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J27 Crime as an Outcome of Conflicts Between Subcultural and Symbolic Dimensions 

Cristiano Barbieri, PhD, Unit¨ di Medicina Legale e Scienze Forensi ñA. Fornariò dellôUniversit¨ degli Studi di Pavia, Pavia, Lombardia, ITALY; 
Lucia Tattoli, PhD*, University of Turin, Torino, Piemonte, ITALY; Caterina Bosco, MD*, Department of Public Health and Pediatrics, Turin, 
Piemonte, ITALY; Elisa Olivetta, MD*, Department of Public Health and Paediatrics, Legal Medicine Section, Turin, Piemonte, ITALY; Ignazio 
Grattagliano, PhD, Dipartimento Di Scienze Della Formazione, Psicologia, Comunicazione ï Universit¨ Aldo Moro di Bari, Bari, Puglia, ITALY; 
Giancarlo Di Vella, PhD, University of Turin, Italy, Turin, Piemonte, ITALY 

Learning Objective: After attending this presentation, attendees will better understand the complexity of the issues underlying affective and cultural 
codes, relational patterns, processes of change and evolution in family contexts, in relation to their traditions and historical, tradition-based, and rural 
characteristics.  

Impact Statement: This presentation will impact the forensic science community by showing how processes of change in these contexts can trigger 
aggressiveness that culminates in conflicts with outcomes of criminological, medicolegal, psychological, and forensic psychiatry concern.1,2  

The case involves two brothers from a rural family living in northern Italy, the owners of a farm. The older brother was true to the family traditions 
and lived in Italy with his two children. The younger brother, in disagreement with his older brother about questions of the succession and not wishing 
to work on the family farm, emigrated to France, where he became a successful entrepreneur. Their subsequent relationship and contacts were sporadic. 

The elder brother’s daughter, growing up in the rural context, refused to become an agricultural worker. Her father was angry with her and associated 
her with her “traitor” uncle. At the age of 19, the girl went to France to meet her uncle, aged 48 years, and was struck by the great cultural differences. 
Her uncle introduced her to “his world,” allowing her to have experiences she had never had in Italy. After about one month, they became lovers. The 
affair ended after about six months by mutual agreement, when the girl had started a relationship with a north-African Muslim waiter working for her 
uncle. The uncle accepted the relationship.  

The girl went back to Italy to present her new companion to the family. The father was very angry about the relationship, due to racist issues. In revenge, 
the daughter revealed her previous relationship with her uncle.  

The man invited his brother to come to Italy, to talk about questions related to their inheritance. During lunch, the older brother strongly criticized his 
brother for having a relationship with his niece. In response, the younger brother criticized him for his narrow-mindedness and backward culture. At 
the height of the quarrel, the elder brother struck the younger in the neck with a knife, severing the right recurrent laryngeal nerve.  

The prosecutor initially accused the man of attempted homicide dictated by questions related to the inheritance. During the trial, however, all the 
underlying family motives emerged, demonstrating that the true motive for the attempted homicide was the ancient rivalry and competition between 
the two brothers, together with the daughter’s attempted emancipation. She had colluded with her uncle and become an accomplice, while her mother 
was relegated to a dependent, peripheral role. We will discuss the difficulties and active psychological disorders, attributable to a rigid, archaic, and 
traditional system that cannot accept change and transformation of any family members.  

A complete understanding of the criminal act during the brothers’ quarrel thus derives not only from the medicolegal assessments and forensic 
psychology-psychiatry evaluations, but also from an overall examination of the family history and cultural and anthropologic relations of the enlarged 
family nucleus, and of all the actors in the background of the crime scene.  

References: 
1. Francia A, Verde A, Birkoff J. Raccontare delitti. Il ruolo della narrativa nella formazione del pensiero criminologico. Franco Angeli Ed. 1999,

Milano.
2. Verde A, Barbieri C. Narrative del male. Franco Angeli Ed., 2010, Milano.

Homicide; Psychiatric Assessment; Incest 
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J28 From Game to Death Is a Moment: The ñCopycat Effectò in a Case of Atypical Murder 

Saverio Gualtieri, MD*, Magna Graecia University of Catanzaro: Universita degli Studi Magna Graecia di Catanzaro, Catanzaro, Calabria, ITALY; 
Valerio Aquila, PsyD*, Magna Graecia University of Catanzaro: Universita degli Studi Magna Graecia di Catanzaro, Catanzaro, Calabria, ITALY; 
Matteo Sacco, MD*, Magna Graecia University of Catanzaro: Universita degli Studi Magna Graecia di Catanzaro, Catanzaro, Calabria, ITALY; 
Giuseppe Chiaravalloti, Magna Graecia University of Catanzaro: Universita degli Studi Magna Graecia di Catanzaro, Catanzaro, Calabria, ITALY; 
Fabrizio Cordasco, MD, Magna Graecia University of Catanzaro: Universita degli Studi Magna Graecia di Catanzaro, Catanzaro, Calabri, ITALY 
a; Carmen Scalise, PhD, MD, Magna Graecia University of Catanzaro: Universita degli Studi Magna Graecia di Catanzaro, Catanzaro, Calabria, 
ITALY; Maria Manno, MD, Magna Graecia University of Catanzaro: Universita degli Studi Magna Graecia di Catanzaro, Catanzaro, Calabria, 
ITALY; Alessandro Tarallo, MD*, Magna Graecia University of Catanzaro: Universita degli Studi Magna Graecia di Catanzaro, Catanzaro, Calabria, 
ITALY; Vincenzo Ritorto, MD*, Magna Graecia University of Catanzaro: Universita degli Studi Magna Graecia di Catanzaro, Catanzaro, Calabria, 
ITALY; Pietrantonio Ricci, PhD, MD, Magna Graecia University of Catanzaro: Universita degli Studi Magna Graecia di Catanzaro, Catanzaro, 
Calabria, ITALY; Isabella Aquila, PhD, MD*, Institute of Legal Medicine, Magna Graecia University of Catanzaro, Catanzaro, Calabria, ITALY 

Learning Objective: After attending this presentation, attendees will understand the copycat effect through the description of the forensic 
investigations carried out in an atypical murder case reported by our experience.  

Impact Statement: This presentation will impact the forensic science community by demonstrating the risk related to the simulation of dangerous 
scenes by patients with psychiatric diseases as well as the importance of a careful examination of the crime scene and clues for the recognition of cases 
with suspected copycat effect.  

The copycat effect is a phenomenon first identified in 1974, initially called the “Werther effect,” referring to the famous novel by J. W. Goethe, The 
Sorrows of Young Werther. In the novel, the young Werther decides to kill himself due to his impossible love with Carlotta. Goethe tells us that the 
protagonist was sitting at his desk when exactly at midnight, he shoots himself. After its publication, many young people, seeing themselves in Goethe’s 
words, decided to kill themselves following exactly the same procedure, committing suicide right in front of a copy of the book. Since then, numerous 
cases of killings following the modus operandi of characters belonging to the world of television, comics, or video games have been identified. An 
example can be the case of Lionel Tate, a 12-year-old who killed his 6-year-old playmate to emulate the stunts of televised wrestling.1  

Case report: We report the case of a woman found dead in her home. The body showed numerous slash injuries on her head and stab wounds on her 
wrists. The crime scene was atypical as it showed, in the son’s bedroom, various clues, including a comic, a playing card (ace of spades), and numerous 
handwritten letters. In the same day, the woman’s son was also found dead due to suicide from falling from a bridge. In this case, there were numerous 
doubts about the motive and dynamics of this atypical murder-suicide.  

Materials and methods: A thorough examination of the primary and secondary crime scene was carried out with photographic surveys. The 
investigators examined the boy’s room with evaluation and seizure of the clues left behind, namely the comic, the playing card, and the various letters. 
Subsequently, an autopsy was performed on the mother and son. The data collected at the scene and at the autopsy were compared.  

Results and discussion: The autopsy showed that the murder had been perpetrated in a first phase with the violent use of an axe that caused a traumatic 
head injury. After death, the man raged on the victim’s corpse with a cutter, causing multiple cuts on the wrists and severing the vessels. The boy’s 
autopsy confirmed polytrauma due to falling from a great height. In this case, the crime scene analysis and especially the examination of the man’s 
bedroom was essential to understand the context and the psychological background of the event. The bedroom showed numerous horror movies, books, 
and videogames with violent content. The letters found had threatening content aimed at the victim. The playing card was a highly symbolic element 
as the “signature of the killer” since in cartomancy, its meaning refers to death. The crucial element for resolving the case was also the comic left open 
in the room containing an episode of DareDevil. The characters in this tale are the antagonist Bullseye fighting Elektra, DareDevil’s lover. In the 
episode, Bullseye, taking out a playing card, an ace of spades, wounds Elektra in her throat and subsequently kills her with a stabbing weapon. In the 
case described, it is clear how the murder was perpetrated with a copycat effect and how the killer had intentionally left various clues with the signature 
of the crime. Literature has shown that the copycat effect is frequent in subjects with psychiatric diseases, mental illnesses, or histories of violence. We 
emphasize the prevention of these dangerous simulations through careful control over the psychological, social, and environmental context of these 
patients. In the forensic field, we suggest an accurate collection and comparison of the clues for a better understanding of the psychological background 
and the motive of the event.  

Reference: 
1. Helfgott, Jacqueline B. "Criminal behavior and the copycat effect: Literature review and theoretical framework for empirical investigation. "

Aggression and violent behavior 22 (2015): 46-64.

Forensic Sciences; Copycat; Murder 
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J29 The Presence of Drugs in Firearm Suicides in Oakland County, Michigan 

Stavros Cardasis, BA*, Livonia, MI; William Cardasis, MD, Saint Mary Mercy Hospital Livonia, Livonia, MI 

Learning Objective: Attendees will learn from suicide data in Oakland County, MI, wherein certain drugs have been identified in the toxicology 
reports of suicide victims. There will be a review on the drug distribution of both firearm and non-firearm suicides to see which drugs are more prevalent 
with each method of suicide.  

Impact Statement: The topic of suicide has been discussed heavily in the past couple of years, and the issue of drug use has been discussed for even 
longer. The purpose of this presentation is to display the findings of two years’ worth of suicide data from Oakland County, MI, and discuss the presence 
of drugs in the body at the time of death. Sharing this information could bring new awareness to the problem of drug-related suicides with both firearms 
and non-firearms, and how drugs may influence decision-making in these crucial times.  

The links between substance abuse and suicide have long been established in previous research. However, there has been little examination on the 
correlation between specific drugs and certain methods of suicide, as well as the decision-making that alcohol and drugs can impair. Suicides involving 
firearms are by far the most popular method. According to the Educational Fund to Stop Gun Violence, firearms are used in half of suicide deaths, and 
suicides make up 60 percent of firearm deaths. These national statistics are consistent with the findings of this report, in which of the 294 suicide cases 
in Oakland County, 151 of them, which comes out to 51 percent, were committed with a firearm. Michigan is also ranked 36th in state firearm suicide 
rates, with 6.98 individuals committing suicide via firearm per 100,000 people. Furthermore, in a 2013 report by the Office of National Drug Control 
Policy, in the years 2009–2010, Michigan was one of the top ten states for illicit drug use among persons aged 26 or older. Approximately 10.37 percent 
of Michigan residents reported past-month use of illicit drugs, while the national average was 8.82 percent.  

In this report, using data from the Oakland County Medical Examiner Database, suicide cases are analyzed to determine what drugs are most closely 
associated with suicides involving a firearm. Using suicide case data from 2020–2021 in Oakland County, MI, the analysis shows that firearm suicides 
are most closely associated with alcohol and cocaine, whereas other methods of suicide are associated with THC, antidepressants, and benzodiazepines. 
This report also analyzes drug distribution between firearm and non-firearm suicide categories, which gives further insight into the drugs of choice for 
victims of suicide. In addition, this report analyzes the demographic data given by the Oakland County Medical Examiner Database to build a profile 
of the suicide victim in Oakland County, MI.  

Suicide; Toxicology; Drug Abuse 
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J30 Psychosis in Cocaine Overdose: An Interesting Case 

Giovanni De Gabriele, MD*, University of Bari "Aldo Moro" ï Interdisciplinary Department of Medicine ï School of Specialization in Forensic 
Medicine, Bari, Puglia, ITALY; Lucia Aventaggiato, MD, Dipartimento Interdisciplinare di Medicina University of Bari Aldo Moro, Bari, Puglia, 
ITALY; Enrica Macorano, MD, University of Bari "Aldo Moro" ï Interdisciplinary Department of Medicine ï School of Specialization in Forensic 
Medicine, Nard¸, Puglia, ITALY; Federica Mele, MD, University of Bari "Aldo Moro" ï Interdisciplinary Department of Medicine ï Forensic 
Medicine, Bari, Puglia, ITALY; Mirko Leonardelli, MD, Section of Legal Medicine - University of Bari, Bari, Puglia, ITALY; Maria Grazia  
Calvano, MD, University of Bari "Aldo Moro" ï Interdisciplinary Department of Medicine ï School of Specialization in Forensic Medicine, Bari, 
Puglia, ITALY; Stefano Duma, MD, University of Bari "Aldo Moro" ï Interdisciplinary Department of Medicine ï School of Specialization in Forensic 
Medicine, Bari, Puglia, ITALY; Francesco Introna, MD, Institute of Legal Medicine University of Bari, Bari, Puglia, ITALY; Sara Sablone, MD, 
Section of Legal Medicine - University of Bari, Bari, Puglia, ITALY 

Learning Objective: Attendees will learn what a cocaine overdose is, what cocaine-related psychosis in chronic drug abuse is, and the correlation 
between unusual and violent behavior and cocaine metabolite levels in the blood.  

Impact Statement: Psychotic cocaine-related episodes are more likely with heavier, more frequent, and long-term misuse of cocaine, as is addiction. 
It follows that cocaine use disorder commonly co-occurs with cocaine-induced psychosis. This presentation serves the purpose of finding a solid 
correlation in drug-abuser and psychotic behavior to prevent the risk of death and protect society.  

Cocaine overdose is a condition that causes an increase in blood pressure, heart rate, and depth of breath. After an initial excitation phase, the overdose 
state can lead to death via acute and massive pulmonary edema.  

Cocaine consumption also causes a wide and well-known neuropsychiatric symptomatology that is characterized by incomprehensible behavior, 
confused and disordered thoughts, and paranoia. Cocaine psychosis in overdose may be related to a massive drug intake such as alternate routes of 
entry other than nasal inhalation.  

Cocaine-induced psychosis is a type of mental illness in which psychotic symptoms are triggered or worsened by such intoxication. Risk factors include 
heavy, long-term cocaine use or early first use of cocaine. Cocaine-induced psychosis is an episode of psychotic symptoms, which may include 
delusions, hallucinations, disordered thinking, and unusual behaviors and emotional responses. This kind of psychosis may be a short episode, but it 
can also become chronic. Psychotic episodes are more likely with heavier, more frequent, and long-term misuse of cocaine, as is addiction. Cocaine 
has numerous effects on many important neurotransmitters in the brain; however, the most dramatic effect is on the increase as well as the release of 
dopamine. Dopamine is thought to be the primary neurotransmitter involved in the pleasure centers of the brain. Its release is associated with pleasure, 
a sense of well-being and is often a “reward” for certain behaviors. Excessive dopamine levels have also been hypothesized to be associated with anger, 
aggressiveness, hallucinations, delusions, and other psychotic symptoms.  

This work shows a specific case in which cocaine poisoning and overdose caused the death of the subject, preceded by psychotic and extremely violent 
behavior.  

Cocaine Overdose; Psychosis; Bizarre Behavior 
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J31 The Appropriateness of Insertion of Psychiatric Offending Patients in the Forensic Communities 

Donatella La Tegola, PhD, University of Bari, Bari, Puglia, ITALY; Henry Gerard Kennedy, MD, National Forensic Mental Health Service, Dublin, 
IRELAND; Fulvio Carabellese, University of Bari, Bari, Puglia, ITALY; Felice Francesco Carabellese, MD, University of Bari, Bari, Puglia, ITALY; 
Alan R. Felthous, MD*, Saint Louis University School of Medicine, St. Louis, MO; Alessandra Parente, MD*, Travis County Medical Examinerôs 
Office, Austin, TX 

Learning Objective: After attending this presentation, attendees will have a better understanding regarding the appropriateness of placing psychiatric 
offending patients in forensic facilities.  

Impact Statement: This presentation will impact the forensic scientific community by presenting evidence about the treatment provided to psychiatric 
offending patients based on the level of therapeutic safety they need.  

In Italy in recent years, the treatment of psychiatric patients who committed crimes has undergone significant changes. DPCM (Prime Minister’s decree) 
April 2008 transferred health responsibilities from the Ministry of Justice to the Ministry of Health. Over a period of less than ten years, responsibility 
for forensic inpatient treatment was transferred to 20 regional public health authorities. This change entailed the establishment of the Residences for 
the Execution of the Safety Measurement (REMS) and the transfer to the regional psychiatric structures of all those patients with a profile of social 
dangerousness.  

For the Puglia Region, a special commission has planned the discharge of inpatients from “legacy” High Security Hospitals (OPGs) originating in the 
region to the two new REMSs already activated and ten low security community forensic facilities. More than ten years after the Prime Ministerial 
Decree, we examined the state-of-the-art of this transformation and whether the forensic inpatients received a correct level of security treatment.  

The Structured Professional Judgment Tools for Admission, Urgency, Treatment Completion and Recovery Evaluation Triage (DUNDRUM) Toolkit 
is a set of four different structured professional judgement and assessment tools consisting of four different scales used with forensic patients for 
evaluation and treatment purposes.1 In particular, DUNDRUM 1 is an evaluation tool for allocating forensic patients to higher or lower levels of 
therapeutic security according to need. The DUNDRUM 2 includes items that are designed to provide a structured professional judgment tool to give 
priority to those admitted from the waiting list. This has been validated as matching best practice in Ireland, the United Kingdom, Belgium, Australia, 
New Zealand, and Canada.  

The authors use DUNDRUM 1 and 2 to evaluate whether its own structures for inpatients placed in the different types of settings in Italy because of a 
legal finding of social dangerousness corresponded to the assessed need using this instrument. We assessed whether legal placements matched or 
mismatched the international criteria provided by the DUNDRUM toolkit. The first data of this study will be presented.  

Reference: 
1. Kennedy, H. G., O’Neill, C., Flynn, G., Gill, P., & Davoren, M. (2016). The DUNDRUM Toolkit V1. 0. 30. 2010-2016. Central Mental Hospital.

Dublin.

Treatment; Forensic Settings; Correct Level of Security Treatment 



                Questioned Documents__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 813 - 
 

K1 An Examination of Questioned Documents Using Digital Grid Overlays 

Mark Goff, BA*, Michigan State Police Lansing Laboratory, Lansing, MI; McKenzie Weyh, BS, Michigan State Police Lansing Laboratory, Lansing, MI  

Learning Objective: After attending this presentation, attendees will have an understanding of the options available for the digital grid overlay 
examination of suspected altered documents and the applicable current Forensic Document Examination standard. 

Impact Statement: This presentation will demonstrate and evaluate the use of digital grid overlays in the examination of questioned documents for 
insertions, interlineations, and copy/paste alterations. Additional instruction will be given on how these examinations conform with conventional grid 
examination methods and ANSI/ASB Standard 035, Standard for the Examination of Documents for Alterations. 

Many methods of document alteration involve the insertion of additional lines of text to informational aspects of the document or the creation of a 
document montage by combining elements such as signature blocks and notary blocks from legitimate documents with fabricated elements to attempt 
to legitimize false documents. With these types of altered documents, it is extremely difficult to obtain precise horizontal and vertical alignment of the 
various additions or insertions. Conventional document examination methods include examining documents for alignment using transparent typewriter 
grids wherein the examiner selects a grid of similar spacing to the document in question and notes any deviations from the established grids. Limitations 
to this examination include the grid spacing is limited to common typewriter spacing and documenting the grid alignment. Another conventional 
method of examination is the creation of custom grids based upon the physical measurements of the document spacing and printing this grid to a 
transparency to be overlaid on the questioned document. This method can be more accurate in the examination of interlineations due to the custom 
nature of the comparison grid; however, it is limited by the accuracy of measurement of the physical document and, as above, preservation of the 
overlay results. Additionally, conventional methods rely on the examination of physical documents even though many documents only exist in a digital 
format in the current document environment.  

The current ANSI/ASB Standard 035, Standard for the Examination of Documents for Alterations allows for the use of grid and software examinations, 
so a method for combining these options for digital grid overlays was explored. In this method, a physical document is scanned in high resolution and 
imported into a raster graphics editing program (Adobe® Photoshop®), or a digital document is directly imported the raster graphic editing program 
and examined by applying a grid overlay image. This method allows for precise grid creation and alignment and preservation of the digital image 
overlay in the examination record. 

Alteration; Grid; Forensic Document Examination 
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K2 The Security Design of the Next Generation U.S. Passport, U.S. Emergency Passport, and U.S. Bridge Visa 

Traci Moran, MFS, US Department of State, Washington, DC; Joel Klotnick, MS*, US Department of State, Washington, DC 

Learning Objective: Attendees will learn about security printing and security features of three identity and travel documents designed and issued by 
the Department of State. Additionally, design and manufacturing priorities that preceded each release will be discussed. 

Impact Statement: This presentation will provide forensic-level knowledge to questioned document examiners who may come across these types of 
documents in their case work. 

High-value security documents such as passports, visas, and banknotes remain valid and in circulation for years. For example, the United States e-
Passport was first issued in 2006 and will remain in circulation until approximately 2033. The United States Lincoln visa will have a similar lifespan. 
Because of their long lifespans and the need to adapt to evolving technological environments, it is critically important that these documents are well-
designed to resist both current and future security risks related to counterfeiting and alteration.  

Using a strategic approach to implement security technologies in a purposeful way, such as layering various security elements, is a sound method of 
building a secure document. Design is important. A document overloaded with security features is not necessarily secure because security features 
without considering feature design and context does not necessarily make counterfeiting or alteration harder. Overlapping and integrating different 
document technologies achieves two purposes. First, features can be tied to some specific document, which creates a problematic hurdle for 
counterfeiters that harvest genuine elements from authentic documents to repurpose them into counterfeits. Second, tight integration of materials, 
design, and manufacturing processes creates a security document that would require a counterfeiter to access all three of these elements and not just 
specific security materials. Counterfeiters will always attempt to simulate or alter United States documents, but designing them to resist and/or reveal 
these attempts in the most obvious way should be the goal of the designer.  

The United States Department of State is responsible for designing and issuing many high-value security documents to include the United States 
Passport, Visa, Passport Card, Emergency Passport, Border Crossing Card, and Consular Report of Birth Abroad. The Department has released new 
versions of the United States Passport (referred to as the Next Generation Passport) in 2021, the Emergency Passport in 2021, and the Bridge Visa in 
2022. The redesign of each of these types of documents (whether book, sticker, card, or paper) is a complex manufacturing challenge that requires 
several years of preparation. This presentation will reveal security features and security printing utilized in the construction of the Next Generation 
Passport, the Emergency Book, and the Bridge Visa and will discuss the design and manufacturing priorities that preceded each release. 

Security Document Design; Security Features; Security Printing 
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K3 The Characterization of Polymers of Counterfeit Identity Documents of European Union (UN) Member 
States 

Jasna Galekovic*, Ministry of the Interior, Forensic Science Centre Ivan Vucetic, Zagreb, Grad Zagreb, CROATIA; Veronika Marinovic, PhD, 
Ministry of the Interior, Forensic Science Centre Ivan Vucetic, Zagreb, Grad Zagreb, CROATIA; Andrea Ledic, MS, Ministry of the Interior, Forensic 
Science Centre Ivan Vucetic, Zagreb, Grad Zagreb, CROATIA  

Learning Objective: The goal of this presentation is to show attendees what types of polymers are used for the production of counterfeit identity 
documents in card format that enables individualization by laser engraving. 

Impact Statement: This presentation will impact the forensic community by showing the correlation between the different types of polymers used for 
the production of counterfeit documents and the ways of their individualization. 

Modern identification and travel documents, such as identity cards, driver’s licenses, residence permits, and passports are made entirely or partially of 
polycarbonate. European Union regulations stipulate that security documents issued by Member States in card format (ID-1) should be made of 
polycarbonate (PC) or an equivalent synthetic polymer (which can last at least ten years). Security documents made of polycarbonate are well secured 
because, due to their very good characteristics, it is possible to incorporate various modern fraud-resistant security features. Due to the wide range of 
temperature resistance, polycarbonate documents can be individualized by laser engraving, which is considered one of the most reliable ways of 
integrating the owner’s data and image into the body of the cards.  

Until recently, various printing techniques, such as thermal, laser, or inkjet printing, have been used for the individualization of counterfeit travel and 
identity documents made of polymers. However, in recent times, a new form of forgery of documents made of polymers has appeared on which the 
bearer’s photo and data are laser-engraved, as is the case with legally issued documents made of polycarbonate.  

In the present study, more than 50 samples of different types of counterfeit European Union MS documents made of polymer were analyzed (identity 
cards, driver’s licenses, residence permits), using non-destructive methods. IR-spectroscopy was used for the analysis of the qualitative chemical 
composition of the polymer of counterfeit documents. The obtained IR-spectra were compared with the IR-spectra available in the European Network 
Forensic Science Institute database (ENFSI/EPG) and in the internal databases, while the search was performed using “KnowItAll” software. Video-
spectral and stereomicroscopic analysis were used for the determination of techniques used for the individualization process on counterfeit documents.  

This study will show that the technique used to individualize polymers counterfeit documents in card format depends on the type of polymers. As most 
of laser engraved polymer counterfeit documents have imitated security features of very good quality, it is necessary to be careful during the 
examination of such documents, especially at the first line of border control, and bear in mind that the personalization of a polymer document by laser 
engraving does not mean that it is legally issued. 

Counterfeit Documents; Polymers; IR Spectroscopy 
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K4 Scientific Instruments to Forensically Examine Booklet Perforations 

George Virgin, MS*, HSI Forensic Laboratory*, Mclean, VA  

WITHDRAWN 
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K5 Fraud and the United States Postal Service (USPS): A Focus on Stamps 

Lisa Tolli, MS, US Postal Inspection Service, Forensic Laboratory Services, Dulles, VA; Patricia Manzolillo, MSFS*, US Postal Inspection Service, 
Dulles, VA; Stephanie Kingsbury, MSFS, US Postal Inspection Service, Dulles, VA; Haley Elliott, MS, US Postal Inspection Service Forensic 
Laboratory Services, Dulles, VA  

Learning Objective: After attending this presentation, attendees will have a better understanding of how USPS stamps are produced, best practices 
for the examination of suspected counterfeit USPS stamps, and security features currently integrated into USPS stamps. 

Impact Statement: This presentation will impact the forensic science community by informing attendees and FDEs how to learn best practices on how 
to examine these types of complex cases. 

The United States Postal Service (USPS) has issued United States postage stamps since 1847, and for many years stamps were the primary source of 
revenue for the USPS. Most individuals think of the “Forever” postage stamps used to mail a First-Class letter, currently valued at $0.60, but stamps 
are available for a variety of amounts ranging from $0.01 to a $26.00 Priority Mail Express stamp. Due to their monetary value, stamps have increasingly 
become a prime target for counterfeiting and fraud. Over the past few decades, there has been a shift in the type of revenue fraud cases involving stamps 
that have been investigated by the United States Postal Inspection Service (USPIS). Previously, many cases involved stolen or washed genuine stamp 
stock. Due to advances in technology, whether utilized by USPS in an attempt to combat fraud or by those attempting to defraud the public, there has 
been an increase in counterfeit stamps available for purchase. With the increase in online shopping, many consumers are moving toward purchasing 
stamps from large online vendors, especially when sales are advertised. Unfortunately, many of these counterfeit stamps are high quality and are 
produced using printing processes similar to genuine United States postage, making counterfeit determination that much more difficult. For the Forensic 
Document Examiners(FDEs) of the United States Postal Inspection Service, a substantial refence collection, intimate knowledge of USPS security 
features, and ongoing training are essential to our successful resolution of these fraud cases.  

The aim of this presentation is to provide a brief history of the different types of stamp fraud and to show the quality of the counterfeit stamps that are 
available on the market today. Best practices in conducting both visual and instrumental USPS stamp examinations in order to mitigate challenges 
associated with production and printing methods will also be discussed. A variety of examples of genuine and counterfeit stamps will be reviewed, 
including many different designs and years of production.  

To understand USPS stamps more fully, stamp security features will be considered, including the printing processes of genuine stamps, the placement 
of microtext into the design of stamps, and the addition of an ultraviolet-reactive taggant. By requiring genuine stamps to be designed and printed by 
high-end commercial means, the counterfeiter has a more difficult time in procuring this equipment to replicate the stamp successfully. The addition 
of microtext to the design of a stamp makes the stamp more difficult to accurately counterfeit by increasing the complexity for a counterfeiter in re-
creating a stamp’s design fully. Finally, the addition of an ultraviolet taggant serves as a tool for USPS to sort mail as well as providing security to the 
stamp itself. 

Fraud; Counterfeit Stamps; Forensic Document Examination 
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K6 An Update on Standards Development Activities Related to Forensic Document Examination 

Kevin Kulbacki, MSFS*, KDX Forensic Consulting, LLC, Chicago, IL  

Learning Objective: After attending this presentation, attendees will better understand the status of the current and upcoming Forensic Document 
Examinations standards being developed by the OSAC Forensic Document Examination Subcommittee and the ASB Forensic Document Examination 
Consensus Body. 

Impact Statement: This presentation will impact the forensic science community by creating greater awareness of the current standards development 
activities related to Forensic Document Examination. It will also increase awareness regarding training, tools, and resources that support 
implementation, compliance monitoring, and broader understanding. 

During this presentation, an update will be provided on the standards development activities related to Forensic Document Examination. This will 
begin with an introduction to OSAC and ASB, and an overview of the standard development process as it relates to both organizations.  

Second, this presentation will discuss Draft OSAC Proposed Standards at various stages of development at OSAC. The OSAC FDE Subcommittee is 
currently working on Draft Proposed Standards related to the Collection of Known Writing, Conclusions, Destructive Ink Examinations (including 
writing inks, inkjet inks, and miscellaneous inks), Non-Destructive Ink Examinations (including writing inks, inkjet inks, and miscellaneous inks), 
Document Triage, and Torn Paper Examinations.  

Third, this presentation will discuss Draft ASB Documents (including both Standards and Technical Reports) at various stages of development at ASB. 
The ASB FDE Consensus Body is currently working on the Standard for Minimum Training Requirements for Forensic Document Examiners, the 
Standard for Examination of Mechanical Checkwriters and Their Impressions, and a Technical Report on Forensic Document Examination Terms and 
Definitions.  

Fourth, this presentation will discuss completed ASB Standards. As of the writing of this abstract, the ASB has published the Standard for Examination 
of Documents for Indentations, the Standard for the Examination of Documents for Alterations, and the Standard for Examination Stamping Devices 
and Stamp Impressions. The ASB Forensic Document Examination Consensus Body has also completed work and await publication of the Standard 
Scope of Expertise in Forensic Document Examination, the Standard for Examination of Handwritten Items, the Standard for the Preservation and 
Examination of Charred Documents, and the Standard for the Preservation and Examination of Liquid-Soaked Documents.  

Finally, this presentation will highlight efforts by OSAC and ASB for supplemental training related to all standards that go through this process, as 
well as additional resources and tools designed to facilitate gap analysis, compliance monitoring, and outreach efforts.  

The categorization of the in-progress documents listed herein is accurate as of the writing of this abstract and may be subject to change prior to the 
presentation, which will reflect the most accurate information at that time. 

Standards; Forensic Document Examination; OSAC and ASB 
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K7 The Forensic Document Examination (FDE) Steering Committee 

Timothy Campbell, BSc*, Canada Border Services Agency, Ottawa, ON, CANADDA  

Learning Objective: Attendees will be introduced to the new Forensic Document Examination Steering Committee and be briefed on its initial tasking 
or assessment of core versus referential topics of knowledge. 

Impact Statement: The Forensic Document Examination Steering Committee is assessing the state of the profession and how it will develop in the 
future. It is an example of the evolution of a forensic discipline that has existed for a long time yet remains very relevant to current and upcoming 
trends. 

The discipline of Forensic Document Examination (FDE) has existed for over a century, spanning a time of immeasurable technological progress. 
Unlike some recently conceived forensic fields, a practitioner is required to be trained in a spectrum of possibilities that may be encountered in the line 
of case work since any given case could involve either contemporary or archival items. While historical materials have given way to modern ones, and 
traditional communication techniques to advanced messaging, what has not changed is the need for humans to communicate with one another and 
exchange business transactions.  

In February 2022, the American Academy of Forensic Sciences (AAFS) Questioned Document Section and the American Society of Questioned 
Document Examiners (ASQDE) agreed to strike a Steering Committee to analyze, discuss, and make recommendations on the current state of FDE and 
chart a course for future development of new examiners and, by extension, the profession as a whole. This is the first time these two organizations have 
conducted such a joint venture. Three members of each organization were selected with the addition of a digital forensic investigator to represent that 
field’s knowledgebase.  

The first task undertaken by the FDE Steering Committee has been to review the topics covered in the Syllabus of the draft ANSI/ASB Standard 155 
Standard for Minimum Training Requirements for Forensic Document Examiners, Section 4.7.1 Each topic was given a designation of either core 
working knowledge or referential knowledge, whereby an examiner is expected to either know the topic by rote memory, in the former, or understands 
enough to research the topic as needed, in the latter. Beyond existing topics, current technologies such as digital documents and digital signatures have 
also been considered for their place in this ever-evolving discipline. A position paper is to be written and issued to provide guidance for existing and 
future practitioners. 

Reference: 
1. DRAFT ANSI/ASB Standard 155 - Standard for Minimum Training Requirements for Forensic Document Examiners, Section 4.7. 
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K8 The Forensic Document Examination (FDE) Forum 

Carl McClary, MS*, ATF, Atlanta, GA; Atlanta, GA; Karen Nobles, MFS, Forensic Document Services, LLC, Pensacola, FL; Samiah Ibrahim, BA, BSc, 
ForensInk, Ottawa, ON, CANADA 

Learning Objective: After attending this presentation, attendees will know various opinions and insights into current issues facing the modern forensic 
document examiner through a panel discussion led by three experienced examiners—one employed by the Federal government, one retired (former 
state government), and one retired (former Canadian government). 

Impact Statement: The panel presentation/group discussion will impact the forensic science community by providing varying opinions to both old 
and new issues facing a forensic document examiner. Usually, the audience is composed of examiners of varying experience and backgrounds, including 
government employees, private consultants, and often trainees. 

The concept of an FDE Forum is not new to the Questioned Document community. In this author’s experience, this format was first utilized at the 
Southeastern Association of Forensic Document Examiners (SAFDE) meetings in the early 1990s as a method of opening and discussing certain topics 
of interest to members. At these meetings, there were discussion starters on subjects upon which there may have been disparate opinions. Through 
forums of this type in other organizations, there have been many lively discussions on topics such as the strength of opinions on examinations involving 
photocopies or rubber stamp impressions. Other topics that could be considered are opinion terminology, board certification, standardized training, 
court testimony, or specific requirements found in our standard methods. A popular theme in the past has been what type of evidence is required to 
achieve a particular conclusion in handwriting examination, for instance, the elimination of a subject as having written a particular body of writing. 
Not all discussions must necessarily be centered on issues facing examiners. Some discussions could focus on attendees’ thoughts on and interpretations 
of quotes from texts in the field by authors such as Harrison, Osborn, and Hilton. Other discussions could begin with the opinions of some of these 
authors, and others in criminal and civil cases of notoriety, past and present. This type of forum is an excellent way to poll attendees on their preferences 
on methods of testimony, court presentations, and laboratory requirements regarding testimony.  

It is requested that any potential attendees submit topics/questions to Carl McClary at carl.mcclary@atf.gov or Karen Nobles at karenjnobles@gmail.com. 
This year’s meeting theme is “Science Works,” and it is requested that any topics submitted beforehand could relate to the theme or to international issues. 
Questions pertinent to our theme would be especially appreciated as questions around the reliability of science and medicine, particularly in our COVID-
19 environment, are front and center today. 

Forensic Document Examination; Opinions; Panel Discussion 
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K9 Black-Box Metamodeling Between Feature Combinations for Paired Comparisons of Documents of 
Forensic Handwriting Data 

Cami Fuglsby, MS*, South Dakota State University, Brookings, SD; Christopher Saunders, PhD, South Dakota State University, Department of 
Mathematics and Statistics, Brookings, SD; Danica Ommen, PhD, Iowa State University, Ames, IA; JoAnn Buscaglia, PhD, FBI/Laboratory, Research 
and Support Unit, Quantico, VA  

Learning Objective: Attendees will learn strategies to characterize relationships between feature sets of handwritten characters obtained from a black-
box automated handwriting identification system. They will learn about the dependency structure induced by the pairwise comparisons and how data 
visualization techniques for large-scale inference can be used to communicate the relationships of feature sets. 

Impact Statement: This presentation will impact the forensic science community by providing an understanding of how to investigate feature 
relationships from an automated handwriting identification system. This may have an impact on future studies on automated handwriting data pertaining 
to the explainability of the output of black-box systems. 

Many automated handwriting identification systems use complex, black-box sets of algorithms to extract various features from a given handwriting 
sample, which differ depending on the system. In the original CEDAR-FOX system, features were grouped into macro- and micro-feature sets.1,2 
FLASH ID® and handwriter extract sets of features based on graphical structure and orientation.3 For the language-independent FLASH ID® system, 
the node structure of a handwritten graph is the “isokey,” the orientation is a “shapecode,” and the combination of an isokey and a shapecode is a 
“caddy.” In recent work, a set of pairwise scoring rules (known as the vector of counts (VOC) method) was developed that can be decomposed across 
the observed caddies in a given pair of documents.4 The overall goal is to understand how the FLASH ID® system works for pairwise comparisons by 
finding which caddy-specific VOCs are related to each other.  

A subset of the West Virginia University (WVU) dataset was used. Subjects provided two different types of documents in their natural handwriting: 
the modified London Letter and a “freeform” document, which allowed subjects to write anything they conceived in their minds, but provided prompts 
in order to focus their attention toward a coherent sample. Thirty documents, each with a different writer, from the freeform set were selected for this 
research.  

Pairs of caddy-specific VOCs from the WVU subset are being studied using a class of new statistical regression techniques developed and extended 
under two National Institute of Justice grants to provide a statistically rigorous characterization of the dependency between the different VOC-caddy 
pairwise similarity scores.5,6 The dependency is based on the number of documents that contain a given caddy pair. These new statistical techniques 
are based on using least squares methods on the set of all pairwise comparisons between writers with the same given caddy pair (for all caddy pairs), 
and accounts for the new dependency structure between the comparisons. This process results in about 15,000 pairs of caddies in the WVU subset, and 
about 30,000 regression models. To allow for the comparison of many fitted regression models that use different sets of information, large-scale 
inference techniques on the estimated models are implemented, and graphical displays of these results will be presented. 

References: 
1. Srihari S. N., Srinivasan H, Desai K. Questioned document examination using CEDAR-FOX, J Forensic Document Examination, 2007;18:1-20. 
2. Srihari, S. N., Cha, S. H., Arora, H., Lee, S. Individuality of handwriting. J. Forensic Sci., 2002; 47 1-17. 
3. Berry, N., Taylor, J., Baez-Santiago, F. (2021). handwriter: Handwriting Analysis in R. R package version 1.0.1. https://CRAN.R-

project.org/package=handwriter. 
4. Fuglsby, C, Saunders, C, Ommen, DM, Buscaglia, J, Caligiuri, MP. Elucidating the relationships between two automated handwriting feature 

quantification systems for multiple pairwise comparisons. J Forensic Sci. 2022; 67: 642– 650. https://doi.org/10.1111/1556-4029.14914. 
5. Caligiuri, M. Kinematic Validation of FDE Determinations about Writership in Questioned Handprinting and Handwriting. National Institute of 

Justice, 2019. Report No.: 2017-DN-BX- 0148. 
6. Tang, L. Accounting for Covariates in Forensic Error Rate. National Institute of Justice, 2019. Report No.: 2019-DU-BX-4011. 
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K10 Fontastique! Framework for the Comparison and Evaluation of Currently Available Typeface 
Identification Applications for the Modern Forensic Document Examiner 

Zain Bhaloo, MSc, BScH*, Canada Border Services Agency, Ottawa, ON, CANADA  

Learning Objective: Attendees will learn the proposed approach to be employed to identify the basic list of applications, the evaluation of the features 
that are most desired, and the considerations that will be taken while evaluating these features. Attendees will also learn of the possible and hopeful 
outcomes of this research once completed. 

Impact Statement: This presentation aims to evaluate the currently available font identification applications specifically with a lens that will determine 
what, if any, features and characteristics are the most useful to the Forensic Document Examiner, and which application, if any, has all or most of these 
useful features and can be used to increase the effectiveness of the FDE in their work. 

Typefaces have come a long way since the Blackletter typefaces that were used at the onset of printing to mimic the handwriting style popular at the 
time. Much has changed since then, especially with the jump from print typography to digital typography. The ability and ease with which typefaces 
can currently be created has increased significantly with the ability to employ applications and software packages to create new fonts with a couple of 
clicks of a mouse, and therefore so has the concomitant need for the modern FDE to be able to identify these typefaces accurately and quickly. 
Commercial digital tools are currently available for the purpose of identifying typefaces based on photographs and/or scans of paragraphs of text and 
even using only individual characters. However, an FDE’s requirements are, and will be, much more focused than simply narrowing down the list of 
possibilities. For example, considerations such as accuracy and precision, in combination with reproducibility, are of concern to the FDE, as well as 
protection of privacy and sufficiency of sample in terms of quantity and quality.  

The purpose of this presentation, and ultimately this study, is to present the framework to identify the typeface identification applications available and 
to compare and contrast their various capabilities for use by the modern day FDE.  

The exact features and capabilities that are available and that will be assessed will depend on the available features within each application but could 
include, but not be limited to, assessment of the capability to consistently correctly and accurately identify a typeface, assessment and comparison of 
the reproducibility of the results, evaluation of the possibility and ease of their use both online and offline, evaluation and comparison of the minimum 
requirements allowable for input for correct identification and assessment of the range of typefaces that they have available to them. 

Font Identification; Typeface Identification; Questioned Documents 
  



                Questioned Documents__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 823 - 
 

K11 Handwriting Variability in Adult Writers With Attention Deficit Hyperactivity Disorder (ADHD) Pre- and 
Post-Medication: A Pilot Study 

Christopher Burke, MS*, East Tennessee State University, Auburn, WA; Heidi Harralson, MA, East Tennessee State University, Tucson, AZ; Larry 
Miller, PhD, Department of Criminal Justice/East Tennessee State University, Johnson City, TN  

Learning Objective: In this presentation, attendees will learn about the symptoms and treatments of attention deficit hyperactivity disorder (ADHD) 
in adults with emphasis on how graphomotor skills of ADHD influences handwriting. 

Impact Statement: Establishing intra-writer variance is an important task in forensic handwriting examination. This study helps to characterize the 
graphomotor variability of ADHD adult writers and gives insight into the type of intra-writer variance that can be expected in adult writers with ADHD, 
especially pre- and post-medication. 

Research has shown that those with ADHD have increased intra-individual variability in graphomotor tasks such as handwriting.1,2  

Due to the variability in their graphomotor skills, adults with ADHD have increased variance and dysfluencies in their handwriting. In this study, it 
was hypothesized that adult writers with ADHD may have common handwriting characteristics (e.g., dysfluency, handwriting errors, illegibility, 
irregularity). Further, it is predicted that adult writers with ADHD will show change in their handwriting pre- and post-medication with an improvement 
in handwriting variance post-medication. Medications such as mixed amphetamine salts, commonly prescribed to those with ADHD, reduces 
inattentiveness and hyperactivity-impulsivity.3 

In this preliminary study, 16 adult participants voluntarily stated in a survey they had been diagnosed with ADHD. All participants were between the 
ages 29–50 (average age was 35) and included 9 women and 7 men. Of the participants, 15 were right-handed and 1 was left-handed. Ten participants 
stated they did not take medication for their ADHD. Six participants stated they took medication for their ADHD symptoms. Medications reported by 
participants included mixed amphetamine salts, bupropion, and venlafaxine, all of which are common medications for treating ADHD.  

