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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. 
RTI International and its academic- and community-based consortium of partnerships work to meet all tasks and objectives 
for the Forensic Technology Center of Excellence (FTCOE), put forward under the National Institute of Justice (NIJ) Cooperative 
Agreement No. 15PNIJ-21-GK-02192-MUMU.

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 more than 5,000 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 
the NIJ. However, this publication may not be reproduced or distributed for a fee without the specific, written authorization of 
the National Institute of Justice, Office of Justice Programs, U.S. Department of Justice. 

This forum is funded through a cooperative agreement from the National Institute of Justice (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 forum. The opinions, findings, and conclusions or 
recommendations expressed in this forum are those of the presenter(s) and do not necessarily reflect those of the 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 want to welcome you to the 2023 NIJ Forensic 
Science Research and Development (R&D) Symposium. We are excited to be back both in person and virtual as a hybrid event. Registration and Symposium details 
can be found on ForensicCOE.org. 

NIJ is dedicated to improving knowledge and understanding of crime and justice issues through science. NIJ provides objective and independent knowledge and 
tools to inform decision-making in the criminal justice community to reduce crime and advance justice within state, local, and tribal jurisdictions. NIJ sponsors 
research, development, evaluation, technology transition, and knowledge transfer to strengthen the diverse field of forensic science. To this end, NIJ has hosted 
this annual Forensic Science R&D Symposium to highlight recent research and promote the transition of research into practice. Oral presentations by NIJ-funded 
researchers are the core of the symposium, and this year the event includes a blended poster session for attendees to explore. The event is offered at no cost to 
attendees and includes an interactive platform allowing for a question-and-answer component after each presentation as well as time to network with colleagues. 
Every year, hundreds of attendees join us at this symposium for a compelling discussion of forensic science research. 

This year, the R&D Program Managers from the NIJ Office of Investigative and Forensic Sciences (OIFS) have worked to bring you an interdisciplinary agenda and 
will serve as your moderators. The program features 16 oral presentations and 26 posters—representing the accomplishments of just a portion of the NIJ grants 
awarded between 2018 and 2021. The symposium will be organized as follows:  

Session Program Managers and Moderators

Session I–Impression and Pattern Evidence/Trace Evidence Gregory Dutton, Ph.D. 
Session II–Forensic Anthropology and Forensic Pathology Danielle McLeod-Henning, M.F.S. 
Session III–Seized Drugs and Toxicology Frances Scott, Ph.D. 
Session IV–Forensic Biology/DNA Tracey Johnson, M.S.F.S.

After the event, presentations will be archived and 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 guest, 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, Ph.D., F-ABFT
Director
Forensic Technology Center of Excellence
Center for Forensic Sciences, RTI International

Lucas Zarwell, M.F.S., D-ABFT-FT
Director
Office of Investigative and Forensic Sciences
National Institute of Justice



2

Poster A
bstracts

Presenter Bios
W

elcom
e and  

Solicitations
M

orning 
A

bstracts
A

fternoon 
A

bstracts

Directors
Jeri D. Ropero-Miller

Dr. Jeri D. Ropero-Miller, F-ABFT, is a Principal Scientist in the Justice Practice Area at RTI International. With expertise in the 
areas of forensic toxicology and criminal justice research, she has published on topics of postmortem drug studies, emerging 
drugs, hair drug studies, drug surveillance and intelligence, program evaluation, and technology evaluation and adoption. Ongoing 
projects she supports include NIJ’s FTCOE and its Criminal Justice Technology and Evaluation Consortium, the Drug Enforcement 
Administration–funded National Forensic Laboratory Information System, and the Bureau of Justice Statistics–funded 2022 Census 
of Medical Examiners/Coroners’ Offices and 2019 Census of Publicly Funded Forensic Crime Laboratories. She is a certified Fellow 
in the American Board of Forensic Toxicology and currently serves on the Forensic Science Standards Board of the National Institute 
of Standards and Technology, Organization of Scientific Area Committees, and the Board of Directors for the Society of Forensic 
Toxicologists. 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. Her work has been extensively published, and she is recognized nationally and internationally for her work  
in criminal justice research.

Lucas Zarwell 

Lucas Zarwell began his career at NIJ in 2020. He currently leads a team of dedicated forensic 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, D.C. Pre-Trial 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/Department of Health and Human Services Federal Interagency Medicolegal Death Investigation Working Group, which 
is hosted by NIJ.
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NIJ Program Managers
Gregory Dutton

Dr. Gregory Dutton is a program manager at NIJ. His portfolios include Trace Evidence—material or chemical traces recovered from 
crime scenes—and Impression and Pattern Evidence (e.g., latent fingerprints, firearms, and footwear). His programs seek to bring 
advances from across the physical sciences into the forensic sciences. Prior to joining NIJ, Dr. Dutton was a research fellow at the 
National Institute of Standards and Technology. He holds a Ph.D. in chemistry from the University of Minnesota.

Tracey Johnson 

Tracey Johnson is a program manager with the NIJ, Office of Investigative and Forensic Sciences. She oversees NIJ’s Forensic Biology 
Research and Development portfolio, which seeks to advance technologies across the forensic biology spectrum. She brings 20 years 
of experience at both public and private DNA testing laboratories to the position and has experience across a broad spectrum of 
testing platforms and methods—including autosomal short tandem repeats (STRs), Y-STRs, mitochondrial DNA, and next-generation 
sequencing single nucleotide polymorphism analysis. Ms. Johnson holds a master’s degree in forensic science from Marshall University 
and a bachelor’s degree in biology from the University of Arkansas. 
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Danielle McLeod-Henning 

Danielle McLeod-Henning is a program manager in the Office of Investigative and Forensic Sciences at NIJ, U.S. Department of 
Justice. She is responsible for managing projects in Forensic Science Research and Development, specifically in forensic anthropology, 
forensic pathology, crime scene examination, and related medicolegal death investigation fields. Ms. McLeod-Henning holds 
a master’s degree in forensic sciences from The George Washington University and a bachelor’s degree in anthropology from 
Pennsylvania State University.  

Frances Scott 

Dr. Frances Scott is a program manager scientist at NIJ, where she manages the Seized Drugs and Forensic Toxicology research and 
development portfolios under the General Forensics portfolio and the Research for Publicly Funded Labs program. Dr. Scott received 
a Bachelor of Science in chemistry from the University of California at Davis and a doctorate in physical chemistry from The George 
Washington University.

Steering Committee

National Institute of Justice, Washington, DC 
Gregory Dutton
Danielle McLeod-Henning 
Frances Scott
Tracey Johnson 
Jennifer Love 
Lucas Zarwell 

Project Directors 

RTI International, Research Triangle Park, NC  
Jeri D. Ropero-Miller, Ph.D., F-ABFT 

National Institute of Justice, Washington, DC 
Lucas Zarwell, M.F.S., D-ABFT-FT

RTI International, Research Triangle Park, NC  
Jeannine Bratts 
Erica Christensen
Gabrielle DiEmma 
Erica Fornaro 
John Grassel
Lauren Mangum 

National Institute of Justice, Washington, DC  
Gregory Dutton
Danielle McLeod-Henning 
Frances Scott
Tracey Johnson
Jennifer Love
Lucas Zarwell 

Jaclynn McKay
Jeri Ropero-Miller 
Susan Redmond 
Natalie Rodriguez
Erin Williams 

Planning Committee

Steering and Planning Committees
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NIJ.ojp.gov/GRF.
NIJ.ojp.gov/GRF/subscribe.

http://nij.ojp.gov/GRF
https://nij.ojp.gov/subscribe
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NIJ.ojp.gov/topics/forensics/connecting-researchers-
forensic-laboratories

https://nij.ojp.gov/topics/forensics/connecting-researchers-forensic-laboratories
https://nij.ojp.gov/topics/forensics/connecting-researchers-forensic-laboratories
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NIJ.ojp.gov/funding/research-and-evaluation-
publicly-funded-forensic-laboratories

Grants.gov

https://nij.ojp.gov/topics/forensics/research-and-evaluation-publicly-funded-forensic-laboratories
https://nij.ojp.gov/topics/forensics/research-and-evaluation-publicly-funded-forensic-laboratories
https://Grants.gov
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go.usa.gov/xnvJ3

NIJ.ojp.gov/funding

Grants.gov

https://nij.ojp.gov/topics/articles/forensic-science-research-and-development-technology-working-group-operational
https://nij.ojp.gov/funding
https://www.grants.gov


11

Poster A
bstracts

Presenter Bios
W

elcom
e and  

Solicitations
M

orning 
A

bstracts
A

fternoon 
A

bstracts



12

Poster A
bstracts

Presenter Bios
W

elcom
e and  

Solicitations
M

orning 
A

bstracts
A

fternoon 
A

bstracts



13

Poster A
bstracts

Presenter Bios
W

elcom
e and  

Solicitations
M

orning 
A

bstracts
A

fternoon 
A

bstracts



14

Poster A
bstracts

Presenter Bios
W

elcom
e and  

Solicitations
M

orning 
A

bstracts
A

fternoon 
A

bstracts

AGENDA

February 14: 8:30 a.m.–6:30 p.m. Eastern Time (ET)
 

8:30–8:40 Welcome and Opening Remarks

8:40–10:20 Session I—Impression and Pattern Evidence/Trace Evidence

10:20–10:35 BREAK

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

12:15–1:25 LUNCH BREAK

 

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

3:05–3:20 BREAK

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

5:00–6:30 Poster Sessions

At a Glance
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8:40–10:20 SESSION I—Impression and Pattern Evidence/Trace Evidence 
Moderated by NIJ Program Manager Gregory Dutton

8:40–9:05 Applying the NIST Footwear Impression Comparison System to Comparisons Involving Realistic Crime Scene Impressions 
Steve Lund, National Institute of Standards and Technology

9:05–9:30 Novel Ambient Oxidation Trends in Fingerprint Aging Discovered by High-Resolution Mass Spectrometry 
Andrew E. Paulson, Iowa State University

9:30–9:55 Surface-Enhanced Raman Spectroscopy Enables Highly Accurate Identification of Different Brands, Types, and Colors of Hair Dyes
Dmitry Kurouski, Texas A&M University

9:55–10:20 Application of Particle Correlated Raman Spectroscopy (PCRS) for the Forensic Examination of Soils
Brooke W. Kammrath, University of New Haven

10:20–10:35 BREAK

10:35–12:15 SESSION II—Forensic Anthropology and Forensic Pathology 
Moderated by NIJ Program Manager Danielle McLeod-Henning

10:35–11:00 GIS Application for Building a Nationally Representative Forensic Taphonomy Database
Katherine Weisensee, Clemson University

11:00–11:25 Germ-Line Transformation of Forensically Important Flies
Amber MacInnis, Florida International University

11:25–11:50 Bone Trauma and Thermal Alteration of Human Remains
Giovanna M. Vidoli, University of Tennessee, Knoxville

11:50–12:15 Development of the Forensic Anthropology Skeletal Trauma (FAST) Database
Angela L. Harden, The Ohio State University

12:15–1:25 LUNCH BREAK

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

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

1:25–1:50 Detectability of ∆10-THC’s Chiral Analogs in Urine by Six Commercially Available Homogeneous Immunoassays 
Carl E. Wolf, Virginia Commonwealth University

1:50–2:15 Assessment of the Contribution to Drug-Impaired Driving from Emerging and Undertested Drugs
Amanda L.A. Mohr, Center for Forensic Science Research and Education

2:15–2:40 A Molecular Networking Approach to Processing Untargeted High Resolution Mass Spectrometry Data in Forensic Toxicology
Heather Barkholtz, University of Wisconsin–Madison

2:40–3:05 High-Resolution Mass Spectrometry Screening in Forensic Toxicology: Cost Benefit Analysis
Sarah Kerrigan, Sam Houston State University
Jessica Lynn Ayala, Houston Forensic Science Center

3:05–3:20 BREAK

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

3:20–3:45 Validation of a Confirmatory Proteomic Mass Spectrometry Body Fluid Assay for Use in Publicly Funded Forensic Laboratories
Erin Butler, New York City Office of the Chief Medical Examiner

3:45–4:10 Biological Sample Analysis using Prediction Modeling for Early Mixture Detection 
Tracey Dawson Green, Virginia Commonwealth University

4:10–4:35 DNA Analysis Findings from Male Sexual Assault Victims: Multidisciplinary Practice Implications
Julie L. Valentine, Brigham Young University

4:35–5:00 Selectively Analyzing and Interpreting DNA from Multiple Donors with a Full Single-cell Strategy 
Nidhi Sheth, Rutgers University–Camden

5:00–6:30 Poster Sessions

AFTERNOON SESSIONS: 1:25 p.m.–5:00 p.m. ET



17

Poster A
bstracts

Presenter Bios
W

elcom
e and  

Solicitations
M

orning 
A

bstracts
A

fternoon 
A

bstracts

MORNING ABSTRACTS

SESSION I—Impression and Pattern Evidence/Trace Evidence
Moderated by NIJ Program Manager Gregory Dutton

Applying the NIST Footwear Impression Comparison System to Comparisons Involving Realistic Crime Scene Impressions 

NIJ Award: DJO-NIJ-20-RO-0010 

Steve Lund,* Martin Herman, Hari Iyer, Adam Pintar, and Gunay Dogan | National Institute of Standards and Technology (NIST) 

Abstract: The National Institute of Standards and Technology (NIST) footwear research team will summarize progress in developing the NIST Footwear 
Impression Comparison System (FICS) and in applying FICS to comparisons from the recent black box study for footwear examiners conducted by the Federal 
Bureau of Investigation. The presentation will overview the end-to-end FICS comparison process, including manual markup, alignment, and evaluation of 
similarity metrics for comparing both general outsole patterns (e.g., design, size, and wear) and randomly acquired characteristics. Previously presented versions 
of FICS showed strong performance in picking the true shoe from a line-up of close non-matches (i.e., same make, model, size) across a variety of questioned 
impressions intended to represent casework. This system used alignment and similarity metrics based on a user’s interpretation of the outsole pattern found 
in a questioned impression, which was provided as a binary contact/non-contact mask and sometimes required hours of manual image annotation for a single 
impression. The FICS process has been revamped by developing similarity metrics that do not rely on binary contact/non-contact interpretations of questioned 
impressions to reduce this burden. The presentation will include a discussion of the results from the revised process and will explain how the relevance of 
validation comparisons to a given case comparison is assessed using image features designed to reflect questioned impression quality and outsole pattern 
complexity. Finally, the presentation will introduce an approach to strengthening comparison performance by using test impressions available from other shoes 
similar to the shoe of interest (e.g., same make, model, and same or similar size) when comparing to a given questioned impression.

An asterisk (*) denotes the presenter for presentations that have multiple authors.
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Novel Ambient Oxidation Trends in Fingerprint Aging Discovered by High-Resolution Mass Spectrometry 

NIJ Award: 2019-DU-BX-0134 

Andrew E. Paulson* and Young Jin Lee | Iowa State University

Abstract: The time elapsed after a fingerprint has been deposited on a surface—fingerprint age—is critical temporal information that allows a forensic 
practitioner to determine the relevance of the evidence to the timeline in question. Our previous work demonstrates that ambient ozonolysis of unsaturated 
triacylglycerols (TGs) in fingerprints can be monitored with laser desorption/ionization – mass spectrometry techniques and that unsaturated TGs decrease as the 
fingerprint ages.1 Though TGs are a promising class of molecules to model the fingerprint age, other chemical markers may aid in fingerprint age determination. 
However, a fingerprint’s chemical complexity (i.e., wax esters, diacylglycerols, fatty acids, squalene, and their oxidation products) can make spectral interpretation 
challenging. This work uses high-resolution mass spectrometry and Kendrick mass defect (KMD) analysis to deconvolute spectral trends and identify features 
that can be used in fingerprint age modeling. Groomed sebaceous fingerprints were acquired from an individual onto glass slides. Fingerprints were aged in the 
ambient laboratory environment for 0, 3, and 7 days. Sodium acetate in methanol (10 mM) was sprayed onto the fingerprints with a HTX TM-Sprayer™ (HTX 
Technologies, LLC), followed by a 20-second Au sputter at 40 mA using a Cressington 108 Auto Sputter Coater (Ted Pella, Inc.). Samples were analyzed using 
a Q Exactive™ HF Hybrid Quadrupole-Orbitrap mass spectrometer (Thermo Scientific™) with a matrix-assisted laser desorption ionization, or MALDI, source 
(Spectroglyph) in positive mode with a mass resolution of 240,000 at m/z 200. The feature clustering provided by KMD analysis is consistent with ozonolysis 
playing a central role in the degradation of unsaturated lipids in fingerprints, extending the process beyond unsaturated TGs. Thus, many new spectral features 
are available for subsequent modeling. However, this prompts us to consider possible competition between observed lipid substrates for the ozone, which may 
explain the increased error in TG degradation at longer time intervals (i.e., 7 days). Importantly, the analyzed mass range was extended below m/z 500, which was 
not previously investigated. Aided by the KMD plots, the researchers identified a reporter ion at m/z 217, decanoic acid, that increases over time. This is attributed 
to the ozonolysis of all omega-10 unsaturated lipid species in the fingerprint. Using this reporter ion would remove most issues regarding competition between 
lipid species and has the potential to improve estimations of late-stage aging (5–7 days) and possibly extend an ozonolysis-based model further. This work is 
published in a high-impact open-access journal, ACS Central Science.2 

References

1. Hinners, Paige, Madison Thomas, and Young Jin Lee. “Determining Fingerprint Age with Mass Spectrometry Imaging via Ozonolysis of Triacylglycerols.” 
Analytical Chemistry 92, no. 4 (2020): 3125–3132. https://doi.org/10.1021/acs.analchem.9b04765.

