
however, argues that you shook hands with the actual perpetrator, and they stabbed the victim 
with the knife. The critical question becomes not “whose DNA is it?” but rather, “how did the 
DNA get there?” Evaluations of the evidence given the donor’s activities inform such activity-
level propositions. The forensic scientist is uniquely qualified to interpret the data that inform 
activity-level questions and present them to the trier of fact. The fitness of the interpretation 
depends on the available empirical data, as well as the forensic scientist’s education, training, 
and experience. The goal of this project was to generate empirical data to support activity-level 
evidence interpretation. The presenters used a well-established protocol—the domesticated 
fingerprint, a ground-truth sample containing a known quantity of DNA. A transfer vector, the 
domesticated hand, was included to eliminate the human variable to allow critical evaluation 
of DNA transfer events. The researchers performed multistep mock crime scene scenarios, 
including hand-to-hand, hand-to-surface, and surface-to-surface contacts. Samples were 
collected from each surface in the transfer pathway, as well as from each vector, and the DNA was 
extracted and quantified. Sampling each surface in the pathway allowed the researchers to track 
the DNA through the multistep transfer events, accounting for 98%–100% of the DNA originally 
added as a domesticated fingerprint and increasing confidence in the results. By repeating each 
pathway 20 times independently, the presenters were able to generate mean DNA recovery 
values, measure the standard deviation, and run an analysis of variance. The researchers found 
that the difference in recovery after a direct versus indirect transfer is statistically significant 
for all scenarios tested. Further, the quantification results were predictive of the DNA profiling 
success. This is a first step toward developing these empirical data to be useful in the case 
assessment and interpretation processes that are critical to the use of activity-level propositions. 
This research suggests that assessments of alternate scenarios provide tremendous value when 
they are backed by empirical data and can greatly aid the trier of fact. Forensic experts should 
offer their opinions about activity based on education, training, experience, and empirical data. 
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A Comparison of Small-Amplicon Mitogenome Enrichment Methods for Massively 
Parallel Sequencing of Low- and High-Quality Sample Types 

NIJ Award: DJO-NIJ-22-RO-0005 

Courtney Cavagnino,* Madalynn Martino, and Kimberly Sturk-Andreaggi | Armed Forces 
Medical Examiner System’s Armed Forces DNA Identification Laboratory and SNA International   
Jennifer Cihlar and Michael Coble | University of North Texas Health Science Center
Charla Marshall | Armed Forces Medical Examiner System’s Armed Forces DNA Identification 
Laboratory and The Pennsylvania State University

Abstract: Massively parallel sequencing (MPS) of mitochondrial DNA (mtDNA) is critical 
in historical and forensic cases involving degraded remains or distant maternal relatives. 
Polymerase chain reaction (PCR) enrichment with two long-range (LR) amplicons (~8.5 kb) used 
for population databasing and reference samples is not amenable to degraded remains. However, 
hybridization capture of the mitochondrial genome, or mitogenome, capable of targeting DNA 
fragments less than 100 bp, is time consuming and not necessary for samples with more intact 
fragments. The commercial development of small-amplicon (~100–250 bp)-based approaches 
for mitogenome enrichment allows laboratories to implement MPS for mtDNA analysis on 
a wider scale for a range of sample types and qualities. To evaluate these assays, a study was 
conducted to compare five small-amplicon mitogenome MPS kits following their respective 
manufacturers’ protocols: Precision ID mtDNA Whole Genome Panel, ForenSeq™ mtDNA Whole 
Genome Kit, PowerSeq® Whole Mito System, QIASeq Targeted DNA Human Mitochondria Panel, 
and NimaGen IDseek® Mitochondrial DNA Full Genome Sequencing. A total of 96 samples were 
processed with each kit, including a variety of substrates and extraction methods, non-human 
samples, mixtures, serial dilutions, and population samples from a range of haplogroups. The 
majority of samples also underwent LR PCR enrichment as an assessment of sample quality and 
to further highlight the need for these small-amplicon kits. Additionally, a subset of samples 
underwent KAPA library preparation and mitogenome capture as an alternative enrichment 
method for degraded samples with average fragment sizes of less than 100 bp. All mitogenome 
sequence data were generated with a MiSeq FGx™ with the exception of the Precision ID data, 
which were sequenced on the Ion GeneStudio™ S5. Data were analyzed using the manufacturers’ 
recommended software and analysis parameters where applicable; otherwise, CLC Genomics 
Workbench was the default. Overall performance was evaluated for all enrichment methods 
based on metrics such as haplotype concordance, heteroplasmy detection, and breadth and 
depth of coverage. All enrichment methods generated concordant mitogenome haplotypes. The 
average coverage (i.e., read depth) was largely influenced by the manufacturers’ recommended 
multiplexing levels, ranging from 16 to 96 samples; however, there was minimal impact on the 
number of bases covered above the kit-specific read depth threshold across the mitogenome. This 
performance assessment combined with a cost-benefit analysis may assist forensic practitioners 
looking to implement this technology in their own laboratory. Furthermore, this comprehensive 
study addresses a majority of the requirements for an internal validation of each commercial 
mitogenome MPS kit.
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Fragmentomics of Hair DNA 

NIJ Award: 2020-DQ-BX-0014 

Samuel Sacco,* Richard E. Green, Joshua Kapp, and Remy Nguyen | University of California, 
Santa Cruz

Abstract: Rootless hairs are a common source of evidence at crime scenes because most 
individuals shed around 50–100 hairs daily. The DNA present in these rootless hairs is highly 
fragmented and degraded but can be recovered and sequenced. Recovered DNA can then be 
used to generate genotype files for forensic investigative genetic genealogy or for comparison of 
a sample to known genotypes. From an analysis of a large (N=80) panel of DNA sequence data 
generated from rootless hair shafts, the researchers have found that sequenced DNA fragments 
also contain data that are orthogonal to the genetic data. Specifically, patterns of where and 
how strand breakage occurs in hair DNA allow inference of the epigenetic state of the cells that 
generated the hair. Using only these fragmentation patterns is sufficient to accurately model 
the most prevalent type of epigenetic modification, cytosine methylation at CpG dinucleotides, 
if sequencing depth is sufficient. Modeling CpG methylation this way eliminates the need for 
specialized assays like bisulfite sequencing, which are not practical for degraded DNA such 
as that found in rootless hairs. Given the strong associations between CpG methylation and 
identifying characteristics such as an individual’s age, fragmentation patterns observed in hair 
may help open a new avenue of epigenetic-based forensic identification from shotgun sequencing 
data.

Adaptive Sampling for the Simultaneous Analysis of STRs, SNPs, and mtDNA in Human 
Remains Identification 

NIJ Award: 15PNIJ-22-GG-04414-MUMU 

Katherine E. McBroom Henson,* Nicole R. Phillips, and Roxanne R. Zascavage | University of 
North Texas Health Science Center 
Rupesh Kesharwani and Fritz Sedlazeck | Baylor College of Medicine

Abstract: Short tandem repeat (STR) markers evaluated via capillary electrophoresis (CE) 
continue to be the gold standard for human remains identification (HRID) in forensic 
investigations due to their high variability and robust database of comparative samples. However, 
CE excludes valuable sequence-level information within and around STRs and is not suitable for 
mitochondrial DNA (mtDNA) or single nucleotide polymorphism (SNP) analysis. The analysis 
of mtDNA and SNPs is critical in cases where STR analysis fails, such as cases of damaged or 
degraded remains. Human remains are frequently encountered in forensic laboratories, coming 
from crime scenes, mass graves, historical samples, mass disasters, and military conflicts. The 
problem forensic laboratories face when analyzing such samples is choosing between depleting 
sample volumes to repeat individualizing STR analysis or performing costly, time-consuming, 
and less discriminatory mtDNA analysis. New DNA sequencing methodologies combined with 
novel enrichment techniques may provide a more effective platform for HRID that overcomes 
the most common challenges associated with processing of damaged or degraded remains, bone 
fragments, aged tissue, and hair samples. Here, the researchers harness the adaptive sampling 
(formerly read until) capabilities of Oxford Nanopore Technologies (ONT) sequencing to 
simultaneously analyze STRs, SNPs, and mtDNA for the purpose of HRID. Adaptive sampling 
uses on-instrument enrichment of target regions of interest, bypassing costly, and often error-
inducing, amplification methods. This targeted enrichment approach offers the most efficient 
DNA-based HRID by allowing simultaneous interrogation of various forensic markers, including 
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STRs, SNPs, and mtDNA, from a single sample while also reducing sample processing costs and 
turnaround times. The presenter will share the results of this project to date, discuss the pros 
and cons of using adaptive sampling for HRID, and provide insight into the adjustments to the 
platform that are necessary to harness the true potential of ONT sequencing for the identification 
of human remains.
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SESSION I—Trace Evidence/Fire Investigation/Physics and Pattern

Kelly A. Meiklejohn  

Dr. Kelly A. Meiklejohn joined North Carolina State University in 
January 2018 as a Chancellor’s Faculty Excellence Program cluster 
hire in Forensic Sciences. Dr. Meiklejohn completed her doctoral 
work at the University of Wollongong in Australia on the forensically 
important Australian flesh flies. Before joining North Carolina State 
University, Dr. Meiklejohn was most recently a postdoctoral research 
fellow with the Research Support Unit of the FBI Laboratory. In that 
role, she worked alongside forensic examiners from the DNA Unit 
and Trace Evidence Unit to test and develop new genetics methods 
for casework. Dr. Meiklejohn is currently an associate professor, 
and her research is focused on harnessing the capabilities of newer genetics and genomics 
methodologies to recover more information from traditional forensic evidence and analyze 
previously overlooked sources of biological evidence. She has 38 scientific publications in diverse 
journals, including Metabarcoding and Metagenomics, Scientific Reports, Genes, Forensic Science 
International: Genetics, Electrophoresis, PLOS ONE, and Journal of Forensic Sciences. Until 
October 2024, she was a member of the Organization of Scientific Area Committees for Forensic 
Science Wildlife Forensic Biology subcommittee. She is a member of professional bodies, 
including the American Academy of Forensic Sciences, the Australian and New Zealand Forensic 
Science Society, and the Society for Wildlife Forensic Science.

Dmitry Kurouski 

Dr. Dmitry Kurouski earned his master’s in Biochemistry from 
Belarusian State University in Belarus. Dr. Kurouski completed his 
graduate work under the supervision of Professor Igor Lednev at the 
University at Albany, State University of New York. After graduation in 
2012 (Distinguished Dissertation), Dr. Kurouski joined the laboratory 
of Professor Richard P. Van Duyne at Northwestern University, 
where his research was focused on optical nanoscopy and plasmonic 
spectroscopy. In 2015, Dr. Kurouski worked as senior research 
scientist in Boehringer Ingelheim Pharmaceuticals, where he used 
spectroscopic and chromatographic methods to advance synthesis 
of novel therapeutic compounds. In 2017, Dr. Kurouski joined the Department of Biochemistry 
and Biophysics at Texas A&M University, where he launched his own laboratory. His research 
interests span a wide range of research fields. His laboratory pioneered innovative optical sensing 
approaches that enable timely detection and identification of biotic and abiotic stresses in plants. 
He also advanced nano-Raman and nano-infrared imaging, revealing the role of hot carriers in 
plasmonic catalysis. Dr. Kurouski is actively involved in the field of forensics, and his laboratory 
develops and deploys surface-enhanced Raman spectroscopy for the confirmatory analysis of 
artificial dyes on hair and fabric. Dr. Kurouski has published more than 200 papers in top peer-
reviewed journals. He has also received numerous awards, including 2023 Emerging Leader in 
Molecular Spectroscopy Award, 2023 AgriLife Research Director’s Early Career Dugas Award, 
and 2021 Dean’s Outstanding Achievement Award in Early Career Research.
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Matthew J. DiDomizio 

Dr. Matthew J. DiDomizio is a lead research engineer with the Fire 
Safety Research Institute (FSRI), part of UL Research Institutes.  
Dr. DiDomizio received his BASc and MASc in Mechanical 
Engineering from the University of Waterloo, where he specialized 
in fire safety engineering, thermo-fluids, and numerical analysis. He 
also completed his doctorate at the University of Waterloo, where 
his research area was the thermal degradation of wood-framed 
construction assemblies in fires. Before joining FSRI in 2021, he 
provided consulting services, including research, testing, and 
evaluation in the field of fire science. His background has primarily 
focused on applied research in the building science, transportation, energy, and defense sectors. 
His primary research areas include the response of materials and construction assemblies to fire, 
fire–structure interactions, and fire model development and validation. Recently, Dr. DiDomizio 
has published on topics such as the pyrolysis and ignition of wood materials, thermal hazards 
in railcar fires, ventilation-limited fire dynamics in multistory structures, flammability of liquid 
fuels, battery energy storage systems and electric vehicle fire hazards, developing novel methods 
for measuring field thermal exposures from a fire, measuring thermal conductivity of pyrolyzing 
materials, modeling the calcination of gypsum wallboard, and investigating relationships 
between fire damage patterns and the thermally driven decomposition of fire-exposed materials.