In the testing conditions, all participants were instructed to write a standard handwriting paragraph on plain white, unruled paper. Participants were 
instructed to write the paragraph in printscript. For the non-medicated participants, they were instructed to write the paragraph in printscript. The 
medicated participants were instructed to write two paragraphs: (1) prior to taking medication, write the paragraph in printscript; (2) after medication 
had taken full effect, write the same paragraph again in printscript. Some participants wrote the same paragraph in cursive in addition to printscript.  

All samples were evaluated for dysfluency, errors, proportion, baseline alignment, and both letter and word spacing. Most of the samples, both pre- 
and post-medication, displayed characteristics of dysfluency, spatial irregularities, alignment irregularity, and/or errors. Irregularities in word spacing 
and letter size were present in several of the samples. Changes in handwriting were observed in pre- and post-medicated samples. In comparison to the 
post-medicated samples, the pre-medicated samples displayed an increase in dysfluency, errors, erratic spacing between letters and words, erratic letter 
proportions, and/or poor letter formation, including illegibility.  

An increase in intra-writer variability was observed between pre- and post-medicated samples. This finding is important in forensic handwriting 
examination as dysfluent and variable handwriting may increase difficulty in handwriting comparison and identification tasks. 

References: 
1. Borella, E., Chicherio, C., Re, A. M., Sensini, V., & Cornoldi, C. (2011). Increased intraindividual variability is a marker of ADHD but also of 

dyslexia: A study on handwriting. Brain and Cognition, 77(1), 33-39. 
2. Duda, T. A., Casey, J. E., & McNevin, N. (2014). Variability of kinematic graphomotor fluency in adults with ADHD. Human Movement Science, 

38, 331-342. 
3. Faraone, S.V., & Biederman, J. (2002). Efficacy of Adderall for Attention-Deficit/Hyperactivity Disorder: A meta-analysis. Journal of Attention 

Disorders, 6(2), 69-75. 
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K12 Quantifying Bayes Factors for Forensic Handwriting Evidence 

Anyesha Ray, BS*, CSAFE, Ames, IA; Danica Ommen, PhD, Iowa State University, Ames, IA  

Learning Objective: Attendees will gain a greater understanding of how statistical analysis, specifically the Bayes factor obtained using objective 
features extracted from handwriting evidence, can support a forensic document examiner’s subjective writership determination. 

Impact Statement: Bayes factors are highly recommended as a statistically sound method of interpreting forensic evidence, and this presentation will 
provide forensic document examiners with specific instructions on how to compute this statistic for determining the source of handwriting evidence. 

Questioned Document Examiners (QDEs) are tasked with analyzing handwriting evidence to make source (or writership) determinations. The Center 
for Statistics and Applications of Forensic Evidence (CSAFE) has previously developed computational methods to automatically extract quantifiable 
handwriting features and statistical methods to analyze handwriting evidence to aid QDEs.1-3 The method developed by Crawford et. al uses a K-means 
clustering algorithm and Bayesian hierarchical model to perform closed-set writer identification.2 This means a questioned document is assigned to its 
most likely writer from a set of known writers but does not allow for the possibility of the questioned document to be written by someone not included 
in the set. Another method developed by Johnson and Ommen utilized machine learning techniques and score-based likelihood ratios (SLRs).3 SLRs 
have been criticized for a variety of shortcomings, including a lack of coherence and ability to incorporate the rarity of the features.  

Our goal is to develop a method that supports feature-based open-set writer identification while avoiding these issues. We implement an approach to 
quantify the value of forensic handwriting evidence using Bayes factors and Markov chain Monte Carlo (MCMC) computational techniques like those 
described in Collins and Ommen.4 There are two paths to consider depending on the forensic question: the common source and the specific source 
identification problems. We demonstrate the approach for each identification problem using documents from the CSAFE Handwriting database, which 
consists of documents of various lengths from over 240 writers: the London Letter is the longest, followed by an excerpt chosen from the book The 
Wonderful Wizard of Oz, and the phrase “The early bird may get the worm, but the second mouse gets the cheese” is the shortest.5 Handwriting features 
are extracted using the “handwriter” system, clustered using K-means, and subsequently used to quantify the Bayes factor. The performance of the 
methods is assessed using cross-validation and rates of misleading evidence (among other measures). 

References: 
1. Nick Berry, James Taylor, and Felix Baez-Santiago. handwriter: Handwriting Analysis in R, 2021. R package version 1.0.1. 
2. A. Crawford, Bayesian hierarchical modeling for the forensic evaluation of handwritten documents, PhD thesis, Iowa State University, 2020. 
3. Madeline Quinn Johnson and Danica M. Ommen. Handwriting identification using random forests and score-based likelihood ratios. Statistical 

Analysis and Data Mining: The ASA Data Science Journal, 15(3):357–375, 2022. 
4. Collins GL, Ommen DM. Quantifying the Value of Forensic Handwriting Evidence using Open-Source Feature Extraction [thesis]. 2022. 
5. Amy Crawford, Anyesha Ray, Alicia Carriquiry, James Kruse, and Marc Peterson. CSAFE Handwriting Database. 11 2019. 
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K13 Quantifying Writer Variance Through Rainbow Triangle Graph Decomposition of the Common Word ñtheò 

Alexandra Arabio, BS*, Center for Statistics and Applications in Forensic Evidence, Ames, IA; Alicia Carriquiry, PhD, CSAFE - Iowa State University, 
Ames, IA; Danica Ommen, PhD, Iowa State University, Ames, IA  

Learning Objective: After attending this presentation, attendees will have a further understanding of the concept behind rainbow triangle graph 
decomposition and how it is used to quantify discriminating features for the analysis of handwriting. 

Impact Statement: This presentation will impact the forensic science community by demonstrating a new method for analyzing handwriting that could 
be used in conjunction with current practices to better quantify results. 

Handwriting comparative analysis is based on the principle that no two individuals can produce the same writing and that an individual cannot exactly 
reproduce his/her handwriting. This project aims to assess and quantify the natural variations produced by a distinct writer. In an attempt to support 
traditional examination with objective measures, this project provides results from a study where features of handwriting are examined through graph 
decomposition and rainbow triangulation. Using this method to examine handwriting samples, more specific information can be obtained from each 
exemplar and can be standardized to be compared both within a writer and between different writers. Each type of characteristic or landmark of each 
handwriting sample are marked as a different color node in a graph, including the location that a pen stroke begins (blue), the location that a pen stroke 
ends (orange), any location where a pen line overlaps itself (pink), the highest location that a pen stroke reaches (green), and the lowest location that a 
pen stroke reaches (purple). Triangles can provide information on angles, edge slopes, edge lengths, and areas that all prove useful for quantitative and 
comparative analysis. By forming rainbow triangles over these samples, it is possible to gauge the variation within a single writer and to compare these 
quantitative values to other samples of unknown sources. Rainbow triangles are formed so that each vertex or node within a triangle set has a unique 
color, and each edge is unique to its triangle so that it is not to be used to form a different triangle in another set.  

Using this information, the study aims to form a quantitative analysis of handwriting samples and to calculate how similar or dissimilar two samples 
are from one another. One of the study’s main goals is to form these triangles from multiple samples from several different writers and to group, 
identify, and accurately determine what samples came from which writer. Finally, multiple summary statistics are explored to determine whether any 
can be used to discriminate between inclusions and exclusions using data where ground truth is known, such as a true match. This project hopes to 
impact the forensic community by demonstrating a new method for analyzing handwriting that could be used in conjunction with current practices to 
better quantify and support results regarding the source of a questioned document. 

Rainbow Triangles; Decomposition; Natural Variation 
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K14 Training, Education, and Certification of Forensic Document Examiners in the United States 

Lauren Turnacioglu, BA*, Duquesne University, West Windsor, NJ; Lyndsie Ferrara, PhD, Duquesne University, Pittsburgh, PA; Gary Licht, MS, 
Iowa Division of Criminal Investigation Criminalistics Laboratory, Ankeny, IA; Khody Detwiler, BS, Lesnevich & Detwiler, Roaring Spring, PA  

Learning Objective: After attending this presentation, attendees will understand the status of education, training, and certification, the trends that 
exist, and the uniformity of training within the field of forensic document examination. 

Impact Statement: This presentation will impact the forensic science community by demonstrating the need for further research into the status of 
training, certification, laboratory accreditation, and specialization within the field, and indicating the amount of uniformity that exists. 

Whether examiners are found reliable varies case by case and is based on the examiner’s knowledge, training, and experience, which is often influenced 
by whether they complete training in accordance with published standards. The field of forensic document examination has outline-style or general 
overview standards that address the content of the training, one of which dates back to the Army Crime Lab Forensic Document Examination two-year 
training program. A separate federally funded FBI study that addresses the reliability of forensic document examiners is currently being done.  

The purpose of this study was to investigate the training, certification, and education of forensic document examiners in the United States. A survey 
was conducted using Qualtrics™ software. The survey included questions focused on demographics, certification, training, education, and proficiency 
testing. Recruitment emails were sent to forensic document examiners across the United States by distributing it to forensics organizations such as the 
American Academy of Forensic Science (AAFS), the American Board of Forensic Document Examiners (ABFDE), the Mid-Atlantic Association of 
Forensic Scientists (MAAFS), the Association of Forensic Document Examiners (AFDE), and the American Society of Questioned Document 
Examiners (ASQDE). Qualitative and quantitative comparisons were used to determine if there was significant variation among examiners employed 
at different laboratories. It was concluded that the field lacked uniformity in how training standards were applied, as respondents’ answers differed. 
Also, vast variations in timing existed for the time since last certification and proficiency test. Additionally, the type of education and training required 
by different organizations varied greatly. Another notable trend found during analysis was related to the status of accreditation based on the type of 
laboratory where the examiner was employed. All respondents who were employed at a government laboratory indicated the laboratory was accredited, 
while most examiners employed privately indicated the laboratory was not accredited.  

This research provides an overview of the differences in training, education, and certification for questioned document examiners that can be used to 
inform the development of future standards. 

Forensic Document Examination; Training; Standards 
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K15 Twin Convolutional Neural Networks to Classify Writers Using Handwriting Data 

Pilhyun Lim, MS*, Iowa State University, Ames, IA; Danica Ommen, PhD, Iowa State University, Ames, IA 

Learning Objective: Attendees will learn how forensic examiners compare questioned documents and the limitations of this process. This presentation 
will discuss the architecture of one of many black-box models called twin convolutional neural networks and how this method provides an alternative 
for the traditional methods of comparing questioned documents used by forensic examiners. Attendees will be able to understand the best ways to 
process and structure the questioned documents into scanned images in order to optimize the classification accuracy of this model by seeing how 
variations in image processing and model architecture influence classification accuracy. The constraints of this model primarily brought on by 
limitations in technology and the nature of the data will be examined. 

Impact Statement: This presentation will shed light on ways in which statisticians are developing and using black-box algorithms to create an 
automated and more accurate process to classify similar and different writers between two questioned documents. Given that a twin convolutional 
neural network has a high classification accuracy and there is increasing trust for the inner workings of this model to be applied to forensic applications, 
classification of documents will be performed at a much faster rate than examiners, and more consistent examinations to compare questioned documents 
can be made by removing bias that comes from the subjectivity of each individual examiner. Therefore, this presentation will impact the forensic 
community by sharing the use of an algorithm that has reasonably high accuracy that can improve traditional techniques in questioned document 
examination in speed and accuracy to reduce the cases in which incorrect conclusions are made for the comparison of questioned documents. 

Identifying the source of handwriting is an important application in the field of forensic science that addresses questioned document evidence found in 
criminal cases and civil litigation. It is difficult, given the idiosyncrasies of a person’s handwriting, to recognize the exact writer of a piece of 
handwriting based only on its physical properties. Even more so is trying to classify a writer without any prior database containing handwriting 
characteristics of such writer.  

Data sets containing handwriting samples from different sources are used to investigate how well a convolutional neural network can classify writers 
from unseen sources. Comparisons between scenarios modeled after real-world situations with varying degrees of complexity, which are adjusted by 
whether and from which source the samples from the suspects have been collected to train the model, are made to examine the extent to which twin 
convolutional neural networks can successfully classify similar and different writers.  

This presentation primarily aims to compare data processing and modeling methods to improve classification on whether two pieces of handwriting 
are from the same or different writers, in the context where every potential writer has never been seen before. The structure of a twin convolutional 
neural network allows such comparisons between two images by passing them through identical convolutional neural networks and defining a metric 
that merges their outputted feature vectors to obtain a similarity score. As model limitations in this presentation are driven by memory and available 
data, various pre-processing and sampling methods are compared to maximize classification accuracy. On this optimized data set, a custom model that 
is developed for this analysis is shown to outperform various top-performing architectures in image classification problems with a classification 
accuracy of 85.5 percent on a test set with similar structure to the training set and 82.8 percent on a data set collected from a different database. Results 
show that as long as a large-enough number of samples are available to train the model, comparisons between the writers of questioned documents can 
be classified with over 80 percent accuracy. 

References: 
1. Roy A. Huber and A.M. Headrick. Handwriting Identification: Facts and Fundamentals. Boca Raton, FL: CRC Press, 1999. 
2. Forensic Science in Criminal Courts: Ensuring Scientific Validity of Feature-Comparison Methods. Report to the President. Executive Office of 

the President: President’s Council of Advisors on Science and Technology, Sept. 2016. 
3. Sounak Dey et al. “SigNet: Convolutional Siamese Network for Writer Independent Offline Signature Verification”. In: (Sept. 2017). doi: 

10.48550/ARXIV.1707.02131. url: https://arxiv.org/abs/1707.02131. 
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K16 A Comparison of FLASH ID and Handwriter: Two Handwriting Analysis Programs 

Stephanie Reinders, PhD*, Center for Statistics and Applications in Forensic Evidence, Ames, IA; Danica Ommen, PhD, Iowa State University, Ames, 
IA; Alicia Carriquiry, PhD, CSAFE - Iowa State University, Ames, IA  

Learning Objective: After attending this presentation, attendees will have a better understanding of FLASH ID and handwriter—two forensic 
handwriting analysis programs. Attendees will learn the basics of how these programs work and see their accuracy rates on different lengths of 
questioned handwriting documents. 

Impact Statement: This presentation will impact the forensic science community by introducing them to two forensic handwriting analysis programs: 
FLASH ID and handwriter. They will see how these programs perform on different lengths of questioned handwriting documents. 

FLASH ID is commercial forensic handwriting analysis software sold by Sciometrics.1 It is used in forensic labs in the United States and elsewhere. 
The Center for Statistics and Applications in Forensic Evidence (CSAFE) is currently developing a free open-source R package for handwriting analysis 
called handwriter.2 Both programs compare a questioned handwritten document Q to handwriting samples from a set of writers. FLASH ID ranks the 
writers from most likely to least likely to have written the questioned document. As an example, FLASH ID allows the user to make a statement like, 
“Writer C is the most likely writer of the questioned document.” The R package handwriter uses a statistical model called a Bayesian hierarchical 
model to calculate the posterior probability that each known writer wrote the questioned document. For example, handwriter enables the user to make 
a statement like, “The posterior probability that Writer C wrote the questioned document is 98%.” Both programs take scans of handwritten documents 
and split the writing into component shapes. The programs compare shapes by looking at the number of edges, vertices, and loops, as well as the angle 
and the distances between parts of the shapes. Under the hood, both programs compare handwriting samples by first splitting the writing into component 
shapes. Then the programs compare the component shapes by looking at the features like the number of edges, vertices, and loops, as well as the angle 
and the distances between parts of the shapes.  

This presentation will compare the performance of FLASH ID and handwriter on the same questioned documents. In a preliminary experiment, FLASH 
ID and handwriter were both given three London Letter handwriting samples from 90 writers as known handwriting samples and one Wizard of Oz 
prompt from each of the 90 writers as questioned documents. FLASH ID correctly ranked the true writer as the most likely writer for all 90 questioned 
documents. The handwriter package correctly assigned the highest posterior probability to the true writer for 88 of the 90 questioned documents. This 
presentation will explore the programs’ performance on more questioned documents, including documents of different lengths. The questioned 
documents will come from three publicly available handwriting datasets: the CSAFE Handwriting Database; CLV-Database; and the IAM Handwriting 
Database.3-5 

References: 
1. FLASH ID. https://www.sciometrics.com/flashid.html. Accessed July 29, 2022. 
2. handwriter. https://csafe-isu.github.io/handwriter/. Accessed July 29, 2022. 
3. The Center for Statistics and Applications in Forensic Evidence Handwriting Database. https://forensicstats.org/handwritingdatabase/. Accessed 

July 29, 2022. 
4. CVL-Database. https://cvl.tuwien.ac.at/research/cvl-databases/an-off-line-database-for-writer-retrieval-writer-identification-and-word-spotting/. 

Accessed July 29, 2022. 
5. The IAM Handwriting Database. https://fki.tic.heia-fr.ch/databases/iam-handwriting-database. Accessed July 29, 2022. 

Forensic Statistics; Handwriting Analysis; Hierarchical Modeling 
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K17 Determining Authorship Among the Handwriting of Fifth Graders: A Case Study 

Sandra Raudabaugh, BS*, SLM Forensic Consultants, Harrisburg, PA  

Learning Objective: Attendees will learn that the comparison of writings during childhood developmental stages can produce meaningful results in 
actual casework. 

Impact Statement: This presentation will impact the forensic science community by reaffirming through actual casework that individualizing 
characteristics are present in the handwriting of elementary school-aged children. 

The development of handwriting and the appearance of individualizing characteristics among elementary school-aged children is a progressive process 
robustly studied and the results published in 2016.1 This study, among others, will be reviewed and practically applied to an actual case that involves 
this developmental stage of writing. This case study incorporates a fundamental principle of handwriting that no two people write exactly alike and 
aims to determine if sufficient individuality exists at this developmental stage to arrive at meaningful results from comparison examinations. 
“Meaningful results” is defined as that which is useful and helpful to the end user (client).  

This actual case study involves questioned, hand-printed text discovered inside an elementary school locker to be compared to the submitted known 
writings of ten 5th graders to possibly determine the author of the questioned, hand-printed text.  

Due to the time-sensitive nature of this case, a screening process was conducted to narrow the field of suspect writers. Three writers were selected for 
further examination and additional known writing of the three writers was requested and received. Comparison examinations were subsequently 
conducted.  

The outcomes of this study concluded the known writings of 5th graders were sufficiently individualizing to not only differentiate between the writers, 
but also to support that the known writing was sufficiently individualizing to opine that one of the writers probably did write the text in question. The 
results were deemed by the client to be meaningful.  

Some limitations were introduced to these examinations in the form of a poor image of the questioned text, the writing position within a cramped space, 
and the use of a felt-tipped writing instrument. There were also some deficiencies noted in the comparability of the submitted known writings where 
some of the irreconcilable features between the writings were attributed to: the writing position and spatial constraints of the questioned text; 
incomparable known writing; and/or accidental or developmental occurrences at the moment of execution of the questioned text. 

This actual case study supports and is supported by the research in the progression of individuality of handwriting among elementary school-aged 
children who are still developing their handwriting proficiency. 

Reference: 
1. S. N. Srihari, L. Meng, L. Hanson, Development of Individuality in Children’s Handwriting. J. Forensic Sci. 61, 1292-1300 (2016). 

Handwriting; Childhood Development; Progression of Individualizing Characteristics 
  



                Questioned Documents__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 830 - 
 

K18 Handwriting Comparison Examinations With Limited Known Writing Samples 

Donald Moryan, BS*, USACIL, Forest Park, GA  

Learning Objective: This presentation will inform attendees that given handwriting cases with limited amounts of handwriting samples can still be 
examined with positive results. 

Impact Statement: This presentation will impact the forensic science community by informing attendees that even though at first glance what looks 
like not enough evidence to conduct a positive examination, full scrutiny is needed in all handwriting comparison examinations. 

Given limited writing samples to compare to questioned notes usually prevents the forensic document examiner from drawing a positive conclusion 
(either toward or away from the writer of the known samples) in a handwriting comparison examination. To say that two writings, the questioned and 
known writing, were made by the same individual, it is necessary to show that the two writings have the same similarities and contain no significate 
differences. For this to occur, it is obvious that the best writing samples must include dictated known writing samples and pre-existing or course-of-
business writing samples. The writing samples must also be in the same style as the questioned writing—cursive vs. cursive, hand printing vs. hand 
printing, upper case letters vs. upper case letters, etc. It is also essential that the known writing samples be contemporaneous. That is known writing 
produced around the same time frame as the questioned writing. The amount of writing necessary for comparison differs in different cases but, if 
possible, enough should always be obtained to clearly show the writing habits of the one whose writing is under scrutiny.  

In this case study, three different handwriting comparison cases are examined. All three cases involved the examination of questioned handwritten 
notes with a limited number of known standards submitted for examination. Also, in all three cases, only known writing samples of the course-of-
business variety were submitted. No dictated writing samples were available for submission. One case involved limited known writing from company 
forms that was used to compare to a full-paged note, including a signature. Another case involved a full-paged question note and only three small 
known writing samples were submitted, some of which were not comparable to the questioned writing. The last case involved another full-paged note 
and the known writing consisted of one page of dubious writing and one distorted signature. 

Handwriting Comparison; Known Writing Samples; Questioned Writing 
  



                Questioned Documents__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 831 - 
 

K19 Signature Verification Algorithms: What They Are, How They Are Used, and How to Evaluate Them 

Kevin Kulbacki, MSFS*, KDX Forensic Consulting, LLC, Chicago, IL; Nikolaos Kalantzis, MSc, Chartoularios Institute, Palaio 
Faliro, Attiki, GREECE; Batya Fuchs, MSc, DIFS Israel Police, Jerusalem, ISRAEL  

Learning Objective: After attending this presentation, attendees will better understand what Signature Verification Algorithms (SVAs) are, how they 
are used, and what factors must be considered when conducting validation studies of SVAs. This presentation will further discuss additional research 
necessary for understanding the implications of SVA implementation in both forensic and non-forensic deployments. 

Impact Statement: This presentation will impact the forensic science community by creating greater awareness of Signature Verification Algorithms 
(SVAs).1  

Over the past decade, there has been a significant shift toward conducting business in a paperless and digital manner. As part of this transition, the 
collection of Digitally Captured Signatures (DCS; also know as biometric signatures, online signatures, or dynamic signatures) has increasingly 
replaced traditional static signatures written on paper. Traditionally, digitization of signatures has been accomplished with flat (2-dimensional) scanning 
of a signature executed on paper that leads to the creation of a bitmap file (i.e., static signatures). While static signatures represent visual information 
in the X and Y coordinates only (and hence lack information regarding the dynamic aspects of signing), dynamic signatures capture the X and Y 
coordinates as well as Time and Force.  

In conjunction with the faster pace of the digital world, businesses have had to adapt their fraud prevention efforts to handle not only more transactions, 
but also more sophisticated attempts at fraud. While static signatures allow for the comparison of geometric comparison metrics, the inherent numerical 
nature of the DCS data allows the contemplation of statistical methods to characterize a group of “known” DCS and then compare a “questioned” DCS 
versus that group, effectively performing a statistical evaluation of authenticity. Various companies have invested in the creation of such Signature 
Verification Algorithms (SVAs) to potentially determine whether or not a given signature was actually prepared by the purported author.  

During this presentation, attendees will be introduced to what SVAs are, how they are used, and what factors must be considered when conducting 
validation studies of SVAs. This presentation will also discuss further additional research necessary for understanding the implications of SVA 
implementation in both forensic and non-forensic deployments.  

This presentation is intended to only provide an introduction and overview of SVAs and will not discuss the results of any particular SVA validation 
study. 

Reference: 
1. Kulbacki, K. P., Kalantzis, N., & Fuchs, B. M. (2022). Technical Note: Signature Verification Algorithms: What They Are, How They are Used, 

and How to Evaluate Them. Journal of the American Society of Questioned Document Examiners, Inc., 25(1), 3–8. 

Handwriting; Signatures; Algorithms 
  



                Questioned Documents__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 832 - 
 

K20 Signature Verification Algorithms: Potential Forensic Uses and Bias Considerations 

Kevin Kulbacki, MSFS*, KDX Forensic Consulting, LLC, Chicago, IL; Nikolaos Kalantzis, MSc, Chartoularios Institute, Palaio Faliro, Attiki, 
GREECE; Batya Fuchs, MSc, DIFS Israel Police, Jerusalem, ISRAEL 

Learning Objective: After attending this presentation, attendees will be aware of potential forensic applications of Signature Verification Algorithms 
(SVAs) as well as the potential cognitive bias implications of SVA usage in any application. 

Impact Statement: This presentation will impact the forensic science community by introducing potential forensic applications of Signature 
Verification Algorithms (SVAs) as well as by highlighting the potential cognitive bias implications of SVA usage in any application.1 

Over the past decade, there has been a significant shift toward conducting business in a paperless and digital manner. As part of this transition, the 
collection of Digitally Captured Signatures (DCS, also know as biometric signatures, online signatures, or dynamic signatures) has increasingly replaced 
traditional static signatures written on paper. While pen and paper static signatures can be digitized via imaging/scanning, the resulting image represents 
visual information in the X and Y coordinates only (and hence lack information regarding the dynamic aspects of signing). Conversely, dynamic 
signatures capture the X and Y coordinates as well as Time and Force. In conjunction with the faster pace of the digital world, businesses have had to 
adapt their fraud prevention efforts to handle not only more transactions, but also more sophisticated attempts at fraud. As part of these efforts, various 
companies have invested in the creation of Signature Verification Algorithms (SVAs). SVAs compare presented (questioned) and known signatures to 
potentially determine whether or not a given signature was prepared by the purported author. While SVAs can be developed for both static and dynamic 
(DCS) signatures, the numerical nature of the DCS captured data allows for more in-depth analysis by an SVA.  

SVAs are currently deployed in the banking sector as a form of authentication, providing live feedback regarding the authenticity of a signature executed 
at the teller or alternatively as a means of subsequently reviewing transactions. SVAs are currently deployed as a means of access control in military 
facilities. These are not the only possible applications of SVAs. This presentation will explore the possible uses, and subsequent requirements, for 
utilizing an SVA within a forensic context. Such forensic implementations could potentially include either assisting the Forensic Document Examiner 
in their analysis task or alternatively serving as an extra peer reviewing safeguard. Furthermore, this presentation will discuss the potential cognitive 
bias implications of SVA usage in any application. 

Reference: 
1. Kulbacki, K. P., Kalantzis, N., & Fuchs, B. M. (2022). Technical Note: Signature Verification Algorithms: What They Are, How They are Used, 

and How to Evaluate Them. Journal of the American Society of Questioned Document Examiners, Inc., 25(1), 3–8. 
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K21 The Robert Durst Case: Revisiting Myths of Hand Printing Examinations 

Linton Mohammed, PhD*, Forensic Science Consultants, Inc, Poway, CA; Lloyd Cunningham, Alamo, CA  

Learning Objective: Attendees will learn about a high-profile case that involved hand printing. Myths involving hand printing examination will be 
presented, together with information about how to deal with them. 

Impact Statement: The forensic science community will receive information about misunderstood handwriting examination techniques. This 
information will hopefully strengthen the admissibility of hand printing examinations. 

Robert Durst was a multi-millionaire who prospered from funds received from his family’s successful New York real estate business. He met a young 
lady by the name of Kathy McCormack, and they eventually got married. She attended medical school and during that time, Robert became very 
abusive, which led her to tell him that she wanted a divorce. Just prior to graduating from medical school, Kathy disappeared, never to be seen again. 
During the investigation, police found the “Dig List” in Durst’s home trash can. This “Dig List” was comprised of the words, “Town – dump,” “bridge,” 
“dig,” “boat,” “other,” shovel or,” check car – truck or trunk/rent.”  

Robert had a very close friend, a confidante named Susan Berman who lived in Beverly Hills, CA. Apparently, Susan had knowledge of what really 
happened to his wife, Kathy. As the investigation heated up, investigators contacted Susan and asked if they could interview her about the disappearance 
of Kathy. She agreed to the interview, then she contacted Robert and told him about the pending interview; she also told him that she needed money. 
Apparently, Robert was very concerned that Susan would provide the investigators with information that he was complicit in the disappearance of 
Kathy, so he arranged to visit Susan at her Beverly Hills home.  

Susan was found dead from a 9mm gunshot to the back of her skull. The next day, the Beverly Hills Police Department received an anonymous letter 
that was hand printed with uppercase letters that read, “1527 Benedict Canyon—Cadaver.” This hand printing became vital to the case, especially as 
Durst admitted that whoever wrote the “Cadaver” note was the killer.  

Robert Durst adamantly denied that he wrote the “Cadaver Letter,” and he also adamantly denied that he was even in Los Angeles at the time of the 
murder of his best friend, Susan Berman. There was also an inference from Durst’s team of lawyers that hand printing cannot be identified.  

At the request of the LA District Attorney’s Office, Lloyd Cunningham and Linton Mohammed were retained to conduct examinations of the “Cadaver” 
envelope and note, and the “Dig Note.” Both FDES identified Robert Durst as the writer of the questioned entries.  

Professor Mark Denbeaux was hired by the defense to try to get the handwriting testimony excluded. Denbeaux wrote a lengthy declaration that was 
filled with erroneous statements about handwriting examination.  

The judge presiding over the Durst murder trial ordered Lloyd Cunningham and Dr. Linton Mohammed to prepare a joint rebuttal declaration in 
opposition to Professor Denbeaux’s declaration. The order from the court included nine specific questions from the defense about information included 
in Lloyd Cunningham’s formal report. These nine questions were to be answered with the utmost detail. Dr. Mohammed and Lloyd Cunningham 
prepared a 26-page rebuttal declaration, and it was submitted to the Superior Court Judge so he could make the decision to allow or reject the hand 
printing evidence at trial.  

The judge ruled that the forensic hand printing evidence would be admissible. The defense then admitted that their client Robert Durst was in Los 
Angeles at the time of the murder and that he did write the Cadaver letter. They also admitted that Durst wrote the Dig List that was related to the 
disappearance of his wife, Kathy.  

Durst was found guilty of first-degree murder September 17, 2021, and sentenced to life in prison without the possibility of parole. Durst died shortly 
afterward, and his conviction was vacated posthumously due to his death during a pending appeal that resulted in a cancellation of conviction.  

This presentation will describe the handwriting examination and discuss the rebuttal report. 

Hand Printing Examination; Forensic Document Examination; Handwriting Examination 
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K22 A Failure Analysis of Ink Samples Using Multiple Modes of Pyrolysis-Gas Chromatography/Mass 
Spectrometry (PY-GC/MS) 

Athena Nguyen, BS*, Frontier Lab America, Katy, TX  

Learning Objective: After attending this presentation, attendees will learn the technique of detecting and identifying differences in like polymer 
materials. 

Impact Statement: As detecting and identifying differences in like polymer materials are key factors in failure and deformulation analysis and reverse 
engineering, the forensic science community will benefit by learning a technique (Pyrolysis-GC/MS) that expands the application in GC/MS. It is an 
easy solid sample introduction that provides precise and reproducible results without the need for solvent extraction. 

Detecting and identifying differences in like polymer materials are key factors in failure and deformulation analysis and reverse engineering. A simple 
technique that can be used is Pyrolysis-Gas Chromatography/Mass Spectrometry (Py-GC/MS). Py-GC/MS is an easy solid sample introduction 
technique that expands the application areas of GC/MS. Frontier Lab developed a micro-furnace pyrolyzer based on the vertical micro-furnace design. 
The multi-mode Micro-Furnace pyrolyzer with different modes of operations, including Evolve Gas Analysis (EGA), Flash pyrolysis (single-shot), 
Thermal Desorption (TD), Double-shot (thermal desorption followed by flash pyrolysis), and Heart-Cutting (HC) can be operated in the same system. 
The method requires very little sample preparation. It is very straightforward and efficient. Depending on the sample type, appropriate sampling tools 
can be chosen and used. The sample is placed into the sample cup and can be analyzed as-is; there is no need for any solvents or solvent extraction. 
The first step is to perform an EGA. This technique provides information about the thermal temperature behaviors of the sample. The EGA thermogram 
is then used to determine the next steps in the separation analysis process, which include obtaining the optimum temperature for flash pyrolysis as well 
as thermal zones.  

In this presentation, deformulation and failure analyses were performed on two ink samples. Each ingredient in good and bad ink was compared to 
determine the cause of failure. The ink contains solvent, resin, and dye. Resin powders are weighed, placed into the cup, and analyzed. Ink and dye 
liquid samples were taken by a needle and placed into the cup and analyzed. Evolve gas analysis (EGA-MS), Flash pyrolysis (single-shot), and Heart-
cutting (HC) modes of operations were utilized. Data analysis was performed using the F-search libraries, which provides the compound name, its 
structure, and polymer source. The obtained pyrograms and thermograms provide detailed information about the differences. 

Py-GC/MS; GC/MS; Sample Preparation 
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K23 A Spectroscopic Evaluation of Two Black Pen Inks Using Video Spectral Comparator 

Rafal Turek, MS*, Internal Revenue Service, Chicago, IL  

Learning Objective: The goal of this presentation is to present the dual properties of two black ink colors. 

Impact Statement: This presentation will impact the forensic science community by making examiners aware that the spectroscopic evaluation of 
similarly colored inks should be considered as a supplementary tool for sample characterization. 

Dual color properties of two black inks were observed and characterized using the spectrometry tool of the Video Spectral Comparator. It is fundamental 
for a forensic document examiner to be able to use a non-destructive tool that delivers useful information. The present study demonstrates the usefulness 
and prospective application of a spectrophotometer tool for analysis of inks in handwritten documents. The method presented in this study is a non-
destructive technique and allows examiners to compare and analyze various colorants.  

Spectroscopic examination was conducted on three pages of a contract agreement. Comparisons were made between ink entries on each page, then 
between ink entries on all three pages, and spectra were made.  

The multiple spectrograms reveal intensity of reflectance differences when a sample is taken from the same ink on different points. This observation 
could be directly proportional to the opacity of the colorant in those points. The spectrograms also show a very similar graph profile in the visible 
region.  

While there were some conspicuous similarities between the spectra in the visible range, there were differences in the range above 700nm. The dual 
color properties area is observable above 700nm. Since light outside of this range is not perceived by the human eye, deeper study of this area under 
spectrophotometer helps in ink differentiation for the samples of similar color that are not separated in the visible range. Whereas there were minute 
differences in intensity of reflectance of the graphs in the visible area, there were perceptible and often different profile graphs in the area above 700nm. 
This phenomenon helps to distinguish inks having similar color visible by the human eye.  

Those inks may have a similar spectral profile in the visible range, but they could differ vastly in the area above 700nm.  

This presentation will make examiners aware that spectroscopic evaluation of similarly colored inks should be considered as a supplementary means 
for sample characterization. 

Color; Spectra; Ink 
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L1 A Hospital Serial Murder by Benzodiazepine Poisoning 

Pietro Zuccarello*, University of Catania, Catania, Italy; Nunziata Barbera, University of Catania, Catania, Italy; Giulia Carnazza, University of 
Catania, Catania, Italy; Massimiliano Esposito, University of Catania, Catania, Italy; Giuseppe Cocimano, University of Catania, Catania, Italy; 
Cristoforo Pomara, University of Catania, Catania, Italy 

WITHDRAWN 
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L2 The Quantitation of Five Benzodiazepines and Zolpidem in Whole Blood Using Liquid 
Chromatography/Tandem Mass Spectrometry (LC/MS/MS) 

Ivana Antunovic, MSc*, FSC Ivan Vucetic, Zagreb, Grad Zagreb, CROATIA; Sandra Mudriĺ, MSc,Forensic Science Centre Ivan Vucetic, Zagreb, 
Grad Zagreb, CROATIA; Tomislav Houra, MSc, Forensic Science Centre Ivan Vuļetiĺ, Ministry of the Interior of the Republic of Croatia, Zagreb, 
Grad Zagreb, CROATIA; Elizabeta Stojakoviĺ, MSc, Ministry of the Interior, Forensic Science Centre Ivan Vuļetiĺ, Zagreb, Grad Zagreb, CROATIA; 
Maja Jelena Ļop, PhD, Forensic Science Centre, Zagreb, Grad Zagreb, CROATIA 

Learning Objective: Concerned with the wide use of benzodiazepines and zolpidem in the local population, an effective LC/MS/MS method for 
quantification of five common benzodiazepines and zolpidem in whole blood was developed. 

Impact Statement: This presentation will impact the forensic science community by informing attendees of a fast quantification of five common 
benzodiazepines and zolpidem in whole blood samples from cases regarding driving under the influence, suspicious deaths, and other crimes. 

Methods: For method development, 0.5mL OF drug-free blood was spiked with standards (Lipomed) of the six analytes (diazepam, nordazepam, 
oxazepam, alprazolam, midazolam, and zolpidem) to achieve the nine calibration samples (concentration range 5-1,200ng/mL); respective deuterated 
internal standards in 250ng/mL concentration were also used. Samples were extracted using Solid-Phase Extraction (SPE) Evolute Express CX 60 
mg/3mL (Biotage®) and GX-271 Automated Solid Phase Ectraction Cartridge (ASPEC) System (Gilson®). The extract was evaporated and 
reconstituted, then injected into the LC/MS/MS system (1290 Infinity® II binary pump, a thermostatted multisampler, a temperature controlled column 
compartment, and a 6470 triple quadrupole mass spectrometer by Agilent® Technologies). Chromatographic separation was performed at 55°C using 
an Agilent® Poroshell 120 EC-C18, 2.1 x 50mm, 1.9µm. Duration of the analysis was 1.9min. The mobile phase consisted of water (0.01% formic 
acid and 5mM ammonium formate) and methanol (0.01% formic acid) at a flow rate of 0.90mL/min. Mass spectrometric analysis was performed using 
electrospray ionization in positive-ion Multiple Reaction Monitoring (MRM) mode. Limit of quantitation for all analytes is 5ng/mL. Calibration 
linearity (r2) is above 0.99. The same protocol was applied to the analysis of case specimens. The protocol described above was evaluated and found 
to achieve the required experimental criteria. Commercially available control samples were in permitted range.  

Conclusion: Benzodiazepines are one of the most frequently prescribed medications in the country and, therefore, are often present in biological 
samples that require toxicological analysis. In the past five years, cases that require quantification of benzodiazepines are on the rise. The method 
described above was successfully implemented in the routine work. This method is more efficient, sensitive, and with a shorter run time than the method 
previously used (gas chromatography/mass spectrometry in single ion mode) for these kind of analyses. There is no need for derivatization of the 
samples. 

LC/MS/MS; Benzodiazepines; Blood 
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L3 The Quantitation of Fentanyl, P-Fluorofentanyl, and Xylazine in Postmortem Blood by Using Liquid 
Chromatography/Tandem Mass Spectrometry (LC/MS/MS) 

Michael Truver, PhD*, University of Florida, Gainesville, FL; Sara Brogan, BS, University of Florida, Gainesville, FL; Amy Kinsey, MS, University 
of Florida, Gainesville, FL; Jennifer Hoyer, MS, University of Florida, Gainesville, FL; Chris Chronister, PhD, University of Florida, Gainesville, 
FL; Bruce Goldberger, PhD, University of Florida College of Medicine, Gainesville, FL 

Learning Objective: After attending this presentation, attendees will have a better understanding of a method validated for 4-ANPP, acetyl fentanyl, 
fentanyl, p-fluorofentanyl, norfentanyl, and xylazine in blood by LC/MS/MS. This method was then utilized to determine concentrations in postmortem 
blood. 

Impact Statement: This presentation will impact the forensic science community by filling a knowledge gap regarding fentanyl, p-fluorofentanyl, and 
xylazine in postmortem blood. 

The opioid epidemic still is prominent in the United States. Fentanyl concentrations recently have been detected in combination with compounds such 
as p-fluorofentanyl and xylazine. The purpose of this study was to develop and validate an analytical method for the quantification of 4-ANPP, acetyl 
fentanyl, fentanyl, p-fluorofentanyl, norfentanyl, and xylazine in blood samples utilizing LC/MS/MS. Blood samples previously analyzed for acetyl 
fentanyl, fentanyl, and p-fluorofentanyl by Gas Chromatography/Mass Spectrometry (GC/MS) were retested by the newly developed LC/MS/MS 
method. A Waters Acquity™ Ultra Performance Liquid Chromatography (UPLC) system equipped with an Electrospray Ionization (ESI) source and 
TQ detector was utilized.  

Chromatographic separation was achieved using an Agilent® RX-SIL column (1.7µm, 2.1 x100 mm). The analytes of interest were 4-ANPP, acetyl 
fentanyl, fentanyl, p-fluorofentanyl, norfentanyl, and xylazine. M-fluorofentanyl and o-fluorofentanyl were qualitatively monitored. Deuterated internal 
standards were used for all six analytes of interest. The method was validated in accordance with the Academy Standards Board (ASB) Standard 
Practices for Method Development in Forensic Toxicology.1 Blood samples (n=58) previously quantitated by GC/MS were analyzed by the newly 
developed LC/MS/MS method.2 Blood samples for this study were selected based on test ordered and/or case history.  

The lower Limit Of Quantitation (LOQ) for all analytes was 0.1ng/mL, with the exception of xylazine (0.2ng/mL). The upper LOQ was 100ng/mL. 
Calibration curves for 4-ANPP, acetyl fentanyl, fentanyl, and norfentanyl were fit using a linear regression model with 1/x weighting; calibration curves 
for p-fluorofentanyl and xylazine were fit using a quadratic regression model with 1/x weighting. Analysis of ten blank blood samples revealed no 
interferences. Dilution integrity of control samples in blood at 2x, 10x, and 100x dilution indicated % target concentrations ranging from 82-105%. 
Stability was assessed at three different concentrations for 72h in the autosampler unit at 10C and the % difference was -5% to 3%. Bias and imprecision 
did not exceed ±13.1%. 4-ANPP carried-over following the highest calibrator, but carry-over was mitigated with an additional solvent wash. Matrix 
effects in blood were ≤ ±25% for all analytes, with the exception of xylazine (61%). The enhancement of signal was deemed acceptable as the deuterated 
internal standard also demonstrated comparable enhancement and did not compromise the method parameters including LOQ, precision, and bias.  

Reanalysis of 58 blood samples by LC/MS/MS produced comparable results in 53 samples with a concentration range of fentanyl of 0.27-66ng/mL. 
Six samples were negative by GC/MS, and five samples were negative by LC/MS/MS. The concentration of the outlier was 0.27ng/mL, below the 
GC/MS lower LOQ. Concentration ranges of the other analytes were: 4-ANPP, 0.11-12ng/mL; acetyl fentanyl, 0.18ng/mL (n=1); p-fluorofentanyl, 
0.14-33ng/mL; norfentanyl, 0.14-98ng/mL; and xylazine, 0.24-108ng/mL. Compared to GC/MS, the LC/MS/MS improved the detection of p-
fluorofentanyl (7 samples v. 20 samples). Finally, xylazine was identified in 22% of the samples, and 61% of the xylazine-positive samples were also 
positive for p-fluorofentanyl.  

In conclusion, an LC/MS/MS method was developed for the quantitation of 4-ANPP, acetyl fentanyl, fentanyl, p-fluorofentanyl, norfentanyl, and 
xylazine in blood. Validation studies were conducted and the method met all ASB validation criteria. This method can be used to establish the 
prevalence of synthetic opioids such as p-fluorofentanyl and xylazine in postmortem casework. 