2. Paulson, Andrew E., and Young Jin Lee. “Novel Ambient Oxidation Trends in Fingerprint Aging Discovered by Kendrick Mass Defect Analysis.” ACS Central 
Science 8, no. 9 (2022): 1328–1335. https://doi.org/10.1021/acscentsci.2c00408.

https://doi.org/10.1021/acs.analchem.9b04765
https://doi.org/10.1021/acscentsci.2c00408


19

Poster A
bstracts

Presenter Bios
W

elcom
e and  

Solicitations
M

orning 
A

bstracts
A

fternoon 
A

bstracts

Surface-Enhanced Raman Spectroscopy Enables Highly Accurate Identification of Different Brands, Types, and Colors of Hair Dyes 

NIJ Award: 15PNIJ-21-GG-04169-RESS

Dmitry Kurouski | Texas A&M University

Abstract: Because hair is present at nearly all crime scenes, forensic analysis of hair can be used to establish a connection between a suspect and a crime scene or 
demonstrate the absence of such connection. Although hair coloring is popular worldwide, there is no robust and reliable forensic approach that can be used for 
a confirmatory analysis of artificial colorants present on hair. The presenter’s research group pioneers the development of surface-enhanced Raman spectroscopy 
(SERS), a modern analytical technique, for the detection and identification of colorants present on hair. The presenter will discuss the potential use of SERS in the 
identification of more than 30 different colorants. The presenter’s laboratory found that the accuracy of detection and identification of individual hair colorants is 
98%, on average. The presenter’s laboratory also investigated the extent to which SERS can be used to differentiate between different brands and types of colorants 
and to identify hair color regardless of the type and brand of the colorant used to dye hair. The results showed that individual colorants could be identified with 
on average 98% accuracy, whereas different brands can be predicted with nearly 100% accuracy. The presenter also found that SERS offered nearly 100% accurate 
identification of the type of the colorant and 97.6% accurate prediction of the hair color on average. These results demonstrate that SERS can facilitate the forensic 
analysis of hair, providing highly important information about the artificial colorants present on the analyzed specimens.

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

NIJ Award: 2019-DU-BX-0017

Brooke W. Kammrath,* Chase Notari, Maria Elena Mendoza, Pok Chan Man, Savannah Brown, Gabrielle A. Messe, Hannah Garvin, Nicholas Gogola, Samantha 
Gong, Abigail Chang, Gabriella Maslar, and Virginia Maxwell | University of New Haven 
John A. Reffner and Peter R. De Forest | John Jay College of Criminal Justice – City University of New York 
Christopher Palenik | Microtrace LLC 
Peter de B. Harrington | Ohio University 
Deborah Huck-Jones | Malvern Panalytical Ltd. 
Bridget O’Donnell and Andrew Whitley | HORIBA Scientific

Abstract: Soil is a valuable 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 specimen. Although this 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, exemplary soil samples are not being collected in the field, which eliminates the possibility of later laboratory analysis. Furthermore, 
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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 our research steps and progress in developing a statistically supported, automated, 
and objective analytical method for forensic soil analysis using particle correlated Raman spectroscopy (PCRS). PCRS, also known as particle-driven or 
morphologically directed Raman spectroscopy (MDRS), is a novel yet reliable analytical technique capable of delivering particle size distribution and microscopic 
morphological characteristics for the particles present within a sample (e.g., minerals) while providing secure chemical identification. The presentation will 
include a report on the results of the method optimization, which includes determining recommended analysis parameters for soil sample preparation, mineral 
dispersion, imaging, Raman spectroscopy, and data analysis. An important aspect of the data analysis has been the collection and testing of a comprehensive 
Raman spectral library of minerals. Although reference spectra of minerals have been published before and are available through both the Know-It-All1 and 
RRUFF databases,2 there are considerable limitations to each database. Thus, to ensure the correct identification of mineral grains in our unknown soil samples, 
a comprehensive searchable Raman library of >9000 mineral reference spectra was created by combining these spectral libraries with our own. This database 
was evaluated with Raman spectra collected from the 60 common rock minerals from Cargille’s comminuted mineral set. This is important for determining and 
understanding the limitations of the analysis with regard to the ability to identify soil mineral grains with Raman spectroscopy. Last, the results from a study 
comparing the results of PCRS with traditional forensic soil analysis by experienced forensic microscopists will be presented.

References

1. Wiley Science Solutions. KnowItAll Raman Spectral Database Collection. July 7, 2022. Distributed by John Wiley & Sons, Inc. https://sciencesolutions.wiley.
com/solutions/technique/raman/knowitall-raman-collection/.

2. Lafuente, Barbara, R. T. Downs, H. Yang, and N. Stone. “The Power of Databases: The RRUFF Project.” In Highlights in Mineralogical Crystallography, edited 
by T. Armbruster and R. M. Danisi, 1–30. Berlin, Germany: W. De Gruyter, 2015. https://doi.org/10.1515/9783110417104-003.

https://sciencesolutions.wiley.com/solutions/technique/raman/knowitall-raman-collection/
https://sciencesolutions.wiley.com/solutions/technique/raman/knowitall-raman-collection/
https://doi.org/10.1515/9783110417104-003
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MORNING ABSTRACTS

SESSION II—Forensic Anthropology and Forensic Pathology   
Moderated by NIJ Program Manager Danielle McLeod-Henning

GIS Application for Building a Nationally Representative Forensic Taphonomy Database  

NIJ Award: 2020-DQ-BX-0025 

Katherine Weisensee,* Cristina Tica, Carl Ehrett, D. Hudson Smith, and Patricia Carbajales | Clemson University

Abstract: Postmortem interval (PMI) determination is a critical piece of information to provide when human remains are discovered. A large and representative 
number of forensic cases are required to accurately model uncertainty and provide known error rates for PMI predictions. This project uses data from the 
geoFOR application, which is an ArcGIS-based survey using a mass collaboration model of data collection. Researchers, practitioners, and interns at several 
coroner and medical examiner offices around the country entered data about the characteristics of decomposition, general demographic characteristics, and 
location of death. geoFOR was designed to allow for quick and efficient data input while minimizing interobserver error. The application records the individual 
decomposition characteristics observed on the remains to facilitate more robust modeling of decomposition across a variety of different environments without 
presuming an artificial data structure related to stages of decomposition. The geocoded information collected from the scene allows for numerous variables from 
environmental databases, such as the National Oceanic and Atmospheric Administration (NOAA), to be included in the model. Although data collection through 
geoFOR is ongoing, 1800 individuals are included in the current results. Our current best model, a tree-based ensemble machine learning model (XGBoost), 
achieves high performance (R² ~ 0.855) in predicting log-scaled PMI using the information submitted through the geoFOR application. Looking at the effect 
on R² of adding in covariates such as insect activity, scavenger activity, and weather variables, there is a small improvement compared with just including the 
decomposition characteristics. All covariates collected through geoFOR generate the best R² score for the current best model, although the improvement is only 
marginal compared with the model considering only the decomposition characteristics. This method provides a significant improvement on estimates of PMI 
compared with previous methods. Therefore, focusing on recording individual characteristics of decomposition observed on the remains instead of classifying 
decomposition into stages, as frequently used in previous studies, improves methods that can be broadly applicable and systematically evaluated.
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Germ-Line Transformation of Forensically Important Flies 

NIJ Award: 2019-DU-BX-0013  

Amber MacInnis,* Andre Costa-da-Silva, Anthony Bellantuono, Sheng-Hao Lin, Jeffrey Wells, and Matthew DeGennaro | Florida International University 

Abstract: The most common forensic entomological analysis is to estimate the age of a carrion insect, which usually equals a minimum time since death. 
Empirical validation of such age estimation methods under realistic conditions (i.e., a large corpse or carcass exposed to the elements and natural insect 
colonization) is technically daunting because it is extremely difficult to know the true age of the insect in that setting. This difficulty could be overcome if a carrion 
insect, typically a blow fly maggot, could be marked in a way that persisted and could be recognized throughout its life. Eggs of known age from a laboratory 
colony could be added to a corpse and would develop under natural conditions. When those individuals were later recognized and recovered, they would be of 
a known age. Because larvae increase tremendously in size and shed their skin, marking with pigment would not work. The research team developed a marked 
strain of Phormia regina (Calliphoridae), the most forensically useful insect in North America, by inserting a gene coding for a fluorescent protein into the 
insect’s genome. The protein is expressed in all life stages and fluoresces under green or blue light. Preblastoderm embryos were microinjected with two types 
of DNA plasmid: a piggyBac® transposon donor plasmid with the DsRedExpress2 gene and a helper plasmid with the transposase gene. Both genes were driven 
by the Lucilia cuprina heat shock promoter Lchsp83. Of the approximately 3500 injected individuals, about 33% survived and were screened for fluorescence 
as mature larvae using a fluorescent microscope to look for signs of mosaicism. All individuals were outcrossed with the wild type, the resulting larvae were 
screened for fluorescence, and the six positive individuals from a single injected male cross were outcrossed for two generations then incrossed to produce a single 
homozygous line. The proportion of heterozygous and homozygous individuals from a particular cross approximated Mendelian expectations. Homozygous 
larvae fluoresce more brightly than heterozygotes. Genomic analysis indicated a single transgene insertion, although we have not yet identified the location. 
Because insertion of a transgene can have deleterious effects, we are currently evaluating the suitability of the transgenic strain for future validation experiments 
(i.e., to be sure that development rate was not altered to a practical extent). The typical laboratory development experiments used to estimate age in casework 
were performed for wild type, heterozygotes, and homozygotes under the same conditions. The planned analysis is to use wild type development data to support a 
statistical method for predicting the age of transgenic individuals as a 95% confidence set. If >95% of such age predictions include the true value, we will conclude 
that transformation did not make these P. regina unsuitable for age estimation validation studies. Specimens representing 18 ages have been collected and 
preserved but not yet completely processed. In a preliminary analysis based on the first of two development experiment replicates from each genotype, >98% of 
age predictions included the true value.
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Bone Trauma and Thermal Alteration of Human Remains 

NIJ Award: 2019-75-CX-0019 

Giovanna M. Vidoli* and Joanne L. Devlin | University of Tennessee, Knoxville

Abstract: The overarching goal of the project is to provide the criminal justice system, forensic anthropologists, and other professionals involved in trauma 
analysis a standard protocol to confidently recognize blunt force fractures after a burning event and to distinguish perimortem blunt force trauma from thermal 
trauma. To achieve this goal, the objectives are to provide data on the rate of mis- or non-identification of perimortem blunt force trauma fractures following 
a burning event and to provide error rates on thermal and blunt force trauma fractures misinterpretation. The project consists of two phases over the course of 
3 years: data collection and analysis (Phase I) and protocol design and validation (Phase II). The goal of Phase I is to document and analyze blunt force trauma 
and thermal-induced fractures on human remains. To facilitate this, complete and intact human cadavers from the Forensic Anthropology Center (FAC) Body 
Donation Program (donors) are mechanically impacted and thermally altered. The specially designed impact gantry system allows researchers to control force (in 
psi), duration of impact, location of impact, and impact head shape (e.g., square, rectangular, or ball). Donors are impacted in three locations: the cranium above 
the ear (i.e., landmark pterion), one radius and ulna (the other side serves as a control), and one tibia and fibula (the other side serves as a control). Data that 
record the amount of force are captured. Once the donors are impacted, the fractured regions are x-rayed. We have completed blunt force impact on 16 donors 
resulting in 16 fractured radii and ulnae (16 as control), 16 tibiae and fibulae (and 16 as control), and 14 crania (two as control). Following blunt force impact, all 
donors were exposed to thermal trauma using an outdoor forensic pyre. Temperature data and timed photographic data points were collected for all burns. The 
time of burn is approximately 2 to 3 hours to reach Glassman-Crow Level 2–3 (i.e., charred, arms and legs possibly disarticulated, head still attached).1 Following 
the burn, the donors were placed at the FAC outdoor decomposition/anthropological research facility. To date, 11 donors have completely decomposed and have 
been recovered from the outdoor decomposition facility, and seven have been inventoried and fracture assessment has started. Fracture data are being collected 
by examining the remains directly and examining the x-rays. Thus far, 50% of lower limbs and 25% of upper limbs do not follow the expected pugilistic pattern 
indicating that the pugilistic pattern is not reliable for assessment of perimortem trauma. Phase II will rely on the continuing data analysis for protocol design and 
validation.

Reference

1. Glassman, D. M., and R. M. Crow. “Standardization Model for Describing the Extent of Burn Injury to Human Remains.” ASTM International 41, no. 1 (1996). 
https://doi.org/10.1520/JFS13915J. 

https://doi.org/10.1520/JFS13915J
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Development of the Forensic Anthropology Skeletal Trauma (FAST) Database 

NIJ Award: 2019-DU-BX-0040 

Angela L. Harden,* Amanda M. Agnew, John H. Bolte, IV, and Yun-Seok Kang | The Ohio State University 
Kyra E. Stull | University of Nevada, Reno

Abstract: Skeletal trauma research is critical to improve the understanding of the response of human bones to loading and the interpretation of the resulting 
fractures. One of the greatest limitations researchers face is ensuring they can communicate their findings to practitioners and offer a means for their findings 
to be employed. The development of the Forensic Anthropology Skeletal Trauma (FAST) database is a critical component of the National Institute of Justice 
grant, Skeletal Trauma in Forensic Anthropology: Improving the Accuracy of Trauma Analysis and Expert Testimony, and was designed primarily to bridge 
the gap between researchers and applied professionals and students. The FAST database will be a searchable database comprising images and all test variables, 
with the intent of providing objective trauma interpretation for young scholars and professionals. To date, few researchers get quality hands-on training with 
trauma cases. Even fewer have experience with known cases.  Therefore, the ability for students and professionals, at all stages in their career, to be exposed to 
skeletal trauma with known parameters has the potential to be transformative for the field. The FAST database will include specimen, experimental, fracture 
characteristic, and imaging data for each record (i.e., for each skeletal element). Individual-level variables (e.g., age) and element-level variables (e.g., total length) 
are included in the database for each specimen. The experimental data consist of the boundary conditions (e.g., loading direction) and test output variables 
(e.g., force). All specimens will have pre- and post-photographs, x-rays, and computerized tomography (CT) scans, which will be included in the FAST database. 
Additionally, the post-test CT scans are used to create a three-dimensional model, which the user will be able to manipulate to visualize all orientations of the 
resulting fracture. The inclusion of these data makes the FAST database unique both in the amount and quality of data within it, enabling the database to be 
extremely useful for both scholars and professionals in the field of forensic anthropology. This custom-built database will allow users to conduct queries ranging 
from basic to advanced searches, creating a distinctive skeletal trauma research tool that is valuable for both academics and practitioners. Previous and future 
results of controlled experimental bone trauma studies, conducted at the Injury Biomechanics Research Center, The Ohio State University, will also be added to 
the FAST database to begin the expansion to other skeletal elements and varied testing scenarios. A long-term goal of the FAST database is to include a section 
dedicated to statistical model creation. In essence, users will be able to input the element, fracture characteristics, and any other demographic variables of their 
current case work into the FAST database. Based on the combination of predictor variables, a probability statement will be provided that the practitioner can use 
to substantiate their interpretation of the injury. The FAST database will contain an extensive amount of data, which is uncommon for forensic anthropological 
trauma research and will provide considerable contributions to the current knowledge and methods of skeletal trauma analysis and interpretation.
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AFTERNOON ABSTRACTS

SESSION III—Seized Drugs and Toxicology
Moderated by NIJ Program Manager Frances Scott

Detectability of ∆10-THC’s Chiral Analogs in Urine by Six Commercially Available Homogeneous Immunoassays 

NIJ Award: 15PNIJ-21-GG-04188-RESS

Carl E. Wolf,* Ashley A. Pokhai, Justin L. Poklis, and Grace R. Williams | Virginia Commonwealth University

Abstract: Following the legalization of hemp (Agricultural Improvement Act of 2018), there has been an increased presence and use of cannabinoids in the United 
States. This growth is not only attributed to ∆9-tetrahydrocannabinol (∆9-THC) and cannabidiol (CBD), the most abundant phytocannabinoids of cannabis and 
hemp, respectively, but also other THC analogs. Recently, ∆10-tetrahydrocannabinol (∆10-THC) has become readily available for commercial use in various 
products, including e-cigarettes, edibles, and powders. Currently, ∆10-THC is considered legal; however, with similar potency to ∆9-THC, it has the potential for 
abuse. ∆10-THC is a positional isomer of ∆9-THC, which consequently presents the potential to interfere with current immunoassay screening methods used 
for the detection of 11-nor-9-Carboxy-Δ9-THC (∆9-THC-Carboxylic acid) in urine and regularly employed in forensic, clinical, or pain management testing 
laboratories. The federally regulated screening cutoff for ∆9-THC carboxylic acid is 50 ng/mL, and in some scenarios (i.e., compliance testing), a lower 20 or 25 
ng/mL cutoff is used to further extend the detection window. Δ9-THC or (−)-(6aR,10aR)-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydro-6H-benzo[c]chromen-1-
ol has several stereochemical analogs. The most predominant is (−)-trans-Δ9-tetrahydrocannabinol, which is commonly referred to as Δ9-THC. Δ10-THC exists 
as four chiral analogs: 9(R)-Δ6a,10a-THC, 9(S)-Δ6a,10a-THC, (6aR,9R)-Δ10-THC, and (6aR,9S)-Δ10-THC. Currently, these are the only commercially available 
Δ10-THC analogs. The Δ10-THC analogs were analyzed using six commercial homogenous immunoassays at 50 ng/mL and lower cutoffs. The immunoassays used 
were as follows: Abbott Cannabinoids (enzyme immunoassay) – Abbott Diagnostics (Abbott); CEDIA™ Multi-Level THC (cloned enzyme donor immunoassay) 
– Thermo Scientific™ (CEDIA™); DRI® Cannabinoid Assay (enzyme immunoassay) – Thermo Scientific™ (DRI); ONLINE DAT Cannabinoid II (kinetic interaction 
of microparticles in a solution (KIMS)) – Roche Diagnostics (Roche); LZI Cannabinoids (cTHC) Enzyme Immunoassay (enzyme immunoassay) – Lin-Zhi 
International, Inc. (LZI); and Syva® EMIT® II Plus (enzyme immunoassay) – Siemens Healthineers (Syva®). The analysis was performed on an Abbott ARCHITECT 
c4000 (Abbott Diagnostics). The limit of detection was evaluated by preparing each analog at 20, 50, 100, and 1000 ng/mL in urine. Samples were analyzed at 
both cutoff concentrations to determine if the analyte could be detected at one or both cutoffs. Analytes not detected at 1000 ng/mL for a cutoff were considered 
not detectable. If detected, the appropriate concentration was used as the decision point to determine the precision at the immunoassay’s cutoff. Precision was 
assessed using three quality control pools of the analyte prepared at −50%(QCN), decision point, and +100%(QCP), which were analyzed in five different runs 
(n=3) along with the immunoassay’s respective control materials. The total mean (n=15), standard deviation, and percent coefficient of variation were calculated 
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for each quality control concentration. The four ∆10-THC analogs were detected at 100 ng/mL using the federal cutoff (50 ng/mL) by Abbott, CEDIA™, DRI, LZI, 
and Syva®. The four ∆10-THC analogs were detected at 50 ng/mL using the lower cutoff (20 or 25 ng/mL) by Abbott (20 ng/mL), CEDIA™ (25 ng/mL), DRI (20 ng/
mL), LZI (25 ng/mL), and Syva® (20 ng/mL). None of the analogs were detected by Roche at 20 or 50 ng/mL. 