David A. Stoney  

Over the past 30 years, Dr. David A. Stoney has led applied research in 
forensic science focused on latent fingerprints and using specialized 
particle analysis to address problems that cannot be solved using 
traditional methods. He has qualified as a scientific expert witness in 
federal courts and superior courts of California, Colorado, Georgia, 
Illinois, and the District of Columbia, testifying on his work in 
fingerprint analysis, trace evidence analysis, and forensic serology. 
He has conducted casework and research augmenting capabilities of 
federal investigative agencies, U.S. national laboratories, and large 
commercial scientific companies. Dr. Stoney has a BS in Chemistry, an 
MPH, and a PhD in Forensic Science from the University of California, Berkeley. After  
6 years at the Institute of Forensic Sciences, Criminalistics Laboratory, in Oakland, California, 
he became assistant professor and director of forensic sciences at the University of Illinois at 
Chicago. He was there for 8 years, leaving as a tenured associate professor to become director of 
the McCrone Research Institute in Chicago. After 10 years, he left to form Stoney Forensic, Inc.,  
a company in northern Virginia that is focused on applied forensic science research.  
Dr. Stoney has received 10 research awards from NIJ, including a Graduate Research Fellowship 
as funding for his PhD dissertation, “A Quantitative Assessment of Fingerprint Individuality.” 
He is a fellow of the American Academy of Forensic Sciences and a member of the California 
Association of Criminalists. He was associate editor/editor of The Microscope (15 years) and 
served on the editorial boards of the Journal of Forensic Sciences (20 years) and the Journal of 
Forensic Identification (5 years). He has over 80 publications in the areas of latent fingerprints, 
chemical analysis, particle analysis, evidence interpretation, and forensic science; has taught 
over 50 courses on particle analysis, trace evidence analysis, and evidence interpretation; and has 
made over 125 professional appearances.



30

Poster Abstracts
Presenter Bios

Afternoon Session Abstracts
M

orning Session Abstracts
W

elcom
e and Solicitations

SESSION II—Forensic Anthropology and Forensic Pathology

Mehrdad Ghyabi 

Dr. Mehrdad Ghyabi is a postdoctoral research fellow at George 
Mason University, where he specializes in the intersection of 
computer vision, artificial intelligence (AI), and forensic science. 
With a PhD in Engineering from the same institution, Dr. Ghyabi 
focuses on advancing the integration of AI technologies into forensic 
methodologies, with a particular emphasis on enhancing the 
availability and reliability of bruise detection and documentation 
tools. His research aims to bridge the gap between cutting-edge 
technology and real-world forensic applications, addressing the 
demand for precise and automated solutions in forensic investigations. 
Dr. Ghyabi has made significant contributions to technical publications, highlighting innovative 
applications of machine learning and AI in analyzing visual data. His work has explored areas 
such as object recognition, scene reconstruction, and the application of deep learning models for 
processing complex datasets. By addressing theoretical challenges and practical problems, his 
research deals with gaps in forensic science while pushing the boundaries of what AI can achieve 
in this domain. An expert in machine learning and computer vision, Dr. Ghyabi performs 
interdisciplinary work bridging engineering and forensic science, achieving collaborations that 
drive meaningful advancements in both fields. His goal of creating accurate and ethical forensic 
practices aligns with the need for reliable tools to assist in investigations and legal proceedings. 
Beyond his research, Dr. Ghyabi actively engages with the academic and professional 
communities, contributing to the broader discourse on the future of AI in forensic science. His 
work is meant to advance the landscape of forensic investigations, offering innovative solutions 
to some of the challenges practitioners face today.

Audris Mockus 

Dr. Audris Mockus is the Ericsson-Harlan Mills Chair Professor in 
the Min H. Kao Department of Electrical Engineering and Computer 
Science of the University of Tennessee, Knoxville. He received his BS 
and MS in Applied Mathematics from Moscow Institute of Physics 
and Technology in 1988. In 1991, he received an MS, and in 1994, he 
received a PhD in Statistics from Carnegie Mellon University. From 
1995 until 2016, he worked at the Software Production Research 
Department of Bell Laboratories and at Avaya Labs. He has been with 
the University of Tennessee, Knoxville, since 2014. Since 2022, he has 
held a part-time position at Meta Platforms, Inc. His primary field 
of study is empirical software engineering, where he pioneered novel ways to study software 
development projects through the recovery, documentation, and analysis of digital traces left 
during software development activities. In contrast to traditional measurement systems, the 
complex interplay among individuals, groups, their culture, and artifacts produced during 
modern software development requires nontraditional analytical approaches. Over the past 
2 decades, Dr. Mockus has explored methods to implement his novel analytical techniques, 
resulting in the creation of the World of Code research infrastructure to support studies on open-
source software development. Another more recent result is the Image Cloud Platform for Use 
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in Tagging and Research on Decomposition, which aims to transform a vast collection of human 
decomposition photographs into a research tool for forensic anthropology. More details can be 
found at mockus.org/amvita.pdf.

Jinyong Pang 

Jinyong Pang is a PhD candidate in Biostatistics at the College of 
Public Health, University of South Florida, where he also earned 
his master’s in Statistics from the Department of Mathematics. His 
research spans two primary areas—biostatistics and bioinformatics. 
In biostatistics, Mr. Pang integrates modern causal mediation 
methods with longitudinal data and applies them to personalized 
clinical trial designs in precision medicine. He has developed several 
web-based applications for causal mediation analytics, providing 
advanced tools for clinicians and researchers across diverse research 
fields. In bioinformatics, Mr. Pang focuses on genetic epidemiology, 
exploring causal relationships between genotypes and phenotypes, particularly rare diseases, 
through causal inference methods. Moreover, he is dedicated to advancing forensic anthropology 
with the application of statistical techniques and deep learning technologies. He proposed an 
innovative statistical method for detecting and identifying measurement abnormalities in the 
Howells Craniometric Data Set. Mr. Pang also crafted a sophisticated deep learning architecture 
that enables fine-grained estimation of population affinity through in-depth analysis of 
craniometric measurements. His work marks a breakthrough in existing analytical methods for 
craniometry analysis by incorporating cutting-edge artificial intelligence techniques, enhancing 
the accuracy and efficiency of assessing the population affinity of unknown individuals in 
forensic investigations, and underscoring its potential to substantially further the understanding 
of cranial traits. 

Dawnie Steadman  

Dr. Dawnie Steadman is the director of the Forensic Anthropology 
Center and Chancellor’s Professor of Anthropology at the University of 
Tennessee, Knoxville. She received her PhD at the University of 
Chicago in 1997. She is a diplomate (#72) of the American Board of 
Forensic Anthropology and served as the vice president of the Board 
of Directors. She currently serves as the chair of the Humanitarian 
and Human Rights Resource Center in the American Academy of 
Forensic Sciences. She also served as the co-chair of the National 
Conference of Lawyers and Scientists at the American Association for 
the Advancement of Science. As a practicing forensic anthropologist, 
she is called by law enforcement, medical examiners, and attorneys from around the United 
States to help locate and identify the skeletal remains of missing individuals. In addition to 
casework, she has assisted in identification efforts after mass fatality events, including the 9/11 
attack on the World Trade Center in New York City, the Tri-State Crematory recovery and 
identification efforts, and the crash of Colgan Air Flight 3407 in Buffalo, New York. She also 
conducts international forensic human rights investigations, currently in Uganda. Much of  
Dr. Steadman’s research focuses on providing law enforcement and the courts the tools they need 
for success. Her work at the Forensic Anthropology Center helps establish the limits of detection 
of new technologies and provides novel applications of artificial intelligence (AI) technology. Her 
research is also committed to disproving junk science and reducing faulty scientific testimony in 
the courts. Recent NIJ-funded research includes the application of AI to postmortem interval 

https://mockus.org/amvita.pdf
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estimation methods, understanding the effects of drugs and diseases on human decomposition 
rates and whether human remains detection dogs can reliably detect human decedent residual 
odor.

Mary Cablk   

Dr. Mary Cablk studies canine detection, including canine behavior, 
handler behavior, training, bias, and odor for a variety of canine 
detection disciplines. She is an associate research professor emerita 
at the Desert Research Institute in Reno, Nevada, and an associate 
adjunct professor in the Department of Anthropology at the 
University of Tennessee, Knoxville. Dr. Cablk’s career centered on 
field efficacy and reliability of canine teams, which took her around 
the world on behalf of her U.S. Army and Department of Defense 
sponsors. At the governmental level, she has taught and collaborated 
on the use of detection canines in Turkmenistan, Norway, Costa Rica, 
and Tanzania. In the United States, Dr. Cablk has developed continuing education and hands-on 
courses for canine handlers focusing on best practices, integrating scientific principles into K9 
training programs, presentation of canine evidence in court and canine defensibility, among 
others. She is a court-qualified expert in federal and state courts throughout the United States 
and has testified for the prosecution and defense as an expert and in cases involving her own 
certified human remains detection canines. A member of the American Academy of Forensic 
Sciences, Dr. Cablk sits on several working groups developing national standards, including land 
human remains detection, water human remains detection, and presentation of canine evidence 
in court. She has developed canine standards at the state level for Nevada and California.  
Dr. Cablk is an auxiliary deputy with multiple sheriff ’s offices in Nevada, a member of the human 
remains detection canine team with the Reno Police Department Robbery Homicide Unit, 
and the State of California Governor’s Office of Emergency Services (Cal OES) Subject Matter 
Expert for canine detection. She co-developed and currently instructs the California Peace 
Officer Standards and Training certificate course, “Search Methods in a Burned Environment,” 
with Chico State forensic anthropologists and Cal OES. She is a professional canine trainer in 
her “retirement,” teaching handlers in all detection disciplines how to incorporate scientific 
principles into their training and deployment. She also works with her own canine on criminal 
cases throughout the American West.
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SESSION III—Seized Drugs and Toxicology

Alexandra Bryant 

Alexandra Bryant is a fourth-year PhD candidate at North Carolina 
State University. She received a BS in Chemistry from Georgia 
Southern University in spring 2021, where she was the recipient of 
numerous awards, including the Coastal Georgia American Chemical 
Society Award, the American Institute of Chemists Award, and the 
Chemistry Academic Award. She was then admitted into the PhD 
chemistry program at North Carolina State University, where she 
joined Dr. Yi Xiao’s lab in fall 2021. Her current project involves 
aptamer characterization using fluorescence-based assays for the 
identification of high-quality aptamers for use in the development 
of electrochemical aptamer-based (E-AB) sensors for the detection of illicit drugs such as 
cocaine and fentanyl. Ms. Bryant has coauthored two papers in the field of aptamer isolation 
and characterization, along with two first-author papers (both in submission) entailing the use 
of screen-printed electrodes for E-AB sensing, as well as comparison of fluorescence techniques 
for aptamer characterization. Additionally, she has received academic awards, including the 
Outstanding Senior Graduate Research Poster—Bioanalytical/Biophysical Award, and has 
presented her work at conferences such as The Pittsburgh Conference on Analytical Chemistry 
and Applied Spectroscopy and the Southeastern Regional Meeting of the American Chemical 
Society.