References: 
1. Academy Standards Board (ASB), Standard Practices for Method Development in Forensic Toxicology, 

https://www.aafs.org/sites/default/files/media/documents/036_Std_e1.pdf, accessed 8/2/22.  
2. Truver MT, Chronister CW, Kinsey AK, Hoyer JL, Goldberger BA. (2022) Toxicological analysis of fluorofentanyl isomers in postmortem 

blood. Journal of Analytical Toxicology, https://doi.org/10.1093/jat/bkac014. 
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L4 A New Approach for Identifying the Postmortem Formation of Ethanol: The Development and Validation 
of a Salt-Assisted Headspace/Gas Chromatograph/Flame Ionization Detector (HS/GC/FID) Method for the 
Determination of Ethanol in Vitreous Humor 

Giacomo Musile, PhD*, University of Verona-Unit of Forensic Medicine, Verona, Veneto, ITALY; Nicola Pigaiani, MD, University of Verona-Unit of 
Forensic Medicine, Verona, Veneto, ITALY; Emma Pasetto, BSc, University of Verona-Unit of Forensic Medicine, Verona, Veneto, ITALY; Marco 
Ballotari, MSc, University of Verona-Unit of Forensic Medicine, Verona, Veneto, ITALY; Federica Bortolotti, PhD, University of Verona-Unit of 
Forensic Medicine, Verona, Veneto, ITALY; Franco Tagliaro, MD, University of Verona-Unit of Forensic Medicine, Verona, Veneto, ITALY 

Learning Objective: After attending this presentation, attendees will have received detailed information on the importance of using Vitreous Humor 
(VH) as an alternative biofluid for detecting ethanol in cadaveric specimens. The present study is aimed at the assessment of the postmortem formation 
of ethanol as a result of putrefactive phenomena. 

Impact Statement: This presentation will impact the forensic science community by providing a new approach for accurately evaluating the content 
of ethanol also in a cadaveric alternative biofluid, such as VH. The proposed method has the potential to offer an alternative approach for the assessment 
of postmortem ethanol formation using a rapid salt-assisted HS/GC/FID method. 

In Western countries, ethanol is the most used and abused substance, and it is by far the most frequently detected psychoactive compound in cadaveric 
specimens involving homicides, suicides, work-related accidents, motor vehicle crashes, drownings, and other violent deaths.1 In such cases, the 
estimation of Blood Alcohol Concentrations (BAC) is needed not only as evidence of acute intoxication but also to comply with the laws on the fitness 
to drive and work. Considering the adoption by the law of threshold limits of concentration, the used analytical methods require the highest accuracy 
in view of the legal consequences related to the BAC interpretation. In addition to the analytical validation, the pre-analytical phases (specimen 
collection, storage, etc.) also have in this context a particular relevance. Of crucial importance in the pre-analytical chain is the need for avoiding 
specimen/analyte degradation. As per ethanol, special care has to be given to hinder the activation of fermentation and/or putrefaction phenomena, 
which for deaths of forensic interest often affect the body and the biological specimens collected during postmortem. In fact, several authors reported 
that, in the presence of carbohydrates, various bacteria, yeast, and fungi are capable of synthesizing ethanol in vitro as well as in tissues, potentially 
causing a spurious increment of blood ethanol concentration that, in some cases, may lead to “positive” results in an otherwise “negative” specimen.2-

4 Although the integrity of blood specimens can be adequately guaranteed after the sampling, the quantification of ethanol in cadaveric blood can be 
affected by postmortem fermentative phenomena occurring between the time since death and the sampling of biofluids. Consequently, the interpretation 
of BAC values in postmortem specimens requires particular attention to avoid misleading conclusions. In comparison to blood, vitreous humor is less 
affected by putrefactive phenomena, allowing compound determination and its use as an alternative biological matrix. The present work was aimed at 
developing and validating a method using the salting-out effect and based on HS/GC/FID for detecting ethanol in vitreous humor.  

The reported analytical method is based on a simple VH pre-treatment consisting of a dilution (1:9) with a solution of 2.5 mol/L K2CO3 and 
0.0012mol/L tert-butanol (internal standard). After 1 minute of incubation, part of the specimen evaporated in the headspace (2,000µL) is injected into 
the chromatographic system and analyzed in isothermal mode (40ºC), with a chromatographic time of 1.6 minutes. Total run time was 2.6 minutes.  

The method was validated in terms of selectivity, lowest limit of detection, intraday and total imprecision, and trueness (bias). The determination of 
ethanol in vitreous humor and blood was carried out in 75 cases. The correlation between the two matrices was confirmed in 61 cases. However, 14 
vitreous humor specimens showed lower ethanol concentrations, and in the related blood specimens, it was possible to identify the signal of n-propanol, 
a typical product of postmortem microbial fermentation, that could justify the excess of ethanol in the blood specimens.  

In conclusion, this presentation will show the results of the validation and application to real cases of the developed method for determining ethanol in 
vitreous humor as an alternative biofluid in forensic cases, which, because of putrefactive phenomena, could have produced postmortem ethanol 
affecting the blood alcohol concentration. 

References: 
1. Delker E, Brown Q, Hasin DS. Alcohol consumption in demographic subpopulations: An epidemiologic overview. Alcohol Res. Curr. Rev. 38, 

7–15 (2016).  
2. Boumba VA, Ziavrou KS, Vougiouklakis T. Biochemical pathways generating post-mortem volatile compounds co-detected during forensic 

ethanol analyses. Forensic Sci. Int. 174, 133–151 (2008).  
3. Yajima D, et al. Ethanol production by Candida albicans in postmortem human blood samples: Effects of blood glucose level and dilution. Forensic 

Sci. Int. 164, 116–121 (2006).  
4. Ziavrou K, Boumba VA, Vougiouklakis TG. Insights into the origin of postmortem ethanol. Int. J. Toxicol. 24, 69–77 (2005). 
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L5 Comparing Density Functional Theory (DFT) Calculations and Surface-Enhanced Raman Spectroscopy 
(SERS) Results to Differentiate Structurally Similar Fentanyl Analogs 

Sevde Dogruer Erkok, PhDc*, Florida International University, Miami, FL; Emily Hernandez, BS, Florida International University*, Miami, FL; 
Bruce McCord, PhD, Florida International University, Miami, FL 

Learning Objective: New synthetic opioids, especially fentanyl and its analogs, are causing the most recent acceleration in opioid abuse. The presence 
of fentanyl analogs as mixtures in illicit drugs makes it hard to estimate their potencies. There are so many structurally similar fentanyl analogs with 
different potencies. Thus, it is important to differentiate these analogs from similar molecules in order to track and identify trends in illicit distribution. 
In this presentation, we develop methods for the differentiation of structurally similar fentanyl analogs using theoretical and experimental methods. 

Impact Statement: The ultimate goal of this presentation will be to assist law enforcement in identifying and differentiating unknown fentanyl analogs 
individually and in drug mixtures. The experimental results obtained in this project can be readily implemented in field applications and in smaller 
laboratories, where inexpensive portable Raman spectrometers are often present and are used in drug analysis. 

The detection and differentiation of fentanyl analogs is critically significant. Most of the screening methods in current use have difficulty in detecting 
the full range of opioid analogs due to a wide variety of structural variations. However, Raman spectroscopy, specifically SERS is quite capable of 
detecting and identifying previously known and/or unknown fentanyl analogs. The SERS technique uses Raman spectroscopy combined with colloidal 
metal nanoparticles to yield highly sensitive SERS spectra. It can also differentiate structurally similar fentanyl analogs due to its ability to yield 
spectroscopic fingerprints for the detected molecules. Certain fentanyl analogs, such as carfentanil, furanyl fentanyl, acetyl fentanyl, 4- fluoroisobutyryl 
fentanyl, and cyclopropyl fentanyl, have gained popularity and constitute 76.4 percent of the fentanyl analogs identified in drug seizures. Several of 
these have been already described using Raman spectroscopy. However, there are many other fentanyl analogs that are structurally similar to 4-
fluoroisobutyryl fentanyl or cyclopropyl fentanyl. Thus, it is important to differentiate these analogs from similar molecules in order to track and 
identify trends in illicit distribution.  

In this presentation, we develop methods for the differentiation of structurally similar fentanyl analogs using theoretical and experimental methods. To 
do this, a set of fentanyl analogs were examined using Density Functional Theory (DFT) calculations. These results were then compared with Normal 
Raman and SERS techniques and analyzed using statistical methods. Structurally similar fentanyl analogs have been able to be differentiated from each 
other.  

Fentanyl Analogs; SERS; DFT 
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L6 The Simultaneous Determination of 24 Designer Benzodiazepines in Hair Using Liquid 
Chromatography/Tandem Mass Spectrometry (LC/MS/MS) 

Jongsook Rhee, PhD*, Seoul Institute National Forensic Service, Seoul, Seoul-tôukpyolsi, SOUTH KOREA; Byungsuk Cho, MS, National Forensic 
Service, Wonju-si, Kangwon-do, SOUTH KOREA; Hyewon Baik, MS, National Forensic Service, Wonju-si, Kangwon-do, SOUTH KOREA; Yujin  
Park, PhD, National Forensic Service, Yangsan-si, Kyongsang-namdo, SOUTH KOREA; Ilchung Shin, PhD, Seoul Institute National Forensic Service, 
Yangcheon-gu, Seoul-t'ukpyolsi, SOUTH KOREA; Jihyun Kim, PhD, Seoul Institute National Forensic Service, Yangcheon-gu, Seoul-tôukpyolsi, 
SOUTH KOREA; Sanggil Choe , PhD, Seoul Institute National Forensic Service, Yangcheon-gu, Seoul-tôukpyolsi, SOUTH KOREA; Suncheun  
Kim, PhD, National Forensic Service, Wonju-si, Kangwon-do, SOUTH KOREA; Eunmi Kim , PhD, National Forensic Service, Wonju-si, Kangwon-
do, SOUTH KOREA 

Learning Objective: After attending this presentation, attendees will be aware of a method that can be helpful to investigate the illegal abuse of 24 
designer benzodiazepines and sedative-drug use in suspected rape victims or drugged drivers using hair analysis. 

Impact Statement: This presentation will impact the forensic science community by helping attendees understand LC/MS/MS analysis of 24 new 
designer benzodiazepines in human hair.1,2 

In the field of forensic science, hair is one of the critical samples for detecting abused or misused drugs in Drug-Facilitated Crime (DFC), which 
includes Drug-Facilitated Sexual Abuse (DFSA) or Driving Under the Influence of Drugs (DUID), including long-term exposure.3 Designer 
benzodiazepines are one group of New Psychoactive Substances (NPS) with several side effects such as drowsiness, dizziness, strong sedation, short-
term memory loss, or slight euphoria. Due to these sedating effects, especially hypnosis and amnesia, they can be used for DFC. In this study, we 
developed an LC/MS/MS method for the simultaneous determination of 24 new different designer benzodiazepines in hair; adinazolam, bromazolam, 
diclazepam, flualprazolam, flubromazepam, flubromazolam, meclonazepam, metizolam, brotizolam, camazepam, cloxazolam, delorazepam, 
fluclotizolam, fludiazepam, flutoprazepam, halazepam, ketazolam, loprazolam, mexazolam, oxazolam, phenazepam, pinazepam, quazepam, and 
tetrazepam. 1 

Hair samples were put into a reservoir and accurately weighed to about 10mg, followed by mounting the reservoir in the manifold. Then the samples 
were separately washed with 3mL of methanol, 3mL of distilled-deionized water, and 3mL of methanol. After drying, the samples were finely cut, and 
diazepam-d5 of the internal standard was added. The samples were incubated in 2mL of methanol with a magnetic stirrer 38℃ for 16h. The extracts 
were evaporated, then the residue was reconstituted, filtered, and injected into the LC/MS/MS. Selectivity, linearity, the Limit Of Detection (LOD), 
the Limit Of Quantification (LOQ), precision, accuracy, matrix effects, recovery, and process efficiency were evaluated, and all results were acceptable. 
The LOD and LOQ ranged from 0.1 to 1pg/mg in hair and 0.5 to 3pg/mg in hair, respectively. Linearity was achieved within the range of 0.5-500pg/mg 
in hair, except oxazolam, and correlation coefficients (R2) ranged from 0.97 to 0.99. From both the intra- and inter-day analysis, the precision (CV %) 
values ranged from 0.36 to 12.1 %, and the accuracy (bias %) ranged from -5.3 to 15.0 % at low, medium, and high QC samples. The matrix effect 
values ranged from 63.2 to 184.7 % (mean 95.0%) in three QC samples examined. The values of recoveries and process efficiencies were mean 86.9 
% and 81.6 %, respectively. This method can be helpful to investigate these new benzodiazepines in the hair of common drug abusers as well as 
suspected rape victims and drugged drivers using hair analysis.3,4 

References: 
1. Laura DeFreitas, Ana Miguel Fonseca Pego, Robert Kronstrand, Elena Lendoiro, Ana de Castro-Ríos. Fast and Sensitive Method for the 

Determination of 17 Designer Benzodiazepines in Hair by Liquid Chromatography–Tandem Mass Spectrometry, Journal of Analytical 
Toxicology, bkac044, https://doi.org/10.1093/jat/bkac044.  

2. Høiseth G, Tuv SS, KarinenR. Blood concentrations of new designer benzodiazepines in forensic cases. Forensic Science International 268, 35–
38(2016).  

3. Rohrig TP, Osawa KA, Baird TR, Youso KB. Driving Impairment Cases Involving Etizolam and Flubromazolam. Journal of Analytical 
Toxicology 45, 93–98(2021).  

4. Orts MP, van Asten A, Kohler I. The Evolution Toward Designer Benzodiazepines in Drug-Facilitated Sexual Assault Cases. Journal of Analytical 
Toxicology, bkac017, https://doi.org/10.1093/jat/bkac017. 
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L7 Evaluating Cannabinoid Stability in Different Conditions and Validating THC-O and THC-P for Oral 
Fluid Analysis 

Cody Paseur, MSFS*, Huntsville, AL; Curt Harper, PhD, Alabama Department of Forensic Sciences, Hoover, AL; Elizabeth Gardner, BS, PhD, 
University of Alabama at Birmingham, Department of Criminal Justice, Birmingham, AL 

Learning Objective: This presentation will show the impact of the 2018 Farm Bill on the rise of novel cannabinoids in Alabama that need to be 
validated for analysis in matrices such as blood and urine. It will highlight the stability and other characteristics of Tetrahydrocannabinol (THC) and 
novel cannabinoids such as THC-O and THC-P in oral fluid. Finally, this presentation will illustrate several factors that could affect the accuracy of 
cannabinoid analysis in oral fluid. 

Impact Statement: This presentation will impact the forensic science community by illustrating the validation of THC-O and THC-P to be added to 
an existing method of analyzing cannabinoids in oral fluid. This is the first study to evaluate ∆9-THC and ∆8-THC stability in reanalyzed cases at two 
years of storage at 4°C and provide stability data for THC-P and THC-O in different conditions up to 120 days. This study will also add to the existing 
literature of the possibility for Cannabidiol (CBD) conversion to other cannabinoids prior to analysis. 

Due to the 2018 Farm Bill, cannabinoids derived from Cannabis sativa plants with a ∆9-THC concentration ≤ 0.3% are technically legal. This has led 
to the manufacture of novel cannabinoids such as THC-O and THC-P for users who desire a legal high. THC-O and THC-P have been reported to be 
about 3 and 30 times more potent than Δ9-THC, respectively. These novel cannabinoids are being sold in products such as vaping liquids. Oral 
ingestion, smoking, and vaping allows drugs to concentrate into the oral fluid. At the Alabama Department of Forensic Sciences (ADFS), oral fluid 
specimens are collected with the Quantisal® collection device and sent to laboratory for confirmatory testing. The objectives of this study include: (1) 
to add novel cannabinoids ∆9-THC-P, ∆8-THC-P, ∆9-THC-O, and ∆8-THC-O to the previously validated ADFS cannabinoid oral fluid extraction 
method; (2) determine corrected ∆9-THC concentrations in previously analyzed ADFS cases using the Van Der Linden formula; (3) analyze the stability 
of THC-O, THC-P, and Δ9-THC in oral fluid at room temperature, 4°C, and -20°C for up to 120 days of storage; (4) evaluate stability of previously 
analyzed ∆9-THC- and ∆8-THC-positive oral fluid samples that have been stored for two years; and (5) evaluate CBD conversion to other targets in 
oral fluid.  

Samples will be extracted by liquid-liquid extraction and analyzed using a validated method for evaluating cannabinoids in oral fluid on the Agilent® 
6460 and/or 6470 Triple Quadrupole Mass Spectrometer. Limits Of Detection (LOD) for the novel cannabinoids ∆9/∆8-THC-P, and ∆9/∆8 THC-O in 
oral fluid will be the lowest concentration analyzed in duplicate that meets Academy Standards Board (ASB) Standard 036, Standard Practices for 
Method Validation in Forensic Toxicology, criteria in 75% of samples in at least three batches. Matrix interference was evaluated by analyzing blank 
matrix samples from ten different sources. Analyte interference was evaluated by spiking oral fluid with all validated targets and other novel 
cannabinoids. For concentration correction, concentrations of previously analyzed ∆9-THC oral fluid cases was evaluated using the Van Der Linden 
formula. Stability will be evaluated by spiking oral fluid samples in triplicate with novel cannabinoids at simulated casework concentrations and 
Quantisal® collection will be simulated. Samples will be stored at room temperature, 4°C, and -20°C and analyzed at time points between 0-120 days 
of storage. Previously analyzed cases positive for ∆9-THC and/or ∆8-THC were and will continue to be reanalyzed after two years of storage at 4°C. 
CBD conversion will be evaluated by spiking oral fluid with mixes that do and do not contain CBD at equal concentrations.  

LODs were 2ng/mL, 1ng/mL, 2ng/mL, and estimated to be 2ng/mL for ∆8-THC-P, ∆8-THC-O ∆9-THC-P, and ∆9-THC-O, respectively. Results show 
that the novel cannabinoids do not interfere with any validated targets, and there is no matrix interference. The average percent change between 
uncorrected and corrected ∆9-THC concentrations was 8.8% and the median was -0.5%. ∆9-THC concentration percent change for previously analyzed 
cases stored at 4°C was -44% at two years.  

This study has validated a method to detect THC-P and THC-O using an existing cannabinoid oral fluid extraction method. The mean percent change 
after concentration correction lies within 18% uncertainty of measurement for the cannabinoids in oral fluid method. Stability data shows that ∆9-THC 
is not stable in oral fluid after being stored for one year at 4°C (Maxwell, 2022). This is the first study to evaluate ∆9-THC and ∆8-THC stability in 
reanalyzed cases at two years of storage at 4°C and provide stability data for THC-P and THC-O in different conditions up to 120 days. 

Cannabinoids; Stability; Oral Fluid 
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L8 Substance-Related Pediatric Deaths Examined at the West Tennessee Regional Forensic Center: An 
Analysis of the Past 16 Years 

Ibrahim Ortanca, MD*, West Tennessee Regional Forensic Center-UTHSC, Memphis, TN; Danielle Harrell, DO, West Tennessee Regional Forensic 
Center-UTHSC, Memphis, TN 

Learning Objective: This presentation will give attendees an overview of drug/substance toxicity related to pediatric autopsy examinations performed 
at the West Tennessee Regional Forensic Center with a discussion of demographics and substances involved. 

Impact Statement: This will impact the forensic science community by providing greater insight into substance-related deaths, which is also affecting 
the most vulnerable portion of our population—children. 

Substance-related deaths are an important public health burden globally. Drug-related deaths have increased in the United States and worldwide over 
the past decade. Per the National Center for Health Statistics, the ages of 35 to 44 have the highest number of drug-related deaths; however, pediatric 
cases also occur.1 Since 2013, there is an unprecedented increase in fentanyl-related deaths in the United States, which also includes the pediatric 
population.  

This study analyzes data from pediatric (0 days to 18 years) autopsies performed at West Tennessee Regional Forensic Center in Memphis, TN. The 
Death Investigation and Decedent Information (DIDI) database at the West Tennessee Regional Forensic Center was utilized and 1,807 pediatric 
autopsies were performed between 7/3/2006 to 6/30/2022. The cause of death for 38 cases (2.1 %) was drug/substance related to include prescription 
medication, illicit drugs, and alcohol. The most common manner of death was accident (60%), followed by undetermined (29%), suicide (8%), and 
homicide (3%), respectively. Sixty-one percent were male and thirty-nine percent were female. The age distribution was as follows: 13-18 years, 61%; 
0-1 years, 16%; 2-4 years, 13%, and 5-12 years, 10%. Race distribution was 60% White, 29% Black, and 11% designated as other race. In this 16-year 
cohort, 50% of the deaths took place in the past five years. The most common substance responsible for pediatric deaths was fentanyl and fentanyl 
analogs detected in 39.5% of the cases, followed by heroin, morphine, and oxycodone at 10.5% each. In 21% of the cases, fentanyl (and metabolites) 
was the only drug detected. It was combined with fentanyl analogs (acetyl fentanyl or para-fluorofentanyl) at 10.6% and other drugs in 7.9% of cases. 
Among 15 fentanyl-related deaths, 13 of them occurred in the last five years. The age distribution of fentanyl-related deaths was as follows: 13-18 
years, 53.3%; 2-4 years, 26.7%; 5-12 years, 13.3%, and 0-1 years, 6.7%. The average peripheral blood concentration of fentanyl in deaths was 
22.88ng/dL, with the highest being 68ng/dL and the lowest being 6.2ng/dL. Substance-related deaths have substantially increased in our region recently, 
as seen in the United States overall. Pediatric substance-related deaths are also rising, most of them in our region associated with fentanyl. 

Reference: 
1. Hedegaard H, Miniño AM, Spencer MR, Warner M. Drug overdose deaths in the United States, 1999–2020. NCHS Data Brief, no 428. 

Hyattsville, MD: National Center for Health Statistics. 2021. DOI: https://dx.doi.org/10.15620/cdc:112340. 
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L9 Is a Subdural a Time Capsule? 

Brianna Smyth, BS*, Hillsborough County Medical Examiner Department, Tampa, FL; Dina Swanson, MS, Hillsborough County Medical Examiner 
Department, Tampa, FL; Julia Pearson, PhD, Hillsborough County Medical Examiner Department, Tampa, FL 

Learning Objective: After attending this presentation, attendees will have a better understanding of how subdural clots are susceptible to diffusion 
and the elimination of ethanol from the body. 

Impact Statement: This presentation will impact the forensic science community by providing case studies that demonstrate subdural clots are not as 
useful as traditional specimens for postmortem ethanol analysis due to pharmacokinetics. 

Traditionally, postmortem ethanol toxicology is performed on ocular fluid and peripheral blood. On occasion, subdural clots are submitted for 
toxicology analysis. Historically, it was thought that subdural clots were less vulnerable to diffusion and therefore could provide toxicological results 
at time of injury or clot formation. However, subdural clots are susceptible to diffusion and pharmacokinetics. Therefore, a subdural clot may not serve 
as a time capsule or provide an exact snapshot of the alcohol in a person’s body at the time of the trauma. Twenty-two postmortem cases were 
documented over 16 months to examine the toxicology results of subdural clots compared to antemortem blood or postmortem blood and ocular fluid. 
Four cases are shown to demonstrate that subdural clots undergo diffusion and the results were similar to those of postmortem peripheral or heart blood. 
Additionally, two cases had hospital results taken upon admission.  

Case 1: The decedent was found unresponsive and taken to a hospital. Hospital testing indicated the decedent’s ethanol concentration was 0.29g/dL 
upon admission. The decedent died inpatient approximately three days later. In the postmortem toxicology testing, no ethanol was found present in the 
subdural clot.  

Case 2: The decedent was involved in a motor vehicle collision and taken to a nearby hospital. Hospital testing indicated the decedent’s ethanol was 
0.18g/dL upon admission. The decedent died later the same day. In this case, antemortem blood specimens and postmortem specimens were analyzed. 
Toxicology results revealed the following ethanol concentrations: 0.03g/dL in subdural clot, 0.14g/dL in antemortem blood, 0.05g/dL in ocular fluid, 
and 0.02g/dL in heart blood.  

Case 3: The decedent was pronounced dead on scene after a motor vehicle accident. In this case, the subdural clot, ocular fluid, and peripheral blood 
were tested. Toxicology results revealed the following ethanol concentrations: 0.14g/dL in subdural clot, 0.18g/dL in ocular fluid, and 0.15g/dL in 
peripheral blood.  

Case 4: The decedent was found in the woods and later pronounced dead by emergency services. In this case, the subdural clot, ocular fluid, and 
peripheral blood were tested. Toxicology results revealed the following ethanol concentrations: 0.20g/dL in subdural clot, 0.21g/dL in ocular fluid, and 
0.19g/dL in peripheral blood.  

It was concluded after examining these cases that subdural clots may not act as a time capsule at the time of injury. The toxicological results 
demonstrated that subdural clots were similar to the results of the peripheral/heart blood. Therefore, subdural clot specimens were not found to be as 
beneficial as testing antemortem or traditional postmortem specimens to determine the ethanol concentrations in an individual. 

Subdural; Postmortem Toxicology; Ethanol 
  



                Toxicology__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 845 - 
 

L10 The Detection of Ethanol Consumption Markers and Drugs in Urine Samples From Inmates of Two 
German Prisons 

Vanessa Thoma, MD*, Institute of Legal Medicine, University of Freiburg, Freiburg, Baden-Wurttemberg, GERMANY; Anette Franz, MD, Lahr, 
Baden-Wurttemberg, GERMANY; Laura Huppertz, BS, Medical Centre University of Freiburg, Institute of Forensic Medicine, Forensic Toxicology 
Department, Freiburg, Baden-Wurttemberg, GERMANY; Volker Auwªrter, MD, Institute of Forensic Medicine, Forensic Toxicology, Medical Center 
University of Freiburg, Faculty of Medicine, Freiburg, Baden-Wurttemberg, GERMANY; Annette Thierauf-Emberger, MD, Institute of Legal Medicine, 
University of Freiburg, Freiburg, Baden-Wurttemberg, GERMANY 

Learning Objective: After attending this presentation, attendees will understand that this study, which is based on the detection of substances in urine 
samples of inmates, provides a representative estimation of drug use and alcohol consumption in jail, showing a high percentage of non-prescribed 
drug use, while alcohol consumption seems to play a minor role in German jails. 

Impact Statement: The estimation of the prevalence of substance misuse in prison population could be useful to improve the surveillance measures 
and suggest public health interventions. According to our numbers, jails are a high-risk environment for non-prescribed drug use. Therefore, this 
presentation will impact the forensic science community by initiating and establishing techniques for regular drug checks in jail utilizing validated 
toxicological analyzing methods; these could be an important part of the prevention strategy against non-prescribed drug use and associated problems 
among prisoners. 

Introduction: Prison population differs greatly from the general population in their experience of substance misuse, showing a higher prevalence. 
Despite the prison setting requiring rigorous abstinence from alcohol and drugs, the use of these substances among inmates is a well-known problem. 
While drugs are brought into prisons from the outside by smuggling, alcohol can be easily produced by fermenting processes within the prison. Different 
measures have been adopted to prevent and reduce the substance misuse in jails and associated problems (e.g., internal controls, drug detection dogs, 
etc.). A realistic estimate of the prevalence of substance misuse in prison could be useful to improve the surveillance measures and suggest public 
health interventions. However, literature provides data mainly based on surveys, which might not give reliable information. The present study aims at 
estimating the prevalence of substance consumption in prisoners through the detection of ethanol consumption markers, drugs, and their metabolites in 
urine samples.  

Materials and methods: After obtaining the approval of an ethical review committee, voluntarily submitted urine samples from male inmates of two 
German prisons were collected and tested for previous ethanol consumption (EtG/EtS) as well as drugs (opiates, opioids, amphetamine, cocaine, 
cannabinoids) and their metabolites. Analyses were performed by validated Liquid Chromatography/Tandem Mass Spectrometry (LC/MS/MS) and 
Gas Chromatography/Mass Spectrometry (GC/MS).  

Results: The participation rates in the two included German jails were 70–75 % and 30.6 %, respectively; 675 urine samples were analyzed for alcohol 
markers and drugs, of which 238 (35.3 %) tested positive. One or more drugs were found in 227 samples (95.4 %), EtG/EtS were detected in 4 samples 
(1.7 %), and 7 samples contained both substances (2.9 %). The most commonly detected substances were Tetrahydrocannabinol (THC) (44.5 %), 
buprenorphine (31.1 %), and methadone (31.1 %). Non-prescribed medication was found in 188 urine samples (79.0 %).  

Conclusion: This cross-sectional study, based on the detection of substances in urine samples by validated analytical techniques, allowed us to obtain 
objective data about substance consumption in prisoners, showing a high percentage of illegal and non-prescribed drugs, while alcohol consumption 
seems to play a minor role in German jails. 

Prison; Drug Use; Alcohol Consumption 
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L11 Quantitative and Qualitative Analysis of Fentanyl and Its Analogs in Urine Using Disposable Pipette 
Extraction 

Dominic Minasi-Tapia, MS*, Abbott-Redwood Toxicology Laboratories, Santa Rosa, CA; Ihouma Igwilo, MBBS, MSFS, Abbot Redwood Toxicology 
Laboratoires, Santa Rosa, CA; G. Brent Dawson, PhD, Abbott-Redwood Toxicology Laboratories, Santa Rosa, CA; Tara Arends, MS, Abbott-Redwood 
Toxicology Laboratories, Santa Rosa, CA; Michael Baldwin, BA, Abbott-Redwood Toxicology Laboratories, Santa Rosa, CA 

Learning Objective: While attending this presentation, attendees will learn about the benefits of using Disposable Pipette eXtraction (DPX) tips on 
an automation platform to extract fentanyl and its analogs from urine. Additionally, attendees will be made aware of the abundance and relative 
concentrations of fentanyls in urine specimens from court-ordered drug monitoring and drug rehabilitation programs. 

Impact Statement: This presentation will impact the forensic community by providing laboratories with an automated extraction method for the 
detection and quantitation of fentanyl and its analogs. 

Fentanyl is a potent, fast-acting synthetic opioid that has become one of the more potent analgesics on the market. Overdose deaths related to synthetic 
opioids such as fentanyl has increased 10-fold since 2015, which is due to the drug’s tolerance and physical-dependence liability.1,2 Fentanyls have a 
high affinity for mu opioid receptors and relatively low affinity for kappa and delta opioid receptors.3 Its potency is due primarily to its lipophilic 
nature, which allows fentanyl and its analogs to readily cross the blood-brain barrier where they have definitive effects on the central nervous system, 
including heightened euphoria and severe respiratory depression.1 Rapid metabolism occurs in the liver, primarily through N-dealkylation, leading to 
the inactive metabolite norfentanyl.1 Automated liquid-handling systems allow for high-throughput sample preparation with improved accuracy and 
precision compared to manual sample preparation. Dispersive extraction tips are automation tips that contain a loosely packed sorbent material and a 
tightly packed frit at the end of the tip. Mixing within the tip is achieved using a disperser that allows for efficient interaction between the analytes and 
the sorbent. Dispersive extraction Strong Cation Exchange (SCX) tips contain a sulfonated stationary phase with the styrene divinyl benzene ideal for 
binding with basic compounds such as fentanyl and its analogs (pKa~ 8.4).4,5 A method was developed and validated that extracted fentanyl, 
norfentanyl, acetyl fentanyl, acryl fentanyl, furanyl fentanyl, isobutyryl fentanyl, butyryl fentanyl, valeryl fentanyl, para-fluorofentanyl, 
tetrahydrofuranyl fentanyl, and methoxyacetyl fentanyl. Fentanyl, norfentanyl, and acetyl fentanyl are quantitatively analyzed in this study, while all 
other analogs are qualitative.  

Method validation studies included accuracy, precision, Limit of Detection/Lower Limit of Quantification (LOD/LLOQ), Upper Limits Of Linearity 
(ULOL), carryover, matrix effects, stability, recovery, dilution integrity, and interference from over 100 related and non-related drugs. Specimen 
preparation involved Solid Phase Extraction (SPE) (Strong Cation Exchange DPX 1mL) clean-up of 0.5mL of the sample. Urine specimens were 
poured into 8mL polypropylene tubes and loaded onto the Hamilton® Nimbus HD, where 0.5mL aliquots were transferred into source plates (96 deep-
well plates). Source plates are transferred from the Hamilton® Nimbus HD to the Hamilton® Nimbus 96, where sample clean-up occurs. The analysis 
is performed on a Prominence Liquid Chromatograph (Shimadzu) coupled to a Sciex™ API 3200 Liquid Chromatography/Tandem Mass Spectrometry 
(LC/MS/MS) by injecting 3µL onto Kinetex® 2.6µm Phenyl Hexyl 100Å column. Mobile phases are made of 0.1% formic acid with 2mM ammonium 
formate in deionized water and 0.1% formic acid with 2mM ammonium formate in acetonitrile. Data are acquired between 0.2 to 4.4 minutes with a 
total acquisition time of 6 minutes. The LLOD and LOQ of all analytes were 0.35 ng/mL and 0.5 ng/mL, respectively.  

The ULOL for quantitative analytes (fentanyl, norfentanyl, and acetyl fentanyl) was 500ng/mL, resulting in R ≥ 0.99. Inter- and intra-day precision 
were 89% for all analytes. Ionization suppression was within ±25% for all analytes, and analysis of clinical and proficiency specimens showed 
acceptable agreement with a validated, manual liquid-liquid extraction procedure.  

This report demonstrates an automated SPE method for fentanyl and its analogs using DPX tips, developed and validated for this laboratory. Detection 
and quantitation are valid over a linear range of 0.5–500ng/mL for fentanyl, norfentanyl, and acetyl fentanyl, with all other analogs validated 
qualitatively with a 0.5ng/mL cutoff. 
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L12 Machine Learning Approaches to Make Data Driven Decisions in Forensic Science Application by Using 
Fourier Transform Infrared (FTIR) Spectroscopy 

Bilkis Mitu, PhD*, Texas Tech University, Lubbock, TX; Lenka Halamkova, PhD, Texas Tech University, Lubbock, TX  

Learning Objective: The attendees will have an insight about a unique combination of analytical and chemometric method and its real-life application 
in the field of forensic science investigation  

Impact Statement: We will be introduced the forensic science community with a novel, noninvasive, rapid and non-destructive analytical system with 
advance machine learning approach that has promising potential to provide statistically high confidence result. The significance of this study is it could 
increase the reliability of the results and reduce the “human factor” such as biasness from investigator, analyst, or expert witness, which would be 
beneficial for consideration of evidence in criminal justice system.  

Attenuated total reflection Fourier transform infrared (ATR FT-IR) spectroscopy is a technique that has been widely used to study the chemical 
composition of biological materials. This technique is fast, simple, non-destructive and it requires only small quantities of measured material with 
minimal to no sample preparation.1 A significant advantage of ATR FT-IR is it provides a specific spectral signature for different sample types based 
on their biochemical composition.2 We are applying this technique for forensic purposes to analyze trace evidences. Different biological substances, 
chemicals, and drugs are accumulated and stored in nails, where they can be detected and measured by using different techniques.3 Testing nail 
specimens is highly beneficial and have been used in toxicological studies for decades. The examination of nail specimens has been typically used for 
drug and alcohol testing.4 We developed a new approach by using machine-learning tools (ML) to leverage the potential and enhance the selectivity of 
the instrument. Machine learning (ML) algorithm was applied to create classification models, which provide invaluable information that is saved in 
human nails with high statistical confidence. The primary goal of this research is to determine whether an individual’s age, sex, race, smoking and 
alcohol status can be determined based on ATR FT-IR spectra collected from human nail clippings using ML computational framework.  

The most powerful forensic analysis is DNA analysis, which could provide critical information about an unknown individual and has been used in 
forensic science for decades.5 However, this technique is time consuming, sometime destructive to the sample, and expensive.5 Moreover, the results 
are only of any use when a match is found in DNA database, a combined DNA index system (CODIS).5,6 To the best of our knowledge, our study 
would be the very first study of human nails specimen in forensic science field, which combine the analytical method with new advance chemometric 
methods. It would be extremely beneficial to apply our developed chemometric methods to obtain high statistically confidence results. We have 
developed support vector machine discriminant analysis (SVM-DA) with smoothly clipped absolute deviation (SCAD) method to create classification 
models and reduce the risk of overfitting. This proof-of-concept study demonstrated the promising potential of predicting organism’s characteristics 
by using information collected from the nails clipping ATR-FT-IR spectra. In this study, the observable traits are age, gender, race, smoking and alcohol 
consumption status. We believe it would be a break through study in phenotype profiling in the field of forensic science. 
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L13 The Analysis of Depressants and Psychedelic Drugs From Vitreous Humor Using Liquid-Liquid Extraction 
(LLE) and High-Performance Thin-Layer Chromatography (HTPLC) Plates 

Neha Afaria, PhDc*, Department of Forensic Medicine & Toxicology, All India Institute of Medical Sciences, New Delhi-110029, INDIA; Ashok 
Kumar Jaiswal, PhD, Department of Forensic Medicine & Toxicology, All India Institute of Medical Sciences, New Delhi-110029, INDIA  

Learning Objective: After attending this presentation, attendees will better understand drugs of abuse and the significance and usefulness of vitreous 
humor biofluid in toxicology investigations and a simple and reliable method for extraction of various drugs from vitreous humor and its analysis using 
HTPLC plates. 

Impact Statement: This presentation will impact the forensic science community by providing a simple and reliable method for extraction and analysis 
of various drugs from vitreous humor using HTPLC plates. The determination of drugs is one of the most requested analyses in forensic toxicology 
laboratories and thus will play a vital role in determining the cause of death and a fair trial. 

Drug abuse is a common issue and a growing concern all over the world. Impairment by drugs is one of the major contributing factors in suicides, road 
crashes, and violent crimes, and determination and interpretation of drugs is an important requisite in toxicology laboratories. Blood and urine samples 
are generally used for the analysis of drugs. This study highlights the importance of the use of vitreous humor in cases where blood and urine samples 
cannot be obtained due to severe trauma, putrefaction, contamination, etc.  

Vitreous humor is an important biofluid due to its easy accessibility, lower protein content, low contamination, and high stability of drugs.1-3 A vitreous 
humor sample was spiked with various acidic and basic drugs. Then drugs were extracted from vitreous humor using liquid-liquid extraction. Acidic 
drugs were extracted using glacial acetic acid and diethyl ether, whereas basic drugs were extracted using ammonium hydroxide, diethyl ether, and 
chloroform. The aqueous layer was collected, concentrated, and analyzed using HPTLC plates. The solvent system used for extracted acidic drugs was 
ethyl acetate:methanol:ammonia (8.5:1:0.5) and for extracted basic drugs was chloroform:methanol (9:1), respectively. Developed HPTLC plates were 
viewed under Ultraviolet (UV) light at 254nm and 365nm.  

The proposed method was used for the extraction of drugs in the case of a 62-year-old male who was found dead at his home. The deceased had a 
history of drug abuse. During the postmortem examination, a vitreous humor sample was collected for analysis of drugs. The proposed method was 
used for the extraction of drugs and analyzed using HPTLC plates. Marijuana was successfully detected in the vitreous humor sample of the deceased 
using the proposed method. Vitreous humor is a useful biofluid in postmortem forensic toxicology. The proposed method for analysis of drugs from 
vitreous humor is a simple, rapid, and inexpensive procedure that can be used in any toxicology laboratory. 
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L14 Comparing the Performance of Liquid Chromatography/Triple Quadrupole/Mass Spectrometry 
(LC/QqQ/MS) vs. Liquid Chromatography/Quadrupole Time-Of-Flight/Mass Spectrometry 
(LC/QTOF/MS) for Targeted Analysis of NPS With a Test Mixture of 40 New Psychoactive Substances 
(NPS) and Metabolites in Whole Blood, Urine, and Oral Fluid 

Rebecca Smith, MS*, Florida International University, Miami, FL; Anthony DeCaprio, PhD, Florida International University, Miami, FL; Anamary 
Tarifa, PhD, Florida International University, Miami, FL 

Learning Objective: After attending this presentation, attendees will have a scientific comparison of two effective methods of targeted analysis for 
NPS using a complex mixture of substances in relevant biological matrices. 

Impact Statement: This presentation will impact the forensic community by presenting scientific evidence showing which instrument and method is 
most effective in targeted analysis of NPS in a biological sample. 

Background: To combat the growing use of NPS due to the abundance of information available to the public, laboratories need to become more 
sophisticated in their screening and identification of compounds. Currently, immunoassays are the most common technique for screening drugs of 
interest, but chromatographic separation coupled with MS is becoming a more widely used technique for screening of multiple NPS, due to its 
selectivity, specificity, and sensitivity. Both low- and high-resolution instrumentation, such as LC/QqQ/MS and LC/QTOF/MS, can monitor specific 
precursor to product ion fragmentations and determine accurate mass, respectively, for specific NPS compounds. However, there is currently a lack of 
data that compares the potential of these methods for use in NPS screening.  

Objectives: This work provides evidence to show the effectiveness of using LC/QqQ/MS and LC/QTOF/MS with Data-Dependent Acquisition (DDA) 
for the analysis of multiple NPS. In this analysis, a 40-compound test mixture of NPS containing various structures and pharmacological classes was 
used to spike authentic matrices of whole blood, urine, and Oral Fluid (OF). The mixture included closely eluting NPS analytes, isomers, and 
metabolites that have a wide range in polarity to allow for assessment of selectivity and other identification algorithms from the data obtained by each 
instrument. The performance of both acquisition methods was evaluated using figures of merit (Limit of Detection [LOD], dynamic range, linearity, 
selectivity, precision), carryover, and matrix effects.  

Methods: Individual standard solutions of NPS were spiked in MeOH to create a mixture with a final concentration of 200ng/mL for each compound. 
The mixture was further diluted with blank matrix to yield concentrations of 1, 2, 5, 10, 20, 50, and 100ng/mL for determination of LOD, dynamic 
range, linearity, etc. for the targeted MS studies. Two extraction methods were used for specimens, dilute-and-shoot for urine and crash-and-shoot for 
whole blood and OF. The LC/QqQ/MS used a dynamic Multiple Reaction Monitoring (dMRM) mode as a measure of selectivity, where specific MRM 
data was acquired to identify each compound based on their retention time, and transitions which included specific collision energies, fragmentor 
voltages, and product ion selections for each compound. The LC/QTOF/MS used a targeted MS/MS mode that specifically targeted the precursor, 
retention time, and collected a range of collision energies to confirm a compound. The fragmented product ions from the range of energies were 
analyzed in the TOF and both full scan and MS/MS data are acquired. Both instruments used positive and negative Electrospray Ionization (ESI) 
ionizations for all of the compounds.  

Results: The performance of these targeted methods was evaluated by their sensitivity, linear range, precision, matrix effects, and specificity in whole 
blood, urine, and OF. For spiked whole blood, a second approach was studied using a series of “dummy analytes” to mimic the presence of interferents 
in the matrix. Results were measured using statistical significance testing and a scoring system designed to summarize each analyte for each analytical 
method in positive and negative ESI modes. This was to present these methods as more effective in screening an evolving list of new substances that 
are difficult for older methods used in forensic laboratories. 
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L15 Evaluating Cannabidiol (CBD) for Potential Interference in Six Commercial Homogeneous Cannabinoid 
Urine Screening Kits 

Ashley Pokhai, BA*, Virginia Commonwealth University, Richmond, VA; Justin Poklis, BS, Virginia Commonwealth University, Richmond, VA; Grace 
Williams, PhD, Virginia Commonwealth University Health, Richmond, VA; Carl Wolf, PhD, MS, Virginia Commonwealth University Health, 
Richmond, VA 

Learning Objective: After attending this presentation, attendees will understand how Cannabidiol (CBD) and its biological urine metabolites 
potentially interfere in six homogenous urine cannabinoid screening kits at 20/25ng/mL and 50 ng/mL cutoff concentrations. 

