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65th
Anniversary

S1 A National Forensic Sciences Enterprise
and Transparency in Forensic Science:
Legal and Practitioner Views on our
Path Forward

Kenneth E. Melson, JD*, George Washington University School of Law,
2000 H St NW, Washington, DC 20052; Dean M. Gialamas, MS*, Los
Angeles County Sheriff’s Office, Scientific Services Bureau, 1800 Paseo
Rancho Castilla, Los Angeles, CA 90032; Michael T. Ambrosino, JD*,
U.S. Attorney’s Office, 555 4th St NW, Washington, DC 20001; Steven
D. Benjamin, JD*, Benjamin & DesPortes, PC, PO Box 2464, Richmond,
VA 23218-2464; Barbara Parker Hervey, JD*, Texas Court of Criminal
Appeal, PO Box 12308, Capitol Station, Austin, TX 78711; Reggie B.
Walton, JD*, U.S. District Court, 333 Constitution Ave NW, Rm 2428,
Washington, DC 20001; Joe S. Cecil, PhD, JD* Federal Judicial Center,
Director of the Scientific Evidence Project, Washington, DC; Laura L.
Liptai, PhD*, BioMedical Forensics HQ CA/FL, 1660 School St, No 103,
Moraga, CA 94556; Carla M. Noziglia, MS*, ICITAP, 305 Ascot Dr, Aiken,
SC 29803-7833; Robin W. Jones, BS*, U.S. Dept of Justice, 99 New
York Ave, NE, Washington, DC 2002; and Robert E. Barsley, DDS, JD*,
LSU School of Dentistry, Oral Health Resources, Rm 5345, New
Orleans, LA 70119

Educational Objective: The goal of this session is to take part in
hearing the points of view from several diverse perspectives.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by developing awareness
and hopefully consensus on the roadmap for our forensic science future.

An effective justice system is the cornerstone of freedom in the
United States and abroad. Forensic science plays a critical role for
which there is shared responsibility among the stakeholders in the
criminal justice arena. The National Academy of Sciences recognized
this important role and has articulated the critical need for strengthening
forensic science in the United States. Efforts have been underway in the
four years since the NAS Report to create our path forward to further
strengthen forensic science. This is an opportunity to provide input and
to help create our forensic science path forward.

Presenters from the Subcommittee on Forensic Science, along with
representatives from the crime laboratory, judiciary, defense, and
prosecution communities, will thoughtfully consider, discuss, and refine
the future opportunities and challenges for forensic science. With a
critical eye toward implementation, the infrastructure to support
enhancing quality in forensic science, including standards and
competency, will be paramount. The goal for this session is embodied
in President Robert Barsley’s theme for the Annual Meeting “The
Forensic Sciences: Founded on Observation and Experience, Improved
by Education and Research,” as well as the objectives of the American
Academy of Forensic Sciences: To promote professionalism, integrity,
competency, education, foster research, improve practice, and
encourage collaboration in the forensic sciences.

Subcommittee on Forensic Science — Kenneth Melson,
Professorial Lecturer in Law at the George Washington University Law
School will discuss the forensic science issues studied by the NSTC
Subcommittee on Forensic Science. These issues provide a foundation
to meet the needs of the criminal justice system through a uniform,
national forensic science enterprise. Kenneth Melson comes to us with
a background in law and forensic science as a state and federal
prosecutor, Past President of the AAFS, a former and long-time member
of the ASCLD/LAB board of directors. He also served as the co-chair of
the Subcommittee. Robin Jones will discuss the need for robust

standards development processes and their use by Scientific Working
Groups. Robin Jones is the principal of RWJ Consulting Services and
has served as the Executive Secretary for the Subcommittee on
Forensic Science, the Executive Assistant for the National Commission
on the Future of DNA Evidence established by Attorney General Reno,
and developed and executed Attorney General Ashcroft’s Initiative on
DNA Laboratory Backlogs. She has also contributed to the development
of many publications and training tools for the National Institute of
Justice in the area of forensic science.

Crime Laboratory Perspective — Consensus and cooperation
from the entire range of forensic science service providers, from full-
service crime laboratories to law enforcement identity units, are essential
to advancing the quality of forensic science. Dean Gialamas is the
Director of the Los Angeles County Sheriff's Department Scientific
Services Bureau and has over twenty-two years of experience in
forensic science. He is an accomplished author and instructor, and has
been a leading-edge innovator in forensic science laboratory
management. His insights will reveal the impact that forensic science
reform will have on the quality and efficiency of the crime laboratory’s
work and whether the proposed reforms have gone too far, or not far
enough.

Prosecution and Defense Perspectives — Advocates
representing the defense and the state have important perspectives
helpful to the creation of a fair and balanced system of adjudication.
Steve Benjamin, President of the National Association of Criminal
Defense Lawyers and a Richmond, VA, defense lawyer will explicate the
needs of the defense community and the impact of the
recommendations for improving forensic science. As Special Counsel to
the Virginia Senate Courts of Justice Committee, a member of the
Virginia Board of Forensic Science, the Virginia Indigent Defense
Commission, and a Past President of the Virginia Association of Criminal
Defense Lawyers, Mr. Benjamin is a 2003 recipient of the Virginia State
Bar’s Lewis F. Powell Pro Bono Award. He was also counsel in the
landmark Virginia Supreme Court decision recognizing a constitutional
right to forensic expert assistance at state expense for indigent
defendants.

Michael Ambrosino is Special Counsel for DNA and Forensic
Litigation in the United States Attorney’s Office for the District of
Columbia. Since 1989, he has been a federal trial attorney and
prosecutor in the civil, fraud, homicide, and appellate divisions of the
office. In 2010, Mr. Ambrosino was designated by the United States
Attorney as Special Counsel to represent the United States in cases
involving DNA and other forensic science disciplines. His duties include
handling Frye and Daubert hearings, training assistant prosecutors,
coordinating their work with crime laboratories, and overseeing post-
conviction DNA testing. His perspective will reflect the challenges
prosecutors have in using forensic science in investigations and in court
proceedings as well as the ways laboratories can help ensure
admissibility of their evidence and just verdicts.

Judicial Perspective — Judge Barbara Parker Hervey was
elected to the Texas Court of Criminal Appeals in November 2000. Prior
to her election, she was Assistant Criminal District Attorney in the Bexar
County District Attorney’s Office, Appellate Section for 16 years. In
2008, Judge Hervey formed the Texas Criminal Justice Integrity Unit to
review the strengths and weaknesses of the Texas criminal justice
system. She served on the Governor’s Ad Hoc Committee to Rewrite
the Texas Code of Criminal Procedure and received the Appellate
Advocacy Award, Regional Awards, Region VI, Association of
Government Attorneys in Capital Litigation. She was honored with a
Certificate of Appreciation from the San Antonio Police Officers
Association, for work on Jonathan Moore vs. State of Texas (Capital
Murder of SAPD Officer Fabian Dominguez).




Judge Reggie Walton, United States District Judge for the District
of Columbia, was appointed to Judge of the United States Foreign
Intelligence Surveillance Court as well as served as the Chairperson of
the National Prison Rape Reduction Commission and on the federal
judiciary’s Criminal Law Committee. While serving on the Superior
Court, Judge Walton was the court's Presiding Judge of the Family
Division, Presiding Judge of the Domestic Violence Unit and Deputy
Presiding Judge of the Criminal Division. Judge Walton also served as
President George H.W. Bush’s Associate Director of the Office of
National Drug Control Policy and as President Bush’s Senior White
House Advisor for Crime.

Forensic Science, NAS Report, Forensic Standards

S2 Applications of Education and Research
to the Diverse Field of Forensic Science

Lindsey E. Saunders, BS, West Virginia Univ, 208 Oglebay Hall, Box
6217, 1600 University Ave, Morgantown, WV 26506; Taryn M. Mead,
BS, and Jennifer L. Newton, BS, OME, 850 Bryant St, Bldg 606, San
Francisco, CA 94103; Lauren R. Pharr, MA, Louisiana State Univ, Dept
Geography and Anthropology, 227 Howe-Russell Geoscience Co, Baton
Rouge, LA 70803; Lauren Bryan, PhD, 1115 Brooks St, Shreveport, LA
71101; Jennifer L. Malone, PhD, Wyoming State Crime Laboratory, 208
S College Dr, Cheyenne, WY 82002; Ashley E. Moulton, BS, 84 Howe
St, Apt 502, New Haven, CT 06511; Alison P. Mostrom, MSFS, 536 S
Clark St, Ste 800, Chicago, IL 60605; Lindsay Saylors, BS, 8703 W 123
St Palos Park, IL 60464; Amber R. Neitzel, BS, 909 E Camelback Rd,
Unit 3016, Phoenix, AZ 85014; Jacquelyn M. Jenkins, PhD, Alabama
Dept Forensic Sciences, 2026 Valleydale Rd, Birmingham, AL 35244;
Lara Frame, MA, 400 E Jackson St, Richmond, VA 23219; Katherine E.
Knurek, 3020 Holly Ln, Westlake, OH 44145; Robert E. Barsley, DDS,
JD*, LSU School of Dentistry, Oral Health Resources, Rm 5345, New

Orleans, LA 70119; Cheryl D. Hunter*, AAFS, 410 N 218t St, Colorado
Springs, CO 80904, Carla M. Noziglia, MS* ICITAP, 305 Ascot Dr,
Aiken, SC 29803-7833; Katherine Ramsland, PhD*, DeSales University,
2755 Station Ave, Center Valley, PA 18034; Thomas J. David, DDS*,
1000 Johnson Ferry Rd, Bldg H, Marietta, GA 30068; Christopher W.
Rainwater, MS*, OCME, 520 1st Ave, New York, NY 10016; Carolyn
Bayer-Broring, MFS*, Immigration and Customs Enforce, 8000
Westpark Dr, Ste 325, Ol FDL Stop 5116, McLean, VA 20598-5116; Dan
T. Anderson, MS*, Los Angeles County, Dept of Coroner, 1104 N Mission
Rd, Los Angeles, CA 90033; Ellen Moffatt, MD*, OME, City & County of
San Francisco, 850 Bryant St, Bldg 606, San Francisco, CA 94103;
Peter J. Diaczuk, BS*, 445 W 59th St, New York, NY 10019-2925; Josh
E. Hanshaft, JD* 100 United Nations Plaza, Apt 19E, New York, NY
10017; Patricia M. McNeill, JD*, 350 Jay St, Brooklyn, NY 11201;
Christine E. Hay, BS* 3012 Trappers Cove T, Apt 2D, Lansing, M|
48910; Angelique Corthals, PhD*, John Jay College of Criminal Justice,
Dept. of Forensic Sciences, 899 Tenth Ave, New York, NY 10019; Anjali
A. Ranadive, JD*, SciLawForensics, Ltd, 2345 Corinna Ct, State
College, PA 16803; Sandra Koch, MFS*, FBI Laboratory, Trace
Evidence Unit, 2501 Investigation Pkwy, Quantico, VA 22135; and
Roderick T. Kennedy, JD* New Mexico Court of Appeals, PO Box
25306, Albuquerque, NM 87125-0306

Educational Objectives: The goals of this special session are to
provide forensic science students and professionals with five years or
fewer experience an opportunity to learn about the various applications
of education and research in forensic science at a day-long session, to
present their own work/research at a Bring Your Own Slides session and
in a poster session, to learn the skills required to be a successful expert
witness at a Breakfast session, and to have an opportunity to network
with fellow students, professionals, and AAFS members.

Impact on the Forensic Science Community: This session will
impact the forensic science community by demonstrating the vast career
paths available in forensic science, how education and research apply to
the field, and by providing young professionals with the tools needed to
successfully contribute to the forensic science field.

For more than a decade, the Young Forensic Scientist Forum
(YFSF) has provided a program for a group of students in both
undergraduate and graduate programs, and forensic scientists with less
than five years of professional experience. The goal of YFSF and the
Special Session is to provide the participants the tools required to be a
success in the field of forensic science. The session allows participants
to interact with their peers as well as the professional speakers and to
build professional relationships that can span a career. Special Session
topics provide attendees with a broad outlook at the many opportunities
in the field of forensic science. In addition to the special session, YFSF
offers two opportunities for young forensic scientists to present their own
work or research, the first being the YFSF Bring Your Own Slides
(BYOS) session and the second, the YFSF Bring Your Own Posters
(BYOP) session. In addition, the Forensic Sciences Foundation’s
Emerging Forensic Scientist Award Winner is always invited to present
their award winning paper.

For the AAFS 65t Anniversary Meeting in Washington, DC, the
YFSF Special Session will present: “Applications of Education and
Research to the Diverse Field of Forensic Science.” The special session
will be held on Tuesday, February 19, and include speakers who will
discuss the various applications of education and research and the vast
career paths within the field of forensic science by presenting their
unique casework experiences and career choices. Through the
presentations, speakers will demonstrate the different paths a forensic
student or scientist can choose to take. The session will include
speakers from many of the AAFS sections, highlighting the many
opportunities the field may offer. Lunch is provided to both attendees
and speakers who are registered for the special session.

Following the Tuesday session, the YFSF BYOP session will be
presented in the evening, giving young professionals the opportunity to
showcase current cases and research conducted in a poster format.

The annual YFSF BYOS session takes place the evening of
Wednesday, February 20, and will include presentations from students
and new forensic scientists. YFSF does not require presenters of YFSF
BYOS and BYOP to be members of AAFS and does not require they
attend the special session but it is encouraged that they do so. The
program will conclude Thursday, February 21, with the annual YFSF
breakfast session which includes a resume review panel. The breakfast
session, which traditionally focuses on professional development, will
continue with that theme by presenting “The Role of a Forensic Scientist
as an Expert Witness” and will focus on the requirements of expert
testimony as a forensic scientist and what it means to be an expert.
Following the speaker presentations, professionals throughout the
Academy will be available to review resumes, answer questions, and
give advice on how to best highlight education and career achievements.
As in the past, the Special Session allows students, young professionals,
and AAFS members a comfortable setting to foster a career-long
relationship throughout the weeklong events. Participants will be
encouraged to apply for membership to AAFS and will be given
guidance on the many opportunities available to aid in career
enrichment.

YFSF, Special Session, Diverse
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ES1 150 Years — Does Time Bring Agreement?

The H.L. Hunley, the R.M.S. Titanic, and the
Assassination of John F. Kennedy

Michael M. Baden, MD*, 15 W 53rd St, #18B-C, New York, NY 10019;
J.C. Upshaw Downs, MD* GBI Medical Examiner’s Office, 925 A
Mohawk Dr, Savannah, GA 31419; Timothy Foecke, PhD* NIST, 100
Bureau Drive, M/S 8300, Gaithersburg, MD 20899-8300; Maria
Jacobsen*, and Paul Mardikian*, Warren Lasch Conservation Center,
Clemson Univ Restoration Institute, 1250 Supply St, North Charleston,
SC 29405; Cyril H. Wecht, MD, JD*, 1119 Penn Ave, No 404, Pittsburgh,
PA 15222-4205; and Robert E. Barsley, DDS, JD* LSU School of
Dentistry, Oral Health Resources, Rm 5345, New Orleans, LA 70119

Educational Objective: After attending this presentation,
attendees will: (1) have a greater understanding of the facts surrounding
these events; (2) better understand the uncertainty surrounding them;
and, (3) be able to draw conclusions about these events and the
uncertainty surrounding them.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by highlighting known and
unknown facts and areas for discovery in these three events—headline
news in their day—still retaining great interest today.

The loss of the H.L. Hunley, the assassination of President John F.
Kennedy, and the loss of the R.M.S. Titanic were newsworthy and were
investigated to the extent possible at the time of their occurrence.
However, even modern science cannot answer all of the questions
raised. This presentation will highlight new discoveries and continuing
questions.

H.L. Hunley: In 1864, a Confederate crew boarded the Hunley
near Charleston, SC, to launch an attack on the Federal fleet blockading
the harbor. A spar-mounted mine filled with black powder was targeted
for the USS Housatonic stationed four miles off-shore. Even though
spotted by sentries, the surprise submarine attack was so swift that the
seamen onboard the Housatonic had no time to train the ship’s guns on
the Hunley. Handheld weapons fired a barrage of bullets that could not
stop the attack. The submariners detonated the mine beneath the ship
which sank in moments, becoming the first known submariners to
successfully destroy an enemy ship in battle. After the attack, the
submarine and its crew mysteriously vanished until 1995, when the
Hunley was found buried on the seabed near the wrecked Housatonic.
In 2000, the submarine was recovered and brought to the Warren Lasch
Conservation Center in North Charleston where an interdisciplinary
team performed the excavation, study, and conservation of the Hunley
and the remains of its eight-man crew. A primary question the team
hoped to answer was what happened to the crew and the submarine on
that fateful night. Multidisciplinary collaborations have resulted in the
development of a series of new methods and techniques for forensic site
reconstruction, documentation, and interpretation which may be useful
in modern crime scene investigations.

R.M.S. Titanic: The loss of the “nearly unsinkable” R.M.S. Titanic
probably was considered the first mass fatality incident in modern times.
Could the chain of events that led to the catastrophe and massive loss
of life have been avoided? In the aftermath of the disaster, beginning
with the discovery of the sunken ship by Robert Ballard in 1985, much
has been explored and documented. Fifteen years of research and
numerous expeditions to the wreck site detail how the ship was
damaged and sank. Laboratory analysis, computer modeling, and a
review of historical documents provide the evidence leading to a
conclusion that a combination of management decisions, engineering
design, sub-standard materials, combined with a one-in-a-million
encounter with an iceberg led to this famous maritime disaster. Details
on artifact recovery, conservation, and exhibition will be presented.

John F. Kennedy: ltis astonishing that the interest and fascination
with the assassination of President John F. Kennedy almost 50 years
ago remains so intense and widespread. Few events have generated
as much independent research, enthusiastic discussion, and passionate
controversy. The event—originally withessed by several hundred
people, and over the past five decades, viewed by tens of millions (via

the Zapruder film)}—has remained the subject of doubt and outright
rejection of the conclusions and official explanation of the responsible
investigative governmental entity, the Warren Commission Report
(WCR). Polls reveal 70-80% of the American public disbelieve the
report. What reasons exist for this negative response? Numerous
mistakes were made during the autopsy, performed by a pathologist not
trained or certified to conduct autopsies on gunshot victims. In 1977, the
U.S. House Select Committee on Assassinations appointed a nine-
member autopsy panel of forensic pathologists—all Fellows of the
American Academy of Forensic Sciences—to independently re-evaluate
the autopsy findings. It concluded that two, and only two, bullets struck
the President from behind and that their trajectories showed that they
were fired from the Texas Book Depository Building where three
discharged casings were found. Yet, many reject the “single bullet
theory” that one bullet produced seven wounds in President Kennedy
and Governor John Connally. Should this investigation be re-opened?

Titanic, Hunley, John F Kennedy

* Presenting Author



65th
Anniversary

BS1 Grant Funding
the Forensic

Academic Programs

Opportunities in
Sciences for

Heather E. Mazzanti, MSFS*, 450 S Easton Road, Glenside, PA 19038;
Gerald M. LaPorte, MSFS*, National Institute of Justice, Office of Inv &
Forensic Sci, 810 Seventh Street, NW, Washington, DC 20531; Melissa
K. Taylor, BA*, 100 Bureau Drive, Gaithersburg, MD 20899; and Jeri D.
Ropero-Miller, PhD*, RTI International, 3040 Cornwallis Road, PO Box
12194, Bidg 7, Rm 211, Research Triangle Park, NC 27709

Educational Objectives: After attending this presentation,
attendees will be able to: (1) identify grant funding providers; (2) locate
grant funding opportunities on the Internet; and, (3) describe the current
and planned activities of the Council of Forensic Science Educators
(COFSE).

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by providing awareness of
grant funding opportunities in forensic science for academic programs.

Most public crime laboratories primarily focus on performance of
casework and providing testimony in support of that mission.
Laboratories typically also have limited resources for basic research and
continuing professional education. Many suffer from lack of instrumental
resources that can be dedicated to research and lack of personnel to
dedicate to method development, evaluation, validation of new
technologies, and technology transfer.

Partnerships between academic programs in forensic science and
laboratories performing casework offer opportunities that benefit both
parties, and these relationships are encouraged by the Forensic Science
Education Programs Accreditation Commission (FEPAC) and the
National Academies of Science (NAS) report from 2009. Forensic
science as a field is highly applied and while forensic science
practitioners rely on basic research in support of their methods and
opinions, very little of that primary research is performed in public crime
laboratories. Academic programs have well-established infrastructure to
facilitate funded research and to assist with the transfer of technology
from the research environment to its application in casework.

The Council of Forensic Science Educators (COFSE) is a group of
program directors and faculty from forensic science programs that
promotes accreditation and strong academic standards in forensic
science programs. The group seeks to share resources and best
practices to improve the quality of forensic science research and
education. It also aims to help members identify funding opportunities
and partnerships to support their programs. COFSE meets during the
annual AAFS meeting and all forensic science educators are
encouraged to attend.

COFSE has invited representatives of the National Institute of
Justice (NIJ), the National Institute for Standards and Technology
(NIST), and the Forensic Science Center of Excellence at Research
Triangle Institute (RTI) to describe their granting philosophy, programs,
and grants that may offer opportunities for academic programs.

Grants specifically for the forensic sciences are available through
the NIJ, NIST, and RTI, among other groups. In 2011, more than $200
million were allocated to the forensic sciences for research in forensic
labs and educational institutions, travel for training, training of law
enforcement personnel, laboratory improvements, backlog projects,
instrumentation, and other needs. There is funding available to students
and educators that some may not know about and is within reach. This
presentation will include speakers from various organizations that award
grants to the forensic science community. With better awareness of
opportunities that exist for funding, academic programs have the

opportunity to contribute to the overall improvement and development of
forensic science.

Grants, Education, Forensic Science

BS2 Quincy vs. Ducky Il: The Rematch —
An American Forensic Pathologist and
a British Home Office Pathologist Face
Off Again

Stuart J. Hamilton, FRCPath*, East Midlands Forensic Pathology Unit,
Level 3 Robert Kilpatrick Bldg, Leicester Royal Infirmary, Leicester,
UNITED KINGDOM; and Wendy M. Gunther, MD*, OCME, Tidewater
Dist, 830 Southampton Ave, Ste 100, Norfolk, VA 23510-1046

Educational Objectives: The goal of this presentation is to
provide an entertaining breakfast session of verbal sparring between two
pathologists. More importantly, this presentation will provide an insight
into the differences between how expert evidence (and indeed experts
themselves) are treated in the United States and Great Britain, as well
as providing the relative requirements in the two jurisdictions to be
considered an expert and the different ways that expert witnesses
interact with legal representatives of the different parties in the case.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by showing how, despite the
substantial differences between the two systems, the education,
experience, and up-to-date knowledge of relevant research of the
pathologists can be applied to the criminal justice system in a manner
that serves the ultimate goal of each system, the appropriate
administration of justice.

In Chicago in 2011, the might of the United States and the majesty
of the United Kingdom went toe-to-toe in a contest to decide once and
for all which country had the best medicolegal system. On the side of
the Stars and Stripes was Dr. Wendy Gunther, the experienced and
highly regarded Medical Examiner. Representing the Union Flag was
the young Tyro and Home Office Pathologist, Dr. Stuart Hamilton. After
a bruising (but strangely hilarious) contest over hot coffee and
croissants, Dr. Gunther claimed victory as the result of a technical
knockout (Hamilton’s inability to stand still near a microphone) while the
British challenger claimed a points victory based on the fact that he had
more letters and titles after his name. The conflict remained unresolved
and the rivalry festered. It was unfinished business.

Until now.

In Washington, DC, these two intellectual pugilists will bring their
knowledge and experience together again, honed by research and
training to answer once and for all one of the great questions of our era,
“Who has the finest approach to expert testimony between these two
great nations?” On the one side, Dr. Gunther has the well-defined
gatekeeper role enshrined in case law. On the other side, Dr. Hamilton
has a two paragraph “expert witness self-certification” clause to put into
his reports. In her corner, Dr. Gunther has Daubert, Joiner, and Kumho.
In his corner, Dr. Hamilton has a week of expert witness training and a
well-developed sense of his own superiority.

There is no doubt that the medicolegal investigation of death has
diverged between England and the United States, but also the way that
the legal systems has diverged seems even greater. Therefore, the role
of the expert and the way evidence is presented in court is now
substantially different. English pathologists are permitted to comment
upon injuries in non-fatal cases and many Home Office pathologists
provide expert reports to both the prosecution and defense (but not in
the same case—that would be weird). Do these differences make one




system more likely to produce an outcome that best serves the interests
of justice, or are the two approaches equally valid? Only a deep
exploration of the issues (punctuated by sarcastic observations
regarding “colonials” and “losing the war of independence”) can answer
this question.

Expert Evidence, Forensic Pathology, Jurisprudence

BS3 Working With Law Enforcement and
Prosecutors: A Conversation With Two
Former Feds

Timothy P. Ryan, MS*, and Alan E. Brill, MBA, Kroll Advisory Services,
300 Harmon Meadow Blvd, Ste 305, Secaucus, NJ 07094; and Michael
DuBose, JD*, Kroll Advisory Solutions, 2101 L St NW, Washington, DC
20037

Educational Objective: After attending this presentation,
attendees will understand how both law enforcement and prosecutors
view cases involving digital and multimedia forensic evidence, having
had the unique opportunity to discuss with two former Department of
Justice officials how to understand the needs of law enforcement
departments and prosecutors.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by providing private sector
personnel with the opportunity to understand how best to work with law
enforcement and prosecutors to pursue a criminal case and how to most
effectively provide information to them.

Private sector computer and media forensic specialists who find
themselves working for their employers or clients on what could
reasonably be a criminal matter ultimately have to work with law
enforcement and prosecutors. After all, while a U.S. private sector
individual or company can directly use the civil courts and file a lawsuit;
they just can’t throw someone into prison.

Even where private-sector specialists have backgrounds in law
enforcement, keeping up with the evolution of investigative technology
and how the investigative and prosecutorial processes change in
response to new laws, new court decisions and both domestic and
international standards is vital. This session will provide an up-to-the-
minute update.

Working with law enforcement effectively involves gaining an
understanding of what information they need in today’s legal
environment and how their work can be presented to law enforcement
and prosecutors. What are alternatives that officials think of in terms of
evidence collection (digital forensic data, log files, interview notes,
affidavits, etc.), and what can you expect them to ask of you?

In this session, Michael DuBose, former Chief of the Computer
Crime and Intellectual Property Section of the United States Department
of Justice, and Tim Ryan, former supervisor of the largest FBI Cyber
Squad in the U.S. and former Acting Director of the New Jersey Regional
Computer Forensic Laboratory (RCFL), will hold an open discussion
with the audience that presents a unique opportunity to learn how best
to work with federal investigators and prosecutors.

Attendees will learn how the two aspects of law enforcement work
together and where the private sector’s investigators and forensic
specialists fit in. The discussion will cover how cases are brought to the
attention of law enforcement or prosecutors, the kind of information that
should be provided, how cases are evaluated, and what helps—and
doesn’t help—in seeking government assistance. Attendees will
understand why government investigators may re-visit some of the work
already performed to make sure that the underlying source data was
properly collected and documented. Small mistakes at the start can lead
to disastrous consequences later in the process.

The role of the private sector specialists as the criminal
investigation proceeds, as prosecution decisions are made, and as the
prosecution prepares its case, will be reviewed, along with issues like
claims of bias by defense counsel and attempts to blame the victim’s
company. This presentation will also discuss who in a company may be

the best witness. It may or may not be the IT specialist. This
presentation will discuss how they evaluate impartiality,
forensic/investigative experience, and litigation experience.

With ample opportunity to interact and ask questions, this session
represents the opportunity to learn from leaders in the field and improve
your ability to determine what is likely to be an acceptable case, what
evidence to collect, how to document it, when to contact the authorities,
and how to work with authorities throughout the investigative and trial
process.

While both speakers are former government officials, they are not
speaking as representatives of any government agency, and their views
are strictly their own.

Law Enforcement, Prosecution, Cooperation

BS4 They Really Are Out to Kill You:
The Inconvenience of Lawyer Involvement
When Presenting Forensic Testimony

Roderick T. Kennedy, JD* Court of Appeals, PO Box 25306,
Albuquerque, NM 87125-0306

Educational Objectives: After attending this presentation,
attendees will be presented with the concepts of trial examination, direct
examination, cross-examination and re-direct examination and their
relationship to the needs of legal adversaries. Expert testimony is
seldom either complete or direct evidence of what a trial is about, but is
critical to the fact-finder’s understanding of the evidentiary picture.
Attendees should take away from this presentation an appreciation for
the need of expert and technical witnesses to understand trial
preparation and procedure from the lawyer’s standpoint, as well as the
roles of adverse parties’ representatives. This understanding should
improve witnesses’ work flow, documentation, and preparation for trial.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by providing an
understanding of the goals behind lawyers’ examinations of witnesses
and the purposes for which their testimony is offered, while also offering
tools with which witnesses can increase the effectiveness of their
preparation for trial and work on the witness stand.

It seems that every time a lawyer speaks at the AAFS meeting, a
forensic scientist rises from the audience to complain of mis- or
maltreatment at the hands of some member of the bar. Scientists are
sternly ordered to answer “yes-or-no” questions or abused by an
attorney who was not held in check. Lawyers are ignorant of the
principles underlying science, do not read reports, and frequently either
follow a prepared script or seek testimony of a final result without any
regard for the process of how it was obtained. The fear of cross-
examination is universal. This presentation will discuss two propositions
of value to young forensic scientists: the attorney who calls you as a
witness is likely your worst enemy, not the one on the other side; and
witnesses who are beaten up on cross-examination likely had it coming,
though not necessarily because of anything they did.

Being largely a product of the legal system’s need to explain or
clarify other evidence at trial, the forensic sciences occupy an interesting
place in the trial court. Depending on the adversary process for their
living, scientists who testify must maintain a degree of objectivity,
independence, and honesty that may seldom be apparent in the legal
milieu. The temptations to pick sides or to act in concert with the side
that employs the expert—usually the government in a criminal case—
can be overwhelming, but must be avoided at all costs. The result of the
work in the lab is what counts, not the result of others’ work in the
courtroom.

Witnesses cannot delude themselves to think they know more
about trials than the lawyers do. The process of questioning a witness
is designed to present a finite amount of useful information, provide
some perspective as to its context or limitations, and finish. Direct
examination that does not provide the proverbial “whole truth” subjects
the witness to brutal cross-examination. Cross-examination by definition
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consists of leading questions largely answered “yes or no,” and is
designed to expose any limitations or flaws in a witness’s testimony. The
lawyer who was not prepared to do a complete and thorough direct
examination commits two sins: leaving the witness exposed to what the
witness will doubtlessly feel is abuse on cross-examination, and being
powerless to rehabilitate that beat-up witness on re-direct examination,
which is designed to present the final evidentiary picture provided by the
testimony and clear up any misconceptions about it.

The witness who is evasive, leaves out contextual information, or
who is combative (whether by instruction or disposition) will likely suffer
terribly on the witness stand. Some attorneys prefer witnesses to be
less than forthright, but the expert has an ethical responsibility to science
that includes acknowledging its limitations and uncertainties, as much as
a responsibility to the witness oath “to tell the whole truth.” The ethical
expert should not allow an attorney to present an inaccurate or unfairly
incomplete picture, but in any instance where it happens, should expect
vigorous and perhaps nasty cross-examination where opposing counsel
is better prepared than the witness’s own side.

Trial Practice, Cross-Examination, Professionalism

BS5 How to Write Bestselling Novels and
Screenplays in Your Spare Time: Tips
From the Pros

Melissa Mourges, JD, and Martha Bashford, JD, New York County,
District Attorney’s Office, One Hogan Place, New York, NY 10013; Linda
Fairstein, JD* 211 E 70th St, No 25A, New York, NY 10021; Jonathan
Hayes, MD*, OCME, 520 1st Ave, New York, NY 10016, Kathleen J.
Reichs, PhD* Univ of North Carolina-Charlotte, Dept of Anthropology,
Charlotte, NC 28223; Karen Bergreen, JD*, 420 E 51st St, New York, NY
10022; and Jan Burke, BA* 11278 Los Alamitos Blvd, No 351, Los
Alamitos, CA 90720

Educational Objectives: The goal of this presentation is to give
forensic scientists the background to lend accuracy and authenticity to
the efforts of movie marquees, TV lineups, and best-seller lists that are
filled with depictions of grisly crime scenes, futuristic crime solving
techniques, and gripping courtroom encounters where drama and
forensic science meet head on in the entertainment and publishing
worlds. After attending this presentation, attendees will be able to: (1)
give advice about how to write novels and screenplays; (2) understand
how to attract agents and publishers; and, (3) understand how to market
oneself using social media.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by enabling members to
learn from five published authors how to turn their experience and insight
into books, TV, and movie scripts and more, while also learning how to
contact agents, submit manuscripts, and self-promote on social media.

Do you ever feel you are only one crime scene away from a New
York Times bestseller? Do your friends constantly say, “You have the
coolest job! You should write a book!” Do you find yourself muttering,
“Objection!” during the courtroom scenes in The Good Wife? This is
your chance to learn from five published authors on how to make that
leap.

Linda Fairstein spent 25 years as head of the Manhattan DA's sex
crimes unit, and is America’s foremost legal expert on sexual assault and
domestic violence. Linda’s 14t novel starring prosecutor Alexandra
Cooper (a thinner, blonder, and younger version of Ms. Fairstein) was
released in July 2012. New York Times bestseller Night Watch is a
knowing take on a rape scandal involving a hotel maid and a certain
international financier known by his initials—with a surprising twist.

Jonathan Hayes is a veteran New York City forensic pathologist
and author of the Jenner series of forensic thrillers, Precious Blood, A
Hard Death, and the upcoming Monster Park. As a freelance writer, he’s
written for the New York Times, GQ, New York Magazine, Food & Wine,
Gourmet, and Martha Stewart Living where he was contributing food
editor. His Facebook, Twitter and Tumblr streams are renowned for their
inappropriateness.

Karen Bergreen graduated from Harvard, became a lawyer,
worked in a big firm, and clerked for a federal judge. None of that was
as much fun as her current career as stand-up comic and author. Karen
has two published novels: Following Polly and the recently released
Perfect is Overrated. Karen is skilled in the art of self-promotion as
publicity budgets for lesser-known authors have dried up. In between
gigs on Comedy Central and NYC’s Gotham and Comic Strip comedy
clubs, Karen is a TV actor, but notes her range is limited: “l can’'t do
anything that involves crying or porn.”

Kathleen Reichs is a forensic anthropologist and bestselling
author of the fabulous Bones novels about crime solver Temperance
“Bones” Brennan who is, coincidentally, a forensic anthropologist. The
TV show Bones, based on that series, is now in its eighth season. As
show producer, Dr. Reichs is a stickler for scientific truth in those scripts.
Her latest novel, Bones Are Forever, was released in August 2012.

Jan Burke has won every award there is for mystery writing,
including the coveted Edgar from the Mystery Writers of America.
Starting with Goodnight, Irene, she has crafted the 14 Irene Kelly
mysteries, starring SoCal investigative reporter Irene Kelly and her
husband, homicide detective Frank Harriman. Jan also heads the Crime
Lab Project to raise awareness of problems facing crime labs and to
fund forensic sciences.

Bestsellers, Novels, Screenplays

BS6 The Ballistic Evidence in the
Assassination of John Fitzgerald Kennedy

Lucien C. Haag, BS*, Forensic Science Services, Inc, PO Box 5347,
Carefree, AZ 85377, and Larry Sturdivan, 1512 Lark Bunting Place,
Longmont, CO 80504

Educational Objectives: After attending this presentation,
attendees will gain a complete understanding of the firearms evidence,
the exterior and wound ballistic properties of the Model 91/38 6.5mm
Carcano rifle and Winchester 6.5x52mm ammunition responsible for the
assassination of John F. Kennedy (JFK) and the wounding of Texas
Governor John Connally in Dealey Plaza on November 22, 1963. Such
an understanding should dispel the many bizarre, fanciful, and even
absurd claims and notions propounded by the numerous naive,
uninformed, self-proclaimed experts, and agenda-driven individuals who
know little or nothing about the exterior and wound ballistic behavior of
this rifle/fammunition combination.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by providing attendees with
new insight into the connections between Lee Harvey Oswald, the fatal
rifle recovered at the sixth floor window of the Texas School Book
Depository building, and the exterior and wound ballistics of this rifle and
its ammunition.

With the possible exception of the 9/11 attacks on the United
States, the November 22, 1963, assassination of President John F.
Kennedy was the most horrific event in the last half-century of America’s
history. It was also one of the most documented events of that time,
largely as a result of three amateur 8mm movie-makers capturing our
35t president's murder from three locations. Without question it was,
and is to this day, the ultimate shooting reconstruction case.

The trail of documents, physical evidence, eyewitness accounts,
and matters of motive and opportunity all led to Lee Harvey Oswald as
the sole assassin.

Yet hundreds, perhaps thousands of articles, editorials, television
specials, movies, and claims by would-be and self-proclaimed experts
continue to offer bizarre, even absurd accounts and explanations of the
November 1963 events in Dealey Plaza. Their origins are largely due to
the fact that few people, even many forensic practitioners, knew very
little regarding the exterior and terminal ballistics of full metal-jacketed
rifle bullets. This is still the situation today and it is especially true insofar
as the unusual and uncommon 6.5mm Carcano rifle and special
ammunition identified as being responsible for the assassination of JFK
and the wounding of Texas Governor John Connally.
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This presentation will provide a detailed review of the ballistics
evidence recovered at the scene and from the two victims. This will be
followed by a thorough description and demonstration of the exterior and
terminal ballistics of the 6.5mm Carcano rifle and ammunition found near
the sixth floor window of the Texas School Book Depository building. A
trace of the Model 38, 6.5mm Italian Carcano rifle, serial number C 2766
quickly revealed its mail order purchase by Oswald from Klein’s Sporting
Goods in Chicago, lllinois. A palm print subsequently matched to Oswald
was found on the underside of the barrel in an area under the forward
portion of the stock. Later investigation would reveal that Oswald had
brought the disassembled rifle into the Texas School Book Depository
building, where he was employed, by wrapping it in brown paper and
claiming it contained curtain rods for his residence.