Assessment of the Contribution to Drug-Impaired Driving from Emerging and Undertested Drugs

NIJ Award: 2020-DQ-BX-0009

Amanda L.A. Mohr,* Grace Cieri, Melissa F. Fogarty, and Barry K. Logan | Center for Forensic Science Research and Education 

Abstract: Impaired driving is an increasing problem in the United States and presents a public health and public safety concern. The extent, nature, 
concentrations, and prevalence with which impairing substances contribute most to drug-impaired driving cases is poorly understood because of a lack of 
standardization of methods. Since 2007, the National Safety Council Alcohol Drugs and Impairment Division (NSC-ADID) has promoted the standardization 
of testing scope and analytical cutoffs for investigations of impaired driving cases and traffic fatalities, contributing to more consistency in testing practices. 
Currently, only 35 drugs or metabolites are recommended for the primary scope of testing (Tier I). The objective of this research was to collect authentic 
specimens submitted for analysis in suspected impaired driving cases and test them using a comprehensive method to determine what drugs are identified 
with the greatest frequency, assess polydrug use, and evaluate positivity rates of drugs outside the Tier I recommendations. To date, 2,127 samples have 
been comprehensively tested. Positivity for Tier I drugs include methamphetamine (n=331; 15.5%), fentanyl (n=303; 14.2%), amphetamine (n=295; 13.8%), 
benzoylecgonine (n=146; 6.8%), and cocaine (n=79; 3.7%). Ethanol was found in 851 (40%) cases with a median concentration of 0.16 g/100 mL and range from 
the limit of detection (0.01 g/100 mL) to 0.61 g/100 mL. Tetrahydrocannabinol (THC) was found in 1,032 (48.5%) cases with a median concentration of 5.1 ng/
mL and a range from the limit of detection (0.5 ng/mL) to 96 ng/mL. Positivity rates for drugs outside of Tier I drugs (Tier II) were 5.6% (diphenhydramine) 
or less. At a blood alcohol concentration (BAC) of 0.10 g/100 mL, a common threshold in which drug testing is not performed if a BAC exceeds it, 11.4% of 
cases were positive for Tier I drugs with 16.4% of samples being positive for a drug in Tier I, Tier II, or both. Data collected as part of this research support the 
Tier I recommendations for drug testing in impaired driving cases. Testing for the recommended Tier I scope and ethanol captures 64% of positive cases with 
an impairing substance, with 55% of those cases being positive for Tier I or Tier II drugs only. Drug positivity in cases with a BAC greater than 0.10 g/100 mL 
suggests that comprehensive testing even in high BAC cases provides insight into poly-substance impaired driving and is best practice. 
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A Molecular Networking Approach to Processing Untargeted High-Resolution Mass Spectrometry Data in Forensic Toxicology 

NIJ Award: 15PNIJ-21-GG-04171-COAP 

Heather Barkholtz* and Maia Bates | University of Wisconsin – Madison

Abstract: Untargeted screening of psychoactive substances in biological matrices is one of the most difficult yet exciting goals of forensics. Admittedly, truly 
untargeted screening is still out of reach. Recent advances in liquid chromatography and high-resolution mass spectrometry (HRMS) have enabled sensitive 
full-spectrum high-resolution and accurate mass data acquisition. However, untargeted data acquisition generates files with highly multiplexed ion spectra with 
no direct relation between the precursor ion and its fragments. This makes unknown compound annotation incredibly time-consuming, costly, and necessitates 
analysis by highly trained and experienced scientists. Because of these limitations, purported untargeted screening methods available in the literature rely 
on targeted data processing and dereplication such as spectral library matching. Recently, other scientific disciplines such as metabolomics, proteomics, and 
natural products discovery have developed accessible tools to carry out systems-level analysis of HRMS data generated from diverse molecular environments. 
One promising approach is called molecular networking and uses a vector-based computational algorithm to organize tandem mass spectral data without any 
prior knowledge of the sample’s chemical composition. Based on the assumption that structurally relevant compounds produce similar fragmentation patterns, 
molecular networking produces maps of structural similarity. Nearly since inception, tremendous effort has been focused on making the molecular networking 
algorithm accessible to the scientific community. This work has resulted in the Global Natural Products Social Molecular Networking (GNPS) interactive online 
data curation and analysis infrastructure. Herein, the researchers present on efforts to apply this web-based, crowd-sourced, and community-driven GNPS HRMS 
analysis infrastructure to forensic toxicology. The presenters have developed an untargeted sample preparation and data acquisition method using a Waters Xevo® 
G2-XS quadrupole time-of-flight mass spectrometer. Method validation efforts focused on the National Safety Council’s Tier I and Tier II drugs, and results such as 
matrix effects and recovery will be presented. Next, a hybrid data processing and spectral annotation method was developed by using GNPS to create a molecular 
network of the entire sample and seeding it through targeted dereplication of compounds. To facilitate targeted dereplication, a drugs of abuse HRMS library was 
curated and is publicly available on the GNPS platform. Because this project aims to demonstrate the power of molecular networking for untargeted identification 
of drugs of abuse and their metabolites in forensic samples, molecular networks of several biological samples and seized drugs will be presented and discussed.
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High-Resolution Mass Spectrometry Screening in Forensic Toxicology: Cost Benefit Analysis 

NIJ Award: 2018-75-CX-0040 

Sarah Kerrigan* | Sam Houston State University 
Jessica Ayala | Houston Forensic Science Center

 Abstract: The proliferation of new psychoactive substances (NPS) in the United States over the past two decades has significantly changed the landscape of 
forensic toxicology investigations. The criminal justice and medicolegal community relies upon effective and reliable toxicological drug screening to identify 
new threats, ensure the effective and impartial administration of justice, and protect public safety. The emergence of numerous designer drug classes, including 
synthetic cannabinoids, cathinones, psychedelics, benzodiazepines, novel opioids, and fentanyl analogs, presents a formidable challenge to operational 
forensic laboratories. Immunoassay (IA) is the most widely used technique for forensic toxicology screening. Despite the many advantages of this approach, 
its effectiveness has been called into question in light of the need to identify an ever-growing number of new and emerging drugs. Thus, it has been suggested 
that high-resolution mass spectrometry (HRMS) will replace IA-based screening because it offers flexibility, sensitivity, and improved selectivity. However, 
operational laboratories have been slow to adopt this new technology because of limited resources, complexity of operation, and training needs associated with its 
implementation. In this study, liquid chromatography-quadrupole-time-of-flight mass spectrometry (LC-QTOF-MS) was used to develop, optimize, and validate 
a comprehensive drug screening procedure that met published standards and recommendations for forensic toxicology investigations. The new method was used 
to re-analyze adjudicated blood samples from two populations of impaired drivers in Texas and California who were previously tested using IA. Following the 
direct comparison of IA- and HRMS-based screening results, a full cost benefit analysis was undertaken. The performance and effectiveness of each approach 
was evaluated in terms of fiscal impact, resource management, training, and technological challenges. This study not only provides new scientific methods for 
toxicological screening that meet the needs of the forensic community, but it also provides valuable insight regarding the costs and benefits for operational 
laboratories that may be considering this technological shift.
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AFTERNOON ABSTRACTS

SESSION IV—Forensic Biology/DNA
Moderated by NIJ Program Manager Tracey Johnson

Validation of a Confirmatory Proteomic Mass Spectrometry Body Fluid Assay for Use in Publicly Funded Forensic Laboratories 

NIJ Award: 15PNIJ-21-GG-02712-SLFO 

Erin Butler,* Heyi Yang, Tatiana Perez, Iyman Almubarak, Jahaira Zapata, and Donald Siegel | New York City Office of the Chief Medical Examiner

Abstract: DNA short tandem repeat (STR) identity testing has become foundational to forensic investigations. It is scientifically sound, statistically rigorous, and 
above all confirmatory. With the ability to produce a full DNA STR profile from a small number of cells, a suspect may claim their DNA profile came from shed 
skin cells or DNA transfer. Demonstrating through a confirmatory test that the source of an STR profile is blood, saliva, or semen can prove vital to the defense 
or prosecution. However, current serology methods, except the microscopic identification of sperm, are presumptive and do not carry the scientific weight and 
therefore evidentiary significance of confirmatory tests. The confirmatory body fluid identification method presented here uses protein markers with tissue-
specific functions (e.g., hemoglobin in blood to carry oxygen, amylase in saliva to digest carbohydrates, and semenogelin in semen for reproduction), which are 
therefore predominately and abundantly expressed in their respective body fluids, giving them both specificity and sensitivity as markers. With support from 
the National Institute of Justice, the New York City Office of the Chief Medical Examiner has completed all developmental aspects of our mass spectrometry body 
fluid assay from sample extraction, protein quantitation, and digestion to high-performance liquid chromatography and mass spectrometry methods, peptide 
marker selection for targeted Multiple Reaction Monitoring, and data analysis metrics and decision criteria.1,2 Here, we describe the rigorous validation and 
thorough statistical evaluation of the performance of this assay for implementation in routine casework and production of legally defensible results.3 Validation 
testing included large numbers of blood, semen, and saliva samples, including mock casework type samples, aged samples, and mixtures as well as vaginal fluid, 
menstrual blood, semen from vasectomized donors, and non-human blood, semen, and saliva. No false positives for identification of blood, semen, or saliva 
occurred, including in non-human samples. Overall sensitivity for each bodily fluid out of all samples known to contain that body fluid, including mixtures, was 
98.3% for blood, 98.7% for saliva, and 95.2% for semen. 

References

1. Yang, Heyi, Bo Zhou, Haiteng Deng, Mechthild Prinz, and Donald Siegel. “Body Fluid Identification By Mass Spectrometry.” International Journal of Legal 
Medicine 127 (2013): 1065–1077. https://doi.org/10.1007/s00414-013-0848-1.
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2. Butler, Erin R., Heyi Yang, Tatiana Perez, Iyman Almubarak, Jahaira Zapata, Harmeen Bakshi, Megan Sutherland, and Donald Siegel. “Development and 
validation of a Multiple Reaction Monitoring (MRM) Mass Spectrometry Assay For Confident Identification of Protein Biomarkers For Blood, Semen, and 
Saliva.” Presentation at the America Academy of Forensic Sciences Annual Meeting, February 2021.

3. Jarman, Kristin H., and Eric D. Merkley. “The Statistical Defensibility of Forensic Proteomics.” In Applications in Forensic Proteomics: Protein Identification 
and Profiling, edited by Eric D. Merkley, 203–228. ACS Publications (2019). https://doi.org/10.1021/bk-2019-1339.ch013.

Biological Sample Analysis using Prediction Modeling for Early Mixture Detection 

NIJ Award: 2019-DU-BX-0003 

Tracey Dawson Green,* Chastyn Smith, Dayanara Torres, Sarah J. Seashols Williams, and Edward L. Boone | Virginia Commonwealth University 
Andrea L. Williams | Bode Cellmark Forensics

Abstract: Analysis of evidentiary samples containing DNA from multiple contributors (“mixtures”) is a time-intensive process for a forensic analyst and one 
where the contributor nature of a sample is not revealed until the end of the workflow. At this stage, retesting or additional testing of mixture samples is often 
not possible, particularly if only a trace amount of a contributor’s DNA is present. Thus, a method that would allow for the quick and accurate identification of 
single-source (versus mixture) samples, prior to the endpoint of short tandem repeat (STR) analysis, would be beneficial. To meet this need, a high-resolution 
melt (HRM) curve screening assay has been developed and integrated into an existing step in the laboratory evidence workflow—the real-time PCR-based DNA 
quantification step. Using the developed assay, the resulting HRM data are coupled with prediction modeling approaches to allow for the contributor status of 
an evidence item to be identified and a genetic comparison to be made without additional steps or delays in processing. The developed HRM assay adds two 
new amplification targets (STR loci D5S818 and D18S51) and an intercalating dye into two existing commercial human DNA quantification chemistries, the 
Investigator® Quantiplex® kit and Quantifiler™ Trio DNA Quantification kit. These can then be used in combination with added transition and melt steps post-
amplification on the QuantStudio™ 6 Flex. Approximately 170 single-source samples and 32 two-person mixture samples were tested using both novel integrated 
assays; the complete HRM datasets were exported for prediction modeling using linear discriminant analysis and support vector machine algorithms in RStudio 
software. For proof of concept, only eight different genotypes, including a genotype of “mixture,” were represented (for each locus) in testing. When samples 
were tested in the integrated Quantiplex®-HRM assay, an overall accuracy of 87.88% was exhibited, correctly classifying 87.5% of single-source samples and 90% 
of mixture samples. Similarly, when samples were tested in the integrated Quantifiler™ Trio-HRM assay an overall accuracy of 79.2% was exhibited, accurately 
classifying 89.2% of single-source samples and 43.8% of mixtures. Additionally, quantification values obtained from the integrated assays and the standard curve 
quality metrics used to evaluate runs (slope, R2, and y-intercept) were not significantly different than those obtained in the standard assays. These proof-of-
concept results support further study of this assay as a new tool for forensic laboratories. However, for implementation of this assay into forensic laboratories, 
the dataset used for modeling must be expanded to encompass HRM data from all common genotypes for both STR loci. For this, synthetic melt curve data will 

https://doi.org/10.1021/bk-2019-1339.ch013
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be generated for each common genotype not represented in the aforementioned datasets. The synthetic data will then be incorporated into the final reference 
dataset used to train the prediction models, expanding the applicability of this assay. To date, synthetic data have been generated for the D18S51 locus and are 
being tested, increasing the training set used for prediction modeling from seven genotypes to all 66 common genotypes. With key developmental validation 
experiments (e.g., limit of detection, reproducibility) and a user-friendly web interface (in development), the application will be ready to deploy to accredited 
practitioner laboratories for external testing. With successful validation and implementation, this tool could provide forensic examiners with a powerful way to 
screen and triage evidence items prior to the end point of analysis with the possibility of providing early exclusionary information about those potentially involved 
in a crime. This low-cost, low-effort assay will thus contribute to saving time and resources, which continue to be limiting factors in forensic DNA laboratories.

DNA Analysis Findings from Male Sexual Assault Victims: Multidisciplinary Practice Implications 

NIJ Award: 2019-NE-BX-0001 

Julie L. Valentine,* Sam Payne, and Leslie Miles | Brigham Young University

Abstract: Few studies have explored DNA analysis findings from male sexual assault victims. In our study, we found a significant difference between the 
development of short tandem repeat (STR) DNA CODIS-eligible profiles in female and male victims. In an analysis of 4,626 sexual assault kits, 34% of victims 
with female genitalia developed an STR DNA profile entered into CODIS compared with 19% of victims with male genitalia (chi-squared p ≈ 2.33×105 for female 
vs. male). We explored victim and assault features associated with the development of STR DNA CODIS-eligible profiles in male victims and found that the 
time between assault and examination, victim’s age, and multiple suspect assaults were statistically significant. Other variables nearing statistical significance 
included penetration of victim’s anus by assailant (e.g., penis, finger, hand), hit by assailant, weapon use, and non-anogenital physical injuries. DNA analysis 
findings between female and male victims will be shared. Additional descriptive data comparing female and male victims will be provided to improve knowledge 
regarding sexual assault of male victims. Multidisciplinary practice implications will be discussed to improve case outcomes for male sexual assault victims.

Selectively Analyzing and Interpreting DNA from Multiple Donors with a Full Single-cell Strategy 

NIJ Award: 2020-R2-CX-0032 

Nidhi Sheth,* Madison M. Mulcahy, Desmond Lun, and Catherine Grgicak | Rutgers University–Camden 
Leah O’Donnell and Ken R. Duffy | Maynooth University

Abstract: Interpreting mixture samples from a bulk pipeline is arduous because the signal is a cacophony of low-fidelity fluorescence from noise, artifact, 
and allele signal from an unknown number of contributors. The resultant electropherograms (EPGs) are sometimes so complex they require significant 
computational power to complete the interpretation. An alternative to the bulk processing pipeline is a single-cell pipeline, where the sample is collected and 
each is sequestered. The DNA is then extracted, amplified, and electrophoresed. The result is n single-source single-cell EPGs from n cells. Efficient direct-to-PCR 
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treatments compatible with downstream processes are needed if single-cell forensics are to translate to operations. First, we improved single-cell EPG (scEPG) 
qualities—measured by peak height, allele drop-out, and scEPG sloping—by applying a direct-to-PCR laboratory pipeline that incorporated phosphate buffer 
saline, Proteinase K, and dithiothreitol at concentrations significantly less than those applied to bulk procedures. At optimal conditions, a significant 77% of the 
scEPGs exhibited at least a 50% allele detection rate and a median peak height of 550 relative fluorescence units. In addition to examining the effects of candidate 
laboratory treatments, we confirmed the signal quality is unchanged between manual and semi-automated processes while exploring signal quality with respect 
to cell type. Next, the researchers explored a two-stage interpretation strategy that clusters scEPGs into distinct groups and calculates a likelihood ratio (LR) for 
all scEPGs in that cluster. Because this LR assumes the group of scEPGs is from the same individual, effective clustering and good scEPG quality are paramount. 
Gaussian Mixture Models (GMMs), as implemented in mclust, were found to be an effective unsupervised learning approach because they simultaneously 
determined the number of clusters and assigned a group index to each scEPG. The researchers report on the efficacy of GMMs to accurately cluster with a set of 
blood or epithelial cell admixtures consisting of two to five persons. Once EPGs with poor total signal were excluded, GMM was deemed fit-for-purpose, offering 
high-fidelity clustering into groups, with early results showing that the propensity for GMMs to render clusters with scEPGs from more than one contributor is 
rare (<0.1% across all mixtures tested).
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Steve Lund 

Steve Lund is a mathematical statistician in the Statistical Engineering Division at the National Institute of Standards and Technology 
(NIST) where he has worked since 2012 and has largely focused on statistical problems arising in biology and forensics. He received 
a B.A. in physics and mathematics from St. Olaf College and a Ph.D. in statistics from Iowa State University. His professional interests 
include Bayesian reasoning, image processing, data visualization, and uncertainty quantification. Dr. Lund has helped develop 
International Organization for Standardization (ISO) standards in cell counting and forensics, leads a research team constructing 
computational tools for forensic footwear impression comparison, and serves as the evidential statistics focus area lead in the 
forensics branch of the Special Programs Office at NIST. He is a member of the NIST Scientific Foundation Review team for Firearm 
Examination and is a former member of the Organization of Scientific Area Committees for Forensic Science (OSAC) Footwear and 
Tire Subcommittee. In addition to the footwear comparison project, Dr. Lund is actively working on projects related to characterizing 
what information a fixed collection of validation data provides about a given case scenario and evaluating uncertainty for likelihoods of 
rare events. Together with his NIST colleague Hari Iyer, Dr. Lund has enjoyed giving many webinars, conference presentations, and  
workshops on statistics in forensics. 