Impact Statement: This presentation will impact the forensic science community by informing attendees about potential interferences from CBD and 
its metabolites in cannabinoid urine drug screening. 

Following federal legalization of hemp with the passage of the Agricultural Improvement Act of 2018, there has been an increased presence and use of 
cannabinoids. Currently, the United States Food and Drug Administration (FDA) has an approved prescription formulation of CBD (Epidiolex®) to 
treat some forms of epilepsy. CBD and its major metabolites have a similar chemical structure to ∆9-Tetrahydrocannabinol (∆9-THC) and its major 
metabolites, which presents the potential for interferences with current immunoassay screening methods regularly employed in forensic, clinical, or 
pain management testing laboratories that are used for the detection of ∆9-THC-COOH in urine. CBD is metabolized to the carboxylic acid (CBD-
COOH), 6-OH-CBD, and 7-OH-CBD. Additionally, CBD has a regioisomer known as Abnormal CBD (Abn-CBD). The federal screening cutoff for 
∆9-THC-COOH is 50ng/mL; however, in certain cases, a lower cutoff (20/25ng/mL) is used to further extend the detection window.  

Six urine homogeneous immunoassay kits (Abbott™ Cannabinoids–Abbott™ Diagnostics; LZI Cannabinoids (cTHC) Enzyme Immunoassay–Lin-Zhi 
International; DRI® Cannabinoid Assay and CEDIA™ THC–Thermo Fisher Scientific™; ONLINE DAT Cannabinoid II–Roche Diagnostics; and 
Syva EMIT®IIPlus–Siemens Healthineers) were evaluated for their ability to detect cannabinoids. The analysis was performed on an Abbott™ 
Architect Plus c4000 Each kit was programmed at two different cutoff concentrations: 20/25ng/mL and 50ng/mL. CBD and its metabolites were 
evaluated individually. The limit of detection for each compound was evaluated by preparing samples at 20, 50, 100, and 1,000ng/mL in urine. Prepared 
samples were analyzed at both cutoff concentrations in order to determine if the compounds could be detected at one/both immunoassay cutoff(s). If 
the compound was not detected at 1,000ng/mL for a given cutoff, the compound was considered not detectable. If the compound was detected, the 
appropriate concentration was used as the decision point to determine the precision at the immunoassay’s cutoff using Academy Standards Board 
(ASB) Standard 036 guidelines. To assess precision, three QC pools of the individual compound were prepared (-50%[QCN]), decision point, and 
+100%[QCP]). Each pool was analyzed in five different runs (n=3) along will the respective immunoassay’s control materials. The total mean (n=15), 
total Standard Deviation (SD), and total percent Coefficient of Variation (%CV) were calculated for each QC concentration. A decision point was 
considered valid if the %CV for the QC didn’t exceed ±20% for each concentration, and the total mean of the QCN and QCP±2SD didn’t overlap the 
mean of the decision point.  

CBD, CBD-COOH, and Abn-CBD were not detected by any of the six immunoassays at either the 20/25ng/mL or 50ng/mL cutoffs. 6-OH and 7-OH-
CBD were not detected by any of the six immunoassays at the 50ng/mL cutoff, and only at 1,000ng/mL. 6-OH-CBD was detected at 1,000ng/mL by 
Abbott®(20), DRI®(20), LZI(25), and ROCH(20). 7-OH-CBD was detected at 1,000ng/mL by Abbott®(20), DRI®(20), LZI(25).  

Funded in part by National Institute of Justice (NIJ) Research and Development in Forensic Science for Criminal Justice Purposes Grant (15PNIJ-
21-GG-04188-RESS). 
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L16 The Revival of Opioids Among Young People: An Overview on Toxicological, Epidemiological, and Social 
Aspects 

Simona Nicoli, MD, Interdisciplinary Department of Medicine, University of BariïSection of Legal Medicine, Bari, Puglia, ITALY; Cristina Caterino, MD, 
Interdisciplinary Department of Medicine, University of BariïSection of Legal Medicine, Bari, Puglia, ITALY; Marcello Benevento, MD, Interdisciplinary 
Department of Medicine, University of BariïSection of Legal Medicine, Bari, Puglia, ITALY; Giampiero Bottari, MD, Interdisciplinary Department of 
Medicine, University of BariïSection of Legal Medicine, Bari, Puglia, ITALY; Francesco Clemente, MD, Interdisciplinary Department of Medicine, 
University of BariïSection of Legal Medicine, Bari, Puglia, ITALY; Francesco Carravetta, MD, Interdisciplinary Department of Medicine, University of 
BariïSection of Legal Medicine, Bari, Puglia, ITALY; Biagio Solarino, PhD*, Interdisciplinary Department of Medicine, University of BariïSection of 
Legal Medicine, Bari, Puglia, ITALY 

Learning Objective: The goal of this presentation is to explain that numerous cases of deaths resulting from overdoses from new substances, if 
deepened, could bring out new social dynamics related to drug use and new emerging social problems. 

Impact Statement: This presentation will impact the forensic science community by starting from an unusual and very interesting case in toxicological 
matters that should stimulate some reflections on the close connection between the restrictive measures of the pandemic, the social and psychological 
unease of young people also conveyed through music, and the dynamics regarding the supply of substance abuse. 

Introduction: It has now been three years since the COVID-19 pandemic has upset everyone’s lives. The impact of the virus, we know, has had a 
devastating impact in terms of human lives and also in terms of sequelae on physical health. While the strictly “organic” side of the COVID disease 
had to be dealt with, the restrictive measures adopted to contain the contagion—the lockdown—have determined a real psychological disruption in 
many individuals. Numerous studies have shown a surge in the incidence of psychiatric diseases during the lockdown, especially in people of 
developmental age. Moreover, the use of new substances of abuse has also emerged, most of these easily available in pharmacies, since removal from 
home during the lockdown was difficult, if not for work or health reasons. Our presentation starts from an interesting toxicological case, then extends 
the reflection on this broader field of psychiatric pathologies and the “new” drugs of abuse. Surprisingly, they opened our eyes to the world of Italian 
trap music, which carries dangerous messages and explains what drugs to use for this new Saturday night high.  

Case report: In September 2021, a 19-year-old boy was found dead in his bedroom. During the inspection of the place, the judicial staff found cartons 
of drugs with empty blisters of alprazolam, oxycodone + paracetamol, quetiapine, sertraline, and two bottles of codeine syrup. The judicial authority 
ordered the execution of the autopsy to detect the cause of death. The clinical history examination showed a story of borderline personality disorder 
and a suicide attempt by stab wounds one year earlier. The boy had embarked on a path of psychotherapy, then interrupted and occasionally resumed 
electronically during the third wave of COVID-19. The presence of codeine bottles, which the boy’s mother reported was not part of his standard 
therapy, and carbonated drinks raised the suspicion of lethal intoxication with “purple drank,” a recreational new drug composed of codeine, 
promethazine, and soda. During the autopsy examination, a urine sample and a blood sample from the inferior vena cava were taken for the execution 
of appropriate toxicological tests. The search for substances was performed by qualitative analysis with Gas Chromatography/Mass Spectrometry 
(GC/MS) and Liquid Chromatography/Mass Spectrometry (LC/MS). Quantitative analysis was performed by LC/MS. Investigations did not find 
codeine but rather a lethal cocktail of multiple drugs: alprazolam (344ng/ml), quetiapine (47ng/ml), sertraline (290ng/ml), and oxycodone (154ng/ml). 
The results of the toxicological investigations showed that the blood concentrations of alprazolam, sertraline, and oxycodone exceed the therapeutic 
range. The simultaneous intake of alprazolam, sertraline, and oxycodone is suitable to determine an inhibitory effect on the central nervous system, 
with associated severe respiratory depression and consequent death. The doses found in this case were compared with those found in other studies in 
the literature. As the “purple drank,” suspected at first, oxycodone, and other opioids have been the protagonist of a growing interest among young 
people in recent years, becoming the new “Saturday night high.” The present case, which started from an interesting toxicological analysis of the 
combined use of psychotropic drugs and synthetic opioids, intersects with new social and public health problems: the pandemic, isolation, the increase 
in psychiatric pathologies, and the increase in the abuse of prescription substances. Numerous cases of deaths resulting from overdoses from new 
substances, if deepened, could bring out new social dynamics related to drug use and new emerging problems. 

Oxycodone; Opioids; Psychotropic Drugs 
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L17 A Combined Death by Food Aspiration and Acute Citalopram Intoxication 

Pietro Zuccarello, PhD*, University of Catania, Catania, Sicilia, ITALY; Giulia Carnazza, MSc, University of Catania, Catania, Sicilia, ITALY; 
Francesco Sessa, MS, PhD, Department of Medical, Surgical and Advanced Technologies ñG.F. Ingrassiaò-University of Catania, Catania, Sicilia, 
ITALY; Monica Salerno, MD, PhD, Institute of Legal Medicine, Department of Medical, Surgical and Advanced Technologies ñG.F. Ingrassiaò 
University of CataniaïVia Santa Sofia 87, Catania, Sicilia, ITALY; Cristoforo Pomara, MD, Department of Medical, Surgical and Advanced 
Technologies ñG.F. Ingrassiaò-University of Catania, Catania, Sicilia, ITALY; Nunziata Barbera, MD, University of Catania, Catania, Sicilia, ITALY 

Learning Objective: After attending this presentation, attendees will appreciate how useful the toxicologist’s assessment is in medicolegal 
investigations. Combined death is not common. Furthermore, this presence can be of fundamental importance for health care professionals working in 
nursing homes to improve the management of frail patients. 

Impact Statement: This case report will impact the forensic community by demonstrating that the coroner should not stop at identifying the most 
obvious first cause of death without considering the possibility of combined death mechanisms. 

Pulmonary aspiration is one of the major health risks for older adults in Nursing Homes (NH), which could lead to respiratory infections, aspiration 
pneumonia, and sudden bolus death.1 Dysphagia, neurological disorders, and drug-sedation comprise the commonest risk factors for aspiration-related 
deaths.2 Over the years, there has been an increase in the use of antidepressants in NH, especially among residents with dementia or cognitive 
impairment.3,4 In NH, misconduct in medication therapy may represent a potential risk of adverse drug reactions and poisonings.5  

Reported here is the toxicological evaluation of a case of death by food aspiration. In this case, concentrations of citalopram close to lethality were 
found in the organism.  

An 89-year-old man, suffering from dysphagia and Alzheimer’s and a resident in a nursing home, was being fed with liquefied food directly injected 
into mouth by a syringe. The man was being treated with escitalopram film-coated tablets. No information about the manner of administration was 
reported.  

One evening, after receiving the meal in the usual way, the man complained of sudden illness, with vomiting and breathing difficulties, a SatO2 of 72%, 
hypotension, and tachycardia. Carried to the emergency room, the man died about three hours later. First, the autopsy and histopathological 
examinations were ordered. Sections of the main organs were stained with hematoxylin and eosin for microscopic examination.  

The toxicological investigation was subsequently ordered. Escitalopram analyses were carried out on femoral blood, brain, lung, and gastric content 
samples. The samples were extracted by Liquid-Liquid Extraction (LLE) and analyzed by Gas Chromatography coupled with Mass Spectrometry 
(GC/MS) using an Agilent® GC/MS. Precision and accuracy were less than 20% for each matrix. The autopsy ascertained that the trachea and bronchia 
were filled with exogenous material, probably food. The histological findings also revealed that the presence of this exogenous material was up to the 
finest bronchial branches. The toxicological examination revealed the presence of high escitalopram concentrations: in femoral blood 1,972ng/mL, in 
the brain 4,657ng/g, in the gastric content 2,317ng/mL, and, especially, in the lungs 21,771ng/g.  

It was hypothesized that death occurred by a combined mechanism between food aspiration and escitalopram toxic action, which likely led to 
arrhythmias, respiratory depression, and hypotension. Escitalopram blood concentrations about 360ng/mL could be considered dangerous.6 Moreover, 
after escitalopram intake, no conversion to its R-enantiomer occurs.6,7 Given the high escitalopram concentrations mainly in the lungs and blood, it was 
suspected that the tablet was crushed and dissolved in liquefied food administered by syringe and accidentally aspirated. The bioavailability of the drug 
absorbed by the respiratory tract is far greater, also due to the lack of first pass hepatic metabolism.8 

This intuition and the toxicological data led the magistrate to gather further information by questioning the nursing staff of the NH. The practice of 
nurses about dissolving the escitalopram tablet in food and administering it by syringe directly into the mouth was revealed. Therefore, the high 
escitalopram concentrations did not relate to an overdose but to the reaching of the drug into the deep respiratory tract. This caused an acute intoxication, 
which ,combined with aspiration, led to the man’s death.  

The present report clearly highlights the importance of the toxicologist in forensic investigations, although this does not always occur as soon as in the 
case presented here. The close collaboration between the different forensic skills is fundamental to the resolution of even apparently simple cases. In 
this investigation, without the involvement of the toxicologist, doubts would have remained about the pathogenetic mechanism of death and the possible 
misconduct of the nurses. 

References: 
1. Chen S, Kent B, Cui Y. Interventions to prevent aspiration in older adults with dysphagia living in nursing homes: A scoping review. BMC 

Geriatr. 2021 Jul 17;21(1):429. doi: 10.1186/s12877-021-02366-9.  
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L18 Donepezil Concentrations in Postmortem Toxicology 

Jolene Bierly, MSFS*, NMS Labs, Willow Grove, PA  

Learning Objective: After attending this presentation, attendees will better understand the toxicology of donepezil and the meaning of the blood 
concentrations in postmortem casework. 

Impact Statement: This presentation will impact the forensic science community by evaluating postmortem distribution of donepezil to aid in 
interpretation of postmortem blood concentrations. 

Introduction: Donepezil is approved for the treatment of Alzheimer’s disease alone and in combination with memantine. It has a large volume of 
distribution, 10-15L/kg, and high lipophilicity, indicating a potential for postmortem redistribution. With an estimated six million Americans suffering 
from Alzheimer’s disease, donepezil may be encountered in postmortem toxicology.1 Few studies have investigated postmortem donepezil 
concentrations, and none have compared paired antemortem and postmortem concentrations. Nagasawa et. al. evaluated donepezil postmortem drug 
levels in seven cases and found elevated concentrations in both central and peripheral blood.2 This study aims to evaluate donepezil blood concentrations 
in paired antemortem and postmortem specimens as well as comparing central and peripheral blood specimens.  

Method: Postmortem blood specimens submitted for donepezil confirmation by Liquid Chromatography/Tandem Mass Spectrometry (LC/MS/MS) 
between January 2015 and May 2022 (2,045 cases) were reviewed. The laboratory confirms donepezil via a liquid/liquid extraction, analyzed on an 
LC/MS/MS method with a reporting limit of 5.0ng/mL. Testing may be ordered as a directed test or reflexed from a Liquid Chromatogram/Time Of 
Flight/Mass Spectrometer (LC/TOF/MS) screen with a reporting limit of 10ng/mL. Cases where testing was performed on multiple blood specimens 
will be presented as case studies.  

Results: There were 1,797 positive donepezil postmortem blood confirmations between January 2015 and May 2022. Donepezil values ranged from 
5.7–6,700ng/mL (mean 177ng/mL, median 120ng/mL) for all postmortem blood types. These ranges were 5.7–4,800ng/mL (mean 168ng/mL, median 
110ng/mL) for peripheral blood (n=1,330) and 6.4–6,700 (mean 183ng/mL, median 120ng/mL) for central blood (n=409). Nine cases performed 
donepezil testing on multiple blood sources, five of these included antemortem and postmortem specimens. One case study revealed a femoral blood 
donepezil concentration of 500ng/mL and a subclavian blood concentration of 550ng/mL for a central to peripheral blood ratio of 1.1. Although the 
donepezil concentration was elevated, the medical examiner determined that it did not contribute to the cause of death of atherosclerotic cardiovascular 
disease. 

Conclusion: This study found that 77% of postmortem blood donepezil concentrations were higher than the proposed clinical plasma therapeutic range 
of 30–75ng/mL (21–53ng/mL whole blood). Elevated blood donepezil concentrations have been reported in postmortem cases where cause of death 
was unrelated. Postmortem donepezil concentrations should be interpreted with caution in the context of a comprehensive case history. 

References: 
1. National Institute on Aging. Alzheimerôs Disease Fact Sheet. https://www.nia.nih.gov/health/alzheimers-disease-fact-

sheet#:~:text=Alzheimer's%20disease%20is%20a%20brain,first%20appear%20later%20in%20life (Accessed Jul 28, 2022).  
2. Nagasawa S, et al. (2015) Donepezil distribution in postmortem cases and potential for redistribution. Forensic Science International, 251, 132-

138. 
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L19 The Development of an Extraction Method for the Analysis of Synthetic Opioids in Bone Samples Using the 
Bead Ruptor 

Kala Babb, BS*, Virginia Commonwealth University, Virginia Beach, VA; David Cohen, MD, Virginia Commonwealth University, Richmond, VA; 
Justin Poklis, BS, Virginia Commonwealth University, Richmond, VA; Emanuele Alves, PhD, Virginia Commonwealth University, Richmond, VA 

Learning Objective: Attendees will understand the importance of Novel Synthetic Opioid (NSO) detection in uncommon toxicological matrices like 
bone, discover a new method for bone extractions, and learn about a more suitable animal model when correlating blood:bone drug concentrations. 

Impact Statement: This presentation will impact the forensic science community by discussing the development of a novel validated bone extraction 
for synthetic opioids that saves both money and time and can become an important established method for forensic labs. Establishing a correlation 
between blood and bone for drug concentration will also help when determining cause of death when due to overdose. 

NSOs have been attributed to an increasing number of overdose deaths in recent years. Detecting NSOs in toxicological matrices can prove difficult 
due to their high potencies leading to low concentrations in the body. In instances where bone is the only available toxicological matrix, the correlation 
between blood:bone drug concentration is important when determining cause of death in skeletal remains due to overdose. To achieve this, correlation 
studies of animal models are necessary, and a careful choice of a suitable animal model is required. Rabbits, as opposed to rodents, are the most 
appropriate choice, due to their exhibition of spontaneous cortical bone remodeling, a natural bone process that creates and destroys bone mass and 
helps to incorporate substances inside the bone tissue, that is not present in rodents. Previous research has not yet been able to establish such a correlation 
using rodents, leading to studies with a new choice of animal model for appropriate correlation data. Therefore, the hypothesis is that the difficulty in 
achieving a successful correlation is due to the physiological characteristics of the animal model chosen for the experiments. The aim of this work is 
to develop a fast and suitable method for the extraction of synthetic opioids from bone samples to help establish a blood:bone drug correlation using 
rabbits as the chosen animal model.  

Development of the extraction protocol utilized commercial drug-free rabbit bone samples that were fortified with the following synthetic opioid 
standards: fentanyl, norfentanyl, bucinnazine, and AP-238 in a concentration range from 1 to 1,000ng/g of bone. Fentanyl-d5 and norfentanyl-d5 were 
included as internal standards. For the fortification process, bones were spiked with 25µL of the analytes solution and left drying naturally; 500mg of 
fortified bone samples were homogenized in 4mL methanol using the Omni International Bead Ruptor Elite. The homogenized samples were 
centrifuged, and the supernatant was collected. The supernatants were filtered through a 0.45μm syringe filter, then diluted to 30mL with pH 10 
deionized water to prepare for Solid-Phase Extraction (SPE), where a 3cc flangeless Oasis® MCX cartridge was utilized. After loading, the samples 
were first washed with 2mL 0.1 M HCl, followed by a 2% formic acid in methanol solution. The analytes were eluted with a 5% ammonium hydroxide 
in methanol solution, which was evaporated and reconstituted with 50µL ethyl acetate for Gas Chromatography/Mass Spectrometry (GC/MS) analysis. 
A GC/MS method was developed to identify and quantitate the selected NSOs, and calibration curves were prepared using the standard addition method.  

Yields for all analytes varied from 20% to 65%, with norfentanyl having the lowest yield and AP-238 having the highest. The use of the Bead Ruptor 
for the extraction during the homogenization process showed to be efficient with less time and cost spent, when compared to the traditional methods 
for bone analysis that consist of drying the samples, gridding them, and letting them soak in solvent for 24 hours.  

The developed extraction and GC/MS methods were capable of extracting, detecting, and quantitating the target opioids. Once animal experiments 
begin, these methods can be applied to the bone samples obtained from the rabbits for the determination of the blood:bone correlation of synthetic 
opioids. 

NSO; Animal Model; Extraction  
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L51 The Postmortem Formation of Ethanol: Is N-Propanol a Reliable Marker? A Proof-of-Concept Study 
Using a Real-Environment Experimental Set-Up 

Nicola Pigaiani, MD*, University of VeronaðUnit of Forensic Medicine, Verona, Veneto, ITALY; Giacomo Musile, PhD, University of VeronaðUnit 
of Forensic Medicine, Verona, Veneto, ITALY; Francesco Ausania, MD, PhD, University of VeronaðUnit of Forensic Medicine, Verona, Veneto, 
ITALY; Daniel Dye, MD, University of Alabama at Birmingham, Birmingham, AL; Gregory Davis, MD, University of Alabama at Birmingham, 
Birmingham, AL; Franco Tagliaro, MD, University of VeronaðUnit of Forensic Medicine, Verona, Veneto, ITALY; Antonio Oliva, MD, PhD, 
Department of Health Surveillance and Bioethics, Section of Legal Medicine, Fondazione Policlinico A. Gemelli IRCCS, Universit¨ Cattolica del Sacro 
Cuore, 00168 Rome, ITALY; Federica Bortolotti, PhD, University of VeronaðUnit of Forensic Medicine, Verona, Veneto, ITALY  

Learning Objective: After attending this presentation, attendees will have information on: (1) postmortem ethanol formation and the factors affecting 
the process; (2) possible strategies to identify postmortem ethanol production; and (3) the meaning of n-propanol determined in cadaveric blood. 

Impact Statement: This presentation will impact the forensic science community by outlining the reliability of n-propanol as a marker of postmortem 
production of ethanol, as demonstrated by a proof-of-concept study carried out in a real-environment experimental setting. 

Background: Ethanol is the psychoactive substance identified most frequently in postmortem specimens. Unfortunately, the interpretation of 
postmortem ethanol concentrations can be difficult because of postmortem alcohol redistribution and the possibility of postmortem alcohol neogenesis. 
Indeed, in the time interval between death and sample collection, the decedent may be exposed to non-controlled environments for an extended period, 
which may promote microbial colonization. As a result of microbic action, several postmortem biochemical processes affect the concentration of many 
compounds, such as ethanol and other xenobiotics. Many authors report that in the presence of carbohydrates, various species of bacteria, yeast, and 
fungi are capable of synthesizing ethanol in vitro as well as in the tissues.1-3 In this setting, a concentration of n-propanol higher than 0.001g/L has been 
recently reported as evidence of postmortem ethanol production.4  

Methods: The “putrefactive cadaveric blood” was obtained starting from blood samples collected in 6mL Vacutainer Tube EDTAK3 from healthy 
living people after the measurement of blood glucose and alcohol by a Headspace/Gas Chromatography/Flame Ionization Detector (HS/GC/FID) 
method. Three-hundred milligrams of cadaveric tissues, namely fragments of intestinal mucosa and liver, at different Postmortem Intervals (PMI) 
(PMI 48h and 21days) were then added to blood sample tubes. Finally, a layer of paraffin oil was introduced in the headspace of the tubes, which were 
kept at environmental temperature and at 4°C for 9 days. The “putrefactive cadaveric blood” was analyzed for alcohols daily using an HS/GC/FID 
validated method and a Shimadzu GC2030 head pace GC analyzer with an FID and equipped with an SH-Rxi-5ms-wide bare column (30m x 0.23mm 
x 0.25µm. Fifty µL of “putrefactive cadaveric blood” sample was added to 200µL of a solution of tert-butyl alcohol at 0.0975g/L. A headspace volume 
of 1,250µL was injected in the system. The temperature of the syringe was kept at 80°C, and an isotherm separation was carried out at 40°C. An internal 
quality standard with an ethanol concentration of 0.5g/L was also measured every five samples. The method allowed for identification and quantification 
of ethanol (Limit Of Quantitation [LOQ]: 0.05g/L) and n-propanol (LOQ: 0.001g/L). The formation of ethanol and n-propanol and their relationship 
were evaluated taking into consideration different parameters: (1) putrefactive stage of the added fragments; (2) blood glucose concentration; (3) storing 
temperature; and (4) storing time. The statistical analysis was performed by applying the unpaired T-test and simple linear regression.  

Results: Concerning the putrefactive stage, the higher postmortem ethanol production using fragments from cadavers at the emphysematous stage—
PMI > 48h and < 7days—was probably due to the higher concentration of fermenting anaerobic bacteria. As expected, samples with higher blood 
glucose concentrations showed greater ethanol production. The incubation of samples at environmental temperature (20°C) showed greater ethanol 
production than samples incubated at 4°C. The evaluation of ethanol production according to storing time showed a rapid increase of ethanol 
concentration up to day 3 of incubation, then a slight decrease over the next four days, and finally a further rise. All the samples that showed ethanol 
production had concomitant n-propanol formation with a close correlation between the two alcohols (R2=0.918, P< 0.0001).  

Conclusion: The present study evaluates, at an experimental base, the impact of body putrefactive stage, antemortem glycemia, storing temperature, 
and time on the postmortem ethanol production process. In addition, it confirms the feasibility of using n-propanol as marker of postmortem ethanol 
production. 

References: 
1. Blackmore DJ. The Bacterial Production of Ethyl Alcohol. J. Forensic Sci. Soc. 8 (1968) 73–78.  
2. Boumba VA, Ziavrou KS, Vougiouklakis T. Biochemical pathways generating post-mortem volatile compounds co-detected during forensic 

ethanol analyses. Forensic Sci. Int. 174 (2008) 133–151. 
3. Yajima D, Motani H, Kamei K, Sato Y, Hayakawa M, Iwase H. Ethanol production by Candida albicans in postmortem human blood samples: 
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4. Boumba VA, Kourkoumelis N, Ziavrou K, Vougiouklakis T. Estimating a reliable cutoff point of 1-propanol in postmortem blood as marker of 

microbial ethanol production. J. Forensic Sci. Med. 5 (2019) 141-146. 
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L52 A Quantitative Analysis of Fentanyl and Major Metabolites From Empty Puparia and Adult Blow Flies 
Via Quick, Easy, Cheap, Effective, Rugged, and Safe (QuEChERS) Extraction and Liquid 
Chromatography/Tandem Mass Spectrometry (LC/MS/MS) Analysis 

Joseph Cox, PhD*, Florida International University, Miami, FL; Katherine Davis, West Virginia University, Morgantown, WV; Kylea Morris, BS, 
West Virginia University, Ann Arbor, MI; Rachel Mohr, PhD, West Virginia University, Morgantown, WV; Joseph DelTondo, DO, Pittsburgh, PA; 
Luis Arroyo, PhD, West Virginia University, Morgantown, WV  

Learning Objective: After attending this presentation, attendees will better understand a QuEChERS extraction protocol utilized for the quantitative 
analysis of fentanyl and metabolites from a late-stage insect tissue specimen coupled to a targeted detection system using LC/MS/MS. 

Impact Statement: This presentation will impact the forensic science community by providing a comprehensive analytical workflow for the isolation 
of fentanyl and metabolites extracted from empty puparia and adult fly tissue using a safe method that reduces matrix interferences while maintaining 
high sensitivity. 

After death, the natural decomposition process degrades or eliminates access to traditional toxicology biological matrices like blood, urine, and liver 
tissue, increasing the opportunity for insects to be used as an alternative matrix. The use of insects as a surrogate toxicological matrix is generally 
accepted; however, the interpretation of major findings in medicolegal death investigations is still debatable. With a lack of comprehensive studies 
regarding metabolism, feeding behavior, and correlation of drugs found in the insect tissue to those in the human tissue, further research is necessary 
to understand insect tissue in relation to human tissue concentrations. The hypothesis behind the accumulation of xenobiotics in insect tissues follows 
a natural mechanism of entrapment. When drugs are deposited into the chitin exoskeleton, this allows for the materials to remain in the insect body for 
months and years after all other tissues used for toxicology analysis are no longer available. When an adult fly emerges, the puparia cases left behind 
can be extracted to provide a qualitative observation of drugs present in the body while the insect was feeding after soft tissues and traditional biological 
fluids are not present.  

To evaluate the persistence and prevalence of fentanyl and metabolites in the late-stage insect tissue and the ability to extract the drugs from the insect 
tissue, fentanyl was spiked into 200g aliquots of human liver homogenate to evaluate four concentrations: negative control (0µg/kg), low (10µg/kg), 
medium (100µg/kg), and high (350 µg/kg) concentrations. The 200g treatment portions were aliquoted as seven 25g aliquots onto aluminum foil sheets 
inside 8oz plastic containers with sand as a substrate for pupation. To each aliquot of the liver, approximately 70-–90 eggs (by mass) were placed and 
allowed to feed undisturbed until the time of collection. The containers were housed in the Percival I36LLVLC8 incubator controlling for temperature, 
relative humidity, and photoperiod. Entire insect cohorts (each treatment: control, low, medium, and high) were collected after emergence (day 21). 
This was repeated for three replicates. In addition, during the third replicate, an authentic postmortem liver specimen with a fentanyl concentration of 
111µg/kg, norfentanyl concentration of 8.1µg/kg, and a 4-ANPP concentration of 5.8µg/kg was homogenized to be treated as a fifth treatment or 
validation group.  

Fentanyl was detected in both empty puparia and adult flies for all treatments across all three replicates but was below the Lower Limit of Quantification 
(LLOQ) for the low treatment in the empty puparia. For the adult flies, as the concentration of the fortified liver treatment increased, the concentration 
of fentanyl observed in the adult fly extractions also increased. Fentanyl and metabolites were extracted from the empty puparia and adult flies feeding 
on liver tissue fortified with fentanyl. β-hydroxyfentanyl was detected in the empty puparia but not in the adult flies. The detection of fentanyl and 
norfentanyl from the empty puparium and the adult flies also indicates that a portion of the drug is left behind in the fly exuviate but also persists to the 
adult fly.  

These findings strengthen the utility of empty puparia for the detection of fentanyl and metabolites collected from tissues fortified with fentanyl. This 
is promising for the use of late-stage insect tissue for the detection of postmortem tissue drug presence. 

Fentanyl; QuEChERS; Empty Puparia 
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L53 Toxicology Laboratory Findings From the 2018 Census of Medical Examiner and Coroner Offices 

Jeri Ropero-Miller, PhD*, RTI International, Creedmoor, NC; Hope Smiley-McDonald, PhD, RTI International, Research Triangle Park, NC; 
Katherine Bollinger, MS, RTI, Durham, NC  

Learning Objective: After attending this presentation, attendees will understand the toxicology laboratory findings from Bureau of Justice Statistics’) 
(BJS’) 2018 Census of Medical Examiner and Coroner Offices (CMEC). 

Impact Statement: This presentation will impact the forensic community by providing updated information of the state of postmortem toxicology 
services in the United States based on an 80.9% response rate of the 2018 CMEC. 

In 2021, the United States BJS published results for the MEC, 2018, that provided an update on the medicolegal death investigation system in the 
United States (www.bjs.gov, November 2021, NCJ 302051). The first iteration of the CMEC collected data from 2004 (www.bjs.gov, June 2007, NCJ 
216756). In 2018, there were more than 1.3 million cases referred to MEC offices. Of referred cases, 45.9% of cases were accepted for further MEC 
investigation, which equated to an average of 80 cases accepted per full-time equivalent personnel. Like the first CMEC iteration, much of the data 
collected on toxicology laboratory operations, casework, and practices were not included in the published BJS report. Publicly accessible BJS data 
were analyzed by RTI International (RTI) to report on 2004 toxicology findings.1 The present analysis of toxicology findings provides the community 
with an update to this work using the 2018 CMEC data of 1,648 MEC offices that responded.  

The 2018 CMEC was conducted by RTI on behalf of BJS (2017-MU-CX-K052) from June 2019 through March 2020. The questionnaire was developed 
based on review and update of the 2004 CMEC, expert panel review, and pilot testing. Mixed mode collection of data was conducted by mail, online, 
and email. Data were obtained from the BJS publicly accessible website and evaluated in 2022 for any remaining information that was not reported in 
the 2021 BJS Report. Questions and data around the operation of toxicology laboratories within a MEC office or specific to toxicology testing were 
analyzed and will be discussed. For example, the 2018 CMEC captured salaries by profession. Respondents reported an average minimum of $41,825 
and an average maximum $65,388 for forensic toxicologists. Moreover, 65% of responding ME offices reported that some of their forensic toxicologists 
were certified by the American Board of Forensic Toxicology, while coroner offices had more than 10% less certified forensic toxicologists. Similar 
data were analyzed for certification of forensic analysts with comparative results. When respondents were asked which staff performed the duty of 
determining which cases received forensic toxicology testing, two-thirds (66.2%) indicated that coroners or non-physicians made this determination, 
as opposed to autopsy pathologists, death investigators, or other internal staff. As much as possible, results will be compared to the 2004 CMEC. 
Additionally, the data from several new toxicology-related questions will be presented.  

Results from this study include information on operations, workload of toxicology laboratories within these MEC offices, toxicology retention time 
schedule, analyst toxicology certification, screening and confirmation toxicology testing practices, and evidence-retention practices. These data are 
important to understand the postmortem toxicology policies and practices and how these practices have evolved since the 2004 CMEC, as available, 
and are of national importance considering the ongoing overdose crisis contributing to more than 100,000 deaths in 2021. These data can help inform 
BJS as it has begun planning for the 2022 CMEC. Continued data collection of forensic toxicology through a national census can provide comparability 
over time, document contextual insight for needs, and provide necessary information to better support the state and local MEC offices operating 
nationwide. 

References: 
1. Ropero-Miller J, Smiley-McDonald H, Zimmer S, Bollinger K. (2020). A Census of Medicolegal Death Investigation in the United States: A Need 

to Determine the State of our Nation’s Toxicology Laboratories and Their Preparedness for the Current Drug Overdose Epidemic. J. Forens. Sci. 
doi:10.1111/1556-4029.14277.  

2. CDC, National Center for Health Statistics, Office of Communication. U.S. Overdose Deaths In 2021 Increased Half as Much as in 2020ïBut Are 
Still Up 15%. May 11, 2022. (301) 458-4800. https://www.cdc.gov/nchs/pressroom/nchs_press_releases/2022/202205.htm. 
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L54 Acute Psychotic Episodes in Impaired Driving Cases Involving Tetrahydrocannabinols (ȹ8 and ȹ9) 

Nicholas Tiscione, MS*, Palm Beach County Sheriffôs Office, West Palm Beach, FL  

Learning Objective: After attending this presentation, attendees will increase their competence in the interpretation of the uncommon effects of 
cannabinoids in impaired driving investigations. 

Impact Statement: This presentation will impact the forensic science community by outlining the increasing incidence of acute psychotic episodes in 
cases involving cannabinoids. 

Introduction: Substantial research has been presented on the impairing effects of Tetrahydrocannabinols (THCs) and their impacts on driving. 
Impairment to reaction time, perception, short-term memory, attention, motor skills, tracking, and divided attention tasks are typical. Conversely, 
relatively few reports have described acute psychotic episodes due to THCs in impaired driving investigations. Herein two cases from the Southeastern 
United States are presented.  

Methods: A volatile analysis was performed by Headspace/Gas Chromatograph/Flame Ionization Detector/ Mass Spectrometry (HS/GC/FID/MS). 
Screening for other drugs was conducted using a basic extraction with scan GC/MS and an 11-panel Enzyme-Linked Immuno-Sorbent Assay (ELISA). 
All positive results were confirmed with GC/MS and/or Liquid Chromatography/Tandem Mass Spectrometry (LC/MS/MS). The LOQ for delta 9 THC, 
delta 8 THC, delta 10 THC and hydroxy THC was 1.0 ng/mL. The Limit Of Quantitation (LOQ) for carboxy THC was 5.0ng/mL. Delta 8 and delta 10 
THC metabolites were not included.  

Results: Case 1: A 26-year-old male was involved in a single vehicle crash where he drove into the median of a divided roadway. There was no airbag 
deployment. When officers arrived, the driver was awake and alert with his eyes closed. His statements and demeanor demonstrated a detachment from 
reality and paranoid delusions. At times he was making guttural noises/chanting in what seemed to be a different language, although his English was 
clear and free of any real accent. After the incident the driver contacted the officer and stated that he purchased a delta 8 THC vape (not submitted) 
from a smoke shop after the clerk recommended it to him to alleviate his anxiety. The driver advised he smoked the vape throughout the week leading 
up to the incident and that it made him feel like he was not in control of himself. Acetone and delta 8 THC at 1.8ng/mL were identified in the blood 
specimen collected ~2 hours after the crash. Case 2: A 23-year-old female was involved in multiple hit-and-run crashes, including striking two 
pedestrians, one on the sidewalk and one in a crosswalk, other vehicles, and a telephone pole before the car was disabled. Upon initial contact the driver 
appeared to be unconscious, then convulsed and made seizure-like movements. She exited the vehicle and, while standing, was unresponsive and stared 
off into space. When taken to the ambulance for evaluation, her eyes appeared to roll back in her head, she began to scream and fight with medics 
stating she was “God” and “Harry Potter,” and rolled herself off of the stretcher she was on. She made unintelligible utterances that medics described 
as speaking in tongues, started shaking, and would not let the medics help her back on the stretcher. Shortly after, she stood up and sat down on the 
stretcher like nothing happened. Subsequently, 400mg ketamine was administered to sedate her. She had gel blister packs labeled THC Cannabis. 
Analysis of one gel by the seized drug unit identified delta 9 THC. Toxicology analysis of a blood specimen collected ~4.5 hours after the crash detected 
amphetamine at 68ng/mL, delta 9 THC at 4.5ng/mL, hydroxy THC at 2.6ng/mL, and carboxy THC at 63ng/mL. Ketamine and norketamine were 
tentatively identified, but not confirmed due to noted administration after the incident.  

Discussion/conclusion: THCs, including delta 8 and delta 9 THC, can produce acute psychotic episodes in some individuals. Highly concentrated vape 
oils and edibles of various THCs have proliferated the market and may contain little-to-no cannabidiol. This may increase the risk and incidence of 
these episodes. Not only does this pose a risk for users of these products, but can also result in significant driving impairment, which poses an increased 
risk for traffic safety. 

THC; DUID; Psychosis 
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L55 Drug Testing and Traffic Safety: What You Need to Know 

Amy Berning, MA, PhDc*, National Highway Traffic Safety Administration, Fairfax, VA; Ryan Smith, PhD, National Transportation Safety Board, 
Washington, DC; Kathryn Wochinger, United States Department of Transportation/National Highway Traffic Safety Administration, Washington, DC; 
Morgan Drexler, MPH, American Medical Group Association, Arlington, VA  

Learning Objective: Information will be presented on the importance of drug toxicology results in the nation’s traffic safety database for crashes 
involving a fatality (which many likely do not know exists). These data are used by cities, states, federal agencies, researchers, advocacy groups, and 
legislators and can lead to important policy decisions. This presentation discusses inconsistencies with states obtaining and reporting drug test results 
and the limitations in use of that dataset. 

Impact Statement: A focus of this presentation is the importance of drug test results, and consistency in obtaining and reporting results, for the traffic 
safety community. This is crucial for improving data that is widely used and often misinterpreted. This presentation will advise attendees regarding the 
improvements the National Highway Traffic Safety Administration (NHTSA) is making, and their efforts to reach out to those in the toxicology 
community. We are hoping to improve coordination between those involved in testing, state highway safety offices, and other partners. 

Drugs-and-driving is a traffic safety issue of great concern. As attention on this very complex issue has risen, so have discussions about the limitations 
and use of data on drug prevalence among road users. This presentation continues that discussion by examining the process of obtaining and reporting 
the drug use data from people involved in motor vehicle crashes that are included in the NHTSA’s Fatality Analysis Reporting System (FARS), a 
national census of fatal motor vehicle crashes in the United States. The presentation will describe challenges in drug testing and reporting and how that 
impacts the drug data in FARS. The limitations identified here are not necessarily unique to drug testing, or to FARS, and are presented to inform 
discussions on drugs and driving and lay the groundwork for improving data collection and reporting internationally.  

The research team obtained information from multiple sources to examine how drug tests, toxicology results, and drug data are collected and, ultimately, 
received by the FARS analysts. The team visited toxicology laboratories and medical examiner’s offices and reviewed the original documentation of 
drug test results for nearly 1,200 FARS cases to learn about the quantity and quality of drug toxicology information submitted for inclusion in FARS. 
The lack of standardization in toxicology testing and in the process of transferring data to FARS analysts make the drugged driving data entered into 
FARS largely incomplete and incomparable across states. The drug result documentation provided to FARS often does not include the full drug panel, 
whether screening or confirmatory testing was performed, or the matrix tested. This research identified inconsistencies in toxicology testing, how drug 
information is provided to FARS analysts, and how these data are ultimately entered in FARS. The limitations constrain the use and interpretation of 
drug test results in FARS, but also provide targeted areas for improvement and discussion. There are significant barriers and inconsistencies to the 
collection and entry of drug information on fatal crashes in the United States. This leads to confusion about the usage and interpretation of these data. 
Lessons learned from this research can not only be used to improve drug data within the United States, but also internationally. The NHTSA is 
continuing in its efforts to improve the data in FARS, including working with toxicologists across states to increase awareness of reporting issues.1 

References: 
1. Berning A, Smith RC, Drexler M, Wochinger K. (2022, March). Drug testing and traffic safety: What you need to know (Report No. DOT HS 

813 264). National Highway Traffic Safety Administration. 
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L56 1,1-Difluoroethane in Driving Under the Influence (DUI) CasesðIntoximeterÈ DMT Dual Sensor and 
Draeger Alcotest 7110 Aiding Officers in Inhalant Cases 

Jasmine Maxwell, MSFS*, Alabama Department of Forensic Sciences, Pelham, AL; Greg Turner, PhD, Alabama Department of Forensic Sciences, 
Pelham, AL; Curt Harper, PhD, Alabama Department of Forensic Sciences, Hoover, AL  

Learning Objective: After attending this presentation, attendees will have a better understanding of 1,1-difluroethane in Driving Under the Influence 
of Drugs (DUID) cases using the Intoximeter® DMT and Draeger Alcotest 7110. 

Impact Statement: This presentation will impact the forensic science community by presenting interference data for 1,1-difluroethane using evidential 
breath testing instruments, Intoximeter® DMT and Draeger Alcotest 7110. Additionally, information about inhalant dangers while driving will be 
presented. 

1,1-Difluoroethane (C2H4F2), also known as DFE, is an odorless, colorless gas that is easily ignited. DFE is commonly used as an aerosol propellant, 
such as liquefied gas or an air duster. DFE falls under the inhalant category of the seven drug categories on the Drug Recognition Expert (DRE) matrix. 
Inhalants can be consumed by huffing, bagging, insufflation, or sniffing/snorting.  

When an interference message occurs, there is typically a significant response on the Infrared (IR) detector but no response on the Electrochemical fuel 
Cell (EC) since DFE cannot be oxidized. The Draeger Alcotest 7110 monitors inferring substances by comparing the IR detector to the results from 
the EC detector (difference ≥ 10% suggests an interference) and by the EC reaction curve, which will show differences between what is expected for 
ethanol and what is observed. These mechanisms allow the detectors to distinguish between different types of alcohol. The Intoximeter® DMT dual 
sensor uses a third mechanism, which is a multiwavelength IR detector. When DFE is present, both instruments will flag it as an interference.  

A search of all Toxicology blood results positive for DFE between January 2019 to July 2022 was conducted. Draeger and DMHost software were 
used to evaluate breath records from both instruments between the same period that had greater than 10% difference between the IR and EC. Once 
breath tests with interference messages were isolated, toxicology blood results were matched to the subject’s corresponding breath test. A confirmed 
DFE breath and blood case with an accompanying drug recognition report will be discussed to demonstrate the danger of inhalant use while driving.  