Techniques not available at the time or even in the three to four
decades following the assassination will be employed to further explain
the events in Dealey Plaza and to address those few issues and
questions that have some merit, such as the shot that missed President
Kennedy and Governor Connally. These techniques include computer
enhancement of the Zapruder, Bell, and Nix films, 3D laser scanning and
reconstruction of the entire scene, Doppler radar tracking of 6.5mm
Carcano bullets over the distances involved as well as through various
tissue stimulants at selected ranges, wound ballistic properties and
ricochet behavior of these bullets, and the acoustics of the gunshots from
such a rifle and its supersonic bullets.

JFK Assassination, Exterior Ballistics, Wound Ballistics

BS7 The Washing Away of Wrongs:
Medicine in 13th-Century China

Forensic

Brian McKnight, PhD*, 2340 E 4th St, Tucson, AZ 85719; and Jeffrey M.
Jentzen, MD*, Univ of Michigan, 300 N Ingalls, NI2D19 - SPC 5452, Ann
Arbor, MI 48109

Educational Objective: After attending this presentation,
attendees will obtain an understanding of the sophistication and
complexity of death investigations in 13th-century China by the author
and translator of the ancient Chinese medicolegal text, The Washing
Away of Wrongs.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by instilling an appreciation of
ancient Chinese death investigation practices and bridging cross-cultural
comparisons on the similarities between Chinese and European
medicolegal practices.

The Xiyuan Ji Lu or The Washing Away of Wrongs was written by
Song Ci (1186-1249), a jurist in 1247 C.E. during the Northern Song
dynasty as a handbook for governmental officials who were assigned the
task of holding inquests on homicides and other unnatural deaths. In
China, state-ordered forensic investigations date back to 222-207 B.C.E.
in the Ch'in dynasty. The Washing Away of Wrongs is earliest extant
systemic treatise on forensic medicine produced in the world. Drawn
from several older texts, it served as a template for subsequent Chinese
works on the subject through the end of the 19th-century. In ancient
times, Chinese investigators understood the importance of forensic
examinations and the problems of distinguishing accidental from
intentional deaths, suicide from murder, differentiating premortem from
postmortem wounds, and discerning natural from unnatural death.

The most recent translation of the work was performed by Brian E.
McKnight, PhD, while at the University of Michigan’s Department of East
Asian Studies. McKnight's masterful translation brings to life the 13th-
century Chinese death investigation process. The book was “always
carried to the scene of the inquest by the high territorial official.” The
Washing Away of Wrongs illuminates not only the general Chinese
administrative patterns, but also the style of traditional legal practice.
Song’s book provides the clearest picture of the traditional Chinese
detective processes. The ridged Chinese penal system required a
systematic guide for death investigation. The elaborate Chinese
bureaucratic system stands in contrast to the primitive system in use in

Europe at the time. The Washing Away of Wrongs was reprinted and
updated for centuries and was still in use at the time of Republican period
in 1912 after some 25 editions. It was exceptional if physicians were
involved in death investigation as McKnight himself observed, “the
Western marriage of professional medical knowledge and forensic
practice was lacking in China.”

Magistrates conducted inquests in China as early as 995 C.E. The
actual examination of the body was carried out in the inquest by the wu-
tso or “coroner,” who were lowly figures, most often undertakers who
might be more accurately called “coroner’s assistants.” Also present at
the inquest was the accused, clerks, and the victim’s family. There was
a rule that a body could not to be moved and that the magistrate had to
go to the autopsy site, accompanied by a clerk from the Bureau of
Punishments. Documents used to validate the inquest were very
sophisticated. By 1204, printed sketches showing the front and back of
the body were used. With the exception of cutting flesh to examine
bones, Chinese forensic examinations concentrated on the external
examination of victims.2

Song’s guidebook described methods to look for in hanging deaths,
gave examples of different forms of strangulation, as well as the
observation of bruises, self-inflicted wounds, and discussions of internal
injury. As a type of casebook, The Washing Away of Wrongs provided
cases for the magistrate and clerks to learn from in their own practice.
The text discusses the use of bones and their color in the diagnosis of
poisoning. Experimental manipulations were also a part of the text. The
presence of ashes in the mouth of a pig used to ascertain whether an
individual was alive or dead prior to being consumed with fire. Red cloth
was used to evaluate bruises not visible to the naked eye. The Washing
Away of Wrongs provides an ancient landmark from which to measure
our own progress in medicolegal death investigation.

References:

1. Brian E. McKnight, The Washing Away of Wrongs: Forensic
Medicine in Thirteenth-century China (Ann Arbor: Center for
Chinese Studies, University of Michigan, 1981)

2. Pierre-Etienne Will, “Developing forensic knowledge through case in
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BS8 Thomas Krauss Memorial Bitemark Breakfast
— Lessons From Eyewitness Identification
Research for Forensic Scientists

Barry C. Scheck, JD*, and Karen A. Newirth, JD, The Innocence Project,
40 Worth St, Ste 701, New York, NY 10013

Educational Objective: After attending this presentation,
attendees will understand how research into the causes of eyewitness
misidentification can improve the collection and evaluation of forensic
evidence.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by explaining aspects of
social science research on eyewitness identification that relate to the
work of forensic scientists. Attendees will be able to consider research
on relative judgment and suggestive feedback and how this research can
improve the work of forensic scientists.

Eyewitness misidentification is the most common contributing cause
of wrongful convictions, occurring in nearly 75% of the 297 DNA-based
exonerations nationwide. For more than 30 years, psychological
scientists have studied perception and memory as applied to eyewitness
identification and have produced a robust body of peer-reviewed
scientific research that the New Jersey Supreme Court recently declared
to be the “gold standard in terms of the applicability of social science
research to the law.”! The scientific research has resulted in clear
recommendations for police procedures that will result in more reliable
and accurate identifications and will reduce the likelihood of eyewitness
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misidentification. The underlying research and the recommendations are
useful when contemplating how to improve the evaluation of forensic
evidence.

In formulating recommendations for police practices, scientists
studying eyewitness identification have considered the relationship
between relative judgment and misidentification and have concluded that
when witnesses rely upon relative judgment (comparing members of a
lineup and choosing the member who looks most like the memory of the
perpetrator), they are more likely to make errors than when they rely upon
absolute judgment (making a decision about each lineup member
independent of the other lineup members). Scientists have theorized that
the use of relative judgment results in more errors because some
members of the lineup will always look more like the perpetrator than the
others, whether or not that lineup member is actually the perpetrator.
Using procedures that force witnesses to make absolute judgments
about each lineup member prevents them from comparing lineup
members so that they don’t select the “best match” among the group.
Instead, it asks that witnesses make an independent evaluation of each
lineup member against the memory of the perpetrator.

Scientists studying eyewitness identification have also focused on
the effects of confirming feedback by administrators on eyewitnesses and
have discovered that confirming feedback of eyewitness identifications
can dramatically affect eyewitness reports on a variety of measures,
including eyewitness’s reports of the original viewing experience, of the
lineup viewing experience, and of their confidence and certainty in their
identifications. In all cases, confirming feedback dramatically increased
the positive reports of withesses on all measures.

Eyewitness identification research on relative judgment and
confirming feedback have important implications for forensic analysts
who can be equally affected by relative judgment and the influence of
external information. The problem of relative judgment in the context of
fingerprint analysis was addressed in the Office of the Inspector General
Report on the Brandon Mayfield Case, which recommended practices to
protect against relative judgment, including linear analysis.2
Researchers, including Itiel Dror and his colleagues are working to
understand the potential influence of external information on forensic
analysts.3 Dror et al. have performed several groundbreaking studies
that examine how external information affects the behavior of
experienced fingerprint analysts.4
References:

1. State vs. Henderson, 27 A.3d 872, 916 (N.J. 2011).

2. Office of the Inspector General (OIG). A review of the FBI's
handling of the Brandon Mayfield case. Washington, DC: Office of
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and other cognitive influences in forensic laboratories. Science and
Justice, 52 (2), 132.

4. See, e.g., Dror |. E., Champod C, Langenburg G, Charlton D, Hunt
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intra-expert consistency and the effect of a “target” comparison.
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L1 Ensuring Continuing Access to Our
Nation’s Heritage: The National Archives’
John F. Kennedy  Assassination
Records Collection

Martha W. Murphy, MA*, and Steven D. Tilley, BA, National Archives and
Records Administration, Special Access and FOIA Branch, 8601 Adelphi
Rd, College Park, MD 20740; and Margaret Ann T. Kelly, MS* DHS, ICE-
HSI Forensic Laboratory, 8000 Westpark Dr, Ste 325, McLean, VA
20598-5116

Educational Objectives: After attending this presentation,
attendees will understand the National Archives and Records
Administrations’ historic and ongoing role in accessioning, organizing,
preserving, documenting, and making accessible the records and
artifacts contained in the John F. Kennedy Assassination Records
Collection.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by providing a practical
foundation for the ongoing discussion of current and proposed further
scientific research into the JFK assassination as the 50t anniversary of
the tragedy approaches.

John F. Kennedy was killed on November 22, 1963. Almost 30
years later, hoping to allay lingering doubts about the circumstances
surrounding that event, Congress enacted the President John F.
Kennedy Assassination Records Collection Act (Public Law 102-526,
signed on October 26, 1992, by President George H.W. Bush). One
provision of the law mandated that all assassination-related material be
housed in a single collection in the National Archives and Records
Administration (NARA). The clear intent of the law was to open most of
the records for research. On December 28, 1992, NARA established the
John F. Kennedy Assassination Records Collection, which now contains
more than five million pages of assassination-related records,
photographs, motion pictures, sound recordings, and artifacts.

The John F. Kennedy Assassination Records Collection includes
federal government records of presidential commissions, such as the
Warren Commission; congressional committees, such as the House
Select Committee on Assassinations; executive branch agencies, such
as the Federal Bureau of Investigation and the Central Intelligence
Agency; and judicial branch courts, as well as a variety of donated
historical materials.

The President John F. Kennedy Assassination Records Collection
Act defined narrow categories of information whose release could be
postponed and established the Assassination Records Review Board
(ARRB) to consider all individual agency decisions to postpone the
release of records. The Act requires that all assassination-related
records be opened by 2017, with the exception of documents certified for
continued postponement by the President. Additions to the John F.
Kennedy Assassination Records Collection holdings are made as
agencies continue to review records identified as relevant and transfer
newly opened records to the National Archives.

This presentation will provide an overview of the John F. Kennedy
Assassination Records Collection holdings at the National Archives and
Records Administration and a review of current search-and-access
information and procedures for potential researchers. The presentation
will also illustrate the ongoing preservation and documentation efforts
undertaken by the National Archives since enactment of the President
John F. Kennedy Assassination Records Collection Act, during and after
the Assassination Records Review Board tenure. These efforts include
the development of preservation strategies for the Zapruder film and for
the Dallas Police Department dictation belts; further scientific

examinations brokered for one of the bullet fragments and its associated
trace evidence, including the microscopic identification and
characterization of trace fibers and human tissue; the design and
fabrication by the NARA conservation laboratory of custom-built housings
for the long-term preservation of assassination-related artifacts and
associated samples; and, the currently proposed high-resolution imaging
of bullets and bullet fragments from the Warren Commission exhibits.
JFK, Assassination, Records

L2 Does Your Family Have the Munchies?

It Might Be By Proxy

Janean M. Fossum, BSN* PO Box 11053, Eugene, OR 97440; and
Melodie Brooks, MSN*, 3091 Widdock St, Erie, Ml 48133

Educational Objectives: After attending this presentation,
attendees will: (1) understand the principles of medical child abuse,
including a brief historical review, distinguish Munchausen By Proxy
(MBP) from Munchausen Syndrome; and, (2) recognize victim and
offender characteristics, and comprehend the importance of a
Multidisciplinary Team (MDT) approach for successful investigation and
prosecution. The use of case studies will provide examples of the
multiple populations affected and often a diagnosis of exclusion is
needed as evidence to validate this form of child maltreatment.

Impact on the Forensic Science Community: This presentation
will impact the forensic science community by explaining the principles of
medical child abuse, concluding with a clear understanding of the
implications to health care providers, law enforcement, and protective
services. A review of victim and offender characteristics, and the
importance of the multidisciplinary team will also be discussed. This
presentation will provide an overall view of the magnitude and covert
nature of MPB. Moreover identifying how coordinated forensic
investigations can impact children’s lives and the communities in which
they live.

The term Munchausen was coined after an 18th-century German
dignitary Karl Friedrich Hieronymus Freiherr von Munchausen. The
Baron was well known for his eccentric tales that many times proved to
be fictitious. Moreover, the Munchausen term was first used in 1951 by
Dr. Richard Asher who described self-induced illnesses in his patients.’

Today, many terms have come to symbolize Munchausen
Syndrome, including fabricated illness and hospital-addiction syndrome.
Additionally, this disorder is classified as a psychiatric illness, mainly
noted in men and believed to bring individuals gratification from the
sympathy and attention given to the individual by medical personnel;
however, another form of this attention seeking behavior is known as
MBP.1

MBP or factitious disorder, unlike Munchausen’s, is defined as a
form of medical child abuse hallmarked by a parent, mainly mothers, over
reporting illness or creating a venue where children have unnecessary
medical procedures performed.2 This term was first identified in 1977 by
R. Meadow, MD. He noted that Munchausen Syndrome was present in
two of his patients’ mothers who had projected fabricated illnesses onto
their children. The literature describes two roles played by perpetrators
of this abuse, inducers and fabricators. Inducers directly cause illness
with the child and fabricators exaggerate their child’'s symptoms to
receive attention.’

The incidence of MBP is as elusive as the perpetrators of this form
of child maltreatment. The literature suggests that a minimum of 600 new
cases a year are noted from suffocation and non-accidental poisoning in
children. Two main contributing factors for the unknown incidence is a
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lack of a standard definition for MBP and a central repository for data
related to this phenomenon. Moreover, a collective approach is required
to investigate and expose this form of child abuse.3

The coordination of multiple disciplines is required across agencies
in order to be successful with investigation and prosecutorial efforts with
MBP. Each discipline must focus on its own specialty but communicate
openly with other team members. Step one includes awareness of the
disorder which may include unexplained medical ilinesses after testing or
a history of multiple visits to different hospitals and physicians. Step two
involves a complex organized MDT with a goal of complete removal of
the child from the offending caregiver. A planned hospitalization is
recommended with hospital video surveillance as an element required to
produce evidence of deliberate harm to the child. Additionally, a thorough
and complete medical record review should be conducted.3
References:
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Medical Child Abuse, Forensic Nurse, MDT

12

* Presenting Author



65th
Anniversary

W1 Practice, Procedures, and Protocols: How
SWGDE, SWGIT, and FISWG Can Help You
Navigate the Complex World of Digital and
Multimedia Evidence

Richard Vorder Bruegge, PhD*, FBI, OTD-DES, Bldg 27958A, Pod E,
Quantico, VA 22135; Mary F. Horvath, MFS*, 6786 N Stuart Rd, King
George, VA 22485, and Melody A. Buba, BS* FBI, Engineering
Research Facility, Bldg 27958A, Quantico, VA 22135

After attending this workshop, attendees will: (1) become familiar
with forensic guidelines for the proper recovery, processing, storage and
authentication of digital and multimedia evidence (DME); (2) understand
strategies regarding admissibility of DME in court; and, (3) learn
information regarding current research and educational requirements in
DME.

This workshop will impact the forensic science community by
increasing awareness regarding digital and multimedia evidence and the
proper procedures associated with it. With this, attendees will be able to
utilize this type of evidence, and to ensure to the greatest extent possible
that the justice system and the public benefits from it.

With today’s technology more DME evidence may find its way into
the courtroom. Analyses conducted on computer files, electronic
devices, images, videos, and audio recordings may be crucial to an
investigation. The increased use of DME has led some to raise
criticisms in an attempt to exclude such evidence. It is critical that
agencies and investigators take measures to ensure that the
technologies, practices, and procedures used can be defended in the
court room. Recognizing this challenge, multiple Scientific Working
Groups have been formed over the years, starting with the Scientific
Working Group on Imaging Technology (SWGIT) in 1997 and the
Scientific Working Group on Digital Evidence (SWGDE) in 1998. In
2009 the Facial Identification Scientific Working Group (FISWG) was
formed. Together these Scientific Working Groups (“SWGs”) address
the myriad of issues that can arise related to the science and technology
of digital and multimedia evidence.

As of June 2012, SWGDE, SWGIT, and FISWG have published
over fifty documents that address issues ranging from chain of custody
and the proper preservation of digital and multimedia evidence, to
procedures for video and image processing, best practices for mobile
phone examination, image authentication, maintaining the integrity of
DME, guidance on procurement and deployment of face recognition
systems, and recommendations for training in DME procedures.

This workshop will familiarize investigative, forensic, and courtroom
personnel with these documents and the guidance contained therein, so
that the attendees can incorporate them into the procedures within their
own practices. Attendees will learn about chain of custody issues as
they relate to recovery of DME at crime scenes, including proper
recovery of computers as well as crime scene photographs and
surveillance video recordings from both analog and digital systems.
Attendees will also receive guidance regarding proper procedures for
preserving such data and ensuring its integrity, as well as learn where
they can go to find out more about it.

Once evidence has been acquired in an investigation, it must be
processed and analyzed to produce meaningful results. SWGDE,
SWGIT and FISWG have all developed guidelines regarding what sort
of processing steps or approaches may be most useful in a forensic
setting and often provide guidance on how to document those steps.
Included in such best practices are those to ensure the integrity of the
evidence, as well as demonstrate the validity of the analytical
procedures used. Workshop attendees will learn about the options

available to them for ensuring such integrity, the difference between
integrity and authentication, and preserving their data over the long run.
Likewise, many in forensic science remain concerned regarding the
admissibility of DME within the courtroom. This workshop will provide
attendees with a reference list of case law, as well as describe some
myths and misconceptions associated with DME. These documents
should help them ensure that their evidence is admitted in court.
Finally, in keeping with the theme of this year's meeting, “The
Forensic Sciences: Founded on Observation and Experience, Improved
by Education and Research,” attendees will receive an overview of
many of the most recent research publications related to DME. This will
demonstrate the active research being performed in the discipline and
should help attendees identify future avenues of research.
Digital Evidence, Audio/Video/Image, Face Recognition

W2  Electrocution, Electrical Injury, and

Lightning Death Investigations

Ronald K. Wright, MD, JD*, 1000 Ducks Nest Rd, Turtletown, TN 37391;
and Helmut G. Brosz, PEng, BASc*®, Institute of Electro-Pathology, Inc.,
64 Bullock Dr, Markham, ON L3P 3P2, CANADA

After attending this presentation, attendees will be able to: (1)
identify both common and uncommon electrical low and high voltage
circuits having the potential to produce electrical shock, injury or death;
(2) properly document (photograph and draw) electrical injury defects;
(3) properly document the scene of an electrical injury accident; and, (4)
differentiate between lightning and non-lightning electrical injury.

This workshop will impact the forensic science community by
equipping attendees with theoretical and practical knowledge to
effectively investigate electrical injuries and deaths. The workshop will
examine the concept of Ohm’'s Law and its application to case
investigation. Included in this discussion will be the use of Ohm’s law to
estimate the current flow when the voltage is known.

Direct and alternating current and the differences in lethality and
injury will be discussed along with the history of the dispute between
George Westinghouse and Thomas Edison over the distribution of
electrical current. As a corollary, an explanation of the electric chair will
be explored, which was a spinoff of their dispute. Professor Dalziel's
work on perception thresholds and no let-go thresholds in humans will
be explored. Included in the presentation will be a chart showing the
effects of current flow on humans at varying current amounts.

The stereotypic automatic response to current flows at or above let-
go threshold will be examined, with case examples presented, including
the differences between upper and lower extremities to the flow of
electricity. The delay between repolarization and muscle action will be
investigated and the effects of these phenomena upon case work
explored. The amount of time required to lose consciousness following
the onset of ventricular fibrillation will be elucidated and the reasons for
this explored. The effect of this time lag upon civil litigation will be
discussed and the varying interpretations of different state courts will be
explained.

Examination of the effects of both high and low voltage exposure in
humans will be presented. The biphasic response to current flows below
and above one ampere will be explained, including the length of time
required to initiate ventricular fibrillation. The concept of cellular
poration, which is seen in high voltage electrical injury, will be discussed
including the effects of poration upon the human body and the
devastating tissue destruction which ensues.

Special consideration of lightning and other extremely high voltages
will be shown, including the effects of explosive expansion of gases and
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the explosive effects upon ear drums and clothing. In the case of both
lightning and distribution lines around 250,000 volts, if a person is near
or in the circuit, the person’s clothing is explosively torn and the ear
drums ruptured from the explosion. The magnetization of ferrous metal
objects in or near a lightning strike will be examined. The importance of
lightning in explained death or injury has significance in the civil litigation
arena, as generally lightning, as an “act of God,” is not compensable.
Case examples from the experiences of Professor Brosz and Dr.
Wright will be examined and utilized to illuminate the approaches to all
deaths and injuries which may be from electrical current whether
manmade or natural. Special consideration of the possibility of both over
diagnosis and under diagnosis will be examined.
Electrocution, Electrical Injury, Lightning Deaths

W3  Analysis and
Chemical Unknowns

Interpretation of

Vincent J. Desiderio, MS*, and Andrew M. Bowen, MS*, U.S. Postal
Inspection Service, National Forensic Laboratory, 22433 Randolph Dr,
Dulles, VA 20104-1000; and William L. Chapin, BA* McCrone
Associates, Inc, 850 Pasquinelli Dr, Westmont, IL 60559

After attending this workshop, attendees will better understand the
analysis of various types of chemical unknowns that frequently are
encountered in the forensic laboratory.

This workshop will impact the forensic science community by
providing much-needed education in a discipline that currently is lacking
in substantial formal training.

Chemical unknowns present a unique challenge to forensic
laboratories. As the name suggests, these are materials of an unknown
origin and composition that may be found in connection with a virtually
limitless number of scenarios of forensic significance. In the best case
scenarios, they are common single component materials that have
benign uses. At worst, they are complex mixtures of rare, dangerous
compounds that have the potential to cause great harm.

Chemical unknowns are submitted to forensic laboratories for a
variety of reasons, including: (1) outright identification of a material,
commonly, either a suspicious powder or liquid in a public space or a
white powder included in a threatening letter; (2) analysis of an item to
determine if any tampering may have occurred, commonly in the form of
an allegedly adulterated foodstuff; or, (3) comparison of an unknown
material found on or in the possession of a suspect to a similar material
recovered from a crime scene. An example of the latter might be a white
powder observed on the body of a homicide victim being compared with
lime from the garage of a suspect. The information obtained from the
analysis and characterization of these unknown substances can be used
to help associate suspects with scenes and victims as well as to provide
information for investigative purposes.

A wide variety of unknown materials are routinely encountered as
chemical unknown evidence, to include solids, liquids, gases, and both
homogeneous and heterogeneous mixtures of these various phases in
any combination. The specific phases present may be organic,
inorganic, or mixtures thereof, and may come from either natural or man-
made sources. Samples that occur in different physical states will be
amenable to different analytical approaches, and examiners should
ideally have access to a wide variety of instrumentation and be intimately
familiar with the strengths and limitations of each piece of equipment.

Considering the broad range of scenarios and materials that could
be encountered, the analysis and characterization of chemical
unknowns can pose some serious challenges to the forensic scientist.
With this in mind, the primary goal of this workshop is to educate
practitioners, educators, and other interested members of the forensic
community about the types of approaches that have proven successful
for the presenters. The presentations will provide some guidance on a
logical approach for handling such cases. The presenters will include
individuals with diverse backgrounds and experience in the identification
of chemical unknowns. This workshop will outline the techniques that
are commonly used for the characterization, identification, and

comparison of chemical unknowns. Specific attention will be paid to
sample preparation techniques, microscopical examinations, and
various forms of instrumental analysis, to include Fourier Transform-
infrared spectroscopy, Raman spectroscopy, scanning electron
microscopy, energy dispersive spectroscopy, X-ray fluorescence, X-ray
diffraction, chromatographic techniques, and mass spectrometry.
During the course of the workshop, presentations covering safety,
sample handling, interpretation of results, and reporting strategies will be
provided. In addition, the attendees will be given handouts listing a wide
variety of published literature, online resources, training opportunities,
and more that cover instrumental theory, application, and interpretation.
Several of these resources have proved invaluable to the presenters for
the purposes of determining whether the identified materials in a
chemical unknown are consistent with a specific household product, for
example.

In order to better appreciate many of the points made during the
lecture portion of the workshop, the attendees will have the opportunity
to perform hands-on exercises designed to familiarize them with some
of the techniques that have been discussed. These hands-on activities
will include actual examination of chemical unknowns, with an
opportunity to perform sample preparation and microscopical
examination of the samples, with instrumental results provided by the
presenters to assist in their interpretation of the samples.

Chemical Unknowns, Trace Evidence, Microscopy

W4  Signature Examination of Healthy and
Impaired Writers

John L. Sang, MS, 1 Harbor Ln, Glen Head, NY 11545; Linton
Mohammed, PhD*, Forensic Science Consultants, Inc, 851 Cherry Ave,
Ste 27-110, San Bruno, CA 94066; and Michael Caligiuri, PhD*, Univ of
California San Diego, Dept of Psychiatry, 9500 Gilman Dr, San Diego,
CA 92093

After attending this presentation, attendees will: (1) become more
aware of the kinematic values of strokes in static signatures; and, (2) be
exposed to features of signatures that are impacted by the effects of
age, iliness, and substance abuse.

This presentation will impact the forensic science community by
increasing the knowledge base of forensic document examiners in the
area of kinematic analysis of the signatures of healthy writers and those
affected by age, iliness, or substance abuse.

The examination of signatures is the most prevalent type of
casework for many Forensic Document Examiners (FDEs). In many
cases, a person’s signature may change over time in subtle ways
increasing the difficulty in estimating authenticity. Among several
considerations, the FDE may take into account the age and health of the
writer and changes in health status. lliness or impairment in a writer may
cause that writer’s signatures to exhibit a greater range of variation than
that of a healthy writer. Since the FDE has to make determinations
about whether features in a signature are the result of variation
(authenticity) or a fundamental difference (non-authentic), the presence
of an illness or impairment that affects handwriting can make that
determination quite difficult.

In this workshop, participants will have an opportunity to examine
genuine and simulated signatures of healthy and impaired writers in two
hands-on sessions. Didactic sessions will provide participants with the
necessary empirical and scientific bases to evaluate questioned
signatures. Participants will evaluate signatures prior to and then after
the didactic sessions.

The morning didactic lecture will introduce to participants principles
of motor control and motor programming such as motor equivalency.
This lecture will provide a framework for the first hands-on session
where participants will assess the authenticity of questioned signatures
of healthy writers written under various conditions. A second lecture will
be given on the topic of stroke kinematics. Kinematic analyses provide
descriptions of how strokes are produced in space and time. Size,
velocity, and acceleration are important in kinematics and are often
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parameters which are inferred by FDEs in the examination of static
images of handwriting. The kinematics involved in the production of a
signature may be different depending on whether the signature is
authentic or forged. Additional variation may result due to differing
conditions in which the signature was executed. For example, writing
when standing may produce different kinematic results than writing
when sitting.

This lecture will be followed by a hands-on session to develop skills
for detecting invariant features in signatures written under various spatial
constraints. Participants will be tasked with examining specific features
in static signatures and evaluating their kinematic values. The results will
be correlated with the actual kinematic values. From this feedback, the
attendees will get an idea of their individual ability to estimate kinematic
values from static signatures. Additionally, participants will be asked to
examine pairs of signatures and determine whether specific kinematic
parameters are useful in distinguishing one signature from another. A
general discussion will follow about the pros and cons of the current and
kinematic approaches in detecting forged or disguised signatures.

In the afternoon sessions, participants will assess more challenging
questioned signatures based on knowledge of how advanced age,
dementia, and substance abuse impact handwriting. The session will
begin with an overview of signature and handwriting formation in young
and aged healthy adults, individuals with known histories of illegal
substance use, and individuals with dementia. Data will be presented on
cross-sectional age-related changes in signature kinematics
demonstrating nonlinear changes in stroke amplitude, duration, stroke
velocity and smoothness to address questions pertaining to the
presence of Parkinsonian handwriting features in the elderly writer. The
lecture will include recent findings on the relationship between signature
formation and cognitive status in patients with Alzheimer’s disease.
Participants will examine challenging signatures from writers with
dementia and assess authenticity in the afternoon hands-on session.
Participants will be debriefed on the results of their judgments of
authenticity in relation to kinematic findings that distinguished known
from questioned signatures.

The workshop will conclude with a discussion of the extent to which
empirical findings increase the objectivity of the examinations. At the
end of the workshop, attendees should have an increased knowledge of
the neuroscientific bases of healthy and impaired writing. Additionally
they will be exposed to techniques that may increase the objectivity of
forensic signature examinations.

Healthy Writing, Impaired Writing, Signature Exam

W5 Science in the Courtroom: A Matter

of Perspective?

Ted W. Vosk, JD* 8105 NE 140th Pl, Kirkland, WA 98034; Sandra E.
Rodriguez-Cruz, PhD*, Drug Enforcement Admin, Southwest
Laboratory, 2815 Scott Street, Vista, CA 92081; Roderick T. Kennedy,
JD*, New Mexico Court of Appeals, PO Box 25306, Albuquerque, NM
87125-0306; Michael J. Nichols, JD* 3452 E Lake Lansing Rd, East
Lansing, MI 48823; and Christopher G. Boscia, JD*, 70 West Hedding
St, West Wing, San Jose, CA 95110

After attending this workshop, attendees will be able to: (1)
understand the role, objective, and meaning of scientific evidence in the
criminal justice system; (2) learn common difficulties experienced in the
use and application of scientific evidence in the courtroom; (3) foster
understanding between legal participants; (4) facilitate better
communication, increased trust, and more productive working
relationships; (5) demonstrate how this can lead to improved forensic
and courtroom practice; and, (6) explain why and how this can lead to
more just and reliable outcomes.

This workshop will impact the forensic science community by
improving forensic and courtroom practices to achieve more just and
reliable outcomes.

The need for reforms in the forensic sciences became manifested
in the wake of the 2009 Report issued by the National Academy of

Sciences, Strengthening Forensic Science in the United States: A Path
Forward. One of the areas of concern touched upon was the effect of
contextual bias due to the fact that most forensic labs and practitioners
are either part of law enforcement or prosecutorial offices or closely
aligned therewith. However, contextual issues impacting the
performance, use and presentation of forensic evidence are not limited
to forensic scientists. Prosecuting and defense attorney, as well as
judges, also utilize and consider scientific evidence from unique
perspectives that may determine what and how scientific evidence is
generated and presented as well the conclusions that may be drawn
from it. If forensic science is to live up its promise as a tool for the
determination of truth in the courtroom, then the roles of each of the
participants in a criminal case must be properly understood so that
contextual issues don’t undermine it. This workshop addresses forensic
science, its role, objective, meaning and actual use/practice in the
criminal justice system from the perspective of the system’s primary
participants in this endeavor, the forensic scientist, judge, and
prosecuting and defense attorney. The intended audience includes
judges, criminal defense and prosecuting attorneys, and forensic
scientists.

The workshop consists of three sessions. The workshop’s first
session will consist of each a forensic scientist, judge, prosecuting and
defense attorney discussing the proper role, objective, and meaning of
scientific evidence in the criminal justice system and point out how this
is often different from how these are commonly viewed. Each will also
discuss the difficulties encountered in trying to adhere to proper
practices, in particular, those caused by the other participants in either
properly or improperly trying to perform their role.

The workshop’s second session will consist of live examination and
cross-examination of a forensic witness in front of a judge in order to
illustrate some of the issues discussed in session one. These will be
accompanied by commentary pointing out issues as they arise, how the
performance either does or does not conform to the properly defined
practices, where difficulties arise and how they might be addressed.

The workshop’s third and final session will consist of a panel
discussion tying everything together for the audience. The discussion
will address the unique perspectives of each of the participants, whether
there are aspects of the adversarial approach that make it inherently
difficult to adhere to proper practices and why and how appreciating how
each role is viewed by its protagonist can facilitate better forensic and
professional practices by each leading to more just and reliable
outcomes. Audience participation in the discussion will be facilitated by
a moderator who will keep the discussion directed towards the goals of
the workshop.

Science, Courtroom, Perspective

W6 Beyond the Numbers: An
Objective Approach to Forensic
Toxicological Interpretation

Dwain C. Fuller, BS*, Vet Adm North Texas Health Care System,
Toxicology-B113, 4500 S Lancaster Rd, Dallas, TX 75216; Laura J.
Liddicoat, BS* Wisconsin State Lab of Hygiene, Forensic Toxicology
Section, 2601 Agriculture Dr, Madison, WI 53707-7996; Kathryn H.
Haden-Pinneri, MD*, Harris County Institute of Forensic Sciences, 1885
Old Spanish Trl, Houston, TX 77054, Steven H. Wong, PhD*, Wake
Forest Univ, School of Medicine, Dept of Pathology, 1 Medical Center
Blvd, Winston-Salem, NC 27157; and George S. Behonick, PhD*, AIT
Laboratories, 2265 Executive Dr; Indianapolis, IN 46241

After attending this presentation, attendees will understand: (1)
interpretative differences between antemortem and postmortem
toxicological results; (2) how death scene investigation, basic forensic
pathological findings, and postmortem artifacts can aid in toxicological
interpretation; (3) how anecdotal observations, standard field sobriety
tests (SFST), and drug recognition examinations (DRE) can enhance
proper interpretation; (4) pharmacological tolerance and potential impact
on interpretation; (5) how genetic differences can affect drug
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metabolism; and, (6) how to objectively explore and apply literature
references to case data.

This presentation will impact the forensic science community by
equipping forensic toxicologists, pathologists, and other persons
charged with toxicological interpretation in understanding and evaluating
evidence beyond the drug concentrations alone. Additionally, this
presentation will equip attendees with the knowledge and tools to
objectively assess all the evidence in its full context when interpreting a
toxicological result.

Forensic toxicologists, forensic pathologists, and other investigators
are often tasked with the interpretation of drug, alcohol, or other
xenobiotic concentrations in bodily fluids and tissues. Such requests are
often made without providing the investigator with a complete contextual
reference or suitable history of the case under consideration. Due to the
many factors that must be considered, the interpretation of a
toxicological result is most appropriately performed while considering the
complete context of the result and the circumstances and history of the
case. A primary context for consideration is whether the analyzed
specimen is an antemortem or postmortem specimen.

In antemortem interpretation, important considerations are: the
specimen analyzed (i.e., serum, plasma, or whole blood); the type of
laboratory performing the analysis; the method in which the specimen
was analyzed (i.e., enzymatic alcohol vs. headspace alcohol); potential
pharmacological tolerance of the subject; duration and amount of drug
use; clinical history; elapsed time between observed behavior and
specimen collection; the results of standardized field sobriety tests and
drug recognition examinations; observations of driving or other behavior,
statements made at the scene; prescription information; and, potential
idiosyncratic anomalies in metabolism, among others.

In postmortem interpretation, important considerations are:
potential for postmortem redistribution; site and method of specimen
collection; potential pharmacological tolerance; clinical history; observed
pathology and postmortem artifacts (i.e., track marks, visceral
congestion, pulmonary edema, skin coloration, chemical odors, etc.);
notes left at the scene; missing medications; prescription history;
circumstances surrounding the death (i.e., trauma, drowning, fire, etc.),
the state of decomposition, postmortem interval; and, pharmacogenomic
considerations, among others. Furthermore, an investigator should
consider whether the collection and analysis of alternate or additional
specimens such as liver, bile, vitreous humor, or gastric contents may
clarify interpretative issues.

Additionally, forensic toxicologists, pathologists, and others often
misuse or misinterpret published drug and xenobiotic concentrations by
not considering or even recognizing the difference in postmortem and
antemortem concentrations, the difference between whole blood and
serum/plasma drug concentrations, the way in which therapeutic drug
concentrations are determined, and failing to recognize the limitations of
published data. Among the limitations of published data are potential
selection biases in epidemiological studies of drugs and driving, such as
those derived from drivers stopped for aberrant driving behavior, and the
potential statistical biases of published “lethal” drug concentrations
brought about by mathematical skewing.

Toxicology, Interpretation, Context

W7  Practical Homicide and Medicolegal Death
Investigation: Practical and Clinical
Perspectives Regarding the Homicide
Investigation and the Medical Examiner’s
Determination in Various Modalities of
Death Including Child Deaths and Suicide

Vermon J. Geberth, MS*, PO Box 197, Garmnerville, NY 10923; Barbara C.
Wolf, MD*, District 5 MEO, 809 Pine St, Leesburg, FL 34748; and Anny
Sauvageau, MD*, OCME, 7007 116 St, Edmonton, AB T6H 5R8, CANADA

After attending this presentation, attendees will be able to: (1)
understand the role of fantasy in sex-related death; (2) collect and

preserve physical and psychological evidence in sex-related incidents;
(3) determine the modus operandi and signature characteristics in crime
scenes; and, (4) understand investigative and behavioral analysis in
criminal profiling.

This presentation will impact the forensic science community by
informing the audience of the dynamics and proper procedures in the
investigation of sex-related homicides and death investigations.

The professional investigation of homicides and sudden violent
deaths require the practitioner to employ revolutionary forensic
techniques as well as the modern investigative procedures found in the
“Best Practice” model of Practical Homicide Investigation®, which has
become the recognized protocol for professional death investigation. In
addition, straightforward and candid communication between
investigators and the various forensic specialists is vital. Specifically, the
medical examiner and how the determination of the cause, manner, and
mechanism of death are the basis of a thorough medicolegal
investigation

This workshop will familiarize forensic scientists and investigators in
the art and science of homicide and death investigation. The workshop
will focus on the elements of detective work and the dynamics of sudden
and violent death, and provide the most practical and conventional
information available to detectives and practitioners responsible for
conducting intelligent investigations of violent and sudden death.

Upon completion of this workshop, participants will have gained an
understanding of the practice and theory of professional homicide and
medicolegal investigation. Participants will have the most current
information and knowledge on various modalities of death and some of
the myths of asphyxiation will be dispelled. Based on the extensive
experience and education of the three presenters the forensic
community will benefit and be better informed of the dynamics and
proper procedures employed in the investigation of homicides and death
investigations.