Andrew E. Paulson 

Andrew E. Paulson is currently an analytical chemistry doctoral candidate in his fifth year of graduate studies in Professor Young 
Jin Lee’s research group at Iowa State University. He also obtained his B.S. in biochemistry from Winona State University in 2017. 
His research, and that of others in Dr. Lee’s group, primarily focuses on leveraging the utility of laser desorption/ionization – high-
resolution mass spectrometry (LDI-HRMS) techniques to probe various sample systems, including those relevant to forensic 
applications. He is currently wrapping up graduate studies and applying to faculty and postdoctoral opportunities, some of which 
would allow him to further the integration of LDI-HRMS techniques in practical forensic settings and workflows. The LDI-HRMS 
technology allows for complex mixture analysis, high-throughput workflows, high sensitivity, and minimal sample destruction. These 
characteristics make LDI-HRMS an appealing analysis technique for forensic applications. His 2023 National Institute of Justice 

SESSION I:  Impression and Pattern Evidence/Trace Evidence
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Forensic Science Research and Development Symposium presentation focuses on Kendrick mass defect analysis to aid the selection of oxidation-related spectral 
features to improve time since deposition models for sebaceous fingerprints. This is but one aspect of the forensic projects in the Lee laboratory; others include 
generating time since deposition models and assessing the potential of sebaceous fingerprint lipid profiles to determine health status parameters of individuals, 
to which Mr. Paulson has also contributed. Another forensic system he has worked on is evaluating surface-enhanced Raman scattering substrates for surface-
assisted laser desorption-mass spectrometry functionality and leveraging the dual functionality for blood detection and analysis. However, such substrates could 
also be used for multiple forensic analyses (e.g., drug screening).

Dmitry Kurouski  

Dmitry Kurouski earned his M.Sc. in biochemistry from Belarusian State University in Minsk, Belarus. In 2008, he joined the 
Department of Chemistry at University at Albany – State University of New York where he worked under the guidance of Professor 
Igor K. Lednev. Upon graduation with a Ph.D. (Distinguished Dissertation) in analytical chemistry, Dr. Kurouski joined the laboratory 
of Professor Richard P. Van Duyne at Northwestern University. In 2015, Dr. Kurouski joined Boehringer-Ingelheim Pharmaceuticals, 
where he worked as Senior Research Scientist developing innovative drugs. In 2017, Dr. Kurouski joined the Biochemistry 
and Biophysics Department of Texas A&M University as an Assistant Professor. At Texas A&M University, Dr. Kurouski built a 
multidisciplinary research program focused on the nanoscale characterization of biological and photocatalytic systems using nano-
Raman and nano-infrared spectroscopy. His group also works on the development of surface-enhanced Raman spectroscopy (SERS) 
for forensic applications. Specifically, the Kurouski group investigates the extent to which SERS can be used to detect and identify 
artificial colorants on hair.

Brooke W. Kammrath  

Brooke W. Kammrath, Ph.D., ABC-GKE, is a Professor of Forensic Science at the University of New Haven and the Assistant Director of 
the Henry C. Lee Institute of Forensic Science. She teaches a range of both undergraduate and graduate forensic science courses and has 
a varied research agenda that includes uniting microscopy with spectroscopy; exploring applications of field portable instrumentation; 
identifying and characterizing microscopic samples of forensic interest; statistically analyzing trace, pattern, and impression evidence; 
and investigating the significance of physical evidence. Additionally, she works as a consulting criminalist, where she is a qualified 
expert in both state and federal courts. She is a member of several professional organizations, is the past president of the New York 
Microscopical Society (NYMS), and is on the Governing Boards of the Society for Applied Spectroscopy (SAS) and the Eastern 
Analytical Symposium (EAS). Dr. Kammrath also serves as an Associate Editor for the Journal of Forensic Sciences. Dr. Kammrath is 
the co-editor of the two-volume book Portable Spectroscopy and Spectrometry and the co-author of the book Blood Traces. She has also 
co-authored two laboratory manuals, eight book chapters, four encyclopedia articles, over 20 journal articles, and over 100 professional 
conference presentations.
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Katherine Weisensee  

Katherine Weisensee is the Department Chair and Associate Professor of Anthropology at Clemson University in the Department of 
Sociology, Anthropology, and Criminal Justice. She received her Ph.D. from the University of Tennessee in anthropology in 2008. Dr. 
Weisensee is a Fellow in the American Academy of Forensic Sciences. She has served as a forensic anthropology consultant for counties 
in the upstate region of South Carolina since 2008. Since 2018, Dr. Weisensee has served as the Principal Investigator on over $900,000 
in awarded external and internal grants from the National Institutes of Health, the National Institute of Justice, and others. Her recent 
research has two distinct characteristics: (1) quantifying human variation through three-dimensional modeling to understand the 
interaction between developmental processes, environmental variability, and evolutionary forces and (2) using innovative, mass 
collaboration approaches to improve methods of time since death estimation available to forensic practitioners. When human remains 
are discovered, forensic scientists are frequently asked to provide an estimate of the time since death or postmortem interval (PMI). 
PMI determination is one of the critical pieces of information to provide and is a key criterion for determining the identity of the 
individual. A major weakness with the current state of the research is the lack of a reference dataset with a large number of cases similar to forensic cases from 
which research questions regarding factors impacting the rate of decomposition can be addressed. Dr. Weisensee has led a team of researchers in developing and 
building a reference database with over 2,000 cases. The lack of accessible and high-quality datasets has been a major barrier to advancing research in this area 
that this open science model seeks to address. The ultimate goal of the project is to build a data repository that can be used by future researchers to create, test, 
and refine models of decomposition to improve methods for estimating PMI to move the field forward.

Amber MacInnis  

Amber MacInnis is a biology Ph.D. candidate at Florida International University (FIU). She received her B.S. in biology with 
undergraduate certificates in forensic science and criminalistics from the University of North Texas in 2016. Her undergraduate 
research, mentored by Dr. James Kennedy, concerned the biology of carrion insects, and she also completed a 240-hour crime scene 
processing and evidence collection training academy by the Professional Development Institute North Texas Forensic Academy. From 
there, she went on to complete her master’s degree in applied ecology at the University of Nebraska-Lincoln in 2018 with Dr. Leon 
Higley, focusing on carrion insect competition.1 During her master’s degree, she shadowed forensic pathologist Dr. Roland Kohr 
at Terre Haute Regional Hospital in Terre Haute, Indiana, and forensic entomologist Dr. Neal Haskell in Rensselaer, Indiana. She is 
currently starting her fifth year of a biology Ph.D. program at FIU with Dr. Jeffrey Wells. In December 2018, she worked with Dr. Wells 
on a month-long research project to establish forensic entomology in the United Arab Emirates. Her current research focuses on the 
genetic modification of forensically important blow flies to improve empirical validation of the most common entomological method 

SESSION II:  Forensic Anthropology and Forensic Pathology



36

Poster A
bstracts

Presenter Bios
W

elcom
e and  

Solicitations
M

orning 
A

bstracts
A

fternoon 
A

bstracts

for estimating postmortem interval (PMI). Her career goal is to become a college professor in biology or forensic science and continue her research in death 
investigation and molecular biology.

Reference

1. MacInnis, Amber E., and Leon G. Higley. “Competition Among Three Forensically Important Blow Fly Species (Diptera: Calliphoridae): Phormia regina, 
Lucilia sericata, and Chrysomya rufifacies.” Environmental Entomology 49, no. 6 (December 2020): 1473–1479. https://doi.org/10.1093/ee/nvaa120. 

Giovanna M. Vidoli 

Dr. Giovanna Vidoli is a board-certified forensic anthropologist (D-ABFA) and a Research Associate Professor with the Department 
of Anthropology at the University of Tennessee. She is also an Associate Director of the Forensic Anthropology Center (FAC) where 
she manages training courses, conducts research, and oversees the forensic laboratory protocols. Before receiving her Ph.D. from 
Binghamton University in New York, Dr. Vidoli worked with Kenyon International in New York City following 9/11 and then at the New 
York City Office of Chief Medical Examiner as part of the World Trade Center Identification Team. Dr. Vidoli has worked extensively 
in international arenas, including volunteering with the Guatemalan Forensic Anthropology Foundation as a forensic anthropologist 
and archaeologist, a Kenyon International morgue support team member following the Boxing Day tsunami in Thailand, a forensic 
instructor in Colombia with International Criminal Investigative Training Assistance Program (ICITAP), and most recently assisting 
a training course in Mexico with the International Commission for the Red Cross. In addition, she is a technical assessor for ANSI 
National Accreditation Board (ANAB) and the Quality Assurance Manager for the FAC and has been a technical assessor for four 
forensic anthropology laboratories. She is currently Principal Investigator (PI) on a National Institute of Justice (NIJ)-funded grant that is examining blunt and 
thermal fractures in bone and has been a PI or co-PI on four additional NIJ grants.

https://doi.org/10.1093/ee/nvaa120
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Angela L. Harden  

Angela L. Harden is an Assistant Professor on the research track within the School of Health and Rehabilitation Sciences in the 
College of Medicine at The Ohio State University. Her career and publications are characterized by the theme of injury assessment. 
She is a forensic anthropologist by education, training, and professional practice; however, her perspectives and research are strongly 
interdisciplinary in nature. Dr. Harden’s primary research focus is to comprehensively understand skeletal trauma, specifically the 
investigation into linking fracture characteristics with injury mechanisms. Her overall aim is to identify sources of variation in 
fracture patterns, with a particular emphasis on validating classic assumptions in forensic anthropology and injury biomechanics. 
Dr. Harden’s expertise is in forensic anthropology and skeletal biology with a holistic perspective, bringing together the fields of 
anthropology, anatomy, and biomedical engineering, all of which contribute to the framework of her research, her undergraduate and 
graduate mentoring, and establishing her as an expert in her field. She has demonstrated an established pattern of multidisciplinary 
research and scholarship in forensic anthropology and injury biomechanics investigating skeletal trauma, injury severity, and injury 
mechanisms. Her research regarding analysis and interpretation of skeletal trauma has and will continue to impact forensic anthropology and the criminal justice 
system. Through a multidisciplinary approach to skeletal trauma, Dr. Harden’s work has (1) highlighted current gaps in skeletal trauma analysis methods and 
interpretations, (2) demonstrated the effectiveness of a multidisciplinary approach to skeletal trauma analyses, and (3) developed a novel approach to education, 
analysis, and interpretation of skeletal trauma via a freely available database.
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Carl E. Wolf 

Dr. Carl Wolf received his B.S. in chemistry from Gannon University in Erie, Pennsylvania, in 1986, where he received the CRC Press’s 
Outstanding Freshman Chemist Award. Dr. Wolf received his M.S. in criminal justice with a forensic science option from Virginia 
Commonwealth University (VCU) in 1994 and received his Ph.D. in pathology with a focus on forensic toxicology from the Medical 
College of Virginia (MCV) campus at VCU in 2005. Dr. Wolf has been employed at MCV Hospitals and VCU Health since 1987 in 
various roles in the Clinical and Forensic Toxicology Laboratories. Dr. Wolf regularly consults or lectures on toxicology and drug 
testing issues and has given expert testimony in Virginia, Nebraska, North Carolina, and West Virginia. Dr. Wolf has contributed to 
over 100 presentations and peer-reviewed publications. Dr. Wolf is a full member of the Society of Forensic Toxicologists (SOFT), and 
The International Association of Forensic Toxicologists (TIAFT). Dr. Wolf is a Fellow of the American Board of Forensic Toxicologists 
(ABFT) and has been certified by the ABFT since 2001. In 2007, Dr. Wolf was a member of the group that received an Educational 
Innovation Award from the School of Medicine at the MCV campus of VCU for developing and maintaining an online continuing 
education program for a chronic non-malignant pain management curriculum. In 2017, Dr. Wolf received a grant from the National Institute of Justice (NIJ) 
to study the matrix effects that liver tissue has on the analysis of opiates. In 2018, he received an NIJ grant to study the stability of cannabinoids in marijuana-
infused edibles, and in 2022, he received an NIJ grant to study the ability of commercially available homogeneous urine cannabinoid immunoassays to detect 
tetrahydrocannabinol (THC) analogs (e.g., cannabidiol, ∆8-THC, ∆10-THC).

Amanda L.A. Mohr 

Ms. Amanda (Mandi) L.A. Mohr serves as an Associate Director at the Center for Forensic Science Research and Education (CFSRE) 
working in the area of forensic toxicology and is the Program Director for the Forensic Sciences Mentoring Institute program. Ms. 
Mohr is also an adjunct professor in both Arcadia University’s Master of Science in Forensic Science (MSFS) program and in Thomas 
Jefferson University’s Master of Science in Forensic Toxicology (MSFT) program. Ms. Mohr is a graduate of The University of Montana, 
graduating in 2010 with honors and dual degrees in human biological sciences and sociology with an emphasis in criminology. She 
then obtained a Master of Science in forensic science from Arcadia University in 2012. In 2018, Ms. Mohr became a Diplomat in 
Forensic Toxicology with the American Board of Forensic Toxicology (D-ABFT). Ms. Mohr has authored or co-authored over 30 peer-
reviewed publications and has presented her work nationally and internationally. Ms. Mohr’s current research interests include oral 
fluid drug testing, drug-impaired driving, and novel psychoactive substances. In recognition of the advancements she has made to 
the field of forensic toxicology, Ms. Mohr was awarded the Forensic Sciences Foundation Student Scholarship Award by the American 
Academy of Forensic Sciences (AAFS) in 2013; UCT, Inc.’s Excellence in Solid Phase Extraction Award in 2016; and most recently, the 2019 Irving Sunshine Award 

SESSION III:  Seized Drugs and Toxicology
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for Outstanding Research by a Young Investigator by the Toxicology Section of AAFS. Ms. Mohr is an active member within the forensic science community and 
member of several professional organizations, including the Society of Forensic Toxicologists (SOFT), AAFS (Toxicology Section), the International Society for the 
Study of Emerging Drugs (ISSED), and the National Safety Council’s Alcohol, Drugs, and Impairment Division (NSC-ADID). She currently serves as the Secretary 
of the AAFS Toxicology Section and was recently appointed to serve on the NSC-ADID’s executive committee. Ms. Mohr also serves on the Oral Fluid committee 
of SOFT and AAFS.

Heather Barkholtz 

Dr. Heather Barkholtz is an Assistant Professor of Forensic Toxicology with the University of Wisconsin-Madison and has experience 
leading a broad range of scientific research and development projects involving forensics, transparency, and data analytics. Her current 
research interests include strategies to detect drugs of abuse in biological specimens, with a focus on open-access approaches and 
novel psychoactive substances. This work is not only applied to forensic science but also to public health through a project seeking to 
understand the role of poly-substance use in non-fatal overdoses. She also studies the pharmacology of cannabinoids in humans, with 
a focus on changes in driving performance. Her prior works include consideration of oral fluid as a roadside impairment screening 
tool and comparison of blood and breath alcohol concentrations during a controlled drinking study. Dr. Barkholtz received her B.S. 
in chemistry from the University of Wisconsin-Oshkosh and a Ph.D. in chemistry from Northern Illinois University. She completed 
postdoctoral training at Sandia National Laboratories in the Energy Storage Technology and Systems Division. She became the 
Wisconsin Department of Transportation’s Chemical Testing Section Chief in 2017, serving as Wisconsin’s breath alcohol toxicology 
program administrator. In 2021, she joined the University of Wisconsin-Madison and currently holds a joint appointment with the  
School of Pharmacy and the Wisconsin State Laboratory of Hygiene.

Sarah Kerrigan 

Dr. Sarah Kerrigan is an academician, researcher, and Director of the Institute for Forensic Research, Training, and Innovation at Sam 
Houston State University. She is a former laboratory director with a passion for academic–industrial partnerships and the advancement 
of forensic science. Her original training was in the field of forensic toxicology, where she still remains active as a practitioner, 
researcher, and author. Her experience in accredited laboratories in California, New Mexico, and Texas followed her initial training 
at the Metropolitan Police Forensic Science Laboratory (later the Forensic Science Service) in London more than 30 years ago. Dr. 
Kerrigan is past president of the Society of Forensic Toxicologists (SOFT), California Association of Toxicologists (CAT), and executive 
board member of the American Academy of Forensic Sciences (AAFS). She serves on the Forensic Science Standards Board (FSSB) of 
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the Organization of Scientific Area Committees (OSAC) for Forensic Science and has been an appointee to the Texas Forensic Science Commission (TFSC) for over 
a decade. She serves on numerous editorial advisory boards and was a former associate editor for the Journal of Forensic Sciences. Over the years, she has been the 
recipient of prestigious awards from a variety of organizations ranging from the International Association of Chiefs of Police (Outstanding Drug Evaluation and 
Classification Program Innovation) to the AAFS (Irving Sunshine Award and Rolla N. Harger Award) in recognition of her contributions to the field.
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Erin Butler 

Erin Butler has worked for the New York City Office of the Chief Medical Examiner (NYC OCME) for 7 years and has taken the lead 
in integrating sophisticated statistical analysis into the work of the proteomics research laboratory. Their work on the identification of 
menstrual blood has been presented at national conferences (American Academy of Forensic Sciences 2017, ACS Boston 2018, Pittcon 
2021) and in publication.1 They have created custom data pipelines, predictive models, and data visualizations for the identification 
of species from protein analysis of fragmentary bones2 and cremated remains.3 Most recently, they have designed and executed a 
statistical analysis for validation of body fluid identification by protein markers and automated the analysis of mass spectrometry data 
for body fluid identification for implementation in casework at the NYC OCME.