Between January 2019–July 2022, Toxicology contained 32 positive DFE cases across all case types; 37% (n=13) were DUI cases with a median 
concentration of 13µg/mL (range: 0.23–42µg/mL). The percentage of the interference messages identified in all breath alcohol test records from January 
2019–July 2022 was 0.04% and 4.7% for Draeger and DMT dual sensor, respectively. From both instruments combined there were 172 (21 Draeger, 
151 DMT) interference messages, with only one having confirmed DFE in the blood. The confirmed case from the Draeger showed no response for 
the EC, but had an ethanol reading of 0.072g/210L on the IR. The difference between the detectors resulted in the certificate of analysis reporting an 
“interference” message. The Toxicology report displayed a DFE concentration of 30µg/mL in the blood. The DRE evaluation showed the subject to 
have constricted pupils, slow reaction to light, flaccid muscle tone, and eyelid tremors. The opinion of the DRE report was the subject was under the 
influence of inhalants, which was confirmed with the Toxicology report as well as the interference message seen on the Draeger.  

In Alabama, when an interference message occurs, officers are instructed to ask the subject a set of questions that will help identify potential health 
issues (e.g., ketoacidosis) or if the subject has abused inhalants. Our program instructs the officer to collect blood as soon as possible due to inhalants 
being extremely volatile and they may only be present in the blood 1.5 to 3 hours after use. Trends of DFE use remain constant in Toxicology casework 
with an average of eight cases per year from 2006–2022. In summary, officers should be encouraged to collect and submit blood to toxicology when a 
subject is suspected of using inhalant such as DFE. 

DFE; DUI; Interference 
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L57 A Standardized Method for Analyzing Toxicology Data in Drugged Driving Research 

Ryan Smith, PhD*, National Transportation Safety Board, Washington, DC; Mary Pat McKay, MD, MPH, National Transportation Safety Board, 
Washington, DC; Jana Price, PhD, National Transportation Safety Board, Washington, DC  

Learning Objective: After attending this presentation, attendees will be informed about a recent National Transportation Safety Board (NTSB) report on drug 
and polycategory drug usage by United States drivers. Specifically, attendees will learn about the challenges inherent in analyzing raw toxicology data for 
drugged driving research and the development of a standardized method for conducting these analyses. This includes strategies for categorizing drug usage, 
documentation of metabolite pathways, determining the impairment potential of various analytes, and removing drugs that are likely administered for post-crash 
medical care. Ultimately, attendees will gain the resources and tools to better conduct their own drugged driving research when working with toxicology data. 
Attendees will see results of this method applied to toxicology data on over 25,000 drivers and learn about recent NTSB safety recommendations relevant to 
the forensic science community. 

Impact Statement: The forensic science community has provided significant and valuable input on recommendations for the toxicological investigation of 
drug-impaired driving and motor vehicle fatalities.1 However, similar standards for the mining and analysis of these toxicology data do not readily exist. Working 
closely with medical doctors and leading forensic toxicologists, the NTSB developed a standardized method for analyzing and reporting toxicology data for 
drugged driving research with an emphasis on polycategory drug combinations. This presentation will impact the forensic science community by providing an 
overview of this approach and links to resources that will help others in the forensic science community and beyond to analyze these complex data. Thus, this 
presentation will provide tools for the analysis of toxicology data in drugged driving research along with current findings on polycategory drugged driving. 

Impaired driving continues as a significant and growing public health concern. In 2020, there were 11,654 fatalities in alcohol-impaired driving crashes in the 
United States, which represents a 14.3% increase year over year. Unfortunately, significantly less is known about the prevalence of other drugs. This is largely 
due to the lack of consistent and comprehensive drug testing in the toxicological investigation of drug-impaired driving and motor vehicle fatalities, challenges 
with the submission of these data to relevant state and federal databases (e.g., Fatality Analysis Reporting System [FARS]), and inconsistencies in the analysis 
and reporting of available toxicology data.2,3 The National Safety Council’s (NSC’s) Alcohol, Drugs and Impairment Division provides recommendations on 
the collection and testing of biological specimens for drugged driving investigations.1 However, no such standard exists for the interpretation, analysis, and 
reporting of toxicology data in the driving domain. This presentation seeks to address this gap by highlighting recent efforts by the NTSB in coordination with 
the medical and forensic toxicology communities. 

The goals of the present research study were to: (1) develop a systematic method for mining, analyzing, and reporting toxicology data for drugged driving 
research; (2) apply this method to high-quality toxicology datasets to evaluate the prevalence of drug and polycategory drug usage by drivers; and (3) discuss 
NTSB safety recommendations to enhance drugged driving data and traffic safety. Researchers began by evaluating existing approaches to classifying drug and 
metabolite equivalents into drug categories and worked with leading medical experts and toxicologists to develop a set of drug categories for data analysis. 
These categories ultimately included: Ethanol Alcohol, Other Volatiles, Potentially Impairing Neuropsychiatric Medications, Cannabinoids, Narcotic 
Analgesics, Hallucinogens, Inhalants, Dissociative Anesthetics, Sedatives, Stimulants, Synthetic/Designer Drugs, and Other Potentially Impairing Medications.  

The team then evaluated approximately 400 analytes to determine their metabolite pathways and impairment potential. Special coding rules were created for 
many analytes (particularly benzodiazepines and opioids) that may have multiple metabolite pathways and where an analyte may be both a parent drug and a 
metabolite of another commonly used drug. All analytes were coded up to their most proximate parent drug for analysis. For example, benzoylecgonine would 
be coded up to cocaine. This also best assured that a drug and its metabolites were not included as “polydrug” for the analysis. Drugs that were not deemed to 
be potentially impairing for driving performance or are predominantly used in post-crash medical care were removed from the analysis. This resulted in a set of 
standardized coding rules and protocols for analyzing any toxicology dataset for drugged driving research. The team worked closely with several advanced 
toxicology laboratories to apply this new method. In order to be included in the study, these laboratories provided results on driver toxicology samples that were 
consistently and comprehensively tested for drugs (e.g., no stop testing for Blood Alcohol Concentration [BAC]), used blood as the matrix for testing, and tested 
for NSC Tier I compounds. Data on over 25,000 impaired driving cases were provided by the four laboratories that met these criteria: Orange County Crime 
Laboratory, The Wisconsin State Laboratory of Hygiene, Office of the Chief Medical Examiner City and County of San Francisco, and New York State Police 
Forensic Investigation Center.  

This presentation will focus on the development of the standardized drug coding and classification method and give links to resources so others can use this 
method. The presentation will also provide a brief overview of the results from the 25,000 impaired driving cases that were analyzed for this study. It will 
conclude by discussing recently adopted recommendations on drugged driving by the NTSB. 
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L58 Impaired Driving Drug Trends and Stop-Limit Testing Evaluation 

Grace Cieri, BS*, Center for Forensic Science Research and Education, Willow Grove, PA; Amanda Mohr, MS, The Center for Forensic Science 
Research and Education, North Wales, PA; Melissa Fogarty, MSFS, The Center for Forensic Science Research and Education, Willow Grove, PA; 
Barry Logan, PhD, The Center for Forensic Science Research and Education, Willow Grove, PA  

Learning Objective: After attending this presentation, attendees will be able to describe common trends in impaired driving cases and discuss the 
patterns and frequency with which these drugs are found in combination. Attendees will also be able to evaluate drug positivity at commonly used 
blood alcohol concentration thresholds used in “stop-limit” testing. 

Impact Statement: This presentation will impact the forensic science community by highlighting the impact of the practice of stop-limit testing on 
the collection of accurate data and rates of drug use in impaired driving and by providing a more comprehensive understanding of what drugs are being 
underreported in cases where stop-limit testing is implemented. 

Driving Under the Influence (DUI) involving alcohol and/or drugs is a significant public health threat as reflected by increasing traffic fatalities. Novel 
Psychoactive Substances (NPS) and polysubstance use and legalization of recreational drugs have all increased the complexity of toxicological testing 
in these cases. In 2021 the National Safety Council’s Alcohol, Drugs and Impairment Division (NSC-ADID) released the newest iteration of testing 
recommendations for Tier I and Tier II drugs (including NPS). Tier I encompasses drugs that should be routinely screened for in laboratories in Driving 
Under the Influence of Drugs (DUID) and motor vehicle fatality cases. In the survey conducted to inform changes to the recommendations, 45% of 
labs (n=65) reported using stop-limit testing, meaning once the concentration of alcohol is above a certain level, additional tests are not performed to 
look for other impairing substances. We performed this study to determine the rates of positivity of Tier I and Tier II drugs in DUID cases, patterns of 
combined drug use, and to evaluate the potential impact of stop-limit testing in estimating true rates of drug positivity.  

Blood samples submitted for analysis in suspected DUID cases were retested for an expansive menu of drugs, using two workflows performed by 
Liquid Chromatography/Mass Spectrometry Quadrupole Time-Of-Flight (LC/QTOF) for basic drugs and synthetic cannabinoids, respectively. Samples 
were analyzed for alcohol and confirmed for Tetrahydrocannabinol (THC) and its metabolites at a reference laboratory. The basic drug panel library 
contains over 1,000 drugs and metabolites, and the synthetic cannabinoid panel contains over 300 drugs and metabolites. Both libraries encompass all 
the recommended Tier I and Tier II compounds, and are updated regularly as new drugs are identified.  

To date, 2,127 samples have been screened on the basic and synthetic cannabinoid drug panels. Positivity was assessed for Tier I, Tier II, and other 
NPS. The findings from Tier I include methamphetamine (n=334; 15.7%), fentanyl (n=309; 14.5%), amphetamine (n=298; 14.0%), benzoylecgonine 
and cocaine (n=148; 6.9%). Ethanol was found in 878 (40%) cases with a median concentration of 0.16g/100mL and range from the limit of detection 
(0.01 g/100mL) to 0.61g/100mL. THC was found in 1,080 (50.7%) cases with a median concentration of 8.1ng/mL and a range from the limit of 
detection (0.5ng/mL) to 96ng/mL. For Tier II drugs, the top three detected compounds were diphenhydramine, hydroxyzine, and trazodone. 
Diphenhydramine was seen in 129 cases (6.0%), followed by hydroxyzine (n=83; 3.9%), and trazadone was seen in 62 cases (2.9%). When evaluating 
the NPS positivity, 8-aminoclonazolam (n=70; 3.2%) was seen with the highest frequency, followed by fluorofentanyl (n=64; 3.0%) and etizolam 
(n=46; 2.1%).  

Ethanol was most frequently found in combination with Central Nervous System (CNS) stimulants. THC was most commonly found with CNS 
stimulants and narcotic analgesics (fentanyl).  

Drug positivity was also evaluated at common BAC levels used in stop-limit testing (>0.08, >0.10, and >0.15g/100 mL). Tier I drugs were found in 
15.4% of all cases with a BAC >0.08g/100 mL. Positivity for Tier I, Tier II, or a combination of the two for cases with 0.08g/100 mL was 17.7% 
(n=386), >0.10g/100 mL 16.4% (n=358) and >0.15 g/100 mL 10.6% (n=231).  

This study demonstrates that the current Tier I and Tier II recommendations are appropriate and align with trends in DUID cases. Finding Tier I and II 
drugs in cases with BAC >0.08, suggests that comprehensive testing of even high BAC cases provides insight into polysubstance-impaired driving and 
is a best practice. 
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L59 Ŭ-Pyrrolidinoisohexanophenone (Ŭ-PiHP) in Driving Under the Influence (DUI) Cases 

Kristin Kahl, MS*, University of Miami Toxicology Laboratory, Miami, FL; Lisa Reidy, PhD, University of Miami, Miami, FL  

Learning Objective: After attending this presentation, attendees will better understand the analytical techniques used for detecting α-PiHP and its 
incidence and polydrug use in DUI casework. 

Impact Statement: This presentation will impact the forensic science community by providing regional data on α-PiHP and its use with other drugs 
in DUI cases. 

Novel Psychoactive Substances (NPS) trends change rapidly, as seen with synthetic cathinones, synthetic cannabinoids, and fentanyl analogs; with this 
ever-changing landscape, NPS can be difficult to identify, may only be seen regionally or for a short time, and extensive pharmacological information 
is rarely known. Synthetic cathinones have been reported in Broward and Miami-Dade Counties, Florida, in the past, with Broward County being the 
national epicenter for α-Pyrrolidinopentiophenone (α-PVP), or flakka, in 2014.1  

α-PiHP is a novel synthetic cathinone recognized internationally in late 2016 and in the United States in late 2018.2,3 α-PiHP has consistently been 
reported in NPS Discovery stimulant trend reports since their inception in 2020 Q1, but with relatively low frequency in toxicology cases.4 As a group, 
synthetic cathinones have similar effects to other central nervous stimulants; these effects include increased locomotor activity, blurred vision, elevated 
heart rate and blood pressure, and altered mental status.5,6 These effects can impair an individual’s ability to operate a motor vehicle safely. This review 
examines trends in α-PiHP detection in DUI cases submitted to the University of Miami Toxicology Laboratory (UMTL) from two Southeast Florida 
counties.  

Blood and urine specimens were from subjects involved in suspected DUI cases in Miami-Dade and Broward Counties submitted to the UMTL from 
July 2021 to July 2022. Blood specimens were first analyzed for ethanol and other volatiles using Headspace/Gas Chromatography/Flame Ionization 
Detector/Mass Spectrometry (HS/GC/FID/MS). No additional testing was performed if the blood ethanol concentration was ≥0.150g/dL. If ethanol 
was not detected or was < 0.150g/dL, then drug screening and confirmation/quantitation were performed as applicable. Urine specimens were only 
analyzed for drugs. Toxicological analyses for blood and urine specimens included Basic Drug Screens (BDS) by Gas Chromatography/Mass 
Spectrometry (GC/MS) (>800 analytes) and Liquid Chromatography/Quadrupole Time-Of-Flight/Mass Spectrometry (LC/QTOF/MS) (>300 analytes). 
The detection and confirmation of α-PiHP were performed using the LC/QTOF and GC/MS methodologies, respectively; the GC/MS methodology 
can distinguish α-PiHP from its structural isomer, α-PHP, by retention time and mass spectral differences. The Limit Of Detection (LOD) was validated 
per American National Standards Institute/Academy Standards Board (ANSI/ASB) Standard 036 for α-PiHP, with LODs ranging from 5-50ng/mL, 
depending on the methodology and matrix.  

July 2021 was the first time the laboratory reported α-PiHP in a suspected DUI case. In the year of this review, five DUI cases (two blood and three 
urine specimens) were reported as positive for α-PiHP. Interestingly, all cases were from Broward County. Of the 231 Broward County DUI cases in 
which blood or urine specimens underwent drug testing, α-PiHP was reported in 2% of cases. Ethanol was not detected in either of the two blood 
specimens; however, in four out of the five cases, other drugs or metabolites were detected. Opioids, cannabinoids, and novel benzodiazepines were 
the most reported other drug groups, each reported in three of the four polydrug use cases; cocaine was also reported in two cases. In one blood 
specimen, α-PiHP was the only drug reported; this was the only case listed as a DUI with serious bodily injuries or fatality. Demographic information 
reveals that all subjects were between 26 and 35 years old, with 80% being male.  

The percentage of DUI cases in which the UMTL has reported α-PiHP is low; however, given the history of NPS stimulant use in Broward County, it 
is noteworthy that α-PiHP has only been reported in Broward County DUI cases. A review of the case results also reveals that α-PiHP is commonly 
used in combination with other drugs, including other NPS. α-PiHP has the potential to impair driving ability, making it important to analyze 
toxicological results alongside human performance data. 

References: 
1. South Florida Sun-Sentinel [Internet]. Broward County leads the nation in flakka cases, DEA statistics show; 2015 Aug 10 [cited 30 July 2022]. 

Available from: https://www.sun-sentinel.com/local/broward/fl-flakka-broward-epicenter-20150802-story.html.  
2. Slovenian National Forensic Laboratory. NPS and Related Compounds Database [Internet]. Analytical Report: alpha-PiHP; 2016 [cited 30 July 

2022]. Available from: https://www.policija.si/apps/nfl_response_web/0_Analytical_Reports_final/alpha-PiHP-ID-1723-16_report.pdf.  
3. The Center for Forensic Science Research and Education, NPS Discovery. Monographs [Internet]. Alpha-PiHP; 2018 [cited 30 July 2022]. 

Available from: https://www.npsdiscovery.org/wp-content/uploads/2019/06/alpha-PiHP_111618_NMSLabs_Report.pdf. 
4. The Center for Forensic Science Research and Education, NPS Discovery [Internet]. Trend Reports [cited 30, July 2022]. Available from: 

https://www.npsdiscovery.org/reports/trend-reports/.  
5. National Institute on Drug Abuse (NIDA) [Internet]. Synthetics Cathinones (ñBath Saltsò) Drug Facts [cited 1, August 2022]. Available from: 

https://nida.nih.gov/publications/drugfacts/synthetic-cathinones-bath-salts.  
6. Karila L, Megarbane B, Cottencin O, Lejoyeux M. Synthetic cathinones: A new public health problem. Curr Neuropharmacol. 2015;13(1):12-20. 

doi: 10.2174/1570159X13666141210224137. PMID: 26074740; PMCID: PMC4462036. 

s; Driving Under the Influence; Novel Psychoactive Substances 
  

https://www.policija.si/apps/nfl_response_web/0_Analytical_Reports_final/alpha-PiHP-ID-1723-16_report.pdf
https://www.npsdiscovery.org/wp-content/uploads/2019/06/alpha-PiHP_111618_NMSLabs_Report.pdf
https://nida.nih.gov/publications/drugfacts/synthetic-cathinones-bath-salts


                Toxicology__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 896 - 
 

L60 Blood Alcohol Concentration and Road AccidentsðA Significant Underestimation Due to Delay in Blood 
Sampling: A Four-Year Retrospective Study in Rome 

Giovanni Aulino, MD*, Department of Health Surveillance and Bioethics, Section of Legal Medicine, Fondazione Policlinico A. Gemelli IRCCS, 
Universit¨ Cattolica del Sacro Cuore, 00168 Rome, Lazio, ITALY; Nadia De Giovanni, PhD, Universit¨ Cattolica del Sacro Cuore, Rome, Lazio, 
ITALY; Gianluca Lentini, MD, Polizia di Stato, Cosenza, Rome, Lazio, ITALY; Giuseppe Vetrugno, MD, Department of Health Surveillance and 
Bioethics, Section of Legal Medicine, Fondazione Policlinico A. Gemelli IRCCS, Universit¨ Cattolica del Sacro Cuore, 00168 Rome, Lazio, ITALY; 
Sabina Strano-Rossi, MD, Universit¨ Cattolica del Sacro Cuore, Rome, Lazio, ITALY; Marcello Covino, MD, Emergency Medicine Department, 
Fondazione Policlinico Universitario Agostino Gemelli-IRCCS, Universit¨ Cattolica del Sacro Cuore di Roma, Largo A. Gemelli 8, 00168 Rome, 
Lazio, ITALY; Francesca Cittadini, MD, Universit¨ Cattolica del Sacro Cuore, Rome, Lazio, ITALY  

Learning Objective: After attending this presentation, attendees will understand how the delay in blood sampling can result in underestimation of 
values of Blood Alcohol Concentration (BAC) at the time of a road accident. This study aims to analyze the correlation between demographic features 
and BAC, and the delay in blood sampling.  

Impact Statement: This presentation will impact the forensic science community by presenting the evidence of a critical bias due to the arrival time 
at the Emergency Department (ED) and the delay in blood sampling that inevitably influences and underestimates the BAC, resulting in possible false 
negative results (BAC values below the cut-off). A reduction in the delay in obtaining confirmatory blood tests upon arrival to the ED could mitigate 
this further bias, which is summed to the time between the incident and arrival at the ED, which is unpredictable and cannot be changed. Primary 
prevention policies, such as a “zero tolerance” approach could mitigate this bias, although it is necessary to implement preventive strategies to reduce 
Driving Under the Influence (DUI) of alcohol. 

Background: According to the World Health Organization, alcohol is a significant public health problem since it is considered the leading cause of 
severe traffic accidents worldwide.1-4 In Italy, the law prohibits driving to those who have a BAC exceeding 0.5g/L; the legal limit of BAC is zero 
under 21 years of age, for those who have a license for less than three years, and for those who professionally carry out the activity of transporting 
people or things.5 Moreover, law requires BAC assessment at the request of the police for drivers involved in Motor Vehicle Accidents (MVA) and 
subjected to medical treatment. However, BAC does not often reflect the degree of intoxication at the time of the accident: the unconcealed delay in 
the time of blood sampling is due both to the time it takes an ambulance to reach a patient and transport him/her to the ED and the delay in blood 
sampling in the emergency room.  

Methods: This retrospective study included patients presenting to the ED of Policlinico Universitario A. Gemelli (Rome, Italy) from January 2013 to 
December 2016 as a driver involved in MVA for the determination of blood alcohol content. Delay in blood sampling and BAC measurement in the 
ED were recorded for each patient. BAC levels were compared in patients involved in MVA according to age, gender, and time of the accident.  

Results: The analysis included 398 patients. In 107 out of 398, BAC was higher than the Limit Of Quantification (LOQ) (0.05g/L); of these, 86 had a 
BAC higher than 0.5g/L and 21 had a BAC between LOQ and 0.5g/L. Moreover, patients involved in road accidents showed positive BAC in more 
cases both during the night and on the weekend. A significant delay in blood sampling for BAC determination was observed. The median delay was 
105min (interquartile range 49–168). The delay between the road accident and blood collection affects the measured BAC value, which could result in 
being below the law limit even if at the time of accident it was higher. The rate of alcohol metabolism can also affect BAC, resulting in an 
underestimation of subjects with BAC higher than 0.5g/L; indeed, assuming three alcohol elimination rates respectively of 0.12g/L/h, 0.25g/L/h, and 
0.35g/L/h and considering the delay in blood sampling, with an estimated value of 0.12g/L/h, 8 subjects out of 21 exceed the threshold value of 0.5g/L. 
Moreover, with an estimated value of 0.25g/L/h, 14 exceed the threshold value of 0.5g/L. Finally, with an estimated value of 0.35g/L/h, 17 exceed the 
threshold value of 0.5g/L.  

Discussion: This study proved a critical bias due to the delay in blood sampling that inevitably influences and underestimates the BAC getting false 
negative values below the limit. A back-calculation to extrapolate the measured blood alcohol level to a previous time may be needed, for example, in 
the case of injured drivers who are taken to the hospital for emergency treatment, when drivers have absconded from the scene of the accident, or in 
cases where offenders refuse the screening test at the scene of the accident. Therefore, even if results between 0.05g/L and 0.5g/L are below the legal 
limit, they may have a different meaning due to the difficulties in showing that a defendant was operating a vehicle while intoxicated. A “zero tolerance” 
policy could help to lessen this bias, even if it is still important to use preventative measures to lessen alcohol-impaired driving (DUI).6 
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L61 Oxycodone Pharmacokinetics in Whole Blood After a Single Dose of Immediate and Controlled Release 
Formulations 

Gerd Jakobsson, MSc*, National Board of Forensic Medicine, Borensberg, Ostergotlands Lan, SWEDEN; Michael Truver, PhD, University of Florida, 
Gainesville, FL; Maria D. Cherma, PhD, The National Board of Forensic Medicine, Linkºping, Ostergotlands Lan, SWEDEN; Madeleine Swortwood, PhD, 
Sam Houston State University, Huntsville, TX; Henrik Green, PhD, Linkºping University, Linkºping, Ostergotlands Lan, SWEDEN; Robert Kronstrand, PhD, 
National Board of Forensic Medicine, Linkoping, Ostergotlands Lan, SWEDEN  

Learning Objective: After attending this presentation, attendees will be able to describe the metabolic pathways for oxycodone, discuss 
pharmacokinetic differences between oxycodone formulations, and how genetic disposition can affect metabolism. 

Impact Statement: This presentation will impact the forensic science community by presenting new data for major and minor metabolites of 
oxycodone from a controlled study and by discussing how these can (and cannot) be used when interpreting blood concentrations. 

Oxycodone is an opioid prescribed for its analgesic effects but also has high abuse potential. Oxycodone is available as Immediate Release (IR) and 
Controlled Release (CR) formulations. Monitoring blood concentrations of oxycodone and metabolites can be forensically important to establish the 
time of intake or verify a prescribed dose. However, the few studies involving the pharmacokinetics of oxycodone leave a knowledge gap regarding 
elimination of minor metabolites, pharmacokinetic differences by formulation, and the impact of CYP2D6 activity on the metabolism and elimination 
of oxycodone. This study aimed to compare pharmacokinetics of oxycodone and five metabolites by formulation and compare ratio changes over time 
when taken into consideration the CYP2D6 phenotype. Our hypothesis was that metabolite ratios unrelated to CYP2D6 would better describe the 
relationship between intake and time.  

Subjects (n=9) received a single 10mg IR tablet of oxycodone actavis and a few weeks later, a 10mg CR tablet of oxycodone depot actavis. Whole 
blood was collected at 0, 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8, 10, and 24h. Blood was diluted with acetate buffer pH6 and extracted on Bond 
Elute Certify columns. Quantitation was performed using a previously validated and published Liquid Chromatography/Tandem Mass Spectrometry 
(LC/MS/MS) method.1 The limits of quantification were 0.5ng/mL for oxycodone, noroxycodone, 6α/β-oxycodol, oxymorphone, and noroxymorphone. 
The CYP2D6 phenotypes were categorized as Poor Metabolizers (PM), Intermediate Metabolizers (IM), Extensive Metabolizers (EM), and Ultra-rapid 
Metabolizers (UM) by determining the alleles *3, *4, *5, *6, and *41, including copy number variation. Comparisons between IR and CR were 
performed using two-tailed paired t-test at a significance level of p=0.05. Two subjects were PM, two were EM, and five were IM. The CR area under 
the concentration curve was significantly lower for noroxycodone but not for oxycodone. The mean Cmax and Tmax for oxycodone were significantly 
different between IR (31.8ng/mL at 1.2h) and CR (16.0ng/mL at 3.6h) as were they for noroxycodone (IR 13.7ng/mL at 2.2h and for CR 8.9ng/mL at 
5.7h). All subjects, except three after the IR dose, were positive for oxycodone and noroxycodone at 24 h. The concentration ratio 
noroxycodone/oxycodone increased over time after intake for both IR (from 0.4 to 2.7) and CR (from 0.5 to 1.9). However, the ratio was greatly 
affected by phenotype with noroxycodone/oxycodone >1 at 6, 10, and 24h after intake for IM, EM, and PM, respectively. Noroxymorphone showed 
mean Cmax at 2.6 and 1.8ng/mL, α-OCL at 2.0 and 1.2ng/mL, and β-oxycodol at 1.9 and 1.2ng/mL for IR and CR, respectively. Concentrations of 
α/β-oxycodol were significantly higher after IR. Oxymorphone was only detected after IR (0.5-1.0ng/mL). The α/β-oxycodol ratio was also investigated 
for a relationship with time and increased from 0.6 to 1.5 for IR and from 0.6 to 1.3 for CR but again with differences depending on phenotype. Even 
though noroxycodone is mainly produced by CYP3A4, the ratio noroxycodone/oxycodone is affected by the CYP2D6 phenotype since it controls the 
elimination of oxycodone. On the other hand, α/β-oxycodol produced by ketoreductase should not be greatly affected. However, this study’s findings 
suggest that there are differences. Even with the small number of subjects it was clear that the CYP2D6 phenotype affected the metabolism and 
elimination of oxycodone. The metabolic ratios noroxycodone/oxycodone and α/β-oxycodol showed an increase over time and could possibly be used 
to estimate the time of intake, but only if the CYP2D6 phenotype is known. 
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L62 The Extraction and Quantification of Toxic Heavy Metals From Calliphoridae Larvae 

Daniela Bermeo Grajales*, Kean University, Elizabeth, NJ; Stephanie Urias, Kean University, West Orange, NJ; Cathleen Doherty, PhD, Rutgers 
University, Piscataway, NJ; Denise Gemmellaro, PhD*, Kean University, Department of Biology, Union, NJ  

Learning Objective: After attending this presentation, attendees will better understand about using necrophagous maggots to extract heavy metals; 
moreover, attendees will have learned about the different accumulation recorded in maggots feeding on different areas of a corpse as well as the metal 
accumulation in different parts of the maggots. 

Impact Statement: This presentation will impact the forensic science community by informing attendees about another application of forensic 
entomotoxicology. This may encourage the performance of forensic toxicological analyses using non-human substrates, and will even make the 
community more aware of the role that environmental contaminants may have in forensic investigations. 

Introduction: Heavy metals are natural non-biodegradable elements and are often found, at low levels, in a wide range of compounds. However, their 
accumulation in the environment constitutes a health risk for many living organisms; numerous studies have shown how prolonged exposure to heavy 
metals increases their toxic effects and, therefore, environmental toxicity assessments are often focused on their detection. Arthropods occupy almost 
all ecosystems, rural and urban, and can therefore be highly exposed to a variety of xenobiotics, including heavy metals present in the environment. 
Entomological evidence collected from a crime scene can be used as a substrate to extract and quantify toxic substances present in the corpse; this 
information can help investigators determine the minimum Postmortem Interval (mPMI), cause of death, primary crime scene location, and sources of 
exposure. The objective of this research study was to design a protocol for the detection and quantification of four common heavy metals, lead, arsenic, 
chromium, and cadmium, from Calliphoridae larvae collected from three pig carcasses decomposing in an outdoor field during the warm season. An 
additional goal was to compare the accumulation of heavy metals between specimens collected from different areas and between larval cuticle and gut 
content.  

Methods: Larvae were collected from the mouth and the thorax of the carcasses, as well as from the soil under them. Some larvae were dissected to 
analyze metal accumulation independently in the gut content and in the cuticle, while others were maintained intact to analyze heavy metal accumulation 
in whole larvae. About 60 samples per pig were analyzed, with an average sample weight of 0.1092g. All samples were digested with nitric acid (HNO3) 
to mobilize heavy metals and were then microwaved and homogenized to facilitate extraction. Heavy metals (Lead [Pb], Arsenic [As], Chromium [Cr], 
Cadmium [Cd]) were extracted and quantified via Inductively Coupled Plasma/Mass Spectrometry (ICP/MS). Heavy metal accumulation was compared 
among cuticle, gut content and whole larvae, as well as among different areas (maggots from mouth, from thorax, and from soil under the carcass). 
Results were also compared with metal concentrations from soil samples and pig tissue samples collected before placing the carcasses in the field.  

Results and conclusions: The results show lead to be the most abundant heavy metal recorded in larvae (highest concentration 900-1,400ppb in larval 
gut content), followed by arsenic (highest concentration 90-140ppb in larval gut content). The most abundant metal recorded in pig tissue prior to 
exposure was chromium (average concentration 63ppb) while the average tissue lead concentration was 10ppb. The results showed differences in the 
metal concentrations in larvae from different areas of the corpse (highest concentration in larvae from thorax); moreover, higher concentrations of 
heavy metals were recorded in their gut content than in the cuticle. This study contributes to our understanding of heavy metal accumulation in insect 
larvae of forensic interest and how accumulation changes depending on the areas where larvae are collected. Future research will apply the same 
protocol to different insect developmental stages and to different insect species, to assess potentially significant differences in heavy metals 
accumulation; moreover, studies will be conducted to assess the influence of specific heavy metals on the developmental rate of blow fly species. Since 
development of Calliphoridae is often used for the estimation of the Time Of Colonization (TOC) or the mPMI, any influence on their growth rate 
could impact these estimations. For this reason, a better understanding of the extraction and quantification of heavy metals from insect substrates and 
of the role played by heavy metals in insect development could ultimately help investigators conduct toxicological analyses and refine the estimation 
of the mPMI. 
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L63 A Cost Benefit Analysis of High Resolution Mass Spectrometry (HRMS) -Based Drug Screening in 
Forensic Toxicology 

Jessica Ayala, PhD*, Houston Forensic Science Center, Houston, TX; Sarah Kerrigan, PhD, Sam Houston State University, Huntsville, TX  

Learning Objective: After attending this presentation, attendees will understand the process of Cost Benefit Analysis (CBA) to evaluate the Return 
On Investment (ROI) for High Resolution Mass Spectrometry (HRMS) -based drug screening within an operational forensic toxicology laboratory as 
compared to traditional Immunoassay (IA) -based screening techniques. 

Impact Statement: This presentation will impact the forensic science community by providing insight to weigh the fiscal impacts of adopting HRMS-
based drug screening technologies according to laboratory size and throughput. 

Recent recommendations and standards related to the scope and sensitivity of testing, in addition to method validation practices, present new challenges 
to forensic service providers. As a result, operational and financial decisions must be made to maximize cost efficiency. Comprehensive toxicological 
analysis that offers analytical adaptability and flexibility to incorporate New Psychoactive Substances (NPS) and other emerging drugs of interest is 
necessary. To assess the value of advanced technologies such as HRMS-based drug screening, CBA can be used to aid forensic toxicologists in financial 
decisions and resource allocations. Laboratories must effectively distribute resources to optimize the value of expenses and maximize the ROI or 
minimize the cost per case.  

In this study, CBA was utilized to estimate the cost and benefits associated with HRMS-based toxicological drug screening with traditional IA-based 
methods. Cost data was collected and estimated for consumables, capital and non-capital equipment, chemicals and reagents, personnel costs, and other 
services. The distribution of expenditures was compared for each technique, and a ROI model was created evaluating the change in cost per case based 
on the annual number of cases analyzed. The distribution of expenditures between IA and HRMS toxicological drug screening was variable, but the 
total cost per case was similar for both methods at 5,000 cases per year. HRMS toxicological screening requires a high initial financial investment as 
indicated by the established ROI model. However, costs were minimized at a moderate laboratory throughput of 5,000 cases per year. Laboratories 
analyzing 1,000 cases or fewer per year exhibited decreased ROI for HRMS analysis. However, high volume testing (greater than 5,000 cases per year) 
exhibited lower cost per case as compared to IA testing. Furthermore, perfect economies of scale were realized more rapidly using HRMS technology. 
Overall, the need to expand the scope of analytical testing depends on the nature of the toxicological investigation and the demands of the consumer. 
However, this study has shown HRMS-based screening can be efficient and cost-effective for laboratories with moderate annual caseloads. 

Cost Benefit Analysis (CBA); High Resolution Mass Spectrometry (HRMS); Immunoassay 
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L64 Assessing Relative Levels of Ionic and Non-Ionic Binding of Drugs and Metabolites in Authentic Hair 
Reference Material (HRM) 

Brianna Spear, MS*, Florida International University, Miami, FL; Anthony DeCaprio, PhD, Florida International University, Miami, FL  

Learning Objective: After attending this presentation, attendees will understand drug-hair binding interactions. 

Impact Statement: This presentation will impact the forensic science community by presenting relative levels of ionic and non-ionic binding for 
Cocaine (COC), Cocaethylene (COCA), Norcocaine (NORCOC), p-Hydroxycocaine (HYCOC), Oxycodone (OXY), Morphine (MOR), 6-
Monoacetylmorphine (6-MAM), and Methamphetamine (MET) to the hair matrix and by providing understanding regarding the physicochemical 
nature of binding between drugs and the hair matrix. 

There is currently a lack of comprehensive understanding regarding the mode of binding of drugs to hair. Some general trends found to affect drug-
matrix binding include pKa, structure, size, lipophilicity, protein binding capacity, and melanin affinity of the drug. Basic drugs incorporate into the 
hair matrix better than neutral or acidic drugs, due to hydrogen bonding and non-covalent interactions with eumelanin. Acidic and neutral drugs are 
hypothesized to produce a hydrogen bond with melanin. Other research groups have examined methods of parent drug binding to the hair matrix; 
however, published work has not assessed the binding of metabolites to hair.  

Authentic HRM containing the drugs of interest was obtained from a commercial source. Samples of 20mg each were weighed into glass test tubes; 
250µL of 10X Phosphate Buffer (PBS), pH 12 was added to the test tube. At this pH, all drugs and metabolites of interest were neutral because they 
are basic drugs with pKa values ranging from 8.61 to 9.87. The test tube was shaken for 2h, evaporated to dryness, and reconstituted in 250µL of 
Methanol (MeOH), prior to analysis on an Agilent® 1290/6460 Liquid Chromatography/Triple Quadrupole/Mass Spectrometer (LC/QqQ/MS). This 
was completed in triplicate. To assess ionic binding, this procedure was completed with 250µL of 10X Phosphate Buffer (PBS), pH 6 in triplicate. At 
this pH, all drugs and metabolites of interest were positively charged because they are basic drugs with pKa values ranging from 8.61 to 9.87.  

Relative recovery of each drug and metabolite by buffer pH was evaluated to determine which type of drug-hair matrix interactions were occurring. 
With the exception of HYCOC and 6-MAM, recovery of drugs and metabolites occurred in both pH 6 and pH 12 buffer, indicating that they participate 
in both ionic and non-ionic binding with the hair matrix. In contrast, there was no recovery of HYCOC and 6-MAM at pH 6 and 12, respectively, 
indicating that they participate only in non-ionic (HYCOC) or ionic (6-MAM) interactions. Higher recovery of COC and its metabolites, MOR, and 
OXYCOD occurred at pH 12, indicating that while these drugs exhibit both types of binding, more non-ionic interactions occur between these drugs 
and hair than ionic. However, the higher recovery of MET was at pH 6, indicating that MET participates in more ionic interactions with hair than non-
ionic. In conclusion, the nature of binding of multiple drugs and metabolites to hair were elucidated. 

Forensic Hair Analysis; Drug-Hair Binding Studies; Authentic Hair Reference Material 
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L65 Toxicological Surveillance of Clinical Patients Presenting to the Emergency Department After Suspected 
Opioid Overdoses: Geographical Trends and Impacts on Forensic Toxicology 

Sara Walton, MS*, The Center for Forensic Science Research and Education, Willow Grove, PA; Alex Krotulski, PhD, The Center for Forensic Science 
Research and Education, Willow Grove, PA; Alex Manini, MD, MS, Mount Sinai, New York, NY; Lindsey Domonoski, BS, The Center For Forensic 
Science Research and Education, Willow Grove, PA; Alyssa Reyes, BS, The Center for Forensic Science Research and Education, Exton, PA; Barry 
Logan, PhD, The Center for Forensic Science Research and Education/Fredric Rieders Family Foundation, Willow Grove, PA  

Learning Objective: After attending this presentation, attendees will be able to assess the importance of antemortem toxicological surveillance, as 
well as the impact of paired clinical observations and forensic toxicology testing. 

Impact Statement: This presentation will impact the forensic science community by emphasizing the importance of dialog between clinicians and 
forensic toxicologists to better understand drug trends and effects. 

Traditional drugs and Novel Psychoactive Substances (NPS) can lead to adverse events and overdose scenarios where individuals seek clinical 
treatment. Clinicians examine signs and symptoms of patients presenting to emergency departments to provide proper course of treatment. This can be 
extremely challenging as unknown drugs and/or new drug combinations may emerge with effects not well characterized or understood. Comprehensive 
toxicology testing is necessary to determine the different drugs in each case and emerging drug trends that are impacting treatment and outcomes.  

This abstract is submitted on behalf of the ToxIC Fentalog Study Investigators. Toxicology samples (n=532) were received between December 2020 
and June 2022 from nine locations across the United States. Samples derived from patients presenting to the emergency department after an apparent 
opioid overdose and are part of an ongoing collaborative study with the American College of Medical Toxicology (ACMT). Sites are located in the 
Northeast (PA, NY, NJ), Midwest (MI, MO), and West (CA, OR). Antemortem blood and plasma/serum samples were submitted to the Center for 
Forensic Science Research and Education (CFSRE) for comprehensive and expanded toxicology testing. All samples were prepared using an acidic 
and a basic liquid-liquid extraction prior to instrumental analysis. Instrumental analysis was performed via a Shimadzu Nexera® HPLC coupled to a 
SCIEX™ TripleTOF® 5600+ (Liquid Chromatography/quadrupole Time-Of-Flight/Mass Spectrometry [LC/QTOF/MS]) using SWATH® acquisition. 
Data were processed against an in-house library containing >1,000 drugs, including a vast majority of NPS and metabolites.  

Three hundred one samples were submitted from the Northeast. Traditional opioids were identified in 269 samples (primarily fentanyl, 83%) and NPS 
opioids were identified in 45 samples (primarily para-fluorofentanyl, 14%). No opioids were detected in 31 samples (10%). Other NPS identified 
included clonazolam (6%), MDMB-4en-PINACA (4%), and N-piperidinyl etonitazene (1%). One hundred sixty-seven samples were submitted from 
the Midwest. Traditional opioids were detected in 159 samples (primarily fentanyl, 63%, and tramadol, 9%). No opioids were detected in eight samples. 
NPS opioids (para-fluorofentanyl, 22%, butyrylfentanyl, 2%, and brorphine, 1%) were identified in samples from this region. Clonazolam (6%) was 
also observed in the Midwest, and a variety of other NPS were identified, including eutylone, BZO-POXIZID, ADB-5Br-INACA, MDMB-5Br-
INACA, ADB-HEXINACA, and bromazolam. Sixty-four samples were submitted from the West. Traditional opioids were identified in 57 samples 
(primarily fentanyl, 63%, and heroin, 25%). NPS opioids were identified in 8 samples (primarily para-fluorofentanyl, 13%). No opioids were detected 
in 5 samples. Designer benzodiazepines (23%) such as etizolam, bromazolam, flubromazolam, and clonazolam were also detected in this region. Of 
the 532 samples, no opioids (NPS or traditional) were identified in 44 samples spanning eight of the nine clinical sites. In six of these opioid-negative 
samples, synthetic cannabinoids were discovered, in some cases being the only drug(s) present. This finding further indicates the respiratory failure 
and depressant effects that synthetic cannabinoids are precipitating, causing patients to present as if they are suffering from an opioid overdose. 
Throughout this study, 7 NPS opioids were identified and 26 additional NPS (including synthetic cannabinoids, designer benzodiazepines, and synthetic 
stimulants). Various traditional drugs (e.g., methamphetamine, heroin) and therapeutic agents (e.g., naloxone) were identified, as well as adulterants 
and cutting agents (e.g., xylazine, lidocaine).  

The wide range of drugs identified in overdose patients underscores the need for collaboration between clinical personnel and forensic toxicologists, 
as drugs present in antemortem samples may serve as early indicators for medicolegal death investigations and/or drug-impaired driving investigations. 
Continued surveillance of NPS and other drugs in “opioid-negative” sample populations may lead to important research findings and the ability for 
clinicians to better understand signs/symptoms and pathologists to better understand autopsy findings. Antemortem toxicology testing results remain a 
key factor for understanding recreational drug use and emerging trends. 

Surveillance; Overdose; Toxicology 
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L66 The 22nd Annual Postmortem Pediatric Forensic Toxicology Session 

Robert A. Middleberg, PhD*, NMS Labs, Horsham, PA; Nikolas Lemos, PhD*, Lemos Toxicology Services LLC, San Francisco, CA; Andrew Baker, MD*, 
Hennepin/Dakota/Scott Counties Office of Chief Medical Examiner, Minnetonka, MN; Christopher Milroy, MD, LLB*, Eastern Ontario Regional Forensic 
Pathology Unit, Ottawa, ON, CANADA; Brianna Peterson, PhD*, NMS Labs, Horsham, PA; Kari Midthun, PhD*, NMS Labs, Horsham, PA; Jennifer 
Swatek, MS*, NMS Labs, Horsham, PA 

Learning Objective: After attending this presentation, attendees will better appreciate the challenges unique to toxicological findings in postmortem 
pediatric cases. Attendees will learn interpretive guidelines for pediatric cases involving forensic toxicology in both general and case-specific senses. 

Impact Statement: This presentation will impact the forensic science community by further delineating the interpretive aspects of toxicological 
findings in the pediatric population. 