In the morning segment, comprehensive discussion will be
provided of the practice and theories of professional homicide
investigation and the preliminary duties of the death investigator at the
homicide scene. In order to conduct an efficient and effective
investigation, the detective first concentrates on the mechanical aspects
of the death, i.e., motives and methods, wound structures, crime scene
reconstruction, bloodstain pattern analysis, the cause, manner and time
of death, as well as other factors that provide clues to the dynamics of
the event. The detective then accesses various sources, which can be
applied to his or her investigation.

The medical examiner/coroner’s office is primarily concerned with
the investigation of violent, sudden, unexpected, and suspicious deaths.
The procedures used in the official medicolegal investigation of death fall
under the supervision of the chief medical examiner or coroner, who is
responsible for the evaluation and interpretation of the results of this
inquiry. Medicolegal investigation of unnatural deaths, emphasizing the
importance of the multidisciplinary investigation of homicides as well as
suspicious and equivocal deaths will be discussed. Specifics include
medicolegal death investigative systems, time of death and firearm
injuries to include a discussion of gunshot wounds and the classification
of gunshot wound structure.

In the afternoon segment the investigation of asphyxial deaths
based on the research studies of the Working Group on Human
Asphyxia will be presented. Several myths on asphyxial deaths are
deeply rooted in the forensic community these myths as well as others
will be discussed and eradicated. In addition there will be a discussion
on blunt and sharp force trauma with a presentation of some research
data on criteria to distinguish falls from blows in the challenging cases of
blunt head trauma where there are no witnesses to the injury. This
segment will be followed by a discussion on the investigation of
suspected child homicides and child abuse-related injuries are
presented as well as information on the medicolegal investigation. The
workshop will conclude with a discussion on the investigation of suicide
and equivocal death.

Each of the presenters bring years of practical experience and
research into various aspects of homicide and medicolegal death
investigation and will share their expertise with the attendees. The
overall goal will be to provide comprehensive and practical information
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which will serve an investigative guide in the investigation of sudden and
violent death inquiries.
Homicide Investigation, Medicolegal Death, Asphyxia-Suicide

W8  Multidisciplinary Approaches to Effective
Communication and Report Writing

Jenna L. Oakes-Smith, MFS, St. Louis Metro Police Dept, 1200 Clark
Ave, St. Louis, MO 63103; Tanisha V. Henson, MFS* 400 E Jackson St,
Richmond, VA 23219; Julie A. Howe, MBA, Saint Louis Univ, College of
Health Sciences, Allied Health Professions, 3084, St. Louis, MO 63104-
1028; Donna C. Boyd, PhD*, Radford Univ, Forensic Science Institute,
PO Box 6939, Radford, VA 24142; Ryan M. Rezzelle, MFS*, Johnson
Co Sherriff's Office, Criminalistics Laboratory, 11890 S Sunset Dr,
Olathe, KS 66061; Kim A. Collins, MD* 1333 Martins Point Rd,
Wadmalaw Island, SC 29487, Ted R. Hunt, JD*, Jackson County
Courthouse, 415 E 12th St, Fl 7M, Kansas City, MO 64106; Pamela A.W.
King, JD* 400 S Broadway, Ste 15, Rochester, MN 55904; Jill L.
Spriggs, MBA*, California Dept of Justice, Sacramento Lab, 4949
Broadway, Rm F104, Sacramento, CA 95820; and Jayne E. Thatcher,
PhD*, Dept of Forensic Science, 700 N Fifth St, Richmond, VA 23219

The goal of this workshop is to discuss the importance of
communication among the various agencies involved in an investigation
and the essentials of effective report writing.

This workshop will impact the forensic science community by
providing encouragement, tools, resources, and support needed to give
forensic professionals the ability to positively contribute to the forensic
science field through effective, thorough, and clear communication.

With continual advancements in technology, various evidence
collection methods, and the wide range of forensic disciplines, the
importance of effective and efficient communication and the significance
of accurate report writing have increased. Practitioners must
communicate with individuals assigned to a case to ensure that accurate
information is relayed and that evidence handling is coordinated
between forensic disciplines. Analysts must keep abreast of new
techniques; all the while contemplating how those findings should be
presented to outside agencies and the judicial system. All of this work
and coordination must then be summarized into a clear and concise
report that can be used in court. The investigation of a criminal case is
a constant give and take of information and this workshop will help
illustrate the fact that no discipline is an island and without teamwork
justice cannot and will not prevail.

Collaboration is most apparent in disciplines which require
coordination with outside agencies in order to issue findings, including
determining manner of death. This workshop will allow those who speak
for the dead to share how to speak with them. Tanisha V. Henson will
make a case that the information from law enforcement agencies can
not only impact a ruling on manner of death, but can also determine if
the medical examiner’s office should be involved at all. Forensic
Pathologist Kim Collins will discuss the pertinent information that is
needed when she is working “alone in the basement” to determine
cause of death.

The need for effective communication of course is not limited to the
medical examiner’s office. Members of the crime lab require the same
exchange of information, often times with people in the same building.
Ryan Rezzelle will discuss the various issues that arise as evidence
moves through a crime lab and Jayne Thatcher will share the best way
to communicate with the local toxicologist. Providing a managerial
perspective, Jill Spriggs, lab director and current ASCLD-LAB president,
will help workshop attendees define successful communication.

Of course the end result of most analyses is a report and tailoring
reports to particular audiences can sometimes be difficult, as Donna
Boyd will discuss from a forensic anthropology perspective. All of the
speakers, however, will discuss what is included in standard reports and
how they determine what goes into their report. Ted Hunt and Pam King
will then discuss how these reports are used in the jurisprudence system
from the perspective of the prosecution and defense, respectively.

Because true communication cannot occur without a certain
amount of discourse, the end of the workshop will consist of a panel
discussion with the speakers. The panel will be presented with topics
important to the forensic community as well as points that arise during
their presentations. Attendees will also be given the opportunity to pose
questions, which will allow for a direct exchange of information.

This workshop will demonstrate that forensic analysis does not
occur in a vacuum, but rather requires the work of multiple disciplines to
form a complete and accurate picture of an event. This picture is painted
with clear and concise reports, but only after an exchange of accurate
information provides a rough sketch from which to begin. Only through
open and effective communication, can a case, and ultimately a forensic
discipline, progress, and move forward.

Forensics, Communications, Report Writing

W9  The Predator Next Door: Everything You
Always Wanted to Know About Sex
Offenders and Had No One to Ask!

Vivian Shnaidman, MD*, 812 State Rd, Ste 220, Princeton, NJ 08540;
Cinzia Gimelli, PsyD, PhD*, Viale Montegrappa, 29/C, Reggio Emilia,
ITALY; Luciano Garofano, PhD*, Via G. D’Annunzio n.9, Parma, ITALY;
Roberto Testi, MD, PhD* Via Lessona 54/12, Torino, ITALY: Melania
Lugli, PhD*, Viale Montegrappa, 29/C, Reggio Emilia, ITALY; Marina
Genis, MA*, 21 Sunset Ave, Unit 149, Johannesburg, SOUTH AFRICA;
Eleanor B. Vo, MD*, 285 Durham Ave, Bldg 6, Ste 2A, South Plainfield,
NJ 07080-2546; and Michael Shnaidman, PhD* 6 York Dr, Princeton,
NJ 08540

After attending this presentation, participants will: (1) understand
the different types of rapists, pedophiles, and sexual psychopaths; (2)
obtain a basic understanding of risk assessment; and, (3) have a clear
picture of the warning signs when an individual they encounter might
have a history of sexual offenses.

This presentation will impact the forensic science community by:
(1) describing and differentiating the various types of sexual offenders;
(2) explaining risk factors so practitioners will be able to appropriately
identify and assess sexual predators; and, (3) providing information on
determining risk factors in predators in order to make predictions about
repeat activity.

Forensic evaluators will be able to utilize statistical and actuarial
information appropriately, as well as understand the difference between
a true clinical evaluation and clinical evaluations that the literature
derides. Many individuals who work in the mental health field obtain the
majority of their understanding about sex offenders from the popular
media. This presentation will teach evaluators how to distinguish
between fact and fiction. The “abuse excuse” and the politically incorrect
topics of mentally ill and mentally retarded offenders will be presented
and explored.

This workshop will present the following topics in as much detail as
time permits:

e \What might qualify as a sex offense can be surprising. Some
of the theoretical underpinnings from the psychoanalytic
literature will be touched upon, but in a very understandable
and accessible manner.

e What is a sexually violent predator? Legal and colloquial
understanding of this term differs greatly and in order to do this
work, the evaluator must know the difference, which also
depends on jurisdiction.

e Pedophiles—subtypes and morphologies—including the most
likely culprits, how they operate, and “Stranger Danger.”

e Internet Porn and the “victimless crime”—are they sex
offenders, predators, or something else—and how does the
use of internet porn predict offending against real live victims?

e Rapists and serial killers—can a serial killer not be a sexual
predator?

e Rapist Morphology—because jargon is important.

e Sex offender risk assessment instruments—how they work
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and how they do not—the theory behind using these
instruments and how to use them with the appropriate caution.
e Sadists versus non-sadists—and what is sadism?
e Mentally ill and mentally retarded offenders—the “politically
incorrect offender.”

All topics—What is a sexual offense? In order to understand sex
offenders their offenses must be identified—and will include case
presentations and discussion. This workshop is intended to be an
overview of all the types of sexual predators, how to identify them, how
to perform risk assessments, and what clues to look for in their
evaluations.

Sex Offenders, Rapists, Pedophiles

W10 Quality Assurance in Human Identification

John E. Byrd, PhD*, 95-033 Hokuiwa St, No 51, Mililani, HI 96853-5530;
and Thomas D. Holland, PhD*, Vincent J. Sava, MA*, Bradford Byrnes,
LLM* and Stephanie R. Ah Sam, MS*, Hickam AFB, Central ID Lab, 310
Worchester Ave, HI 96853

After attending this workshop, attendees will: (1) understand the
basic quality assurance principles and measures applicable to human
identification; (2) learn the unique challenges faced by professionals
involved in human identification when striving to have their facilities,
procedures, and casework meet the standards demanded by the
criminal justice and medical-legal systems; and, (3) utilize the material
presented to formulate a quality assurance program for their
organization.

This presentation will impact the forensic science community by
demonstrating how quality assurance in forensic laboratories and
forensic programs has led to objective and measurable standards of
performance that ultimately strengthen and elevate the forensic
profession as a whole.

Quality Assurance Programs (QAP) and activities in forensic
laboratories have been a growing trend over the past decade. The
publication of the National Academy of Sciences Report: Strengthening
Forensic Science in the United States: A Path Forward and its
recommendations have made quality assurance programs and
accreditation an increasing priority for forensic human identification
laboratories. Since 1999, the Joint POW/MIA Accounting Command
(JPAC), Central Identification Laboratory (CIL) has implemented a
stringent QAP to ensure the scientific integrity of its casework. The CIL’s
QAP ultimately led to its accreditation by the American Society of Crime
Laboratory Directors Laboratory Accreditation Board (ASCLD-LAB) in
2003—the first forensic skeletal identification laboratory so credentialed.
In 2008, the CIL was re-accredited under the ASCLD-LAB International
Program using I1ISO 17025 Criteria.

The goals and objectives of this workshop are to introduce the
attendee to the CIL's QAP and to convey the lessons learned resulting
from its implementation and growth. The workshop begins with an
overview of the CIL, its mission, and QAP. A video of the CIL’s mission
and operations is presented. In the latter, the concept of the scientific
integrity of the CIL is discussed followed by a summary of the “Surety”
model of quality assurance.

The participants become familiar with each measure that comprises
the surety model of quality assurance. The importance of integrating
and synchronizing all of the surety measures discussed during the
workshop is continually stressed.

Issues that are currently at the forefront of forensic quality
management are presented. These include:

e Professional qualifications and development
e Ethics

e Research and development

e \/alidation of technical procedures

e Uncertainty of measure

e Data management and information release

Infrastructure and support considerations necessary for a
successful QAP are also presented. Surety measures addressed
include, but are not limited to:

e Desired qualities of a laboratory manual and other vital
documentation and their control

e Adequacy and safety of laboratory facilities

e Purchasing and contracting for laboratory services
and supplies

e Policies and procedures conducive
work environment

e Customer service programs and complaint procedures

e Evidence management and security

e Training and professional development

Gathering and interpreting evidence discusses quality assurance
measures directly related to field operations and trace evidence
casework. These surety measures include:

e Peer review process

e Preparation of analytical notes, test reports and other case
documentation

e Photography and other imaging

e Maintenance, calibration, and performance checking
of equipment

e Taphonomic effects and evidence conservation considerations

e Writing and editing standard operating procedures (SOPs)

Quality assurance procedures and programs are ineffective unless
they are monitored, enforced, and subjected to corrective action when
non-compliances are discovered. Monitoring and corrective actions
outline how these are accomplished in the CIL. Discussed are a myriad
of surety measures including:
Proficiency testing

e Review of court testimony

e Internal and external audits

e Annual reports to, and management
top management

e Corrective action policies and procedures
personnel, technical procedures, facilities, etc.

In closing, the workshop discusses problems that hindered, and the
processes that led to, the accreditations of the CIL. Surety assistance
programs offered by the CIL are discussed in the event an attendee’s
organization desires assistance with their QAP or accreditation efforts.
Additionally, the contributions, to date, of the Scientific Working Group in
Forensic Anthropology (SWGANTH) to the human identification
profession are briefly discussed.

Quality Assurance, Human Identification, Forensic Anthropology
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W11 Bones and Children: An Interdisciplinary

Approach to Forensic Issues

Andrew M. Baker, MD*, OCME, 530 Chicago Ave, Minneapolis, MN
55415; Kathryn H. Haden-Pinneri, MD*, and Jennifer C. Love, PhD?,
Harris Co Institute of Forensic Sciences, 1885 Old Spanish Tri, Houston,
TX 77054, B.G. Brogdon, MD*, Univ of South Alabama, Medical Center,
Dept of Radiology, 2451 Fillingim St, Mobile, AL 36617; Christian
Crowder, PhD*, OCME, 520 1st Ave, New York, NY 10016; and
Christopher S. Greeley, MD*, UT Health Science Center, Dept of
Pediatrics, 6431 Fannin St, Houston, TX 77030

After attending this workshop, attendees will be able to: (1)
understand strengths and weaknesses of the various disciplines
(pathology, anthropology, pediatrics, and radiology) that can evaluate
fractures in children; (2) describe medical conditions that can mimic
fractures or predispose pediatric populations to fractures; (3) recognize
that the collaboration of various medical and forensic specialists is the
most productive way to find and evaluate fractures; (4) understand the
strengths and limitations of various techniques for constructing the
biological profile (age, sex, ancestry, and stature) of the dead, and how
various factors impact these determinations; and, (5) understand the
techniques used in evaluating pediatric remains that may be
decomposed, unidentified, and/or skeletonized.

This workshop will impact the forensic community by assisting in
the evaluation and interpretation of fractures in children. The finding of
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fractures in children, particularly the very young, can have profound
medicolegal implications if the fractures are suggestive of inflicted injury.
The clinical, radiological, histological, and anthropological aspects of the
fracture may provide useful information as to the mechanism and/or age
of the injury. Correlation with published studies and the experience of
the pediatric and radiological communities may prove vital in assessing
whether a fracture might be accidental, or whether the child may have a
medical condition predisposing to—or mimicking—fractures. By
bringing a variety of medical and forensic specialists together to examine
all aspects of fractures—including accidental fractures, conditions that
might mimic fractures, and conditions that can predispose to fractures in
the pediatric population—this workshop will help attendees increase
knowledge of fracture evaluation within their own disciplines, and
develop a deeper appreciation for the understanding of fractures that
other medical and forensic specialists can bring to the table. This
workshop also will impact the forensic science community by going
beyond fractures to examine skeletal features of children and techniques
which can be used that may prove useful in estimating or establishing
age, verifying identity, estimating time since death, and confirming the
presence of antemortem trauma.

The complex intersection of skeletal trauma analysis, bone
pathology, clinical pediatrics, and radiology is centered on children, and
often necessitates a multidisciplinary approach. The presence of
unexplained fractures in living and deceased children—particularly
infants and the very young—may have profound implications for how
injuries are assessed and deaths investigated. Pediatricians,
radiologists, pathologists, and anthropologists all have much to offer in
the assessment of the pediatric skeleton, but may be unaware of other
disciplines’ skills that can be brought to bear on questions of
considerable legal and forensic significance. Furthermore, some
diseases may mimic fractures, or predispose to fractures, and these
conditions must be recognized to ensure proper treatment and/or avoid
miscarriages of justice. Just as the finding and interpreting of fractures
in children is different than in adults, so too is the recovery and
identification of pediatric remains. Thermal injury, decomposition,
postmortem changes, and a variety of other factors present significant
challenges in recovery and identification.

This workshop will utilize multiple medical and forensic disciplines
(anthropology, pathology, radiology, and pediatrics) to examine features
of children’s bones that have forensic and legal implications: the
recognition and interpretation of fractures; and, aspects of recovering,
identifying, and evaluating skeletonized or decomposed pediatric
remains. A significant portion of the workshop will be dedicated to
explaining and demonstrating how various disciplines, working together,
can provide more and better information and stronger conclusions than
any one discipline alone. Specific examples of the multidisciplinary
approach to the pediatric skeleton will include the complementary
expertise of the pathologist and anthropologist in finding and interpreting
fractures, the radiological and pathological correlation of fractures, clinical
and radiological consultation with regard to pediatric development and
likely fracture mechanisms, clinical and radiological features of diseases
that mimic or predispose to fractures, and the multidisciplinary approach
to the recovery and interpretation of pediatric skeletal remains. Historical
and technical aspects of the various disciplines: anthropology (fracture
identification, tissue maceration, fracture photography, assessment of
healing, skeletal recovery, techniques for aging); pathology (fracture
identification, specimen handling, bone development, normal and
abnormal bone histology); radiology (the historical development of the
recognition of abuse, techniques in radiological evaluation); and,
pediatrics (examination of the patient, the differential diagnosis of skeletal
findings) will be addressed.

Bones, Children, Fractures

W12 Principles and Applications of Liquid
Chromatography Mass Spectrometry
(LC/MS) for the Forensic Toxicologist

Peter R. Stout, PhD*, and Megan Grabenauer, PhD*, RTI International,
Center for Forensic Science, 3040 Cornwallis Rd, Research Triangle Park,
NC 27709; and Michael Chen, PhD*, and Jeffrey P. Walterscheid, PhD*,
Harris Co Inst of Forensic Sci, 1885 Old Spanish Tr, Houston, TX 77054

After attending this presentation, attendees will understand the
fundamentals of LC/MS for screening and confirmation of drugs and the
advanced applications for forensic toxicology and insights into how
results are reported. Attendees will benefit from and have the opportunity
to discuss challenges at the end of the session.

This workshop will impact the forensic science community by
raising awareness of the capabilities of LC/MS in detection strategies by
accurate mass measurements and confirmation techniques by tandem
mass spectrometry. This workshop will also explore cutting-edge
analytical methods for evaluating routine and emerging drug compounds
involved in impairment or death investigations.

The use of liquid chromatography time-of-flight mass spectrometry
(LC/TOF-MS) for screening purposes has gained popularity in recent
years. Different laboratories have developed screening methods for
drugs of abuse, pesticides, veterinary drugs, doping agents, and other
poisons in different matrices such as blood, urine, vitreous humor, hair,
and even food. The original fame of accurate mass for confirming
theoretical molecular formulas for synthetic compounds has grown to
include its use in identification of unknowns and searching for target
compounds in complex matrices. Mass measurements that are
accurate to several decimal places coupled with creation of target drug
compound list with retention time data allows for rapid, selective, and
specific screening of target compounds.

The first session will address the basics of liquid chromatography
based mass spectrometry. The commercialization of LC/MS permits the
use of gentle electrospray ionization, while providing accurate mass and
retention time data to identify analytes. Instrumental variants that use
time-of-flight analysis provides an expansive technique for screening a
large number of known and unknown analyte possibilities, while tandem-
mass hardware is ideal for confirmation and quantitative analyses. A
wide array of drugs, metabolites, adulterants, and other exotic
compounds can be monitored by these techniques.

There are extensive classes of known synthetic cannabinoids and
cathinone derivatives yet limited panels of available reference
standards. These groups have quickly become an emerging threat to
public safety due to their accessibility and lack of detection by routine
screens. Furthermore, these drugs continue to evolve as manufacturers
creatively modify side chains to complicate identification of new drugs
and alter drug potency. The second presentation will address this
problem by applying a technique of identifying compounds by accurate
mass defect filtering. This approach allows the analyst to distinguish
unique signals from matrix elements and other components that may
obscure significant findings in unknown samples.

Once scans have revealed the presence of compounds of interest,
it is necessary to authenticate the identity by establishing the
concentration in comparison to a standard. However, there are many
pitfalls that can obfuscate true proof of the analyte in question. Isobaric
compounds are isomers that share the same molecular formula, mass,
and possibly the same fragmentation ions or retention time. Techniques
for extraction, chromatography, and mass spectrometry confirmations
will be outlined. Choices of solvents, gradient profiles, specification of
daughter ions, and, collision energies to enhance sensitivity and
specificity in unambiguously defining the compound by liquid
chromatography tandem mass spectrometry (LC/MS/MS) will be
discussed.

From screening to confirmation, the data is assembled for reporting
a result in the final analysis. The interpretation of data for toxicology
reports requires knowledge of anticipated mass, retention time, and
relative abundance of daughter ion ratios. Lastly, attendees will be
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shown how to discern supportive data from suspect outcomes, and
evaluate the veracity of the declared determination.
LC/MS/MS, LC/TOF-MS, Toxicology

W13 Calculating Likelihood Ratios
Incorporating a Probability of Drop-Out:
Introducing Lab Retriever — A Free and
User-Friendly Software Program

Keith Inman, MCrim*, Dept of Criminal Justice Adm, 4069 Meiklejohn
Hall, 25800 Carlos Bee Blvd, Hayward, CA 94542; Norah Rudin, PhD*,
650 Castro St, Ste 120-404, Mountain View, CA 94041; Kirk Lohmueller,
PhD*, Dept of Integrative Biology, 3060 Valley Life Sciences, Bldg 3140,
Berkeley, CA 94720; and Daniel J. Gregonis, MS, California Dept of
Justice, 7425 Mission Blvd, Riverside, CA 92509

After attending this workshop, attendees will: (1) gain an
understanding of how to solve challenges encountered by analysts in
interpreting and weighting difficult DNA profiles; and, (2) learn the basics
and mechanics of a free user-friendly software program to calculate
statistics based on maximum profile information.

This presentation will impact the forensic science community by
addressing one of the most difficult and prevalent challenges that
forensic DNA laboratories face today—the interpretation and statistical
weighting of complex DNA samples.

One of the most difficult and prevalent challenges that forensic DNA
laboratories face today is the interpretation and statistical weighting of
complex DNA samples. The forensic DNA community has struggled to
provide reliable statistics for these ambiguous profiles. In a well-
intentioned attempt to be “conservative,” much of the information in the
profile often is simply ignored. Far from being safe, this approach is
dangerous in that it can lead to incorrect or grossly mis-weighted
conclusions.

It is believed that the most reliable scientific interpretation and
weighting of forensic DNA profiles should use as much information as
possible. While general agreement exists that a likelihood ratio (LR)
incorporating a probability of drop-out (P(Dp)) is the gold standard,

implementation has been difficult for a number of reasons. First,
although several automated tools to perform LRs in general have been
proffered, they have been opaque, expensive, and not particularly user
friendly. Second, in order to maximize the utility of LRs for challenging
samples, it is necessary to incorporate a P(Dg). Although a vast
repository of data is available from the validation studies of forensic DNA
laboratories, this information has not yet been mined for its value in
empirically estimating drop-out probabilities. Third, it is critical to use a
scientifically-determined analytical threshold to maximize the data used
to generate a statistical weight.

The elements required to perform a LR with a P(Dg), in particular

the empirical determination of an analytical threshold and the empirical
determination of the P(Dg) will be discussed. A software tool that

includes an easily-accessible user interface will be introduced. The Lab
Retriever software, including the back-end computer code will be freely
available without charge.

Approaches to assessing the weight of challenging samples
— The advantages and limitations of several different approaches to
assessing the weight of forensic DNA evidence will be discussed. These
include the use of a stochastic threshold, the “2p rule,” and a likelihood
ratio (LR) that explicitly models the possibility of drop-out. Using current
research results, Incorporation of drop-out leads to accurate estimates
of the LR will be demonstrated. Similarly, data that the stochastic
threshold approach often heavily underestimates the strength of the
evidence and can lead to false exclusions will be presented. Further,
results demonstrating that the “2p rule” performs similarly to the LR
approach for some of the same situations will be shown.

Empirical determination of an analytical threshold — How
thresholds currently employed by DNA labs are frequently too high and
true DNA peaks left undetected, resulting in the abandonment of
valuable information from difficult samples will be explained. We will
show how an empirically derived analytical threshold assists in properly
calculating an LR with a P(Dg). How to determine an appropriate

analytical threshold as the first step in preparing data for input into the
“Lab Retriever” computer program will be demonstrated.
Empirical determination of P(Dg) — A major impediment to

implementing LR with P(Dg) has been the lack of an empirically
determined P(Dg). How to determine an appropriate range of P(Dg) for

use with Lab Retriever, from data that every DNA laboratory has
produced during validation will be demonstrated. The resulting
algorithm is used to estimate the P(Dg) for evidence samples.

Introduction to Lab Retriever — Lab Retriever, (Buckleton and
Balding 2009, modified by Lohmueller) a program to calculate LRs with
drop-out will be introduced. How data from an ambiguous profile is
prepared for LR analysis will be demonstrated. Workshop attendees will
participate in a practical exercise to reinforce their understanding of
selection and preparation of data for use in Lab Retriever. Participants
will be instructed on using the software, and will be provided with
materials with which to practice their newly acquired knowledge and
skills at home.

Low Template DNA, Likelihood Ratio, Dropout Probability

W14 Melendez-Diaz, Bullcoming, and Williams:
Scientific Evidence and the Right
to Confrontation

Justin J. McShane, JD*, 4807 Jonestown Rd, Ste 148, Harrisburg, PA
17109; Marc A. LeBeau, PhD*, FBI Laboratory, 2501 Investigation Pkwy,
Quantico, VA 22135; David Kaye, JD* Penn State Univ, Dickinson
School of Law, Lewis Katz Building, University Park, PA 16802; Boris
Moczula, JD*, Office of The Attorney General, PO Box 080, Trenton, NJ
08625-0080; and Robert A. Middleberg, PhD*, and Barry K. Logan, PhD,
NMS Labs, 3701 Welsh Rd, Willow Grove, PA 19090

After attending this workshop, attendees will be able to: (1) discuss
the courts’ interpretation of the Sixth Amendment on right to
confrontation; (2) assess the impact of the rulings on forensic laboratory
operations; and, (3) consider aspects of these rulings from perspectives
other than their own.

This presentation will impact the forensic science community by
educating forensic laboratory management and personnel about the
requirements courts place on forensic science testimony, while
educating attorneys about the impact of these rulings on laboratory
operations and encouraging dialog between scientists and lawyers on
meeting constitutional obligations while practically allocating resources
within laboratories.

This workshop will examine the impact of three recent Supreme
Court rulings on the right of defendants to confront expert witnesses at
trial. The program will consider the issue from the perspectives of an
academic constitutional law, prosecution, defense, and forensic
laboratory director perspective, and will include an update on new
appellate cases.

The Sixth Amendment to the United States Constitution guarantees
that a defendant will have the right to confront their accuser. Becoming
effective in 1791 as part of the Bill of Rights, this amendment was
designed to help ensure fairness in criminal prosecutions and goes back
to earlier European law. But in the age of electronic communications,
video conferencing, automated testing, increasingly complex scientific
evidence, and constrained forensic laboratory resources, how is that to
be interpreted in 20127?

This workshop considers three important rulings issued by the U.S.
Supreme Court in the last four years concerning the admissibility of
laboratory results in criminal cases: Melendez-Diaz vs. Massachusetts,
Bullcoming vs. New Mexico, and most recently Williams vs. lllinois.
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These cases address, in part, the issue of what constitutes testimonial
evidence, and who is permitted to testify to what aspects of scientific
evidence under some case specific conditions. The Court, however,
leaves many questions unanswered, including who is the “analyst” for
purposes of confrontation, and can a scientist testify about their opinion
on scientific evidence not admitted?

Courts interpretations of these cases has a significant impact on the
presentation of scientific evidence in court, management of forensic
laboratory resources, and the outcomes of trials in major crime cases.

This workshop will present four perspectives on the issue, beginning
with a consideration of the language of the sixth amendment, its context
in the time it was adopted, and subsequent interpretation in United States
case law. This is followed by presentations between appellate attorneys
on the state and defense side both with extensive experience in the
presentation of scientific evidence. Perspectives on legal and practical
aspects of litigating cases with forensic evidence will be presented and
followed by the perspective of a forensic laboratory director responsible
for planning laboratory operations, assigning job duties, and ensuring
scientist availability for court in a laboratory environment where typically
many people are involved in the analysis of a single piece of evidence.

The session concludes with a moderated discussion by the panel of
presenters and a question and answer session with the participants.
Melendez-Diaz, Sixth Amendment, Testimony

W15 Improving the Effectiveness of Forensic

Service: Using the Foresight Project as a
Platform for Quality

Max M. Houck, PhD* PO Box 6250, Arlington, VA 22206; Jay W. Henry,
BS*, Utah State Crime Laboratory, 4501 S 2700 W, Salt Lake City, UT
84119; and Paul J. Speaker, PhD*, West Virginia Univ, Coll of Business
and Economics, PO Box 6025, Morgantown, WV 26506-6025

After attending this workshop, attendees will be: (1) able to use
basic metrics to evaluate the effectiveness and costs of their forensic
services; and, (2) provided a platform for bench-marking with other
forensic providers.

The workshop will impact the forensic science community by
providing tools that will help improve operations of sections, units, or
laboratories, while keeping in mind the importance of effectiveness and
efficiency to ensure accuracy, quality, and timely provision of forensic
services.

Forensic service providers are—in essence—non-profit, production-
oriented organizations staffed largely by knowledge workers. Forensic
scientists as knowledge workers take evidence and data and convert
them into knowledge in the form of reports and testimony. They
specialize in these transactions and, therefore, simplify them for the
benefit of the criminal justice system; the investigators or attorneys do not
need to find numerous individuals to conduct the specific examinations
required for a case. As long as the costs of providing these services
externally do not exceed the costs of their internal provision, for example,
by a government forensic laboratory, then the organization can prosper.
If the government laboratory costs are greater than the cost of finding
private laboratories to provide services, then the organization may be re-
evaluated. Comparatively, non-profit and for-profit organizations are
similar in some ways (money is an input for both) yet different (money, in
the form of profits, is an output only for the private sector). Non-profits
must therefore measure success in other ways, such as “low cost” or
“cost effective.” Forensic service providers and their parent organizations
use terms such as “cost-effective” vaguely without reference to other
disciplines which use these as well-defined technical terms in evaluative
phrases or formulae. Despite the great concern and administrative angst
over forensic service providers’ “performance” and “capacity,” these
metrics go undefined as industry standards.

Managers of scientific laboratories see themselves as scientists first
and managers second; consequently, they tend to devalue the
managerial aspects of their jobs. Despite—or perhaps because of—this

lack of explicit understanding, forensic service providers are held
accountable by one or more agencies for their performance based on
non-standard, ill-defined, or non-existent criteria. Successes and
improvements go unrecognized and opportunities for advancing the
mission and goals of the organization are squandered. The stakes for
forensic laboratories are high given the importance of quality science to
the criminal justice system. The need for training and support in forensic
laboratory management has been recognized for many years but little
has been done to transition the tools of business to the forensic
laboratory environment.

This workshop will provide an overview on how to use simple
business metrics to evaluate your forensic services, improve
effectiveness and quality, and provide the supporting information to
request or justify additional resources. The workshop uses tools and data
from the FORESIGHT Project, a business-guided self-evaluation of
forensic science laboratories across North America. The process
involves standardizing definitions for functional areas of the laboratory
and metrics to evaluate work processes, linking financial information to
work tasks and functions. Laboratory managers can then assess
resource allocations, efficiencies, and value of services—the mission is to
measure, preserve what works, and change what does not.

As an exercise to highlight the relevancy of the process, attendees
are encouraged to develop the following data from their agencies for
DNA, fingerprints, or toxicology (antemortem or postmortem): total
financial expenditure in that area; number of full-time employees,
including clerical; total compensation including benefits; number of cases
submitted; and number of tests conducted. For this data, attendees are
encouraged to use the standard definitions of the FORESIGHT Project as
listed on the Laboratory Reporting and Analysis Tool (LabRAT).
Effectiveness, Efficiency, Foresight

W16 Forensic Entomological Aspects of Abuse
and Neglect

Ralph E. Williams, PhD*, Purdue Univ, Dept of Entomology, 901 W State
St, West Lafayette, IN 47907; Neal H. Haskell, PhD* 425 Kannal Ave,
Rensselaer, IN 47978; Sharon L. Plotkin, MS* 700 NE 124 St, North
Miami, FL 33161, Laura La Cagnina, RN, MSN* 1980 Kramer Way,
Marietta, GA 30062; and Natalie M. Borgan, MS*, 22249 Summit Vue Ln,
Woodland Hills, CA 91367

After attending this workshop, attendees will: (1) review the different
scenarios in which insects are involved in abuse and neglect; (2) be
shown how entomological investigations in such cases are carried out
and how insect evidence can be of importance in the investigation; (3) be
presented with the legal aspects of such cases; and, (4) be presented
with criminal activity associated with using insects to make false
accusations of abuse and neglect.

This presentation will impact the forensic science community by
showing how abuse and neglect cases, in which insect evidence is
present, are assessed and dealt with in the forensic investigation.
Attendees will also become familiar with recognizing how insect evidence
can be useful in addressing abuse and neglect cases in the criminal
justice system.

Forensic entomology is often thought of as being involved with death
investigation; however, insects can be of real concern in various aspects
of abuse and neglect. Human insect infestations can sometimes become
an issue with abuse and neglect of nursing home patients when bedding,
clothing and hygiene of patients is at issue, with babies whose personal
hygiene is not properly cared for, with the improper handling of wound
cleansing, and various other situations in the medical profession. Some
of the same insects (especially various fly species) associated with death
investigations can also be involved in abuse and neglect cases. Many of
these cases end up in the court system either as lawsuits or as criminal
cases. This workshop will present the various situations in which insects
can become involved in abuse and neglect with specific case studies
presented. The criminal aspect of planting insects to appear as abuse
and neglect will also be discussed.
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Insect evidence can be found on contaminated clothing, bedding
material, urine and fecal deposits, diapers, open sores and wounds,
soiled wound dressings and bandages, among others. Entomological
procedures will be presented to provide guidance in recognizing insect
evidence associated with abuse and neglect along with collection and
preservation techniques of insect evidence. Insects that are often seen
in abuse and neglect cases are various species of flies, including blow
flies, flesh flies, house flies, and others. Other insects and related
arthropods that may be of issue include ants, beetles, bedbugs, mites
and ticks, and spiders. Specific case studies will be presented to include
abuse and neglect of elderly in care centers and nursing homes; infant
abuse and neglect where insect invasion of clothing and feeding has
occurred, and situations involving insect contaminated wounds from
patients of outpatient caregivers. Also, cases of insect and related
arthropod invasion and attack in which people claim to have been bitten
will be presented. In addition to real cases of neglect and abuse, the
criminal aspect of the planting of insects to appear as abuse and neglect
and falsifying insect evidence will be discussed. Related to non-real
cases is the area of delusory parasitosis, or entomophobia (a fear of
insects). This will be presented to distinguish it from real cases of abuse
and neglect. Discussion will be presented including the involvement roles
of the entomologist, crime scene investigator, forensic nurse, and legal
counsel.

The workshop will be concluded with discussion on the legal
system’s role in dealing with abuse and neglect cases from the aspect of
lawsuits to criminal cases. How to determine the difference between
lawsuits and criminal involvement will be discussed since this is often a
point of contention. The role of the attorney and expert witness
(entomologist, CSI, medical personnel, etc.) will be reviewed from both
the plaintiff and defendant viewpoint.

Abuse and Neglect, Insect Evidence, Forensic Entomology

w17

Image Analysis 3D Imaging and
Virtopsies: Developments, Methods, and
Reasoning About Images

William R. Oliver, MD*, East Carolina Univ, Brody School of Medicine,
Brody Medical Sciences Bldg, Greenville, NC 27834, Zeno J. Geradts,
PhD* Netherlands Forensic Institute, Ministry of Justice, Laan van
Ypenburg 6, Den Haag, NETHERLANDS; Michael Thali, MD*, Univ of
Zurich, IRM/Forensic Institute, Winterthurstrasse 190/52,
SWITZERLAND; David R. Fowler, MD*, OCME, 900 W Baltimore St,
Baltimore, MD 21223; and Jurrien Bijhold, PhD* Laan van Ypenburg 6,
Den Haag, NETHERLANDS

After attending this workshop, attendees will understand: (1) the
issues with interpretation of images; (2) how virtopsies can help with
interpretation; and, (3) what methods for validation exist.

This workshop will impact the forensic science community by: (1)
explaining the different methods in imaging; (2) giving a relation between
general image interpretation and interpretation of images in virtopsies
and crime scene imaging; and, (3) briefing attendees on pitfalls,
possibilities, and future expectations of image analysis.

The field of forensic imaging is expanding rapidly. There is a wide
variation of images that can be used in forensic science, ranging from
CT/MRI scans to photographs, video, three-dimensional acquisition of
images with laser, or light to spectral and thermal imaging of crime
scenes. The integration of these new technologies into working offices
can be a challenge.

This workshop will discuss some of the issues related to this type of
integration. Some of these technologies will be discussed and examples
of how they are being used in offices today will be demonstrated. The
use of 3D scanning provides better measurement and visualization as
well as the ability to estimate error. The development of image databases
allows exploitation of imagery over time and among different activities.
Automated methods of image comparison and data mining allow
exploitation of imagery that is transforming investigations. The use of
computed tomography (CT) and magnetic resonance imaging (MRI)

provides new and important information in the investigation of death,
including better measurement of three-dimensional features and even, in
the case of MR spectroscopy, biochemical analysis of tissues.