References

1. Liu, Wenke, Erin Butler, Heyi Yang, David Fenyö, and Donald Siegel. “Informatics Approaches to Forensic Body Fluid Identification 
by Proteomic Mass Spectrometry.” In Applications in Forensic Proteomics: Protein Identification and Profiling, edited by Eric D. Merkley, 81–90. ACS 
Publications, 2019. https://doi.org/10.1021/bk-2019-1339.ch005. 

2. Yang, Heyi, Erin R. Butler, Samantha A. Monier, Jennifer Teubl, David Fenyö, Beatrix Ueberheide, and Donald Siegel. “A Predictive Model for Vertebrate Bone 
Identification from Collagen Using Proteomic Mass Spectrometry.” Scientific Reports 11 (2021): 10900. https://doi.org/10.1038/s41598-021-90231-5.

3. Yang, Heyi, Erin Butler, Samantha A. Monier, and Donald Siegel. “Proteins, Possibly Human, Found in World War II Concentration Camp Artifact.” Scientific 
Reports 12 (2022): 12369. https://doi.org/10.1038/s41598-022-16192-5.

Tracey Dawson Green 

Dr. Tracey Dawson Green earned bachelor’s degrees in microbiology and zoology from North Carolina State University and received 
her Ph.D. in molecular and cellular pathology from the University of North Carolina-Chapel Hill, School of Medicine. Dr. Dawson 
Green currently serves as a Professor and Chair of the Department of Forensic Science at Virginia Commonwealth University (VCU) 
in Richmond, Virginia. In addition to teaching, she also maintains an active forensic molecular biology research laboratory and serves 
on many department and college committees. From 2005–2015, Dr. Dawson Green also served as the Director of Graduate Studies 
for the Department of Forensic Science, which included overseeing the restructuring and expansion of the graduate curriculum and 
subsequent accreditation. Dr. Dawson Green frequently serves as a technical DNA consultant for several public and private forensic 
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and relationship testing laboratories. Prior to her VCU appointment, Dr. Dawson Green worked as an Assistant Director and Technical Leader at Fairfax Identity 
Laboratories, where she oversaw CODIS laboratory operations and helped develop DNA testing strategies for high-throughput forensic casework analysis. She 
has additionally served as a Visiting Assistant Professor of Forensic Science at The George Washington University. Dr. Dawson Green is an active member of the 
American Society of Crime Lab Directors (ASCLD) and the International Association for Identification (IAI). She is also a fellow of the American Academy of 
Forensic Sciences (AAFS) and is a Distinguished Member and twice past president of the Mid-Atlantic Association of Forensic Sciences (MAAFS). Additionally, 
she serves as an occasional peer-review panelist for the National Institute of Justice (NIJ) grant programs and as a member of the editorial board for the Journal 
of Forensic Sciences. Dr. Dawson Green previously served two terms as a Commissioner on the Forensic Science Education Programs Accreditation Commission 
(FEPAC). Dr. Dawson Green has authored more than 35 peer-reviewed published articles detailing her own research efforts, has been competitively awarded 
approximately $2.3 million in external grant funds, and has trained more than 50 graduate-level forensic professionals in her research laboratory. Her primary 
research efforts focus on development of new methods for microchip-based processing of forensic DNA casework, methods for improving analysis of low 
template DNA from latent fingerprints, and development of a qPCR-based mixture screening assay. Dr. Dawson Green’s recent work on a sexual assault evidence 
analysis microdevice was featured in VCU’s Innovation Gateway Annual Report and a 2019 VCU News article. Her findings affecting workflow management and 
best laboratory methods for collecting and extracting DNA from latent fingerprints was featured in the Winter 2009 monthly news digest of the Association for 
Women in Science and is the focus of a recently published NIJ article entitled “DNA at Our Fingertips.”

Julie L. Valentine 

Dr. Julie L. Valentine is the Associate Dean of Undergraduate Studies and Research and Associate Professor at Brigham Young 
University (BYU) College of Nursing. She is also a practicing certified adult/adolescent sexual assault nurse with Wasatch Forensic 
Nurses. Her research focus areas are sexual violence, intimate partner violence, and the criminal justice system response to sexual 
violence. Dr. Valentine focuses on multidisciplinary, collaborative research studies uniting disciplines in sexual assault case reform 
to benefit victims and case processing. Currently, she has developed a collaborative database of approximately 9,000 sexual assault 
cases tracking data from evidence collection through DNA analysis—the largest database of its kind. Findings from this database have 
informed state and national policies and interdisciplinary practices. Dr. Valentine is very active in using her expertise and research to 
inform legislative policy. Dr. Valentine was appointed to the Sexual Assault Forensic Evidence Reporting (SAFER) Act Working Group 
to develop national best practice policies in sexual assault cases, National Best Practices in Sexual Assault Kits: A Multidisciplinary 
Approach, which was published in 2017. In addition, Dr. Valentine served on the BYU Advisory Council on Campus Response to Sexual 
Misconduct in 2016, which investigated Title IX implementation and recommended substantial policy and structural changes. Dr. Valentine is the primary author 
on three federal grants awarded since 2015 totaling $3.45 million dollars. She has served on the National Institute of Justice Grant Standing Review Panel for 
2 years. She is a nationally known expert in the field of sexual assault research. Dr. Valentine has served in a number of leadership roles with the International 
Association of Forensic Nurses (IAFN), from Utah Chapter President to Director-At-Large on the International Board of Directors (2020–date). She previously 
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served as the Research Committee Chair (2018–2020) and collaborated with the IAFN Board to develop a 10-year international research trajectory and establish 
the IAFN research grant program. Additionally, Dr. Valentine created a middle-range forensic nursing theory, the Constructed Theory of Forensic Nursing Care, 
to serve as an international framework for forensic nursing education, practice, and research. Dr. Valentine has received several awards and recognitions for her 
research and policy work. She was inducted as a Fellow in the American Academy of Nursing in 2020.

Nidhi Sheth 

Nidhi Sheth is pursuing her Ph.D. in computational and integrative biology from Rutgers University-Camden. She graduated from 
Pace University in 2017 with a master’s degree in forensic science and has a bachelor’s degree in pharmacy from Nirma University in 
India. She is passionate about single-cell forensic DNA analysis and is working on developing a single-cell forensic pipeline as part 
of her Ph.D. research project. She was awarded the Graduate Research Fellowship from the National Institute of Justice (NIJ) in 2020 
and was recently awarded this year’s best poster prize at the 29th Congress of the International Society of Forensic Genetics for her 
contributions to single-cell forensic DNA analysis. Dr. Sheth was also elected as a Student Ambassador at the 32nd International 
Symposium on Human Identification, where she got a chance to present a poster on single-cell DNA analysis. Her interests include 
crime scene investigation and forensic DNA analysis and interpretation. In addition, she has a passion for teaching and has taught 
undergraduate-level chemistry laboratories.
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A Universal Method for the Detection of Organic and Inorganic Gunshot Residue Based on Fast Fluorescence Mapping and  
Raman Spectroscopic Identification 

NIJ Award: 15PNIJ-21-GG-04153-RESS

Igor K. Lednev* and Shelby R. Khandasammy | University at Albany – State University of New York

Abstract: Gunshot residue (GSR) is an important type of trace evidence, which is often associated with a violent crime. Traditionally, 
scanning electron microscopy coupled with energy dispersive X-ray spectroscopy, also known as SEM-EDS or SEM-EDX, is used for 
detection and identification of GSR particles. The application of this two-step method is limited to inorganic GSR (IGSR) because it 
relies solely on the detection of heavy metals (i.e., lead, barium, and antimony). This is problematic because environmental concerns 
have led to the increased popularity of heavy metal–free or “green” ammunition. It has been found that accurate identification of GSR 
samples using current elemental analysis techniques is severely hindered in the absence of heavy metals. Additionally, the probability 
of environmental and manufacturing particles being incorrectly assigned as GSR has increased with the onset of “green” ammunition. 
Recently, organic GSR (OGSR) has been the focus of many forensic researchers for several reasons. First, the total amount of OGSR 
generated because of the discharge of a firearm is much larger than the amount of IGSR. Second, OGSR particles are typically much 
larger than IGSR particles. In addition, the chemical composition of OGSR is quite complex and includes partially burned and 
unburned smokeless powder, stabilizers, and plasticizers. As a result, it is easier to detect and identify OGSR particles, although new 
methods are required. The research team’s laboratory has developed a new two-step approach for fast detection of OGSR particles using fluorescence spectroscopy 
followed by a confirmatory identification by Raman microspectroscopy. The method uses a single instrument combining a confocal scanning Raman microscope 
and a fluorescence microscope working in reflection mode. In the first proof-of-concept study, the research team used adhesive tape to collect OGSR particles. 
Most recently, they significantly expanded this emerging methodology by demonstrating the possibility of detecting and identifying IGSR particles. In addition, 
they explored the ability of the method to detect GSR particles on original common substrates (e.g., cotton fabric), eliminating the initial GSR particle transfer 

An asterisk (*) denotes the presenter for presentations that have multiple authors; when available, the presenters’ headshots are included in the abstracts.

Igor K. Lednev

SESSION I:  Impression and Pattern Evidence/Trace Evidence
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stage. This presentation will demonstrate and discuss the results of these recent studies and the challenges and future steps for the proposed two-step method 
development for the detection and confirmatory identification of both OGSR and IGSR particles. In addition, results from the most recent proof-of-concept study 
involving the direct detection of GSR particles on a fabric substrate (without using an adhesive tape) will be reported.

Development of an Empirical Fingerprint Aging Model Using Fingerprints Analyzed with Laser Desorption/Ionization Mass Spectrometry

NIJ Award: 2019-DU-BX-0134

Daphne R. Patten,* Andrew E. Paulson, and Trevor T. Forsman | Iowa State University

Abstract: Fingerprints are invaluable evidence in the criminal justice system because of their ability to identify individuals. The 
presenters introduced a simple kinetics model in the 2022 National Institute of Justice (NIJ) Forensic Science Research & Development 
Symposium using triacylglycerol (TG) standards based on the ozonolysis of TGs. Although this simple model revealed many important 
factors in TG aging, such as temperature and ozone concentration, there was some discrepancy with the aging of real fingerprint 
TGs. In the current study, an empirical model was developed based on aging real fingerprint samples in a controlled environment. 
The fingerprint samples include two sets: set #1 advanced aging (four individuals at 100 ppb ozone, 30°C, 0–8 hours) and set #2 
ambient aging (one individual at 13 ppb, 20.6°C, 0–7 days). All samples were sprayed with 10 mM sodium acetate and sputtered 
with gold. Analysis was completed using a Q Exactive™ HF (Thermo Scientific™) equipped with a matrix-assisted laser desorption/
ionization (MALDI) source (Spectroglyph, LLC) set to positive ion mode. The data were then analyzed using Xcalibur™ Qual Browser 
(Thermo Scientific™) and Python. There are two most significant limitations in the previous simple kinetics model. First, the simple 
model ignores the difference in the ozonolysis decay rate resulting from varying levels of unsaturation in TGs. Second, it also ignores the 
difference between standard TGs and fingerprint TGs, such as the effect of other lipids, including wax esters and fatty acids. In the current study, the researchers 
empirically derive kinetics parameters to address the latter issue. Furthermore, they address the former issue by deriving kinetics parameters separately for 
mono-, di-, tri-, and tetra-unsaturated TGs. The advanced kinetics model derived from set #1 could predict the deposition time quite accurately for the midrange 
aging (4 hours, 30°C, 100 ppb) with 12% root mean square (RMS) error compared with 42% in the simple kinetics model. Though the empirical model best 
predicts midrange aging, early and late aging show higher relative errors of 45% and 38%, respectively, which are still much better than the 63% and 50% in the 
simple kinetics model. When the empirical model was applied to ambient aging set #2, it produced higher errors in the range of 29%–39%, probably because of 
insufficient temperature correction and ozone concentration measurement error. To conclude, the empirical model shows notable improvements to the time since 
deposition estimations and is applicable to ambient conditions found at crime scenes. Future studies will continue to further improve the kinetics model and test 
over wide environmental conditions. 

Daphne R. Patten



46

Poster A
bstracts

Presenter Bios
W

elcom
e and  

Solicitations
M

orning 
A

bstracts
A

fternoon 
A

bstracts

Revisiting the Set Value for the Minimum Drip Stain Size

NIJ Award: 2020-DQ-BX-0006

Garam Lee* and James C. Bird | Boston University 
Daniel Attinger | Struo LLC  
Samira Shiri | University of Utah 
Kenneth F. Martin

Abstract: Bloodstain pattern analysis uses the location, size, shape, and distribution of stains to identify potential mechanisms of a 
bloodletting event from the bloodstains detected at crime scenes. For instance, whether a certain circular stain was generated from 
dripping or another mechanism, such as a satellite droplet, is determined based upon the size of the stain. The current cutoff value for 
the smallest stain size from dripping has been suggested to be 3.9 mm in diameter. However, more recently, it has been demonstrated 
that blood impacting the same surface can cause varied stain sizes because of surface residues, which may affect the advancing and 
receding contact angles. Additionally, other factors such as the impact condition and the hydrophobicity of the surface can alter the 
size of the resulting stain as well. This presentation will revisit the minimum size of drip stains using human blood impacting multiple 
surfaces along with the application of various coatings. The data indicate that the cutoff for the minimum drip stain size is not always 
obvious. This research examined the role of contact angles, impact speed, and initial droplet volume resulting in the final stain size. The results demonstrate that 
drip stains are generally larger than the previously reported value. Furthermore, the hydrophobicity and low contact angle hysteresis of the surface can lead to a 
drip stain as small as 2 mm, not 3.9 mm as originally proposed.

Extraction and Quantification of Fentanyl and Metabolites from Complex Biological Matrices to Support Medicolegal  
Death Investigations

NIJ Award: 2019-R2-CX-0037

Joseph Cox* | Florida International University 
Katherine Davis, Kylea Morris, Rachel Mohr, and Luis E. Arroyo-Mora | West Virginia University 
Joseph DelTondo | Allegheny General Hospital

Abstract: Beyond 72 hours, entomological evidence is considered the most reliable source to estimate the minimum postmortem 
interval (minPMI), the minimum amount of time that it would take for an insect to reach a physical characteristic such as length or 
life stage. The succession that occurs on a corpse after death is a relatively confined and closely packed ecosystem that is typically 
restricted to the remains and environment proximity. The incorporation of drugs into the insects is possible and opens an opportunity 

Garam Lee

Joseph Cox
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for assessing drug presence and developmental effects in insect tissue. If drugs are present when the insects are actively feeding, their size or stage of growth 
could be impacted and ultimately lead to an incorrect minPMI calculation. This study investigates the effects of fentanyl on the development of blow fly (Lucilia 
sericata) larvae and the ability to detect and quantify the drugs or metabolites present in each stage of the fly’s life cycle. The researchers evaluated human tissue 
fortified with fentanyl at four treatment concentrations. Blow fly larvae were placed to feed on the drug-infused tissue then collected at seven time frames. A 
quick, easy, cheap, effective, rugged, and safe (QuEChERS) extraction method was developed, validated, and applied to extract fentanyl and metabolites from 
the larvae, pupae, pupae casings, and adult flies. This research represents an advancement for forensic toxicology laboratories and medical examiner’s offices for 
complex biological matrices by providing (1) a validated protocol to extract and quantify fentanyl and metabolites from complex matrices using QuEChERS, (2) 
an evaluation of any growth effects fentanyl has on the development of the insects and the potential implications for minPMI estimations, and (3) conclusions on 
the ability to correlate the concentration of fentanyl and metabolites from the insect tissue to the initial concentration of the feeding media.

Utilizing eDNA from Four Biological Taxa Associated with Geologic Evidence for Sample-to-Sample Comparisons and Study Site Separation

NIJ Award: 2020-R2-CX-0035

Teresa M. Tiedge* and Kelly Ann Meiklejohn | North Carolina State University

Abstract: Soil and dust are often submitted to crime laboratories as trace evidence and can be used to link an individual to a crime 
scene or to determine an evidentiary sample’s origin. Methodologies that are routinely applied to analyze these geologic materials aim 
to characterize their physical properties (e.g., color, pH) and inorganic components (e.g., mineral content). However, sample size is 
often a limiting factor in these analyses; supplemental methods requiring a small amount of geologic material as input could provide 
additional evidentiary information from evidence. DNA metabarcoding is a commonly used approach to identify the biological taxa 
present in various environmental samples by amplifying and sequencing short, informative regions of the genome and is not restricted 
by sample amount. The goal of this research was to determine the utility and stability of environmental DNA (eDNA) from four 
biological taxa associated with soil and dust for sample-to-sample comparisons and sample origin. In this study, five mock geologic 
evidence items were collected monthly from agricultural and urban locations in North Carolina over a 1-year period. Mock items 
included (a) soil removed from t-shirts, boot soles, and trowels, (b) exposed dust collected from brick pavers using polyurethane 
swabs, and (c) dry dust from air filters (approximately 1” × 1” area used). DNA was isolated from mock geologic evidence using the 
QIAGEN DNeasy® PowerSoil® Pro Kit, and DNA metabarcoding was applied to characterize bacteria (16S), fungi (ITS1), arthropods (COI), and plants (ITS2, trnL) 
associated with each sample (n = 1026). Libraries were generated using custom indexed primers and were subsequently sequenced using the Illumina® MiSeq™. 
Raw sequencing reads were processed through a bioinformatic pipeline that removes primer sequences, identifies amplicon sequence variants (ASVs) via DADA2, 
and searches the ASVs against GenBank® for taxonomic identification. This presentation will focus on the experimental design and workflow and will include a 
preliminary assessment of temporal and spatial variables on the recovery of bacteria, fungi, arthropods, and plants from mock geologic evidence. 