In this 22nd Annual Special Session within the Toxicology section, pediatric cases involving toxicological findings are discussed. As a relative dearth 
of interpretive information exists involving toxicological findings in the pediatric population, this session is a forum to help elucidate and clarify such 
issues. The format is a short case presentation or issue-specific concern, including pharmaco-toxicokinetic data and other relevant ancillary information, 
followed by audience participation to provide interpretive clarity around case-specific impacts of the toxicological findings. This session, attended by 
various sections of the Academy, allows for various perspectives of case issues that lead to integrative consensus, or differing opinions, as to cause of 
death in children. 

Four cases will be presented that highlight the difficulty in assessing the role of toxicants in each case or the lengths one must go to in some cases to 
reach some interpretive value. Christopher Milroy, Andrew Baker, Jenny Swatek, Kari Midthun, and Brianna Peterson will be reviewing cases from 
their experience as forensic pathologists and toxicologists that highlight the issues and confounders in the pediatric population. 

Dr. Milroy will be discussing a case involving ketoacidosis in children. As a reminder, ketoacidosis is a state in which serum and urine contain elevated 
levels of ketone bodies. The three common causes of ketoacidosis include diabetes, alcohol, and starvation. The condition often results from oxidation 
of free fatty acids and results in an increased anion gap metabolic acidosis. Prolonged ketoacidosis can lead to coma and death. 

Dr. Baker will focus on an unresolved case involving an elevated glucose in vitreous humor in an 8-year-old. While toxicologists routinely perform 
vitreous chemistries, understanding the nuances of findings can be complex and defy normal explanation. This is one such case. 

Ms. Jenny Swatek will report on a case involving an uncommonly found substance in children (i.e., glipizide). As an oral antihyperglycemic agent, it 
can induce a severe hypoglycemia, especially in children, a potentially fatal state. The case serves as a reminder that in children, the scope of testing 
should be broader than in adults. 

Drs. Kari Midthun and Brianna Peterson will be describing two cases involving fentanyl. While fentanyl may be the most commonly found opioid 
recently in overdose deaths, its presence in children is still somewhat surprising. The presentations will highlight how similar findings can have 
drastically different explanations and outcomes. 

Pediatric; Postmortem; Toxicology 
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LW1 The Death Ray: A Historical and Forensic Investigation of an Italian Mystery 

Matteo Borrini, PhD*; Research Centre in Evolutionary Anthropology and Palaeoecology, School of Natural Sciences and Psychology, Liverpool 
John Moores University, Liverpool, UNITED KINGDOM; Marco Morocutti, PhD, Italian Committee for Examination of Pseudo-Scientific Claims, 
Padova, ITALY; Luigi Simeoni, Via Campo di Marte, Brescia, ITALY; Lorenzo Paletti, MSc, Vicolo dellôArciprete, Brescia, ITALY  

Learning Objective: After attending this presentation, attendees will have a clearer understanding of the potential of applying forensic sciences and 
facial comparison to historical cases. 

Impact Statement: This presentation will impact the forensic science community by providing an example of a cold case investigation based on 
archive documents and craniofacial comparison. 

The Death Ray would be a particle beam weapon first theorized in the 1920s and often attributed to famous inventors. The first that claimed to be 
successful in producing such a futuristic weapon was the American Edwin R. Scott in 1923, followed by Nikola Tesla in the 1930s. The Death Beam 
also appeared in Tolstoy's 1927 novel, The Garin Death Ray, and later in science fiction such as Flash Gordon comics and the Star Wars saga. 

However, the Death Ray appeared as a possible real object during the famous Italian investigation “Armi e Droga” (weapons and drugs) in 1982. The 
alleged creator was Rolando Pelizza (1938–2022), a businessman already investigated, but found to be unrelated, for kidnapping a member of the 
Agnelli family, one of Italy's most notorious industrial groups. 

During the “Armi and Droga” trial, it was discovered that Rolando Pellizza claimed to have created the Death Beam (that he called “the machine”) and 
tried to sell it to several governments and private investors. Notably, the United States and Italian and Belgian authorities had been contacted and 
demonstrated some interest in the product. However, during the demonstrations (usually provided by videos or partial experiments), concerns were 
raised about “the machine’s” true powers. Documents of the American Embassy in Rome and the statement of the Italian Prime Minister at that time, 
Giulio Andreotti, clarify the sceptic attitude toward the alleged new weapon. In addition, American and Belgian experts performed tests that proved 
the presence of explosive powders on the target supposedly annihilated by the beam. Also, the president of the Italian National Committee for Nuclear 
Energy (CNEN), Ezio Clementel, who examined the video recording of the experiments, denied the possibility that “the machine” was using antimatter 
as its power, contrary to what was stated by its inventor. 

Due to the “Armi and Droga” investigation, Rolando Pellizza lived as a fugitive until the accusations fell and returned to Italy in the early 1990s. 
Despite this, he continued to claim to work on his invention, as detailed in a first biography published in 2011. According to Pellizza's statements, over 
the years, he discovered different properties of his machine, not limited to the death beam, including matter transmutation and the ability to make living 
individuals younger. In biographical books, Pelizza claimed he had obtained the know-how to build “the machine” from the physicist Ettore Majorana. 
The scientist would not have been dead since his disappearance in 1938 but would have lived incognito inside a monastery where Pellizza would have 
accidentally met him in 1958. To support Pelizza’s assertions, in the last edition of the biographical book, some pictures are included allegedly 
portraying Majorana met by Rolando. 

A feature-by-feature comparison of the facial characteristics of the unknown individual and certified portraits of Ettore Majorana has been performed. 
Some characteristics, including traits linked to the cranial substructure of the face, are not compatible between the two compared faces. The 
photographic analysis excludes the identification of the person presented in Pellizza’s biography as Ettore Majorana, adding new elements of skepticism 
to the whole Death Ray story. 

The authors present an example of a cold case investigation performed on archive documents using craniofacial comparison, demonstrating how science 
can always work, despite the seductive fictional stories speeded by a pseudoscientific attitude. 

Ettore Majorana; Facial Comparison; Cold Case Investigation 
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LW2  The Case of the Countôs Cranium: (Mis)identification of Revolutionary War Colonel Carl Emil Ulrich von 
Donop (1732-1777) 

Thomas A. Crist, PhD*; Utica University, Utica, NY; Richard F. Velt, PhD, Monmouth University, West Long Branch, NJ; Hillary A. DelPrete, PhD, 
Monmouth University, West Long Beach, NJ  

Learning Objective: By attending this presentation, attendees will learn about a Hessian officer who died at the Battle of Red Bank in New Jersey 
during the American Revolutionary War and the use of forensic anthropology and archival research to determine if a cranium curated for over 70 years 
by Rutgers University is in fact his. 

Impact Statement: This presentation will impact the forensic science community by demonstrating the effective use of non-invasive forensic 
anthropological methods, combined with archival sleuthing, to address the possible misidentification of the remains of a historically significant 
individual. 

In 1950, the former Speaker of the New Jersey Assembly donated numerous pamphlets, books, souvenirs, and a human cranium to a prominent history 
professor at Rutgers University. In a subsequent letter to the University Librarian, he wrote that he had obtained the cranium in the 1930s from “a very 
old doctor” on whose father’s farm the cranium had been unearthed “in the middle 1800s.” The doctor’s father was also a physician who had reportedly 
used the cranium “principally to adorn a bookshelf” in his office. Admitting that he may have been “inaccurate in this information” but had “no reason 
to doubt its truth,” the Speaker claimed that the cranium was from none other than Colonel Carl Emil Ulrich von Donop, the Hessian commander of 
Southern New Jersey who died at the Battle of Red Bank in 1777. 

The son of a noble family from Hesse-Kassel in central Germany, the British employed Count von Donop as a colonel and assigned him command of 
four grenadier battalions and the Hessian Jäger corps when he arrived at Long Island in August 1776. After fighting in several battles, von Donop and 
his troops settled for the winter in southern New Jersey, just outside of Trenton. His forces, however, were unprepared to assist when General George 
Washington famously crossed the Delaware River and attacked Trenton over Christmas 1776, reinvigorating the Continental Army and galvanizing 
the American independence movement. Colonel von Donop was reportedly spending Christmas at a house 18 miles away in Mt. Holly with a “beautiful 
young widow” (possibly Betsy Ross!), a dalliance that may have cost the British the war. 

Ten months later, British General William Howe ordered Colonel von Donop to attack Fort Mercer at Red Bank, located on the New Jersey side of the 
Delaware River, 15 miles south of Philadelphia. Determined to break the American’s blockade of Philadelphia, on October 22, 1777, von Donop 
attacked the fort with 1,200 Hessian soldiers. Although outnumbered, the Continental militia successfully defended the fort and won the day. Colonel 
von Donop was mortally wounded during the battle and died three days later. Buried with his soldiers at the battlefield, his grave was reportedly marked 
by a large rock inscribed “Here lies buried Colonel Donop.” 

Subsequent decades of farming, erosion, and re-enactments of the battle occasionally exposed human bones at Red Bank. Most of the remains likely 
represented the hundreds of Hessian soldiers buried at the former battleground, with none of them specifically identifiable as Colonel von Donop. His 
supposed cranium reportedly reappeared on Dr. Henry Clay Clark’s farm property sometime in the 19th century, ultimately making its way via the 
doctor’s son, then a New Jersey Assemblyman, and finally a history professor to the Rutgers University Library in 1950. 

Previous anthropological analyses of the cranium failed to conclusively determine if it was Colonel von Donop’s remains. In 2021, the current research 
team undertook an extensive analysis of the cranium using the most recent forensic anthropological methods and historical and genealogical 
information. This presentation will reveal once and for all if the “Case of the Count’s Cranium” has been solved. 

Forensic Anthropology; Taphonomy; American Revolution 
  



                Last Word Society__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 905 - 
 

LW3  The Somerton ManðAustraliaôs Coldest Case Solved! 

Colleen M. Fitzpatrick, PhD*, Identifinders International, LLC, Fountain Valley, CA; Derek Abbott, PhD, University of Adelaide, Adelaide, 
AUSTRALIA  

Learning Objective: Upon attending this presentation, attendees will gain an understanding of how modern Forensic Genetic Genealogy (FGG) is 
able to solve decades-old cold cases, both domestically and internationally. The presentation will illustrate how FGG identification can confirm or 
dispel speculative theories that have been developed over time about such high-profile cases, based primarily on circumstantial evidence. 

Impact Statement: This presentation will impact the forensic science community by demonstrating how FGG can generate investigative leads in even 
very old cold cases. The presentation will broaden the understanding of how human identification has advanced over recent decades from relatively 
primitive private investigation techniques on a local level to the advanced research and analysis methods used today on a global basis. 

The Somerton Man has been Australia’s most well-known and baffling forensic case, defying analysis since the man was found dead on Somerton 
Beach, South Australia, on December 1, 1948. The autopsy of the estimated 40–45-year-old “Somerton Man” (SM) indicated his death could not have 
been natural, with poisoning by a barbiturate or glucoside suspected, although no poison was detected. The case took a puzzling turn when a small 
scrap of paper was found in the man’s fob pocket with the Persian words “Tamam Shud” (Finished) printed on it. These are the last words of the 
Rubaiyat of Omar Khayyam. 

A thorough police investigation produced no identifying information. Somerton Man’s fingerprints, the wide publication of his autopsy photos, and a 
review of United Kingdom and United States missing persons reports produced nothing. His suitcase, recovered from the nearby Adelaide train station, 
also revealed no identifying information except for a laundry bag stenciled with the name “Keane” and some items of clothing hand marked “Keane” 
or “T. Keane” in India ink. 

His identity remained a mystery for nearly 75 years until we identified the Somerton Man in July 2022 using FGG as Melbourne resident Carl “Charles” 
Webb, born November 16, 1905, in Footscray, Victoria, Australia. The identification was made based on DNA obtained from hair shafts found 
embedded in the man’s plaster death mask held at the South Australia Police Museum. Professor Derek Abbott of the University of Australia was 
permitted access to the mask and the hair in 2011 by the South Australian Police. 

We report details of the genealogical process used to identify the Somerton Man, along with the backstory of what little is known about his life. We 
dispel popular theories, including the possibility that the Somerton Man may have fathered a son by a nurse whose phone number was penciled on the 
back page of a copy of the Rubaiyat. The book was found to be the source of the scrap of paper in the man’s pocket. We explain how even with the 
major breakthrough on Somerton Man’s identity, we may never know the full story and why his cause and manner of death may remain undetermined. 

Somerton; DNA; Genealogy 
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LW4  The Identification of the 1961 Bibb County Teenage Hitchhiker Using Forensic Genetic Genealogy (FGG) 

Colleen M. Fitzpatrick, PhD*, Identifinders International, LLC, Fountain Valley, CA; Misty Gillis, Identifinders International, LLC, Fountain Valley, CA  

Learning Objective: Upon attending this presentation, attendees will gain an understanding of how Forensic Genetic Genealogy (FGG) has been able 
to identify even decades-old human remains.  

Impact Statement: This presentation will impact the forensic science community by demonstrating how DNA analysis is doing more and more with 
less and less, sometimes with spectacular results.  

In 1961, not much could be done to identify the teenage hitchhiker who drowned when the car he was riding in collided with a guard rail and plunged 
into the Cahaba River in rural Bibb Co, AL. Besides the clothes he was wearing, the only items on his person were a Timex® wristwatch, a brown 
plastic wallet without any identification, a holy medal, and a pack of Pall Mall® cigarettes with a South Carolina tax stamp. He had a tattoo with the 
inscription RY + LOVE and a blurred picture of himself with a girl inscribed “Think of me always and remember how we used to go places together.” 
He told the driver of the car who gave him a lift that he was on his way to join the Marines in CA. Unfortunately, not much could be done to identify 
him except to note that he was a 14–17-year-old Caucasian male, 5'6", 120lbs., with blue eyes and light brown hair. The autopsy also revealed that the 
unknown boy might have walked with a slight limp. The Bibb Co Teenage Doe was buried by the residents of nearby Centerville under a headstone 
bearing the inscription “Unknown, Killed in automobile accident, March 27, 1961.” 

In 2015, the National Center for Missing and Exploited Children sponsored the boy’s exhumation, hoping that DNA analysis could identify him. A 
tooth and a piece of tibia bone were sent to the University of North Texas for extraction, but without results. The remains were too compromised to 
yield DNA. 

By 2021, however, new advances in ancient DNA analysis offered hope of a better outcome. The tooth root was re-extracted using ancient DNA 
protocols to yield nearly 46ng; the tibia bone yielded 5.6ng. Although the DNA was somewhat contaminated with bacteria and also seemed to exhibit 
inhibition, the extract was much more than enough to make an identification using forensic genetic genealogy. 

This presentation describes the DNA identification of the 1961 Bibb County Teen Doe as 15-year-old Danny Armentrout, the youngest of three brothers 
who were being raised by an abusive stepfather. The middle brother, Donald, left in 1960 to join the military. When he returned for Christmas in 1961, 
both his younger brother, Danny, and his older brother, David, had left home; he never saw them again. Donald spent decades searching for his brothers, 
believing that one day he would be able to find David through his social security number. Little did he expect to receive a call 60 years later about the 
fate of his 15-year-old brother, Danny. 

A memorial service was held in Centerville on December 28, 2021, in which Donald was reunited with his brother so long after his death. Thanks to 
the efforts of the ancient DNA community and a dedicated forensic genetic genealogist, the 1961 Bibb County Teenage Doe is now resting under a 
stone that reads: Danny Paul Armentrout, “Danny,” identified on October 30, 2021, Dec. 28, 1945–Mar, 27, 1961.” 

FGG; Genealogy; DNA 
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LW5  Who Murdered Charles Lindbergh, Jr., and Why? 

Lise A. Pearlman, JD*, Oakland, CA; Peter Speth, MD, Forensic Consultations, Wenonah, NJ; Jamie E. Benvenutti, BA, Bay St. Louis, MS  

Learning Objective: This presentation informs attendees about a new scientific theory explaining Charles Lindbergh, Jr.’s death, an ensuing cover-
up, and an elaborate hoax perpetrated by his father. 

Impact Statement: This presentation will impact the forensic community by exposing Lindbergh and a leading eugenicist in the toddler’s sacrifice for 
“the needs of science,” underscoring the importance of ethical boundaries on scientific research.1 

On May 12,1932, remains of an “unknown baby” arrived at the Trenton, NJ, morgue from woods near the Lindberghs’ farmhouse. The medical 
examiner noted the corpse’s advanced decomposition, except for the better-preserved, large “square” head and right foot. The fontanel was unclosed. 
A half-inch round hole was observed behind the right ear. The left leg, one forearm, both hands, genitals, and most internal organs (including kidneys) 
were missing (leaving the decomposed liver and heart).2 The Lindberghs’ pediatrician couldn’t identify the toddler, but the boy’s father and nanny 
did.3,4 Contrary to homicide protocol, Lindbergh ordered immediate cremation, precluding a full autopsy. Police assumed predators scavenged the 
corpse. But no investigators reported seeing claw or teeth marks on the corpse or its clothing or, decades later, upon re-examination of remaining 
digits.5 

Lindbergh was home the night of March 1, 1932, when his son disappeared. The NJ State Police ignored Scotland Yard’s suggestion of infanticide and 
suspicion of an “inside job” by first responders and the boy’s grandmother.6 Police allowed Lindbergh to head the investigation that focused instead 
on a kidnap-for-ransom theory. The media immediately sensationalized this theory and the resulting prosecution of Bruno Richard Hauptmann. 

In December 1930, Lindbergh had secretly volunteered to assist Nobel-prize-winning surgeon Alexis Carrel at the Rockefeller Institute for Medical 
Research (RIMR). Lindbergh wanted to save his sister-in-law Elisabeth who had a defective heart valve. Carrel, a leading eugenicist, envisioned 
pioneering human coronary bypass procedures via carotid artery transplants.7 Carrel used Lindbergh’s mechanical expertise to perfect a perfusion pump 
for circulating serum in harvested animal and human tissue and organs.8 Lindbergh also helped refine the centrifuge technique for separating blood to 
make serum, finishing on February 24,1932.9 

In early April 1932, Carrel reported to the RIMR Board a historic month-long experiment: his team, including Lindbergh, successfully perfused a 
carotid artery segment from an unidentified subject.10 In 1938, Carrel and Lindbergh co-authored The Culture of Organs, which included human 
vivisection. The book encouraged researchers to continue experiments in this “forbidden field.”11 

In May 1932, the NJ State Police sent detritus found near the corpse to Squibb Biological Laboratories for analysis. The resulting Squibb Report 
cryptically described items then commonly used in medical research laboratories, including: litmus paper; a tiny (probably mica) disc covered with an 
unidentified blood-like substance; and red dye.12 These items duplicated materials referenced in a 1932 centrifuge article by Lindbergh and Dr. 
Raymond Parker’s 1938 Methods of Tissue Culture describing Carrel’s vivisection experiments.13,14 Squibb technicians also found black rubber residue 
under buttons of the toddler’s separately recovered onesie, consistent with its removal by surgical gloves.15 

Recent review of available 1932 reports by first responders and morgue attendees did not reveal any necrophagic activity on the corpse. That peculiarity 
corresponded with ether employed in Carrel’s and other 1930s vivisections. The corpse’s face and right foot suggested “chemical interference” by 
persons possessing specialized preservation skills and knowledge. The absence of kidneys suggested vivisection.16 The skull hole appeared consistent 
with drilling before death to insert a shunt, aiming to remove potential hydrocephalic fluid.17 

Reevaluation of 1932 forensic evidence strongly suggests Lindbergh offered his son for vivisection through novel experimentation in Carrel’s 
laboratory, concealed by an elaborate kidnap-for-ransom hoax. Medical evidence implicates Lindbergh and eugenicist Carrel sacrificing Lindbergh’s 
son for science and precipitating wrongful execution of scapegoat Hauptmann. 

References:  
1. The “needs of science” quote is from Lindbergh’s lawyer, Henry Breckinridge, Statement to the Police, Sept. 28, 1934, attributing the quote to a 

stranger who came to his office on March 8, 1932, whom Breckinridge said he believed represented a purported kidnap gang. 
2. Medical Examiner Dr. Charles Mitchell, “Report on Unknown Baby,” May 12,1932, NJSPM; retyped copy of Dr. Mitchell’s updated May 14,1932 

death report identifying the victim as Charles Lindbergh, Jr., FBI Lindbergh Summary Report, (NY-62-3057) 110 (Autopsy) www.archive.org. 
Dr. Mitchell noted at trial that the decomposed liver and heart remained present.(Mitchell testimony, Hauptmann trial, BRHT, reel 1, part 0007, 
72 (1501) New Jersey State Police Museum (NJSPM). 

3. “The condition of the body is such that positive identification of the body by me is impossible.” Dr. Van Ingen, handwritten note dated May 13, 
1932, on stationery of Coroner Walter H. Swayze, NJSPM. 

4. Following IDs by Gow and Lindbergh, Dr. Mitchell updated his report to ID the corpse as Charles Lindbergh, Jr. May 14, 1932. See n.2, supra, 
FBI Summary Lindbergh Report, p.110. 

5. Affidavit of Dr. William M. Bass, Appendix A, Pearlman, The Lindbergh Kidnapping Suspect No. 1, The Man Who Got Away [Regent Press 
2020]. 

6. See, e.g., Lloyd Gardner, The Case That Never Dies (New Brunswick, New Jersey: Rutgers Univ. Press, 2004) 25 and n.40; “Kidnapping of 
Lindbergh Baby was an ‘Inside Job’, Mrs. Morrow Believes,’” The Courier, (Waterloo, Iowa), March 3, 1932, 1. 
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7. Alexis Carrel Nobel Lecture, December 11, 1912 Suture of Blood Vessels and Transplantation of Organs www.nobelprize.org 
8. Alexis Carrel and Charles Lindbergh, The Culture of Organs (New York: Paul B. Hoeber,1938), p.10. 
9. Charles Lindbergh personal diary entry dated Feb 24,1932 from Charles Augustus Lindbergh Papers at Yale Archives. 
10. “April 1932 Report on Work” Alexis Carrel Papers, Box 17, Sec 19-1, folder 35 Georgetown University Booth Center for Special Collections; A 

History of the Rockefeller Institute (1901-1953) Origins and Growth (Rockefeller Press 1964) by official RIMR historian George W. Corner, 
p.233. 

11. “Forbidden field”, The Culture of Organs, n.8, supra, p.219. 
12. Report of E.R. Squibb & Sons Biological Laboratories dated May 27,1932. Original Squibb Report on file at NJSPM, reproduced at Suspect No.1, 

supra, n.5, Appendix B. 
13. Suspect No. 1, n.5 supra, Act 5, Ch.2 and Appendix B; Lindbergh, “A Method for Washing Corpuscles in Suspension,” Science, New Series, Vol. 

75, No. 1946 (April 15, 1932) pp.415-16. 
14. Parker, Raymond C., Methods of Tissue Culture (1st edition, Hoeber: 1938). 
15. See The Culture of Organs, n. 8,supra, p.117, Plate XVI, fig. 22. 
16. Declaration of Dr. Peter Speth, dated May 27, 2020 Appendix C to Suspect No. 1, n. 4 supra, pp.469-70. 
17. Opinion of Dr. Peter Speth, Suspect No.1, n. 5, supra, pp.404, 532. Concluding the round hole was likely drilled to insert a shunt matched a 1908 

experiment performed by a protégé of Dr. Carrel. 

Lindbergh; Eugenics; Medical Evidence 
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Y1 A Test of a Newly Revised Age-at-Death Method for the Auricular Surface of the Ilium 

Frankey Leggio*, Louisiana State University, Bush, LA; Krista Bennett, MA, Louisiana State University, Baton Rouge, LA 

Learning Objective: After attending this presentation, attendees will have a better understanding of the success rate of the age-at-death method 
developed and how the accuracy of the method is not dependent on an advanced anthropology degree.1 

Impact Statement: This presentation will impact the forensic community by providing validation of the Bennett et al. newly revised method of adult 
age-at-death estimation using the auricular surface of the ilium. 

This project presents a validation study of the aging method using the auricular surface.1 The method is a newly revised method of the Buckberry and 
Chamberlain estimation method, with the addition of two traits.2 Along with transverse organization, surface texture, microporosity, macroporosity, 
and apical change, retroauricular activity and bone quality were added, making seven scorable categories with a new set of composite scores with nine 
corresponding age phases using the auricular surface of the ilium.  

In the original study, one investigator developed the method on the William Bass Donated Collection from the University of Tennessee consisting of 
104 os coxae (50 females, 54 males) of known age.  Additionally, three investigators (including the original investigator) with varying levels of 
experience and degrees (PhD with over eight years of casework, MA with over three years of casework, and PhD student) tested the method on 29 (8 
females, 21 males) individuals from the Louisiana State University Forensic Anthropology and Computer Enhancement Services (LSU FACES) 
Laboratory Donated Skeletal Collection for repeatability.  

In this study, the same 29 auricular surfaces from the LSU FACES Donated Skeletal Collection, consisting of left os coxae (right sides were used when 
taphanomic damage was present on the left), were scored using the newly revised method. This study resulted in a 75.86% accuracy rate. The rate was 
derived from 22 out of the 29 being accurately assigned to the correct phase age interval using the revised method. For the seven os coxae scored 
outside of their correct age phase, only two were outliers (over 10 years outside the correct range), with the other five only ranging slightly (less than 
1-7 years) outside of the correct age range estimation. The accuracy rate of the original study was 79–93% derived from the scores of three investigators 
with advanced degrees.  

The goal of this project was to validate the method created by Bennett et al. by scoring the same 29 auricular surfaces and having a similar accuracy 
rating as an undergraduate with prior knowledge of the auricular surface of the ilium and original scoring method (Buckberry and Chamberlain).1,2 
This study shows that the method developed by Bennett et al. has a high accuracy rate among those with or without advanced degrees and validates the 
method by proving success rate with the same donated skeletal collection. 

References: 
1. Bennett K., Reck S., Wilson T. A revised method. In: Proceedings of the American Academy of Forensic Sciences, 74th Annual Scientific 

Conference. Seattle, WA 2022. P.167.  
2. Buckberry, J.L., Chamberlain, A.T. Age estimation from the auricular surface of the ilium: A revised method. American Journal of Physical 

Anthropology. 2002;119(3): 231-239. 
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Y2 Growth of the Juvenile Talus: A Pilot Study in Age-at-Death Estimation 

Rebecca Reid, MSc*, University of Dundee, Dundee, Scotland, UNITED KINGDOM 

Learning Objective: After attending this presentation, attendees will understand how measurements of the juvenile talus can be utilized for age-at-
death estimations. 

Impact Statement: This presentation will impact the forensic science community by introducing a juvenile age estimation method using measurements 
from the talus. 

Juvenile growth and its application in age-at-death estimation has been investigated in several regions of the skeleton.1-4 However, there is a paucity of 
information relating to growth of the juvenile talus and its utility in juvenile age-at-death estimation. Therefore, the aim of this study was to investigate 
talus growth and evaluate the use of measurements of the juvenile talus for age-at-death estimation. 

Data was collected from 27 documented tali ranging in age from 2–19 years from the Scheuer Collection.5 The growth of three metrics of the talus 
(maximum width of the trochlea, body height, and maximum length of the talus) was assessed using polynomial regression to the fifth order. 
Measurements were adapted for juveniles from the adult literature, therefore intra-observer agreement using intraclass correlation coefficient (ICC) 
and technical error of measurement (TEM) were calculated.6,7 Inverse regression was used to produce age-at-death estimation equations from metrics 
of the talus. The equations were tested on 11 undocumented tali specimens within the Scheuer Collection. The age estimates from the talus were 
compared to the age estimates from the diaphyseal length of the tibia.4 

Measurements adapted for the juvenile talus demonstrated excellent intra-observer agreement and acceptable relative TEM levels. Growth of the talar 
body height and the width of the trochlea could be described as third-order polynomial regression. This regression appeared to demonstrate a period of 
rapid growth between 0–4 years old consistent with the infant growth spurt and a pubertal growth spurt after 10 years of age. Growth of the length of 
the talus, however, was expressed as a 2nd order polynomial with steady, consistent growth occurring between 2–19 years. 

Statistically significant bilateral asymmetry was observed within body height following a Paired Samples T-Test. As a result, pooled and side-specific 
age-estimation equations were produced for body height. When the age-at-death estimation equations were tested for group differences using a Related-
Samples Sign test, no statistical differences were observed between median age estimates derived from measurements of the talus and median age 
estimates from the diaphyseal length of the tibia. Additionally, statistically significant correlation between talus and tibia estimates were observed 
following comparison using Pearson’s Correlation Coefficient and Spearman’s correlation. This preliminarily indicates that the metric analysis of the 
talus is a viable option for juvenile age estimation. Further research is required to investigate population specificity and the impact of sex on growth of 
the talus. 

References: 
1. Rissech C, Black S. 2007. Scapular development from the neonatal period to skeletal maturity: A preliminary study. International Journal of 

Osteoarchaeology. 17(5), 451–64.  
2. Rissech C, Schaefer M, and Malgosa A. 2008. Development of the femur—Implications for age and sex determination. Forensic Science 

International. 180(1), 1–9.  
3. Rissech C, López-Costas O and Turbón D. 2013. Humeral development from neonatal period to skeletal maturity—application in age and sex 

assessment. International Journal of Legal Medicine. 127(1), 201–12.  
4. López-Costas O, Rissech C, Trancho G and Turbón D. Postnatal ontogenesis of the tibia. Implications for age and sex estimation. Forensic Science 

International. 214(1–3), 207.e1-207.e11.  
5. Cunningham C, Scheuer L, Black S. 2016. Developmental Juvenile Osteology 2nd Edition. London: Academic Press. 
6. Steele DG. 1976. The estimation of sex on the basis of the talus and calcaneus. American Journal of Physical Anthropology. 45(3), 581–8.  
7. Holland TD. 1995. Estimation of Adult Stature from the Calcaneus and Talus. American Journal of Physical Anthropology. 96, 315–320. 
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Y3 Accuracy of DNA Phenotyping Using Next Generation Sequencing 

Paige Aymar, BA*, Duquesne University, Pittsburgh, PA; Lisa Ludvico, PhD, Duquesne University, Pittsuburgh, PA; Pamela Marshall, PhD, 
Duquesne University, Pittsburgh, PA 

Learning Objective: This research examines how accurate next generation sequencing instrumentation is at predicting visible external characteristics 
of a person. The instrumentation being used for this research is the MiSeq® FGx. The three physical features analyzed are hair, eye, and skin color. 
Skin color is based on biogeographical ancestry from 1,000 genome data while hair and eye color are analyzed using a HIrisPlex model, all embedded 
in the instrument. This research aims to create statistics on the accuracy of prediction. 

Impact Statement: Forensic science is continuously changing as the years progress. This presentation is essential to the forensic science community 
because it provides valuable information on the significance of next generation sequencing (massive parallel sequencing) and how useful it can be in 
creating a DNA profile that includes physical aspects of not only suspects but victims as well. If this new technique is going to be used in forensic labs 
for identification or convictions, the accuracy of its performance is crucial. 

DNA phenotyping is a new and upcoming technique in forensic science that allows facial characteristics of a suspect to be created from DNA evidence 
left at a crime scene. DNA phenotyping is the science of predicting externally visible characteristics of a person from their DNA sample. By using next 
generation sequencing (NGS) technology, predictions of the physical characteristics of a person are made. NGS, also known as massive parallel 
sequencing, has the capability to sequence millions of DNA fragments at a time. Although NGS and DNA phenotyping are quickly advancing in the 
field of forensic science, there is little research that can be found on how precisely the instrumentation performs.  

The question this study aims to resolve is how accurate this technology is at predicting these phenotypic traits. Verogen™, a forensic science company, 
has created an NGS instrument, MiSeq® FGx, that predicts hair color, eye color, and biogeographical ancestry (skin color) from a DNA sample. The 
MiSeq® FGx gives exact predictions for hair and eye color based on the HIrisPlex model, but it is to be noted that skin color prediction is based on 
biogeographical ancestry from 1,000 genome data. Before the predictions are examined, the methodology for this research includes the following three 
main steps: library preparation, cluster generation and sequencing, and data analysis. Library preparation is lab-based and includes the extraction, 
quantification, and amplification of a DNA sample to prepare it for the MiSeq® FGx. Cluster generation and sequencing are performed by the instrument 
by setting up a run using the MiSeq® FGx Control Software. The final step, data analysis, examines the sample summary, which includes the samples 
STRs, SNPs, and phenotypic estimation using the ForenSeq™ Universal Analysis Software (UAS). This research includes a sample size of 12 (n=12) 
to examine the validity of the Verogen™ instrument by demonstrating how accurate and precise the MiSeq® FGx is. The findings will suggest how 
reliable massive parallel sequencing is at predicting three human phenotypic traits. This research is crucial in aiding in the advancement of DNA 
profiles by allowing experts to know the significance or insignificance of next generation sequencing and DNA phenotyping during criminal 
investigations. 

DNA Phenotyping; Next Generation Sequencing; Forensic Genetics 
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Y4 Analysis Methods of Ephedra and Related Compounds in Web of Science (WOS) Between 1980-2022: A 
Systematic Review and Meta-Analysis 

Nurdan Sandikci, MSc*, ¦sk¿dar University, Istanbul, Istanbul, TURKEY; Sevil Atasoy, PhD, United Nations International Narcotics Control Board, 
Vienna, AUSTRIA 

Learning Objective: After attending this presentation, attendees will be informed about analysis methods of ephedra and related compounds. 

Impact Statement: This presentation will impact the forensic science community by offering various perspectives of analysis methods and all options 
together to provide convenience to researchers. 

According to the 2021 UNODC World Drug Report, there are 27 million methamphetamine and amphetamine users worldwide as of 2019, and 325 
tons of methamphetamine were seized, an increase of 43% compared to the previous year.1 Developing pioneer controls to prevent increased substance 
use, the production of illicit substances is becoming more and more complex. Illegal production of methamphetamine often involves the reduction of 
pseudoephedrine and/or ephedrine to methamphetamine. Pseudoephedrine and ephedrine are usually obtained from pharmaceutical preparations 
available from drug stores or pharmacies. In recent years, the ephedra plant, also known as Ma-Huang in Asia, has been used as a natural source of 
ephedrine and pseudoephedrine.2 For the stated reasons, the development of analysis methods of ephedra and its alkaloids is essential in the fight 
against methamphetamine. 

This study was aimed to search the Web of Science (WOS), a website that provides comprehensive citation data for many different academic disciplines 
and provides subscription-based access to multiple databases, for a meta-analysis about ephedra analysis. The search, specialized by using the “AND” 
word, was carried out using the following keywords: “Ephedra and Analysis,” “Ma-Huang and Analysis,” “Ephedrine and Analysis,” “Pseudoephedrine 
and Analysis.” Search results for each keyword were downloaded from the website in CVS format, and replicated results were extracted with the code 
written in Phyton+Phyton Pandas Library (version 3.8).  

Inclusion Criteria: All studies involving methods of analysis of ephedra and related compounds. 

Exclusion Criteria: Analyzes other than identified compounds, ephedrine and methamphetamine synthesis studies, general information reviews, 
clinical studies, case reports, plant genome or plant productivity studies, pharmacology studies of substances (in vivo-in vitro), studies in languages 
other than English, and criminalistic studies. 

Analysis methods had a wide range of chromatographic, spectroscopic, electrophoresis, cerimetry, and PCR methods. When the results were examined, 
it was observed that the methods were used alone or together in the analysis. Chromatographic techniques were determined as the most used method, 
and Liquid Chromatography was observed to be the most frequently used single analysis method with 40.13% of the included studies. The use of LC 
with electrophoresis is among the most common combinations of analysis methods. For the supplementary data (list of relevant data) you can visit the 
following one drive link:  

https://uskudaredutr-
my.sharepoint.com/:f:/g/personal/nurdan_sandikci_uskudar_edu_tr/ErrqbYIhsxpMltR70ykEyf0BiDuIA91OJYNsiw9UiyfNjQ?e=iqfVYX. 

References: 
1. UNODC (United Nations Office on Drugs and Crime) (2021), Drug Market Trends: Cocaine Amphetamine-Type Stimulants, World Drug Report 2021. 
2. EMCDDA (European Monitoring Centre for Drugs and Drug Addiction) (2020), Emerging Evidence Of Afghanistanôs Role As A Producer And 

Supplier Of Ephedrine And Methamphetamine, EU4MD Specēal Report. 

Criminalistics; Ephedra; Meta-Analysis 
  



                YFSF Posters__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 913 - 
 

Y5 Analysis of the Inorganic Components of Eyeshadows by XRD and SEM-EDS 

Alexandra Mahler*, Loyola University New Orleans, Westwego, LA; Anna Duggar, PhD, Loyola University New Orleans, New Orleans, LA 

Learning Objective: After viewing this research, attendees will have an appreciation for the potential of XRD and SEM-EDS for analysis of cosmetics. 

Impact Statement: This presentation will impact the forensic science community by providing accessible avenues for the instrumental analysis of the 
inorganic components of cosmetics, augmenting the more common approaches that focus on microscopical examination of particulates and instrumental 
analysis of organic constituents. 

Cosmetics are those products that are applied to the body to enhance appearance. These substances have potential forensic utility due to their potential 
for transfer between individuals during close contact.  

Significant research has already been performed on cosmetics, but that research has often focused on characterization of the organic components by 
FTIR spectroscopy, Raman spectroscopy, and chromatographic techniques.1-3 In addition to having been exhaustively evaluated for forensic 
characterizability, organic components are also susceptible to chemical alteration by weathering and the wearer’s biochemistry, which can limit the 
value of “out of the bottle” studies. Contrastingly, the inorganic components found in cosmetics, particularly mineral particles, are relatively stable 
over a relatively long time period.  

Many inorganic cosmetic ingredients are shared with other forensic traces, such as paint and soil. In these contexts, these ingredients are familiar to 
forensic chemists. However, published research specific to the analysis of the inorganic components of cosmetics is very limited.  

This study attempts to isolate the inorganic particulates in eyeshadow by both density separation and plasma ashing, followed by characterization of 
the purified material using X-ray diffraction (XRD) and microscopical examination of the particles, including scanning electron microscopy with 
electron dispersive x-ray spectroscopy (SEM-EDS). Plasma ashing, or plasma cleaning, uses gas or air plasma to remove contaminants and organic 
components from a sample. The plasma exposes the sample to high energy ions without vigorous heat and leaves only the inorganic components behind, 
without risking possible heat alteration of the mineral components. Both plasma ashing and density separation allowed for a simple isolation of the 
inorganics for further consideration. Powder-XRD analysis allowed for the evaluation of the chemical and structural nature of the crystalline 
components isolated from the sample, with the potential for further elemental characterization by EDS.  

Eyeshadow palettes by two different manufacturers were compared. Within each palette, comparison of the diffractograms allowed for the classification 
of two color groups in each single eyeshadow palette. Further, the two manufacturers yielded classes of visually identifiable diffractograms.  

These early results show the promise of XRD analysis for the comparison and characterization of eyeshadows. Further work will include multivariate 
analysis to determine the extent of the classifiability of these cosmetics and should include more manufacturers and additional types of powder 
cosmetics. 

References: 
1. Chophi, R.; Sharma, S.; Sharma, S.; Singh, R. Trends in the Forensic Analysis of Cosmetic Evidence. Forensic Chemistry 2019, 14, 100165.  
2. Najjar, K.; Bridge, C. M. SEM-EDS Analysis and Characterization of Glitter and Shimmer Cosmetic Particles. Forensic Sci Int 2020, 317, 110527. 
3. Schlossman, M. I.; Feldman, A.J. Trends in Pressed Powder Technology. Journal of Cosmetic Science 1970, 22 (10), 1–16. 

Cosmetics; XRD; SEM-EDS 
  



                YFSF Posters__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 914 - 
 

Y6 Biometrics From Human Hair Using Gas Chromatography-Isotope Ratio Mass Spectrometry of Ethyl 
Chloroformate Derivatives of Amino Acids 

Erica Maney, MS*, West Virginia University, Morgantown, WV; Glen Jackson, PhD, West Virginia University, Morgantown, WV 

Learning Objective: After attending this presentation, attendees will understand the benefit of gas chromatography-isotope ratio mass spectrometry 
(GC-IRMS) over liquid chromatography-isotope ratio mass spectrometry (LC-IRMS) for compound-specific isotope measurements, especially for 
amino acids found in human hair, nails, and fingerprints. 

Impact Statement: Although almost no crime laboratory has access to IRMS instrumentation, federal research labs, like the DEA and FBI do, 
providing one of the only ways to distinguish the origins and history of organic matter that share identical chemistry. However, this proof-of-concept 
study demonstrates the potential power of IRMS measurements of human hair as an investigative lead in future applications. 

If a body is badly decomposed or mutilated, or if the victim’s DNA is not in a database, IRMS measurements of the victim’s bone, teeth, hair, and nails 
can be used to determine geographic origins and travel history of the individual, providing an investigative lead to help resolve a crime. This project 
builds on previous work that demonstrates that compound-specific IRMS (CS-IRMS or CSIA) measurements of amino acids in human hair can also 
reveal information about an individual’s lifestyle habits and traits, like their extent of sun exposure and their biological sex. 

CSIA can be accomplished with either LC or GC as the mode of separation before the IRMS analysis. For amino acids found in human hair and nails, 
derivatization is necessary before GC-IRMS analysis, but not before LC-IRMS analysis. Here, we employ ethyl chloroformate (ECF) as a derivatizing 
agent for GC-IRMS, which adds an ethoxycarbonyl group to free amines and an ethyl ester to free carboxylic acid groups. The addition of exogenous 
carbons from the ethyl chloroformate increases the volatility of the derivatives and improves their chromatographic separation. Although derivatization 
complicates the isotope measurements because of the added carbons from the derivatizing agent, the GC-IRMS instrument is generally more rugged 
and reliable than its LC-IRMS counterpart. 

Previous work analyzed hair samples from 82 donors around the United States using LC-IRMS. LC-IRMS had limited peak capacity, so the analytical 
method was only able to baseline resolve 9 amino acids. In the prior work, methionine/cystine and isoleucine/leucine were included as coeluting pairs, 
creating a total of 11 variables for multivariate analysis. Using the newly adapted ECF derivatization procedure, at least 14 amino acids can be baseline 
revolved. This variable increase incorporates glutamic acid/glutamine, alanine, and proline, which were previously not included. Asparagine and 
glutamine typically undergo deamidation, during which the amide is removed or converted to another functional group to produce aspartic acid and 
glutamic acid, respectively. The ECF derivatization method allows both products to be identified in a proportion of ~30%:70% amine:acid, which still 
enables isotopic analysis of the original glutamine and asparagine residues. In short, GC-IRMS provides many more variables for analysis than the 
previous LC-IRMS method. 

By using ECF derivatives, we can expand upon previous work by increasing the number of variables for multivariate statistical analysis and increasing 
the sample size to more than 100 donors.  This new data provides increased confidence in the determination of biometric data from human hair, 
including alcohol consumption and age determination, thus furthering the potential of isotope ratio analysis. 

Amino Acids; GC-IRMS; Hair 
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Y7 Detection of Ignitable Liquid Residues Using Crime-liteÈ AUTO 

Kaylee Morton, BS*, Marshall University Forensic Science Graduate Program, Huntington, WV; Kimberly Kunkler, PhD, Marshall University, 
Huntington, WV; Lauren Richards-Waugh, PhD, Marshall University, Huntington, WV; Mathew Winters, AD, Huntington Fire Department, 
Huntington, WV 

Learning Objective: This research evaluates the ability to detect ignitable liquid residues on burned substrates using photography with a commercially 
available imaging system that consists of a combination of alternative wavelengths of light and filters. Attendees will gain appreciation for the 
challenges of fire investigation and the potential of new technology for the detection of ignitable liquid residues at fire scenes. 

Impact Statement: This presentation will impact the forensic science community, and specifically fire investigators, by determining the benefits and 
limitations of an imaging system for the visualization of potential ignitable liquid residues at fire scenes. 