While these new technologies provide important benefits, they also
present significant challenges. New technologies require interdisciplinary
cooperation and training. Integrating these new technologies into
existing organizational structures requires new infrastructure and
different workflows. Rapid changes in large organizations can be a
challenge, and those who are considering them should be aware of
common organizational pitfalls. Practical issues of funding, organization,
operation, and acceptance can be as or more important than the
technical issues commonly considered.

Quality assurance is important to have in place when implementing
these systems, especially in handling large amounts of data. For
validation, a reference database of images can also be used to have a
statistical approach on conclusions that can be drawn from these.
Development of algorithms for comparison in databases and using these
for computing likelihood ratios are presented, as well as a Bayesian
framework that can be used for combining conclusions of different
independent features. Examples are shown for related to morphometric
comparison of 3D shapes in fields such as cartridge cases, shoeprints,
and tool marks in databases. New developments in forensic science
such as thermal imaging for determining the time of death at the crime
scene and spectral imaging provide a new solution; however, it should be
validated before being used in actual casework and/or integrated in the
standard quality assurance system. Lessons of implementation of fast
developing technology, such as digital evidence, can learn from the best
practices from each other.

Further, modern requirements for justification of scientific
conclusions require that one look at how these images are analyzed. The
analysis of imagery includes determination of image authenticity, image
integrity and provenance, and image content. This involves both
technical issues and issues about how we think about images. It is
important to examine how we look at images and what our reasoning
processes are. The workshop will cover a broad range of imaging
techniques, their validation and the implementation on conclusions that
can be drawn from these from a broader perspective in a multidisciplinary
approach.

Image Analysis, 3D Imaging, Virtopsies

Crime Scene
Misdirection of

W18 Staged Crime Scenes:
Clues to Suspect
the Investigation

Grant D. Graham, MFS*, Fayetteville Police Dept, 467 Hay St,
Fayetteville, NC 28301; and Arthur S. Chancellor, MA*, 131 Wed
Denning Rd, Angier, NC 27501

After attending this workshop, attendees will: (1) be able to identify
the three new categories of staged scenes with case examples of
different types of crimes where staging is prevalent; and, (2) learn the “red
flags” or common findings in staged scenes.

This presentation will impact the forensic science community by
introducing distinct categories of staging based on the motive of the
offender’s scene alteration. Ultimately, applying these categories may
help in the quick recognition of scene alterations or staging.

In the course of their career, most detectives and forensic
practitioners will come into contact with a staged crime scene; a scene
that has been altered by the offender to either mislead a police
investigation as to the true facts of the crime or for other reasons
understood only by the offender. Staged scenes and “staging” are
possible in nearly every type of criminal offense raging from property
crimes such as arson and burglary to violent crimes such as homicide,
child abuse, or sexual assaults.

To better understand the dynamics and the general nature of
“staging” this workshop will introduce distinct categories of staged crime
scenes based on the motive of the offender’s scene alteration. The thrust
of this workshop is to understand that the offender’s actions to stage a
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scene can actually be identified through common findings or “red flags”
that are often found when scenes are altered. Further, that these same
red flags may help in the quick recognition of scene alterations or staging,
and based on new criteria may be divided into three separate and distinct
categories. These categories are herein referred to as, Primary,
Secondary, and Tertiary staging.

The Primary staged scene is intentionally altered or changed by the
offender with criminal intent to misdirect a subsequent police investigation
and can be further sub-categorized into two types: ad hoc and
premeditated. The ad hoc subtype is staged without forethought and
planning, at the spur of the moment after the event has taken place, and
is generally intended to deflect attention away from the offender and true
facts of the crime. The scene is considered premeditated when the
offender pre-plans the scene alterations in accordance with a
preconceived scenario. Premeditated staging is often designed to focus
attention onto the staging and false evidence. Ultimately, through
Primary staging the offender in effect creates a false reality that in his/her
mind will successfully and with criminal intent, misdirect the police
investigation.

Secondary staging involves the intentional alteration or manipulation
of the crime scene or victim by an offender that is unrelated to
misdirecting or diverting subsequent investigations. This is really a new
category of staged scenes and would include such examples as posing
the victim’s body into sexual provocative positions as found in sexual
homicides or other elements of what is more commonly known as
“staging” such as covering the face or body in what is generally often
described as depersonalization. The perpetrator’s purpose in Secondary
staging is not to misdirect the investigation, rather it is often something
that is psychologically part and parcel to the crime, such as demeaning
the victim or demonstrating ultimate control over the victim.

Tertiary staging defined consists of noncriminal, accidental, or
innocent alterations; i.e.. changes to the original crime scene, generally
by witnesses or family members, who find the victim and alter the scene
without any criminal intent. An example would be a family member
finding a loved one in an embarrassing position from an autoerotic
misadventure and changing the scene to prevent embarrassment to the
family. These types of alterations are best regarded as scene artifacts.
Primary Staging, Secondary Staging, Tertiary Staging

W19 Developments in Emerging and Designer
Drug Markets 2013

Barry K. Logan, PhD*, NMS Labs, 3701 Welsh Rd, Willow Grove, PA
19090; Jeri D. Ropero-Miller, PhD*, RTI International, 3040 Cornwallis
Rd, Bldg 7, Rm 211, Research Triangle Park, NC 27709; DeMia Peters
Pressley, MS*, Drug Enforcement Administration, Office of Diversion
Control, 8701 Morrissette Dr, Springfield, VA 22152, Roumen Sedefov,
MD*, EMCDDA, Cais do Sodré, 1249-289, Lisbon, PORTUGAL;
Kabrena E. Rodda, PhD*, USAFA Prep School, 5220 Cedar Dr, Ste 117,
Colorado Springs, CO 80840-3100; Marilyn A. Huestis, PhD*, Intramural
Research, NIDA, NIH, Chemistry and Drug Metabolism, 251 Bayview
Blvd, Rm 05A721, Baltimore, MD 21224, Jeffrey Moran, PhD*, Public
Health Laboratory, Slot 47, 4815 West Markham, Little Rock, AR 72205;
Peter R. Stout, PhD* RTI International, Center for Forensic Science,
3040 Comwallis Rd, Research Triangle Park, NC 27709; and Michael
Baumann, PhD*, Intramural Research, NIDA, NIH, DHHS, Medicinal
Chemistry Section, 333 Cassell Dr, Ste 4500, Baltimore, MD 21224

After attending this workshop, attendees will be able to: (1) evaluate
their laboratory’s preparedness for meeting the demands for designer
drug testing; (2) describe the major features of the current illicit designer
drug market; and, (3) implement additional resources for testing and
interpretation.

This workshop will impact the forensic science community by
providing updates on the most dynamic and rapidly changing area of
forensic chemistry and toxicology in recent years, as well as providing
forensic scientists with practical resources to implement at their own
laboratories.

This workshop will provide updates on the rapidly changing field of
designer drugs and their analogs. The workshop will present
epidemiological information, trends reports from forensic laboratories,
novel testing methodologies, and new analytical resources for
criminalistics and toxicology laboratories.

Starting in 2009, a variety of products containing psychoactive drugs
not previously known in the United States began to appear in the
recreational drug marketplace. To date, these substances have been
principally synthetic cannabinoid agonists or stimulant/hallucinogenic
cathinone derivatives. The market is further changing; however, with
Fatty Acid Amide Hydrolase (FAAH) Inhibitors, ketamine analogs,
psychedelic phenethylamines, tryptamines, and benzofurans are now
emerging in products and blends of multiple drugs. In the United States,
federal authorities have moved to update scheduling and analog laws to
keep up with the changes, but clandestine drug manufactures are
constantly adding new classes.

This workshop begins with a series of presentations that evaluate
the latest trends in the drug marketplace and help guide laboratories as
to what drugs they should prioritize for method development and inclusion
in their databases. These presentations include data from toxicological
tests and street drug samples from labs throughout the United States as
recorded in the U.S. NFLIS data set. The U.S. Drug Enforcement
Administration (DEA) will also discuss their approach to categorization of
the synthetic cannabinoid structural classes. Furthermore, the
presentations include data from European laboratories where many of
these drugs appear before reaching the United States’ market. The
epidemiological session will end with a discussion of the designer drug
movement as a threat to the United States’ domestic security.

The latter presentations will review developments in large scale
screening for designer drugs as part of urine drug screening programs,
and the challenges faced in matching screening technologies with
confirmatory methods to make sure they remain compatible with each
other and with the drug market. The session continues with
presentations on elucidation of metabolic pathways for the synthetic
cannabinoid and cathinone families of designer drugs, including use of in
vitro and in vivo studies, and the application of GC/MS, LC/MS/MS and
LC/TOF technologies. Publicly funded online databases and analytical
data libraries will be described and approaches to their use in the
identification of unknowns will be reviewed. The final sessions of this
workshop will address the pharmacology and toxicology of
methylenedioxypyrovalerone (MDPV), which emerged in mid-2012 as
one of the most prevalent synthetic stimulant drugs, including animal
behavioral studies which identify similarities between its effects and those
of cocaine, explaining its popularity and potency. Also, discussed will be
a collection of case reports of adverse events in users of synthetic drugs
which have led to deaths and intoxications with fatal consequences.
Designer Drugs, Bath Salts, Cannabinoids

W20 Mobile Devices Examination

Rhesa G. Gilliland, MS* U.S. Postal Inspection Service, National
Forensic Laboratory, 22433 Randolph Dr, Dulles, VA 20104-1000; Jason
L. Shadle, BME*, U.S. Postal Inspection Service, Cleveland Digital
Evidence Unit, 2400 Orange Ave, 2nd Fl, Cleveland, OH 44101; and
Samuel I. Brothers, BBA*, and Willilam J. Abaunza, MS*, U.S. Customs
and Border Protection, 7501 Boston Blvd, Rm 113, Springfield, VA 20598

After attending this workshop, attendees will be educated in the
examination of mobile devices in a forensically sound manner through
discussion of relevant topics:

Handling and Preservation of Mobile Devices — Attendees will
understand proper procedures for collecting and handling mobile devices
so as to preserve data for forensic examination.

Validation of Mobile Device Examination Methods — This
discussion will present a proposed framework for validating mobile device
examination methods and software tools in light of agency accreditation
requirements. By learning to leverage available resources against their
limitations, attendees will be able to relate the Daubert standards to the
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challenges specific to codifying methodologies in an ever-evolving
discipline.

Cell Phone and GPS Forensic Tool Classification System —
Given the overwhelming prevalence that mobile devices have in our
society, there is a need for a common framework to classify the plethora
of tools released into the commercial marketplace. With the claims of
software manufacturers often exaggerated, there is a specific need to
understand not only how these tools work but when they should be used.
Attendees will be provided with an overview of current commercial tools
available for cell phone data extraction and will be able to effectively
categorize any mobile device acquisition tool within a classification
system.

GPS Forensics — Given the overwhelming prevalence that GPS
devices have in our society there is a need to classify the plethora of tools
released into the commercial marketplace. With the claims of software
manufacturers often exaggerated, there is a specific need to comprehend
in depth the way these GPS tools operate and the features they provide
an analyst for data acquisition and analysis. Attendees will be provided
with an overview of current commercial tools available for GPS data
extraction/analysis and will be able to effectively categorize these tools
within a classification system.

This presentation will impact the forensic science community by
providing sound strategies and methodologies that can be directly
applied to the examination of mobile devices and furthering the
development of the digital forensic discipline.

Our world has become saturated with inexpensive digital devices.
The ubiquitousness of these devices has changed the way we do
everything, from staying in touch with friends on our “smartphone’s” to
finding the nearest gas station with our Global Positioning System (GPS).
These devices are also frequently used by those engaged in criminal
enterprise. Mobile devices themselves contain a wealth of information
and intelligence for investigators; however the field of mobile digital
device forensics is still in its infancy. In the forensic science community,
mobile devices continue to be one of the most challenging areas for
gaining and maintaining expertise. Mobile devices continue to evolve as
new hardware/software combinations are updated several times a year.
Trying to stay current with this evolving technology is a daunting task for
any forensic analyst. This workshop will provide all knowledge levels the
information to begin and/or maintain the ability to examine mobile
devices. The process begins with the proper seizure of the device and
how to ensure the device’s data is maintained. Included will be a
discussion of several different isolation methods that can be used to
protect the mobile device from communicating while an examination is in
progress. Isolation is necessary as any successful communication
during the examination may result in a change in the data contained
within the phone, or at worst, a complete forensic wipe of the device.
There will be a discussion on the various isolation methods to protect the
mobile device both on scene and in the laboratory. There will be a
discussion on the need of verification to review the data located on the
mobile device. This review correlates the information stored in the device
with the data present in the data extraction report. The next step is the
testing of the tools used for data extraction. Understanding what to
expect from a given tool and then ensuring the information it provides
matches what is stored in the mobile device is another critical step in the
analysis process. An overview of validation as it pertains to the tools for
mobile examination will be provided based upon ISO 17025.

A discussion of several of the commercially available GPS forensic
tools will transpire. The workshop will conclude with a question and
answer period. This workshop is designed to provide information and
resources to computer forensic professionals regarding the examination
of mobile devices from initial seizure to forensic analysis. Attendees will
be provided with a rationale for the validation of mobile forensic
examination methods. Additionally, detailed discussion will address
classification of cell phone and GPS tools and extraction of deleted call
history and text message records from the Apple® iPhone®.

Mobile Device, Computer Forensic, GPS

W21 Tracking John Wilkes

An Interpretive Bus Tour

Booth:

James E. Starrs, LLM* 8602 Clydesdale Rd, Springfield, VA 22151;
Kenneth E. Melson, JD, George Washington Univ School of Law, 2000 H
St NW, Washington, DC 20052, and Walter J. Knowles, MA* 5593
Marshall House Ct, Burke, VA 22015

After attending this workshop, attendees will understand the
complexities in the tracking, the death, and the final burial of John Wilkes
Booth, the assassin of President Lincoln, and the forensic science issues
spawned by the assassination.

This presentation will impact the forensic science community by
providing an interactive tour that will provide a fuller, real-world
understanding of the escape route taken by John Wilkes Booth as well as
the places and persons entwined with this place in American history.

This program will focus, through a moderated bus tour and site
visitations, on the escape of John Wilkes Booth from Ford’s Theatre to
the homes of Mary Surratt and that of Dr. Samuel Mudd in Southern
Maryland. Commentaries will be provided on the identification of the
derringer as the murder weapon as well as the terminal medical care of
Lincoln at the near-by Petersen House in Washington, DC and the
identification of John Wilkes Booth.

The assassination of President Abraham Lincoln on Good Friday,
April 14, 1865, and its aftermath put the spotlight on a number of historical
matters of forensic significance. This one-day bus tour will highlight the
places and events at the District of Columbia’s Ford’s Theatre, the site of
the assassination, and at the Petersen House where Lincoln died and will
follow the escape route of John Wilkes Booth to the Surratt Tavern and
the home of Dr. Samuel A. Mudd in Southern Maryland where tours of the
sites and discussions of the involvement of Mary Surratt and Dr. Mudd in
the assassination conspiracy will be provided. Both Mary Surratt and Dr.
Samuel A. Mudd were tried in a conspiracy trial by a military tribunal in
Washington, DC with Mrs. Surratt being sentenced to be executed by
hanging and Dr. Mudd being sentenced to a life term at Fort Jefferson,
located in the Dry Tortugas ninety miles off the coast of Florida

During the tour, narrators will comment on various matters of
historical and forensic significance in connection with the assassination of
Abraham Lincoln including the unsuccessful medical attempt to save
Lincoln’s life and the killing, the identification, and the final burial of Booth
at Baltimore’s Green Mount Cemetery as well as the firearms
identification of the gun used in the assassination that was left behind at
Ford’s Theater. Controversies are said to remain on a number of key
matters in the history of the assassination, such as whether Booth was in
fact killed at Garrett’s Farm in Virginia and, if so, by whom among the
tracking Union troops the deed was accomplished.

Assassination, John Wilkes Booth, Derringer

W22 Pediatric Pathology for Forensic
Pathologists: What They Can Do for Us

Wendy M. Gunther, MD*, OCME, Tidewater District, 830 Southampton
Ave, Ste 100, Norfolk, VA 23510-1046; Kim A. Collins, MD*, 1333 Martins
Point Rd, Wadmalaw Island, SC 29487; and Janice J. Ophoven, MD?,
6494 Crackleberry Trl, Woodbury, MN 55129

After attending this workshop, attendees will: (1) be able to
recognize rare and fascinating pediatric natural diseases; (2) become
familiar with consequences of common pediatric problems, such as
prematurity, birth asphyxia, and birth trauma; (3) review placental
pathology that is useful; (4) have a better understanding of the
significance of a single abnormal finding in a forensic autopsy; (5) be able
to recognize a number of natural diseases that can mimic neglect; and,
(6) better understand when the situation calls for consulting a pediatric
pathologist to assist in a forensic autopsy.

This presentation will impact the forensic science community by
illustrating when consultation with a pediatric pathologist may be helpful
to a forensic pathologist faced with a challenging case.
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Pediatric cases sometimes present with baffling gross and
microscopic findings, ranging from natural diseases which show up once
in a forensic pathologist’s lifetime, to complications of common diseases
that are uncommon in forensic practice. For forensic pathologists, these
baffling findings may obligate us to invest significant time searching
references and discussing the case with colleagues, perhaps without
finding the right diagnosis. If we know the diagnosis, we may not know
the significance of the diagnosis to the cause and manner of death, or its
consequences to the decedent’'s family. We may not know whether
consultation with a pediatric pathologist will solve the problem, assist with
part of the problem, or be of no use. Pediatric pathology may be a
daunting field for forensic pathologists because of its encyclopedic
knowledge base. To “prune the thicket” of pediatric pathology for the
forensic pathologist, this workshop is presented in a case-based format
utilizing actual forensic cases in which pediatric pathology resolved the
mystery, or assisted us with understanding the significance of a natural
finding, or its meaning for the family.

Progressing in sequence from the youngest possible patients,
fetuses, with a look at placental pathology that is of use to the forensic
pathologist as well as the consequences of birth trauma, the workshop
examines cases from each stage of childhood, with attention to birth
asphyxia and complications of prematurity. Unsuspected tumors,
infections, metabolic disorders, congenital malformations and
syndromes, and a number of rare disorders which may be genetic and
significant for the family, along with predisposing factors of family
concern, will be covered as we go on to discuss deaths in younger and
older children, and finally, deaths from unexpected natural disease in
teenagers.

Inflicted child abuse will not be the topic under discussion in this
workshop; pediatric pathology will take center stage. Abusive head injury,
unsafe sleeping deaths, and other primary forensic topics, will not be
presented; however, when there is a question of fatal neglect, pediatric
pathology may offer invaluable assistance by identifying alternate natural
explanations for death. Natural conditions that mimic neglect in infants
and children will be a topic of special attention.

The workshop will also delve into what we might do after identifying
a finding of uncertain significance. These cases will be presented under
the rubric of “All | have is this: does it matter?” Along with these cases,
to hone their decision-making skills, participants will be involved in self-
directed learning activities. Case histories with gross and microscopic
findings will be made available, to allow the participants to diagnose and
judge for themselves whether pediatric pathology consultation would be
of some help, great help, or no help at all.

By the end, participants will learn a case-based format presenting a
range of common and uncommon problems in pediatric pathology as
they present forensically. Detection of rare diseases has always formed
part of the reward of practicing pediatric pathology, and the forensic
pathologist may be in the best position to identify these diseases at
autopsy and to share them with our pediatric pathology colleagues, who
can help us in turn to help the family. Participants will better understand
when forensic pathology and the families we serve can benefit from
pediatric pathology, and perhaps, vice versa.

Pediatric, Forensic, Pathology

W23 DNA in Real Time: Amplifying Productivity
in Today’s Forensic Laboratory

Anthony J. Onorato, MS*, Tamyra R. Moretti, PhD*, Jeffrey E. Monaghan,
BA* Nicole M. Nicklow, MSFS* and Heather LaSalle, MS, FBI
Laboratory, DNA Analysis Unit, 2501 Investigation Pkwy, Quantico,
VA 22135

After attending this workshop, attendees will gain the tools to be
able: (1) to recognize opportunities for change within their own
laboratories; and, (2) to prepare attendees to develop and implement
their own strategies for improving DNA testing services.

This workshop will impact the forensic science community by
providing a laboratory with information that enables it to recognize the

potential for change within its casework operations, to define a roadmap
for improvement, to recognize factors that mitigate the risks of change,
and to achieve greater productivity and efficiency while maintaining
quality.

Using the experiences of a forensic DNA laboratory, the goal of this
workshop is to provide information that enables a DNA laboratory to
recognize the potential for change within its casework operations, define
a roadmap for improvement, recognize factors that mitigate the risks of
change, and achieve greater productivity and efficiency while maintaining
quality.

Today’s forensic DNA testing laboratory is faced with unprecedented
demands from the criminal justice and intelligence communities, and
many laboratories are challenged to meet those needs given available
resources. Failure to keep pace with case submissions results in a need
to prioritize cases; which effectively decreases the utility of CODIS for
cases with investigative needs such as missing persons and no-suspect
cases. Furthermore, backlogs can drive the creation of case acceptance
policies that limit testing for multiple-item submissions and thereby
minimize the utility of DNA testing for law enforcement.

This workshop is not just about big laboratories doing big things but
rather it stresses universal approaches to maximize production in DNA
laboratories of any size. Topics of discussion will help a laboratory to
evaluate and establish an infrastructure to eliminate existing case
backlogs, to achieve targeted service times, to increase technical
capacity and to improve typing success rates. In the long term, the
strategies conveyed can prepare the laboratory for unanticipated trends
in case submission and increased service requirements, and can enable
the laboratory to implement new testing services and continually evolve
with technology.

Using the re-engineered nuclear DNA laboratory at the FBI as a
model, presentations will detail changes implemented from 2010 to the
present, including: (1) progressive strategies to expand and enhance
DNA testing services; (2) research and validation studies; (3) integration
of information technology to manage and automate scientific processes
and robotics; (4) workflow strategies; (5) workforce repurposing in
response to changing needs; and, (6) maintenance of the quality system
in the new laboratory environment. These changes have enabled the FBI
to achieve an unprecedented level of casework productivity, including
elimination of a backlog of some 2,700 cases and the typing of nearly
13,000 samples in 2011; to improve turnaround time from more than 600
days to 30 days on average; to increase the typing success in missing
persons cases from approximately 10 to 80 percent, and to contribute
more than 3,400 haplotypes to the US Y-STR Database.

Forensic DNA, Automation, STR Analysis
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A1 Detecting Organic Gunshot Residue
by Electrospray lonization: lon
Mobility Spectrometry

Lee A. Greenawald, BS* 104 Royal Pl, McMurray, PA 15317, Suzanne
Bell, PhD, West Virginia Univ, 1600 University Ave, Oglebay Hall, Rm
208, Morgantown, WV 26506-6121; and Monica Joshi, PhD, West
Chester Univ, Dept of Chemistry, Schmucker Science South, 750 S
Church St, West Chester, PA 19383

The goal of this presentation is to raise awareness of the need to
improve the current method of analyzing gunshot residue and learn of a
novel technique that is promising to this application.

This research will impact the forensic science community by
presenting a novel, fast, and reliable detection for gunshot residue by a
swab of the hand of a suspected shooter.

A method was developed to characterize organic components of
Gunshot Residue (GSR) using electrospray lonization-lon Mobility
Spectrometry (ESI-IMS) as well as ®Ni-ion mobility spectrometry. As a
field test, IMS displays potential for providing probabilistic
determinations of shooter vs. non-shooter based on statistical pattern
matching of the combination of compounds common to GSR. There is
a need for reliable, rapid field screening of hands because current
gunshot residue analysis techniques are merely presumptive. Due to
many factors such as high false positive rates and low informational
content, traditional color-based presumptive testing is increasingly used
for visualizing reagents for distance determinations. The Griess reagent,
a color-based GSR test, detects the presence of nitrites, which are
heavily and naturally present in the environment. Organic Gunshot
Residue (OGSR) analysis may provide valuable information when
inorganic gunshot residue cannot be detected, or there is a question as
to whether the metals found on a hand are distinctive compounds of
firing a handgun. The combination of organic and inorganic compounds
unique to GSR increases the confidence of a shooter/non-shooter
decision. OGSR come from energetics and propellant additives such as
stabilizers, plasticizers, flash inhibitors, coolants, moderants, surface
lubricants, and anti-wear additives. Recent analytical studies of OGSR
have targeted diphenylamine, nitrocellulose, nitroglycerin, and 2,4-
dinitrotoluene; this work has demonstrated that phthalates and nitroso-
derivatives of diphenylamine are also detectable post-firing using ion
mobility spectrometry. This study is unique in that the target compound
list has been extended to include organic combustion by-products that
are specific to firing a handgun. The combination of these unique
compounds should decrease the rate of false positives that are detected
on the hand of a suspected shooter. Additionally, detection of a
combination of propellant ingredients and combustion products
significantly increases the confidence of a field shooter/non-shooter
decision. The combustion by-product compounds were identified after
collection of the vapors associated with small arms discharge using an
enclosed firing box. The analysis of the collected vapors was performed
on ESI-IMS and confirmed using gas chromatography-mass
spectrometry and standards when available. These standards were
then analyzed using %Ni and ESI-IMS to determine figures of merit for
the analytical methods. Additional experiments were undertaken with
hand swabs taken from individuals after discharging a gun (as well as
individuals who did not discharge a gun) and it was determined that
combustion products are detectable from the hands of shooters using
IMS. The results were also confirmed with ESI-IMS-MS. Development
of swabbing and extraction parameters will be discussed. Mobility
spectra collected from hand swabs were incorporated into multivariate
statistical models that ultimately provide the foundation for probabilistic

assessment of shooter/non-shooter. These results will be presented
and discussed.
Gunshot Residue, ESI, IMS

A2 Kinetics of lon Mobility Spectrometer
Sampling With Gunpowder
and Methamphetamine

Joshuah M. Usilton*, 1331 Rising Sun Rd, Camden, DE 19934; Marriah
C. Ellington, BS, 235 Dewey St, Morgantown, WV 26501, and Suzanne
Bell, PhD, West Virginia Univ, 1600 University Ave, Oglebay Hall, Rm
208, Morgantown, WV 26506-6121

After attending this presentation, attendees will understand that,
across multiple forms of IMS sampling, whether positive or negative,
results in an adjustment of the area of a spike following a set pattern of
kinetics.

This presentation will impact the forensic science community by
presenting groundwork, such as on a spectrum when it no longer
becomes possible to extract the sample from the IMS swab and identify
it in a GC/MS.

lon Mobility Spectroscopy (IMS) is a commonly used instrument for
field detection of drugs and explosives. A major disadvantage of IMS
testing is its need to vaporize and therefore destroy part of the sample
applied to the swab, limiting repetitive testing that may be required in a
criminal case by both the defense and the prosecution. This research
was undertaken to study the diminution of sample over repeated IMS
samplings. A search of the literature revealed no previous studies of this
kind.

The testing regime examined detection after continuous repetition
using diphenylamine, methamphetamine, GSS, nitroglycerin, and
ephedrine, starting with 1yl amounts to minimize the sample needed,
and also to prevent overloading the device. A swab was inserted into the
machine repeatedly with a spectrum taken of each run, until the sample
could no longer be detected by the IMS due to the sample’s peak
blending into the small amount of background noise. The chemicals
varied in length of retention from as short as three runs, to as long as 89
consecutive runs with clean cycles every 20 runs to assure that the
signal being observed was not the result of carry-over. After data
collection was complete, a Gaussian fit was taken of the average peak
spectrum and cataloged in an excel spreadsheet, wherein it was found
that every chemical tested seemed to follow a similar pattern. All
chemicals decayed rapidly at first being diminished by half within the first
two runs and then quickly declining until a nearly flat line is achieved.
Upon further analysis, a distinct pattern was observed when plotting the
natural log (In) and inverse area of the peaks. The plot revealed a
pattern pertaining to second order kinetics. This was confirmed by
applying the form 1/kt+1/[Ag] to all peaks and running the numbers
through the formula, with the same areas being concluded once k and
Ap were computed.

This study indicates that in both negative and positive mode of the
particle analysis sampling in an IMS instrument, the major components
of both gunpowder and methamphetamine follow a pattern of second
order kinetics when repeatedly submitted to the spectrometer. It is
hoped that continued research will determine at which point samples
tested in the field are still suitable for subsequent testing in the laboratory
by GC/MS.

Kinetics, IMS, Analysis
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A3 Gunshot Residue Signal Decay and
Back-Extraction Analysis Using Thermal
Desorption lon Mobility Spectrometry

Marriah C. Ellington, BS* 235 Dewey St, Morgantown, WV 26501;
Joshuah M. Usilton, BS* 1331 Rising Sun Rd, Camden, DE 19934, and
Suzanne Bell, PhD*, West Virginia Univ, 1600 University Ave, Oglebay
Hall, Rm 208, Morgantown, WV 26506-6121

After attending this presentation, attendees will gain perception of
the capabilities and functionality of the thermal desorption ion mobility
spectrometer, focusing to illuminate the ability of the Thermal Desorption
lon Mobility Spectrometry (TD-IMS) to analyze, qualify, and quantify
organic gunshot residue.

This presentation will impact the forensic science community by
supplying a sturdy and portable preliminary testing device to analysts in
the field, thus limiting the possibility of contaminating evidence en route
to the lab. Evidence used in the TD-IMS can be recycled as well,
allowing more to be done with less.

Current popular methods of gunshot residue analysis include Scanning
Electron Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy
(EDS). SEM characterizes the morphology of particulates to determine
if they are spherical, a sign that vaporized metallic Gunshot Residue
(GSR) condensed upon cooling. EDS identifies whether these spheres
consist of barium, antimony, and lead, the three most common metals in
GSR. However, with lead-free bullets on the market and odd
morphologies of particles possible, other methods of analysis would
prove beneficial.

TD-IMS is primarily used as a field device for detecting narcotics and
explosives. It has great potential for analysis of Organic Gunshot
Residue (OGSR), an often-overlooked source of evidence from
propellant combustion. The focus of this project was to develop a hand-
swabbing method in which one swab could be interrogated using TD-
IMS, back-extracted, then analyzed using Gas Chromatography-Mass
Spectrometry (GC/MS). The ability to successfully extract after a
thermal desorption cycle depends on the amount of organic material
collected on the swab, the contact area of the desorber with the swab,
and the efficiency of the thermal desorption process.

First, each thermal desorption cycle loss was evaluated using spiked
swabs. Several different target analytes were studied including
nitroglycerin and diphenylamine, both single-based gunshot surveillance
standards. For each analysis, a swab was spiked with a known amount
of the target analyte at the parts-per-million level in solvent. The swabs
were allowed to dry and then repeatedly subjected to TD-IMS. In all
cases, the decay of the peak of interest followed a second-order kinetics
model. This suggests that the swabs could be analyzed first by TD-IMS
and then extracted for further instrumental confirmation.

GSR field samples from a firing range were similarly analyzed and
distinctive TD-IMS patterns were observed.

An isopropanol wiping method was developed to collect hand samples
from a random population that also purposely included those who
handle weapons and ammunition such as gun shop owners and police
officers. This database was used to establish a range of typical
background levels of compounds of interest and to develop TD-IMS
signal-to-noise ratios. Results to date will be discussed, as will results
from authentic post-firing samples.

This research displays the potential of TD-IMS as a screening method
for detection of organic gunshot residue. A single swab collected post-
firing can be used for both screening and confirmation, a luxury not
afforded by older color testing methods and current SEM/EDS sample
collection procedures. The work also further validates the potential of
organic components of GSR as viable analytes in forensic GSR testing.
Gunshot Residue, TD-IMS, Field Instrument

A4 Substrate Interference and the
Spectroscopic Identification of
Body Fluids

Gregory McLaughlin, MS*, 100 Manning Blvd, Albany, NY 12203; Vitali
Sikirzhytski, MS; and Igor K. Lednev, PhD SUNY-Albany, 1400
Washington Ave, Albany, NY 12222

After attending this presentation, attendees will better understand
recent methodological advancements toward the non-destructive, on-
field detection of body fluids using Raman spectroscopy. Specifically,
the issue of substrate interference will be addressed. Attendees learn
the research goal and will be presented with the data treatment and
instrumental factors, which would be a benefit in this regard. This work
has specific implications toward the development of a specialized,
automatic instrument, which could be developed to identify body fluids at
a crime scene.

This presentation will impact the forensic science community by
noting the presence of Raman spectroscopy to have ample applications
to forensic sciences, especially in the area of crime scene investigation.

Raman spectroscopy has been found to have ample applications to
forensic sciences, especially in the area of crime scene investigation.
The technique is based on the detection of scattered light by a sample
upon irradiation by a laser light source. This approach is typically rapid,
non-destructive, field applicable and confirmatory in the identification of
unknowns. The identification of body fluids using this technique would
represent a significant improvement over the current methodology,
which encompasses a range of destructive chemical assays that provide
only presumptive identification. However, the issue of substrate
interference is a major hurdle inherent in this approach. With Raman
spectroscopy, body fluids exhibit a weak-to-moderate signal while the
signal from the material directly underneath can be quite strong.
Eliminating the substrates’ interference is a prerequisite to confident
identification.

Although substrate interference is studied here in the scope of body
fluid identification, it is an ubiquitous issue in rapid spectroscopic
analysis methods. Until now, the solution to the problem of substrate
interference has been to collect the sample for later analysis on a
preferential, non-interfering surface. However, the requirements of the
forensic community considerably favor analysis in situ.

Using blood and semen as model fluids, substrate interference is
explored using common materials expected to be present at a crime
scene (fabrics, glass, tile, skin, etc.). A Renishaw Raman microscope
with variable laser excitation was used in conjunction with a motorized
automatic stage. Matlab and WIRE software was used for data
interpretation and analysis. A variety of experimental parameters were
evaluated with simulated evidence to identify the best conditions to
simplify identification. Such parameters evaluated were objective
strength, laser excitation, simple spectral subtraction, advanced
automatic subtraction, and statistical modeling.

The fluid in question and the nature of the substrate were found to
be determinative of the most favorable experimental conditions. In the
simplest example, the interference from glass beneath a bloodstain is
negligible with careful selection of laser excitation. An example of a
complex scenario would be detecting semen on a blended dyed fabric.
For this type of evidence, statistical modeling was required to find areas
of high fluid concentration before spectral subtraction. It was also
discovered that blood could be easily identified from a cotton collection
swab after mild data treatment. Identification is possible using auto
correlation and previously developed Raman spectroscopic signatures,
which provide a statistical measure of certainty.

Substrate interference is one of the final analytical obstacles
impeding real-world Raman spectroscopic identification of body fluids.
This work demonstrates that a non-specialized common Raman
instrument and modest data treatment are capable of overcoming this
challenge.

Spectroscopy, Serology, Biological Evidence
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A5 Comparison of Six Latent Bloodstain
Reagents for Sensitivity, Specificity, and
Impact on DNA Yield and Quality

Sara E. Bitner, MSF*, 1520 Penn Ave, Pittsburgh, PA 15222; Amanda
Dargay, BS, 104 Cobblestone Dr, Pittsburgh, PA 15239; and Amanda
Neis, BS, 321 S Maple Ave, Apt 6, Greensburg, PA 15601

After attending this presentation, attendees will benefit from
scientific observations on a variety of latent bloodstainenhancing
reagents based on their sensitivity, specificity, longevity of reaction, ease
of use, as well as impact on downstream DNA analysis.

This presentation will impact the forensic science community by
providing aid in selecting latent bloodstaintesting methods that allows for
high-quality results, while also aiding in efficiency of the laboratory.
Because backlogs are a constant companion to the forensic science
laboratory, efficiency is essential in proper casework management.

Due to the ease of use as well as the enhancements made by the
manufacturers which allows for greater longevity in the reaction, the
manufactured reagents will provide a suitable alternative to the
traditional recipes many laboratories currently prepare in-house.

While blood is typically the most visually apparent physiological fluid
present at a crime scene, or on items of evidence in a forensic
laboratory, there are situations in which the blood is latent, or not visible
to the naked eye. In these cases, some form of enhancement is
required for the visualization and eventual collection of the bloodstains.
The latency of the blood is often due to efforts to clean or remove the
blood. As a result, any latent blood present at a crime scene has been
thoroughly diluted. Additionally, there are often chemicals present in the
area that is being tested that can potentially stymie future serological,
chemical, or DNA testing. A latent blood test to aid the forensic scientist
in locating the bloodstains must be sensitive, so that it can detect these
low levels of blood, as well as specific, so that it properly identifies blood
and not one of the many potential cleaning agents or other chemical and
natural insults that could cause false positive or false negative results. A
pitfall of latent bloodstain tests is the ephemeral quality of the reaction;
the optimum reagent would present a reaction that could be easily
viewed and potentially photographed without requiring further
applications of reagent. Finally, the ideal reagent should not impact the
downstream DNA testing that is required for identification of the source
of the blood.

A wide variety of manufactured reagents, as well formulas for
preparation of in-house reagents, are available to the forensic scientists.
Six latent bloodstain reagents were selected for comparison. The
reagents (luminol, fluorescein, fluorescein with thickener, Hemascein®,
Tink’s Starlight Bloodhound™, and BlueStar®) were applied to a variety of
blood dilutions, substrates, and blood mixed with chemical and
physiological fluid insults. The results of the testing, as well as
observations on longevity of the results and ease of preparation, were
noted. A selection of the blood dilutions was sampled for DNA analysis,
to determine the impact on DNA yield and DNA quality. The selected
samples were extracted on a variety of platforms, to monitor any
variability that might result between an organic extraction method versus
automated, silica-based extraction methods. Additionally, the impact on
yield was measured through the quantitation of the DNA extractions.
Finally, the quality of the DNA obtained from the tested samples was
determined through the amplification and subsequent genetic analysis
via capillary electrophoresis.

The manufactured reagents were observed to exhibit qualities
commensurate or exceeding those of the in-house formulas. As a result,
the manufactured reagents, while sometimes more expensive, provide
an ease of use and quality of results that makes them a suitable, if not
superior, alternative to the in-house reagents.