Teresa M. Tiedge
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Analysis of Less Volatile Components in Ignitable Liquids by Direct Analysis in Real Time Mass Spectrometry and Versatile Sampling Strategy

NIJ Award: 2020-DQ-BX-0003

Mengliang Zhang,* Shruthi Perna, Briza Marie Reyes Dedicatoria, and Ngee Sing Chong | Middle Tennessee State University

Abstract: The current protocols (e.g., ASTM E1618) for ignitable liquid (IL) residue detection target the volatile compounds more 
effectively as the gas chromatography–mass spectrometry (GC/MS) instrument is sensitive to these compounds. The less volatile 
compounds are more likely to be retained in burned or arson debris, yet they have not received as much attention in forensic 
investigation. For example, glycol ethers with relatively low vapor pressures are commonly mixed with other volatile organic solvents 
in paint thinner products. In gasoline and diesel fuels, detergents such as polyisobutylene succinimides and polyether amines are 
commonly added to control the deposits. These chemicals could be important markers for gasoline and diesel fuels. Nevertheless, these 
detergents cannot be readily analyzed by traditional GC/MS methods because of their high boiling points (>250°C), high molecular 
weights, and complex polymeric structures. The less volatile fractions of ILs have relatively less variable chemical profiles and therefore 
could be more desirable for yielding reliable evidence in arson investigation. In the present study, direct analysis in real time mass 
spectrometry (DART-MS) was applied to analyze various IL samples, including gasoline, paint thinner, lighter fluid, diesel, and 
kerosene, and various less volatile compounds were identified in the IL. The similarity and difference of the DART-MS spectra from these 
IL were compared by chemometric methods. In addition, a sorbent tube–based sampling device and sample introduction strategy for DART-MS were developed 
to enhance the applicability and data quality for forensic chemical analysis from complex matrices. The rationale for the design of this sampling method is based 
on the ASTM E1413-13 standard for the separation and concentration of IL residues from fire debris samples by dynamic headspace concentration. This method 
is designed to prepare extracts from fire debris in both positive and negative pressure systems. A positive system employs an inert gas, such as nitrogen, to purge 
the headspace vapors through an adsorbent tube, whereas a negative system uses a vacuum to evacuate the headspace vapors out of the container. The samples 
(i.e., substrates with IL residues) were placed in a one-quart paint can and sealed with a modified lid. The paint can was then placed into the heating mantle, 
which was heated to the desired temperature, forcing the volatile and less volatile compounds to vaporize into the headspace. For the positive system, the N2 gas 
from the N2 generator was connected to the copper tube on the lid of the paint can to force the headspace vapors through the sorbent tube attached to the lid. The 
negative system employed a portable air sampling pump connected to the sorbent tube using a Tygon® or polytetrafluoroethylene (PTFE) tube, which provides a 
negative pressure to evacuate the headspace vapors from the paint can into the sorbent tube. The effectiveness of the sampling strategy and DART-MS analysis for 
less volatile compounds in the IL will be discussed in this presentation.

Mengliang Zhang
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Development of an Interactive Database of Contemporary Material Properties for Computer Fire Modeling

NIJ Award: 2019-DU-BX-0018

Mark B. McKinnon,* Daniel Madrzykowski, and Craig Weinschenk | Underwriters Laboratories Fire Safety Research Institute

Abstract: Fire models are commonly used extensively by fire and arson investigators to test hypotheses and improve the understanding 
of the fire dynamics involved in an incident. Recently, the most sophisticated of these models has improved such that a wide range of 
material properties are required to completely define the materials in these models. Underwriters Laboratories Fire Safety Research 
Institute has undertaken a project to measure all the properties required to completely define a material in a computational fire model 
for over 70 materials that were selected by a technical panel comprising academics, consultants, fire investigators, and firefighters. 
The database includes pyrolysis kinetics and energetics data, temperature-dependent specific heat capacity and thermal conductivity, 
milligram-scale and bench-scale heat release rate and burning rate data, large-scale calorimetry data, and optical property data. 
The database is hosted on a dedicated website that includes background information on experimental and analytical techniques and 
guidance on the use of the properties in models of various levels of sophistication. With these data, fire investigators have all the 
information required to conduct detailed analyses and test hypotheses involving the most common materials in the built environment. 
The presentation will cover conception of the experimental methods, population of the database, validation of the data sets, and navigation of the interactive site.
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Rapid Association of Commingled Remains by their Chemical Profile

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

Kristen M. Livingston* and Matthieu Baudelet | University of Central Florida  
Jonathan Bethard | University of South Florida  
Katie Zedjlik-Passalacqua | Western Carolina University

Abstract: The commingling of human remains poses an obstacle for death investigations in both modern and archaeological forensic 
contexts. After recovering a mixed assemblage, anthropologists face the challenge of sorting each skeletal element to its proper 
individual. Using physical features and osteometric methods, the reassociation process can be tedious, especially if bones have 
undergone fragmentation or taphonomic changes. However, in addition to specific physical traits, bones also have chemical profiles 
representative of the individual. This information provides useful discriminatory data for sorting. This study proposes that the 
elemental signatures obtained from bones in commingled assemblages can be used as a preliminary sorting technique. Laser-induced 
breakdown spectroscopy (LIBS) is an analytical technique well-suited for acquiring chemical information from bones. It requires no 
sample preparation and provides an emission spectrum within seconds that is representative of the sample surface composition. LIBS 
is also a quasi-nondestructive method, showing no noticeable indication that material has been removed from the bone during analysis. 
Furthermore, LIBS technology is available in portable, field-deployable instruments. Because much of the casework for forensic anthropology begins out in the 
field, handheld instrumentation conveniently aids in efficient analysis. To simulate data collection from a mass grave, the skeletal remains of 12 individuals were 
obtained from the Forensic Osteology Research Station (FOREST) decomposition facility at Western Carolina University. A dataset was created by acquiring LIBS 
spectra from multiple locations on 28 bones for each individual, providing more than 2,000 chemical signatures for classification. Following data reduction and 
optimization, supervised learning algorithms were used to build discriminant models for the classification of each individual. These models were able to correctly 
match unclassified bones to their corresponding individuals with greater than 90% accuracy. Further statistical analysis of the spectral dataset provided insight 
on the significance of some trace elements responsible for the variation between each set of skeletal remains as well as the minimum number of bones required 
to classify individuals. The results of this study illustrate how the chemical profiles of bones help expedite the sorting process for skeletal assemblages and 
demonstrate the usefulness of portable LIBS as a potential tool to help forensic anthropologists reassociate commingled remains directly in the field.

Kristen M. Livingston

SESSION II:  Forensic Anthropology and Forensic Pathology
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Personal Identification Using Part-to-Part Comparison of 3D Lumbar Geometry Using Antemortem and Postmortem Computed Tomography

NIJ Award: 2019-DU-BX-0031

Summer J. Decker,* Zackery Beauchamp, and Jonathan M. Ford | University of South Florida Health & Tampa General Hospital 
Guy Rutty | University of Leicester 

Abstract: This presentation will discuss the most up-to-date results of our real-world application of using computed tomography (CT)-
derived three-dimensional (3D) models of the L1–L5 vertebrae of antemortem CT (AMCT) scans of known individuals and comparing 
them with postmortem CT (PMCT) scans for personal identification. This presentation expands upon the preliminary results that 
were previously presented at the 2022 National Institute of Justice Forensic Science Research and Development Symposium. The 
confirmation of identification for an unknown individual is a critical part of forensic practice especially in disaster victim identification 
(DVI). The comparison of AM imaging for the purposes of personal identification is a common tool in pathology, odontology, and 
anthropology. The authors performed a simulated version of this study as a proof of concept of using 3D-rendered lumbar vertebrae 
comparisons for personal identification.1 The University of Leicester’s East Midlands Forensic Pathology Unit uses PMCT as part of 
their daily practice and in DVI situations. To date, the University of Leicester has acquired 40 matching AM scans for individuals who 
passed through their facility for PMCT scanning. The University of Leicester anonymized the scans so researchers at the University of 
South Florida Health Department of Radiology were blinded to the identities of the AM and PM scans. Each scan was imported into the Mimics® Innovation 
Suite 24 (Materialise™). The L1–L5 vertebrae were modeled via segmentation and thresholding. Every vertebra was isolated and separated from the most 
proximal vertebral levels at the superior and inferior facet joints. Each series of 40 antemortem vertebrae were registered with a target unknown PMCT derived 
vertebra. A part-to-part comparison was conducted for each vertebra, and a match ratio was recorded. A threshold of ±1 mm was set for the part comparison. 
Every unknown PMCT L1–L5 was correctly matched to the corresponding AMCT L1–L5, signifying complete accuracy for this sample. A receiver operating 
characteristic curve was calculated to determine 100% sensitivity and specificity with a cut-off point of a 0.73 match ratio. The increased use of clinical CT scans 
and the growing use of PMCT have allowed for the expansion of means of personal identification in a forensic setting.

Reference

1. Decker, Summer J., and Jonathan M. Ford. “Forensic Personal Identification Utilizing Part-To-Part Comparison of CT-Derived 3D Lumbar Models.” Forensic 
Science International 294 (2019): 21–26. https://doi.org/10.1016/j.forsciint.2018.10.018.
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You Are What You Eat! Identification of the Matrices on Which Necrophagous Insects Feed Using Direct Analysis in Real Time–High Resolution 
Mass Spectrometry (DART-HRMS) and Chemometrics

NIJ Award: 2020-MU-MU-0016

Rabi A. Musah,* Samira Beyramysoltan, and Amy M. Osborne | University at Albany – State University of New York 
Jennifer Y. Rosati | John Jay College of Criminal Justice – City University of New York 

Abstract: Necrophagous insects that have colonized decomposing remains can play a critical role in forensic investigations, because 
their species identity can be used to estimate postmortem interval. However, insect evidence has the potential to reveal much 
more about the circumstances associated with a death. In this regard, it would be useful to be able to determine whether retrieved 
insect evidence fed on human verses animal remains, because this may be relevant to a crime. Recently, the mass spectral chemical 
fingerprints of insect species at various life stages, acquired by direct analysis in real time–high resolution mass spectrometry (DART–
HRMS), were shown to enable accurate determination of species identity. The presenters will report an investigation of whether these 
DART–HRMS chemical profiles can also reveal the food resource ingested by the flies. Eggs of three species (C. vicina, L. sericata, 
and P. regina) were reared on five resources: beef liver, pork chop, dog feces, chicken breast, and decaying tilapia. The emergent 
subsequent life stages were collected and stored in 70% aqueous ethanol until analysis. The DART–HRMS data of these samples were 
acquired from analysis of their aqueous ethanol suspensions. The data were binned and scaled, and the resulting matrix was explored by 
the multifactor Analysis of Variance (ANOVA) – Simultaneous Component Analysis technique to reveal variations in the chemical profiles that were a function 
of species and resource type. A fusion of partial least square-discriminant analysis and principal component analysis–discriminant analysis was performed to 
create a discriminative model for the reliable identification of not only species but also food resource using selected m/z values. The performance analysis of 
the method showed 95% and 52% accuracy by five-fold cross validation for larvae and adults, respectively. The results illustrated that the chemical profiles of 
adult samples were more influenced by external conditions than larva samples, which affected identification accuracy. Therefore, analysis of the larval life stage, 
which is the most commonly encountered insect form in forensic investigations, can be used not only for species determination but also for determination of 
resource substrate.

Rabi A. Musah
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Developing Subadult Sex Estimation Standards Using Adult Morphological Sex Traits and an Ontogenetic Approach

NIJ Award: 2020-R2-CX-0024

Stephanie J. Cole | University of Nevada, Reno

Abstract: Forensic anthropologists routinely assist law enforcement agencies in the identification of unknown human skeletal remains 
by creating a biological profile, an estimate of a decedent’s sex, population affinity, stature, and age at death. Currently, the only 
parameter of the biological profile that is routinely estimated for subadults is age at death. The primary reason for the exclusion of sex 
from the subadult biological profile is the ongoing belief that sex estimation can only be conducted on “adults,” a term associated with 
the legally defined chronological age of 18 years and older. The arbitrary designation of 18 years as the age at which sex estimation 
becomes tenable is problematic, because it is based upon a culturally determined definition of adulthood that is not at all grounded in 
biological processes pertaining to skeletal development, growth, or maturation. Because many traits used in sex estimation, specifically 
those of the skull and pelvis, express dimorphism as a result of puberty, they should be useful in estimating sex prior to adulthood. 
A new two-step method for subadult sex estimation has been developed using an ontogenetic perspective. Various skeletal maturity 
indicators associated with puberty are first evaluated to estimate stage of maturation. If the maturity indicators suggest puberty has 
commenced, traditional adult sex traits of the skull and pelvis that express dimorphism are then evaluated using modified definitions 
specifically for use with immature remains, and a sex estimate is generated using robust statistical analyses. The method will be made freely available to forensic 
practitioners as a graphical user interface, the Ontogenetic Subadult Sex Estimation System (OnSEt), providing practitioners with a user-friendly interface to 
include sex as part of the subadult biological profile, ultimately increasing identifications involving children in forensic contexts and improving outcomes in 
medicolegal death investigations.

An Osteometric Approach to Separating Commingled Pelvic and Foot Joints

NIJ Award: 2020-R2-CX-0025

Helen Litavec | Binghamton University

Abstract: Commingled human remains can result in a significant loss of information regarding the individuals present and make the 
biological profile difficult to establish. One common technique for separating commingled remains at joint surfaces is osteometric 
sorting.1 However, current models have only been applied to large joints of the body, for instance the hip or knee, while smaller joints 
like the sacroiliac (SI) or first tarsometatarsal (1st TMT) joint are unable to be sorted. Osteometric sorting separates commingled 
joints with a singular width measurement.1 However, linear measurements may be limited in their ability to describe the entirety 
of joint surfaces.2 Therefore, this study’s first hypothesis is that commingled individuals can be sorted at the SI and 1st TMT joints 

Stephanie J. Cole

Helen Litavec
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using osteometric sorting. The second hypothesis is that the joint surface area values will exclude more potential matches than the width measurements. The 
measurements and surface area values were calculated from virtual models created from the William M. Bass Donated Skeletal Collection. The left os coxae, sacra, 
medial cuneiforms, and first metatarsals of 56 individuals were scanned with a SHINING 3D® EinScan Pro 2X Plus handheld surface scanner. Each articular 
surface was cropped from the virtual model, and the widest portion of each facet was measured with the distance tool while the surface area was calculated using 
the compute area function in Geomagic Wrap 2017. The measurements were recorded in a Microsoft Excel Workbook, where the osteometric sorting models 
were also calculated.1 Four reference samples were formed to generate the models: SI width (Model 1), SI surface area (Model 2), 1st TMT width (Model 3), and 
1st TMT surface area (Model 4). Each sample was composed of 51 known individuals with varying demographics. Shapiro-Wilks tests were conducted to identify 
any outliers. These four models were then used to identify commingled individuals in the four test samples. Each test sample consisted of five known individuals 
and 20 artificially commingled pairs. Each model’s efficiency was calculated as an indicator of overall success at determining the correct classification rate of true 
positives and negatives.3 In all test samples, several potential pairs were excluded through the implementation of the new models. Model 1 was the least efficient 
(0.28) and only eliminated 10% of the commingled pairs. Model 2 was the most efficient (0.72) and correctly rejected 65% of the commingled pairs. Furthermore, 
two of the true SI joints were correctly reassociated using Model 2. Model 3 excluded 60% of the commingled pairs; however, it also eliminated one of the true 
matches (efficiency = 0.64). A similar result occurred for Model 4, where only 45% of commingled pairs were rejected as well as one true match (efficiency 
= 0.52). These results illustrate that osteometric sorting can help exclude potential matches at these particular joints. If future researchers are interested in 
osteometric sorting at these joints, then the reference sample sizes should be increased.
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Combining Surface-Enhanced Raman Spectroscopy (SERS) and Mass Spectrometry Techniques to Increase Sensitivity and Specificity in 
Toxicological Drug Analysis in Blood Plasma

NIJ Award: 2018-75-CX-0034

Vitoria Simas,* Nick Manicke, and Rajesh Sardar | Indiana University–Purdue University Indianapolis

Abstract: Nationally, the Centers for Disease Control and Prevention (CDC) reports that from March 2020 through April 2021 nearly 
101,000 people died from drug overdoses, the largest number of drug overdoses for a 12-month period ever recorded, including 
1,150 adolescents.1 The epidemic has accelerated during the COVID-19 pandemic. The CDC reports between 38%–50% increases in 
opioid overdoses in 28 states.2 Such dismal statistics impose ever greater challenges for criminal justice and drug analysis in forensic 
toxicology. Liquid chromatography–mass spectrometry (LC–MS) is the gold standard for analysis, but this technique is labor- and 
time-intensive and has proven too complex to implement in local toxicology laboratories. Consequently, serious backlogs have emerged 
nationally across jurisdictions. Herein, we demonstrate uniquely shaped gold nanostructures in the fabrication of a new nanoparticle 
(NP)-decorated microneedle array, which functions as both a highly sensitive surface-enhanced Raman spectroscopy (SERS) substrate 
for Raman analysis and an efficient sample preparation and ionization device for substrate-supported electrospray ionization–mass 
spectrometry (ssESI-MS). SERS analysis provides a unique spectroscopic fingerprint for each drug, with signal strength correlated to 
concentration. Electrospray MS is faster and less labor-intensive than LC–MS, with near equivalent specificity and selectivity. Together, 
SERS and ssESI-MS are orthogonal and complementary techniques, the combination of which is highly specific and able to unambiguously identify a large 
majority of potent drugs. The array also enables high-throughput toxicology drug analysis by SERS and MS simultaneously without the need for offline sample 
preparation. Together, multimodal SERS-ssESI-MS analysis enhances the specificity and selectivity compared to LC–MS in forensic toxicology. Therefore, we 
expect that this method would be suitable for implementation for high-throughput drug analysis in local forensic laboratories nationwide to battle the drug 
overdose epidemic.
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Getting into the Weeds—A Combined Ambient Mass Spectrometric and Chemometric Approach for Differentiating Hemp and Marijuana Varieties 
of Cannabis sativa

NIJ Award: 2019-DU-BX-0026

Rabi A. Musah,* Megan I. Chambers, Samira Beyramysoltan, and Benedetta Garosi | University at Albany – State University  
of New York