It is often difficult for fire investigators to determine if a fire was intentionally set due to challenges such as destruction or rearrangement of the scene 
during extinguishing efforts. If the use of ignitable liquids is suspected, it may also be difficult for investigators to locate optimum areas for sample 
collection. Therefore, there is a need for accurate and efficient methods for the visualization of potential ignitable liquid residues at fire scenes. 

The Crime-lite® AUTO by Foster + Freeman Ltd. combines the abilities of UV, visible, and infrared light with long pass and band pass filters to 
visualize and photograph ignitable liquids. Foster + Freeman reports their successful use of the Crime-lite® AUTO to detect several ignitable liquids 
on various substrates.1 It is important to note that their tested substrates did not have fire damage prior to being photographed, and there is no information 
available for the volume of ignitable liquids applied to each substrate. The present research intends to further investigate the use of the Crime-lite® 
AUTO to visualize and photograph potential ignitable liquid residues in situations simulating those commonly encountered at residential fire scenes. 
Specifically, the ability to visualize and photograph gasoline, diesel, charcoal lighter fluid, and turpentine on carpet, laminate flooring, hardwood, and 
oriented strand board was investigated.  

In the present research, one cup (237mL) of ignitable liquid was poured over the surface of the substrate and allowed to saturate for one minute. The 
substrate was ignited with an open flame, allowed to burn for six minutes, and extinguished with one cup (237mL) of water. Immediately upon 
extinguishment, the burned substrate was photographed in an otherwise dark environment with the Crime-lite® AUTO using all possible combinations 
of light source and filter available on the instrument. Areas of the burned substrates that gave presumptive positive and negative visualization results 
were cut and stored in metal, friction-seal paint cans prior to laboratory analysis for the presence of ignitable liquids. All laboratory testing was 
performed in accordance with published, consensus-based standards using passive headspace concentration onto activated charcoal strips, followed by 
elution with carbon disulfide, and subsequent analysis by gas chromatography/mass spectrometry (GC/MS). 

Regardless of the results of the visualization with the Crime-lite® AUTO, the GC/MS results showed that all the burned substrates in this study were 
confirmed positive for the presence of ignitable liquid residues. This outcome is likely attributed to the volume of ignitable liquid applied prior to 
burning, along with the sensitivity of the GC/MS method. However, this study still provides important information regarding the utility of the Crime-
lite® AUTO in fire investigations. Specifically, each sample was visualized as presumptive positive under at least one light source and filter combination 
with the Crime-lite® AUTO, then confirmed positive by GC/MS, thereby indicating that the Crime-lite® AUTO could be a valuable tool in the search 
for potential ignitable liquid residues. Additionally, samples that were visualized as presumptive negative by the Crime-lite® AUTO but gave positive 
GC/MS results demonstrate that the presence of heavy charring has an important deleterious effect on fluorescence. Furthermore, when investigating 
the visualization of the same ignitable liquid on different substrates, there was minimal overlap with respect to which light source and filter combination 
provided a positive result. This outcome demonstrates that substrate composition has an effect on the visualization of fluorescence.  However, when 
investigating the visualization of different ignitable liquids on the same substrate material, there was greater overlap with respect to which light source 
and filter combination provided a positive result. This outcome suggests the Crime-lite® AUTO can visualize a broader range of ignitable liquids on 
some substrate compositions. 

Reference: 
1. Foster + Freeman. Use of Crime-lites® for the visualization of Ignitable Liquids in Fire & Arson Investigations. Foster + Freeman Crime-lite® 

Applications, October 2021. 
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Y8 The Use of Portable Capillary Liquid Chromatography With Dual Silica Hydride Stationary Phases and 
Dual Ultraviolet Wavelength Detection for the Analysis of Synthetic Cathinone Positional Isomers 

Wyonna Tran, BS*, The George Washington University, Arlington, VA; Ira Lurie, PhD, The George Washington University, Washington, DC 

Learning Objective: After attending this presentation, attendees will understand the utility of dual capillary multi-modal liquid chromatography (LC) 
with dual ultraviolet (UV) wavelength detection for the analysis of emerging drugs, as modeled by the separation of synthetic cathinone positional 
isomers. 

Impact Statement: This presentation will impact the forensic science community by providing methodology applicable to both remote and in-lab 
testing for the analysis of positional isomers of emerging drugs on a portable capillary LC instrument with enhanced orthogonality due to the utility of 
silica hydride stationary phases. The proposed technique should follow the minimum standards set by the Scientific Working Group for the Analysis 
of Seized Drugs (SWGDRUG) while being eco-friendly and low-cost. 

Raman and infrared (IR) spectroscopy, ion mobility spectrometry (IMS), and gas chromatography/mass spectrometry (GC/MS) are commonly 
employed for the identification of seized drugs. However, Raman and IR can be problematic for the analysis of mixtures. Ion mobility spectrometry 
lacks specificity as the separation of ions is dependent on its mobility in a buffer gas. Gas chromatography/mass spectrometry is unable to distinguish 
between certain positional isomers and diastereomers due to overlapping retention times and identical mass spectra. Gas chromatography with flame 
ionization detection provides only retention time information. Many isomeric forms of emerging drugs exist, making identification of these drugs 
difficult for forensic laboratories. In contrast, LC-ultraviolet (UV) separations are amenable to mixtures, can offer increased resolving power over IMS, 
and increased or complementary detection specificity versus GC detection techniques. In contrast to GC/MS, LC separations can also distinguish 
between certain positional isomers and diastereomers.  

Portable analysis devices allow for expanded testing capabilities in both the laboratory and in the field. These portable devices are useful for the analysis 
of seized drugs due to their screening and identification purposes. They can provide a quicker, on-site analysis, and by working in conjunction with 
benchtop systems, can promote efficiency and alleviate backlogs. The use of a low-cost, green, and low-footprint portable capillary LC device occupies 
1/5 the bench space and utilizes 1/1,000 the solvent. 

The present study employs a portable capillary LC with dual capillary columns in series and dual UV wavelength detection. Stationary phases are 
utilized that are operable under both complementary reverse phase (RP) and aqueous normal phase (ANP) modes on the same columns using the same 
solvent reservoir. The dual retention capabilities provide five pairs of relative retention time data. When the mobile phase changes from RP to ANP, 
the absorbance peaks blueshift to shorter wavelengths and results in two dual UV absorbance ratios providing discriminate detection. Seven synthetic 
cathinone positional isomers differing in aliphatic and aromatic substitutions are uniquely identified by relative retention times and peak area ratios 
proportional to absorbance ratios. Based on the results, the relatively low-cost methodology, which offers a high degree of specificity, is valuable for 
drug analysis, specifically for emerging drugs with isomeric forms. 

Portable Capillary LC; Synthetic Cathinone Positional Isomers; Dual Mode Separations 
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Y9 Assessing Genetic Diversity Between Wild and Captive Turkeys (Meleagris Gallopavo) in Pennsylvania 

Savannah Nguyen, BA*, Duquesne University, Pittsburgh, PA; Lyndsie Ferrara, PhD, Duquesne University, Pittsburgh, PA; Lisa Ludvico, PhD, 
Duquesne University, Pittsburgh, PA 

Learning Objective: Through this presentation, attendees will learn about wildlife forensics and how wildlife forensics combats the Illegal Wildlife 
Trade. In addition, touchdown PCR will be discussed as well as feather extractions and the utilization of novel turkey primers. Lastly, the topic of 
genetic testing on turkeys will be discussed, and how although turkeys are a significant game species, they are understudied. 

Impact Statement: This presentation will impact the forensic science community by discussing the need for efficient genetic testing methods. More 
specifically, it discusses how turkeys are a popular game species, but it is unclear how to manage the growing number of hunters. Also, overhunting or 
illegal hunting has been decreasing the wild turkey population, so efficient genetic testing can distinguish between wild and turkey product. 

The wild turkeys, Meleagris gallopavo, endemic in North America, are a common and popular game species. Though the species is native to North 
America and has had an important history, there remains inadequate knowledge in assessing genetic diversity and identifying breeding populations of 
the wild turkey.1 Turkeys, a giant bird hunted by Native Americans, were typically used for meat and feathers and continue to be an economically 
important game species. Hunting of the Eastern wild turkey is permitted but only during specific times of the year, despite turkeys crossing over to 
neighboring states.2 Illegal hunting adds to the illicit wildlife trade (IWT), a transnational organized crime that generates billions of dollars annually.3 
Wildlife forensics, specifically Wildlife DNA analysis, a specific discipline, focuses on using genetic techniques to identify wildlife parts and products 
to family, genus, species, population, or individual source. The IWT has become a growing problem, and wildlife forensics can be used only to identify 
the victim. In Pennsylvania, hunting is only permitted from the end of October through mid-November. For Ohio, hunting season starts in October 
through November and then in late April through late May. So, if a turkey is hunted outside a state’s designated hunting period or hunted without a 
proper license, that turkey is poached.4 Because of the gray areas between hunting, poaching, and state lines, there is a need for more genetic testing. 
Fortunately, the development of a Short Tandem Repeat (STR) primer panel for the wild turkey has been completed (11 loci).  

In this study, amplification of microsatellite regions in wild and captive turkeys using STRs may reveal genetic differences and maybe reveal changes 
due to domestication. It is expected that diversity is more common among the wild turkeys and less variation is present in the domestic turkeys. These 
findings are essential as they can help identify the origins of the turkey meat; wild-caught or domestic. Determining genetic differences between wild 
and domestic populations can help identify the origins of the turkey meat.  

References: 
1. Chinnici N, Butler M, Rounsville T, Huffman Jane E. 2014. Genetic Analysis of Eastern Wild Turkeys (Meleagris gallopavo silvestris) in 

Michaux State Forest of Pennsylvania. 
2. Stevens BS, Luukkonen DR, Stewart CA, Porter WF, Bence JR, Jones ML. Spatial-temporal dynamics of hunter effort for wild turkeys in 

Michigan. PLoS One. 2020 Apr 1;15(4):e0230747. doi: 10.1371/journal.pone.0230747. PMID: 32236108; PMCID: PMC7112203. 
3. FATF (2020), Money Laundering and the Illegal Wildlife Trade, FATF, Paris, France, www.fatf-

gafi.org/publications/methodandtrends/documents/money-laundering-illegal-wildlife-trade.html 
4. “Wildlife Management Units.” Pennsylvania Game Commission. 

https://www.pgc.pa.gov/Wildlife/HabitatManagement/WildlifeManagementUnits/Pages/default.aspx. 
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Y10 Comparative Extraction and Identification of Illicit Compounds from Baked Edibles Using Paper Spray 
IonizationïTandem Mass Spectrometry and Liquid Chromatography/Triple Quadrupole/Mass 
Spectrometry 

Isabella Haberstock, BS*, Duquesne University, Gibsonia, PA; Lyndsie Ferrara, PhD, Duquesne University, Pittsburgh, Pennsylvania; Michael Van 
Stipdonk, PhD, Duquesne University, Pittsburgh, PA; Hannah Zimmerman-Federle, MS, Indiana University-Purdue University, Indianapolis, IN 

Learning Objective: Attendees will learn about the applications of paper spray ionization-tandem mass spectrometry and liquid chromatography/triple 
quadrupole/mass spectrometry in the analysis of baked edibles containing illicit stimulants. Attendees will also learn about the adaptability of the 
QuEChERS solid phase extraction method in extracting a stimulant from a complex baked edible matrix. 

Impact Statement: The use of the QuEChERS extraction coupled with paper spray ionization-tandem mass spectrometry and liquid 
chromatography/triple quadrupole/mass spectrometry will advance the field of drug chemistry because it is an optimized and rapid extraction and 
detection method for illicit substances in edibles. 

Complex baked edible matrices have become more common methods of consumption for illicit substances like MDMA, methamphetamine, and 
amphetamine, but there is a lack of research regarding the rapid detection of drugs contained in baked edibles.1,2 The existing research for extracting 
substances from edibles focuses on cannabis, and the developed extraction methods for this application are very complex and can require multiple 
extractions to obtain a prepared sample for detection.  

To fill this gap in the literature, the QuEChERS (Quick Easy Cheap Effective Rugged Safe) dispersive solid phase extraction method was coupled with 
paper spray ionization-tandem mass spectrometry (PSI-MS) and liquid chromatography/triple quadrupole/mass spectrometry (LC-QqQ-MS). The 
QuEChERS method, although not typically used for baked edibles, isolated the illicit compound from a complex matrix to allow for accurate detection 
of the compound.3 PSI-MS is a recent ambient ionization method that has produced accurate quantitative and qualitative data for drug detection studies, 
and it was compared to LC/QqQ/MS, which is the gold standard for drug detection studies.4,5  

To accomplish this method, cookie dough was spiked with varying amounts of phenethylamine, which is a structural precursor to the stimulants 
mentioned above. The edibles were baked, and the phenethylamine in each edible was extracted using the QuEChERS method. Several trials were 
performed to optimize the ratio of acetonitrile, magnesium sulfate, sodium chloride, and lipid sorbent used in the QuEChERS method.3 For PSI-MS 
analysis, the QuEChERS supernatants were analyzed using the Thermo Scientific™ LTQ-XL Linear Ion Trap Mass Spectrometer for the presence of 
phenethylamine, which was confirmed through collision induced dissociation. The same optimized QuEChERS method with an additional filtration 
step was used to obtain supernatants for LC-QqQ-MS analysis. The Agilent® 1200 Series LC Stack and Agilent® 6460 Triple Quadrupole Mass 
Spectrometer were used to detect phenethylamine in each sample using an optimized LC/QqQ/MS method. 

Preliminary results presented at the AAFS 2022 conference showed that the QuEChERS-PSI-MS method was optimized to successfully detect 
phenethylamine in each edible sample. These results were then directly compared to results obtained using the QuEChERS-LC/QqQ/MS method, and 
PSI-MS and LC/QqQ/MS were evaluated on sensitivity of detection and time-effectiveness. Because these studies were completed using a model 
phenethylamine compound, future studies can apply these methods to edibles spiked with illicit substances such as MDMA. 

References: 
1. Huang, Z.; Zhang, S. Confirmation of amphetamine, methamphetamine, MDA and MDMA in urine samples using disk solid-phase extraction 

and gas chromatography–mass spectrometry after immunoassay screening. Journal of Chromatography B 2003, 792 (2), 241-247, DOI: 
https://doi.org/10.1016/S1570-0232(03)00269-1. 

2. Leghissa, A.; Hildenbrand, Z. L.; Schug, K. A. The imperatives and challenges of analyzing Cannabis edibles. Current Opinion in Food Science 
2019, 28, 18-24, DOI: https://doi.org/10.1016/j.cofs.2019.02.010. 

3. Koesukwiwat, U.; Lehotay, S. J.; Mastovska, K.; Dorweiler, K. J.; Leepipatpiboon, N. Extension of the QuEChERS Method for Pesticide 
Residues in Cereals to Flaxseeds, Peanuts, and Doughs. Journal of Agricultural and Food Chemistry 2010, 58 (10), 5950-5958, DOI: 
10.1021/jf902988b. 

4. Yang, Q.; Wang, H.; Maas, J. D.; Chappell, W. J.; Manicke, N. E.; Cooks, R. G.; Ouyang, Z. Paper spray ionization devices for direct, 
biomedical analysis using mass spectrometry. International Journal of Mass Spectrometry 2012, 312, 201-207, DOI: 
https://doi.org/10.1016/j.ijms.2011.05.013. 

5. Liquid Chromatography - Mass Spectrometry (MC-MS-MS). https://www.eag.com/ techniques/mass-spec/lc-ms-ms/ (accessed November 24). 
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Y11 Development of a Conserved Semenogelin I and II Epitope for Semen Identification with Respect to Allelic 
Variation 

William Gibbs, BS*, Forensic Science and Law, Duquesne University, Seven Fields, PA; Michael Jensen-Seaman, PhD, Duquesne University, 
Pittsburgh, PA; Pamela Marshall, PhD, Duquesne University, Pittsburgh, PA; Elizabeth Wisbon, BS, MS, Duquesne University, Pittsburgh, PA 

Learning Objective: Attendees will learn about the RSID-semen antibody-based assay and its techniques for semen identification. The presentation 
will discuss the effectiveness of the current epitope in the assay and the effectiveness of a hypothesized optimal epitope. 

Impact Statement: This presentation identifies a peptide fragment that may be the optimal epitope for a semen identification antibody-based assay. 
This epitope was analyzed against the currently used RSID-semen assay for false negative rates due to allelic variation. The newly identified epitope 
may result in less false negatives for semen and would have a greater yield in seminal fluid evidence recovery. 

Seminal fluid is a source of biological evidence used for forensic DNA analysis. Semen identification may be difficult in many instances, such as sexual 
assault cases. Preservation of semen is critical in order to perform DNA analysis, a necessity to positively identify a perpetrator. The highly abundant 
semenogelin proteins are used as a marker in the Rapid Stain Identification Series (RSID) -semen assays. Genetic variation among the semenogelin 
proteins may cause false negatives in the RSID-semen assay. There are currently no readily available studies analyzing the effects of allelic variation 
on RSID-semen assays. Therefore, semenogelin I (SEMG1) and semenogelin II (SEMG2) known allelic variants were compiled and computationally 
analyzed. This was done using publicly available databases of human genome allelic variants. The data was used to identify an optimal peptide fragment 
(LJG fragment) that was conserved in both SEMG1 and SEMG2, with little known variation. The seminal plasma motility inhibitor fragment (SPMI) 
is believed to be the current epitope of the RSID-semen assay. SPMI was analyzed for known allelic variants with the LJG fragment. A statistical 
analysis was done to determine the frequency of allelic variants and compare the effectiveness of semenogelin identification in both peptides. The LJG 
fragment was cloned and expressed in an E. coli system by fusing the desired fragment with maltose-binding protein (MBP) on the amino terminus 
and a hexahistidine tag on the carboxy terminus. Dual Affinity chromatography was used to purify the expressed LJG fragment. The fragment was then 
prepared for antibody production of the ideal epitope for SEMG1 and SEMG2 identification.  

This study showed a more reliable epitope can be produced for the RSID-semen assays and recommends new antigens be produced for SEMG1 and 
SEMG2 detection. Application of this epitope may increase the accuracy of the RSID-semen assay, improving seminal fluid identification techniques. 

Semen Identification; Allelic Variation; Evidence Recovery 
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Y12 eDNA Detection of Lycorma Delicatula Using Multiple Types of Forensic Swabs Via STR Analysis 

Maeve Picariello, BA*, Duquesne University, Pittsburgh, PA; Bryan Delius, PhD, Duquesne University, Pittsburgh, PA; Jay Losiewicz, MA, 
Pennsylvania Department of Agriculture, Harrisburg, PA; Lisa Ludvico, PhD, Duquesne University, Pittsburgh, PA 

Learning Objective: Attendees will learn what spotted lanternflies (Lycorma delicatula) are, what they are doing to the environment in the United 
States, and how forensics can be used to proactively detect and manage this invasive insect species. 

Impact Statement: This presentation will demonstrate the utility of forensic science methods in invasive species management applications. This will 
further the development of the field of environmental forensics and assist in efforts to stop an invasive insect that is damaging plant life across the 
United States. 

The purpose of this study is to determine the most effective forensic swab for proactively detecting the presence of the invasive spotted lanternfly, 
Lycorma delicatula, early into its invasion of non-native regions so that preventative actions can be taken to stop it from damaging trees and crops 
across the United States. This objective was addressed by utilizing short tandem repeat (STR) analysis to identify the insect’s DNA in environmental 
samples. STR analysis was applied to this research because of its capacity to identify species-specific DNA in multi-source DNA samples.  

It was previously established that L. delicatula produces an excretory fluid that contains DNA, which can be collected from tree and leaf surfaces in 
areas where the insects feed.1 Environmental DNA (eDNA) was collected from bushes around the campus of Duquesne University in Pittsburgh, PA, 
using three types of forensic swabs: cotton swabs, Whatman® OmniSwabs, and CytoSoft™ Cytology brushes, which were compared based on their 
ability to collect intact L. delicatula DNA within field-collected eDNA to allow for accurate and early detection of the insect. Cotton swabs were tested 
using the dry swab technique and the wet swab technique. Bushes growing on the campus were targeted because their woody branches and thin bark 
are the preferred type of food for L. delicatula nymphs until they become strong enough to feed on trees. Wet cotton swabs collect DNA by releasing 
dried genetic material from substrates using water and absorbing the wet material into the cotton. The other swab types and techniques involved a dry 
swab collecting dried genetic material.  

It was predicted that wet cotton swabs would detect the presence of L. delicatula more effectively and earlier than the other swab types and techniques. 
Reference DNA was also extracted from L. delicatula individuals for comparison to eDNA extracted from swabs. DNA was amplified with species-
specific primers targeting a 63 bp STR in L. delicatula DNA. Amplicons were visualized using gel electrophoresis to confirm the amplification of the 
target region. Next, the target STR will be detected through capillary electrophoresis (CE) and swab data will be compared to reference data to confirm 
or deny the presence of L. delicatula DNA in the eDNA samples. 

Quantitation data obtained thus far show that all swab types can collect eDNA and no single swab type or technique consistently collects more DNA 
than the others. DNA analysis is still being performed and will be completed by May of 2023. This study integrates the fields of environmental science 
and forensic science by using DNA collection tools from forensics to perform eDNA analysis methods common in environmental research. The resultant 
contribution to environmental forensics strengthens the connection between invasive species management and the legal science of forensics. This study 
is an addition to the growing catalog of research on the invasive spotted lanternfly, and it highlights the need for stronger legal action and management 
to control invasive species. 

Reference: 
1. Valentin, R. E., Fonseca, D. M., Gable, S., Kyle, K. E., Hamilton, G. C., Nielsen, A. L., & Lockwood, J. L. (2020). Moving eDNA surveys onto 

land: Strategies for active eDNA aggregation to detect invasive forest insects. Molecular ecology resources, 20(3). doi:10.1111/1755-0998.13151. 
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Y13 Examining Differences in Exonerations Across the United States 

Alexys Karl, BA*, Duquesne University, Pittsburgh, PA; Joshua Ellsworth, PhD, Duquesne University, Pittsburgh, PA; Lyndsie Ferrara, PhD, 
Duquesne University, Pittsburgh, PA; Stephanie Wetzel, PhD, Duquesne University, Pittsburgh, PA 

Learning Objective: After reviewing this presentation, attendees will have a better understanding of exonerations and how they differ throughout the 
United States based on factors such as crime type, location, availability of DNA, etc. Attendees will also gain an understanding of how innocence 
groups can affect the potential correction of a wrongful conviction. 

Impact Statement: This research will provide a representation of exoneration trends across the United States and allow a better understanding of how 
innocence groups can aid in correcting wrongful convictions. Data regarding exonerations is important for identifying and correcting previous mistakes, 
as well as improving conviction integrity in the future. 

Since the National Registry of Exonerations (NRE) began methodically tracking exonerations in 1989, there have been 3,249 recorded exonerations.1 
Previous literature regarding exonerations focuses primarily on the causes or contributing factors to wrongful convictions. These factors, as recognized 
by the NRE, include false or misleading forensic science, inadequate legal defense, perjury/false accusation, official misconduct, false confession, and 
mistaken witness identification.  

A prior study by Dr. Gerald LaPorte examined the role of forensic science in DNA exonerations.2 The main analyses included the relationship between 
false or misleading forensic science and the other five factors, as well as the commonly associated forensic methods with wrongful convictions. The 
first part of this study replicated this work using an updated list of exonerations by the NRE. Analyses were replicated with both DNA and non-DNA 
exonerations. Results from the replication of DNA exonerations show that the trends continue with the newer set of data, in that false or misleading 
forensic science is most often associated with mistaken witness identification. In non-DNA exonerations, results showed that false or misleading 
forensic science is most often seen alongside perjury/false accusation.  

The second part of this study examined the role of innocence groups and the trends associated with their involvement in correcting erroneous 
convictions. Innocence groups, such as the Innocence Project, Centurion, and conviction integrity units (CIUs) are becoming more prominent across 
the United States. These groups are credited with a portion of those 3,249 exonerations due to legal and/or investigative support provided to wrongfully 
convicted individuals. Despite their success, there is limited research regarding the effect of innocence groups on exonerations. Specifically, part two 
of this research investigated how factors such as crime type, location, race, the availability of DNA evidence, etc. influence the involvement of 
innocence groups. Initial results show that innocence groups are involved in both DNA and non-DNA exonerations, with the majority of success in 
homicide and sexual assault crimes. The results of this research will provide a representation of exoneration trends and allow a better understanding of 
how innocence groups can aid in correcting wrongful convictions. 

References: 
1. National Registry of Exonerations, http://www.law.umich.edu/special/exoneration/Pages/detaillist.aspx.  
2. Laporte, Gerald. "Wrongful convictions and DNA exonerations: Understanding the role of forensic science." National Institute of Justice Journal 

279 (2018): 1-16. 
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Y14 Identification of Race Through Chemical Analysis of Latent Fingerprints 

Brynn Myers, BS*, University of Central Oklahoma, Edmond, OK; Mark McCoy, EdD, University of Central Oklahoma, Edmond, OK; Caitlin 
Porterfield, MS, Forensic Science Institute - University of Central Oklahoma, Edmond, OK 

Learning Objective: Attendees will learn about the potential to determine race from latent fingerprint residues using mass spectrometry. 

Impact Statement: This is a new development that will impact the forensic science community. As characteristics of individuals may aid in 
identification, and this type of analysis has already been able to determine other types of characteristics, this is the next step. 

The permanence and uniqueness of fingerprints and the analysis of physical characteristics associated with fingerprints have allowed for identification 
of individuals in forensic investigations. However, there is additional information that may be obtained from latent fingerprints. Fingerprint residues 
are comprised of chemical components—both those that are created and secreted from the body naturally (endogenous) and those from products outside 
the body that are ingested or applied on the skin (exogeneous)—that have previously been used by researchers to identify an individual’s age, gender, 
and even lifestyle. This information may be useful for the inclusion and exclusion of suspects when physical fingerprint characteristics may be 
unidentifiable or as a means of adding additional information to preexisting physical characteristic analyses. However, there is currently no literature 
regarding the ability to identify an individual’s race through analysis of latent fingerprint residues.  

The purpose of this study is to identify a pattern, if any, that may allow investigators to identify an individual’s race through the analysis of latent 
fingerprint residues using mass spectrometry as a medium for analysis of the sweat, oil, and other residues deposited in an individual’s fingerprint. A 
sample of 20 male and 20 female individuals who self-identify in one of five racial backgrounds (Hispanic, Asian, European, African, and European) 
were asked to deposit a single right index print onto a piece of Mylar® film. Following collection of prints, a portion of the sample was cut from the 
Mylar® film, digested, and analyzed via mass spectrometry instrumental analysis. The procedure followed during the experimentation—both sample 
collection and preparation as well as instrumental analysis—were subject to many changes during experimentation and preparation to best aid in this 
new type of identification. Preliminary results suggest that a pattern may exist that will allow for the identification of a person’s racial background. 

Fingerprints; Chemistry; Mass Spectrometry 
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Y15 Revisiting the CSI Effect: Has the Popularity of Crime Media Changed Anything? 

Elizabeth Diltz, BA*, Duquesne University, Pittsburgh, PA; Lyndsie Ferrara, PhD, Duquesne University, Pittsburgh, PA; Bobbi Jo Wagner, JD, 
Administrative Offices of the Pennsylvania Courts, Glenshaw, PA; Sara Walker, MSFS, Intermountain Forensics, Murray, UT 

Learning Objective: After attending this presentation, attendees will understand more about the CSI Effect, including the history of the phrase, and 
they will also see if different crime media has any effect on prior research conclusions regarding the existence of the CSI Effect. Additionally, attendees 
will learn more about the impact the CSI Effect has on criminal justice practitioners. 

Impact Statement: The results of this research will help the forensic science community understand the impact of crime media on juror decision 
making. These results will also provide information about criminal justice practitioners’ experiences related to the CSI Effect and the possible impact 
that each type of practitioner experiences. 

CSI: Crime Scene Investigation, NCIS, Forensic Files, 48 Hours—these are all television programs with a focus on forensic science and crime 
investigation. While two of these shows (Forensic Files and 48 Hours) focus on real crime stories, CSI and NCIS are dramatizations of the world of 
forensic investigations that have led to the idea of a phenomenon known as the CSI Effect. This phenomenon is commonly defined as jurors being 
influenced by shows like CSI and the portrayal of forensics leading to more acquittals when evidence is lacking. While most of the previous research 
done into the CSI Effect has shown that there is no support for this idea, there has been little research into the examination of crime media subgenres 
having different influences on jurors’ evidence expectations. Additionally, little research has been done that investigates how the CSI Effect impacts 
criminal justice practitioners.  

This two-part study examined both how crime drama watching versus true crime watching impacted jurors’ evidence expectations/verdict decision 
making as well as how criminal justice practitioners are impacted by the CSI Effect. Part one involved using survey software to compare the hours 
spent watching crime media of both subgenres, evidence expectations of participants, and verdicts in crime scenarios; this method was modeled after 
previous research done by the Honorable Donald Shelton.1 It was hypothesized that there would be no significant difference between those that watch 
more true crime media over those that watch crime dramas in verdict decision-making similar to the results from the earlier study. Preliminary results 
of part one line up with the results that were observed in the research done by the Honorable Donald Shelton. Part two involved conducting interviews 
with lawyers, forensic scientists, and law enforcement officers/crime scene investigators to determine if they experience the CSI Effect, believe in its 
existence, and if they have any personal stories dealing with the CSI Effect. It was hypothesized that the criminal justice practitioners would say they 
have experienced the CSI Effect and provide anecdotal evidence to support the CSI Effect. Preliminary results from the interviews reveal that most 
believe the CSI Effect does exist, but only a few gave anecdotes about their personal experience with it.  

The results of this research will help the forensic science community understand the impact of crime media on juror decision making. These results 
will also provide information about criminal justice practitioners’ experiences related to the CSI Effect and the possible impact that each type of 
practitioner experiences. 

Reference: 
1. Shelton, D. E.; Kim, Y. S.; Barak, G. A Study of Juror Expectations and Demands concerning Scientific Evidence: Does the CSI Effect Exist. 

Vanderbilt Journal of Entertainment and Technology Law 2006, 9, 331-368. 

CSI Effect; Evidence Expectations; Jurors 
  



                YFSF Posters__2023 
 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 
*Presenting Author                                          - 924 - 
 

Y16 Streamlining the Extraction and Quantification of Synthetic Cathinone in Oral Fluid by Means of Solid-
Phase Extraction (SPE) and LC/MS/MS Analysis 

Jacob Katsafanas, BS*, Duquesne University, Pittsburgh, PA; Pamela Marshall, PhD, Duquesne University, Pittsburgh, PA; Mandy Tinkey, MSFS, 
Allegheny County Medical Examiner, Verona, PA; Stephanie Wetzel, PhD, Duquesne University, Pittsburgh, PA 

Learning Objective: After attending this presentation, attendees will understand the challenges approached while developing and validating the 
streamlined extraction and quantification methodology of synthetic cathinone in alternative matrices. 

Impact Statement: This presentation will impact the forensic science community by improving the workflow for substance detection in oral fluid 
using cathinone as the model substance. 

Synthetic cathinone, often referred to as “bath salts,” is characterized as the beta-ketone isomer of amphetamine in a more potent formulation while 
avoiding several legislative roadblocks with constant structural modifications (i.e., addition of a methyl substituent).  

Prior studies into the intoxicating effects of cathinone usage point to similar behaviors exhibited by amphetamine users such as exemplified feelings of 
euphoria. It is of forensic interest to develop a streamlined methodology for the analysis of substances as there is a major lack in quantification standards 
and to benefit public health. 

The research focused on five substances: 3',4'-Methylenedioxy-α-pyrrolidinobutiophenone (3,4-MDPBP), 2'-Methyl-α-pyrrolidinopropiophenone (2-
MePPP), 3-Chlorocathinone (3-CC), 2-fluoroisocathinone (2-FIC), and 5-Chloro-2-thiothinone (5-Cl-bk-MPA). Methods were developed using an 
Agilent® 1200 Rapid Resolution LC with tandem 6460 Triple Quadrupole in the positive ESI mode. MRM transitions were developed through the 
usage of scan and product ion scan modes. Next, specimens were extracted from synthetic oral fluid using a previously validated method for 729 
different NPS, including bath salts using Clean Screen® DAU (200mg; 10mL) cartridges. Triplicated samples were pre-treated either using a crash-
and-shoot with cold acetonitrile (-20ºC) or the addition of pH 9.0 borate buffer to 0.5ml sample. The goal was to minimize the steps and solvents while 
not affecting the integrity of oral fluid samples. 

Preliminary results from the development of mass transitions yielded feasible data for the downstream progression of all substances, with exception to 
5-Cl-bk-MPA, as there still exist ambiguities between sample and blank acetonitrile. Development of a streamlined extraction is still in the process and 
to be completed in two stages: unaltered from the literature and limiting volumes and/or steps. With this, it is proposed to minimize the pre-treatment 
steps down to a simple centrifugation with buffer prior to loading to cartridge. Future considerations for analysis closely correspond with the 
minimization of oral fluid needed to acquire clear, reproductive results in a roadside collection scenario. 

Synthetic Cathinone; Method Development; Novel Psychoactive Substances 
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Y17 The Development of a Central Mammalian Fur Database 

Hailey Adamik, BS*, Trafford, Pennsylvania 

Learning Objective: This presentation will encompass how a central and accessible mammalian fur database can aid the wildlife forensics community. 
In addition, it focuses on the various factors that must be considered, including a hair preservation method, the age/sex of the individual, seasonality, 
and so on. 

Impact Statement: The wildlife forensic community currently lacks an extensive, widely accessible, central mammalian fur database. Such a database 
would impact the forensic science community by providing forensic hair examiners with consistent references for aiding in wildlife crimes such as 
poaching and illegal wildlife trafficking. 

Wildlife forensics utilizes techniques and methodologies employed in human forensic science, focusing on crimes against animals, including poaching 
and trafficking endangered species. Human forensic databases exist for DNA, fingerprints, hair, and spent bullet casings, to name a few. They are 
essential for reference and identification purposes, as they link the perpetrator to the crime. Although some wildlife databases exist, a large gap remains 
in the forensic wildlife community. One such gap is a comprehensive and fully accessible digital mammalian fur database.  

Knowledge of animal hair morphology is necessary for wildlife crimes, as well as domestic animal abuse, meat adulteration cases, and crime scene 
investigations. Mammalian species may vary morphologically in fur characteristics regarding age, region, and intraspecific variation. The existing 
atlases describing mammalian pelage are limited in that many are non-inclusive, non-digital, and not freely or readily available. As a result, the 
development of a single, digitalized database of mammalian hair would greatly benefit the field of wildlife forensics, as well as other fields of study.  

The macroscopic and microscopic analysis of guard hairs using Scanning Electron Microscopy (SEM) and compound microscopes can distinguish 
morphological variations to assist in species identification. These techniques can provide documentation and visual references regarding cuticle scale 
pattern, medullary type, pigmentation, and basic form and size of individual mammalian hairs. Resulting data shows that the cuticle patterns of hairs 
viewed under the SEM differ morphologically among taxonomic families, while combinations of other characteristics, such as medulla type and cross-
section shape, aid in identification on the species level. Although DNA plays an immense role in species and individual identification, hair morphology 
remains an important technique due to cost-efficiency and reproducibility. The implications of a singular, widely accessible fur database include 
providing forensic hair examiners with consistent references across the globe and allowing for the continuation of future research to aid in wildlife 
investigations. 

Wildlife Forensics; Mammalian Hair; Digital Database 
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Y18 Visual Diagnostics for Cartridge Case Impression Evidence 

Joseph Zemmels, MS*, Center for Statistics and Applications in Forensic Evidence, Castle Rock, CO; Heike Hofmann, PhD, Center for Statistics and 
Applications in Forensic Evidence, Ames, IA; Susan VanderPlas, PhD, Center for Statistics and Applications in Forensic Evidence, Lincoln, NE 

Learning Objective: After attending tis presentation, attendees will be informed about alternative techniques for visualizing cartridge case impression 
evidence using computer graphics. 

Impact Statement: This presentation will be useful primarily for firearm and toolmark examiners and researchers. We provide alternative methods for 
visualizing and comparing cartridge case impression evidence other than a standard comparison microscope. Our visual diagnostics are also useful for 
explaining automatic cartridge case comparison algorithms. 

Firearm and toolmark examiners commonly use a comparison microscope to assess the similarity between known-source and questioned ballistic 
evidence. Evidence is placed on stages beneath two compound microscopes that are joined via an optical bridge to allow side-by-side viewing through 
a single eyepiece. Analyzing evidence in this manner requires the examiner to consider factors such as lighting and the positioning of the evidence 
under the microscope. Changing these conditions may lead to drastically different visualizations of the evidence and may affect an examiner’s analysis.  

With recent advances in 3D topographical scanning technology, we can obtain lighting- and position-agnostic measurements of a cartridge case’s 
surface. We digitally capture these measurements in a two-dimensional array called a “surface matrix” in which each element contains a numerical 
value representing the relative height of the cartridge case surface at a specific location. A surface matrix is therefore a precise, high-resolution 
representation of a cartridge case surface. Using this digital representation, we introduce a suite of visual and interactive diagnostic tools that are useful 
for comparing cartridge case impression evidence. In particular, they help diagnose potential issues at each stage of an automatic cartridge case 
comparison pipeline. For example, these visual diagnostics aid in uncovering similarities and differences in the impressions on two cartridge case 
breech faces. We show how these visual diagnostics help in explaining the behavior of an automatic cartridge case comparison algorithm. We also 
implement these visual diagnostics in a web application called cartridgeInvestigatR for comparing cartridge case surface matrices. The 
cartridgeInvestigatR interactive web application allows those without programming expertise to interact with and understand algorithms to 
automatically process and compare cartridge case scans. The visual diagnostics and cartridgeInvestigatR application are available to the forensic 
practitioner and researcher communities as free, open-source software so that the explainability and transparency of forensic comparison techniques 
can continue to improve. 

Firearms and Toolmarks; Cartridge Case Comparison; Visual Diagnostics 
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Y19 Americaôs Court System Through the Lens of a Pandemic: The Past, Present, and Future Adaptations 

Julianna Firek, BA*, New Kensington, PA; Lyndsie Ferrara, PhD, Duquesne University, Pittsburgh, PA 

Learning Objective: After attending this presentation, attendees will better understand how the court system has adapted and responded to the evolving 
COVID-19 pandemic. 

Impact Statement: This presentation impacts the forensic science community by documenting the changes that were made to the judicial system 
during and throughout the COVID-19 pandemic that affect court operations and testimony procedures. 

In March of 2020, the courts shut down, along with the rest of the world. Throughout the course of the pandemic, things were expected to return to 
“normal” in a year. Now, two years later, we are still facing new variants and high transmission rates like we did during the peak of the pandemic. 
Initially, after a month of shutdowns and cases being put on pause, the courts decided to continue by any means possible. This was met with various 
solutions by different courts in response to the constantly changing nature of the pandemic. These changes were highly unprecedented and were being 
made uncharacteristically fast. Within the court system, prior to the pandemic, the court was extremely slow to make any change. However, the 
pandemic forced many quick changes along with significant investments into new courtroom technology.  

This research aimed to analyze and compare the first-hand accounts of the adaptations that courts made during the pandemic. Interviews were conducted 
during the summer of 2021 and throughout 2022 with various professionals within the court system—at the county criminal courts—to gather 
information on their experiences during the pandemic. Interviews were conducted across different jurisdictions to compare the changes each court 
made. The initial rounds of interviews focused on the advantages and disadvantages of the changes that were made during COVID-19. After two years 
of shutdowns and changes, the interviews conducted this year were reflective of how the adaptations have progressed and what the “new normal” is 
beginning to look like. Additionally, this research captures how the literature and news has reported about the court system’s pandemic changes with 
time. The research has a unique perspective as it began early into the pandemic and is continued into a time in which everyone expected the pandemic 
to be over. However, new variants and higher infection rates are still prevailing, which causes the courts to continue to respond to change.  

The technology that was utilized by some courts broadened the capabilities for a hybrid court proceeding and allowed for optional remote testimony 
for expert witnesses. Documenting the timeline of COVID-19 and the adaptations that were made is important for future analysis of this unprecedented 
time. The initial concern of the courts was the safety of the public and of their employees. As the shutdown period progressed and already lengthy 
backlogs continued to grow, the priority was shifted to combatting this backlog of cases. This research provides a retrospective analysis of courtroom 
operations that shifted to fully virtual proceedings up through re-opening efforts and hybrid models. The initial round of interviews during Summer of 
2021 included negative perceptions of the changes made due to COVID-19. The 2022 interviews include more positive perceptions of these changes. 
At the forefront of all these changes should be equal access to justice and a fair and speedy public trial for every person. This research focuses on what 
that type of trial looks like in the light of COVID-19 adaptations. 

COVID-19; Virtual; Court 
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Y20 Understanding the Use of Forensic Evidence at Trial: A Case Study of Criminal Trials in Ohio 

Philip OôSullivan, MS*, Center for Statistics and Applications in Forensic Evidence, Ames, IA; Emily Hughes, JD, MA, University of Iowa College of 
Law, Iowa City, IA; Kori Khan, PhD, JD, Iowa State University, Ames, IA 

Learning Objective: This presentation will provide insight into how forensic evidence is used in trials. Attendees will have a better understanding of 
how seldom-available forensic evidence collected from a crime scene is analyzed for use at trial. 

Impact Statement: This presentation will highlight the unrealized potential for forensic evidence to improve the American criminal justice system. 
Drawing on a novel case study of 55 criminal trial transcripts, we considered how ten different types of forensic evidence were presented to juries.  Our 
findings show that juries are frequently advised of the presence of forensic evidence at a crime scene. However, they are seldom presented with any 
laboratory analysis of such forensic evidence. We quantify the gap between the presence of forensic evidence that could be analyzed by forensic 
practitioners and the actual analysis of such evidence for use at trial. 

The analysis of forensic evidence theoretically has the potential to provide a more objective means to aid fact-finding in the criminal justice system. 
This potential can only be realized: (1) if collected forensic evidence is actually analyzed, and (2) if the results of this analysis are effectively 
communicated to the fact-finders (a judge or jury) and decision makers. Historically, empirical studies on how often forensic evidence was collected 
and analyzed have shown that for most crimes, with the possible exception of homicide and sexual assault cases, forensic evidence was infrequently 
collected and even less frequently analyzed during the investigation stage. There was hope that with technological advancements and the rapid growth 
of public laboratories, this pattern might change. However, a recent study of five jurisdictions across the United States illustrated that forensic evidence 
was still only used in a small fraction of cases.1 Equally important, but less frequently studied, is whether the collection and analysis of forensic evidence 
is presented to fact-finders at trial. There is a wealth of scholarship suggesting that the presence of forensic evidence or a forensic practitioner’s 
testimony can have a significant effect on juror perceptions of innocence versus guilt. But little is known about how often fact-finders are actually 
presented with either forensic evidence or the testimony of a forensic practitioner.  

In our novel case study, we examined felony criminal cases filed in Franklin County, OH. Franklin County is the most densely populated county in the 
state of Ohio and encompasses the state’s capital. It has historically had one of the largest criminal caseloads in the state. We conducted an examination 
of all 6,285 criminal cases filed in 2018, identifying the 97 cases that had gone to trial by October of 2021. Using a sampling scheme stratified on the 
severity of the offense and disposition, we collected trial transcripts for 55 cases. For each case, every exhibit admitted to the fact-finders was 
individually examined to see whether it fell into one of ten types of forensic evidence: DNA, Trace Evidence, Footwear, Latent Prints, Firearm, 
Toolmark, Geolocation, Bloodstain, Drug Chemistry Evidence, or Forensic Toxicology. Testimony by all witnesses was also examined and cross-
referenced with exhibits. Information was also collected on whether the exhibit was referenced in the trial for a purpose beyond identification at trial 
or establishing chain of custody.  