Latent Blood, Luminol, DNA

A6 Reliability and Reproducibility of Friction
Ridge Edgeoscopy

Kimberly Hoffman, MS*, 15100 W Cleveland Ave, Apt 279, New Berlin,
WI 53151; Ismail M. Sebetan, MD, PhD* National Univ, Forensic
Sciences Program, 11255 N Torrey Pines Rd, La Jolla, CA 92037-1011;
and Paul Stein, PhD*, 25757 Bellemore Dr, Ramona, CA 92065

After attending this presentation, attendees will understand the
problems involved in comparing exemplar prints to friction ridge prints
recovered from crime scenes using edgeoscopy.

This presentation will impact the forensic science community by
investigating the factors that affect ridge detail when fingerprints are
deposited at crime scenes as compared to exemplar prints collected by
the authorities.

In this study, the factors that affect ridge detail when fingerprints are
deposited at crime scenes, and during the taking of exemplar prints, will
be examined. These factors are: substrate, matrix, and pressurerelated
deformations along with development media and anatomicalrelated
distortions. Four of the most common methods of print development
were used and evaluated for the level of detail in the recovered latent
prints. These included: fingerprint powder, cyanoacrylate and iodine
fuming, and development with ninhydrin. Each type of substrate,
pressure, and development media combination will produce its own
unique blend of distortions and deformations. Specific areas for
edgeoscopy were selected and the exemplar prints were then compared
to the developed latent prints to determine if these features could be
distinguished and compared between both prints.

This study examined whether or not thirdlevel detail, namely
edgeoscopy, could be distinguished among all of the distortions found in
exemplars and latent prints. The first hypothesis tested was that
variation in pressure and direction used to deposit fingerprints will create
unpredictable deformation in edgeoscopy, even in exemplar prints. To
do this, exemplars were deposited in five different directions onto photo
paper to reduce ink bleed: roll to left, roll to right, roll down, roll up, and
pressed vertically onto the paper. The second hypothesis tested
whether prints lifted from surfaces typically found at crime scenes would
produce the same level of detail as exemplars taken under ideal
situations.  Six edgeoscopy features were chosen at random for
comparison across all latent and exemplar prints examined for
hypotheses one and two. Analysis of these exemplar sets revealed that
edgeoscopy features showed significant and inconsistent variation.
Some features remained recognizable while others were distorted or
obscured completely. The same areas of edgeoscopy were then
evaluated on latent prints, deposited on a variety of surfaces and then
developed using fingerprint powder, cyanoacrylate and iodine fuming,
and ninhydrin. Some samples produced areas with excellent
edgeoscopy reproduction. In the majority of the developed latent prints,
however, the edgeoscopy details were unrecognizable. Ninhydrin in
particular produced no observable edgeoscopy detail due to the
fragmented appearance of the developed print.

Friction ridge prints play a vital part in criminal investigations. The
public believes that latent prints are more reliable than they actually are
in case investigations because of the CSI Effect. This study showed that
edgeoscopy reproducibility is unpredictable. However, edgeoscopy
could provide added supporting evidence in the rare occasions where
this detail is recovered. This area of friction ridge print science warrants
more research and evaluation. Methods for collection of exemplar prints
that produce the highest level, and most reproducible amount, of third
level detail have also yet to be determined. Itis extremely important that
everything possible be done to minimize distortion while taking exemplar
prints. Without the detail present in an exemplar print to compare to, the
detail recovered from a latent print will be useless to the investigator.
Parallel research must also be done to determine the best methods for
recovery of quality latent print ridge details. This is a large area of
research due to the number of substrate and matrix combinations
possible. Each will have a development method that is the most
effective.

Friction Ridges, Latent Prints, Edgeoscopy
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A7 Development of a Method for the Trace
Analysis of Hexamethylenetriperoxide
Diamine (HMTD) Using Liquid
Chromatography/Atmospheric Pressure
Chemical lonization-Mass Spectrometry

Christine M. Lundblad, BS* 25 Cedar Ridge Dr, Apt 200, Stafford, VA
22554; Mark L. Miller, PhD, FBI, 2501 Investigation Pkwy, CFSRU,
Quantico, VA 22135; Ronald L. Kelly, BS, FBI, 2501 Investigation Pkwy,
Explosives Unit, Rm 4140, Quantico, VA 22135; and Robert
Mothershead, MA, FBI, 2501 Investigation Pkwy, Quantico, VA 22135

After attending this presentation, attendees will have a greater
understanding for the prevalence of Hexamethylenetriperoxide Diamine
(HMTD) in Improvised Explosive Devices (IEDs) and how to qualitatively
detect trace/residue amounts of this peroxide explosive.

This presentation will impact the forensic science community by
providing insight into the use Of Liquid Chromatography/Atmospheric
Pressure Chemical lonization-Mass Spectrometry (LC/APCI/MS) to
analyze evidence related to |IEDs suspected of containing HMTD.

Terrrorist groups are increasingly using peroxide explosives in
IEDs. HMTD and Triactetone Triperoxide (TATP) are the most
commonly used peroxide explosives and have similar explosive power
to commercial and military high explosives. These compounds can be
used as a main charge or an initiating explosive because they are
extremely unstable, very sensitive to heat, friction, shock, and impact.
Additionally, HMTD can be made from easily obtained retail materials,
which results in it being a frequently identified component of IEDs.
Consequently, with the increasing use of HMTD in terrorist explosive
devices, it is imperative to be able to identify trace amounts of HMTD on
items of evidence.

A qualitative method has been developed using LC/MS with an
APCI ionization source in the full scan positive mode. ltems suspected
of containing trace amounts of HMTD are first extracted with deionized
water for five minutes before filtering with 0.2um syringe filters. Extracts
are then injected into a separations module with a C18 column (150 x
2.1mm, 5um particle size) and a solvent gradient of water: methanol,
both containing 1.25mM ammonium nitrate. Lastly, an ion trap mass
spectrometer is used for HMTD detection and identification.

Using the above method, HMTD elutes at approximately five
minutes during an overall run time of 20 minutes. The observed mass
spectrum contains m/z 207 and 224 that correspond to [HMTD-1]+ and
[HMTD+NH4]+, respectively, in addition to 145, 177, and 209.
Interference studies were performed by extracting different substrates to
determine if anything present in commonly used materials will interfere
with the assay. Results have shown that the following materials do not
interfere with HMTD: cotton swabs, cotton balls, plastic scoops, wooden
tongue depressors, rocky soil, and sandy soil. In addition, chemicals
commonly used in HMTD synthesis were tested for interferences, and
the following did not interfere with HMTD: hydrogen peroxide, reagent
grade hexamine, reagent grade citric acid, sports tablet hexamine, and
Gefen Sour Salt citric acid. TATP and HMTD were analyzed
simultaneously, and results indicate that TATP is not an interference for
the method.

An ion suppression/enhancement test was performed using a
series of ten cotton swabs by fortifying the negative matrix extracts with
HMTD before analysis, and the signal from the matrix samples was
compared to the HMTD signal from a reference material at this same
concentration. Also, matrix samples were processed and fortified with
an HMTD standard and were analyzed every six hours following
preparation for 72 hours to verify the processed sample stability. Lastly,
the matrix limit of detection was determined by analyzing triplicates of
matrix-matched reference materials fortified with HMTD reference
material at 5, 10, and 15ppm levels.

This detection method yields sufficient peak resolution for the
tested substrates and can qualitatively detect and identify HMTD at or
above 10ppm.

Peroxide Explosives, HMTD, LC/MS

A8 Micro-FTIR-ATR Analysis and Statistical
Validation of Dissimilar Inks on Paper

Gary H. Naisbitt, PhD*, Andy V. Pham, and Bruce A. Jacoby, Utah Valley
Univ, Criminal Justice Dept, MS 286, 800 W University Pkwy, Orem, UT
84058

WITHDRAWN

A9 Statistical Discrimination of Explosive
Precursors Using Data Gathered From
High Resolution Fourier Transform
Infrared Spectroscopy

Felicity Carlysle, MSc*, Centre for Forensic Science, Royal College
Bldg, 204 George St, Glasgow, G1 1XW, SCOTLAND; Niamh Nic
Daeid, PhD, Univ of Strathclyde, Centre for Forensic Science, 204
George St, Glasgow, G1 1XW, SCOTLAND; and Erwan Normand, PhD,
and Michael McCulloch, PhD, Cascade Technologies, Castle Business
Park, Glendevon House, Stirling, FK9 4TZ, UNITED KINGDOM

The goal of this presentation is to give attendees an understanding
of the statistical analysis used to discriminate between potential
explosive precursor materials based upon spectra produced using high-
resolution Fourier Transform Infrared (FTIR) spectroscopy.

This presentation will impact the forensic science community by
demonstrating the use of readily available statistical software to
discriminate between similar infrared spectra, initially applied to the
analysis of explosive precursors, but with the potential for use in other
areas of forensic analysis.

The characterization and discrimination of different explosive
precursors is an integral part of the information gathering used in the
development of explosives detection security systems. Detection of
precursors facilitates the interception of such materials prior to the
completion of an explosive device. The ability to discriminate between
explosive precursors of different origins facilitates accurate detection,
providing greater strength of evidence against suspected bomb-makers.

The increased use of the so-called “homemade explosives” has
resulted in a range of potential explosive precursors. As the name
suggests, these explosive materials can be produced without a
specialist laboratory from precursor materials that are easily purchased
in small amounts. However, the precursor materials are often not in a
pure form depending on their commercial purpose. For example,
acetone is the active ingredient in many nail polish removers and it is
combined with emollients, conditioners, perfumes, and colorants to
enhance the product. Different brands with different ingredients have
the potential to produce different infrared spectra, thereby giving the
potential for discrimination. Depending upon the concentration of the
primary ingredient, its spectrum may be masked by the other
ingredients. In addition, many explosive precursor materials in their “off
the shelf’ form contain a relatively large amount of water, which also
affects the infrared spectrum. Through previous work, highresolution
FTIR spectroscopy has been demonstrated to be suitable for the
characterization of laboratorygrade explosive materials and their
precursors, as the technique produces information-rich spectra. The
production of information-rich spectra helps to overcome the issues of
masking and water interference. Discrimination may be possible from
visually examining spectra of different precursor brands; however,
statistical techniques can be used to detect minute differences between
spectra which on the surface appear visually very similar. Moreover
even in cases where the spectra appear visually different, statistical
analysis can aid the discrimination of different “off the shelf’ brands.

Three main statistical techniques were used to explore the best
data mapping system for the complex data emerging from the analysis:
cluster analysis, principal component analysis, and, Pearson correlation.
The data presented here detail the development of a protocol for the
stepwise application of data processing, followed by statistical analysis
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for the discrimination of explosive precursors and the initial results
obtained from the application of the protocol.
Statistics, Cluster Analysis, Explosives

A10 Explosives Analysis Using Gas

Chromatography/Mass Spectrometry

Randi S. George, BS*, 705 S Gulph Rd, King of Prussia, PA 19406;
Heather L. Harris, JD, 2401 Lombard St, Ste 1, Philadelphia, PA 19146;
and Barry K. Logan, PhD, Center for Forensic Science Research and
Education, 2300 Stratford Ave, Willow Grove, PA 19090

After attending this presentation, attendees will be able to assess
their current laboratory techniques for analysis of problematic
compounds and determine if the GC/MS method will improve trace
explosives identification for a wider variety of compounds in relation to
their current methods.

This presentation will benefit the forensic science community by
showing laboratory personnel how to adjust their GC/MS equipment for
the clearest mass spectra of high explosive compounds and their
isomers.

This research will demonstrate those highexplosive compounds
that do not survive typical GC/MS conditions. It also presents a new
database of compounds for GC/MS, including common high explosives
and related compounds. Such a complete database of these
compounds is difficult to find, making this a useful tool for any laboratory.

More laboratories use GC/MS than any other technology for
analytical purposes. Gas Chromatography (GC) is advantageous in
trace analysis as it has a high resolving power, resulting in more efficient
separations, which lead to better identifications. Mass Spectrometry
(MS) is an accurate and reliable detector with the capability of examining
a broad range of compounds and identifying them with specificity. The
combination of GC with MS allows for improved separation of complex
matrices and specific identification of trace analytes.

The greatest obstacle when analyzing highexplosive compounds
by GC/MS is the high reactivity and propensity of the compounds to
decompose rapidly at high temperatures. At high temperatures, the
explosive compounds decompose and their mass spectra contain ions
that can be found in a wide variety of molecular decompositions, making
it difficult to produce and identify a unique explosive compound. In
addition to the temperature challenges, active sites can be found
throughout the chromatographic system attracting these explosive
compounds and binding with them. The explosive compounds become
lost in the system and never appear in the MS source to produce a
spectrum.

This research includes method development for the following
compounds: Trinitrotoluene (TNT), Cyclotrimethylenetrinitramine (RDX),
Cyclotetramethylene-Tetranitramine (HMX), Pentaerythritol Tetranitrate
(PETN), Dinitrotoluene (DNT), and Trinitrophenylmethylnitramine
(tetryl). Optimum inlet temperatures for each of these compounds were
determined in an attempt to decrease the effect of the most common
decomposition location.

Three main inlet temperatures, 250°C, 150°C, and 80°C, were
tested with TNT, RDX, HMX, PETN, and Tetryl. Of these inlet
temperatures, 250°C was determined to be optimum for PETN, 150°C for
tetryl and RDX, and 80°C for HMX. TNT was not affected by differing
inlet temperatures. Furthermore, tetryl's mass spectrum matched N-
methyl picramide, a product of tetryl hydrolysis, which was expected
from reports in the literature. RDX showed breakdown resulting in a
lower level of m/z 76 present in the spectrum. Similar data was collected
from a total of 35 compounds including high explosives, their isomers,
plasticizers, and others found in the presence of explosives.

This research will benefit the larger community of law enforcement,
military, and even industry by providing more options to laboratories for
explosive analysis. Forensic explosive analysis can identify compounds
in improvised explosive devices (IEDs) and land mines in war zones to
properly identify explosive components in pre- and postdetonation
situations. Explosive manufacturers and research facilities would benefit
from improved analytical techniques to determine the quality of their

product and to evaluate changes that occur to bulk materials in storage.
The benefits go beyond these communities; however, extending
into the environmental and medical fields. Improved analysis will help
identify environmental soil and water samples contaminated by runoff
and erosion from blasting and storage sites at lower levels, so the
problem can be remedied before permanent damage occurs. Along with
proper extraction techniques, GC/MS is capable of isolating and
identifying each specific compound at the trace levels at which these
compounds will most likely be detected. The challenges associated with
this research project, the solutions to those challenges, and the resulting
mass spectra for high explosives and related compounds for compilation
into a user-searchable database will be presented.
Explosives, Gas Chromatography, Mass Spectrometry

A11  Electrophoretic Deposition of
Nanoparticles and Nano-Structured
Particles for Latent Fingerprints Detection

on Different Surfaces

Roberto Rosa, PhD*, Maria Cannio, PhD, Paolo Veronesi, PhD, and
Cristina Leonelli, PhD, Dept Materials and Environmental Engineering,
via Vignolese 905, Modena, 41125, ITALY

After attending this presentation, attendees will be aware of the
potential offered by Electrophoretic Deposition (EPD) of different kinds
of nanoparticles and nano-structured particles in the development of
latent fingerprints on a wide variety of porous and non-porous surfaces.

This presentation will impact the forensic science community by
proposing for the first time the EPD technique in the development of
latent fingermarks, and highlighting how nanotechnology and forensic
sciences are becoming more and more intertwined.

Nanoparticles and nano-structured particles form the basis of
several detection techniques for latent fingerprints and several reviews
are yet available on this topic."?

Multimetal Deposition (MMD), for example, can be used for
visualizing latent fingermarks on a wide range of porous as well as non-
porous surfaces. MMD employs colloidal suspensions of gold
nanoparticles, which preferentially deposit on fingerprint ridges, rather
than in the valleys, through electrostatic and hydrophobic interactions.®
Several works appeared later, aimed at enhancing the applicability of the
MMD technique and trying to overcome its tedious experimental
procedure, such as MMDII method, the use of functionalised and/or
stabilised gold nanoparticles, and Single Metal Deposition (SMD).

Further nanoparticles and nanostructured particles employed for
latent fingerprint detection include metal-oxides (such as TiOp, ZnO,
SiOp, Fez0y and EupO3), sulfides, selenide, and tellurides, which were
employed as pure powders or as fillers for nanocomposites in both Small
Particle Reagent (SPR) techniques and dry powder dusting.

The goal of this presentation is to propose the use of
electrophoretic deposition in place of or in combination with the
aforementioned detection techniques based on the deposition of
nanoparticles and nanostructured particles. EPD is a two-step
electrochemical materials processing technique, usually carried out in a
two electrode cell. In the first step, an electric field is applied between
two electrodes and charged particles suspended in a liquid move toward
the oppositely charged electrode (electrophoresis). In the second step,
the particles accumulate at the deposition electrode and create a
relatively compact and homogeneous film (deposition). EPD possesses
several advantages over more conventional ceramic production
strategies like short formation time, simplicity of the experimental
apparatus, and almost no substrate shape restriction. Moreover, EPD
can be applied to any solid that is available as a fine powder or as a
colloidal suspension, including metals, polymers, ceramics, and glasses.

It is apparent that EPD techniques can be inserted into a latent
fingerprint detection sequence. In this presentation, for example, it will
be shown how aqueous EPD can play an innovative role after the first
step of MMD. As known colloidal gold suspension creates a thin
conductive layer perfectly reproducing the positive pattern of the

30

* Presenting Author



fingerprint ridges. EPD can exploit this newly formed fingerprint-
electrode to deposit a wide range of different ceramic nanoparticles in
order to improve the contrast by changing the substrate background
coloration.

It will be shown that electrophoretic deposition alone can also be
exploited for latent fingerprint detection on metallic and semi-conductive
surfaces. Indeed, the presence of a fingerprint residue alters the
electrical conductivity of the substrate underlying the ridges. Thus, the
effectiveness of the deposit will reflect this electrical discontinuity. In this
framework, EPD may also be considered a valid alternative to vacuum
metal deposition (VMD).

Several examples will be presented including the use of different
ceramic nanoparticle suspensions on different porous and non-porous
substrates. Preliminary results regarding the role of nanoparticles’
morphology on their adhesion to fingerprint ridges, under the application
of an applied electric field, will be presented as well.

References:

- Choi MJ, McDonagh AM, Maynard P, and Roux C. Metal-containing
nanoparticles and nano-structured particles in fingermark
detection. Forensic Sci Int 2008; 179:87-97.

2 Hazarika P, and Russell DA. Advances in fingerprint analysis.
Angew Chem Int Ed 2012; 51:3524-3531.

3 Saunders G. Multimetal deposition technique for latent fingerprint
development, International Association for Identification, 74"
Annual Educational Conference, June 1989, Pensacola, USA.
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A12 Classification of Smokeless Powders by
Cluster Analysis

Dana-Marie K. Dennis, BS*, Michael E. Sigman, PhD, and Mary R.
Williams, BS, Univ of Central Florida, NCFS, PO Box 162367, Orlando,
FL 32816

The goal of this presentation is to identify statistically valid sub-
classifications of smokeless powders.

This presentation will impact the forensic community by providing a
statistical basis for identification of smokeless powders beyond single-
and double-base designations.

The purpose of this research is to determine if sub-classes
(clusters) can be identified within two broad classes of smokeless
powders, namely those that are single-based or double-based.
Similarities between the total ion spectrum (TIS) were calculated and
dendrograms of the similarity data were generated. Cophenetic
correlation and inconsistency coefficients were calculated in order to
determine the number of clusters which were present among the
samples.

In 2009, the National Center for Forensic Science (NCFS) in
collaboration with the Technical Working Group for Fire and Explosions
(TWGFEX) developed a smokeless powders database, which consists
of a compilation of analytical data for commercially available smokeless
reloading powders. Methods utilized for analysis of these powders
include stereomicroscopy, Fourier-Transform Infrared (FTIR)
spectroscopy, and Gas Chromatography-Mass Spectrometry (GC/MS).

For this study, the GC/MS data for 87 smokeless powders analyzed
in-house was exported as a condensed data file (CDF) format, and were
used to generate the TIS. The TIS was generated by averaging the
mass spectra across the entire chromatographic profile for each of the
samples. The intensity values for m/z 43-400 were normalized to sum
to one, and this data was used to calculate the similarities between the
samples. Similarities that approach one indicate that the samples are
more similar, while those that depart from one indicate that the samples
are less similar.

Agglomerative hierarchical clustering was used to analyze the
similarity data, and a study was done in order to determine the most
appropriate distance (i.e., Euclidean, Manhattan, etc.) and linkage (i.e.,
Centroid, Complete, etc.) clustering method for further data analysis.
The cophenetic correlation coefficient was calculated for each distance

and linkage combination. Cophenetic correlation coefficients closer to
one indicate that the clusters in the data, as defined by the dendrograms,
closely reflect distances between objects in the original data.
Agglomerative hierarchical clustering allows for the determination of
natural divisions that may be present within data. This method initially
assigns each object to its own cluster and continues by merging objects
and/or clusters together until all samples are merged into one cluster.
Natural divisions (i.e., optimal clusters) are determined based on the
inconsistency coefficient. The inconsistency coefficient compares the
link height in a given cluster hierarchy with the average of the link heights
directly below it. Alink that is approximately the same height as the links
below it is said to be consistent, indicating that there are no natural
divisions within the data. On the other hand, a link that has a
significantly different height from that of the links below it is said to be
inconsistent, which may indicate natural divisions within the data.
Preliminary results indicate that average linkage and correlation
distance, as well as centroid linkage and correlation distance, methods
are the most suitable for analysis of the smokeless powders data. The
cophenetic correlation coefficient in both cases was 0.96, and the data
clustered into two primary groups, namely single-based and double-
based. In addition, there are a number of sub-clusters apparent within
the two main groups. Some sub-clusters correspond primarily to a
single manufacturer, while others are predominantly populated by
powder kernels of a given shape. Additional investigations are
underway to better understand the chemical nature of these sub-
clusters.
Clusters, Similarity, Dendrograms

A13 Development of a Chemically Relevant
Artificial Fingerprint Material

Edward Sisco, MS*, 6819 OIld Waterloo Rd, Apt 1035, Elkridge, MD
21075; Jessica L. Staymates, MFS, and Greg Gillen, PhD, NIST, 100
Bureau Dr, MS 8371, Gaithersburg, MD 20899

After attending this presentation, attendees will be aware of the
development of a novel artificial fingerprint material, comparing to both
human fingerprints and other artificial fingerprint materials, and
discussing the use of mass spectrometry techniques to qualitatively
compare the composition of both natural and artificial fingerprints.

This presentation will impact the forensic science community by
providing a potential method for developing a chemically relevant
artificial fingerprint material and a number of different possible
applications in which the use of artificial fingerprint material could be
used.

The main focus of this work was development of an artificial
fingerprint material to provide a reproducible sample for completing
fingerprint aging studies as well as degradation studies; however, a
comprehensive artificial fingerprint material could also be used in
understanding the mechanism of development techniques, evaluating
the efficiency of developing techniques, and understanding the
interactions of fingerprint materials with various surfaces.

Human fingerprints are generally composed of two types of
secretions — eccrine and sebaceous. The eccrine secretions, which are
almost completely composed of water, also contain a number of other
components including salts, amino acids, lactic acid, proteins, and
vitamins. Sebaceous secretions contain chemicals such as free fatty
acids, cholesterols, esters, and glycerides. While it would be extremely
difficult to replicate the entire chemical composition of a human
fingerprint, it is possible to develop an artificial fingerprint material
containing a number of the most abundant and chemically relevant
fingerprint components.

In this work, a series of mass spectrometry based techniques —
including Secondary lon Mass Spectrometry (SIMS), Direct Analysis in
Real Time Mass Spectrometry (DART®-MS), and Desorption
Electrospray lonization Mass Spectrometry (DESI-MS) have been used
to characterize real fingerprints and identify individual compounds
typically found in fingerprints. These components were then compared
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to those discussed in literature. From the results of these analyses,
several iterations of artificial fingerprints, containing either or both sebum
and eccrine secretions, were prepared. Every iteration was then
compared, using multiple mass spectrometry techniques, to the
collection of spectra from human fingerprints. Furthermore, the artificial
fingerprint material was also compared to a number of other artificial
fingerprint materials, both commercially available and reported in
literature. Finally, once a chemically relevant artificial fingerprint material
was developed, a way to reproducibly deposit the material was
attempted. Initial studies are being completed to evaluate how
piezoelectric inkjet printing can provide a way of accurately controlling
the amount of material deposited on a surface of interest. The printing
technique has the ability to print single spots or arrays of spots in a range
of masses and possibly without the need of dissolving the fingerprint
material in a solvent.

The ability to make a chemically relevant fingerprint material can
have wideranging applications. It can allow for a reproducible sample
set for any type of latent fingerprint research. The ability to deposit the
fingerprint in spatially selected areas using inkjet printing could also be
extremely useful for certain applications.

Fingerprints, Sebum, Mass Spectrometry

A14 Percutaneous Absorption of Organic
Gunshot Residue Associated With
Polymeric Membranes Using lon
Mobility Spectrometry

Jordan W. Moran, BS*, Rt 1, Box 311, Grafton, WV 26354

After attending this presentation, attendees will gain an
understanding about dermal absorption principles and how the dermal
absorption of organic gunshot residue (GSR) can be used in gunshot
residue casework studies.

This presentation will impact the forensic science community by
highlighing potential uses of lon Mobility Spectrometry (IMS) for the
detection of organic gunshot residue that has been transferred to human
skin after the use of a firearm and has been percutaneously absorbed.
IMS analyses are fast, inexpensive, and generate a minimum amount of
waste. The data showed that the method could play a valuable role in
the definitive analysis of gunshot residue in casework samples.

Smokeless powders are a class of propellants that were developed
in the late 19"-century to replace black powder. Organic additives, such
as diphenylamine (DPA), are used as stabilizers and are also present in
gunpowder composition. DPA stabilizes the energetic composition by
binding nitrous oxide gases that have originated from the decomposition
of nitrocellulose and converts them into stable compounds.
Identification of stabilizers like DPA has become of importance in
forensic science because it can provide valuable evidence in firearm
discharge cases. Additionally, DPA is frequently used in the construction
of improvised explosive devices (IEDs) related to criminal and terrorist
acts.

Previous work has demonstrated that DPA can be detected on the
skin of persons who have fired a weapon for about four hours, after
which the concentration of DPA and other organic residues drops below
IMS detection limits. These loses are not due to secondary transfer,
which suggests that at least some portion of the compounds are being
absorbed into the skin. To test this hypothesis, preliminary dermal
absorption studies in the laboratory using polymeric membranes have
shown that DPA possesses penetrating properties. The cumulative
amount of DPA that permeated through the membranes increased over
the course of 24 hours, which correlated well with the aforementioned
persistence study. The calculated values of three key dermal absorption
parameters were as followes: steady-state flux (Jgg, ng/cm?hr) 5.6 +
1.7, permeability coefficient (Kp, cm/hr) 2.9 x 10° £ 8.5 x 10%, and lag
time (t, hr) 1.1 £ 0.7. These results are comparable with the calculated
values using the Potts and Guy skin permeation equation calculator
available on the National Institute for Occupation Safety and Health's
(NIOSH) website. The goal of this study was to build upon the DPA

results and expand into evaluating the dermal absorption of other
organic compounds present in gunshot standards and gunshot residue
samples. lon mobility spectrometry (IMS) was used for the qualitative
analysis of organic gunshot residue for in vitro transdermal Franz
diffusion cell (FDC) experiments.

IMS analyses were performed using an IONSCAN-LS™. IM station
software (version 5.389) was used for data acquisition and processing.
For the analysis of organic gunshot residue samples, the sample
introduction into the IMS was performed through thermal desorption on
a Teflon membrane. Organic gunshot residue was analyzed in the
positive ionization mode while nicotinamide served as the calibrant. To
simulate human skin, polydimethylsiloxane (PDMS) membranes (0.006"
thick), were used for in vitro release testing. The membranes were the
appropriate size to fit the FDC diameter (1" 0.d) and their surface areas
were 0.64 cm?. Organic gunshot standards and gunshot residue
samples were applied to the surface of the PDMS membranes and
sampling occurred at regular time intervals. The cumulative amount of
DPA found in the receptor fluid (ug) was plotted against time (hr). Linear
regression was performed on the steady-state part of the curve to
calculate the steady-state flux, skin permeability, and lag time.

In conclusion, results to date indicate that organic compounds
associated with GSR are absorbed dermally and as such could be
developed into another avenue for making a shooter/non-shooter
decision based on chemical evidence.
lon Mobility Spectrometry, Diphenylamine (DPA), GSR

A15 The Development of Field Calibrants for
Detection Canines

Katylynn Beltz, BS, Michelle Cerreta, BS*, and Kenneth G. Furton, PhD,
Florida Int’l Univ, 11200 SW 8th St, RM CP345, Miami, FL 33199

After attending this presentation, attendees will learn the odors
associated with illicit materials as well as the validation strategy of
surrogate continuation aids that can be used to train biological detectors,
such as canines.

This presentation will impact the forensic community by
demonstrating how a detection canine can be as objective and reliable
as a laboratory instrument.

The goal of this study was to aid in the standardization of detection
canine training and handling through the use of field calibrants. Field
calibrants, or surrogate continuation aids, are becoming more common
in the field since obtaining and maintaining detection canine training aids
can be problematic and require adherence to rules and regulations that
may be beyond the capabilities of the agency maintaining the canine
team. Ideal field calibrants overcome these commonly encountered
challenges by having inert compositions not subject to the Bureau of
Alcohol, Tobacco, Firearms and Explosives (ATF) and Drug
Enforcement Administration (DEA) terms and conditions. Field
calibrants are also advantageous because they can be selected and
manufactured in such a way that a known and controlled quantity of odor
is released with minimized contamination concerns ensuring
standardized training aids over their specified lifetime.

Biological detectors such as canines are valuable tools used for the
rapid identification of illicit materials because they can be trained to
reliably detect a wide variety of odors. However, recent increased
scrutiny over the reliability of detection canines is currently being
evaluated in the legal system as there are no formal regulations
regarding detection canine maintenance and training. Best practices
guidelines covering the various aspects of canine and orthogonal
detectors for consistent and optimal practice among canine handlers
have been established by the Scientific Working Group on Dog &
Orthogonal Detector Guidelines (SWGDOG). SWGDOG has also
outlined areas of needed research including the identification of odors
associated with illicit materials and the validation of surrogate
continuation aids, both of which are addressed in this study.

Previous studies have identified the dominant odor compounds of
several illicit materials, which has led to the development of surrogate
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continuation aids. Dominant odor compounds can be defined as the
chemical compound or compounds identified in the headspace of the
illicit material which, when exposed to the biological detector, induce an
alert response. For example, methyl benzoate and 2,4-dinitrotoluene
have been identified as the dominant odor compounds of cocaine and
trinitrotoluene (TNT), respectively. This study deals directly with the
steps taken for the validation of surrogate continuation aids and a
Universal Detector Calibrant (UDC). Validation steps for these field
calibrants include: the identification of the dominant odor compounds of
the illicit material, the development of a surrogate continuation aid, field
testing the surrogate continuation aid using trained and certified
detection canines, substitution of the surrogate continuation aid into the
initial training stages of the detection canines, and finally, the
implementation of the surrogate continuation aid into daily training.

The development of a UDC provides one measure to evaluate the
reliability of the biological and instrumental detectors. Currently there
are no set practices to ensure that a biological detector is working at a
reliable and suitable level on a daily basis. As instruments in a
laboratory are calibrated to ensure that they are in proper working order,
developing a UDC for which biological detectors can be calibrated would
be useful. By training the canine to alert to the UDC before each working
day, the handler can record if the biological detector is working to a
suitable standard. The UDC has the potential to also be used in
selecting future biological detectors by determining the time it takes to
train the canine to alert to the compound and the sensitivity of detection
that the canine can achieve. Standardization of detection canine training
aids will ensure the optimal number of illicit material odors detectable in
the most reliable manner. Implementation of field calibrants into daily
detection canine training will improve the reliability of the canine by
allowing for the direct comparison of other biological detectors as well as
orthogonal detectors.

The Science and Technology Directorate of the U.S. Department of
Homeland Security partially sponsored the production of this material
under Interagency Agreement IAA # HSHQDC-10-X-00297 with the
National Institute of Standards and Technology (NIST). Additionally, this
research was supported in part through a Doctorial Evidence Acquisition
Fellowship awarded by Florida International University.

Detection Canines, Training Aids, Calibration

A16 False Negatives and Decreased Sensitivity
of Heme Tests on a Leather Substrate:
Incidence and Causes

Alex J. Krotulski, BS*, Kei A. Osawa, BS*, and Anna S. Duggar, MS,
Loyola Univ, Dept of Chemistry, 6363 St Charles Ave, New Orleans, LA
70118

After attending this presentation, attendees will be made aware of
the potential for presumptive and confirmatory false-negative test results
as produced by bloodstains on leather casework samples, and the
possible chemical causes for the desensitized reaction.

This presentation will impact the forensic science community by
showing how the possibility of substrate interference has significant
implications. Although there are many publications devoted to the
possibility of false positives when testing for blood (one of the most
recent being a presentation at an AAFS meeting in 2011), comparatively
little time has been spent investigating false negatives. Leather boots,
jackets, and upholstery are encountered regularly as substrates during
the investigation of violent crimes, and in this study, are identified as a
possible source of false negative screening results. In turn, these results
would mean lost opportunities for more discriminatory testing, such as
DNA analysis. Field and serology analysts may be able to use the
information generated during this study when deciding whether to
include a “negative” sample for further DNA analysis.

Anecdotal reports from the New Orleans Police Department Crime
Lab suggested that blood samples on Timberland® boot leather may
produce false negative results when using phenolphthalein, a heme-
catalyzed presumptive blood test. This claim was tested by acquiring

boot leather samples and applying serially diluted human blood, using
cotton cloth as a comparative standard. A general decrease in sensitivity
over time, greater than that observed on control samples, was observed
in the boot leather samples: in less than two weeks, blood dilutions of
1/10°% were still detectable on cotton cloth, but only 1/10 dilutions and
whole blood were detectable on Timberland® boot leather. The result
was then duplicated in upholstery leather samples when, after only two
weeks, phenolphthalein sensitivity decreased from 1/10° on cloth to 1/10
on two different types of upholstery leather. The common decrease
indicates that the chemical inhibitor is most likely not specific to
Timberland®-brand tanning processes, but is common to the leather
industry as a whole.

A similar order-of-magnitude decrease in detection of blood on both
boot leather and upholstery leather (as compared to cotton substrates)
was observed with benzidine (another heme-catalyzed presumptive
blood test); with Hematrace antibody/antigen test kits; and with
traditional Takayama crystal testing. Heme-catalyzed color tests and
Hematrace human hemoglobin detection tests showed a decrease in
sensitivity in as little as two weeks; Takayama crystal tests showed a
decrease in sensitivity in under a month.

The three tests utilize varying elements of the hemoglobin
molecule. In heme-catalyzed color tests, the heme group central to the
hemoglobin molecule behaves as a peroxidase, reducing hydrogen
peroxide to water and, in turn, depleting the hemoglobin of electrons;
these electrons are replaced from the test dye molecule, transforming
the molecule from its colorless to a colored state. Although these tests
are known to be pH-sensitive, phenolphthalein and benzidine have
substantially different effective ranges (between 8 and 10 versus any pH
above 4). The ABAcard Hematrace test uses anti-human-hemoglobin
antibodies to produce a highly sensitive color-positive result. The
Takayama crystal test relies on the formation of pyridine
hemochromogen crystals when the reagent is reacted with hemoglobin
and heated. As all three of these tests displayed reduced sensitivity and
detection potential when performed on bloodstains exposed to a leather
substrate, the question remains as to what chemical aspect of the
leather substrate is affecting the tests, and whether the reaction can be
easily reversed.

As the undesired effects appear not to be pH-dependent, and are
common to multiple types of leather, the presence of residual tanning
chemicals is the most likely source of the observed false negative
effects. Further study on the effects of tanning chemicals on the iron
atom at the center of the heme moiety is expected to reveal the source
of the multi-test false negatives. Whether or not a simple counter-
treatment can be identified, criminalists should be mindful of the age and
environmental history of leather case samples submitted for serological
screening, and make analytical decisions accordingly.

Blood Detection, Heme, Leather

A17 Advances in the Forensic Use of
Human Scent

Lauren J. Colon-Crespo, BSc* Jessica S. Brown, BS, Norma |I.
Caraballo, BSc, and Kenneth G. Furton, PhD, Florida Int! Univ, Dept of
Chemistry and Biochemistry, 11200 SW 8th St, CP344, Miami, FL 33199

After attending this presentation, attendees will increase their
understanding of the sample collection procedures and analytical
methods used to evaluate human scent from different biological
specimens.

This presentation will impact the forensic science community by
providing an overview of several recent research studies that have
examined human scent, demonstrating its importance and application
for the criminal justice system.

In 2010, Joshua Wade was sentenced to life in prison for the 2007
carjacking and murder of his neighbor Mindy Schloss. Human scent
evidence played a crucial role in the resolution of this case after FBI-
trained canines were able to identify both the victim’'s and Wade’s scent
on different items, as well as follow scent trails linking several locations
and pieces of evidence to Wade. In California vs. Benigo Salcido,
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challenges arose regarding canine evaluations of human scent, such as
the durability of human scent, the ability of canines to discriminate
accurately between scents, and the use of human scent to distinguish
different individuals.! The courts found that human scent discrimination
by a canine can be admitted into court as evidence whenever the
training and experience of both the dog and the handler prove to be
proficient, the handler's methods prove to be reliable, and the person
performing the sample collection technique uses the correct scientific
procedures. These court cases have highlighted the significance of
human scent within the criminal justice system and in forensic
investigations.

This presentation will summarize and discuss human scent
research and its ability to be used as a form of associative evidence in
forensic investigations. Presently, human scent-discriminating canines
are often employed to discriminate individuals, crime scenes, and
objects. This practice is based upon the theory that every individual
possesses a distinct odor that is generated from a complex combination
of the body’s metabolism, gland secretions, hormonal control, and
interactions with the residing bacterial populations.? Human scent is
comprised of secretions and bacterial action that occurs on dead skin
cells, commonly referred to as “rafts”, which can easily be deposited into
the environment allowing canines the opportunity to pick up a person’s
scent.® To obtain an understanding of what canines smell, human scent
has been studied in the laboratory using a variety of specimens. Alarge
portion of research has been conducted on hand odor since there is a
high likelihood that a suspect’s hands will come into contact with an
object while committing a crime. Hand odor can be collected through
two different methods: (1) direct contact of the collection material and
the object/person; and, (2) non-contact sampling using a portable
vacuum source that is designed to draw in volatile organic compounds
(VOCs) from the object/person. Upon collection, scent samples are
analyzed using solid-phase microextraction gas chromatography-mass
spectrometry (SPME-GC-MS) and statistically evaluated to determine
the distinguishability of the scent profiles obtained from different
individuals.