Rabi Ann Musah 

Dr. Rabi Ann Musah is a professor in the Department of Chemistry at 
Louisiana State University. Her scientific research heavily leverages the 
unique capabilities of ambient ionization mass spectrometry for the 
characterization and identification of forensically relevant complex 
matrices. These include plant-derived psychoactive substances and 
their derivatives, “legal high” new psychoactive substances, wildlife 
including endangered birds and various plant species to address 
illegal trafficking concerns, and necrophagous insects that colonize 
decomposing remains and whose species identification can aid in 
postmortem interval estimation in death investigations. Dr. Musah 
also researches STEM in higher education, with an emphasis on the factors that affect persistence 
and enhance graduation rates in STEM fields. Her scientific research has been featured on 
the PBS science documentary series NOVA, and her work, particularly that which reports on 
discoveries of unusual plant behaviors and novel analytical approaches to addressing problems 
in forensics, has been highlighted in Scientific American, The New Scientist (UK), Forensic 
Magazine, Chemical and Engineering News, Mental Floss, Science, Ms. Magazine, numerous Times 
Union stories, the Mirror Newspaper (UK), and other publications. She serves on the editorial 
board of Forensic Chemistry and is a member of the American Academy of Forensic Sciences.
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Walter B. Wilson 

Dr. Walter B. Wilson is currently the coordinator of the Cannabis 
Research Program in the Chemical Sciences Division at the 
National Institute of Standards and Technology, with a focus on 
developing analytical methods, cannabis reference materials, and 
the administration of a quality assurance program (CannaQAP). 
As part of his work, he is involved with the development of 
chromatographic methods, primarily focusing on separating many 
natural and synthetic cannabinoids in complex cannabis matrices, 
like dried plants, extracts, concentrates, and edibles. The primary 
analytical techniques for his work include gas chromatography and 
liquid chromatography coupled to absorbance detectors, mass spectrometers, and tandem 
mass spectrometers. Dr. Wilson is an active member of the D37 Cannabis Committee in ASTM 
International and the Cannabis Analytical Science Program (CASP) in AOAC International, 
which previously included being the chair of a CASP proficiency testing working group. He is also 
the technical project leader responsible for quantitatively measuring tobacco-related alkaloids in 
tobacco products, ginsenosides and yohimbine in dietary supplements, and polycyclic aromatic 
hydrocarbons in combustion and environmental samples. Dr. Wilson has published over  
40 manuscripts in internationally peer-reviewed journals and two book chapters and has given 
over 90 presentations at multiple local, national, and international conferences. He was recently 
recognized in the 50th anniversary issue of Chromatographia as a Rising Star in Chromatography 
and completed a 2-year appointment as program coordinator/vice president for the Washington 
Chromatography Discussion Group.

Rebecca Wagner  

Dr. Rebecca Wagner is the Chemistry Research Section supervisor 
at the Virginia Department of Forensic Science (VADFS). She has 
been employed with VADFS since 2012 after graduating with her 
PhD in Analytical Chemistry at Duquesne University, Pittsburgh, 
Pennsylvania. Her primary responsibilities include method 
development and validation for the Toxicology, Controlled Substances, 
and Trace Evidence Sections. She is an active member within the 
forensic toxicology community, where she is a member of the Society 
of Forensic Toxicologists (SOFT) and a member of the International 
Association for Chemical Testing (IACT). She serves as the chair of 
the SOFT Applied Analytical Toxicology Committee and chair of the IACT Conference Site and 
Program Committee. Additionally, she serves as the vice chair of the Organization of Scientific 
Area Committees Forensic Toxicology Subcommittee and is a voting member and SOFT liaison 
within the Academy Standards Board Toxicology Consensus Body. Dr. Wagner has validated 
and implemented several liquid chromatography tandem mass spectrometry methods for the 
Toxicology Section. She has also managed the development and validation of cannabis analysis 
within the Controlled Substances Section, including the validation of a color test, semi-
quantitative method, and quantitative analysis method. She has presented and provided training 
on method development and validation on international, national, and regional platforms. 
Additionally, she has provided workshop training regarding uncertainty of measurement 
principles and implementation.
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SESSION IV—Forensic Biology/DNA

Ashley Hall

Dr. Ashley Hall is the director of the Forensic Science Graduate 
Program at the University of California, Davis. She is an American 
Academy of Forensic Sciences fellow, a member of the American 
Society of Crime Laboratory Directors (ASCLD), the ASCLD Forensic 
Research Committee, the California Association of Criminalists, and 
the National Technology Validation and Implementation 
Collaborative. She is a member of the Council of Forensic Science 
Educators and is a Forensic Science Education Programs Accreditation 
Commission assessor. Dr. Hall holds an MS in Forensic Biochemistry 
and a PhD in Biomolecular Science and has over 20 years’ experience 
in forensic science, both in the defense industry and in academia. Before arriving at the 
University of California, Davis, she held academic posts at two other Tier 1 research 
universities—University of Nebraska–Lincoln and University of Illinois Chicago. Dr. Hall is the 
recipient of the Holling Family Award for Teaching Excellence (University of Nebraska), the 
College of Agricultural Sciences and Natural Resources Teacher of the Year Award (University of 
Nebraska), and the ASCLD Forensic Research Committee Laboratories and Educators Alliance 
Program Collaboration Award. Dr. Hall teaches the DNA courses in the Forensic Science 
Graduate Program at the University of California, Davis, and has an active research laboratory 
that focuses on the use of touch and trace-level DNA to inform activity-level propositions,  
and the development of a DNA profile database, FauxDIS, for use in educational and  
research endeavors.

Ray Wickenheiser 

Dr. Ray Wickenheiser is the retired director of the New York State 
Police Crime Laboratory System, headquartered in Albany, New York. 
He is now the principal consultant for Ray Wickenheiser Forensic 
Consulting. Dr. Wickenheiser is a past president (2017) of the 
American Society of Crime Laboratory Directors and a Briggs J. White 
Award (2022) recipient. He is a member of the National Technology 
Validation and Implementation Collaborative Steering Committee, the 
co-chair of the Forensic Investigative Genetic Genealogy Policy and 
Procedures Committee, and co-chair of the Rapid DNA Committee. 
He was formerly the chair of the Forensic Science Standards Board 
(2021–2023) for the Organization of Scientific Area Committees for Forensic Science and was an 
invited guest to the Scientific Working Group on DNA Analysis Methods (2013–2023). He was 
formerly an ISO and lead DNA auditor for forensic laboratories. Dr. Wickenheiser has over  
41 years of experience working in the field of forensic science. His areas of expertise include 
crime laboratory administration, quality management, conflict resolution, forensic DNA 
and mixture interpretation, serology, hair and fiber trace evidence, physical matching and 
comparison, glass fracture analysis, forensic grain comparison, and forensic investigative genetic 
genealogy. Dr. Wickenheiser holds a DPS in Bioethics and Health Care Policy, an MBA, a BSc 
Hons, and a Certificate in Genealogical Research.
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Courtney Cavagnino 

Courtney Cavagnino earned her BS in Biochemistry from Ramapo 
College of New Jersey, followed by her MS in Forensic Science from 
Arcadia University. Before graduating from Arcadia University in 
2017, Ms. Cavagnino began working within the Past Accounting 
Section of the Armed Forces Medical Examiner System’s Armed 
Forces DNA Identification Laboratory (AFMES-AFDIL). Throughout 
her 4 years in the section, she processed skeletal remains ranging in 
sample quality through Sanger and next-generation sequencing (NGS) 
mitochondrial DNA workflows. She transferred to the Emerging 
Technologies Section at AFMES-AFDIL in 2021 as a research analyst 
and became the research scientist within the section in 2023. During her time in research, she 
has participated in and coordinated various projects and validations related to the processing of 
degraded skeletal remains and high-quality reference type samples, with an emphasis on NGS 
workflows. NGS processing has included mitogenome sequencing and nuclear single nucleotide 
polymorphism (SNP) panels for the purpose of extended kinship prediction. Over the last  
2 years, her work has largely been focused on the developmental validation of a 95K SNP capture 
panel and Parabon® Fx™ data analysis and kinship prediction for casework implementation. 
Additionally, she has worked on the NGS mitogenome small-amplicon PCR method comparison 
study for the NIJ award, which she is looking forward to presenting at this meeting.

Samuel Sacco 

Samuel Sacco is a Biomolecular Engineering PhD student in  
Dr. Richard E. Green’s laboratory at the University of California, 
Santa Cruz (UCSC). His academic career also began at UCSC, where 
he finished his degrees in Molecular and Evolutionary Biology in 
2020. After graduating, Mr. Sacco spent 3 years working at the UCSC 
Paleogenomics Laboratory as an ancient DNA sequencing technician. 
In this role, he spent a lot of time processing ancient remains and 
developing methods for obtaining DNA from ancient bones of 
megafaunal species like woolly mammoths, steppe bison, and dire 
wolves. Upon entering graduate school, his research shifted toward 
the fields of forensics and epigenetics. His main interest lies in seeing how one can leverage not 
just genetic information that is present in degraded sample types like rootless hairs, but also the 
underlying epigenetic profile that contains novel information about an individual’s age and their 
interaction with their environment. This work has so far combined methods from forensics, 
ancient DNA, and newer developments in the field of liquid biopsy to address the challenge 
of performing forensic identification on trace samples. In the future, Mr. Sacco hopes to help 
develop a more comprehensive and accessible molecular forensics toolkit, to bring the projects at 
Dr. Green’s laboratory outside of academia, and to connect with forensic practitioners.
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Katherine E. McBroom Henson 

Katherine E. McBroom Henson is a student at the University of 
North Texas Health Science Center obtaining her PhD in Biomedical 
Sciences with an emphasis in Genetics. Her research focuses on 
the development and optimization of novel techniques using 
next-generation sequencing for applications in forensic science. In 
particular, Mrs. Henson has been working on improved processes for 
human identification, including epigenetic age estimation, via Oxford 
Nanopore’s sequencing platforms. Mrs. Henson earned her BA in 
Biology and Anthropology from Austin College (Sherman, Texas), 
during which she worked on elucidating the connection between 
carbohydrate metabolism and calcium ion homeostasis using the model organism S. cerevisiae 
in the laboratory of Dr. David P. Aiello. She has presented this work at the Texas Genetics Society 
Annual Meetings and was recognized for her achievements in research, receiving the Brittain 
Memorial Biology Student Research Award. During her time at Austin College, Mrs. Henson 
completed an honors thesis focusing on the relationship between diversity of soil microbiota 
in cadaver decay islands and postmortem intervals, was awarded the M.D. Bud Bryant 
Fellowship, and was inducted into Sigma Xi Scientific Research Honor Society. This foundation 
in anthropology has led her to pursue further research in the realm of forensic science and 
archaeogenetics under the mentorship of Dr. Roxanne R. Zascavage. Additionally, Mrs. Henson 
is actively involved in educating and mentoring junior students and continues to serve in student 
leadership as the representative for her discipline.
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An asterisk (*) denotes the presenter(s) for presentations that have multiple authors; when available,  
the presenters’ headshots are included with the abstracts.

A dagger (†) denotes virtual-only posters.

SESSION I—Trace Evidence/Fire Investigation/Physics and Pattern

Quantitative Matching of Forensic Evidence Fragments of Metals, Ceramics, and 
Plastics Using Fracture Surface Topography and Statistical Learning

NIJ Award: 15PNIJ-21-GG-04141-RESS

Ashraf F. Bastawros,* Ranjan Maitra, and William Meeker |  
Iowa State University 
John Vanderkolk | Unique Forensics LLC and Indiana State Police 
Laboratory (retired) 
Lauren K. Claytor | Virginia Department of Forensic Science

Abstract: The complex jagged trajectory of fractured surfaces of two 
pieces of forensic evidence is used to recognize a “match” by using 
comparative microscopy and tactile pattern analysis. 3D microscopy 
was used to measure the surface topography of metal, ceramic, and 
plastic fragment pieces. The measured surface topography is used 
to establish a quantitative basis for declaring a match, complete 
with quantified probability and error rates. The comparison scale is 
configured to capture the transition of fracture surface topography from self-affine to non-self-
affine (i.e., surface roughness that is independent of the observation window). At this transitional 
scale, fracture surfaces display distinctive roughness characteristics, determined by intrinsic 
material properties, microstructure, and exposure history to environmental and external forces. 
In the case of the examined class of hardened alloys, which are common in cutlery and tool steel, 
the identified scale is approximately two times the grain diameter. This scale closely resembles 
the characteristic distance necessary for the initiation of cleavage fractures in semi-brittle and 
hardened metallic alloys. Consequently, the imaging scale required is approximately 20 times the 
grain diameter. Similar trends were also observed in ceramic and plastic fragments. For each pair 
of fractures, six overlapping images were recorded, with an overlap ratio of 50%. The acquisition 
of spectral representations for various wavelengths and critical features on the fracture surface 
was accomplished using the mathematical Fourier transform. Subsequently, quantitative 
topological descriptions were devised for the image pairs by performing correlation comparisons 
on two spectral bands encompassing the transitional fracture scale. These frequency bands are 
bounded by frequencies corresponding to two to four and four to eight times the grain diameter. 
Consequently, each set of fracture pairs under examination yields a total of 12 correlation values. 
A statistical learning tool was then formulated, employing multivariate statistical analysis 
methods to classify the fracture pairs based on this collection of 12 topological descriptors. This 
classification offers a foundation for establishing the uniqueness of forensic comparisons. The 
efficacy of the proposed statistical learning methodology was assessed using a robust training 
dataset and was validated with a set of 38 distinct broken pairs, encompassing knives fractured 
in bending and stainless-steel rods with comparable grain sizes broken under tension or 
bending. The versatility of this framework was also examined across various loading conditions 
by applying it to a set of nine twisted knives until failure. Remarkably, all broken pairs were 
accurately classified. This framework establishes the groundwork for forensic applications 

Ashraf F. Bastawros
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involving quantitative statistical comparisons across a wide spectrum of fractured materials, 
characterized by diverse textures and mechanical properties (Dawood et al. 2022; Thompson et 
al. 2020, 2024).