Abstract: Hemp (fiber-type) and marijuana (drug-type) are the two major varieties of Cannabis sativa. Although both varieties 
contain Δ9-tetrahydrocannabinol, or THC (i.e., the primary psychoactive component of this species), they differ in the amount of this 
active ingredient present. Currently, federal laws designate that C. sativa materials that contain greater than 0.3% THC are classified 
as marijuana (i.e., a Schedule I controlled substance) while C. sativa that has less than or equal to 0.3% THC is hemp (i.e., a legal 
agricultural commodity). In the context of analyzing Cannabis materials in a forensic laboratory, distinguishing between these two 
varieties can be difficult. Furthermore, the increased workload associated with differentiating between hemp and marijuana, which 
derives from the requirement to quantify the THC content in all C. sativa samples submitted as evidence, has imposed additional 
challenges. Therefore, one of the primary goals of this National Institute of Justice–funded project was to develop a method to rapidly 
distinguish between hemp and marijuana plant materials. To accomplish this, advanced chemometric techniques were applied to data 
obtained by direct analysis in real time–high resolution mass spectrometry (DART-HRMS). A diverse set of C. sativa plant materials 
was acquired, including commercial hemp flower from multiple vendors, marijuana samples from two Drug Enforcement Agency–registered suppliers (i.e., the 
National Institute on Drug Abuse and the National Institute of Standards and Technology), and recreational marijuana flower. All plant materials were analyzed 
by DART-HRMS in positive-ion mode under soft ionization conditions (i.e., orifice 1 voltage of 20 V). No sample pretreatment steps were required prior to 
interrogating the samples by DART-HRMS, which was accomplished by simply introducing the closed end of a glass melting point capillary tube into the sample 
and presenting the coated surface of the tube to the open-air gap between the ion source and mass spectrometer inlet (i.e., DART gas stream). After obtaining 
the mass spectral chemical profiles for all samples, chemometric techniques (i.e., principal component analysis and random forest) were applied to optimally 
differentiate between the hemp and marijuana samples with high accuracy. A set of external validation samples (i.e., samples that were not used to develop the 
model) were used to assess the model’s prediction ability to classify “unknowns.” The assessment resulted in 100% accuracy for determining the varieties of the 
C. sativa unknowns. During the development of the model, a set of m/z values was identified as diagnostic for differentiating between the two varieties. During 
investigations to determine the identities of all variables found to be crucial for this distinction, it was found that several markers had masses that were consistent 
with cannabinoid and terpene molecules known to be present in Cannabis. Furthermore, fragments of these major molecules, which are formed during the 
ambient ionization analysis by DART-HRMS, also appear to aid in the differentiation of these varieties. In summary, the developed mass spectrometric and 
chemometric approach for differentiating between hemp and marijuana would assist crime laboratories in the rapid identification of unknown C. sativa material 
prior to the launch of time-consuming and resource-intensive confirmatory methods.
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Tracking and Disseminating Data on Novel Psychoactive Substances (NPS) through NPS Discovery’s Drug Early Warning System

NIJ Award: 2020-DQ-BX-0007

Alex J. Krotulski,* Sara E. Walton, and Donna M. Papsun | Center for Forensic Science Research and Education 
Melissa F. Fogarty | NMS Labs 
Barry K. Logan | Center for Forensic Science Research and Education & NMS Labs

Abstract: Novel psychoactive substances (NPS) continue to increase in prevalence in the United States. Constant turnover of these 
drugs is a concern because of their unknown effects and toxicity. Many laboratories may not have the resources to stay current with 
NPS trends, which means a central authority is needed to provide assistance and guidance. To that end, and with National Institute of 
Justice funding, the Center for Forensic Science Research and Education (CFSRE) developed NPS Discovery—a drug early warning 
system—in 2018 to streamline the identification of emerging NPS and to disseminate important information to stakeholders. 
The CFSRE’s NPS Discovery program monitors NPS through sample-mining and data-mining analytical techniques. The sample 
populations that feed these workflows are facilitated through collaborations with medical examiner and coroner offices, crime 
laboratories, police departments, hospitals, and other public health and safety agencies and include raw drug materials and toxicology 
specimens. Additionally, our program monitors online resources (e.g., gray market sites, drug use forums) for newly emerging NPS. 
NPS benzodiazepines, although the smallest subclass in terms of newly discovered drugs, are the most prevalent subclass of NPS observed in toxicology samples, 
accounting for approximately 50% of positivity. Beginning around early 2022, a sharp increase in positivity for etizolam and flualprazolam was observed, often 
in combination with opioids. Since 2020, etizolam has remained the most encountered NPS benzodiazepine, while the positivity of flualprazolam has fluctuated. 
During this time, notable detection increases for clonazolam, flubromazepam, flubromazolam, and bromazolam have been observed, albeit with less frequency. 
NPS opioids are the second most prevalent subclass observed, accounting for approximately 20% positivity in toxicology samples. In early 2020, isotonitazene 
was the most prevalent synthetic opioid encountered but was quickly replaced by brorphine in mid-to-late 2020 and then by metonitazene in early 2021. This 
demonstrates the quick pace of the current NPS opioid market with drugs that have similar or higher potency than fentanyl. The only fentanyl analog observed 
during this time with noted prevalence was fluorofentanyl, although its characteristics are atypical for an NPS. Other NPS opioids to emerge more recently 
include N-pyrrolidino etonitazene, protonitazene, and etodesnitazene. NPS stimulant and hallucinogen positivity has remained static in the last several years with 
one drug dominating the market at a given time. Eutylone was the primary NPS stimulant between 2020 and 2022; however, it was recently replaced following 
international control and now the prevalence and positivity of N,N-dimethylpentylone are skyrocketing. The synthetic cannabinoid subclass of NPS has changed 
the most in recent years because of a class-wide ban implemented by China. This ban has caused a significant reduction in positivity in 2022. MDMB-4en-
PINACA has been the most prevalent synthetic cannabinoid observed, followed by ADB-BINACA and others. Much uncertainty remains for this NPS subclass. 
NPS—the drugs themselves and their subclasses—are not created equal. Emergence, prevalence, and other characteristics vary greatly from drug to drug and 
among the subclasses themselves. Laboratories and scientists must remain abreast of ever-changing drug trends and impacts (e.g., chemistry, pharmacology). 
NPS Discovery strives to collect and share this data and information.

Alex J. Krotulski
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Biomarkers of Cannabis Exposure in Exhaled Breath Condensate and Oral Fluid

NIJ Award: 2020-DQ-BX-0011

Anthony P. DeCaprio* and Meena Swaminathan | Florida International University

Abstract: The continuous increase in cannabis use for its perceived medical benefits and as a recreational drug in the United States 
has created a great demand in forensic toxicology for biomarkers of Cannabis exposure that can reliably indicate medicinal versus 
recreational Cannabis use, recent versus past exposure use, and occasional versus chronic use. In addition, markers that can be sampled 
non-invasively and with relative ease are needed. Current markers of Cannabis intake include ∆9-tetrahydrocannabinol (∆9-THC) and 
its metabolites 11-hydroxy-Δ9-tetrahydrocannabinol (11-OH-THC) and 11-nor-9-carboxy-Δ9-tetrahydrocannabinol (THC-COOH). 
However, these exhibit complex pharmacokinetics, making it difficult to interpret concentrations to determine the time and frequency 
of exposure. More importantly, blood or urine levels of THC and metabolites correlate poorly with degree of impairment in driving 
under the influence scenarios. Cannabis contains ~120 unique chemical entities considered to be “cannabinoids,” some of which are 
psychoactive and some that can modify the overall activity of the combined product. These include major and minor components, 
few of which have been assessed as potential exposure biomarkers in conventional or alternative sample matrices. The possibility 
that profiles or patterns of multiple cannabinoids may provide more reliable correlations with Cannabis exposure or impairment than 
individual molecules has not been extensively explored. Oral fluid (OF) and exhaled breath condensate (EBC) are alternative, non-invasive sample matrices 
that hold promise for identification of Cannabis exposure biomarkers. OF is currently being explored as a matrix for Cannabis exposure analysis. EBC is an 
easily collected specimen derived from lung lining fluid that consists of condensed water vapor, dissolved volatiles, and water-soluble polar and non-volatile 
small molecules, including metabolites. Although licit drugs and metabolites have been measured in EBC, this matrix has not been explored as an alternative 
sample in forensic toxicology studies, despite its obvious advantages. This presentation describes the development of an analytical method to determine a 
battery of major and minor cannabinoids and metabolites as potential Cannabis exposure biomarkers in EBC and OF. Liquid chromatographic-triple quadrupole 
tandem mass spectrometry (LC-QqQ-MS/MS) can detect and quantify 25 cannabinoid analytes, including the difficult to separate analytes Δ8-THC, Δ9-THC, 
cannabichromene, and cannabinol, which have similar multiple reaction monitoring transitions. Limit of quantitation values for the great majority of target 
cannabinoids in OF and EBC are in the 1–10 ng/mL range. In addition, the recruitment of a cohort of 240 adult Cannabis users with well-characterized Cannabis 
use profiles is described. Participants provided samples of EBC, OF, and urine and completed an exposure questionnaire detailing characteristics of exposure and 
type of Cannabis used. OF was collected using Quantisal™ (Immunalysis™) devices. EBC was obtained using RTube™ devices (Respiratory Research, Inc), which 
yield ~1 mL of sample with 5–10 minutes of normal breathing. Urine was also collected for initial confirmation of recent or chronic use using dipstick analysis. 
Initial cannabinoid data analysis will use descriptive statistics, one-way analysis of variance, and correlation analysis to isolate possible trends and correlations. 
Then, data will be further investigated with multivariate analyses, including principal component analysis, to explore the relationships between individual or 
groupings of analytes and exposure parameters, including type of cannabis used and the timing and frequency of use.

Anthony P. DeCaprio



59

Poster A
bstracts

Presenter Bios
W

elcom
e and  

Solicitations
M

orning 
A

bstracts
A

fternoon 
A

bstracts

Validation of a LC-DAD Method with Optional ESI/TOFMS Detection for the Accurate Measurement of Δ9-THC and Δ9-THCA Among Twenty 
Cannabinoids in Cannabis

NIJ Award: 2020-DQ-BX-0021

Liguo Song | Western Illinois University

Abstract: There are two primary species of Cannabis: marijuana is the cultivated plant used as a psychotropic drug because of high 
concentrations of ∆9-tetrahydrocannabinol (Δ9-THC) whereas hemp is characterized by a low concentration of Δ9-THC and high 
concentration of cannabidiol (CBD), which is antipsychoactive.  The Federal Controlled Substance Act of 1970 defined Cannabis as a 
Schedule I substance, which made both marijuana and hemp illegal. The 2018 Farm Bill excluded hemp from the statutory definition 
of Cannabis with a total concentration of Δ9-THC and Δ9-tetrahydrocannabinolic acid (Δ9-THCA) not more than 0.3% (w/w) on 
a dry basis, which made hemp compliance testing mandatory. To meet this demand, a liquid chromatography diode array detector 
(LC-DAD) method has been developed and validated. So far, published LC-DAD methods have focused on the quantification of 17 or 
fewer cannabinoids. In addition, resolution of critical pairs of cannabinoids (e.g., cannabigerol [CBG]/CBD, Δ9-/Δ8-THC) often did 
not meet the required minimum resolution of 1.5 for appropriate method validation, which was especially true when LC separation 
was carried out at high concentration of cannabinoids or involved a large number of cannabinoids. In our study, a thorough separation 
optimization led to baseline separation of both critical pairs. Precision and accuracy were assessed using quality control samples at 
three concentration levels (0.02, 0.5, and 12.5 µg/mL) in triplicates with inter-day and intra-day precision of less than 15% relative standard deviation (RSD) and 
accuracy of less than ±15% relative error, therefore meeting the requirements by the ISO 17025 standards. Unlike most published methods that had to analyze 
the same sample at more than one concentration because of a narrow linear calibration range, samples were analyzed with this method at one concentration 
(50 µg/mL in methanol) because of a wide linear calibration range (i.e., 0.02–25 µg/mL or 0.04%–50% [w/w]). In the literature, published recovery experiments 
were limited by the unavailability of cannabinoid-free matrix and the high cost of cannabinoid standards. This problem was solved by spiking abnormal CBD, 
a cannabinoid not naturally present in Cannabis products and commercially available with a reasonable price, into the samples. The researcher’s assessment in 
triplicate showed that the recovery ranged from 93.6% to 106.1% while the RSD values ranged from 1.1% to 7.0%. The method had overall good specificity with 
only a few minor interferences from compounds in the samples, which was verified by electrospray ionization time-of-flight mass spectrometry (ESI/TOFMS). 
Additionally, ESI/TOFMS has discovered seven unknown cannabinoids, including one structural isomer of CBG, one structural isomer of cannabinolic acid, 
four structural isomers of Δ9-THC, and one structural isomer of Δ9-THC acetate. The method was applied in the analysis of cannabinoids in 23 samples of plant 
materials of Cannabis. Eighteen cannabinoids were found at concentrations higher than the limit of quantification and ranged from 0.04 to 26.97% (w/w) in the 
samples. The analysis also uncovered that one of the two samples of Δ8-THC fortified hemp flowers contained 5.16% (w/w) Δ9-THC, an alarm to the current 
Δ8-THC craze by the public.

Liguo Song
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Sample Homogenization, Extraction, and Clean Up Procedures at NIST for the Determination of Total Δ9-THC in Hemp-derived Finished Products

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

Walter Brent Wilson | National Institute of Standards and Technology (NIST)

Abstract: Forensic laboratories have been forced to start differentiating seized Cannabis products as either legal hemp or illegal 
marijuana in many parts of the United States after the passage of the 2018 Farm Bill. In 2021, hemp production in the United States 
was worth an estimated $824M with approximately 76% focused on floral hemp that is used to produce hemp-derived finished 
products such as smokable plant products, vape cartridges, oils, or edibles.1 Historically, forensic laboratories have only performed 
a series of qualitative measurements: macro- and microscopic identification of plant features, colorimetric test for presence of 
tetrahydrocannabinol (THC), and confirmation of Δ9-THC by gas chromatography-mass spectrometry (GC/MS). With new legislation, 
forensic laboratories are now required to quantify the level of total Δ9-THC in seized evidence to distinguish them as either hemp 
or marijuana products. In response, the National Institute of Standards and Technology (NIST) started developing and evaluating 
analytical methods to provide forensic scientists with the tools necessary. This presentation will summarize sample homogenization, 
extraction, and clean-up procedures for the determination of Δ8-THC, Δ9-THC, tetrahydrocannabinolic acid (THC-A), and total 
Δ9-THC in smokable hemp plant samples, hemp oils, and vape liquids. Additionally, commercial hemp samples that were supposed to be 
at or below the federal limit of 0.3% were analyzed by liquid chromatography photodiode array detector (LC-PDA); however, in the case of smokable hemp plant 
samples, approximately 93% were measured by NIST to have a total Δ9-THC value above this limit. Similar studies will be highlighted for other Cannabis matrices 
and comparisons will be provided between NIST mass fractions and the manufacturers’ fractions.

Reference
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Improved Nucleic Acid Recovery from Trace Samples Using Affinity Purification 

NIJ Award: 15PNIJ-21GG-04149-RESS

Brian Davis,* Michael Rishel, Wei Gao, John Nelson, and Chrystal Chadwick | GE Research

Coral Smith and Arati Iyengar | West Virginia University

Abstract: An increasing proportion of DNA casework in the United States comprises trace levels of DNA. Traditional kits for 
nucleic acid recovery present potential for loss of DNA during extraction and purification caused by multiple wash steps and buffer 
exchanges during which the small amount of DNA can be lost. Although this loss may be insignificant on body fluids such as blood 
or semen where DNA content is high, when working with trace DNA, it could mean the difference between an informative profile and 
unusable data. In addition, commercial kits for DNA recovery disregard the potential value of RNA, proteins, and metabolites and 
focus exclusively on DNA isolation. RNA and metabolites are highly valuable because they can identify the type of biological sample 
within the evidentiary sample. There is an immediate need for an efficient workflow that effectively extracts and purifies DNA from 
challenging trace samples while simultaneously preserving RNA, proteins, and metabolites for further analysis. The researchers’ new 
approach combines high-efficiency recovery of trace DNA with retention of proteins and metabolites in the unbound material. The 
significance of additional analytes has been demonstrated in recent literature; however, adaptation of these techniques has been delayed because of a lack of an 
efficient multi-analyte isolation kit. This research seeks to fill that gap by developing a novel workflow incorporating a highly efficient DNA binder imbedded 
into a paramagnetic bead in combination with buffers that are non-destructive to protein and other analytes. Preliminary data using known quantities of DNA 
applied to the DNA binder and from swabs of glass slides handled by volunteers (with/without spiked DNA) demonstrated near complete binding of nanogram 
quantities of sheared (size range 500 bp to 12 kb) human genomic DNA, while the remaining analytes are retained in the unbound material for further analysis. 
Current elution protocols achieve up to 90% recovery from the DNA binding vector, confirmed by the Quant-iT™ PicoGreen™ and Quantifiler™ Trio assays 
(Thermo Scientific™). With DNA of 25 bp to 500 bp, 95% elution efficiency was obtained, indicating usefulness of this method with severely degraded DNA that 
is often problematic with conventional kits using DNA binding columns. Experimentation is in progress to improve DNA elution efficiency through enzymatic 
release agents and buffer optimization and to develop optimal protocols for co-binding and differential elution of RNA from the binding vector. Results will be 
presented on DNA elution efficiency using enzymatic release agents and several buffer combinations and on different strategies for co-binding and differential 
elution of RNA. Side-by-side comparisons to currently available commercial kits will also be presented. In time, this innovative research will result in the 
development of a robust method of successfully isolating challenging trace DNA while retaining RNA, protein, and metabolites from the same sample, thus 
increasing the value of a single piece of biological evidence.