Human scent research has advanced over the years to include
other biological specimens of forensic interest, such as hair, nails, and
saliva. Brown and Furton found that hair, nails, and saliva possessed
VOCs that differed between specimens and between people, allowing
for the discrimination of individuals. This was further evaluated using
human scent-discriminating canines.* Field tests revealed these
specially trained canines had the ability to discriminate an individual
independent of the specimen being assessed.® In another study
conducted by DeGreeff et al. in 2011, human scent profiles of living
individuals were compared to those that were deceased.® It was found
that human scent profiles of living subjects differed from one individual
to the next; however, upon death, the scent profiles appeared similar
from one person to the next, revealing a more general odor for deceased
individuals. This presentation will highlight and explore the advances in
human scent research, which demonstrates its significance, versatility,
and application in forensic investigations and within the criminal justice
system.

References:

- People of the State of California vs. Benigno Salcido: Hearing on
GA052057 Before the Los Angeles Superior Court on 115 Cal. App.
4% 379 (2005).

2 Kusano M, Mendez E, Furton KG. Development of headspace
SPME method for analysis of volatile organic compounds present
in human biological specimens. Analytical and Bioanalytical
Chemistry 2011; 400(7): 1817-26.

3 Curran AM, Prada PA, Furton KG. The Differentiation of the Volatile
Organic Signatures of Individuals through SPME-GCMS of
Characteristic Human Scent Compounds. Journal of Forensic
Sciences 2010; 55(1): 50-57.

4 Brown JS, Furton KG. Exploring human scent with instruments and
canines (Oral Presentation). The 88th Florida Annual Meeting and
Exposition; May 2012; Innisbrook, FL.

5 Brown JS. Determination of Signature Volatile Odor Chemicals
Emanating from Novel Biological Specimens by Non-invasive
Analytical Techniques for the Potential Use in Forensic

Identifications. Ph.D. dissertation, Florida International University,
2012.

6 DeGreeff LE, Furton KG. Collection and identification of human
remains volatiles by non-contact, dynamic airflow sampling and
SPME-GC-MS using various sorbent materials. Anal Bioanal
Chem 2011; 401: 1295-1307

Human Scent, VOCs, Canines

A18 Testing a Combined Approach for DNA
and Trace Evidence Recovery Using
Tape Lifting on Forensically

Important Substrates

Scott K. Watanabe, BS*, 20064 Oakside Ct, Santa Clarita, CA 91390;
Christopher Ehrhardt, PhD, 1015 Floyd Ave, Grace E. Harris Hall South,
Rm 2014, Richmond, VA 23112; and Helen R. Griffin, BSc, and Shanin
Barrios, BS, Ventura County Sheriff’'s Dept, Forensic Sciences Lab, 800
S Victoria Ave, Ventura, CA 93009

After attending this presentation, attendees will have been
introduced to a novel approach for recovering DNA and various types of
trace evidence from forensic samples, specifically, a common technique
called tape lifting, to collect both trace evidence and “touch” DNA across
multiple substrates using modern, automated methods of forensic
analysis.

This presentation will impact the forensic science community by
promoting a comprehensive approach to technique evaluation,
expanding awareness to other instances of discipline overlap, and
exploring the effects of other methods on common trace practices. A
single type of tape that is optimal for trace evidence and touch DNA
collection would streamline training, further interdisciplinary cooperation,
and promote synergy during evidence routing and analysis in the
forensic science laboratory.

The goal of this study is to test differences in recovery efficiency for
trace evidence touch DNA across six types of tape currently in use or
being considered for use in the Ventura County Sheriff's Office Bureau
of Forensic Services: Evercare™ Lint Pic-Up roller, 3M Scotch™ Lint
Roller, HP-260 Duck™ Brand Packing Tape, Lyn-Peavey™ Fingerprinting
Tape, Allene’s® Tacky Double-Stick Sheets, and Staples® Stickies™
Adhesive Notes. All tapes were tested for the presence of (PCR)
inhibitors based on the quality of their internal PCR controls after
quantification and the appearance of their electropherograms after
amplification. The inhibition study was performed with xylene-treated
swabs, water-treated swabs, and with no swabbing of the tape. DNA
was provided by spotting 10 pul of 1:200 diluted whole blood from a single
source onto the tape to give 3ng of DNA. The ability to recover touch
DNA was determined by comparing the average quantifiable DNA from
each tape to the average DNA from three, co-extracted reference swabs
after tape lifting dried saliva stains from tight weave, knit, and glass
substrates. Saliva stains were produced by pipetting 15ul of a 1:30
dilution of whole saliva onto the substrate to give 15ng of DNA. Finally,
trace evidence recovery for each tape sample was examined by
comparing tape lifting efficiencies of glass fragments, four-layer house
paint chips, 100% polyester clothing fibers, and 100% nylon carpet
fibers, which had all been rendered to 0.5mm as well as whole pubic
hairs and 100% nylon carpet fibers from the same three substrates.
Quantitation of touch DNA was carried out using a sequence detection
system with an amplification kit and amplified with an amplification kit
and an genetic analyzer capillary electrophoresis instrument. Trace
evidence identity was established with FT-IR using a single-bounce
attenuated total reflectance accessory.

All tape samples produced fully amplified and interpretable profiles
across all Combined DNA Index System (CODIS) loci with little to no
PCR inhibition, regardless of the pre-extraction treatment. The Duck®
Brand HP260 High Performance Packaging Tape recovered the highest
amounts of trace evidence and touch DNA across all three examined
substrates. While the packaging tape was transparent and easy to
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analyze, it also picked up much of the background material present in or
on the substrate and was somewhat difficult to use compared to the
other tapes. The 3M Scotch™ Lint Roller was consistently the second
best tape when recovering every type of trace evidence (except 0.5mm
carpet fibers) and touch DNA while being easier to use on bedding and
other large surfaces. In spite of its difficulty collecting small nylon carpet
fibers, the 3M Scotch™ roller never lagged more than 10% recovery
behind the packaging tape. All other tapes performed well in specific
circumstances, but had inferior recovery efficiency compared to both the
packaging tape and the lint roller across all three substrates. The Duck
Brand® packaging tape was suggested as the optimal tape for the
Ventura County Sheriff's Office Bureau of Forensic Services while the
3M Scotch™ was advised to be used for large areas or in case the
packaging tape was not available.

Tape Lifting, Touch DNA, Trace Evidence

A19 Identification of Sildenafil and Other
Male Potency Enhancers Found in

Internet Products

Michael E. Lamb, MS*, 265 Ribbon St, Franklin Square, NY 11010; and
G. John DiGregorio, MD, PhD, NMS Labs, 3701 Welsh Rd, Willow
Grove, PA 19090

After attending the presentation, attendees will understand that
erectile dysfunction pharmaceutical medication is being put into Internet
products that are being marketed as all natural or herbal remedies.
Attendees will be shown data from various analytical techniques such as
Thin Layer Chromatography, Gas Chromatography/Mass Spectrometry,
High performance Liquid Chromatography/Ultraviolet Detection and
Liquid Chromatography/Mass Spectrometry. They will be made aware
that this phenomenon is happening in the United States and around the
world. Finally, they will be shown dangerous physical effects that can
occur by taking these products without a prescription from a physician.

This presentation will impact the forensic science community by
showing that the adulteration of Internet products with Viagra® and
related compounds is actually occurring. This is significant because
these medications have dangerous side effects and various
contraindications, and should not be taken without a doctor’s
prescription. Many members of the forensic science community may not
be aware this adulteration is happening; therefore, it is extremely
important this information is made available to the community.

There has been an increase over the last decade in the sale of
products marketed as male potency enhancers that can be purchased
through the Internet. Erectile dysfunction drugs that are only available
by a doctor’s prescription such as sildenafil (Viagra®), tadalafil (Cialis®),
and vardenafil (Levitra®), or their chemical analogs, are being added to
various Internet products proposed to naturally enhance male potency,
without regulation or medical approval. The danger in this manifests
itself in the various side effects of these drugs that include stroke, loss of
vision/hearing, and death. These drugs act as specific
phosphodiesterase type 5 (PDE-5) inhibitors that block the degradation
of an enzyme that allows for increased blood flow to the penis, thus
maintaining an erection. The enzyme involved is cyclic GMP and has a
variety of functions in the body, including being a carrier protein. This, in
turn, causes significant vasodilation and can lower blood pressure
drastically. Men with cardiovascular problems would normally not be
prescribed this medication due to the inherent risks; however, now they
have the possibility of obtaining it without a doctor’s prescription by
buying products on the Internet, in local shops, or in gas stations.

Various unregulated erectile dysfunction products were ordered
over the Internet and analyzed by Thin Layer Chromatography, Gas
Chromatography/Mass Spectrometry, High performance Liquid
Chromatography/Ultraviolet Detection, and Liquid Chromatography/
Mass Spectrometry. Ten of these products were examined. The
matrices explored were pills, powders, and even a cream. They were all
purchased over the Internet for a very low price and all were marketed
as “all natural.” Ingredient lists made no mention to the presence of

sildenafil, tadalafil, or vardenafil. Results obtained indicate the presence
of these compounds in various Internet products. Furthermore, other
compounds such as caffeine were also found in these products without
being listed on the ingredient list. This indicates that companies, both in
the United States and overseas, are falsely marketing these products
and selling them over the Internet, making them very accessible. This
threatens the safety of individuals that may experience damaging side
effects while consuming these products, believing them to be all natural.
Sildenafil, Internet Products, Adulteration

A20 Optimized Screening of
Cannabinoids With Phenyl
Phase Liquid Chromatography

Synthetic
Reversed-

Kaitlin Giovanni, BS*, Mercurio Veltri, PharmD, William F. Nirode, PhD,
and Ling Huang, PhD, Hofstra Univ, Chemistry Dept, 151 Hofstra
University, Hempstead, NY 11549

After attending this presentation, attendees will understand the
fundamental principles of Reversed-Phase Liquid Chromatography
(RPLC) with UV-Vis detection as pertaining to forensic chemistry, and
the necessary elements for optimized separation and identification of
illegal substances, specifically synthetic cannabinoids in herbal
incenses. Through the comparison of several different phenyl-
functionalized columns, the optimal screening technique for synthetic
cannabinoids can be determined and used in a practical setting.

This presentation will impact the forensic science community by
providing an optimized and simple chromatographic separation and
quantification method for synthetic cannabinoids in herbal incenses in
order to improve the accuracy and throughput of “spice” evidence
processing.

The recently-passed S.3187 included five classes of synthetic
cannabinoids into Schedule | controlled substance list. It creates great
challenges for forensic scientists to rapidly separate, identify, and
quantify these “cannabimimetic agents” in numerous herbal incenses
due to the similarity of isomer or analog structures. Newer compounds
are being synthesized promptly to circumvent the ban, which
exacerbates the analytical difficulties for forensic labs, some of which are
already experiencing backlogs. In this presentation, a novel yet simple
RPLC separation method with phenyl functionalized column and Diode
Array Detector (DAD) was dicovered to possess several advantages
over conventional C-18 LC/MS methods. When the phenyl RPLC
method is coupled with a simple liquid extraction method, the
identification and quantification of synthetic cannabinoids in herbal
incenses can be completed in less than 30 minutes.

All cannabinoids contain aromatic functional groups such as
phenyl, naphthyl, indole, and pyrrole, which readily interact with phenyl
stationary phases through pi-pi interactions. Compared to conventional
C-18 or C-8 columns, these phenyl columns provide greater resolution
in the separation of similar cannabinoids. Six different phenyl columns
were compared to determine the ideal separation conditions for
synthetic cannabinoids. The injection volume of the sample,
composition of the mobile phase, and temperature are optimized to
achieve ideal resolution and speed. A mixture of ten synthetic
cannabinoids (6-16ug/mL methanol), including JWH-122, AM-2201,
RCS-4, and various isomers and analogs, were prepared to evaluate the
separation efficiency. For the herbal incense samples, a simple
methanol extraction with paper filtration was employed as LC sample
preparation. All separations were carried out isocratically on a HPLC
system with pure acetonitrile and water as mobile phases flowing at 1-
1.5mL/min. The detection wavelengths were set at 214nm and 280nm
to capture all synthetic cannabinoids in 1-10uL injection volumes.
Elevated temperatures (50-60°C) increased separation speed.

After the optimization of separation conditions, all six columns can
separate seven out of ten cannabinoids with satisfactory resolution in
under 20 minutes. Phenylhexyl columns provide better separation
compared to phenylpropyl or biphenyl columns, thanks to the diverse
functional groups presented on the stationary phase surface and in the
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analytes. Compact UPLC-type columns with porous shell provide more
surface area in a shorter column, which increases speed without the
sacrifice of resolution. Polymer reversed phase columns provide more
uniform distribution of phenyl groups on the stationary phase, which
performed better than silica-based phenyl columns. One polymer-based
phenylhexyl column separated all 10 standards in under 14 minutes.
With standard calibration, the synthetic cannabinoids in 30 samples
were identified and quantified. Most herbal incense contain two to three
cannabinoids with concentrations varying from 1-20mg/g of herb.

In conclusion, phenyl RPLC columns with DAD can be used to
quickly separate, identify, and quantify synthetic cannabinoids in herbal
incenses. When coupled with a simple methanol extraction method, the
isocratic separation provides better resolution and rapid quantification
compared to conventional C-18 LC/MS methods.

Cannabinoids, Chromatography, Drug Analysis

A21 Statistical Measures for Comparisons of

Fiber Spectra: Forensic Database and
Statistical Software

Edward G. Bartick, PhD, Suffolk Univ, Dept of Chemistry/Biochemistry,
Beacon Hill, 41 Temple St, Boston, MA 02114-4280; John V.
Goodpaster, PhD, IUPUI, FIS Program, 402 N Blackford St, LD 326,
Indianapolis, IN 46202; and Stephen L. Morgan, PhD*, Univ of South
Carolina, Dept of Chemistry & Biochem, 631 Sumter St., Columbia, SC
29208

After attending this presentation, attendees will be acquainted with
the utility, ease of use, and applicability of a forensic fiber database
containing fiber characteristics and user-friendly software for visual and
statistical comparison of fiber spectra. These combined tools offer
support for objective data-based decisions regarding the similarity of
questioned and known fiber data and the reliability of match exclusions.

This presentation will impact the forensic science community by
describing a combined data archiving and statistical graphics and
analysis system that offers both data management and decision-making
support to the forensic fiber examiner. Trace fiber investigations, where
the hypothesis of a common source for two fibers could not be rejected
and evidence was found to have probative value.

Testimony of FBI examiner Paul Stombaugh before the Warren
Commission concerned some fibers stuck on a jagged edge of Oswald’s
rifle stock stated, “There is no doubt in my mind that these fibers could
have come from this shirt.” However, the next statement, “There is no
way; however, to eliminate the possibility of the fibers having come from
another identical shirt,” epitomizes the problem of class evidence. The
goals of this research include: (1) assess error rate performance in trace
fiber evidence examinations based on UVlvisible
microspectrophotometry and infrared spectroscopy; (2) create a
database of fiber characteristics, including UV/visible or IR spectra, to
establish a performance baseline relevant to discussions of fiber
discrimination; and, (3) evaluate intra- and inter-laboratory consistency,
and improvements in forensic laboratory practice.

Statistical evaluation of trace evidence data from UV/visible or IR
spectroscopy has great utility for assessment of assessing similarity or
dissimilarity of spectra when comparing questioned and known trace
evidence samples. The use of statistical hypothesis testing with both
univariate and multivariate data, coupled with good experimental design,
permits the investigator to exercise control over errors in statistical
decisions arising from measurement uncertainties. Both univariate and
multivariate statistical methods to judge the significance of discrimination
of UV-visible and infrared spectra from a wide variety of textile fibers
were employed. Statistical methods, coupled with informative graphics
for comparing grouped data distributions, can produce statistical support
for inclusion and exclusion decisions in forensic fiber examinations. This
presentation will show statistical analyses of fiber spectra from a user-
friendly software package that has been developed for this purpose.
The second tool presented here is a forensic fiber database that
facilitates archiving fiber data such as polarized microscopy

measurements  (birefringence, sign of elongation), physical
characteristics (diameter, shape), and spectral data. One immediate
advantage is the ability to store data in a documented manner and
access this information on demand from a relational database. XML, an
extensible markup language that can be employed to define a flexible
and self-documenting, but human-readable and standardized text
format for forensic data was adopted. XML has experienced recent
growth because of its adoption by a multinational software corporation
as a file format for office application documents. NIST has long
recognized the significance of XML and several ongoing interagency
efforts involve data format standardization using XML (e.g., the NIST ITL
American National Standards for Biometrics and efforts by ANSI, NIST,
and the FBI). The web-based SQL/ASP database currently holds
information on about 500 fibers, and facilitates queries for rapid retrieval
of data and interactive visualization, export of existing raw data, and
import of new fiber data sets. Although there is little likelihood of
establishing a truly comprehensive fiber database because of fast-
moving trends in manufacturing and globalization of production, a
combined data archiving and statistical graphics and analysis system
offers both data management and decision-making support to the
forensic fiber examiner.

Research in this presentation was supported by Award No. 2010-
DN-BX-K220 from the National Institute of Justice, Office of Justice
Programs, U.S. Department of Justice. The opinions, findings, and
conclusions or recommendations expressed in this publication are those
of the authors and do not necessarily reflect those of the Department of
Justice.

Fiber Spectra, Statistics, Database

A22 In-House Production of a Metrologically
Sound Traceable Ethyl Centralite
Reference Material for Smokeless

Powder Analysis

Rodrigo B. Oliveira, PhD* and Regina Celia F. da Silva, Bsc, Ave N, S
das Gragas, 50 Xerém, Duque de Caxias, BRAZIL, and Erika Martins de
Carvalho, PhD, Rua Sizenando Nabuco, Rio de Janeiro, BRAZIL

After this presentation, attendees will be able to rationalize the in-
house production of a metrologically sound, traceable, high purity Ethyl
Centralite (EC) reference material for smokeless powder analysis and
extend this knowledge to other compounds.

This presentation will impact the forensic science community by
providing a method for analysts to make their own reference materials
required in their routine analyses in a metrologically sound, traceable
manner in order to compensate for the lack of available forensic
reference materials. The chemical compound chosen to demonstrate
this approach was EC, a common organic stabilizer of smokeless
powders.

The analysis of organic compounds present in smokeless powder
from ammunition and improvised explosive devices is important in crime
elucidation, especially after the advent of “environmentally friendly”
ammunition, free of barium, lead, and antimony. The most common
organic additive in Brazilian ammunition is EC, in which its function is to
stabilize the smokeless powder by delaying degradation of
nitrocellulose. Both qualitative and quantitative analysis of additives and
propellants in smokeless powder are important for forensic scientists.
By qualitatively identifying and quantitatively determining the additives in
smokeless powder it is possible to calculate a numerical propellant to
stabilizer ratio which allows the association of handgun-fired organic
gunshot residues with unfired powder. To perform quantitative analysis
of most Brazilian ammunitions, the use of a smokeless powder certified
reference material (CRM) containing EC is recommended for calibration,
method validation, and quality control. Workers at the Brazilian National
Institute of Metrology, Quality and Technology - INMETRO are working
to produce a smokeless powder CRM containing EC as additive.
However, to quantify EC in smokeless powder for the production of such
a CRM, or even to quantify EC in common routine analysis, a high purity
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EC CRM is required for calibration. Because such a commercial CRM
is also not yet available worldwide, in-house production of a
metrologically sound, traceable EC reference material for smokeless
powder analysis is necessary. The objective of this research was to
assess the purity of a commercial EC in a metrologically sound,
traceable manner.

High purity EC was purchased and the identity of EC was
confirmed by determination of melting point, Mass Spectrometry (MS),
Fourier Transform Infrared spectroscopy (FTIR), and 1H and 13C
Nuclear Magnetic Resonance (NMR). The purity was assessed by three
independent methods: Differential Scanning Calorimetry (DSC),
quantitative 1TH NMR (using benzoic acid NIST 650b SRM as internal
standard), and mass balance. The latter consisted of a broad
investigation of the impurities, which included identification and
quantification of non-volatile organic impurities (by gas chromatography
coupled to flame ionization detector — GC-FID), volatile organic
impurities (by headspace GC-FID), water content (by coulometric Karl
Fischer titration), and inorganic impurities (by ashing).

EC melting point was 72.57 + 0.03°C. Mass spectra of sample
showed m/z = 268, 164, 148, 120, and 77, which is consistent with EC
structure. FTIR and 1H and 13C NMR spectra were consistent with EC
structure. All these data confirmed the identity of the commercial
product as EC.

EC purity by DSC was 99.83 + 0.05 mol % (average and standard
deviation). EC purity (m/m) by quantitative 1H NMR was 99.89 + 0.7%
(average and measurement uncertainty — 95% CI; k = 1.98). EC purity
(m/m) by mass balance was 99.86 + 0.02% (average and measurement
uncertainty — 95% CI; k = 2). The mass balance is also called 100% -
impurities % method and the individual impurities found were (m/m): (1)
non-volatile organic impurities: methyl-ethyl centralite (0.0762%); (2)
volatile organic impurities: m/p-xylene (0.0263%), ethyl benzene
(0.0079%) and dimethylchloramine (0.013%); (3) water content:
0.0083%; and, (4) inorganic impurities: 0.0025%.

EC purity results by three independent methods are in agreement
with one another. It was decided to consider the mass balance result
(99.86 + 0.02% m/m) because of the reduced measurement uncertainty
valor. Metrological traceability came by the use of a primary method
(DSC), by the use of a certified reference material in quantitative NMR,
and by a detailed investigation of impurities, which provided an indirect
purity assessment (mass balance). This approach can be used for the
production of in-house reference materials suitable for calibration,
quality control (after spiking a blank matrix), and method validation
involving forensic analysis.

Reference Material, Smokeless Powder, Ethyl Centralite

A23 Presumptive Color Test for Piperazine
Designer Drugs

Tsunghsueh Wu, PhD*, Chelsea Johnson, BS* and Ethan Becker, BS,
Univ of Wisconsin, 1 University Plaza, Platteville, WI 53818

After attending this presentation, attendees will understand the
development of a presumptive color test for piperazine designer drugs,
the scientific principles underlying drug detection, and the results on
detection of BZP and TMFPP using this technique.

This presentation will impact the forensic science community by
introducing the new technique for law enforcement to effectively conduct
the drug test in the field.

Presumptive color tests for drugs help investigators to narrow the
possible identities of a substance. It is a quick and inexpensive chemical
test, which is commonly performed by police officers on the street prior
to the use of costly confirmative tests in the forensic science laboratory.
This test is done to determine quickly on the scene if the police officer
has probable cause for an arrest. Using this new technique, an
investigator places the questioned substance in a disposable test tube
containing ampules of chemical reagents necessary for the presumptive
identification of piperazine drugs such as benzylpiperazine (BZP) and 3-
trifluoromethylphenyl-piperazine (TFMPP).

Benzylpiperazine (BZP) and trifluoromethylphenylpiperazine
(TFMPP) are synthetic phenylpiperazine analogues, which have
stimulant and amphetamine-like properties.” As a result, they are
commonly used as a recreational drug, and were legally available in a
number of countries, particularly in New Zealand.! The drug was
temporarily classified as a Schedule | controlled substance in the United
States in 2002 because of its high abuse potential and lack of accepted
medical use or safety.? On March 18, 2004, the DEA published a Final
Rule in the Federal Register permanently placing BZP in schedule I.
Several states have placed BZP in schedule I: Colorado, Idaho, lllinois,
Indiana, lowa, Kansas, Louisiana, Mississippi, Missouri, Oklahoma,
Nebraska, Tennessee, and Wyoming.?

According to Office of Diversion Control, law enforcement officials
submitted 48 drug items/exhibits to federal, state, and local forensic
laboratories identified as BZP in 2004.2 The number of BZP
items/exhibits increased from 437 in 2007 to 6,088 in 2008. BZP
items/exhibits submitted to forensic laboratories increased 127% from
6,088 in 2008 to 13,822 in 2009. BZP was smuggled internationally as
powder by drug trafficking organizations. The bulk powder is loaded into
capsules and pressed into tablets. BZP is encountered as pink, white,
off-white, purple, orange, tan, and mottle orange-brown tablets. These
tablets bear imprints commonly seen on MDMA tablets such as housefly,
crown, heart, butterfly, smiley face, or bull's head logos and are often
sold as “ecstasy.” BZP has been found in powder or liquid form
packaged in small sizes and sold on the Internet.? Because of the
increasing trend in the distribution of these substances, the presumptive
test for piperazine drugs is necessary to allow law enforcement to
identify the controlled substances on the street within a minute.

Both BZP and TFMPP appear as a colorless solution when
dissolved in deionized water. In this research, the BZP and TFMPP
aqueous solution in the presence of our reagents will yield a yellow
solution as a positive result. However, organic molecules containing
primary amine functional group caused a severe interference. This
presentation will discuss the principle behind the method and future
plans to study this test method.
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A24 Differentiation of South American and
Domestic (U.S.) Crack Cocaine Through
Headspace-Gas Chromatography/Mass
Spectrometry (HS-GC-MS)

John F. Casale, BS, and Valerie L. Colley, BS*, DEA, Special Testing
Laboratory, 22624 Dulles Summit Ct, Dulles, VA 20166

After attending this presentation, attendees will understand the
methodology used to differentiate South American- and U.S.-produced
crack cocaine.

This presentation will impact the forensic science community by
providing a method by which South American- and U.S.-produced crack
cocaine can be differentiated.

South American coca leaf-to-cocaine base processors have been
making cocaine base in the form of “crack cocaine” for several years for
distribution and consumption in South America. There had been no
evidence of South American-produced crack cocaine being smuggled
into the United States until recent U.S. interdiction efforts. This form of
cocaine is typically produced by boiling crude cocaine base (obtained
directly from coca leaf through traditional illicit processing methods),
skimming off the water and impurities, and then allowing the cocaine
base to solidify into the form of crack cocaine. In contrast, U.S. domestic
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crack cocaine is typically made by the conversion of imported illicit
cocaine hydrochloride into cocaine base by dissolving cocaine
hydrochloride in hot water, converting it to cocaine base through the
addition of sodium bicarbonate (or some other base), boiling the
solution, allowing it to cool, and then removing the water after the
cocaine base has solidified into crack cocaine. The presented research
will show that, as a result of these production differences, South
American crack cocaine can be distinguished from domestically
produced crack cocaine. In addition, it will show that analysis of
domestically produced crack cocaine can provide information on what
solvents were used in the original cocaine hydrochloride processing in
South America (i.e., prior to the cocaine base conversion process into
cocaine hydrochloride).

Samples of cocaine base from South America (Colombia, Bolivia,
and Peru) and the U.S. were analyzed by Headspace-Gas
Chromatography/Mass Spectrometry (HS-GC/MS) to determine their
solvent profiles. Analyses of the South American exhibits confirmed
traces of low to high boiling hydrocarbons present in the crystal matrix.
These residual solvents are due to the use of gasoline, kerosene, and
diesel in the extraction process. In contrast, analyses of domestic crack
cocaine exhibits show solvent profiles typically seen for cocaine
hydrochloride exhibits, but at much reduced levels. The results
demonstrate that South American crack cocaine is easily differentiated
from U.S. domestic crack cocaine.

The correlation between cocaine hydrochloride solvent profiles and
their corresponding domestic crack cocaine solvent profiles was also
investigated. Samples of cocaine hydrochloride were analyzed by HS-
GC/MS to determine what solvents were used in the clandestine cocaine
base-to-cocaine hydrochloride conversion process. Each resulting
cocaine hydrochloride sample was then converted to crack cocaine
using the traditional domestic crack cocaine production method. Each
crack cocaine sample was then analyzed by HS-GC/MS and its resulting
solvent profile compared to its original cocaine hydrochloride solvent
profile. In each case, the crack cocaine solvent profile contained
essentially the same primary processing solvents found in the original
cocaine hydrochloride, but at reduced levels. The levels of reduction
varied by solvent but were typically one-half to one-tenth of the original
levels. This data can provide valuable information on what solvents
were used to produce the cocaine hydrochloride in South America prior
to the production of domestic crack cocaine.

Currently, the DEA Special Testing and Research Laboratory
routinely analyzes imported illicit cocaine hydrochloride samples to
determine which solvents were used in the clandestine cocaine base-to-
cocaine hydrochloride conversion by South American processors. This
data provides the intelligence community with valuable information,
which is used to monitor and, in some cases, control essential solvents
used by clandestine laboratories. Analysis of domestic crack cocaine
samples to determine which solvents were used in the clandestine
cocaine base-to-cocaine hydrochloride conversion by South American
processors will augment the strategic intelligence currently provided for
solvent control and diversion efforts.

Forensic Science, Crack Cocaine, Occluded Solvents

A25 Comparative
Spread Patterns

Study of Shotgun

Keith B. Morris, PhD, West Virginia Univ, 208 Oglebay Hall, 1600
University Ave, PO Box 6121, Morgantown, WV 26506-6121; Justin N.
Kirk, BS*, 108 South Kanawha St., Buckhannon, WV 26201; James
Tuckwiller*, HC 40 Box 11, Lewisburg, WV 24901; Eric Law, 306 Dux
Landing, Cape Girardeau, MO 63701; Joshua Davis, 21710 Magnolia
Ave, Matoaca, VA, and Roger Jefferys, 27 Dafonzo Hill Rd, Pursglove,
WV 26546

After attending this presentation, attendees will learn how to
interpert statistical data, a shotgun spread pattern, and how the muzzle-
to-target distance can be determined.

This presentation will impact the forensic science community by
allowing examiners to refer to a statistical model to approximate the

muzzle-to-target distance at a crime scene instead of performing test
fires for each shotgun found at a crime scene.

When a shotgun is fired, the pellets exit the barrel in a tight packet.
As the pellets get farther from the shotgun, they start to spread out and
cover a larger area when they impact. The farther the target is from the
shotgun, the wider the spread pattern becomes. Given that the same
gauge, choke, and shot size is used, one should be able to predict the
spread of the pellets over time. In 1983, Heaney and Rowe used a linear
regression to model pellet dispersion from shotguns.! In their research;
however, only one spread pattern at each distance was presented. This
does not account for any variation in the spread pattern that could occur
at that distance. In order to produce an accurate statistical model that
accounts for variation, a larger sample size must be used. This research
also only covered one degree of choke and pellet size. Arslan et al,
completed a similar study in 2011.2 A larger sample size at each
distance was used in this study, which allows their statistical models to
be more accurate. In this research, the effect of various gauges, choke
types, and pellet sizes were also studied. The Arslan group concluded
that each factor results in a new model to estimate shooting distances.

In this research, the effect of choke and pellet size was studied
using a 500 series shotgun. Measures of dispersion such as maximum
radius, a 95% confidence interval of the maximum radius, bounded
rectangle, and fitted ellipse were used to measure the dispersion
patterns. The position of each pellet in a spread pattern was calculated
using the x and y coordinates of each pellet with the origin set in the
center of the spread pattern. The 95% confidence interval at each
distance was calculated by taking the average maximum radius
plus/minus the standard deviation of the maximum radius multiplied by
a t-value for that sample size. The bounded rectangle was calculated for
each spread pattern by taking the maximum x value minus the minimum
x value and the maximum y value minus the minimum y value. The x
and y coordinates of each spread pattern were also used to calculate the
width and height, a and b, of a fitted ellipse that represents the smallest
ellipse that covers all of the pellets in the spread. Models were
developed to estimate the firing distance and to associate an uncertainty
in each particular test condition.

In the past when shotgun spread patterns were found at a crime
scene, examiners would have to perform test fires with the suspect
weapon to find the spread patterns of that gun at various distances.
These test spread patterns would then be compared to the pattern found
at the crime scene so the distance could be approximated. This
research would instead allow examiners to refer to a known spread
pattern at a given distance, pellet size, and gauge. The 95% confidence
interval will allow examiners to say that they are 95% certain that the
suspect spread pattern falls within the range presented in the model at
that distance. Although the examiner may wish to confirm that these
distances are correct with the suspect shotgun, this would allow the
examiner to have a starting point, and save time when reconstructing the
crime scene.
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A26 Analysis of a New Synthetic Street Drug
“Molly Plant Food” by Mass Spectrometry
and Vibrational Spectroscopy

Nisha V. Patel, BS* 1514 Center Pointe Dr, Murfreesboro, TN 37130

After attending this presentation, attendees will learn about the
composition of the new synthetic drug “Molly Plant Food” as well as the
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methods used for analyzing the synthetic drug. Interpretation of data
acquired via pyrolysis-gas chromatography-mass spectrometry, liquid
chromatography-mass spectrometry, and Raman spectroscopy will be
presented. The analysis of this new synthetic drug will contribute to
better understanding of this and other similar variations of this synthetic
drug with different substituent groups among the cathinones. The
methodologies and findings will contribute to future protocols for
analyzing and assessing the toxicological effects of the banned synthetic
stimulants substances.

This presentation will impact the forensic science community by
providing an analysis of the the synthetic stimulant drug toxicology, the
various kind of methcathinone commonly detected in these stimulant
drugs, and the findings of methcathinone in the Molly Plant Food. This
rapid, reliable method of analysis of synthetic stimulant substances will
enable law enforcement authorities to easily identify the new drug and
better understand the toxicological effects.

In recent years, the production of fake “Ecstasy” has grown quite
popular. Many abuse this new synthetic drug as a substitute for the real
Ecstasy, which is illegal to possess and expensive to purchase in the
black market. Fake Ecstasy is commonly known as Molly Plant Food or
Rave Bath Salts is sold in convenience stores as common household
products like bath salts or plant food." Molly Plant Food is said to provide
the same euphoric feeling as Ecstasy. This synthetic drug is said to
contain either methylone (3, 4-methylenedioxy-N-methylcathinone),
MDPV, mephedrone (4-methylmethcathinone), or many other
methcathinones derivatives.? Many users of this fake Ecstasy do not
know that it closely resembles methamphetamine, lacking only two
functional groups. The primary buyers of these drugs are teens that may
not be aware of the dangers of this drug. In recent years, there have
been many cases of hospitalization and even death resulting from the
use these drugs. As previously mentioned, the effect of this drug
resembles that of Ecstasy; however, other compounds are added to
mask its intended use as a drug of abuse and to allow it to be advertised
as a plant growth agent or muscle relaxant. Since not much is known of
this drug, it has the capacity to be abused at high levels, which can lead
to death.

The research used high performance liquid chromatography to
retrieve the different kinds of chemical components present in the Molly
Plant Food.® The results of the LC/MS showed the presence of
mephedrone and MDPV in the Molly Plant Food. Mephedrone and
MDPYV are just two of the many methcathinones found in various illegal
synthetic stimulant drugs. The use of Raman spectroscopy provided a
spectrum of the chemical constituent. The Raman findings showed
strong bands at 2950cm™, 1750 cm™, 1020 cm™, and 770cm™. These
findings provide a general distinctive identifying characteristic for the
illegal compound. The finding of exact transition ion intensities at 10V,
27V, 36V, and the existence of methcathinone were confirmed via
LC/MS. Further, the pyrolysis-GC/MS conducted on Molly Plant Food
showed a high concentration of analgesic chemicals of the
naphthoylindole family. The use of high temperature nickel-cobalt foil at
590°C and 670°C showed the presence of JWH-018 and JWH-073
when Molly Plant Food was pyrolyzed. These compounds were recently
used in many synthetic cannabis products to give the same “high” effects
of those of THC.# Since the drug usually comes in capsule or powder
form, the understanding of the chemical constituents of these drugs
makes makes them easier to identify.
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A27 Variability in a Mossberg Model 500
Shotgun’s Firing Pin and Breech
Face Impressions

Keith B. Morris, PhD, West Virginia Univ, 208 Oglebay Hall, 1600
University Ave, PO Box 6121, Morgantown, WV 26506-6121; Roger
Jefferys*, 27 Dafonzo Hill Rd, Pursglove, WV 26546; Joshua Davis®,
21710 Magnolia Ave, Matoaca, VA;23803; Eric Law*, 306 Dux Landing,
Cape Girardeau, MO 63701; James Tuckwiller, HC 40 Box 11,
Lewisburg, WV 24901; and Justin N. Kirk, BS, 108 South Kanawha St.,
Buckhannon, WV 26201

After attending this presentation, attendees will understand how
firing pin impressions correlate back to a specific shotgun, and how this
information helps fill the gap between the uniqueness of shotgun
evidence and its interpretation.

This presentation will impact the forensic science community by
providing statistical data that helps support the reliability and use of the
IBIS within the justice system.

The purpose of this study is to examine the precision (inter-day
variability), repeatability (intra-day variability), reliability (consistency and
stability of results), and correlations (degree to which variables are
related as opposed to causality) between firing pin and breech face
impressions in shotgun evidence.®

There is much controversy related to firearms evidence,
specifically, in analyzing the relationship between crime scene evidence
and evidence found in the possession of a suspect. Minimal research
exists investigating the value of this evidence. Ogihara et al., (1983) and
Shem & Striupait (1983) performed comparisons of 5001 and 501
consecutively fired bullets with .45 and .25 caliber semi-automatic
handguns, respectively, by firing pin impressions."? Grove, Judd, &
Horn (1972) also examined firing pin impressions using scanning
electron microscopy.®

The research used the Integrated Ballistics Identification System
and a Leica FS-C comparison macroscope. The IBIS system uses
bullets and casings from case evidence from a crime scene and
compares them to a database of known fired weapons. IBIS consists of
a fully automated projectile and cartridge case comparison systems,
BULLETPROOF® and BRASSCATCHER™, respectively.* These
systems allow the IBIS examiner to compare across a known database
within minutes. IBIS provides a relative score for each comparison, and
a list of highest matching breech face and firing pin scores is generated
that represents the highest matching comparisons in the database.*

The Leica FS-C comparison macroscope was used to test the
reliability of the IBIS. The reliability was tested by using best known non-
matches when present. The macroscope compared those to other
casings that have been integrated into the IBIS and known to have been
fired using the same firing pin. The FS-C was also used to compare the
firing pins against corresponding firing pin impressions.