References

Dawood, Bishoy, Carlos Llosa‐Vite, Geoffrey Z. Thompson, et al. 2022. “Quantitative 
Matching of Forensic Evidence Fragments Utilizing 3D Microscopy Analysis of Fracture 
Surface Replicas.” Journal of Forensic Sciences 67 (3): 899–910. https://doi.org/10.1111/1556-
4029.15012. 

Thompson, Geoffrey Z., Bishoy Dawood, Tianyu Yu, et al. 2024. “Quantitative Matching of 
Forensic Evidence Fragments Using Fracture Surface Topography and Statistical Learning.” 
Nature Communications 15. https://doi.org/10.1038/s41467-024-51594-1. 

Thompson, Geoffrey Z., Ranjan Maitra, William Q. Meeker, and Ashraf F. Bastawros. 2020. 
“Classification with the Matrix-Variate-t Distribution.” Journal of Computational and 
Graphical Statistics 29 (3): 668–74. https://doi.org/10.1080/10618600.2019.1696208. 

Application of Particle-Correlated Raman Spectroscopy (PCRS) for the Forensic 
Examination of Soils

NIJ Award: 2019-DU-BX-0017

Brooke W. Kammrath* | University of New Haven  
and Henry C. Lee Institute of Forensic Science
Savannah Brown, Abigail Chang, Joshua Christensen, Ella Galvan, 
Hannah Garvin, Nicholas Gogola, Samantha Gong, Pok Chan Man, 
Gabriella Maslar, Maria Elena Mendoza, Gabrielle A. Messe, Jasmine 
Kaur, Drew Kuroda, Chase Notari, Jennie Rosario, Marisia Fikiet, and 
Virginia Maxwell | University of New Haven 
John A. Reffner and Peter R. De Forest | John Jay College of Criminal 
Justice (retired) 
Christopher Palenik, Skip Palenik, and Ethan Groves | Microtrace LLC 
Peter de B. Harrington | Ohio University 
Deborah Huck-Jones | Malvern Panalytical Ltd 
Bridget O’Donnell, Eunah Lee, and Andrew Whitley | HORIBA Scientific

Abstract: Soil is a valuable type of trace evidence that, when properly recognized, analyzed, 
and interpreted, has the potential to provide investigative leads and to associate an unknown 
specimen with a collected known. Although the value of soil evidence is widely recognized 
by criminalists with a plethora of case examples, criticisms of forensic soil analysis as being 
subjective, too labor intensive, and too time consuming have resulted in a considerable decline in 
its use in forensic investigations. As a result, exemplar soil samples are not being collected in the 
field, which eliminates the possibility of later laboratory analysis. Further, forensic laboratories 
are not equipped with criminalists who are currently capable of performing a comprehensive 
forensic soil examination. Thus, the potential of soil traces is not being realized. The purpose of 
this presentation is to share the results and conclusions of the evaluation of particle-correlated 
Raman spectroscopy (PCRS) for the analysis of soil minerals for forensic purposes. PCRS is an 
integrated technique that combines automated image analysis with Raman spectroscopy. Particle 
imaging determines particle size and shape distributions for each component in a sample, 
yielding detailed morphological information (e.g., circularity, area). At the same time, Raman 
spectroscopy can probe the molecular chemistry of specific particles of interest. In forensic soil 
analysis, PCRS is therefore able to non-destructively identify the types of minerals present and 

Brooke W. Kammrath
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provide morphological information about individual mineral grains. Particle size distributions 
can be generated for the entire sample or for each mineral present, along with quantitative 
information on the relative amount of each type of particle. The presenter will report on the 
results of all aspects of this research, which included (1) method optimization (which involved 
determining recommended analysis parameters for soil sample preparation, mineral dispersion, 
imaging, Raman spectroscopy, and data analysis), (2) the evaluation of mineral Raman spectral 
databases, (3) the comparison of results of PCRS with those of traditional forensic soil analysis by 
experienced forensic microscopists, (4) the intra- and inter-sample variation and discrimination 
potential of PCRS using a variety of statistical methods from data collected from triplicate topsoil 
samples collected from 30 different locations in the Northeast United States, and (5) the analysis 
of soil collected from mock-evidence items (e.g., shoes and shovels). 

Using Ultrasonic Pulse Velocity to Assess Fire Damage in Drywall

NIJ Award: 15PNIJ-22-GG-04442-RESS

Maria Binte Mannan,* Shuna Ni, and Stanislav I. Stoliarov |  
University of Maryland

Abstract: Traditional techniques for assessing fire damage, such as 
measuring calcination depth in drywall (gypsum wallboard), often 
rely on subjective and time-consuming methods. Calcination depth, 
an indicator of fire severity, correlates with drywall dehydration at 
high temperatures. Probe devices have been used for measuring 
calcination; however, inconsistencies persist because the applied force 
varies between individuals operating the device. This study proposes 
the use of ultrasonic pulse velocity (UPV) technology, commonly 
used in civil engineering, as a potential solution. UPV allows for 
non-destructive, quicker assessments by measuring the travel time of ultrasonic pulses through 
materials, which correlates with their density and stiffness. Although UPV has been applied to 
concrete and other materials, its use in drywall fire damage assessments remains underexplored. 
The study is organized into three tasks. Task 1 was to establish the relationship between UPVs 
and calcination levels. In this task, drywall samples were exposed to various temperatures for 
different durations in an oven, ensuring uniform heating and dehydration. The total mass loss 
of each sample after heating was measured, and thermogravimetric analysis (TGA) tests further 
characterized the calcination level of each sample. UPV measurements were then taken, and the 
correlation between UPVs and the calcination levels of drywall was developed. Task 2 focused 
on developing correlations between the calcination levels of drywall and the total heat exposure 
and between the total heat exposures of drywall and the UPVs. Drywall samples were exposed to 
a heat flux of 50 kW/m² for varying durations in a cone calorimeter at one surface. Calcination 
levels were quantified by measuring total mass loss and by performing TGA tests at different 
locations along the sample thickness to create a calcination profile. UPV measurements were 
also taken, and the general correlation between drywall calcination levels and UPVs from the 
oven tests was verified by the tests from the cone test results. Subsequently, the correlations 
between drywall calcination levels and total heat exposures and between UPVs and total heat 
exposures were established. Task 3 performed a sensitivity analysis to ensure the reliability and 
robustness of the ultrasound-based technique for calcination measurement. This sensitivity 
analysis examined the effects of drywall density, thickness, moisture content, internal voids, 
drywall papers, soot deposit, and sample boundary conditions on the UPV test results. Initial 
tests indicate clear relationships between UPV, calcination level, and total heat exposure. As 
heat exposure increases and calcination progresses, the UPV decreases, reflecting the material’s 
softening due to gypsum calcination.

Maria Binte Mannan
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Advancing the Understanding of 3D Imaging for Firearms Identification†

NIJ Award: 15PNIJ-21-GG-02714-MUMU

Melissa Nally,* Donna Eudaley, Jennifer Hsu, and Preshious Rearden | 
Houston Forensic Science Center 
Heike Hofmann, Jeffrey Salyards, and Alicia Carriquiry | Iowa State 
University

Abstract: In forensic firearms identification, one of the newest 
emerging technologies is 3D imaging technology. The 3D technology 
allows firearms examiners to virtually compare high-resolution 3D 
images of the surfaces of bullets or cartridge cases without the effects 
of variable lighting conditions and shadowing present when using 
traditional comparison microscopy. As with all new technology, there 
are challenges associated with implementation and a need to better 
understand the performance capability and limitations of the systems 
when used in forensic casework. One such challenge is the 
demonstrated ability to share images across 3D imaging systems manufactured by different 
vendors when sharing between crime laboratories. With the adoption of the X3P (XML 3D 
Surface Profile) file format by the Open Forensic Metrology Consortium, almost all the 3D 
instruments currently in the market can create scans in the X3P format. In principle, scans 
obtained using different instruments should be compatible, but this has not been demonstrated. 
This study focuses on the comparability of images acquired by 3D instruments manufactured by 
vendors, including Cadre Forensics (TopMatch), Leeds (Evofinder®), and LeadsOnline/ULTRA 
Forensic Technology (Quantum). This study consisted of two phases: (1) physical and (2) virtual 
kit comparisons. In Phase 1, each participant performed 10 comparisons using their comparison 
microscope and current method of comparison. In Phase 2, using software provided by one of 
the three vendors, the same participants evaluated a virtual test kit consisting of 10 virtual 
comparisons composed of a combination of scans from the different instruments. The 
comparisons within each physical and virtual kit (each consisting of three known test fires and 
one unknown) vary in difficulty and encompass a range of calibers and ammunition types. The 
preliminary findings of the physical kits and vendor comparisons will be presented.

Assessing the Reliability of Fire Pattern Indicators in Wildland Fire Investigations:  
A Field Study†

NIJ Award: 2020-R2-CX-0047

Raphael Ogabi* and Albert Simeoni | Worcester Polytechnic Institute
Juan Cuevas | FM Global
Michael Gallagher and Nicholas Skowronski | U.S. Forest Service

Abstract: Wildland fires pose significant challenges, causing extensive 
property damage and loss of life. Investigating these incidents 
requires accurate identification of fire pattern indicators, which are 
physical markers altered by fire and essential for reconstructing fire 
origin and spread. Current methodologies, such as those from the 
National Fire Protection Association (NFPA) 921 (NFPA 2024) and 
the National Wildfire Coordinating Group (NWCG) PMS-412 (NWCG 
2016), rely heavily on these indicators. However, the reliability of fire 
pattern indicators in wildland fire contexts remains underexplored and 
unvalidated by empirical data. This research seeks to strengthen the scientific basis of fire pattern 
indicators through a combination of controlled prescribed burns conducted in collaboration with 

Raphael Ogabi
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the U.S. Forest Service at the Silas Little Experimental Forest and laboratory-scale experiments. 
The study evaluates how thermal effects contribute to the formation and reliability of fire pattern 
indicators under near-ignition conditions. Laboratory-scale experiments were conducted in a 
1 m² wind tunnel test bed using pine needles as fuel, with staged artifacts such as wood fence 
posts, pine cones, tin cans, beer bottles, polyvinyl chloride (PVC) plastics, and other supporting 
elements as experimental materials. These tests investigated fire behavior, focusing on different 
fire patterns generated with respect to the directionality of the ignition source, as well as the 
repeatability of observed patterns under controlled airflow velocity and fuel load conditions. The 
laboratory experimental results demonstrated that fire pattern indicators, such as the angle of 
deflection and burn height from PVCs, angle of char from the wood fence post, and ash content 
from the pine cones, are generally reliable for inferring fire ignition direction and spread under 
consistent conditions. However, certain indicators, such as sooting and staining, exhibited 
variability influenced by local environmental factors, including airflow velocity and material 
properties of supporting elements. The field experimental data corroborate the laboratory results, 
emphasizing the impact of local fire dynamics on indicator reliability. Preliminary conclusions 
highlight that although fire pattern indicators remain a cornerstone of forensic fire investigation, 
their reliability can be significantly enhanced by incorporating data on local fire conditions. 
The findings suggest that indicators should be interpreted in conjunction with comprehensive 
fire behavior analyses to improve accuracy. This study highlights the importance of establishing 
standardized protocols that combine laboratory and field data to enhance the scientific accuracy 
and reliability of wildland fire investigations. 

References

National Fire Protection Association. 2024. “NFPA 921, Guide for Fire and Explosion 
Investigations.” https://www.nfpa.org/en/product/nfpa-921-guide/p0921code.