A preliminary analysis of the data suggests among those ten different types only DNA, Firearm- and Latent Print-type exhibits were commonly admitted 
and used beyond the basic purposes mentioned above. Footwear- and Forensic Toxicology-type exhibits were not admitted at all. Of the exhibits that 
were: (1) admitted to the jury and (2) in at least one of the ten types, approximately 38% were Firearm type, 34% were DNA type, and 20% were Latent 
Prints type. Of those exhibits satisfying both (1) and (2), only about 60% were referenced for a purpose beyond the basic two purposes mentioned 
earlier. In other words, when an exhibit was admitted at trial, the fact-finders did not hear an examiner’s analysis of the evidence underlying the exhibit 
or their conclusions about it around 40% of the time. That number varied by type: only about 23% of DNA evidence was never referenced beyond the 
two basic purposes mentioned earlier, but that number rose to around 48% for Firearm type and around 57% for Latent Prints type. Complete results 
with a more detailed breakdown will be presented. 

Reference: 
1. James M. Anderson, Carl Matthies, Sarah Greathouse & Amalavoyal Chari, The Unrealized Promise of Forensic Science - A Study of Its 

Production and Use, 26 Berkeley J. Crim. L. 121 (2021). 
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Y21 Internal Validation of a Modified Procedure for the DNA Collection From Fired Cartridge Casings 

Jordan Bowman, BS*, Marshall University Forensic Science Program, Annville, PA; Kelly Beatty, MSFS, Marshall University, Huntington, WV; 
Jessica Skillman, BS, District of Columbia Department of Forensic Sciences, Washington, DC 

Learning Objective: Attendees will learn what BTmix solution is and how it is used with the modified rinse-and-swab procedure. They will learn how 
to preform this modified procedure and how the DNA profiles obtained compare to the current wet/dry swab procedure. The results from the sensitivity, 
repeatability, reproducibility, and mock case studies will be presented. 

Impact Statement: This research will give forensic biologists another reliable method to collect biological material from fired cartridge casings. The 
modified rinse-and-swab procedure was found to increase the quantity and quality of DNA recovered from fired cartridge casings compared to the 
current wet/dry swab technique. Overall, the modified method demonstrated higher success rates in yielding a DNA profile compared to the standard 
method, which can give aid to investigations. 

Crimes involving firearms are a significant problem for many law enforcement agencies. Fired cartridge casings and bullets are regularly found at 
crime scenes, and even after firing, these potentially carry trace amounts of biological material. This biological material could provide important 
information for investigators and could potentially link an individual to a crime. However, the success rates of obtaining DNA profiles suitable for 
comparison from fired cartridge casings have been low due to the compromised amounts of DNA recovered and the deleterious effects of the copper 
contained within the brass of cartridge casings. Previous studies have suggested that copper may inhibit downstream PCR and/or degrade DNA through 
oxidative damage.1 To improve recovery, the Bureau of Alcohol, Tobacco, Firearms, and Explosives (ATF) has recently developed a modified DNA 
collection process for FCCs that uses a rinse-and-swab method with a BTmix solution, consisting of Bovine Serum Albumin (BSA) and Glycine-
Glycine-Histidine (GGH). Previous research has shown that when BSA is added to the DNA extraction, it can increase yields for challenging samples 
by chelating contaminants and the GGH tripeptide has been shown to reduce DNA damage by complexing with copper.2  

An internal validation of the ATF modified rinse-and-swab method was conducted at the District of Columbia Department of Forensic Sciences (DC 
DFS) Forensic Biology Unit (FBU). The method was slightly modified to fit the QIAsymphony workflow that was recently validated by the FBU. 
Studies were conducted to compare the ATF modified rinse-and-swab method to the standard wet/dry swab method and to evaluate the sensitivity, 
repeatability, and reproducibility of the new method. The modified rinse-and-swab method with the BTmix solution was found to increase the quantity 
and quality of the DNA recovered from the fired cartridge casings. Overall, this method demonstrated higher success rates in yielding a DNA profile 
compared to the standard wet/dry swab technique. 

References: 
1. L.I Moreno, B.R McCord. Understanding metal inhibition: the effect of copper (Cu 2+) on DNA containing samples, Forensic Chem. 4 (June) 

(2017) 89-95. 
2. T. W. Bille, G. Fahrig, S. M. Weitz, G. A. Peiffer. An improved process for the collection and DNA analysis of fired cartridge cases, Forensic 

Science International: Genetics 46 (2020) 102238. 
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Y22 Splenic Rupture: An Unusual Presentation of Ehlers-Danlos Syndrome With Genetic Confirmation 

Megan Schultz*, Final Diagnosis Inc., Brandon, FL; Daniel Schultz, MD, Final Diagnosis Inc., Brandon, FL 

Learning Objective: Attendees will learn about a case report of splenic rupture in a patient with confirmed Ehlers-Danlos syndrome. Attendees will 
also learn how this splenic injury presentation could be incorrectly ascribed to trauma if not for the recognition of an underlying connective tissues 
disorder. Attendees will learn about how definitive characterization via genetic testing can help to further clarify the diagnosis of Ehlers-Danlos 
syndrome. 

Impact Statement: This presentation will impact the forensic science community because only a handful of reported deaths due to splenic rupture 
were found in the literature review. Non-recognition of Ehlers-Danlos syndrome could lead to an erroneous consideration of homicidal or accidental 
manners. 

We report the case of a 29-year-old woman with no previous medical history who presented with an acute onset of abdominal pain and weakness. She 
was found to have diminishing hemoglobin and evidence of abdominal bleeding. She was admitted to the hospital and given blood products, ultimately 
leading to an open laparotomy. She was found to have lacerations of the spleen and despite aggressive fluid, blood, and resuscitation, she did not 
survive surgery. The autopsy revealed a hemoperitoneum, very friable organs, and extensive splenic laceration effectively in two pieces. Hemorrhagic 
crush injuries of the liver and hemorrhage into the hilum of the right lung and mediastinum were also appreciated and attributed to CPR. The remarkable 
finding throughout was marked tissue fragility, allowing connective tissues to be broken and tissue separated with little effort. Concern for connective 
tissues disorder led to obtaining a refrigerated skin sample later submitted for fibroblast culture after being transferred to tissue culture media. Multiple 
genetic abnormalities were found, including likely pathogenic heterozygous COL3A1, clearly pathogenic heterozygous LTBP3, and 2 variants of 
heterozygous ZNF469, which are of uncertain clinical significance. A single mutation in the COL5A1 gene is clinically confirmed causal of Ehlers-
Danlos syndrome type I and II.1  

The Ehlers-Danlos syndromes (EDS) are a clinically and genetically heterogeneous group of heritable connective tissue disorders (HCTDs) 
characterized by joint hypermobility, skin hyperextensibility, and tissue fragility. Given the heritable nature of this condition, a referral was able to be 
arranged for their 3-year-old child to be subsequently tested. Only a handful of splenic rupture cases attributed to Ehlers-Danlos syndrome have been 
described in the literature review. But for the recognition of an underlying connective tissue disorder, her splenic injury and hemorrhage would 
potentially have been ascribed to trauma. Under the right circumstance, this kind of case could easily escalate to a homicide call. In children who have 
this disorder, they similarly may appear to be victims of child abuse. Awareness of the variants of Ehlers-Danlos and how to definitively identify 
features during the autopsy are important. 

Reference: 
1. De Paepe A, Nuytinck L, Hausser I, Anton-Lamprecht I, Naeyaert JM. Mutations in the COL5A1 gene are causal in the Ehlers-Danlos syndromes 

I and II. Am J Hum Genet. 1997 Mar;60(3):547-54. PMID: 9042913; PMCID: PMC1712501. https://pubmed.ncbi.nlm.nih.gov/9042913/. 
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Y23 The Effect of Motor Oil on the Attraction of Forensically Important Diptera in Toco, Trinidad 

Alyssa Teixeira*, Texas A&M University, Houston, TX; Adrienne Brundage, PhD, Texas A&M University, College Station, TX; Kevin Conway, PhD, 
Texas A&M University, College Station, TX; Ryan Mohammed, PhD, Auburn University, Auburn, AL 

Learning Objective: Attendees will learn about the affect motor oil has on the attraction of forensically important flies and further implications as it 
relates to anomalies in time of colonization. 

Impact Statement: This presentation will impact the forensic science community by informing attendees that knowledge of the implications motor oil 
has on Diptera attraction, succession, and development is pertinent for precise time of colonization calculations in the presence of motor oil regarding 
criminal investigations. 

Medicolegal forensic entomology aims to provide close estimates for postmortem intervals (PMI) in criminal investigations using time of colonization 
(TOC) calculations. Precise TOC calculations can provide investigators with a narrower time frame allowing them to accurately determine when/if a 
corpse has been moved or stored, and more importantly, how long the body has been there (postmortem interval). This commonly uses species of 
Diptera, such as those from the families Calliphoridae, Sarcophagidae, and Muscidae, which can arrive to carrion within seconds after death. Because 
these forensically important flies colonize in known patterns with respect to the surrounding environment, we can use this data to calculate TOC. 
Various factors, such as temperature, climate, weather, humidity, elevation, and medium are used to account for these patterns of succession and 
development. This study is the first step to determining the effect car oil has on species of Diptera in the Neotropics.  

In this study, the number of forensically important flies attracted to motor oil was tested. Two traps, one containing a commercially prepared bait 
(control) and another containing commercially prepared bait and motor oil, were set on the Jammev Beach Resort property in Toco, Trinidad. Three 
consecutive trials were conducted, each lasting four days in length. Data and specimens were collected every 24 hours. The control attracted 160 flies, 
while the motor oil treatment only attracted one. Eight total species were identified: Lucilia eximia, Lucilia cuprina, Lucilia sericata, Cochliomyia 
macellaria, Chrysomya megacephala, Chrysomya rufifacies, Sarcophagidae spp., and Muscidae spp. There was a significant difference in the number 
of flies collected from the control trap vs. the trap containing motor oil (p=0.007). A p-value of less than 0.05 indicates the results are replicable with 
a low error rate.  

Knowledge of the implications motor oil has is pertinent if we are to uncover anomalies in Diptera attraction, succession, and development. Extensive 
research has been done on many of these factors to provide accurate data for use in TOC calculations; making sure to account for changes in colonization 
that occur in these conditions. Additionally, several studies have revealed that various substances can alter these trends and patterns. Acids, alcohols, 
and paraphernalia are all examples of substances that can affect succession and developmental rates, altering TOC. While there have been studies 
conducted regarding the effect of various substances on Diptera colonization, there has been little-to-no research done on how oil, specifically, can 
alter these factors. This is problematic as oil, especially motor oil, is a main substance found in everyday households, vehicles, and stores. Additionally, 
in 2020 alone, there were 38,824 fatalities as a result of motor vehicle accidents in the United States. This presents a significant forensic impact 
regarding incidents involving motor oil.1-5 

As outlined above, insect development can be used to estimate time of colonization and postmortem intervals; however, in order to calculate an accurate 
TOC in the presence of motor oil, a known value for the time delay in Diptera colonization is needed. To ascertain this value, further studies are needed, 
such as longer trials, volatile analysis, and olfactory analysis of Diptera. Determining the exact delay in colonization in the presence of motor oil will 
allow for more precise TOC estimations in criminal cases. 

References: 
1. Tabor, K. L., R. D. Fell, C. C. Brewster, K. Pelzer, G. S. Behonick. 2005. Effects of antemortem ingestion of ethanol on insect successional patterns 

and development of Phormia regina (Diptera: Calliphoridae). Journal of Medical Entomology. 3: 481-489. 
2. Hédouin V., B. Bourel, L. Martin-Bouyer, A. Becart, G. Tourne, M. Deveaux, D. Gosset. 1999. Morphine perfused rabbits: a tool for experiments in 

forensic entomotoxicology. Journal of Forensic Science. 44: 347–350. 
3. Fatality Analysis Reporting System. 2022. Fatality facts 2020: State by State. IIHS. (https://www.iihs.org/topics/fatality-statistics/detail/state-by-

state#:~:text=There%20were%2035%2C766%20fatal%20motor,Massachusetts%20to%2025.4%20in%20Mississippi.). 
4. Campobasso, C. P., G. Di Vella, and F. Introna. 2001. Factors affecting decomposition and Diptera colonization. Forensic Science International. 120: 

18–27. 
5. Byrd, J. H., and J. L. Castner. 2010. Forensic entomology: the utility of arthropods in legal investigations, Second. ed. CRC Press, Boca Raton, FL. 
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Y24 The Impact of Sunscreen on the Attractancy of Forensically Important Flies in Toco, Trinidad 

Macy Strain*, Texas A&M University, College Station, TX; Adrienne Brundage, PhD, Texas A&M University, College Station, TX; Kevin Conway, PhD, 
Texas A&M University, College Station, TX; Ryan Mohammed, PhD, Auburn University, Auburn, AL 

Learning Objective: This presentation provides a baseline knowledge about a substance (sunscreen) that repels forensically important flies from 
decaying matter with statistical significance. 

Impact Statement: Since it is now known that sunscreen repels forensically important flies from decaying matter, we can do further research to figure 
out why this substance repels flies. This information is currently unknown. We can also figure out exactly how long the delay in insect colonization is, 
so forensic entomologists can have a more accurate time of colonization calculation under these conditions. 

Forensically important Dipteran species found at crime scenes are among the most telling pieces of evidence for investigators. The larval form of these 
forensically important flies can be used to calculate a window of time in which the decaying matter was available for insect colonization, and in 
conjunction with other biological indicators, can be used to determine a time of death in a homicide investigation.  

Large amounts of research focus on improving the accuracy of time of colonization calculations, which utilize the species and instar of the larvae and 
the ambient temperature of the scene to determine how long the insects have been on a cadaver. Various external factors can impact the time insects 
colonize remains at a crime scene, but little is known about how different substances impact the attractancy of forensically important flies to 
decomposing matter. Sunscreen is common for everyday use, and many sunscreens contain harmful chemicals such as oxybenzone.  

Certain toxins are anecdotally known to delay insect colonization on decaying matter in forensic investigations, so for this experiment, a control fly 
trap and a sunscreen-treated fly trap were set out for to determine the impact of sunscreen on the attraction of forensically important flies. A T-test 
showed a statistically significant (p>0.0001) decrease in fly colonization due to the presence of sunscreen in the treated trap. This information should 
be taken into consideration by investigators and forensic entomologists when sunscreen may be present on remains. The presence of sunscreen could 
potentially affect time of colonization calculations because of the severe delay and decreased magnitude of insect colonization. The exact reason for 
the significant decrease in insect colonization on the sunscreen-treated traps is unclear, so further research should analyze the change in volatiles in 
order to determine the possible deterrent and work to determine the length of the delay in insect colonization due to the presence of sunscreen. 

Diptera; Attraction; Sunscreen 
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Y29 Evaluation of Novel Psychoactive Substance Drug Loss From Storage in Serum Separator Tubes 

Devin Kress, BS, Forensic Science*, Hanover, PA; Melissa Fogarty, MSFS, The Center for Forensic Science Research and Education, Willow Grove, 
PA; Heather Harris, MFS, JD, Arcadia University, Glenside, PA; Barry Logan, PhD, CFSRE/Fredric Rieders Family Foundation, Willow Grove, PA 

Learning Objective: After attending this presentation, attendees will be able to evaluate if storage of serum in serum separator tubes causes adsorption 
of novel stimulants into the polymeric gel separator layer. 

Impact Statement: This presentation will impact the forensic science community by providing information on the appropriate storage conditions for 
serum samples if there is a need for forensic toxicology testing. The community will be able to determine if the current practice of storing serum in 
serum separator tubes is acceptable. 

Introduction/background: Serum separator tubes (SST) are a type of blood collection tube used primarily for clinical testing. These tubes contain a 
clot activator and a separator gel. The clot activator causes the blood to clot in the tube, and centrifugation allows the polymeric gel to separate the 
serum and red blood cells due to differences in densities. These tubes are used to collect blood due to their many advantages, including the convenience 
of simply storing any remaining sample in the vacutainer tube. A disadvantage that comes with storage in SST is that certain drugs are susceptible to 
being adsorbed into the gel polymer, resulting in a decreased concentration remaining in the serum, possibly to the point where the drug may be below 
detection limits. This is a concern when the sample is submitted days, weeks, or even months after collection for analysis in a forensic toxicology 
laboratory. Furthermore, there is little investigation for this effect with novel psychoactive substances (NPS), which are not always targeted in the 
initial investigation due to the ever-changing selection of which are currently being used on the streets.  

Aim/objective: The aim of this study is to determine if a subset of trending NPS stimulants will be susceptible to adsorption into the SST polymeric 
gel during storage and the resulting decrease in concentration. 

Methods: Samples were prepared by spiking citrated whole blood with known concentration of the following novel stimulant standards: diethylone, 
tertylone, N-ethyl pentylone, dimethylpentylone, eutylone, pentylone, and hexylone. This drug-fortified blood was aliquoted into 21 5mL Becton 
Dickson Vacutainer SST, recalcified with calcium chloride, and centrifuged at 3,000RPM for 10mins to separate the serum; 1.5mLs of the serum from 
each SST was aliquoted into a correspondingly labeled borosilicate glass tube to be used for the control where no adsorption would occur, and the 
remaining serum remained in the SST for storage.  

Serum aliquots were extracted and quantitatively analyzed via liquid chromatography/tandem mass spectrometry (LC/MS/MS). These aliquots were 
stored in the refrigerator (approximately 4°C) and were analyzed on days 0, 1, 2, 7, 14, 30, and 60. The resulting concentration from the analysis was 
then plotted against time for both the SST and borosilicate glass tube storage.  

Results: All of the compounds had a larger loss of drug in the SST versus the borosilicate glass tubes, and dimethylpentylone and hexylone had the 
largest decrease over the 60-day time span. For dimethylpentylone, the concentration decreased in the SST by 65%, while in the borosilicate glass tube, 
the concentration only decreased by 8%. Hexylone had a 63% decrease in the SST and only a 7% decrease in the borosilicate glass. All other compounds 
had a decrease of 49% or less in the SSTs. 

Discussion: This study shows that while SST are useful for extended storage of serum samples in the clinical setting, they can produce additional 
interpretation issues for forensic toxicology cases in terms of quantitation. Without further testing of all NPS, it will be unknown if the concentration 
is or is not affected by adsorption into the separator gel. Until this testing can be completed, it would be advantageous that if hospitals suspect a novel 
drug was ingested, to store that serum in a secondary container or to send the SST to the laboratory as soon as possible. 

Serum Separator Tubes (SST); Novel Psychoactive Substances (NPS); Serum Specimen Storage 
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Cone Beam Computed Tomography  
   (CBCT)-H4 
Confocal Microscope-A1 
Congenital Absence of the Left 
Circumflex Artery-I51 
Connection-F120 
Connective Tissue Disorder-Y22 
Consenus-Based Standards-W7 
Consensus Body-B60 
Constitution Law-G18 
Contact Traces-B6 
Contraband-B79 
Contribution-F100 
Conversion-B157 
Conviction Integrity-Y13 
Copycat-J28 
Core Curriculum-G30 
Coronary Artery Anomaly-I51 
Corpus Luteum Cyst-I53 
Correct Level of Security Treatment-J31 
Corrections-J9 
Cortical Porosity-A71 
Cosine Similarity-D31 
Cosmetic Products-D29 
Cosmetics-Y5 
Cost Benefit Analysis (CBA)-L63 
Counterfeit Documents-K3 
Counterfeit Drugs-B59 
Counterfeit Stamps-K5 
Court-Y19 
Courtroom-Y20 
Courts-LS3, G26 
COVID-19-E9, F1, F13, F55, I25, I58,  
   I60, I91, I100, Y19 
COVID-19 Infection-E20 
COVID-19 Pandemic-F97 
COVID-19 Vaccine-I43 
Crack Babies-F54 

Cranial Macromorphoscopic Data-A97 
Cranial Sutures-A57 
Craniofacial Identification-A15, A77 
Craniofacial Reconstruction and Facial  
   Soft-Tissue Thickness-A21 
Craniofacial Identification-D40 
Craniofacial Superimposition-A15, A77 
Craniometric-A96, A99 
Craniometric Data-A97 
Cremation-F110 
Crime-lite®AUTO-Y7 
Crime Prevention-D30 
Crime Scene Examination-F122 
Crime Scene Investigation-B71, B72, B98, 
   C6, F28, F50, F56, F63, F92, F132 
Crime Scene Investigations-J18 
Criminal Investigations-F51 
Criminal Justice-F49 
Criminal Law-G1 
Criminalistics-Y4 
Criminology-F87 
Croation DNA Database-F51 
Crop-Type-B99 
Cross-Reactivity-L28 
Crossbows-I18 
Crosswalk Violation-D37 
Cruelty-F68 
Cryptographic Techniques-C14 
CSAAS Admissibility-G38 
CSI Effect-Y15 
CT Scans-A16 
CT Scan Study-A65 
Cultural Consensus Analysis-A51 
Currency-B159 
Curriculum-G21 
Cut Mark Characteristics-A8 
Cutaneous Lesions-F45 
Cyber Forensic Investigation-C13 
Cyhalothrin-I106 
CYP2D6-L61 

D 

DAE Quicksheets-H10 
Damaged DNA-B13 
Dangerous Conditions-D39 
DART®-HRMS-B177 
DART®-MS-B29, B76, B111, B114, 
   B152 
Data Privacy-C14 
Data Quality-C28 
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Data Science-A114 
Data Verifiction-C17 
Dataset-C23 
Dating Violence-E1 
Daubert-G28 
Daubert/Frye-G33 
Daubert Standard-G22 
Deactivation-F111 
Death-I61 
Death Certificate-F70, I29 
Death in Custody-I72 
Death Investigation-F27 
Deaths-F83 
Decapitation-I9, I20 
Decedent Identification-A82, C31, F108 
Deception Detection-D15 
Decomposition-W8, A34, A35, A36, A38, 
   A115, A120, A121, A124, F101, F136, 
   G7, I46, I81, I85, I89, K13 
Decomposition Process-I79 
Deep Learning-A69, B75, C30, D27, D38, 
   D40, K15 
Deep Learning Algorithms-C7 
Deep Vein Thrombosis-I22 
Degenerative Changes-A88 
Degraded DNA-B93 
Degraded Remains-B137 
Degree of Force-I40 
Delayed Oviposition-I67 
Delphi Method-E12 
Delta 8 THC-B122 
Delta-9-Tetrahydrocannabinol-B112, B153 
Delta 9 THC-B122 
Demographics-I122 
Density Functional Theory (DFT)-B28 
Dental Age Assessment-H9 
Dental Age Estimation-H10, H16 
Dental Aging Methods-A59 
Dental Anatomy-H3 
Dental Anthropology-A59 
Dental Comparison-H7 
Dental Development-A86 
Dental Identification-H3 
Derivatization-L26 
Designer Benzodiazepines-L6, L41 
Designer Drugs-B155 
Detector Dogs-F47 
DFE-L56 
DFT-L5 
Diagnosis-J20 
Diagonal Path-D8 

Differential Extraction-B39, B41, B42, 
   D32, F9 
Digital Analysis-C3 
Digital and Multimedia Forensic Sciences- 
   C30 
Digital Bone Loss-A84 
Digital Data Sets-C22 
Digital Database-Y17 
Digital Evidence-C9, C11, C17, C20, C26, 
   C29 
Digital Forensics-C12, C16, C22, C23, 
   C25, C26 
Digital Forensics and Incident Response 
   Systems-C27 
Digital PCR-B142 
Digitally Captured Signatures-K20 
Dimethoate-L38 
Diptera-Y23, Y24 
Direct Analysis in Real Time (DART®)- 
   D3 
Direct and Fast PCR-B15 
Direct PCR-B8 
Disaster Victim Identification-C32, F36 
Disclosure-G32 
Dismemberment-A3, A9, I85 
Disorganized Criminal Behavior-J11 
Discretion-CB1 
Dissection-W16 
Dissociation-J5 
Distracted Driving-G12 
Diversity-W5 
DNA-W17, B49, B55, B147, E19, F27,  
   F109, G9, G16, I77, LW3, LW4 
DNA Analysis- B39, B126, B127, B150 
DNA and Soil Analyses-F136 
DNA Backlog-B149 
DNA Barcoding-B141 
DNA Collection-B58 
DNA Collection and Extraction-B56 
DNA Database-B59, B134, G8, G17, I47 
DNA Degradation-B146 
DNA Extraction-B90, B96 
DNA IQTM-B16 
DNA Methylation Markers-B104 
DNA Metabarcoding-B95 
DNA Mixture-B12, B52, D32 
DNA Mixture Interpretation-B53 
DNA Phenotyping-Y3 
DNA Prevalence-W4 
DNA Recovery-B16, B97 
DNA Shedding Propensity-B6 

DNA Sperm-F9 
DNA Testing-G8 
DNA Transfer-W4, W14, B6 
Domestic Violence-I13, I118 
Donepezil-L18 
Dr. Cop-G34 
Driving-L57 
Driving Under the Influence-L22, L59 
Drowning-A35, F6, F42, F93, I106 
Drub Abuse-J29, L13 
Drug and Alcohol Detection-F26 
Drug Biomarker-L26 
Drug Identification-B116, B178 
Drug Intoxication-F18 
Drug Profiling-F48 
Drug Recognition Expert-G34 
Drug Stability-L22 
Drug Testing-L55 
Drug Trends-B159 
Drug-Hair Binding Studies-L64 
Drug-Related-F83 
Drug Use-L10 
Drugs-F45, F46, F101, L57 
DSM-5-TR-J20 
DTT-B5 
Dual Mode Separations-Y8 
Duct Tape-B19 
DUI-G19, L56 
DUI/DUID-G34, L54 
DVI-H1
DWI-G19

E 

Ear Photograph and Ear Print-C6 
E-Cigarettes-B153
ECHR-G16
Edibles-Y10
eDNA-B95
EDR Data-D23
Education-B143, C34, F33, I92
Ehlers Danlos Syndrom-Y22
EI Fragmentation-B22
Elder Abuse-A4, I118
Elderly Neglect-F124, H18
Elderly Victims-E8
Electrical-D35
Electrical Marks-I3
Electrochemistry-B178
Electrocution- D35, I3
Elemental Analysis-B171



 Key Word Index__2023 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
 ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______

- 961 - 

ELISA-L28 
E-Liquid Ingestion-L27 
Embolism and Thrombosis-I125, I71 
Emerging Drug Threats-W26 
Empirical Study-Y20 
Employee Retention-F84 
Empty Puparia-L52 
Endochondral Ossification-A87 
Enforced Disappearance-F106 
Entheses-A94 
Entomology-I77, I78, I80, I85 
Environment-B143 
Environmental Degradation-F61 
Environmental DNA (eDNA)-Y12 
Environmental Forensics-Y12 
Enzymatic-F4 
Ephedra-Y4 
Epigenetic Sample Preparation-B145 
Epigenetics-B143 
Epilepsy-I23 
Epithelioid Angiosarcoma-I54 
Equity and Inclusion-W5 
Error Rates-B18 
E-Scooter Accidents-I35 
Ethanol-L9 
Ethical Competency-F87 
Ethics-W9, G40 
Ethics Committee-F13 
Ethnic DAE-H12 
Etodesnitazene-L46 
Ettore Majorana-LW1 
EU Regulations-F111 
Eugenics-LW5 
European Convention on Human Rights 
   (ECHR)-G17 
European Court of Human Rights 
   (ECtHR)-G17 
Evaluative Reporting-B57 
Evidence-G28, H22 
Evidence Expectations-Y15 
Evidence Identification-B78 
Evidence Recovery-Y11 
Evidentiary Value-B74 
Exact Convolution-B17 
Examination-G25 
Exoneration-Y13 
Expanding Projectile-F14 
Experimental Case Studies-W18 
Expert Testimony-G13, G31, G40, J5 
Expert Witness-W9, W23, G37, J23 
Expertise-A74 
Exhaled Breath DNA-B4 

Explainability-K9 
Explosives-B26, B62, B81, F65 
Extraction-L19 
Extractor-Marks/Gyroscopic Motion-D9 
Extrajudicial Execition Cases-I36 
Extreme Climate-A124 
Eyeglasses-B10 
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FAAS-L24 
Facial Anatomy-F66 
Facial Comparison-LW1 
Facial Identification-C5 
Facial Recognition-C5, C19 
Facial Reconstruction-A20 
Facial Soft Tissue Depth-A83 
FADAMA-A53 
Failure-D36 
Failure Analysis-D7 
Fall From Height-D4 
False Allegation-F80 
Family Massacres-J8 
Fast Blue BB-B119 
Fat Emboli Syndrome-I57 
Fat Overload Syndrome-I104 
Fatal Injuries-I30 
Fatalities-F1 
Fatigue-F122 
Fatty Acids Profiling-F24 
Fauna-F130 
Favorable Information-G32 
FBBB-L35 
Fear of Crime-D30 
Feature Detection-C4 
Fecal Contamination-B142 
Feet-F27 
Fellowship-A22 
Female Feticide-F105 
Female Homicide-I32 
Female Violence-F79 
Femicide-I10, I32 
Fentalogs-L45 
Fentanyl-B85, B159, B161, L3 L8, L11, 
   L21, L29, L52 
Fentanyl Analogs-B22, B84, L5 
Fetal Alcohol Spectrum Disorder (FASD)- 
   F49 
FGG-G9, LW4 
Fiber Analysis-B27, D3 
Field Drug Analysis-D12 

Field Sampling-B24 
Fingermark-B32, B169, D29 
Fingermarks-B55 
Fingerprint-B166, B167 
Fingerprints-LS1, F21, F24, Y14 
Finite Element-D7 
Fire-A45 
Fire Classification-A2 
Fire Debris-B76, D5 
Fire Debris Analysis-B74, B75, B107 
Fire Investigation-Y7 
Firearm-G25, B118 
Firearm Toolmarks-B77 
Firearms-B57, F111, F115, I1 
Firearms and Toolmarks-B60, Y18 
Firearms Examination-F114 
Firearms Identification-B18 
Firearms Toolmarks Limitations-G24 
Fired Cartridge Casings-Y21 
Flubromazepam-F53 
Fluorescent Labeling-A70 
Flow Cytometry-B54 
Fluvial Environment-A127 
Fly Larvae-B138 
Flying Forensic Nursing-E10 
Follicular Lymphoma-I49 
Font Identification-K10 
Footwear Evidence-F29 
Forced Disappearance-F95 
FORDISC®-3.1-A73, A130 
Foetus-F54 
Forced Disappearance-F95 
Foreign Body Ingestion-I121 
Forensic-E15, F126, I92 
Forensic/Non-Forensic-A75 
Forensic Anthropology-A1, A3, A7, A12, 
   A14, A16, A21, A22, A25, A27, A41, 
   A47, A50, A51, A53, A55, A58, A61,  
   A63, A66, A67, A68, A72, A73, A74,  
   A76, A81, A92, A97, A98, A101, A104, 
   A105, A109, A112, A116, A117, A123,  
   C31, C33, F72, F78, F95, F127, LW2 
Forensic Anthropology Casework-A24 
Forensic Archaeology-A80, F95 
Forensic Art-F66 
Forensic Artifact-C10 
Forensic Autopsies-I30 
Forensic Autopsy-I119 
Forensic Biology-B38 
Forensic Biology/DNA-G11 
Forensic Botany-F132 
Forensic Capacity Building-A28 
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Forensic Case-E3 
Forensic Computational Linguistics-D16 
Forensic Dentistry-H17 
Forensic DNA-B14, B38, B93, B137 
Forensic DNA Analysis-B15, B91, D1 
Forensic DNA Applications-B105 
Forensic DNA Laboratory-B144 
Forensic DNA Testimony and Reporting- 
   W4 
Forensic Document Examination- K1, K5, 
   K6, K8, K11, K14, K21 
Forensic Education-G6 
Forensic Engineering-E17 
Forensic Entomology-B138, F72, I67, I68, 
   I69, I70, I81, I82, I83, I84, I85 
Forensic Entomotoxicology-L62 
Forensic Epigenetics-B145, D1 
Forensic Evaluation-B172, J10 
Forensic Evidence-E6, G21 
Forensic Facial Reconstruction-F66 
Forensic Genealogy-B95, F108 
Forensic Genetic Genealogy-W21, A79, 
   G8 
Forensic Genetics-B14, B133, Y3 
Forensic Glass Analysis-B109 
Forensic Hair Reference Material-L64 
Forensic Handwriting-K11 
Forensic Humanitarian Anthropology-A28 
Forensic Identification-W6 
Forensic Investigation-C21, F24, I43, I87,  
   I120 
Forensic Investigative Genetic 
   Genealogy-W21 
Forensic Laboratories-W24, F41 
Forensic Medicine- E14, J6, J8 
Forrensic Network-E10 
Forensic Nursing-E4, E5, E6, E13, E17, 
   E19 
Forensic Nursing Certification-E13 
Forensic Nursing Certification Board-E13 
Forensic Nursing Core Competencies-E12 
Forensic Nursing Education-E12 
Forensic Odontology-A59, D25, H1, H4,  
   H8, H14 
Forensic Pathologist-F35, I34 
Forensic Pathology-W3, W16, F5, F14, 
   F58, H17, I1, I6, I15, I35, I38, I39, I40, 
   I42, I52, I110, J15 
Forensic Plant Science-B92 
Forensic Podiatry-F28 
Forensic Provenance-A48, A109, H5 

Forensic Proteomics-F127 
Forensic Psychiatric Evaluation-J13 
Forensic Psychiatry-W9, G37, J4 
Forensic Radiology-W3, F7 
Forensic Science-W7, A114, B21, B64, 
   B129, B130, E5, F28, F131, G1 
Forensic Science Commission-G24 
Forensic Science Education-W1, F89 
Forensic Science Library-F32 
Forensic Science Practice-B69, B70 
Forensic Science Principles-B69, B70 
Forensic Sciences-CB3, B7, F69, F124, 
   F130, F132, G10, H18, I10, I63, I102, 
   I112, I125, J2, J28 
Forensic Settings-J31 
Forensic Statistics-K16 
Forensic Taphonomy-W8, A125, A128, 
   A129 
Forensic Testimony-Y20 
Forensic Testing-D11 
Forensic Text Analysis-D14 
Forensic Tool Testing-C25 
Forensic Toxicological Analysis-L14 
Forensic Toxicology-I72, L51, L60 
Forensic Workflows-W26 
Forensics-S1, F44, F62, G30 
Forensics Firearm-B78 
Four-Field Anthropology-A28 
Four-Field Methodology-A30 
Fractography-A42 
Fracture Analysis-A71 
Fracture Patterns-A4 
Fragmentation Pathways-B115 
Fraud-K5 
French Criminal  Law-G22 
Friction Ridge-B63 
Frustrated Suicide-J12 
FTIR Microscopy-B176 
Full-Face Helmet-I9 
Fulminant-I57 

G 

Gaming-J14 
Gargano Mafia-I37 
Gas Chromatography/Mass Spectrometry 
   (GC/MS)-B125 
Gas Chromatography/Electron Ionization/ 
   Mass Spectrometry (GC/EI/MS)-B25, 
   B116 

Gas Chromatography/Vacuum Ultraviolet 
   Detection-B151 
Gastrointestinal Bleeding-I49 
GC-IRMS-Y6 
GC/MS-B21, B31, B85, B157, K22, L20 
GC/MS Pseudo-Color Heatmap-B75 
Gedmatch-B135 
Gender-Based Violence-I32 
Gender-Specific Crime-G20 
Genealogy-B133, G9, LW3, LW4 
General Linear Model-B84, B117 
Generalist-B72 
Generalist Forensic Scientist-B71 
Genetic Diversity-Y9 
Genetic Genealogy-B135 
Genetic Variants-I98 
Genetically Variant Peptides-E18 
Genotypes-B59 
Geographical Sourcing-B87 
Geological Materials-B65 
Geometric Morphometric Analysis-H2 
Geometric Morphometrics-A93 
Geophysics-F3 
Germany-J4 
Glass-B163 
Global-S2 
Global Provenancing-A47 
Glyphosate-I105 
GoPro®-C1 
Governing Agency-I41 
Grant Funding-F90 
Grant Update-B68 
Grants and Funding-F34 
Graphical User Interface-A102 
Graphology-J2 
Greater Sciatic Notch-A92 
Greater Sciatic Notch Sex Estimation-D27 
Grid-K1 
Grillz-H7 
Ground Penetrating Radar-F3 
Ground Truth-C28 
Group Violence-F123 
GSR-F8 
Guidelines-F110, I68 
Gun Power Residue-F112 
Gunshot Residue-B62, B114, B162 
Gunshot Wounds-A6 
Gyroscopic Motion-D8 



 Key Word Index__2023 

Copyright 2023 by the AAFS. Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by the AAFS. 
 ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______

- 963 - 

H 

Hair-L6, Y6 
Hair Analysis-B174 
Hair Colorants-F25 
Hair Growth Rates-Y28 
Hair Shaft-B139 
Hallucinogenic/Psychedelic Drugs-L47 
Hallucinogens-B156 
Hammer Blow-F53 
Hand-Held Scanner-I116 
Handles-B9 
Handprinting Examination-K21 
Handwriting-K9, K12, K17, K19 
Handwriting Analysis-LS1, K16 
Handwriting Classification-K15 
Handwriting Comparison-K18 
Handwriting Examination-K21 
Harassment-F84 
Harris County-F76 
Hate Crimes-G20 
Hay Bale-D11 
Hay Stack-D11 
Head Injury-I18 
Headshot-F7 
Headspace-D5 
Headspace Analysis-B79, B87 
Headspace/Solid Phase Microextraction- 
   Gas Chromatography/Mass Spectrometry 
   (HS/SPME-GC/MS)-F43 
Heat Lesions-I94 
Heat Stroke-F134 
Heavy Metals-L62 
Helmet-I35 
Hemangioma-I114 
Hemangiosarcoma-I114 
Hemascein-F10 
Hemoperitoneum-I53 
Heroin Decomposition-F48 
Herzog Test-B170 
Hiatal Hernia-I48 
HIC-D28 
Hierarchical Modeling-K16 
High Court Judgement-B149 
High Reliability Organizations-F41 
High Resolution Mass Spectrometry 
(HRMS)-L63 
Hispanic-H11 
Hired Gun-G37 
Histology-I27, I50 
Holistic-A29 

Holistic Anthropology-A32 
Holistic Approaches-A31 
Hollow Point Bullet-B120 
Home Reloading of Ammunition-B23 
Homelessness-F107 
Homicidal Intentionality-J22 
Homicide-F71, F72, F74, F85, F104, G20, 
   I12, I16, I75, I106, J18, J27, L29 
Homicide Attempt-J12 
Homicide Investigations-F93 
Homicide-Suicide-F63. J17 
Hospital Legal Medicine Service-J16 
House Fly-I84 
HPTLC-B155, B156, L13 
Human Capital-G15 
Human Decomposition-A114, A117,  
   A122, I90 
Human DNA-B138 
Human Factors-W17 
Human Identification-A15, B90, B96, H17 
Human Identification Markers (HID)- 
   B148 
Human Model-D4 
Human Remains-A75, B30, F102, G14 
Human Rights-S2, A80, F55, F70, F117, 
   G16 
Human Sacrifice-F16 
Human Scent-F43 
Human Trafficking Intervention-E4 
Human Trafficking Prevention-E4 
Human Variation-A95 
Humanitarian Forensics-F135 
Hunting-B118 
Hybrid Similarity Search-B22 
Hydrochloric Acid-A58 
Hydrodynamic Modeling-D6 
Hyperthermia-F134 

I 

Identification-A27, A29, A30, A67, A108, 
   F21, F107, F108, H20 
Identification Investigation-A31 
Identification Marks-F113 
Identity Informative SNPs-B130 
Ignitable Liquid Residue-Y7 
Ignitable Liquids-B29, B62, B76, B121 
Illegal Logging-B177 
Illicit Drugs-B154 
Image Analysis-B26 
Image Flow Cytometry-B12 

Image Platform-E11
Image Processing-A69 
Image Quality-B166 
Imaging-I92, I114 
Immobility-A78 
Immunity-G39 
Immunoassay-L15, L63 
Immunochromatography Tests-B45 
Immunohistochemistry-F134, I54 
Immunohistochemistry Stains-I57 
Impaction Filters-L36 
Impaired Driving-L58 
Implementation-S3, G4 
Implicit Bias-G40 
Improvised Explosive Devices (IEDs)- 
   F133 
Imputability-J14 
In Vitro Endothelial Damage-I110 
Incentives-F40 
Incest-J27 
Inconclusive Results-D13 
Indemnity-F129 
Indirect Matching-B134 
Individual Features of Lip Prints-B164 
Infant-F19 
Infant Mortality-I124 
Infants-I100 
Information Dissemination-W1 
Infrared CCTV-C2 
Infrared Light-W19 
Infrastructure-F40 
Initial Insect Arrival-I81 
Injury-D35, I116 
Injury Analysis-D23 
Injury Biomechanics-D22 
Injury Risk-D28 
Ink-K23 
Inks-D26 
Innocence-LS3, G26
Innocence Projects-Y13 
Innovation-E17 
Inorganic Explosives-B80 
Insanity-J5 
Insanity Defense-Y27 
Insertion Deletion Polymorphisms 
   (INDEL)-B148 
Insight-J23 
Insufflation-I50 
Interference-L56 
Interference Studies-L15 
Inter-Laboratory Study-B67, B112 
Inter-Laboratory Variation-B52 
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Interlandmark Distance-A62 
Internal Gaze Woumd-I1 
International-F98 
International Law-F117 
International Reference Data Set-H12 
Internships-F33 
Interpretation of DNA Mixture-G18 
INTERPOL-F109 
Interrater Reliability-A2 
Intimate Partner Violence-E1, F94, I13 
Intoxication-F53, I107, I109, I107, J14 
Intrauterine Fetal Death-I120 
Intravenous Lipid Emulsion-I104 
Investigations-S2, C24, D2, F38, F62, F94, 
   G10, I61 
Investigative Genetic Genealogy-W21 
Ion Mobility Spectrometer-B154 
iOS® Forensics-C12 
iPhone® Forensics-G12 
IR Photography-F8 
IR Spectroscopy-K3 
Iris Recognition-I97 
ISO Accreditation-F39 
Isoalleles-B128 
Isomer Identification-B151 
Isotope Analysis-A48 
Istanbul Convention-E10 
Istanbul Protocol-F81 

J 

Jail-F119 
Judges and Attorneys-G5 
Judicial Misconduct-CB1 
Jurisdictional Authority-I46 
Jurisprudence-W25, G13 
Juror Decision-Making-G31 
Jurors-Y15 
Jury-C29 
Juvenile-A90, A102, Y2 
Juvenile Deaths-F76 

K 

Katana-F5 
Kidney-I27 
Kinship Calculations-F15 
Kinship Inference-B51 
Knowledge of Evolution-A19 

Known Writing Samples-K18 
Korean-A84 
Kratom-B141 

L 

LA-ICP/MS-B109 
Laboratory Survey-L40 
Ladder Evidence-LS1 
Lands and Grooves-F113 
Language-A72 
Large-F44 
Laser Ablation-B24, B109 
Laser Scanning Confocal Microscopy-A70 
Laser Measuring Device-A103 
Latent Fingerprint-B165, B166 
Latent Print Evidence-G31 
Latrogenic and Traumatic Injuries-I93 
Law Enforcement-F131 
Lawyers-C29, G6 
LC/MRM/MS-B7 
LC/MS/MS-L2, L6, L18, L45 
Leadless Intracardiac Pacemaker-I52 
Lectins-L37 
Legal-G1 
Legal Medicine Recommendations-J16 
Legal Proceedings-G2 
Legislation-F110 
Lemmatization-D14 
LIBS-A49, B162 
Likelihood Ratio-W20, B78, C20 
Lime Sulfur-I105 
Limited Access Environment-I80 
Lindbergh-LW5 
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