A Mossberg Model 500 twelve-gauge shotgun was used to perform
all test firings. Remington ammunition (2% Express,) was used while
varying the pellet size (00, #4, #6, and #8 (all lead). The firing pin in the
shotgun had an unknown history. The firing pin scores generated with
this firing pin were used as a baseline. All tests were repeated with four
new firing pins.
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The test fires were conducted at an outdoor shooting range and
each shotshell was collected directly after firing. Upon logging the
shotshells, they were then entered in the IBIS system and the correlation
worksheets were generated.* The breech face and firing pin scores
were analyzed using Microsoft Excel™. The effects of shot type on firing
pin scores were evaluated. The intra-variability and inter-variability of
firing pin scores relative to individual firing pins were contrasted.
Receiver Operating Characteristic curves demonstrating the ability of
using the firing pin score to effect identification was constructed. Since
the breech face impression of all shots fired remained constant, it
provided a basis for evaluating the intra-variability of breech face scores,
and allowed for the examination of cartridge cases in firearms where the
firing pin has been modified or replaced.

The data was evaluated to test the following hypotheses: (1) there
is a higher correlation between the same load sizes shot from the same
firearm (or the intra-variability of different load sizes fired by the same
firearm is smaller than the inter-variability of varying load sizes); and, (2)
fired ammunition will have higher breech face and firing pin scores when
comparing intra-firearm scores and inter-firearm scores.

The data was exported into Netica™, a program for designing
decision diagrams. A Bayesian network was created using the data to
represent the variability relationships graphically. The output was a
likelihood ratio estimating the probability of the prosecutorial hypotheses
relative to the probability of the defensive hypotheses thus providing an
indication of the weight of the evidence.
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A28 Second and Third Generation Legal Highs

Annessa Bumet*, 5510 Milan Ave, Cincinnati, OH 45212; Nicholas
Culverhouse, 1201 Univeristy Blvd, Birmingham, AL 35294, Geanee’
Quinney, BS, Birmingham, AL; and Elizabeth A. Gardner, PhD, UAB, Dep
of Justice, UBOB 210, 1530 3rd Avenue, S, Birmingham, AL 35294-4562

After attending this presentation, attendees will have understanding
of the emergence of second- and third-generation legal highs.

This presentation will impact the forensic science community by
presenting a selection of the emerging drugs of abuse that drug
chemists may encounter in casework in the near future.

On July 9, 2012, President Obama signed the Synthetic Drug
Abuse Prevention Act of 2012, intended to control chemicals designed
to mimic marijuana and amphetamines. On July 12, 2012, “Wired
Science” declared the ban obsolete. The legislation was in response to
two emerging drugs of abuse: spice and bath salts. When the public
first became aware of these drugs in 2008, bath salts were primarily the
cathinone analogs, methylone, mephedrone, and
methylenedioxypyrovalerone (MDPV). Spice, sold as synthetic
marijuana, was not a cannabinoid at all. The psychoactive substances
in spice were cannabinoid agonists, chemicals that bound to the CB1
and CB2 cannabinoid receptors. The most prevalent were the JWHs
developed by John W. Huffman in the 1990s. A few examples are JWH-

018, JWH-073, JWH-019, JWH-200, JWH-250, JWH-081, WH-122, and
JWH-398.

Individual states were the first to respond. By late 2011, over 30
states had banned the cathinones and several of the spice ingredients.
The online vendors immediately responded with new “legal highs.”
Some even had state-specific websites. The most prevalent second-
generation legal highs were naphyrone, butylone, and 5, 6-
methylenedioxy-2-aminoindane (MDAI). The cannabimimetics were
extended to include C8 homologs, AM2201, AM678, and many more
JWHs.

As quickly as one class of legal highs is banned, new drugs are put
on the market. They are sold online, in gas stations, and in head shops.
They are often disguised as “bath salts” or “plant food.” These
substances are of concern because numerous incidents of overdose,
organ damage, and even death have resulted from their consumption.
The drugs are untested and unregulated. Distributors have no quality
assurance and there is no guarantee that a person is receiving the drug
they intended to purchase.

The objective of this project is to purchase new legal highs as they
are offered online and in local head shops. The information found in this
study is disseminated to poison control centers and lawmakers to help
in treatment of patients by health professionals, to warn the public about
the dangers of these substances, and to aid policy makers in preventing
their distribution.

The samples are generally in the form of a powder or plant material.
Each sample is ground in a mortar and pestle to homogenize the
material and ensure a representative sample. The powders are
extracted by two methods; an acid/base and extraction directly into
hexane. Plant materials undergo an additional sonication step in both
the acid extraction step and the direct hexane extraction. The samples
are analyzed by gas chromatography and mass spectroscopy. If
identification cannot be determined by the mass spectra, ESI and NMR
are used to determine the structure.

In this study, several legal highs were analyzed for active
components. The legal high, “synthacaine” was ordered online and
found to contain a mixture of methiopropamine (MPA) and benzocaine.
MPA is a thiophene-based analog of methamphetamine. Another drug,
sold contains a mixture of MPA and MDAI. MDAI is a drug that can
produce effects similar to MDMA. Other substances analyzed include
legal highs containing 6-APB, of wich all contained the second-
generation canniabimimetics, UR-144, XLR-11, A-796,260.

Legal Highs, Cannabimimetics, Cathinones

A29 Effect of Organic Modifiers on Separation
of Fluorescently Labeled Phenethylamines

in Capillary Electrophoresis

Britt E. Turnquest, BSc*, 11200 SW 8 St, Miami, FL 33199; and Bruce
R. McCord, PhD, Florida Intl Univ, Dept of Chemistry, University Park,
Miami, FL 33199

After attending this presentation, attendees will gain better insight
into the role of organic modifiers in electrophoretic separations of
fluorescently-labeled phenethylamines. The relationships between
concentration of the fluorescent tag, 5-(4,6-dichloro-s-triazin-2-
ylamino)fluorescein (5-DTAF), labeling efficiency, and peak resolution
will be discussed.

This presentation will impact the forensic science community by
detailing the optimization parameters of a potentially excellent screening
method for trace amounts of phenethylamines and other related
compounds, which are highly efficacious at low doses.

In electrophoresis, electric potential is applied at the ends of a
capillary filled with an electrolytic solution resulting in the generation of
an electric field. This field causes the movement of the electrolyte,
causing any analytes present to be separated based on their mass-to-
charge ratios. Due to the small inner diameter of these capillaries,
sample and reagent volumes used are in the nanoliter range making it
very cost-effective. Due to the short optical path length required for
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capillary columns, a commonly utilized detection method for this
separation technique is laser-induced fluorescence. This is because of
its high sensitivity and specificity, which allows for the detection of
compounds in the ng/mL range. For this study, five commonly
encountered drugs and precursors (used in illicit preparations) were
investigated: amphetamine, methamphetamine, norephedrine,
ephedrine, and methylenedioxyamphetamine (MDMA). Since
fluorescence is not a property native to any of these analytes, they must
first be coupled to a fluorescent molecule, in this case 5-DTAF, in order
to make them compatible with the technique. This process is known as
fluorescence derivatization.

Given their small size and overall similarity in structure, the
phenethylamines investigated all have similar pKa values and migration
rates. Due to this, coelution of peaks is a commonly encountered
difficulty. To overcome this and improve the separation between the
individual drugs assessed, modifiers were added to the run buffer to alter
the electro-osmotic flow and thus the velocity of the bulk solution as well
as vary the migration rates of the analytes through their interactions with
them. These modifiers included various B-cyclodextrins and organic
solvents. As a result, the individual drugs separate into distinct zones.
As they pass through the detection window on the way to the cathode,
samples are irradiated by the laser. The signal produced from this
excitation and subsequent emission is then collected by the detector and
converted into an electropherogram for interpretation.

Drug standards were dissolved in analytical-reagent grade
methanol for storage at 4°C. Prior to analysis, samples were diluted to
appropriate concentrations using deionized water from a ultrapure water
purification system and methanol. For this method, a micellar running
buffer comprised of 50mM borate, pH 9.5/15mM B-cyclodextrin (3-CD)
was used for the separation of the analytes. A background electrolyte of
50mM borate, pH 9.5 and a derivatization buffer of 0.5M
NaHCO3/Na,CO3, pH 9.5 were also utilized. Experiments were
conducted using a CE-based analytical system unit interfaced with a
computer. The fused-silica capillary was 60.5cm (effective length 50cm)
with an internal diameter of 50um. An argon ion laser was used as an
excitation source (488 nm) and electropherograms were recorded by
monitoring the emission intensity at 520nm. New capillaries were
conditioned by thorough rinsing with 0.1M sodium hydroxide, deionized
water, and micellar running buffer in series.

Phenethylamines, Electrophoresis, 5-DTAF

A30 A Step Toward the Development of Methods
for the Analysis of Fingerprint DNA

Levi L. Borrego, BS*, 2911 Fletcher Ave, Apt 131, Lincoln, NE 68504;
Nicholas J. Eurek, BS, 3002 Merrill St, Lincoln, NE 68503, Ray
Wickenheiser, MBA, Montgomery Co Police Crime Lab, 2350 Research
Blvd, Rockville, MD 20850; and Ashley Hall, PhD, Univ of Nebraska, 103
Entomology Hall, Lincoln, NE 68583

The goals of this presentation are to provide information about the
components of a deposited fingerprint sample, and to discuss a
technique for the generation of a positive control with analysis of the
results.

This presentation will impact the forensic science community by
providing basic information about the components of a touch DNA
sample originating from a fingerprint, while also discussing and
presenting methods for DNA analysis using the standard, widespread
acceptance of such techniques.

“Touch DNA” is contained in the cells deposited by a person’s
physical contact with an object such as a hard surface, that is, the
deposition of a fingerprint. Studies have shown that is it possible to
amplify both mitochondrial and nuclear DNA from fingerprints, and this
could provide valuable evidence in many circumstances. However, the
biological origin of the DNA in fingerprints is not completely clear. It may
arise from sources such as epithelial cells trapped in skin oils or from
cell-free DNA found in body fluids. An elucidation of these mechanisms
could prove invaluable in the forensic analysis of samples.

The goal of the project presented here was to study basic
characteristics of deposited fingerprints to aid in the development of
techniques for the collection and analysis of this touch DNA. The first
step was the generation of a suitable positive control for use in the
experiments. A quantifiable, non-variable sample containing DNA and
other components that mimicked a fingerprint (i.e., deposited cells in a
chemical matrix) was required. A simple, cost-effective technique was
developed for the production of these controls. Briefly, the most
abundant chemical components comprising a fingerprint were combined
proportionally to make the “fingerprint solution.” Buccal epithelial cells
were collected and suspended in the fingerprint solution. They were
treated to reduce clumping and counted in a hemocytometer. The
number of cells was equated to the DNA content of the solution, which
allowed a known quantity of DNA to be used as a positive control while
retaining the chemical characteristics of a fingerprint.

The cellffingerprint suspension was used two ways: (1) it was
deposited on a hard surface and spread with the use of a small roller to
mimic a fingerprint; and, (2) it was added directly to an extraction
reaction to allow for an estimation of the number of cells lost during the
deposition procedure. Early in the project, these control samples
consistently showed extraction vyields greater than 100 percent,
indicating the need to more carefully examine the components of a body
fluid extract, especially when it contains limited template DNA. In
subsequent studies, the source of the DNA in each type of sample was
considered. Origins of the DNA such as endogenous extracellular
sources, contamination from various collection methods, and
contamination introduced during the procedure were examined. The
results will be discussed here and the procedures for the generation of
a positive control will be presented.

Fingerprints, DNA, DNA Profiling

A31 Forensic Analysis of Carpet Fiber Samples
Using Direct Analysis in Real Time
Coupled to an Accurate Time-of-Flight

Mass Spectrometer

Torki Zughaibi, MS*, 12413 Dorforth Dr, Fairfax, VA 22033; and Steiner
Robert, BS, 700 N 5th St, Richmond, VA 23219

After attending this presentation, attendees will understand how the
analysis of carpet fiber samples in forensic laboratories involve a series
of different tests, including the comparing of fibers microscopically,
through the use of micro-chemical and micro-solubility tests, FTIR
microscopy, etc. This study will attempt to test the ability of the DART®-
AccuTOF™ for fiber analysis in either a screening or confirmatory
capacity.

This presentation will impact the forensic science community by
demonstraiting how DART®-AccuTOF™ was able to correctly identify and
distinguish the various polymer classes and sub-classes (i.e.; Nylon
versus Polyester as well as Nylon 6 versus Nylon 6/6). Although it is
destructive, the rapidity of the technique along with its high power of
discrimination makes it a favorable test to be either added to the series
of tests, or can even replace a few of them.

Fibers are associative evidence that is encountered in numerous
forensic circumstances. They can be found in crime scenes that involve
breaking and entering, hit and runs, and even rape. This study focused
on nylons, polyesters, and olefins, which are the most frequently
encountered carpet fibers. An attempt to analyze the multiple polymer
types was done using Direct Analysis in Real Time (DART®) coupled
with accurate mass spectrometry (AccuTOF™). Twelve nylon, polyester,
and olefin polymer standards were used to optimize parameters for the
analysis of carpet fibers. A DART® helium gas temperature of 275°C
was chosen as an optimum for analysis due to the differences in melting
point for the various polymer types. Use of collision-induced dissociation
to enhance fragmentation increased the power of discrimination, albeit
decreasing sensitivity. A function switching method between 20 and 30
volts was established in order to provide greater spectral detail, while
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minimizing fragmentation which would lead to an even more cluttered
spectrum. Minimal sample preparation was needed to analyze the
samples; however, due to the small sample gap between the DART®
ceramic and orifice, care was taken in order to not obstruct the orifice
with the samples. This involved sampling the carpet fibers using a pair
of tweezers, which was taped to a dowel, held tightly with a clamp. The
main disadvantage of this process is that it is a destructive technique. All
12 polymer standards were successfully differentiated and identified
using DART®-AccuTOF™ based on the presence of their monomers and
associated dimers and trimers. A total of 32 carpet samples were
analyzed in this study. Carpet samples of known compositions were
correctly identified by class, and the remaining carpet samples of
unknown compositions were also correctly identified following FTIR
identification. In addition to identifying polymer class, the sub-class was
identified in some cases such as nylon 6 versus nylon 6/6. All carpet
fiber spectra demonstrated an intense peak at 282 Da, which was
attributed to oleamide, a slipping agent that is used to enhance the
extrusion of the fiber strands through the spinneret in the fiber-making
process. The results demonstrate the capability of DART®-AccuTOF™
being implemented as an addition to the series of tests conducted to
analyze carpet fibers. In addition to carpet fibers, other types of fabric
and materials may also be analyzed using this technique.
Reproducibility studies may allow for the use of this technique to directly
compare known and questioned fiber evidence.

DART® AccuTOF™, Carpet Fibers, Nylon

A32 Searching for the Elusive Spermatozoa:
Revisiting Seminal Fluid

Kelsey R. Sakaida*, Kyle A. Williston, Kimberly A. Strong, and Reena
Roy, PhD, Penn State Univ, Forensic Science Program, 107 Whitmore
Laboratory, University Park, PA 16802

After attending this presentation, attendees will understand how to
find rare human spermatozoa on a low budget without resorting to
expensive equipment and software.

This presentation will impact the forensic science community by
teaching the practicing biologist how to detect human spermatozoa
when they are extremely rare in a specimen and also mixed with
spermatozoa of other animals and other human body fluids.

Forensic crime laboratories analyze evidence from various types of
sexual assault cases. The most likely source of male DNA in sexual
assault cases comes from semen, which contains male cells commonly
known as spermatozoa. Although most of the sexual assault cases
involve humans, forensic bestiality cases are also common, and
differentiating human male cells from animal spermatozoa becomes a
necessity. In such cases, it is important to confirm the presence of
human spermatozoa for the investigators and attorneys to bring charges
against an assailant.

Examining such evidence to identify spermatozoa requires a great
deal of time and effort using stains such as Kernechtrot-
Picroindigocarmine (KPIC) staining, commonly used in the crime
laboratories for the visualization of sperm. In some instances, because
of the rarity of the spermatozoa in the evidence, an analyst may not be
able to detect the KPIC-stained heads of the spermatozoa.

The goal of this research was to manually identify human
spermatozoa where mixtures of human and animal spermatozoa exist.
Some of the simulated evidence samples contained body fluids such as
blood and saliva as well as seminal fluids from humans and animals.
Another objective was to detect rare human spermatozoa from slides
that have been prepared from vaginal swabs collected several days after
coitus and where the cells have been dyed with dyes commonly used in
the crime laboratories. The project included re-staining these KPIC-
stained slides with immunofluorescent dyes to enhance the detection of
the male cells.

SPERM HY-LITER™ technology in conjunction with fluorescent
microscopy and specific computer software to detect spermatozoa is a
novel method in the forensic community. This immunofluorescence
staining technique is specific for human sperm cells since it does not

stain animal spermatozoa, human epithelial cells, or other types of body
cells that may be present in the sample. In some instances, where the
victim does not report the crime for several days and spermatozoa may
become rare and difficult to detect, this immunofluorescent technology
can detect rare spermatozoa among many other non-human
spermatozoa and human cells. This technique also allows the detection
of rare spermatozoa present as one of the components in a complex
mixture of other body fluids. The microcopy and the software to search
for the stained spermatozoa are expensive, and budgetary constraints
may not allow a laboratory to use such tools.

In this research, SPERM HY-LITER™ was used to stain human and
animal spermatozoa. Once stained, these cells were analyzed manually
by a fluorescent microscope which did not have the expensive computer
software necessary for the automatic detection of stained human
spermatozoa. The goal of this research was to identify human
spermatozoa where a mixture of human and animal spermatozoa may
exist. Another objective was to be able to detect rare spermatozoa even
after obtaining vaginal swabs several hours after coitus. In one of the
aspects of the study, slides were prepared from vaginal swabs and stained
with KPIC. Once the spermatozoa were visualized, the cells were re-
stained with fluorescent dye. In all of the instances, human spermatozoa
were identified from various samples analyzed by this method.

The results obtained from this research would benefit the other
forensic biology laboratories as they can use this technology accurately
and efficiently for identification of spermatozoa without straining the
budget.

Spermatozoa, Animal Semen, Human Body Fluid

A33 A Comparison of Mitochondrial DNA
Species Identification Techniques of
Questioned Animal Samples

David R. Foran, PhD* Michigan State Univ, Forensic Science Program,
560 Baker Hall, East Lansing, Ml 48824; Andrew B. Fischer, 20950
Hogan Rd, Manchester, Ml 48158; and Matthew E. Stoloff, 30367
Kingsway, Farmington Hills, M| 48331

After attending this presentation, attendees will understand several
PCR-based methods available for determining the origin species of
biological material and the advantages and disadvantages of each.

This presentation will impact the forensic science community by
introducing a variety of established DNA-based methods that are used
to identify the species of origin of tissues or other biological materials
and describing extensive experiments for their comparison regarding
successful PCR amplification, sequencing, and identification of their
species of origin.

It is not uncommon for legal authorities or forensic practitioners to
be confronted with biological material of unknown origin. From these,
two questions arise: (1) “Is the material human?”; or, (2) “What is the
species of origin?” The former can be key in missing persons cases
when a search turns up biological material, while the latter is important
when material clearly animal in origin, but otherwise undefined, is
encountered.

Modern DNA methodologies have allowed molecular biologists to
identify regions of the animal genome that are similar enough among
species such that they can be successfully PCR amplified using
universal primers, while still varying enough between primers so that a
more precise origin can be determined, be it species, genus, etc. The
region between primers is sequenced, and the resultant sequence
undergoes a query using Basic Local Alignment Search Tool (BLAST:
NIH’s on-line database of DNA sequences). This database has so much
information available that a clean sequence virtually always results in
matches in the database that are specific to a species. In this way, the
species of origin of biological material is confirmed.

Multiple laboratories have developed and published protocols for
molecular species identification. Virtually all are based on mitochondrial
DNA loci that readily fit the conserved primer/variable internal region
criteria needed for the assay. The first of these came from Alan Wilson'’s
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molecular evolution laboratory at UC Berkeley, and many others have
followed, including the Michigan State University laboratory. MtDNA loci
utilized the range from the most highly conserved mtDNA genes to the
least conserved loci. Each of these species identification loci has its
potential advantages and drawbacks, including overall universality, ease
of amplification, ease of sequencing, and specificity.

In the current study, all mtDNA-based methods for animal species
identification available, including those used in house, were compared
based on the above criteria. The list of loci examined, their numerical
location based on the human mtDNA reference sequence, and amplicon
length, are displayed in Table 1.

Primer Region Base PairlLength
128 1071-1199 128

16S 1 24892716 27

168 2 2676-3007 331

Cytochrome Oxidase | 5926-6609 683

Cytochrome b 1 14724-15915 1191
Cytochrome b 2 14816-15173 357

Control Region 1 15995-16498 503

Control Region 2 15908-16498 590

Control Region 3 15735-16498 763

Sixty-six species were examined, consisting of 27 mammals, ten
fish, seven birds, five reptiles, three amphibians, nine insects, one
centipede, one millipede, one spider, one earthworm, and one
crustacean. Amplification was attempted on each based on the loci
listed in Table 1, and graded as either positive, weak positive, or
negative. From there, a subset of species that produced amplicons,
consisting of one white tail deer, bobcat, lake white fish, frog, bearded
dragon, English sparrow, house centipede, click beetle, pill bug, and
earthworm, was reamplified and the same primers were used for forward
and reverse sequencing. Sequences were aligned and edited, and a
BLAST search was conducted. The sequences were then scored for
BLAST accuracy (correct species identified) and uniqueness (sequence
differed from other species).

The most useful loci in regards to amplification of the widest range
of species included 12S, 16S 1 and 2, and cytochrome oxidase |, all of
which amplified in a large majority of species. In contrast, cytochrome b
1 faired poorly overall, most likely due to the large size of the amplicon.
Of the three control region loci, CR 3 amplified in the most diverse set of
species, while the other two were effective in mammals and birds, but
less so in the remainder.

The best generated sequence data overall was 16S 1 and cytochrome
b2. BLAST search results of quality sequences were consistent with the
known species, although the small size of the 12S and 16S 1 amplicons
often resulted in complete matches with related organisms, thus precise
species identification was not possible. In other instances, it is likely that the
explicit species, or locus from that species, was not in the database at all.
For instance, there are over 900 species of click beetle in North America, yet
only one showed up in the database for 16S 1, and none for cytochrome b
2, indicating the specific species studied was not represented. This is a
clear limitation of the technique in general; however, species most likely to
be investigated by forensic scientists tend to be well represented in the
database. Overall, utilizing mtDNA for species identification is an effective
and widely applicable tool, while the locus, primers, and amplicon sizes
utilized require careful consideration.

Species ID, Mitochondrial DNA, DNA Species ID

A34 Identification of Body Fluid Traces
Using Raman Spectroscopy:

Toward Practical Application

Vitali Sikirzhytski, MS, Aliaksandra Sikirzhytskaya, MS, and Igor K.
Lednev, PhD* SUNY-Albany, 1400 Washington Ave, Albany, NY 12222

The goal of this presentation is to describe the development of a
novel method for non-destructive, confirmatory identification of body fluid

traces on the crime scene and in the laboratory. Attention will be focused
on the most recent development of the method for characterization of
contaminated samples, mixtures of body fluids, and possible substrate
interferences. The attendees will also have a better understanding of
the recent advancement of this application of Raman spectroscopy. The
implementation of advanced statistics for automatic analysis of
spectroscopic data and the evaluation of the accuracy and reliability of
the conclusions made will be discussed.

This presentation will impact the forensic science community by
offering the potential to greatly impact the accuracy and effectiveness of
biological stain analysis for forensic purposes.

The identification of traces of body fluids discovered at a crime
scene is a major part of forensic investigation today." The three most
common fluids found are blood, semen, and saliva, and there are
several methods used currently to distinguish one from another. Blood
can be presumptively tested by using different color spot tests, but these
tests are destructive to the sample and can also produce false positives.
Semen is similar in that there are destructive presumptive tests as well
as confirmatory tests. Saliva; however, has no confirmatory tests. Most
presumptive tests can be performed in the field, but some sample
preparation such as extraction is often necessary. Most confirmatory
tests must be done in the laboratory. The main problem with these tests
is the destruction of the sample. The forensic science community is in
great need of a reliable, non-destructive, on-field method for
identification of all common body fluids.

Raman spectroscopy is a technique that is increasing in popularity
among the different disciplines of forensic science. Some examples of
its use today involve the identification of drugs, lipsticks, and fibers, as
well as paint and ink analysis. The theory behind Raman spectroscopy
is based on the inelastic scattering of low-intensity, non-destructive laser
light by a solid, liquid, or gas sample. Very little or no sample preparation
is needed, and the required amount of material tested with a Raman
microscope can be as low as several picograms or femtoliters. A typical
Raman spectrum consists of several narrow bands and provides a
unique vibrational signature of the material. Typically, non-resonance
Raman spectroscopic measurements do not damage the sample. The
stain could be tested in the field and still be available for further use in
the laboratory for DNA analysis. A portable Raman spectrometer is a
reality now that should allow for use at the crime scene.

Reported here is the latest development of a new method for
identification of body fluid traces using Raman spectroscopy combined
with advanced statistics. Multidimensional Raman spectroscopic
signatures of dry traces of sweat and vaginal fluid were developed in
addition to the signatures of semen, saliva, and blood reported earlier.
4 Combined software was developed for the identification of all major
body fluids and the evaluation of the accuracy and reliability of the
conclusions made. The method was expanded for the application to
blood and semen samples contaminated heavily with sand, dust, and
soil.> The ability of the method to detect and identify small amounts of
semen and blood in their mixed samples will be reported.® Potential
interferences from common substrates will be discussed.

This project was supported by Award No. 2011-DN-BX-K551
awarded by the National Institute of Justice, Office of Justice Programs,
U.S. Department of Justice. The opinions, findings, and conclusions or
recommendations expressed in this publication are those of the authors
and do not necessarily reflect those of the Department of Justice.
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A35 Optimized Centrifugal Methods for
Separation of Semen From
Superabsorbent Polymers for
Forensic Analysis

Lucy Camarena, BS* 220 Three Rivers Dr, El Paso, TX 79912, Bailey
K. Glasscock, BS, 1020 W Main St, Box 843079, Richmond, VA 23284-
3079; Nicolle Hardell, BS, 1020 W Main St, Box 843079, Richmond, VA
23284-3079; and Sarah J. Seashols, MS, Virginia Commonwealth Uniyv,
Dept of Forensic Science, PO Box 843079, Richmond, VA 23284-3079

After attending this presentation, attendees will gain an
understanding of the challenges in separating cellular material from the
Superabsorbent Polymer (SAP) materials and the fibrous matrices
found in evidence such as diapers, sanitary napkins, absorbent medical
pads, and other related forensic evidence, and a protocol that can
successfully separate the cellular material from the substrate.

This presentation will impact the forensic science community by
describing best practices for isolating semen from evidence containing
absorbent and superabsorbent materials, and the impact that SAPs has
on downstream DNA analysis.

The best evidence to connect a perpetrator to a sexual assault is
the confirmed presence of semen, which through forensic examination
can prove sexual contact by verifying ejaculation and/or penetration.
Sexual assault cases can involve evidentiary items such as sanitary
napkins or diapers, which contain superabsorbent polymers (SAPs).
SAPs are cross-linked polymeric materials that can absorb and maintain
large amounts of aqueous solutions without compromising structure.
Ejaculation of semen onto these SAP-containing substrates results in
cellular material, including spermatozoa, becoming entangled in the SAP
gel-like mesh. Thus, separation is difficult and the likelihood of a typable
spermatozoa yield is questionable. Additionally, visualization and proper
identification of spermatozoa through microscopic examination can
become problematic when SAPs are present; therefore, common
practice involves working with only the top cotton or paper layers of these
types of evidence to avoid SAPs whenever possible.

The success rate of obtaining DNA profiles from SAP-containing
evidence has not been evaluated in a systematic fashion. It has
historically been assumed that residual SAPs in the purified DNA extract
can interfere with and create complications for downstream forensic
applications. Therefore, an evaluation on the effects of SAPs on
forensic DNA processes was necessary, as was the development of a
simple, efficient protocol for separating cellular material from evidence
containing SAPs. A number of centrifugal-filtration methods were
evaluated to determine best practices for isolating biological materials
from SAP-containing evidence. In order to select the most effective
filtration device, excisions of commonly used sanitary napkins, diapers,
and adult incontinence products containing 100 pL depositions of 1:5
human semen were filtered utilizing five different types of centrifugal
filters. The selection of the best filter was based on spermatozoa yield,
DNA yield, and ease of use. The resulting filtrates were microscopically
examined for presence of spermatozoa and percent yields were
calculated and compared. DNA from each sample type was isolated
using a differential organic extraction method and was evaluated for
DNA vyield and quality. Shifts in Internal Positive Control (IPC) cycle
thresholds and melt curves were assessed to address possible inhibition

caused by the presence of SAPs. Results indicate that polyester fabric-
layered basket filters were simplest to use and resulted in significantly
higher spermatozoa and DNA yields than other centrifugal filter
methods. No indication of significant inhibition by residual SAPs was
observed in any of the filtered DNA extracts.

A sampling comparison was made between the top cotton or paper
layer of the SAP-containing substrates versus taking the entire substrate
excision. This set of experiments sought to determine the best sampling
method as determined by spermatozoa visualization and DNA vyield.
Results indicated that sampling the entire excision of the SAP-containing
substrates yielded a significantly higher quantity of visualized
spermatozoa and DNA yield than just sampling the top layer of the
evidence. As no PCR inhibition from the SAPs was observed in the
entire excision samples, it is therefore recommended that the full depth
of SAP-containing evidence be sampled for spermatozoa identification
and DNA analysis in forensic casework.

In conclusion, filtering samples taken from evidence containing
SAPs greatly improves the screening process of spermatozoa
identification and makes these samples easier to work with for
downstream processes. The optimized filtration method also allows for
subsequent separation of the sperm and non-sperm fractions, and
processing of biological samples using a variety of validated forensic
DNA isolation protocols. There is a significant increase in sperm and
DNA vyield when the entire excision is filtered in comparison to the
common practice technique of taking only the top layer in order to avoid
the SAP gel portion. The yields of spermatozoa and DNA purified from
these filtered samples show promise that usable STR profiles can be
obtained.

Seminal Fluid, Absorbent Polymers, Spermatozoa

A36 Evaluation of DNA Extraction Efficiency

Erica L. Butts, MFS* Jamie L. Almeida, MS, Margaret C. Kline, MS, and
Peter M. Vallone, PhD, NIST, 100 Bureau Dr, MS 8314, Gaithersburg,
MD 20899

After attending this presentation, attendees will understand the
importance of evaluating extraction efficiency from a known amount of
DNA, learning that the observed recovery value range was significantly
lower (20 to 30 percent) than many reported extraction efficiency
calculations using the number of full STR profiles produced.

This presentation will impact the forensic science community by
bringing attention to the amount of DNA unrecovered during the
extraction process. The evaluation of the amount of unrecovered DNA
could lead to more efficient methods to recover higher percentages of
DNA from the extraction and purification processes.

Forensic DNA typing requires a specific quantity of input DNA
(typically 0.5 — 1.0 nanograms) to generate an optimal Short Tandem
Repeat (STR) profile. For reference samples, the amount of DNA
collected on a standard buccal swab or blood punch is generally in
excess of that which is needed for testing (on the order of hundreds of
nanograms (ng)). Typically, extraction efficiency is evaluated by
determining the number of samples that produce a full STR profile
divided by the total number of samples processed. Less attention has
been paid to the amount of DNA unrecovered during the extraction
process from the original sample. Determining the amount of
unrecovered DNA after the extraction process requires the original
amount of DNA to be known prior to extraction, which is not the case in
reference or casework samples. The importance of evaluating the
theoretical yield versus the functional yield is in cases when the initial
amount of available DNAis low. Within the extraction process, a majority
of the DNA sample is lost, which has minimal impact on reference
samples because enough DNA is recovered for an STR profile, but can
have a significant impact non-reference samples within a laboratory. In
these cases, it would be beneficial to obtain an extraction recovery that
is closer to the theoretical yield than the functional yield. Evaluating the
amount of unrecovered DNA could lead to more efficient extraction
methods to recover higher percentages of DNA from the extraction and
purification processes.
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Extraction efficiency experiments were conducted to evaluate the
percentage of DNA recovered through two extraction methods: a salting
out procedure and use of the Qiagen EZ1 Advanced XL extraction robot
with the DNA Investigator kit." Three DNA sources were tested using
varying initial amounts of human cells, previously purified and highly
characterized DNA, and liquid whole blood. Controlled amounts of DNA
from the three DNA sources were absorbed onto cotton buccal swabs,
specimen collection paper, and FTA paper. The cells were spotted onto
the swabs and paper in a PCR-compatible buffer suspension consisting
ofa 1.0 % BSA, 0.9 % NaCl, and 10 mM TRIS solution. Theoretical DNA
quantities were estimated in total nanograms of DNA and applied to
estimate a recovery percentage for each extraction. Human cells were
quantified using a Coulter Counter and suspended within the PCR
compatible buffer for each of the appropriate concentrations. The white
blood cell count of a healthy individual ranges between 3.5 million and
10.5 million cells per milliliter, and a value of 7.0 million white blood cells
per milliliter was used to determine theoretical DNA quantity for all whole
blood samples.? The theoretical DNA series examined ranged from
24ng to 1800ng for all sample types. All extracted samples were
quantified with Life Technologies Quantifiler Human DNA quantification
kit in replicates of two. Results indicated that extraction efficiency
ranged from 20% to 30% and recovery was independent of extraction
method and DNA source. The observed recovery value range was
significantly lower than many reported extraction efficiency calculations
relying solely on the number of full STR profiles obtained.
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A37 DNA Isolation and Analysis From Skeletal
Remains: Novel Methods for Removing
PCR Inhibitors

Lisa Hebda, BS* Michigan State Univ, Forensic Science Program, 655
Auditorium Rd, Rm 560A, East Lansing, Ml 48823; and David R. Foran,
PhD, Michigan State Univ, Forensic Science Program, 560 Baker Hall,
East Lansing, Ml 48824

After attending this presentation, attendees will appreciate common
difficulties encountered during DNA analysis of skeletal remains and
understand the extent to which soil microbial DNA isolation kits can act
as an advantageous extraction method for buried skeletal remains.
Attendees will also be informed about which DNA extraction methods
are most useful for recovering amplifiable DNA from buried human
skeletal remains and removing Polymerase Chain Reaction (PCR)
inhibitors.

This presentation will impact the forensic science community by
disseminating whether microbial DNA isolation kits are more effective at
purifying DNA away from PCR inhibitors than are commonly used DNA
isolation methods, as these kits have never been assessed for their
effectiveness in extracting clean DNA from skeletal remains.

DNA analysis of skeletal remains is crucial in order to identify
missing persons, victims of war, and individuals in cases of mass
disaster. Unlike reliable sources of DNA such as buccal swabs,
challenges arise with skeletal DNA analysis for numerous reasons. The
harsh conditions skeletal remains are often recovered from are not
conducive to DNA preservation, such as wet environments or the heat
of a fire. The presence of PCR inhibitors is also a common hindrance
with skeletal remains, particularly if they have been buried or are
otherwise in prolonged contact with soil. Likewise, components of the
bone itself, such as calcium or collagen, can inhibit PCR, and thus the
removal of PCR inhibitors during DNA extraction is critical for successful
forensic DNA analysis.

Previous researchers have compared DNA extraction methods
from skeletal material, including standard phenol-chloroform organic
extraction and commercially available kits. In these studies, the kits had
low DNA recovery, instances of PCR inhibition, and resulted in poor
quality STR profiles."? Organic extraction recovered higher quantities of
DNA; however, this method also resulted in PCR inhibition.? Although
commercial DNA isolation kits are easy to use and claim to remove PCR
inhibitors, none have been optimized for the highly compromised
skeletal remains that are often encountered by forensic scientists, which
is presumably why they have been found lacking for skeletal analyses.
This led to the question of whether commercially available kits that are
specifically designed to isolate and purify DNA from soil samples that are
high in PCR inhibitors such as humic and fulvic acids might be
advantageous when testing buried skeletal remains.

In the research presented here, the ability of microbial DNA
isolation kits to recover amplifiable bone DNA and remove PCR
inhibitors was compared with other common extraction methods. DNA
extraction systems included a PowerSoil® DNA Isolation Kit (MoBio), a
SoilMaster™ DNA Extraction Kit (EpiCentre), a standard organic
extraction, and a QIAamp® DNA Investigator kit (QIAGEN), which has a
specific protocol for DNA isolation from bone. Since the soil kits are not
designed for extraction of human materials, a preliminary study was
conducted to determine if reagents contained in the kits were
contaminated with human DNA. Blank extracts from the soil DNA kits
failed to amplify with human mtDNA primers. Next, DNA extractions
were performed on bone powder obtained from drilling cow femur
segments to determine whether the standard protocols supplied with
each are adequate for DNA isolation from bone. The PowerSoil® kit
standard protocol did not consistently result in amplifiable DNA. The
protocol was then optimized by altering the mechanical/chemical
digestion step, including substituting a hot lysis for the mechanical
digestion.

In addition to DNA recovery, each extraction method was tested for
its ability to remove the PCR inhibitors calcium, collagen, and humic
acid, which are associated with buried skeletal remains. Inhibitor
removal was assessed by amplification or no amplification of control
mitochondrial DNA, by adding the purified extract to the reaction. Each
extraction method was then used on bone powder produced by drilling
cow femur sections buried in soil for a range of time: one day, seveb
days, thirty days, and three years. DNA was quantified by a real-time
PCR TagMan assay targeting the Melanocortin-1 Receptor gene,
developed by Lindquist et al.® Inhibition was assessed by comparing
cycle threshold values of the internal positive control. Since failure to
amplify DNA is a common challenge encountered with skeletal remains,
successful amplification of both mitochondrial and nuclear DNA was
compared for each extraction method to see which recovered
amplifiable DNA more often. The four extraction methods were then
tested on various human skeletal remains, including bones from the
medieval period, which had previously shown PCR inhibition during DNA
analysis. After comparing the microbial DNA isolation kits to organic
extraction and a standard DNA extraction kit for inhibitor removal,
quantity of bone DNA recovered, and success of mitochondrial and
nuclear DNA amplification, the effectiveness of microbial DNA extraction
kits for use on skeletal remains was determined, as well as the most
optimal extraction method.
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A38 Girls Not Allowed: Erase the Mixture

Randee S. Sedaka®, and Grittney K. Tam, BS, Penn State Univ, Forensic
Science Program, 107 Whitmore Laboratory, University Park, PA 16802;
and Reena Roy, PhD, Penn State Univ, Forensic Science Program, 325
Whitmore Laboratory, University Park, PA 16802

After attending this presentation, attendees will learn how to
separate male and female DNA fractions in sexual assault cases without
going through the cumbersome differential extraction procedure.