National Wildfire Coordinating Group. 2016. “PMS 412: Guide to Wildland Fire Origin and 
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Analysis of Oil-Based Ignitable Liquid Residues on Wood and Fabric Debris by 
Gas Chromatography–Mass Spectrometry and Direct Analysis in Real Time Mass 
Spectrometry

NIJ Award: 2020-DQ-BX-0003

Mengliang Zhang | Ohio University 

Abstract: Oil- and fat-based ignitable liquids (ILs), such as lighter 
fluid, torch fuel, charcoal starter fluid, and biodiesel, are more 
sustainable and environmentally friendly alternatives to petroleum-
based products. Despite their growing popularity, research on 
detecting oil-based IL residues in forensic contexts remains limited. 
Fatty acid methyl esters (FAMEs), the primary compounds in these 
liquids, are formed through the transesterification of fatty acids 
during the refining process. In this study, the researcher analyzed 
the chemical profiles of oil-based ILs refined from various vegetable 
oils, in the laboratory and from commercial sources, using gas 
chromatography–mass spectrometry (GC-MS) and direct analysis in 
real time mass spectrometry (DART-MS) methods. The researcher systematically examined the 
GC-MS fragmentation patterns for unsaturated and saturated FAMEs based on databases, such 
as the National Institute of Standards and Technology (NIST) and Chrombox, and experimental 
data. Additionally, this study evaluated the impacts of other factors, such as wood and fabric 
substrates, burning, cooking, and headspace extraction, on the FAME profiles. IL residues 

Mengliang Zhang
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on substrates and debris were extracted using the ASTM E1412 (ASTM International 2022a) 
activated charcoal method, and the extracts were analyzed via GC-MS and DART-MS. The 
study included a FAME standard solution, commercial oil-based lighter fluid, and oil-based IL 
samples prepared in the laboratory using 10 vegetable oils. Results indicated that the variety and 
relative distribution of FAME compounds in IL products depended on the type of oil. Key FAME 
compounds—C16:0, C18:0, C18:1, C18:2, and C18:3—were identified in the samples, with their 
relative quantities varying significantly based on the vegetable oil used. Characteristic fragment 
ions for FAMEs in the GC-MS spectra, including m/z 55, 67, 74, and 79, exhibited unique 
patterns depending on their saturation levels (i.e., saturated, mono-unsaturated, di-unsaturated, 
and poly-unsaturated FAMEs). This information, validated by mass spectra from the NIST 
and Chrombox databases, is particularly valuable for identifying FAMEs in ILs, especially in 
cases where chromatographic peaks are unresolved or co-eluted, providing an additional layer 
of specificity in compound identification. After GC-MS analysis, the extracts were further 
analyzed by DART-MS, where protonated ions of FAMEs were successfully detected, providing 
additional confirmation, particularly for FAMEs with overlapping GC-MS peaks (e.g., C18:2 
and C18:0) or low molecular ion intensities. Although burned and unburned wood and fabric 
substrates contributed peaks to the GC-MS chromatograms, the extracted ion chromatograms 
of the four characteristic ions closely matched their counterparts without substrates on the 
principal component analysis (PCA) score plots. ILs prepared from cooked/waste oil and straight 
oil yielded similar FAME profiles in GC-MS and DART-MS analyses. Overall, this study offers 
valuable insights into the analysis of various oil-based IL products through their FAME profiles 
using the ASTM E1412 and ASTM E1618 (ASTM International 2022b) methods. The results 
indicate that DART-MS can effectively detect FAME compounds directly from ASTM E1412 
extracts without requiring additional extraction or separation, providing complementary data for 
the identification of oil-based IL products.

References

ASTM International. 2022a. “ASTM E1412-19: Standard Practice for Separation of Ignitable 
Liquid Residues from Fire Debris Samples by Passive Headspace Concentration with 
Activated Charcoal.” https://www.astm.org/e1412-19.html.
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Interoperability of Firearm Toolmark 3D Topography Measurements

NIJ Awards: GOJPNIJ24000016 and DOJ-NIJ-2021

Xiaoyu Alan Zheng,* Johannes Soons, and James Yen | National  
Institute of Standards and Technology 

Abstract: There has been a major paradigm shift in firearm and 
toolmark analysis toward the use of 3D topography measurements. 
The new approach bolsters objectivity through SI traceable 
measurements. Several manufacturers are now offering specialized 
3D microscopes for toolmark measurement, which rely on differing 
measurement principles with their own advantages and challenges. 
These instruments are currently being used in laboratories for virtual 
comparison microscopy (VCM). The future goal for these instruments 
is to generate measurements used to report on the statistical weight 
of evidence of comparison in casework. For impressed toolmarks, no 
comprehensive study characterizes the resulting differences in 3D data obtained using different 
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instrument types and their effect on objective similarity scores. This is an important gap in 
the quest for objective comparison results and quantitative weight of evidence reporting. This 
gap needs to be addressed to ensure consistency in results among laboratories and to provide 
associated foundational data for future Daubert hearings. The research evaluated the effect of 
measurement source variations on similarity metrics. This was accomplished through a round-
robin study where each laboratory/instrument measures the same set of 120 cartridge cases 
fired from four sets of consecutively manufactured firearms. Twelve laboratories participated 
in this study to generate a total of 18 datasets across 9 different 3D instruments. To quantify 
the differences between laboratories and technologies, each laboratory’s measurements were 
analyzed using two well-established similarity scores: the normalized areal cross-correlation 
function (ACCFMAX) and the number of congruent matching cells (CMCs). The results were 
used to generate known matching (KM) and known non-matching (KNM) score distributions, 
which were used to statistically analyze potential differences between laboratories and systems. 
Results will facilitate improvements in the consistency of measurement results while providing 
the foundational research data required to defend the future use and interoperability of 3D 
measurements in casework.
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SESSION II—Forensic Anthropology and Forensic Pathology

Improving and Evaluating Computed Tomography and Magnetic Resonance Imaging in 
the Investigation of Fatalities Involving Suspected Head Trauma

NIJ Award: 2016-DN-BX-0173

Natalie Adolphi,* Kethery Haber, and Daniel F. Gallego | New  
Mexico Office of the Medical Investigator
Nadia Solomon | Yale University 
Eliot Ku and Kurt Nolte | The University of New Mexico
Katherine Van Schaik | Vanderbilt University

Abstract: Although autopsy is considered the gold standard for 
death investigation, research suggests that adding postmortem 
computed tomography (PMCT) improves injury detection. This study 
examines whether supplementation with postmortem magnetic 
resonance imaging (PMMRI) further improves injury detection 
in cases of suspected head trauma. At a medical examiner’s office, 
PMCT was performed on decedents with unknown cause of death and 
circumstances unclear or suggestive (but not definitive) for head or neck trauma. Whole-body 
PMCT was performed (Siemens Definition Edge, 64 slice), followed by PMMRI of the head and 
neck (Siemens Magnetom Symphony, 1.5T). A general radiologist with postmortem imaging 
experience performed PMCT interpretation, while a neuroradiologist experienced in emergency 
radiology performed PMMRI interpretation. The radiologists were blinded to each other’s 
findings and those of the forensic pathologist who investigated the case. Imaging findings were 
subsequently reviewed by a consensus team that included a forensic pathologist and a radiologist, 
neither of whom had previous familiarity with the case. The consensus team identified 
“matched” observations and rated the significance of all findings using a modified Goldman 
classification scheme. The researchers identified 422 unique findings on PMCT and PMMRI from 
94 decedents (56 males, 38 females, ages 14–95). Consensus analysis revealed that more findings 
were reported at PMCT (359) than at PMMRI (158), but PMMRI detected a greater number of 
fatal findings (PMMRI 50/64, 78%; PMCT 46/64, 72%). The additional fatal findings detected at 
PMMRI were most often hemorrhages, infarctions, or encephalopathy characterized as small or 
diffuse, which are expected to be below the sensitivity of PMCT. Although the complementary 
nature of autopsy and PMCT is well documented, this study suggests that PMCT and PMMRI are 
also complementary, with the addition of PMMRI resulting in a 40% increase in the number of 
fatal findings detected at radiology in medical examiner cases with possible head or neck trauma. 
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Pre-Grouping of Commingled Human Skeletal Remains by Elemental Analysis 

NIJ Award: 15PNIJ-21-GG-04151-SLFO

Matthieu Baudelet* and Kristen Livingston* | University of  
Central Florida 
Katie Zejdlik | The Ohio State University
Jonathan Bethard | University of South Florida 

Abstract: Sorting skeletal remains from a mixed assemblage is a 
challenging task for forensic anthropologists investigating modern 
and archaeological mass graves. Sorting the bones to their respective 
individual can be a tedious process, especially if the bones are 
fragmented or have undergone taphonomic changes. This study 
proposes using laser-induced breakdown spectroscopy (LIBS) as a 
preliminary sorting technique to aid in the reassociation of skeletal 
elements. LIBS is a visually non-destructive analytical technique 
that requires minimal sample preparation and can obtain chemical 
information from bones in a matter of seconds. Additionally, portable 
LIBS instruments are commercially available for efficient analysis 
of full-sized skeletal remains in laboratory and field settings. To test 
the feasibility of using LIBS for sorting skeletal remains, the study 
simulated data collection from a mass grave using 62 individuals from 
the John A. Williams Documented Human Skeletal Collection. LIBS 
spectra from 1,284 bones provided roughly 8,000 chemical signatures 
to be used in classification. Machine learning algorithms classified 
bones to their corresponding individuals with an average of 87% 
accuracy. In addition, a study on comparison and complementarity 
of the analysis by five experienced anthropologists was conducted. 
Anthropologists were provided with an assemblage of 100 skeletal elements and were tasked 
with sorting remains based on their expertise and training. LIBS profiles were also collected 
and analyzed in conjunction with human sorting results. This research underscores a potential 
protocol that connects the strengths of traditional and chemical analyses for an optimized 
reassociation of commingled remains. Ultimately, the results of this study demonstrate how 
incorporating LIBS as a complementary technique may expedite the sorting process for skeletal 
assemblages, which is of high relevance in forensic investigations.

Initial Assessments of Relic DNA Removal from Host- and Environmentally Sourced 
Microbiome Evidence 

NIJ Award: 15PNIJ-23-GG-04205-RESS

Zachary Burcham,* Emily Cantrell,* Savannah Truan,  
Julia Erie Tait, Alison Buchan, and Giovanna Vidoli | University of 
Tennessee, Knoxville

Abstract: The forensic microbiome plays a significant role in the 
development and use of postmortem interval (PMI) estimation 
models and trace evidence analysis models within the criminal justice 
system. However, these tools exhibit a margin of error that may 
impact their admissibility, of which the sources of error are not fully 
known. For these tools to be credible, microbiome samples collected 
as part of the forensic investigation must accurately represent the 
microbial community. When collecting forensic microbiome data, 
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various types of DNA are present in the sample, including bacterial DNA, non-microbial DNA 
(e.g., human DNA), and relic DNA (i.e., free DNA that persists in the environment from dead 
cells). Because relic DNA can remain in the environment, specifically soils, for long periods of 
time, it can affect the diversity measurements of the microbiome (Carini et al. 2020; Lennon et 
al. 2018), but it is unknown to what extent. The presenters hypothesize that the presence of relic 
DNA in forensic microbiome samples negatively impacts the accuracy of forensic microbiome 
tools. Therefore, this study aims to assess the impact of relic DNA on forensic microbiome 
data tools used for PMI estimation and environmental trace evidence source connectivity. To 
address this, the researchers collected environmental trace evidence plus soil source samples 
and collected soil adjacent to donors at the University of Tennessee, Knoxville, Forensic 
Anthropology Center throughout the decomposition process for PMI estimation. The specific 
sites were chosen due to their variability in geographical distance, foot traffic, and foliage. 
Samples were split and then processed as paired replicates to create a treatment (i.e., relic DNA 
removed) group and a control group. Samples underwent microbial DNA extraction and 16S 
rRNA sequencing to profile the microbiome. Predictive machine learning models were trained 
and tested on matching trace evidence to the environmental source and predicting PMI using 
microbiome composition, giving an estimate of model accuracy. To determine the impact of relic 
DNA on these models, the accuracy of the predictive models was compared when trained and 
tested to predict samples with and without relic DNA inhibition.
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Eggs-ploring the Volatiles Profiles of L. sericata Eggs for Postmortem Interval 
Determination

NIJ Award: 2020-MU-MU-0016 

Alexa Figueroa* and Rabi Ann Musah | Louisiana State University
Jennifer Y. Rosati | John Jay College of Criminal Justice 

Abstract: Blowflies (Calliphoridae) are capable of detecting remains 
within minutes of death. The decomposing animal tissue serves as 
an oviposition site and as a food resource for larval development. 
Leveraging the correlation between insect species identity, 
environmental conditions, the decomposition stage of the corpse, and 
the well-known species-specific insect life cycle timelines, a “back 
calculation” method to estimate the time of death (i.e., postmortem 
interval [PMI]) exists through evaluation of larval development and 
eclosion times of insect eggs. Focusing on Lucilia sericata (Meigen), 
the common green bottle fly, the volatiles compound emissions of 
eggs as a function of level of maturity were monitored in order to enhance the precision of PMI 
estimation. The headspace volatiles emitted by the eggs were concentrated onto solid phase 
microextraction (SPME) fibers, which were exposed to the specimens every 2 hours from  
hour 1 through hour 15, and subsequently analyzed by gas chromatography–mass spectrometry 
(GC-MS) to tentatively identify compounds. Over 180 compounds were detected in the 
headspace of the eggs, with their levels varying over the 15-hour time frame during which 
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measurements were made. Among the compound classes observed were alkanes (e.g., hexane, 
decane, undecane), alkenes (e.g., 2,4-dimethyl-1-heptene), aldehydes (e.g., decanal), alcohols 
(e.g., 2-ethyl-1-hexanol), and esters (e.g., the 2-ethylhexyl ester of formic acid), among others. 
A number of emission trends were observed. Some compounds were present throughout 
(e.g., 3-ethyl benzaldehyde and the 2-ethylhexyl ester of acetic acid). A subset was emitted 
rhythmically (e.g., mesitylene and 5,6-dimethyldecane). Others were detected for several 
hours, after which they no longer appeared (e.g., 3,3,5-trimethyl heptane). The results support 
the hypothesis that the volatiles emission trends of Lucilia sericata eggs are a function of 
level of development. These findings have implications for determination of the exact age of 
entomological specimens, which can potentially be correlated to more refined assessment of PMI 
when the evidence is retrieved from decomposing remains.