Brian Davis
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Development of a Probe Capture Next-Generation Sequencing Assay for Analysis of the Mitochondrial Genome and Nuclear STR and SNP Markers 

NIJ Award: 2018-DU-BX-0183

Gunmeet Kaur Bali* | 10x Genomics 
Mary Wisner | Texas Department of Public Safety 
Sandy Calloway and Henry Erlich | Children’s Hospital Oakland Research Institute 
Steven J. Mack | University of California San Francisco

Abstract: The clonal property of next generation sequencing (NGS), also known as massively parallel sequencing, facilitates the 
de-convolution of mixtures, a common and challenging category of crime scene evidence. Using a probe capture strategy for target 
enrichment enables the analysis of the short and degraded DNA fragments common in many forensic specimens because the 
alternative strategy of polymerase chain reaction (PCR) enrichment requires the presence of two intact priming sites. Moreover, 
a single shotgun library prepared from a forensic sample can, in principle, be analyzed with probe panels for mitochondrial DNA 
(mtDNA), single nucleotide polymorphisms (SNPs), and short tandem repeats (STRs), maximizing the genetic information that can 
be extracted from quality- and quantity-compromised forensic samples. The presenters have developed NimbleGen probe panels 
for the entire mtDNA genome,1 for 496 SNPs,2 and for 44 STR genetic markers. The captured libraries are sequenced on the Illumina® 
MiSeq™ platform. When sequencing the entire mitochondrial DNA genome, a haploid lineage marker allows de-convolution of mixtures by counting individual 
clonal sequence reads and assigning them to one of the contributors, aided by mixemt, a phylogenetic-based software.3 This software can estimate the number of 
contributors and their proportions in the mixture; this information can be helpful in interpreting the SNP and STR analyses of the same mixtures. The presenters 
have recently reported the analysis of several contrived forensic type mixtures (e.g., hair, blood) using the mtDNA probe panel and mixemt.4 Recently, the 
presenters have developed a probe panel for 44 different STR loci that includes 30 autosomal STRs, five X-STRs, eight Y-STRs, and the amelogenin marker. The 
probes target unique flanking sequences, and the sequence files are analyzed with the web-based software toaSTR,5 developed by LABCON-OWL, for genotyping 
NGS STRs. The toaSTR analysis of STR markers enables the identification of STR alleles that are identical by size but different by sequence and can distinguish 
biological (iso-)alleles from stutter and other artifacts, which is useful in mixture interpretation. The SNP analysis is valuable in highly degraded forensic samples 
where the STR analysis may be compromised. The custom SNP probe panel consists of a set of 496 nuclear SNPs (367 SNPs and 129 microhaplotype markers). 
The presence of tri-allelic, tetra-allelic, and microhaplotype markers in the SNP probe panel facilitates possible mixture detection and analysis. The presenter’s 
experience with contrived mixtures indicates that counting sequence reads for mtDNA markers can be used to estimate proportions but estimating proportions 
for SNP and STR markers by counting reads is less reliable at DNA inputs <1 ng. This study presents the results obtained from a single shotgun DNA library made 
from contrived mixtures of hair and blood target enriched using the STR, SNP, and mtDNA probe capture panels, demonstrating proof of concept for application 
to forensically relevant degraded and mixed samples.

Gunmeet Kaur Bali
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Single-cell Likelihood Ratios are Highly Informative and Robust Across Multifarious Mixture Complexities 

NIJ Award: 2018-DU-BX-0185

Catherine M. Grgicak,* Desmond S. Lun, Madison M. Mulcahy, and Nidhi Sheth | Rutgers University–Camden 
Ken R. Duffy and Leah O’Donnell | Maynooth University

Abstract: Traditional mixture interpretation works within a likelihood ratio (LR) paradigm and requires assumptions on relatedness 
and whether a known contributor’s DNA is present in the data. In the bulk pipeline, DNA is extracted using laboratory treatments that 
force volume fractionation between the extraction and polymerase chain reaction (PCR) steps. This fractionation leads to variation in 
the number of copies of each allele before PCR cycling starts, which drives peak height ratio differences between alleles within a locus 
and drop-out. The resultant bulk electropherogram (EPG) is, therefore, a mix of short tandem repeat (STR) peaks from possibly related 
individuals who may not have their full profiles represented in the data. It is for these reasons that multifarious number of contributors 
assignments and contexts are required to evaluate the evidence. As the number of reasonable propositions increases so do the cost 
burdens associated with training, proficiency testing, and research. Though technologies, such as sequencing, might improve the ability 
to resolve more alleles, full resolution can only be acquired through a single-cell approach that invokes a direct-to-PCR methodology. Catherine M. Grgicak
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Thus, the researchers endeavor to develop a single-cell pipeline, complete with interpretation and capable of reporting the strength of the consistency between 
group(s) of single-cell data and a person of interest (POI). Despite its potential, single-cell analysis has not received widespread consideration within the 
forensic domain and therefore requires studies that affirm its relevance. To do this, this study must demonstrate the flexibility of this strategy by showing that 
for a set of mixtures containing two to five persons, the LR for a cluster of single-cell electropherograms (scEPGs), grouped by similarity, approaches that of the 
known genotype regardless of the number of individuals comprising the mixture. This study shall also present a treatment that demonstrates how the strength 
of consistency between scEPGs in a cluster and the POI can be combined to determine the strength of evidence for the entire mixture. The presentation shall 
continue by demonstrating two boundary cases: (1) where the LRs for a mixture consisting of 15 persons is determined and (2) where each cluster contains only 
one scEPG. In the first case, the mixture is tested against all 15 true contributors and finds that all the LRs approach those of the ground truth genotype. From the 
case where each cluster contains only one scEPG, this study found that a total peak height of 5,000 RFU, representing ca. 10 allele peaks, renders LR ≈ 106 and that 
over 80% of the cells exhibit at least this allele detection rate. The scLRs from this software application, named EESCIt for Evidentiary Evaluation of Single Cells, 
were perfectly repeatable and were obtained in less than 1 minute for any admixture. These results demonstrate the relevance, salience, and legitimacy of this 
strategy to the forensic domain, justifying further development.

Adaptation, Optimization, and Validation of a Semi-automated DNase I-based Differential Extraction Procedure on the Beckman Coulter Biomek® 
NXP Automated Workstation

NIJ Award: 2019-NE-BX-0002

Ashley M. Cooley,* William B. Eggleston, Susan A. Greenspoon, and Cathryn A. Shannon | Virginia Department of Forensic Science

Abstract: Processing evidence in sexual assault cases is time-consuming, which has led to high backlogs in many localities. The key 
challenge has been to separate DNA in sperm cells from DNA in epithelial cells prior to purification to simplify the mixture before DNA 
profiling.  The differential extraction (DE) method, developed by Gill et al.1 and still routinely used in forensic laboratories, is based 
on the higher density of sperm cells and their resistance to cell lysis in the absence of a reducing agent such as dithiothreitol (DTT) 
relative to epithelial cells. Following lysis of epithelial but not sperm cells in buffers containing proteinase K and detergent, samples are 
centrifuged to pellet sperm cells (sperm fraction, or SF) leaving lysed epithelial cells in the supernatant (non-sperm fraction, or NSF). 
Removal of the NSF and repeated washing of the SF prior to DNA extraction is used to develop separate DNA profiles for the SF and 
NSF. Although effective, the process is a challenge to fully automate and the repeated wash steps are relatively slow, labor-intensive, can 
lead to loss of sperm, and provide more opportunities for cross contamination. Multiple procedures to improve the differential lysis/
centrifugation method have been developed, including laser-, acoustic-, pH-, pressure-, affinity-, and enzyme-based methods. Critical 
aspects of new methods are to demonstrate that they work as well or better than methods in use in the forensic laboratory and have an 
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ability to seamlessly integrate into existing workflows. Virginia Department of Forensic Science (VADFS) optimized and fully integrated an automated DNase 
I-based DE method into the current automated DNA processing pipeline using Promega’s DNA IQ™ DNA isolation system and Beckman Coulter’s Biomek® NXP 
automation workstation. DNase I is a nuclease that degrades DNA to oligonucleotides. Starting from reports by Garvin et al.2, 3 and Wong and Mihalovich4 and the 
VADFS’s current DE procedure, DNase I digestion of SFs was performed using a new method developed for the Biomek® NXP following manual epithelial cell lysis. 
The presenters report the results of testing multiple buffers, enzyme concentrations, incubation times and temperatures, and semen dilutions using vaginal and 
buccal mock sexual assault samples from multiple donors. The effects of commonly encountered vaginal contaminants and aging on results and tests to measure 
cross-contamination rates to validate the optimized protocol on the Biomek® NXP are also reported. This research found that multiple buffers and conditions 
worked as well as or better than the current VADFS standard DE protocol with respect to Y-DNA yields (measure of male DNA), ratios of autosomal-DNA to 
Y-DNA yields (A/Y ratios, which measure the relative quantity of female DNA), and the quality of sperm fraction DNA profiles. No evidence for increased rates of 
cross contamination was observed due to the automated DNase I treatment. The automated DNase I DE method is rapid and deposits the DNase I-treated SFs into 
the deep well sample plate, in which the SFs will be purified for DNA along with other casework samples using the existing automated extraction procedure.
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Paper-based Chemiresistive Biosensor Array for Rapid, On-site Identification of Multiple Body Fluids at a Crime Scene 

NIJ Award: 2019-NE-BX-006

Samriddha Dutta* and Ashok Mulchandani | University of California, Riverside 
Yu Shen | Lam Research

Abstract: Identifying body fluids left at a crime scene is a fundamental piece of evidence in forensic science. Often, knowing what 
the body fluid is serves as the key in a criminal investigation. However, the identification of human body fluids has not always been 
an easy task because of their resemblance to other fluids or substances. Over the years, a variety of methods have been developed 
for the identification of commonly found body fluids at crime scenes, but most of these tests are only qualitative, suffer from low 
sensitivity and selectivity, and consume a significant quantity of valuable samples. To alleviate these drawbacks, this study developed a 
single-walled carbon nanotube (SWNT)-based chemiresistive nanobiosensor array for quantitative, selective, on-site identification of 
multiple body fluids, namely blood, semen, saliva, urine, and sweat, through detection of their protein biomarkers using corresponding 
antibodies. Chromatography paper was used as the substrate, and electrical leads were inkjet printed on its surface. The sensor array 
consisted of five individual sensing channels made by a simple wax-printing method, and they only required a microliter-sized 
sample, which was equally split into aliquots by the built-in paper microfluidics. For fabricating the chemiresistors, the researchers 
synthesized a dimethylformamide (DMF)-based PBASE (1-pyrenebutanoic acid succinimidyl ester)/SWNT ink where PBASE was attached to SWNTs through 
non-covalent π-π stacking interaction and the ink was deposited on the paper substrate by inkjet printing, keeping an optimal three-dimensional semiconductor 
density. The researchers identified two sets of unique biomarker proteins for each of the five body fluids from literature to be tested with this sensor. Individual 
antibodies were immobilized onto the SWNT surface, and any specific antigen-antibody interaction near the interface of the SWNTs and the environment caused 
a significant increase in the measured electrical responses because of surface charge–induced gating effect, which gave the sensor response values. Furthermore, 
to facilitate easy, multiplexed sensing and reduce the time of fabrication, the researchers developed a water-based all-in-one SWNT-Antibody Bioink, containing 
both transducer (SWNT) and biological elements (antibody) that could be drop-casted or printed on the paper substrate to form the chemiresistor arrays. The 
described sensing methods showed promising results, with specific interactions giving an average response of >70% and non-specific interactions giving an 
average response of <10% in each case, thereby proving the specificity of the sensor. Quantitative and selective detection of the tested biomarker proteins could 
be demonstrated with the very low limit of detection values obtained. The paper-based chemiresistive biosensor system reported here was easy to fabricate 
and handle and designed for rapid, sensitive, selective detection of biomarkers. It also followed the ASSURED criteria (i.e., Affordable, Sensitive, Specific, 
User-friendly, Rapid and Robust, Equipment-free and Deliverable to end users). This biosensing platform exhibited promising performance and potential 
for unprecedented on-site use during crime scene investigations and is expected to promote the future development and adoption of chemiresistors on paper 
substrates in other sensing scenarios.
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Sex-based Targeted Recovery of Cells in a Heterogeneous Mixture: Separating Male and Female Like-cells 

NIJ Award: 2020-DQ-BX-0019

Amber C. W. Vandepoele,* Jonathan Hogg, Nori Zaccheo, Morgan Frank, Haley Crooks, and Michael Marciano | Syracuse University 
Janine Schulte and Iris Schulz | University of Basel 
Jeremy Dubois | Acadiana Crime Laboratory

Abstract: Mixture interpretation remains a central challenge in the forensic DNA field. Much research and development has focused on 
methods to improve the interpretation of complex samples, including software solutions (probabilistic genotyping1,2,3,4 and statistical/
machine learning-based methods5,6). These methods are used to improve mixture interpretation on the “back-end” rather than address 
the separation of the individual biological components (e.g., cells) to wholly avoid mixtures. This project will address this need in the 
forensic biology field, aiming to evaluate an emerging method of targeted male cell analysis in mixtures of like-cells (e.g., male and 
female epithelial cells collected on a vaginal swab). This method will either eliminate or significantly ease the complexity of mixture 
interpretation for specific case types where male and female like-cells are collected, improve laboratory efficiency, and lower the cost 
of processing such cases. The central aim of this project is to develop and optimize a method to identify and recover male cells from a 
mixture of male and female like-cells (e.g., epithelial cells); for example, the identification of a vasectomized male in a sexual assault of a 
female victim. The method will adapt two well-characterized methods into a single unified protocol for use in forensic DNA analyses—Y chromosome targeting 
via the Abbott Molecular Vysis™ CEP Y DYZ1 probe and male cell recovery using the Menarini-Silicon Biosystems DEPArray™ NxT or PLUS. Separating male 
from female cells in like-cell mixtures will result in single-source male autosomal profiles and provide unprecedented levels of resolution that will lead to stronger 
statistical support for the comparisons. It may also allow the profiles to be uploaded to CODIS in cases that yielded profiles that were not previously able to be 
uploaded. The proposed method would also simplify the data interpretation because probabilistic genotyping would not be required to deconvolute a mixture. The 
benefits extend to any sample with a male and female mixture of like-cells. This study is in progress.
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A Fully Integrated Microfluidic Tool for Forensic Epigenetic Sample Preparation

NIJ Award: 2020-R2-CX-0030

Rachelle Turiello | University of Virginia

Abstract: The toolkit for forensic human identification (HID) has expanded beyond comparative methods for individualization to 
include investigative tools based upon nucleic acid (NA) analysis. The determination of chronological age from forensically relevant 
stains has garnered considerable attention, with over 300 research articles published and countless predictive models developed 
from the multiplexed analysis of few age-associated, epigenetic loci.1 Unfortunately, analysis of epigenetic “marks” requires both 
DNA extraction and chemical conversion of the DNA to conserve NA modifications for downstream analysis. The gold-standard 
techniques for both DNA extraction and chemical conversion by sodium bisulfite are time-consuming, labor-intensive, prone to 
analyst contamination with multiple tube transfers, and result in extensive DNA loss. In particular, sodium bisulfite conversion (BSC) 
is associated with extensive DNA damage, with even the most well-established methods resulting in more than 50% template loss.2 
Despite the development of more sensitive detection and analysis strategies downstream, including massively parallel sequencing 
(MPS), studies have demonstrated that the interrogation of epigenetic targets for forensic purposes requires increased sensitivity for 
reproducible and accurate predictions.3 To increase the analytical range associated with forensic epigenetic analysis, the presenter has 
developed a microfluidic system for the automated sample preparation that includes both DNA extraction and chemical conversion. The extraction step employs 
a thermophilic enzyme for lysis, producing an eluate in PCR-compatible buffer; this step omits the use of any solid phase materials to immobilize and wash the 
extract to conserve template.4 Released DNA proceeds through a miniaturized, dynamic solid phase BSC (dSP-BSC) process that has been previously optimized to 
conserve NA templates and maintain high conversion efficiency. All sequential unit operations are performed via a rotationally driven disc, roughly the size of a 
CD,5 in concert with a mechatronic system to drive fluid toward the periphery of the disc through centrifugal force, induce magnetic mixing,6 perform sacrificial 
valving,7 and complete targeted incubation steps through contact heating. The system was tested with epigenetic standards of known methylation status, human 
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K-562 erythroleukemia cell lines, and human blood via multiple downstream strategies, including real-time polymerase chain reaction (RT-PCR), high-resolution 
melting (HRM), and pyrosequencing using age-associated targets FHL2 and ELOVL2 for proof of concept.8 Preliminary results confirm the extraction strategy 
is compatible with the dSP-BSC chemistry sans nucleic acid purification. Future work is focused on the complete automation of the protocol with the in-house 
engineered systems and optimization of the tool with forensically relevant samples.
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Quality Control Procedures Required for the Generation of Forensic Quality Mitogenome Reference Data 

NIJ Award: DJO-NIJ-17-RO-0219

Charla Marshall* and Kimberly Sturk-Andreaggi | Armed Forces Medical Examiner System – Armed Forces DNA Identification  
Laboratory (AFMES-AFDIL)/SNA International 
Walther Parson | Innsbruck Medical University

Abstract: Mitochondrial DNA (mtDNA) analysis plays a specialized role in forensic applications, overcoming certain limitations of 
autosomal DNA markers. The high copy number and uniparental inheritance pattern are advantageous characteristics of mtDNA in 
cases involving shed hairs and aged skeletal elements, such as decades-old missing persons cases. Though the discriminatory power 
of mtDNA is limited by common haplotypes, next generation sequencing (NGS) offers feasible access to entire mitochondrial genome 
(mitogenome) data that can provide increased resolution of common haplotypes to unique sequences. The primary implementation 
challenge of mitogenome analysis is a lack of forensic-quality reference data, which are required to determine the evidentiary weight 
of a match. To meet this need, the Armed Forces Medical Examiner System – Armed Forces DNA Identification Laboratory (AFMES-
AFDIL) proposed to generate 5,000 mitogenomes as part of a National Institute of Justice (NIJ)-funded project. Mitogenome data 
were produced using robust laboratory procedures and automated processing, followed by independent data reviews by two experienced analysts and a multi-
step quality control (QC) process. During review of the data, analysts assessed haplotypes for misalignment of homopolymer regions, nuclear mtDNA segment 
(NUMT) interference, sequencing errors, and other artifacts. The mtDNA haplogroup, which was predicted as part of the NGS analysis workflow, provided 
the analyst with phylogenetic nomenclature guidance and an invaluable QC check of the haplotype during data review. Replicate processing of samples with 
questionable variants, often with an alternate enrichment method, was performed to confirm the authenticity of the mtDNA haplotype. Once data review 
was completed for a population, samples with shared mitogenome haplotypes were subjected to nuclear DNA testing to assess their relatedness (i.e., nuclear 
family members and potential second-degree relatives). If maternal relatives were identified, only one sample from the lineage was included to ensure that the 
mitogenome data represented a random sampling of the population. Lastly, a series of QC checks was performed during submission to the EMPOP database. In 
addition to the confirmation of the haplogroup prediction, haplotypes were compared against a curated mitogenome dataset to identify any “abnormal” variants 
or combination of variants (e.g., variants never observed before, known phantom mutations, or other haplotype irregularities). Haplotypes that did not pass the 
EMPOP QC checks were flagged for further review, resulting in the reanalysis of the existing NGS data or replicate processing to confirm the reported variants. 
Haplotypes that ultimately could not meet the QC criteria were excluded from reference dataset. In the end, the AFMES-AFDIL produced over 6,000 forensic-
quality mitogenome haplotypes for use by the forensic community.
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