Improving Identification of Unknown American Indians and Hispanic/Latinx Americans

NIJ Award: 15PNIJ-21-GG-04139-SLFO

Kelly Kamnikar* | The University of New Mexico 
Heather J.H. Edgar and Nicollette S. Appel | The University of New 
Mexico and New Mexico Office of the Medical Investigator 
Micayla C. Spiros | New Mexico Office of the Medical Investigator 
Hannah N. Cantrell | University of Oregon 

Abstract: Variation in cranial morphology can be used in forensic 
casework to estimate population affinity in an unknown individual. 
Method performance is highest when populations present in forensic 
casework are represented in reference databanks used for 
methodological development. Cranial macromorphoscopic (MMS) 
traits are highly heritable, reflecting neutral traits under selection 
(Plemons 2022), and can be used to estimate population affinity in 
forensic anthropology successfully, serving as a proxy for genetic relatedness. Currently, cranial 
MMS data for contemporary American Indians (AI) are absent from reference databanks, 
leading to uncertainty when using these data in population affinity estimates. Here, the 
researchers present cranial MMS data from modern AI and examine biological distance among 
other samples. Cranial MMS data were collected from computed tomography (CT) data housed 
in the New Mexico Decedent Image Database (NMDID) (Hefner 2018) for individuals with AI 
(n=839), Hispanic (n=404), White (n=47), Black (n=270), and Asian (n=95) affinities. These 
scans were collected during postmortem examination at the New Mexico Office of the Medical 
Investigator from 2010 to 2017 (Berry and Edgar 2021). Data from the Macromorphoscopic 
Databank (MaMD) (Michigan State University n.d.) supplemented the Black (n=49), White 
(n=274), and Asian (n=230) samples to reach an appropriate analytical sample size. Data for  
12 cranial MMS traits were collected following an available protocol for CT data (Stull et al. 
2022). Initial data analysis was used to investigate patterns among samples. The Robust Estimator 
of Grade Differences (RED) was used to assess biological distance and relationships. RED is 
appropriate for categorical data and avoids issues associated with data compression that may 
diminish biological relationships (Willermet et al. 2020). A correlation analysis did not reveal 
any significant positive or negative correlations, but a weak negative correlation was present 
between interorbital breadth (IOB) and nasal overgrowth (NO). Multiple correspondence 
analysis identified “population” as a driver of variation in the samples followed by traits in the 
nasal area (nasal aperture width [NAW], inferior nasal aperture [INS], nasal bone shape [NBS], 
NO). A biplot separated the White and Asian samples from the AI, Black, and Hispanic samples. 
RED analysis indicated the greatest dissimilarity among the Asian and AI samples, followed by 
White and AI. The most similar samples were Hispanic and AI, Hispanic and Black, and AI and 
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Black. These patterns reveal that the AI sample is different from other samples encountered in 
forensic casework but most like the Hispanic sample. Group separation was most significant 
using cranial MMS variables of the midfacial and nasal area. The researchers identified several 
avenues of further exploration, including classification modeling with the AI sample and CT data 
with MMS traits.
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GIS Application for Building a Nationally Representative Forensic Taphonomy 
Database†

NIJ Award: 2020-DQ-BX-0025 

Katherine Weisensee,* Madeline M. Atwell, Carl Ehrett,  
Madeline Babcock, and Brianna Cherry | Clemson University 

Abstract: Time since death, or postmortem interval (PMI) 
estimation, remains an enduring challenge to medicolegal death 
investigations despite decades of research. Existing methods 
continue to lack the scientific rigor required within the medicolegal 
sector due to continued reliance on small sample sizes, the lack of 
environmental heterogeneity, and inconsistent descriptions and 
methodologies, which impede understanding of the decomposition 
process (Weisensee et al. 2024). GeoFOR began in 2019 and seeks 
to inform these longstanding issues by offering data-driven PMI 
estimations. The geoFOR application serves as a free forensic case 
entry platform that automates the collection of weather data from the discovery location using 
the Global Historical Climatology Network (GHCN) and uses machine learning (ML) methods 
to deliver statistically robust PMI predictions directly to users. Cases entered into geoFOR 
contribute to a large, ongoing, and collaborative forensic taphonomy database (n=3,217) used 
to train and update the ML predictive model. ML models, though powerful predictive tools, 
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are often “black boxes” due to their complexity. To ensure ethical and fair application of ML, 
techniques for “opening the black box” must be combined with the use of ML to make these 
models transparent and interpretable. The researchers leverage a variety of model explainability 
techniques in conjunction with the ML model to determine how individual variables of the 
body and surrounding environment contribute to the model’s PMI estimation. This analysis 
employs permutation importances (Molnar 2024), SHAP (SHapley Additive exPlanations) values 
(Lundberg and Lee 2017), decision tree surrogates (Craven and Shavlik 1995), and human-in-
the-loop interactive tools to extract insights about the ML model of PMI prediction, providing 
quantitative assessments of how specific variables influence the complex decomposition 
process. These results demonstrate the power of these explainability tools in interpreting PMI 
estimates. Feature importance analysis revealed that desiccation is the most critical feature, with 
a gain value of 205.461. This finding was corroborated by permutation importance analysis, 
where desiccation showed the highest importance of 0.193, indicating a substantial decrease in 
model performance when this feature is randomly permuted. SHAP analysis further validated 
these findings, with desiccation having an average SHAP value of 0.466, the highest among all 
features. Interestingly, although advanced decomposition characteristics generally showed high 
importance, the early decomposition feature skin discoloration also emerged as significant, 
with the fifth-highest permutation importance of 0.032. Among environmental factors, the 
analysis identified “Precipitation standard deviation days 57–154” as the most important 
weather covariate, with an average SHAP value of 0.089. To further enhance interpretability, 
the researchers employed a decision tree surrogate model. Despite its simplicity, this surrogate 
achieved an R² of 0.675, comparable with that of the full model. The surrogate tree’s structure 
reinforced the other findings, with desiccation as the top-level feature, followed by “livor mortis 
unfixed” and deposition site type at the second level. By providing interpretable and justifiable 
PMI estimations, this research shows how black-box ML models can be made simultaneously to 
yield forensic insights and to increase their transparency and openness to oversight.
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SESSION III—Seized Drugs and Toxicology

What a Trip! Investigating the Stability of Psilocybin and Psilocin Infused within 
Complex Edible Matrices

NIJ Award: 15PNIJ-24-GG-03848-MUMU 

Benedetta Garosi* and Rabi Ann Musah | Louisiana State University

Abstract: Psilocybin and psilocin, the major and minor components 
of psychedelic “magic” mushrooms, are Schedule I drugs in the 
United States. However, the decriminalization of these drugs at the 
state level, due in part to promising results showing their potential 
to treat mental health disorders, has led to skyrocketing commercial 
availability, production, and retail of food and drink products 
containing “magic” mushrooms or their psychoactive components. 
Although crime laboratories have well-established protocols for the 
detection of psilocybin and psilocin by gas chromatography (GC) 
and liquid chromatography (LC)-mass spectrometry (MS), methods 
for their detection and quantification when contained within complex 
edible matrices are sparse. Additionally, there is a lack of knowledge regarding the stability of 
these mind-altering substances in food and drink products, as well as in solvents used for their 
extraction before analysis. In this study, the researchers investigated the stability of psilocybin 
and psilocin as a function of the environment. Specifically, factors such as temperature (e.g., 
ranging from −80°C to oven-baking temperatures), solvent (e.g., water, acetonitrile, methanol), 
and pH are considered. The stability of these analytes is monitored by tracking changes in 
compound levels and degradation patterns as a function of sample processing steps. The results 
give insight into the optimal conditions for accurate handling (i.e., storage conditions and 
extraction) of psilocybin- and psilocin-infused edible commodities that enter crime laboratories 
as evidence. Moreover, the results suggest the possibility of inaccurate labeling of commercially 
available food and drink products due to structural changes to the psychoactive components that 
may occur during the manufacturing process.

Detecting Fentanyl Analogs in Counterfeit Pharmaceuticals by Surface-Enhanced 
Raman Spectrometry

NIJ Award: 15PNIJ-23-GG-04230-RESS 

Bruce McCord,* Sevde Doğruer Erkök,* and Kristen Jerich | Florida  
International University
Martin Kimani and Adam Lanzarotta | U.S. Food and Drug 
Administration

Abstract: There has been increasing concern over the human cost  
and the analytical challenges resulting from the increasing use and 
abuse of novel psychoactive substances. In 2023 alone, over  
100,000 Americans lost their lives to drug overdoses, with up to 
78,000 of these coming from synthetic opioids such as fentanyl. Fully 
half of the 77 million fentanyl pills seized by the Drug Enforcement 
Administration in 2023 contained a fatal dose of fentanyl. Clandestine 
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manufacture of dangerous drugs has made the problem worse because 
simple tests, such as immunoassays, may not detect the wide variety 
of drug analogs. Thus, there is a need for rapid and efficient methods 
for detection of these drugs and their analogs. Raman spectroscopy is 
one such technique that can be useful in field and laboratory 
applications due to its portability. Unfortunately, Raman spectroscopy 
is a relatively insensitive technique, particularly given the extreme 
toxicity of fentanyl. However, the addition of nanoparticles to the 
analyte solution can greatly enhance Raman sensitivity, permitting 
detection of subnanogram/mL levels of fentanyl. This technique is 
known as surface-enhanced Raman spectroscopy (SERS). The goal for 
this project is to develop SERS methodology on portable Raman 
instrumentation for detecting fentanyl and fentanyl analogs in counterfeit pharmaceutical 
tablets. Commercially available silver (Ag) nanoparticles and synthesized gold (Au)/Ag nanostars 
will be used with portable Raman instruments to analyze suspect tablets. Preliminary data will 
be shown, demonstrating the detection of characteristic peaks of fentanyl or fentanyl analogs.

Chiral Separation and Quantification of Methamphetamine in Whole Blood

NIJ Award: 15PNIJ-23-GG-04216-MUMU 

William Naviaux,* Lucas Pessanha, and Heather Barkholtz |  
University of Wisconsin–Madison

Abstract: Impaired driving is a major concern for roadway users and 
contributes to a significant portion of fatal and non-fatal collisions. 
One particular substance of concern is methamphetamine because 
stimulant use can lead to more aggressive and reckless driving 
behaviors. However, the detection of methamphetamine poses 
difficult questions regarding recreational versus pharmaceutical 
use. Methamphetamine has two enantiomers; the S-(+)- form is a 
controlled substance, whereas the R-(-)- version is available as an 
over-the-counter nasal decongestant. This poses a problem because 
many forensic and clinical toxicology laboratories do not separate the 
enantiomers. As a result of this absence, defense attorneys have used this to cast reasonable 
doubt on the interpretation of methamphetamine test results. The researchers report an 
enantiomeric-specific simultaneous separation and quantification method in whole blood to 
better interpret results. Ultra-high-performance liquid chromatography (UHPLC) chiral columns 
were identified as an avenue of separation and quantification. Multiple columns have been 
tested, including Agilent InfinityLab Poroshell 120 Chiral-V, a glycopeptide-based chiral column, 
and Phenomenex Lux 3µM AMP Chiral Column, a polysaccharide-based column. Multiple 
conditions and mobile phases were tested to optimize enantiomeric-specific quantification of 
methamphetamine and other common stimulants. This was done to improve workflow and 
decrease the resources required for quantifying common stimulants. Common challenges 
with chiral columns such as peak broadening, reduced column lifetime, and lower column 
pressure limits were addressed through mobile phase, flow rate, and temperature adjustment. 
Method validation demonstrated excellent model fit (R2>0.99), with low limits of detection 
(LOD) and limits of quantification (LOQ). Additionally, robust intra- and inter-day precision, 
accuracy, and recovery in spiked matrices were demonstrated. This method provides for accurate 
enantiomeric-specific separation of methamphetamine, providing impactful tools for criminal 
justice and public health.
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Multimodal Raman Spectroscopy and Mass Spectrometry Analysis of Synthetic Drugs 
in Blood Plasma Utilizing Nanoparticle-Decorated Porous Substrates

NIJ Award: 15PNIJ-23-GG-04235-RESS 

Rajesh Sardar,* Nicholas Manicke, Sumon Hati, Diav’yon Eldridge,  
and Ashlynn Meadows | Indiana University Indianapolis

Abstract: The United States faces soaring challenges in public health 
due to the significant increase in the manufacture, smuggling, and 
use of controlled substances. Currently, there is no routine way to 
perform high-throughput toxicology drug assays without resorting 
to complex and expensive robotic sample handling. Therefore, 
reliable and fast analyses will result in more rapid turnaround times 
and lower the cost of toxicology analyses. Surface-enhanced Raman 
spectroscopy (SERS) has shown tremendous promise for analyzing 
drugs in human biofluids as a part of forensic toxicology. The 
concentration of intact drugs in blood plasma is exceedingly low; thus, 
ultrasensitive SERS is extremely useful. However, SERS cannot differentiate between homologs, 
regioisomers, and diastereomers. Mass spectrometry (MS) techniques can differentiate drugs 
with atomic resolutions, but this measurement approach has low sensitivity. Herein, the 
researchers present the first of its kind, the fabrication of silver nanoparticle (Ag NP)-decorated 
micropillar arrays (nanotechnology-based device), which are a SERS substrate and a substrate-
supported electrospray ionization (ssESI) MS sample preparation/ionization platform. The 
researchers fabricated porous polydimethylsiloxane (PDMS) micropillars whose surface is 
modified with short-chain polyethylene glycols (PEGs). The porosity (10–200 µm) allows drug 
preconcentration within the micropillar as a form of solid-state microextraction, which enhances 
the sensitivity in the MS analysis. The decoration of porous PDMS micropillars with plasmonic 
Ag NPs allows ultrasensitive SERS analysis. Furthermore, the presence of PEGs helps to negate 
fouling effects, which reduce background noise in the SERS measurements. Using the porous 
PDMS micropillars, several synthetic drugs, including designer benzodiazepines, fentanyl 
analogs, and non-fentanyl synthetic opioids, are analyzed simultaneously by SERS and ESI-MS 
at a concentration of parts per trillion (ppt) in blood plasma. Most importantly, this fabrication 
strategy serves as a high-throughput analytical detection tool as different drug types or analogues 
of a particular drug are detected on each individual micropillar by SERS and ESI-MS analyses. 
Together, this research has the unique potential to detect, quantify, and identify most potent 
drugs from human biofluids with minimum sample preparation. Therefore, the methodology can 
be adopted by forensic toxicology laboratories around the country.
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Potency Testing of Synthetic THC Isomer-Infused Edibles Using Ultra-High-Performance 
Liquid Chromatography Diode Array Detector with Optional Electrospray Ionization 
Time-of-Flight Mass Spectrometry

NIJ Award: 15PNIJ-23-GG-04234-RESS 

Liguo Song,* Ammar Mohammad Al-Bataineh, Olalekan Ogunsola,  
Owolabi Ayowole, and Emma Joens | Western Illinois University

Abstract: The 2018 Farm Bill excluded hemp from the statutory 
definition of cannabis with a Δ9-THC concentration not more 
than 0.3% (w/w). Since then, synthetic THC isomers, which are 
psychotropic and often infused in edibles, have been sold across the 
United States under the premise that the 2018 Farm Bill legalized 
them. The reasoning for these legal arguments is based on their 
natural presence in hemp, although in amounts too small to produce 
psychotropic effects, as well as the ability to derive these compounds 
from the cannabidiol (CBD) legally extracted from hemp. This 
study developed an ultra-high-performance liquid chromatography 
diode array detector (UHPLC-DAD) method for potency testing of 14 neutral cannabinoids, 
including six synthetic THC isomers (Δ9,11-, Δ9-, Δ8-, [6aR,9S]-Δ10-, Δ6a,10a-, and [6aR,9R]-
Δ10-THC), four natural THC isomers (cannabichromene [CBC], CBD, cannabicyclol [CBL], 
and cannabicitran [CBT]), and four other neutral cannabinoids that are often found in hemp-
derived products (cannabidivarin [CBDV], cannabigerol [CBG], cannabinol [CBN], and 
tetrahydrocannabivarin [THCV]), in synthetic THC isomer-infused edibles. Acidic cannabinoids 
were absent in the samples due to decarboxylation by synthetic conditions of THC isomers. A 
systematic separation optimization led to a baseline separation of the 14 neutral cannabinoids 
within 13.5 minutes using an Agilent Poroshell 120 EC-C18 150 mm × 2.1 mm × 1.9 µm column 
and a mobile phase consisting of 75% (v/v) acetonitrile and 25% (v/v) aqueous solution of 0.02% 
(v/v) formic acid at 0.4 mL/min, excluding CBL, (6aR,9S)-Δ10-, Δ6a,10a-, and (6aR,9R)-Δ10-
THC, which were further baseline separated within 33 minutes using a Restek Raptor ARC-18 
150 mm × 2.1 mm ×1.8 µm column and a mobile phase consisting of 70% (v/v) organic solvent 
(65/35 [v/v] acetonitrile/methanol) and 30% (v/v) aqueous solution of 0.02% (v/v) formic acid 
at 0.3 mL/min. To the presenter’s knowledge, this is the first ever successful LC separation 
of (6aR,9S)-Δ10-, Δ6a,10a-, and (6aR,9R)-Δ10-THC. A systematic detection optimization 
showed that multiple reaction monitoring (MRM) tandem mass spectrometry could not 
definitively distinguish the 10 THC isomers, making DAD a better detection method due to 
its wide availability. The method was validated according to the ISO 17025 guidelines and met 
the requirements. The method was then applied to the analysis of four gummy samples, which 
were first uniformly dispersed in water under pulverization, then extracted by methanol under 
vortexing and ultrasonication, together with two tincture and four vaping oil samples, which 
were directly extracted by methanol under vortexing and ultrasonication. A cannabinoid not 
naturally present in hemp, 0.3% (w/w) abnormal cannabidiol (ACBD), was spiked into each 
sample in triplicate, and extraction recovery was tracked in real time. Extraction recoveries of 
99.5% to 104.7% with relative standard deviations (RSDs) of 0.4% to 3.3% were obtained for the 
four gummy and two tincture samples at 500 µg/mL and 90.1% to 115.6% with RSD of 3.6% to 
9.9% for the four vaping oil samples at 50 µg/mL. The linear calibration range was between 0.04 
and 50 µg/mL for each cannabinoid, equivalent to 0.008% to 10% (w/w) for the gummy and 
tincture samples at 500 µg/mL, but 0.08% to 100% (w/w) for the vaping oil samples at 50 µg/
mL. Electrospray ionization time-of-flight mass spectrometry (ESI/TOFMS) confirmed a good 
method specificity (i.e., without any false-positive identification of individual cannabinoids).

Liguo Song
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Enhancing Field Detection of Fentanyl: A Novel Pre-Concentrator for Ion Mobility 
Spectrometry Using Silicon Nanowires†

NIJ Award: 15PNIJ-22-GG-04418-RESS 

Galpayage Dona Thouli Lochana Jayawardana* and  
Lauryn DeGreeff | Florida International University
Ashley Fulton and Braden Giordano | Naval Research Laboratory

Abstract: Identifying dangerous drugs in field settings is crucial 
for public safety and law enforcement. Ion mobility spectrometry 
(IMS) plays a vital role in the rapid detection of drugs. Although 
swab sampling is commonly used for IMS, it poses risks, especially 
with potent drugs like fentanyl, where even nanogram levels can be 
lethal. Vapor sampling offers a safer alternative, and recent research 
has optimized a handheld IMS to detect fentanyl by targeting 
N-phenylpropanamide (NPPA) as a vapor surrogate. However, 
challenges remain in detecting trace levels of fentanyl and fentanyl in 
mixtures due to its low vapor pressure. To address this, the current 
research focuses on developing a novel pre-concentrator with silicon nanowires (SiNWs) and an 
acrylate-based polymer to enhance IMS detection capabilities. NPPA, identified as a key vapor 
component in fentanyl’s headspace, serves as a vapor surrogate for IMS detection. Building on 
previous work at the Naval Research Laboratory, which developed a library of acrylate-coated 
SiNWs for pre-concentration, this research used selected polymers from this library. These 
polymers were screened for NPPA pre-concentration using a quartz crystal microbalance (QCM). 
To validate the efficiency of the optimal coating, filter paper coated with the optimal polymer was 
fixed under the lid of a Teflon jar containing 100 mg of reference-grade fentanyl and sampled 
for 1 week. The samples were analyzed via thermal desorption–gas chromatography–mass 
spectrometry. The efficiency of the optimal coating was further validated on fentanyl samples 
from the Kentucky State Police crime laboratory. Preliminary results indicate that ethylene glycol 
methyl ether acrylate (EGMEA) is the most effective polymer for selectively collecting NPPA 
vapor, based on screening five polymers using QCM. In validation studies conducted at Florida 
International University, EGMEA-coated filter paper successfully captured NPPA from a 100 mg 
fentanyl sample headspace over 1 week. Further validation with confiscated samples from the 
Kentucky State Police crime laboratory, which contained fentanyl, confirmed that EGMEA is a 
suitable pre-concentrating material and that NPPA is a viable target vapor for IMS detection. 
The ongoing phase of this research focuses on optimizing a SiNW array coated with EGMEA for 
integration into a microchip compatible with handheld IMS devices. This innovation is expected 
to improve trace fentanyl detection by selectively capturing NPPA vapor, addressing the urgent 
need for enhanced sensitivity in non-contact field detection of fentanyl. The technology could 
be expanded to other classes of dangerous drugs, providing a versatile solution to drug detection 
challenges in forensic and law enforcement applications.

Galpayage Dona Thouli 
Lochana Jayawardana
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Navigating the Unknown: A Comparative Analysis of Targeted and Nontargeted 
Approaches for Detecting New Psychoactive Substances in Human Matrices

NIJ Award: 15PNIJ-21-GG-04173-COAP 

Akshita Verma* and Anthony P. DeCaprio | Florida International  
University

Abstract: The proliferation of new psychoactive substances (NPS) 
has resulted in unique detection and analytical challenges due 
to their diverse chemical structures and rapid emergence in the 
market. Targeted analysis, typically done with low-resolution 
mass spectrometry (LRMS), provides high specificity through 
predetermined compounds, whereas nontargeted analysis using 
high-resolution mass spectrometry (HRMS) offers a broader, more 
comprehensive screening of known and unknown substances. This 
study evaluated the comparative efficacy of these two approaches in 
detecting a panel of 40 NPS in human biological matrices. The liquid 
chromatography (LC)-MS platforms compared include LC-QqQ-MS (triple quadrupole MS), LC-
QTOF-MS (quadrupole time-of-flight MS), and LC-Q-Orbitrap-MS. The primary objective was to 
systematically compare the relative performance of targeted and nontargeted MS-based analysis 
for NPS detection, focusing on their ability to accurately identify compounds in complex human 
matrices. By assessing the analytical outcomes, the researchers seek to establish a framework that 
informs best practices for forensic and clinical settings, where timely and reliable identification 
of these substances is crucial. Drug-free human urine, whole blood, and oral fluid (OF) samples 
were prepared by spiking with a mixture of 40 NPS, including various isomers and metabolites 
of different NPS classes. Urine samples were processed using a dilute and shoot method, whereas 
blood and OF underwent crash and shoot preparation. Samples were analyzed using LC coupled 
with LRMS and HRMS systems in targeted and nontargeted acquisition modes. Data processing 
and compound identification were facilitated by software tools designed for qualitative and 
quantitative analysis, as well as for fragmentation assessment. Additionally, a combination of an 
in-house database and online spectral databases was used for accurate compound identification. 
To assess and compare the performance of the methods, a scoring system based on performance 
for selected figures of merit (e.g., sensitivity, selectivity, linearity, precision, and matrix effects) 
was employed. Comparison of LC-QqQ-MS and LC-QTOF-MS for targeted screening of the  
40 NPS compounds indicated better overall performance with the LRMS platform for all three 
specimen matrices. Generally, the highest scores for both platforms were obtained with urine, 
followed by whole blood and OF. Neither approach performed particularly well for targeted 
analysis of NPS positional isomers. For nontargeted analysis, the researchers evaluated two 
acquisition modes typically available for LC-QTOF-MS systems; Auto MS/MS and All Ions. The 
Auto MS/MS mode showed higher sensitivity and selectivity for target analytes, whereas the All-
Ions mode offered wider coverage and improved detection of unknown compounds. Additionally, 
All-Ions fragmentation proved to be more resistant to matrix effects and interferences, resulting 
in more reliable identification of NPS across various sample types. Current work is underway 
to extend these observations to the LC-Q-Orbitrap-MS platform. This comparative evaluation 
emphasizes the unique strengths of targeted and nontargeted approaches in detecting NPS. 
Targeted analysis provides reliable qualitative identification of known substances, with potential 
for quantification that aids clinical and forensic decision making. Conversely, nontargeted 
analysis is crucial for uncovering unidentified compounds, helping to identify emerging threats 
and ensuring proactive public health responses. By integrating these methodologies, forensic 
toxicology can enhance its effectiveness in navigating the complexities of NPS detection.

Akshita Verma
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Rapid Response to Novel Psychoactive Substances (NPS) Identified in U.S. Recreational 
Drug Markets

NIJ Award: 15PNIJ-22-GG-04434-MUMU 

Sara Walton,* Alex Krotulski,* and Joshua S. DeBord | The Center for  
Forensic Science Research and Education
Donna M. Papsun | NMS Labs
Barry K. Logan | The Center for Forensic Science Research and 
Education and NMS Labs

Abstract: Novel psychoactive substances (NPS) continue to emerge 
and contribute to fatal and non-fatal overdoses across the United 
States in similar manners to traditional drugs of abuse; however, NPS 
are often outside the scope of forensic laboratory testing. The Center 
for Forensic Science Research and Education (CFSRE) houses NPS 
Discovery, an NIJ-funded open-access drug early warning system 
focused on the identification of NPS. NPS Discovery streamlines the 
reporting of information regarding NPS to stakeholders, including 
public health and safety officials, law enforcement, first responders, 
clinicians, medical examiners and coroners, and forensic and 
clinical laboratory personnel. The presenters’ laboratory employs 
comprehensive drug testing using gas chromatography–mass 
spectrometry (GC-MS), liquid chromatography–quadrupole 
time-of-flight–mass spectrometry (LC-QTOF-MS), and liquid 
chromatography–tandem quadrupole–mass spectrometry (LC-
QqQ-MS) to characterize new drugs found in drug materials and 
biological specimens. When newly identified NPS reach thresholds 
of concern, CFSRE scientists develop timely public alerts to notify 
stakeholders of new information and potential causes for significant 
public harm. In 2023 and 2024, CFSRE’s NPS Discovery program 
disseminated public alerts for a synthetic opioid (N-pyrrolidino protonitazene), a synthetic 
hallucinogen (2F-2oxo-PCE), and a novel adulterant (medetomidine). The public alerts included 
background information on the specific substance, available scientific information (e.g., chemical 
structure, pharmacological data, legality, chemistry or toxicological data, geographic data, and 
demographic data), and recommendations for responding to community impacts. In August 
2023, a public alert was issued for the synthetic opioid N-pyrrolidino protonitazene due to 
concerning impacts in drug markets in the United States and United Kingdom. N-Pyrrolidino 
protonitazene is structurally similar to protonitazene and N-pyrrolidino etonitazene with 
potency approximately 25 times greater than that of fentanyl. At the time of reporting, 
N-pyrrolidino protonitazene had been identified in 20 medicolegal death investigations (mean 
blood concentration: 6.9 ng/mL, range: 0.1 to 55 ng/mL) after the first identification in January 
2023. N-Pyrrolidino protonitazene was often found alongside additional NPS (70% co-positivity), 
including other nitazene analogues and designer benzodiazepines. In May 2024, a public alert 
was issued after increased proliferation of the synthetic hallucinogen 2F-2oxo-PCE in drug 
markets across North America. 2F-2oxo-PCE bears structural resemblance to ketamine and 
has two positional isomers (3F-2oxo-PCE and 4F-2oxo-PCE), providing analytical difficulties. 
2F-2oxo-PCE was identified in drug materials and biological specimens alongside traditional 
stimulants (e.g., methamphetamine, cocaine), NPS (e.g., bromazolam, metonitazene, MDMB-
4en-PINACA, N,N-dimethylpentylone), and fentanyl. Most recently, a public alert was issued 
for the novel adulterant medetomidine, an α2 agonist appearing alongside fentanyl and heroin. 

Alex Krotulski

Sara Walton
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Medetomidine exists in two enantiomeric forms, dexmedetomidine and levomedetomidine, 
for use in veterinary (racemic) and human (dex- only) medicine. Medetomidine is significantly 
more potent than xylazine, causing high public health concern because medetomidine has been 
identified as a contributor in multiple mass overdose events in large metropolitan markets. 
The timely dissemination of information related to NPS identified in human exposure events, 
through biological specimen or drug material testing, allows clinicians, forensic scientists, and 
medical examiners and coroners to be aware of dangers the drug poses, and provides public 
access to information regarding the chemistry, pharmacology, and toxicology for these new 
drugs.
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SESSION IV—Forensic Biology/DNA

Transfer, Persistence, and DNA Source Attribution of Trace Biological Material in Digital 
Penetration Assault Cases†

NIJ Award: 15PNIJ-21-GG-04147-RESS 

Erin Hanson* and Lauren Crawford | University of Central Florida

Abstract: Sexual assault is commonly thought of as penile penetration 
of the vagina, without consent from the victim. Only in 2011 was the 
Uniform Crime Report definition of rape updated from an 80-year-old 
definition to include the following definition of rape: “penetration, no 
matter how slight, of the vagina or anus with any body part or object, 
or oral penetration by a sex organ of another person, without the 
consent of the victim.” Penetration with any body part—specifically 
digital penetration—is the subject of the current work. Digital 
penetration cases (e.g., digital penetration of a female by a male) 
are challenging due to the presence of trace amounts of biological 
material present from both individuals. Male skin epithelial cells may 
be present among an overwhelming majority of vaginal epithelial or skin epithelial cells. Not 
only is the amount of male epithelial cells a challenge; it is also the nature of the epithelial cells 
themselves. Previous studies involving digital penetration have focused on male profile recovery 
from samples collected from female victims or volunteers. However, there is another biological 
transfer scenario in digital penetration cases involving transfer of female biological material (i.e., 
skin and vaginal secretions) to male suspects. One would expect transfer of female biological 
material to male hands or fingers and under fingernails (which may provide a better “protective” 
environment for trace biological material that may not be washed or wiped away as easily as 
material on skin surfaces). The interval in which the female biological material is detected is 
likely short, and in many cases, a suspect may not be identified for some time after an assault or 
incident. However, this will be of use for cases in which a perpetrator is identified quickly, such as 
domestic violence cases. The goal of the current work is to develop a full rapid digital penetration 
evidence processing workflow that will assess not only the ability to recover probative DNA 
profiles in digital penetration samples but to uniquely provide critical contextual information by 
means of mRNA body fluid identification (BFID) that will provide support for determining the 
nature or circumstances of the digital assault. Here, the researchers present the results from the 
first four multi–time point donor-provided digital penetration sample sets collected  
1–24 hours after penetration, with each set containing over 100 samples from the male (pre- 
and post-fingernail/hand surface samples) and female (pre- and post-internal/external vaginal 
samples) study participants. Using the developed co-extraction workflow, successful profiling 
results have been obtained for DNA (e.g., male DNA from the internal/external vaginal swabs) 
and mRNA (e.g., vaginal secretions and female DNA from the fingernail swabs) profiling. The 
presenter will also show initial results from the use of a BFID and association assay to allow for 
determination of the presence of same-fluid admixtures (e.g., skin-skin mixtures). With much 
work still to be done, the researchers are hopeful that the results of the current work will provide 
the forensic community with valuable information for the routine analysis of digital penetration 
samples.

Erin Hanson
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Applications of the Genital Microbiome in Detecting Sexual Contact

NIJ Award: 15PNIJ-23-GG-04228-DNAX 

Andrea Ramírez Torres* and Bruce McCord | Florida International  
University
Mirna Ghemrawi | The Center for Forensic Science Research and 
Education 
George Duncan | Nova Southeastern University

Abstract: The goal of this project was to examine the potential of the 
genital microbiome as a method to detect sexual contact between 
individuals. Prior police department reports have noted that as many 
as 60% of sexual assault kits collected present no detectable male 
DNA from commonly collected samples such as semen, saliva, or 
epithelial skin cells. Recent studies have demonstrated that there are 
significant differences between the male and female genital microbiome. 
These differences could be exploited to detect contact; however, little is known about the genital 
microbiome composition for the male sex and its ability to transfer between individuals. To 
examine this issue, heterosexual couples were recruited and asked to provide samples of their 
genital area pre- and post-sexual intercourse. The respective microbial profiles from each sample 
were then sequenced using shotgun metagenomic sequencing. The results demonstrated a clear 
transfer from the female vaginal and labial microbiome to the male penile microbiome with 
lower, less detectable levels of transfer from male to female. Microbial diversity between the 
labial and vaginal cavity was observed and can help in assessing where to target when collecting 
a genital swab. Strain analysis demonstrated the potential to differentiate and track bacterial 
transfer across specific individuals based on sequence-specific markers with the bacterial 
genomes.

Assessment of Promega’s PowerSeq 46GY Through Testing of the Standard and the 
Micro Flow Cells

NIJ Award: 15PNIJ-22-GG-03560-SLFO 

Elisa Wurmbach* and Vishakha Sharma | New York City Office of  
Chief Medical Examiner
Brian Young | NicheVision Forensics

Abstract: The analysis of short tandem repeats (STRs) serves as 
the foundation for human identification in contemporary forensic 
testing. The standard procedure employs capillary electrophoresis 
(CE) to separate amplicons based on their length and fluorescent 
labeling. Although the fundamental principles of STR typing 
remain unchanged, advances in instrumentation and informative 
biological markers may overcome limitations of existing techniques 
while enhancing throughput and reducing costs. Massively parallel 
sequencing (MPS) not only adds additional sequencing information but 
also offers a virtually unlimited capacity for incorporating additional STRs and single-nucleotide 
polymorphism (SNP) markers, thereby improving individual identification. Furthermore, 
amplicons can be designed to be of minimal length, which enhances their utility for degraded 
samples. The forensic community has begun to evaluate MPS to overcome these problems. One 
of this project’s objectives is to assess Promega’s PowerSeq 46GY, an MPS-STR kit that targets 
amelogenin, 22 autosomal STRs (aSTRs), and 23 Y-STRs in a multiplex reaction. To date, the 
researchers have conducted several experiments to test various conditions, including benchmark, 

Andrea Ramírez Torres

Elisa Wurmbach
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which is defined as adhering to the manufacturer’s recommendations; sensitivity; different 
sample numbers per run; different degrees of DNA degradation; and two-person mixtures 
at ratios ranging from 1:1 to 1:100. Promega recommended the use of the standard flow cell. 
However, these experiments were executed using the recommended standard flow cell and the 
micro flow cell. The micro flow cell has a lower capacity and a shorter sequencing time at lower 
costs. The researchers were interested in whether the coverage obtained from micro flow cells 
would be sufficient for certain runs that contain DNA of good quality, whereas a higher coverage 
could be beneficial for higher sample numbers, limited DNA input, or mixtures with high 
ratios. This knowledge will offer greater flexibility to forensic practitioners in their experimental 
design. Data analysis was performed using MixtureAce™, a software tool from ArmedXpert™ 
(NicheVision Forensics). The configurations for MixtureAce™ were tailored for the PowerSeq 
46GY kit, including the thresholds of artifacts such as various stutter products and sequence 
errors, in addition to an analytical threshold set at 200 reads. Preliminary results confirm that 
the standard flow cell achieved on average a 4.5-fold higher coverage compared with the micro 
flow cell.
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