This presentation will impact the forensic science community by
discussing a procedure that can be used for identifying the semen donor
and separate the DNA of the male donor from the epithelial cells of the
victim.

Forensic science laboratories process numerous cases involving
sexual assaults. When the victim goes to a health care facility, a sexual
assault kit is used to collect body fluids from various orifices. The swabs
used to collect fluids from vaginal, rectal, and oral cavities often contain
a mixture of the victim’'s epithelial cells and seminal fluid from the
suspect. If the victim does not report the crime within a few hours, the
number of epithelial cells from the victim can overwhelm the number of
sperm cells present in the sample collected from the victim. Normally, a
time-consuming and cumbersome differential extraction procedure is
used in an attempt to separate the sperm DNA from the epithelial DNA.
The resulting sperm DNA profile may yield a mixture of sperm and
epithelial cell DNA even after repeated differential extraction wash steps.

The Erase Sperm lIsolation Kit (Paternity Testing Corporation) can
degrade DNA from epithelial cells, while leaving the spermatozoa intact.
The DNA from the epithelial cells is selectively degraded by nuclease
capable of digesting the DNA that is in solution. The sperm cell
membrane protects the DNA inside the sperm heads and the nuclease
has little effect in the protected DNA. This process makes it possible to
obtain a single source sperm cell autosomal DNA profile from samples
that also contain overwhelming amounts of epithelial cell DNA.
Therefore, it is possible to obtain a single source male DNA profile from
a mixture of seminal and vaginal fluid using the reagents in the kit.

The goal of this study was to determine if the Erase Sperm Isolation
Kit could separate sperm cell and epithelial cell DNA from post-coital
swabs, and from samples containing mixtures of body fluids. The
objective was to generate single source male and female DNA profiles
from various mixtures containing female body fluids and seminal fluid
containing spermatozoa.

Swabs containing a mixture of seminal fluid and vaginal epithelial
cells were collected at regular intervals and mock swabs containing a
mixture of various female body fluids and seminal fluid were created.
Portions of the post-coital swabs and the body fluid mixtures were
digested in sterile tubes using the Erase Sperm Isolation Kit method.
After digestion, the sample was centrifuged to pellet intact sperm cells.
The supernatant was transferred from the original tube into a new tube.
DNA was extracted from the supernatant containing the non-sperm
fraction. Next, the nuclease was added to the original tube containing
the sperm fraction in order to degrade the DNA free in solution. After the
appropriate incubation period, the nuclease was inactivated and the
sperm fraction was then lysed and purified. DNA was purified from both
the non-sperm and sperm fractions using two methods: the Qiagen
DNA Investigator Kit and organic extraction. Samples which contained
mixtures of saliva, blood, and seminal fluid were subjected to the same
procedure. Prior to lysing the sperm fraction, the pellet obtained from
the sperm fraction was examined for the presence of spermatozoa using
Kernechtrot Picroindigocarmine staining method and microscopy.

DNA was quantified using the Quantifiler® Human DNA
Quantification Kit and amplified using commercially available PCR
Amplification kits. The amplified products were injected on the AB
3130xI Genetic Analyzer, followed by analysis with SoftGenetics
GeneMarker® HID software.

The results of the study showed that complete, single source male
and female autosomal STR DNA profiles could be generated from
swabs containing mixtures of seminal and female body fluids using the
Erase Sperm lIsolation kit. The method is cost effective and eliminates

labor intensive and lengthy procedures used in standard differential
extraction.
DNA, Differential, Extraction

A39 Automating the Differential Digestion
Process in the Analysis of Sexual Assault
Evidence Using Selective Degradation

Helena G. Wong, MS* and Jennifer S. Mihalovich, MPH, Oakland
Police Dept, Criminalistics Div, 455 7th St, Rm 608, Oakland, CA 94607;
and George Sensabaugh, DCrim, Univ of California, School of Public
Health, 50 University Hall, MC 7360, Berkeley, CA 94720

The goal of this presentation is to describe the methods of
automating the differential digestion process using selective degradation
of non-sperm DNA. The effects of using a degradative agent on sexual
assault evidence samples will be discussed.

This presentation will impact the forensic science community by
demonstrating that the selective degradation differential digestion
process can produce high yield and high-quality DNA profiles given the
optimal parameters. Successful application of this process allows the
ability to process more sexual assault evidence in a shorter amount of
time, aiding in decreasing the backlog in many forensic science
laboratories.

Forensic science laboratories are faced with an increase in demand
for sexual assault evidence analyses. Lacking sufficient analysts to
perform the time-consuming, labor-intensive work required for DNA
analysis, the large number of requests quickly results in an
overwhelming backlog. This high demand has led laboratories to
transition to automation for processing cases in a more efficient manner.
While many areas of DNA analysis have adopted automation, the
differential digestion process remains a time-consuming, manual task.

An automated differential digestion protocol was developed using
selective degradation. The current differential digestion process
requires multiple wash and centrifugation steps to remove residual
epithelial DNA from the sperm fraction. The selective degradation
technique replaces these labor-intensive steps by using a degradative
agent, DNase |, to digest the remaining epithelial DNA. The use of
DNase on evidence samples and its effect on DNA yield and DNA typing
quality was assessed. Studies were performed on semen stains stored
for an extended period of time (up to 60 years) and on semen samples
subjected to heat, humidity, and multiple freeze/thaw cycles to evaluate
the effects of DNase on environmentally compromised sperm samples.
Sensitivity, reproducibility, and contamination studies were performed on
a robotic liquid handler used to automate the differential digestion
process. The automated protocol utilized 96-well plates for high
efficiency and incorporated microscope slide preparations for the
confirmation of the presence of sperm.

Initial trials of the selective degradation process resulted in lower
DNA yield. Samples digested with the selective degradation process
recovered approximately 30% of the sperm fraction male DNA when
compared to the same sample digested with the conventional method.
An explanation for the loss of sperm DNA was incomplete deactivation
of DNase prior to sperm lysis. DNase activity is directly related to the
divalent ion concentration so multiple experiments were performed to
optimize the Mg? and Ca? concentrations. Results showed that
decreasing the Ca?" concentration from 125mM to 5mM significantly
increased the DNA yield compared to the conventional method.

STR DNA typing for samples subjected to the initial, non-optimized
selective degradation process resulted in poor DNA typing quality. DNA
sample input of 1.5ng produced profiles with low peak height levels
ranging from ~100-500 RFUs and peak height imbalances. The poor
typing data may have been caused by inhibition and degradation.
Inhibition was eliminated as a possible cause through controlled
experiments. Degradation caused by DNase was tested by decreasing
the amount of DNase used from 360 units to 18 units. Decreasing the
amount of DNase resulted in significantly improved STR DNA typing
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data. The peak height levels were approximately three times that of the
same sample digested with 360 units of DNase.

Environmentally compromised sperm samples were digested using
the conventional method and the selective degradation method. DNA
quantitation showed no statistical difference in the DNA yield for the
samples prepared using both methods. No difference in the STR DNA
typing data between both sets of samples was observed. Most samples
resulted in full DNA profiles with satisfactory peak heights. A few
samples yielded partial profiles with low peak heights. These results
were observed using both conventional and selective degradation
methods, indicating that compromised sperm samples were able to
withstand DNase treatment.

Sensitivity, reproducibility, and contamination studies were
performed on an automated robotic liquid handler. Sensitivity studies
showed that full DNA profiles were obtained from samples with DNA
yield as low as 150pg (~2 sperm/3pL). In samples where no sperm were
observed microscopically, the STR DNA typing data resulted in either no
or few alleles detected. Quantitation data from the reproducibility studies
demonstrated that the robot was very consistent in the manipulation and
preparation of the samples. Contamination studies showed no signs of
contamination in the automated selective degradation differential
digestion process.

Through the use of the selective degradation method, automation
of the differential digestion process was achieved without having to
compromise on the quantity and quality of the DNA obtained.
Selective, Degradation, Automation

A40 Separation of Complex DNA Mixtures
From Touch Evidence

Jared Latiolais, MSc*, Bode Technology Group, 10430 Furnace Rd, Ste
107, Lorton, VA 22079; Andrew B. Feldman, PhD, and Lin Lin, MSc,
Johns Hopkins Univ, Applied Physics Laboratory, 11100 Johns Hopkins
Rd, Laurel, MD 20723-6099; and Sarah Cavanaugh, MS, and Robert A.
Bever, PhD, Bode Technology Group, 10430 Furnace Road, Ste 107,
Lorton, VA 22079

After attending this presentation, attendees will gain an
understanding of next generation sequencing and its potential
application to the forensic field through deconvolution of complex DNA
mixtures from evidentiary items.

This presentation will impact the forensic science community by
introducing a future capability that has the potential to separate complex
DNA mixtures of five to seven individuals, including low copy
contributors.

DNA sequencing technology is advancing rapidly in the form of
Next Generation Sequencing, and the amount of catalogued genetic
human data being generated has created an explosion of possible
applications. The Bode Technology Group is currently applying the use
of Next Generation Sequencing to the deconvolution of complex forensic
mixtures from low copy number, degraded, and touch objects. To this
end, Bode has designed, developed, and tested a field functioning
forensic process for separating complex deoxyribonucleic acid (DNA)
mixtures of five to seven individual sources of DNA and producing
distinct profiles for each source using pyrosequencing-based deep
amplicon sequencing chemistry. By combining the power of a
pyrosequencingbased Next Generation Sequencing platform such as
the bench topsized Roche 454 GS Jr. sequencing system with a novel
forensic bioinformatic software pipeline, mixtures of seven or more
individuals from mock evidentiary touch samples have been successfully
sequenced and separated using multiple panels of highly multiplexed
forensically relevant loci.

Data will be presented from an ongoing research effort to
deconvolute mixtures of both mitochondrial DNA and nuclear Y
chromosome Short Tandem Repeat (Y-STR) amplicons using a
bioinformatic software suite developed through a collaboration with The
Johns Hopkins University Applied Physics Laboratory. Data produced
by the mixture separation software suite show highly sensitive detection

of low copy contributors. When applied to mixtures of between two and
seven individuals sequenced at mitochondrial hypervariable and Y-STR
loci, minor contributors were successfully detected below a 1:100 ratio
level, far outreaching the limit for common forensic capillary
electrophoretic instruments and currently available mixture
deconvolution software applications. Given a maximum number of
sequences per read of between 50,000 and 120,000, there is a tradeoff
among several factors such as the number of multiplexed loci, the
number of contributors to a mixture, and necessary sensitivity. Thus, to
develop a working understanding of the limits of this system, a series of
mixture samples were created changing these variables.

Several sample types were examined including: dilution series of
nascent human DNA and mock touch samples created from fingerprints
(handled objects for varying degrees of time), multiple biological fluids,
and substrates in complex mixtures consisting of between 1-8 different
contributors at different relative concentrations. Multiplexes of the
mitochondrial hypervariable regions HVI/HVII and standard Y-STR loci
were created, balanced, and optimized into panels compatible with the
454 GS Jr. sequencing system. The raw data files are directly imported
into the software, where all of the sequence reads at each locus are
detected and then separated. Each unique sequence is binned and
analyzed for error. Using a ratio-driven algorithm, alleles are re-
associated to the most likely contributor of origin with associated
likelihood ratio values. The system also offers the potential to detect all
alleles in a mixture, determine inclusion and exclusion statistics, and
even search against databases and generate match statistics
accordingly. Ultimately, this system will be available for use in the course
of routine forensic casework and thus can be an important future tool in
the broader forensic science community.

Next-Gen Sequencing, Mixture Separation, Mixture Analysis

A41 Error Tradeoffs in Human Identity

Comparisons: Determining a Complexity
Threshold and Exclusion Criteria for DNA
Mixture Interpretation

Jacob S. Gordon, MS*, Boston Univ, Biomedical Forensic Sciences, 72
E Concord St, Rm R806D, Boston, MA 02118; Robin W. Cotton, PhD,
Boston Univ, Biomedical Forensic Sciences, 72 E Concord St, L1004,
Boston, MA 02118; and Catherine M. Grgicak, PhD, Boston Univ,
Biomedical Forensic Sciences, 72 E Concord St, Rm R806D, Boston,
MA 02118

This goal of this presentation is to introduce an alternative
framework for making determinations of exclusion versus inclusion for
DNA mixtures that is based on running Monte Carlo simulations on a
probabilistic computer model of individual and mixed human genotpyes.
This method is then applied to laboratory mixture data, and the results
are compared with those for the simulated mixtures.

This presentation will impact the forensic science community by
emphasizing how error rates associated with DNA profile interpretation
are crucial to responsible determinations of a reference’s exclusion or
inclusion in an evidence sample. The error characterizations
demonstrated in this study are useful in a number of ways. The
simulated results can be used by a laboratory to inform the
establishment of a preferred interpretation range by selectively
optimizing between false positives and false negatives. Alternatively,
after empirically determining a level of drop-out associated with
evidence samples of varying starting DNA template, an informed
decision regarding exclusion of a known as a potential contributor to an
item of evidence will be presented. Traditionally, such samples were
reported as uninterpretable or inappropriate for comparison.

DNA analysts considering a forensic evidence sample and a
reference sample (e.g., from a suspect) have three options when
rendering a decision with regard to the consistency between the
samples: exclusion, inclusion, and inconclusive. Complicating this
determination is the reality that DNA profiles originating from forensic
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mixture evidence may not be fully observed due to allelic drop-out and/or
the presence of overlapping alleles. Different analyst inclinations and
laboratory standards exist for informing an analyst's decision; typically—
and particularly for samples demonstrating some degree of allelic drop-
out—less than exactly 100% allelic consistency between known and
questioned samples are not automatically precluded from inclusion in an
evidence sample. In tolerating some measure of absence of a reference
sample’s alleles in an evidence sample, the potential for two kinds of
errors exists: In a case in which an individual could not have contributed
to an evidence sample, there is the potential for false inclusion; in a case
in which an individual could have contributed, there is the potential for
false exclusion. In selecting a particular decision criterion to inform
determinations of inclusion or exclusion, a tradeoff between these errors
exists. Alax decision criterion minimizes false exclusions at the expense
of false inclusions while a strict criterion eschews false inclusions at the
expense of greater numbers of false exclusions. The relevance of a
decision criterion is greatest for low-template samples and for samples
that are mixtures of multiple contributors since both are likely to
experience allelic drop-out and thus to occupy a potential gray area
between certain exclusion and likely inclusion.

In this study, for a given level of allelic drop-out, 10,000 simulated
mixtures are compared with databases of 10,000 simulated excluded
and included reference individuals. In order to generate credible genetic
profiles, the phenomena of allelic drop-out and profile mixing of two
contributors are modeled. Comparisons between the reference and
simulated mixtures at drop-out levels ranging from 0 to 0.9 are
performed. Given this framework, the universe of possible decision
criteria is explored. Receiver Operating Characteristic (ROC) curves, a
type of analysis originally applied to assessing World War Il radar
performance, are adopted as a paradigm for summarizing the tradeoff of
both types of errors and confirm that higher rates of drop-out result in
increasingly higher incidences of error. Specifically, ROC analysis of the
two-person mixtures showed that drop-out rates >0.3 result in false
positive rates >0.01 and false negative rates >0.15. Here the false
positive rate represents the proportion of reference standards that were
incorrectly included as a potential contributor. The false negative rate is
the proportion of standards that were incorrectly excluded.

ROC analysis can be used to inform the establishment of a
preferred operating point by selectively optimizing between false
positives and false negatives to accord with prudence. Alternatively,
after empirically determining a level of drop-out associated with a
particular laboratory or with evidence samples of varying starting DNA
template, an informed decision can be made regarding the number of
allelic discrepancies that may be tolerated before that rate of false
inclusions becomes too large.

The specification of error bounds can also designate an operating
region, outside of which the interpretation of an evidence profile cannot
be made with the required accuracy. Whether a given evidence profile
is a candidate for interpretation is a function of its associated level of
drop-out. Evidence profiles shown to lie outside of the acceptable error
bounds due to their level of allelic drop-out are said to fail to meet a
“complexity threshold” for determinations of inclusion or exclusion. No
statistics should be calculated for such samples, and the only
responsible determination with respect to reference inclusion/exclusion
is “inconclusive” or “uninterpretable.” For evidence profiles possessing
levels of drop-out that are deemed interpretable, this same “complexity
threshold” can be employed to establish a laboratory’s decision criteria
with respect to tolerating allelic discrepancies. The resulting prescription
for determining that a reference is included as a contributor to an
evidentiary stain would conform with premeditated, laboratory-selected
error rates and the decision regarding whether to compare the
questioned sample to a reference would be made before examining a
known DNA profile.

Forensic DNA, DNA Mixtures, DNA Interpretation

A42 Developmental Validation of ArmedXpert™:
Forensic Mixture Deconvolution Software
for Short Tandem Repeat Data

Rhonda K. Roby, PhD*, UNT Health Science Center, Forensic &
Investigative Genetics, 3500 Camp Bowie Boulevard, Fort Worth, TX
76107; and Dennis J. Reeder, PhD, Reeder Analytical Consulting, 7094
Glen Abbey Ct, Frisco, TX 75034

After attending this presentation, attendees will learn of the
advances made in software algorithms for deconvolution of STR data
generation from forensic casework.

This presentation will impact the forensic science community by
introducing changes to mixture analyses of DNA samples.

With the major advances made in capillary electrophoresis
instrumentation, more precise color separation, and improved
chemistries, it is even more apparent today that mixture data from
forensic casework have a significant amount of information that are not
fully evaluated and summarized. ArmedXpert™, a software mixture
deconvolution program, is designed to automate the tedious and
numerous calculations required to thoroughly review a mixed STR DNA
result. ArmedXpert™ not only aids the forensic DNA analyst in these
routine, time-consuming computations, but it also provides an array of
significant other functions. ArmedXpert™ was subjected to a rigorous
validation study where it was evaluated with known mixed data sets of
two- and even three-person mixtures. At the end of the study, actual
casework data files from adjudicated cases were evaluated and
compared to the submitted final case reports.

ArmedXpert™ allows the user to check ladders, to check controls,
to detect possible stutter, to perform matching between evidence
samples and references, and to evaluate possible contamination with
staff profiles. The software is designed to perform CODIS functions,
conduct mixture interpretation with two to three contributor mixtures,
view simulated electropherograms, chart data, perform various
biostatistical analyses for single and multiple source samples, and print
and save data. The stated functionality of each of these features was
confirmed during the developmental validation process.

The developmental validation study of ArmedXpert™ entailed
testing of three main software specifications: compatibility, QC checks
and matching, and interpretation. For compatibility, different operating
systems were subjected to the software to verify the ability of the
software to perform as expected. All menus and functions were
subjected to verification testing. In addition, different data files were
imported to verify successful upload and functionality. The control
checks, formatting of output files, and comparisons demonstrated full
utility. Mixture interpretation tools were evaluated for display features,
accurate and reproducible calculations, and application of defined
thresholds. In addition, all statistical calculations were confirmed by
manual testing and comparison to other software programs. The output
reporting and CODIS CMF files were also verified.

Lastly, the software was evaluated for applying the appropriate
thresholds and stutter and color-coding features as described.
Significant studies were conducted to confirm the correct reporting of all
allele calls. The Mixture Interpretation section of ArmedXpert™ produces
a list all possible combinations for each locus based on the user-defined
thresholds. This list provides the proportion of DNA of the minor and
major contributors of the mixed sample. The graphical visualization tool
provides the user with an easy visual assessment of the proportions
identified per locus for the mixed result. The combinations, thresholds,
proportions, and bar chart tool were all tested with known mixtures at
varying concentrations.

ArmedXpert™ is a software program that can be easily adapted and
implemented into the forensic analyst’s toolbox. This program has many
features that will assist forensic analysts to fully evaluate and summarize
their data. ArmedXpert™ can be used as a stand-alone program or can
support DNA analysts in the arduous task of mixture interpretation, and
seamlessly import data for statistical evaluations. This developmental
validation study demonstrates that the software meets the defined
specifications and performs as expected.

ArmedXpert, Deconvolution, Mixture
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A43 Large-Scale Evaluation of ArmedXpert™
for 2 - 4 Person DNA Mixture Analysis

Lashon Stephens, BS*, 1 Innovation Dr, North Charleston, SC 29419;
Roman Aranda, PhD, FBI, 2501 Investigation Pkwy, Quantico, VA
22135; Lawrence A. Presley, MS, USACIL, 4930 N 31st St, Forest Park,
GA 30927-5205; and Brigid O’Brien, PhD, USACIL, 4930 N 31st St, Bldg
925-S, Forest Park, GA 30297

After attending this presentation, attendees will understand the
effectiveness of ArmedXpert's™ ability to deconvolute Short Tandem
Repeat (STR) DNA mixture data.

This presentation will impact the forensic science community by
demonstrating the accuracy, effectiveness, and limits of the
ArmedXpert™ program.

ArmedXpert™ is an Excel-based software program created with the
purpose of assisting DNA analysts in deconvoluting two-, three- and
four-person DNA mixtures. This software program uses Short Tandem
Repeats (STR) and Y-STR DNA profiles, and displays the possible
combinations for the various contributor scenarios. The effectiveness of
this program relies on statistical probabilities and subjective
interpretation from the user. The main goal of this research is to
determine how accurate and effective ArmedXpert™ is at assisting
forensic scientists to deconvolute DNA mixtures under varying
concentrations and conditions.

In this study, two-, three-, and four-person DNA mixtures were
generated and initially profiled by the Boston University School of
Medicine. This pilot study evaluates the examiners’ ability to interpret a
DNA mixture profile from a mixture data set. The Boston University
study contains over 2,000 mixture combinations, which were generated
with various contributor numbers, concentrations, injection volumes, and
amplification kits. The effectiveness of ArmedXpert™ was determined by
analyzing the examiners’ ability to use the software to correctly identify
allele calls, determine the major, minor, and number of contributors, and
the statistical random match probability (RMP) of each contributor when
compared to the known Boston University data set. The examiners’
input was entered into an spreadsheet-based macro program that
calculates the partial genotype accuracy, residual frequency of the
known and calculated RMPs, and the failure rate of missed allele calls.
This spreadsheet macro will also determine if the calculated allele calls
from the DNA analyst match the alleles from the Boston University data
set, and if an incorrect allele was called. The partial genotype accuracy
calculates the DNA analysts’ ability to call the correct alleles when
compared to the known DNA mixture profile. An average of these
metrics will be calculated to determine the extent that ArmedXpert™
assists DNA analysts at mixture interpretation when compared to
analysts that deconvolute without software assistance. Mixture
interpretations with incorrect allele calls will be averaged separately from
the correct allele calls. Statistical analysis, such as a chi-squared test,
will be performed on the overall results to determine how effective
ArmedXpert™ is at assisting DNA analysts at deconvoluting DNA
mixtures.

In the future, a large-scale study of DNA examiners will be
conducted to determine the overall metrics of the mixture evaluations.
These metrics will be used to determine if ArmedXpert™ can effectively
assist DNA analysts in interpreting DNA mixture analysis. Because
there is no universal standard for analysis of DNA mixture, the results
from the study may vary depending on the experience of the DNA
analyst. The effectiveness of ArmedXpert™ may be influenced by the
DNA analysts’ familiarity with the software program and their ability to
determine the major, minor, and number of contributors.

The opinions or assertions contained herein are the private views
of the author and are not to be construed as official or reflecting the
views of the Department of the Army, the Department of the Navy, or the
Department of Defense.

ArmedXpert™, DNA Mixtures, Error Rates

A44 Quantitative PCR for
Gel Electrophoresis-Based
Mixture Detection

Rapid
Pre-STR

Laura C. Oliver, MS*, 1908 Moonwind PI, Richmond, VA 23238; Todd W.
Bille, MS, and Steven Weitz, MS, National Laboratory Center, 6000
Ammendale Rd, Ammendale, MD 20705; and Tracey Dawson Cruz,
PhD, Virginia Commonwealth Univ, 1000 W Cary Street, PO Box
842012, Richmond, VA 23284

After attending this presentation, attendees will learn a potential
method for a screening technique to identify mixtures at the gPCR stage
of DNA analysis.

This presentation will impact the forensic science community by
introducing a quick screening method to identify a mixture DNA profile
prior to STR amplification.

Forensic DNA units currently do not have a way to accurately
determine if a mixture is present prior to the CE analysis stage. This can
be detrimental to labs, like the ATFE, that only have a limited sample
amount with which to work. When DNA samples are below 2ng at ATFE,
half of the sample is used for amplification. If the Identifiler™ STR
analysis shows a mixture profile with all the allele peaks below threshold,
then the lab does not have enough remaining sample to re-amplify using
increased DNA input. If the lab had a procedure to suggest a sample is
a mixture early in the process, then ATFE would be able to make key
adjustments to their amplification technique in advance. For example,
the amount of DNA sample amplified could be increased in order to raise
the minor contributor alleles above thresholds. Additionally, examiners
could further concentrate samples or increase injection times on the
genetic analyzer to allow for improved results. This study is aimed to
develop a modified quantitation assay that would allow for mixture
detection pre-STR amplification. If successful, identifying a mixture at
the quantitation stage would allow for adjustments to be made with a
sample prior to amplification and analysis, such as using the full sample
elution instead of the standard half sample or combining swabs taken
from the same surface.

In this study, the goal was to develop a multiplex gPCR assay that
would incorporate either two Single Nucleotide Polymorphism (SNP)
markers or D1S80 into the existing Investigator® Quantiplex quantitation
reaction for mixture identification. SNPs were chosen that have a minor
allele frequency above 10% to increase the likelihood of detecting the
minor component of a mixture. These SNPs included rs5030240,
rs385780, rs433342, and rs4540055. Primers were designed using
Primer BLAST through NCBI. These primers were designed such that
the three different alleles would be able to be distinguished from one
another when run on a gel. This was achieved by adding poly-T tails of
varying lengths to the end of the primer containing each of the different
alleles. D1S80 was also chosen based on its well-established PCR
chemistry and primer sets. The 16 bp repeat with over 22 alleles
together with a high level of heterozygosity across populations increased
the likelihood that a mixture DNA profile would be seen. The selected
primers were tested for visibility and discrimination with ten DNA
samples using the Lonza FlashGel® system. The Lonza FlashGel®
system using precast 2.2% agarose DNA cassettes can run at high
voltages, and complete DNA migration within 2 - 7 minutes.

Product gels showed bands at the expected sizes for all four SNP
markers, and all reagent blanks were clear. However, resolution of the
alleles was not sufficient for allelic discrimination. The D1S80 gels
showed bands at expected sizes and alleles could be discriminated from
one another. Mixture samples amplified with D1S80 could also be
discriminated on the gel system; however, the D1S80 primers appeared
to interact unfavorably with the Investigator® Quantiplex reaction when
incorporated into the gPCR reaction. Further studies should be
conducted to look for alternate ways of incorporating these or other
markers into the quantitation reaction. Additionally, primer redesign or
new detection methods are possible development techniques to improve
current allele discrimination. Ultimately, this identification would result in
a decrease in sample consumption issues as well as a time savings for
forensic DNA labs when analyzing casework contact DNA.
qPCR, DNA Mixtures, SNP Markers

* Presenting Author

49



A45 Comparison of Two Immuno-
chromatographic Test Strips for the
Detection of PSA

Jillian Conte, MS*, Laura M. Cronin, MSFS, Jennifer K. Sears, BS, and
Christian G. Westring, PhD, 2300 Stratford Ave, Willow Grove, PA 19090

After attending this presentation, attendees will have gained further
insight into the sensitivity and specificity of two commercially available
immunochromatographic tests for the detection of Prostate Specific
Antigen (PSA also known as p30). Of particular interest are potential
concerns regarding the specificity and sensitivity of immunological-
based assays in forensic-type casework. The detection of endogenous
p30 from controlled vaginal swabs raised potential concern for the
application of these methods in the forensic community. Furthermore,
some assays demonstrated the loss of cellular material prior to
microscopic analysis and/or downstream analysis.

This presentation will impact the forensic science community by
raising awareness of the limitations that exist with current
immunochromatographic test strips employed by forensic practitioners.

The brentamine blue spot test for acid phosphatase (AP) is often
used as a preliminary screening test for suspected semen stains. Given
its limited specificity, suspected semen stains must be analyzed
microscopically for the presence of spermatozoa. If spermatozoa are
not present, suspected semen samples may be tested for the presence
of PSA in conjunction with microscopic examination. PSA is present in
high concentrations in seminal fluid but is also found in lower
concentrations in amniotic fluid, breast milk, vaginal secretions, and
female urine. Current testing methods that exist for the detection of
PSA, such as double immunodiffusion, are both time consuming and
lack sensitivity. Internal validation of several commercially available
immunochromatographic tests for the detection of PSA was conducted.
Validation of two independent assays was performed to evaluate the
sensitivity, reproducibility, stability, and specificity of each test.

Known semen samples were detected down to a 10+ dilution in
both test strips, with reproducibility of positive results from a 10 dilution.
Positive results for the AP test were observed in dilutions down to 102.
Confirmatory identification of spermatozoa was detected in samples
containing dilutions down to 10+ through microscopic analysis. The use
of deionized water as an extraction buffer had no adverse effects on test
sensitivity or specificity results.  Specificity of the tests was
demonstrated through negative results in all body fluids tested with the
exception of male urine and vaginal secretions. The addition of more
vaginal swabs from females with complete sexual and menstrual cycle
history was obtained. These samples demonstrated a surprising false
positive rate of approximately 30% for PSA for both tests. Chemically
treated samples were used to demonstrate the stability of both test
strips. One of the immunochromatographic strips indicated significant
loss of cellular material, both epithelial cells and spermatozoa, when the
test extract was used for microscopic detection of spermatozoa in
downstream testing.

Based on these analytical results, both of the
immunochromatographic assays under evaluation demonstrated
comparable sensitivity and specificity for the detection of PSA from
forensic-type samples. The loss of cellular material that was observed
microscopically in this study can have serious consequences in DNA
investigations and can significantly impact a forensic case. The lack of
specificity for PSA as a seminal marker raises concerns regarding the
implementation of immunochromatographic-based tests for the
detection of PSA in forensic-type casework.

A46 DNA Quantification by Real-Time PCR
(qPCR) and Short-Tandem Repeats (STRs)
Amplification Results

Silvia Zoppis, MD*, and Manuela Rosini, MSc, Dept of Legal Medicine,
Viale Regina Elena 336, Rome, 00161, ITALY; Alessio D’Alessio, PhD,
Dept of Legal Medicine, Largo Francesco Vito,1, Rome, 00168, ITALY;
and Carla Vecchiotti, PhD, Dept of Legal Medicine, Viale Regina Elena
336, 00161, Rome, ITALY

After attending this presentation, attendees will understand: (1)
principles of genetic analyses on forensic samples; (2) the importance of
a valid quantification technique; and, (3) the issues related to the
analysis of low template DNA samples.

This presentation will impact the forensic science community by
highlighting the importance of the DNA quantification step in forensic
casework in spite of the increasing sensitivity of last generation
commercial kits for STR analysis that allow the detection of allelic peaks
from extremely low DNA quantities (even with concentrations far below
the limit of detection for the specific quantification kit).

Determining the amount of DNA in a forensic sample is
fundamental for PCR-based analyses because if on one hand an
excessive amount of template may cause the appearance of additional
or out-of-scale peaks, on the other hand, a low quantity can cause the
appearance of stochastic phenomena affecting the PCR reaction and
the subsequent interpretation of typing results. In the common practice
of forensic genetics laboratories, the quantification results provided by
gPCR assume the role of “boundary line” between the possibility for a
given DNA sample to be subjected or not to the subsequent analytical
steps, on the basis of an optimal amount of DNA in the range indicated
by the manufacturer of the specific commercial kit.

However, some studies have shown the possibility to obtain STR
typing results even with an extremely low DNA concentration or,
paradoxically, equal to zero. Regardless of the amount of DNA used for
the quantification of the testing sample, certain software is able to use
the standard curve to calculate concentration values far below the
manufacturer’s reported optimal detection limit (0.023ng/uL).
Consequently, laboratories have to face the critical decision to interrupt
the analyses, giving up the possibility to obtain a genetic profile—
although partial—or to try the amplification of the extract with the
awareness of the interpretation issues that this implies.

The quantification results obtained by gqPCR performed on
numerous samples from specimens of forensic interest, subjected to
DNA extraction using magnetic beads will be presented. Following the
quantification step, the extracts were subjected to DNA amplification and
STR typing using last generation commercial kits. Samples that showed
quantification values below the limit of detection for the method were
included in the analysis in order to check the existence of a correlation
between the DNA quantification results by gPCR and the possibility of
obtaining a genetic profile useful for identification purposes.

In spite of the increasing sensitivity of last generation commercial
kits for STR analysis, as demonstrated by the ability to detect allelic
peaks from extremely low DNA quantities (with concentrations far below
the limit of detection for the specific quantification kit, even
corresponding to 0 or “Undetermined”), the results obtained show a
correlation between qPCR quantification values and STR typing results.
Thus, the qPCR method is confirmed as being a useful and valid
instrument for both qualitative and quantitative evaluation of genetic
samples for human identification purposes.

Seminal Fluid, Vaginal Secretions, Rapid Test Strips

Quantification, Real-Time PCR (qPCR), Short Tandem Repeats
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A47 Evaluation of Half Reaction Volumes of
the AmpFeSTR® Identifiler® Plus Forensic
Amplification Kit in STR Analysis

Michael A. Donley, MS*, Harris County Institute of Forensic Science,
1885 Old Spanish Tr, Houston, TX 77054; and D. Nicole Methner, PhD,
Mark Powell, MS, and Roger Kahn, PhD, 1885 Old Spanish Tr, Houston,
TX 77054

After attending this presentation, attendees will have a better
understanding of how reduction of reaction-mixture volumes of the
multiplex PCR system IdentifilerPlus® Forensic Amplification Kit from
Applied Biosystems affects amplification of the Short Tandem Repeat
(STR) markers in the kit and the corresponding interpretation of forensic
DNA profiles from these markers.

This presentation will impact the forensic science community by
demonstrating the effectiveness of STR amplification with the
IdentifilerPlus® kit when the reaction volume is reduced by half.
Utilization of half-reaction volumes of the IdentifilerPlus® kit will provide
a significant savings to a forensic science laboratory; however, these
data show that caution should be exercised when interpreting genetic
profiles generated from low-DNA input quantities.

Many forensic science laboratories have transitioned to using the
AmpFISTR® IdentifilerPlus® Forensic Amplification Kit for STR analysis
to streamline evidence processing by increasing sensitivity, increasing
resistance to PCR inhibitors, and reducing the time for DNA
amplification. Each IdentifilerPlus® kit contains the reagents to amplify
16 STR loci, including the 13 core CODIS markers, for approximately
200 samples. At a cost of over $17.00 per sample, using full reaction
volumes for every sample may be unnecessarily expensive. This study
was performed to evaluate the effectiveness of DNA amplification when
the total volume of IdentifilerPlus reactions is reduced by half.

Purified DNA samples containing heterozygous alleles at all loci
with the exception of amelogenin (female) were amplified in duplicate on
an ABI 9700 thermocycler using the recommended 28-cycle protocol.
Samples were amplified with the IdentifilerPlus kit using half the volume
of reagents and template DNA as the volume recommended by ABI, for
a total reaction volume of 12.5ul. They were then injected on an Applied
Biosystems™ 3130x| Genetic Analyzer for 2, 4, or 6 seconds, and the
resulting data were analyzed with GeneMapper ID. A DNA target range
of 0.001-1.25ng was assessed to determine the effects of half reaction
volumes on the sensitivity of amplification, locus detection, stochastic
threshold, and peak height ratios (PHR). The results of these studies
were also compared to the values obtained from the previous internal
validation of the IdentifilerPlus system at the full reaction volume of 25pl.

For the amplification sensitivity study, the high DNA input samples
in half reactions produced similar peak height values when compared to
full reaction volumes. The target DNA input for half reaction volumes of
the IdentifilerPlus kit was determined to be 0.5 — 1.0 ng, the same
quantities recommended and validated for full reaction volumes.
Importantly, the stochastic threshold increased from 145 RFU for full
reactions to 325 RFU for half reaction volumes, making half reactions
much less useful for evidence samples.

The PHR for half reactions were similar to those seen in our
previous study of the IdentifilerPlus® kit using full reaction volumes.
These data suggest that PHR is not affected by using half reaction
volumes with greater DNA input amounts, i.e., more than 0.2ng.
However, with lesser DNA target amounts, i.e., less than 0.2ng, the
percentage of heterozygous peaks with PHR >60% was consistently
greater than 80%, while at half reaction volumes, the percentage of
heterozygous peaks >60% PHR was lower, in the 60-80% range.

The increase in stochastic threshold and PHR variability at lower
DNA quantities suggest that input amounts of 0.75ng or higher are more
useful and more reliable for half reactions. Results of tests for
reproducibility, accuracy, and precision will be presented. The Harris
County Institute of Forensic Sciences processed 1,560 known DNA
samples from January through May 2012. The use of half reaction
volumes for IdentifilerPlus would provide a savings of over $13,000
within this time period alone.

In conclusion, the use of half reaction volumes of the IdentifilerPlus
amplification kit may be a viable option for processing known forensic
DNA samples where an unmixed sample and a high quantity of DNA is
expected. This would result in a significant cost savings for the
laboratory.  For unknown samples, the doubling of the stochastic
threshold makes the use of half-reaction volumes unsuitable.
Identifiler® Plus, Half Reactions, Amplification

A48 High Throughput SNP Typing Based
on Invader® Assay on Integrated
Fluidic Circuits

Hiroaki Nakahara, PhD*, Koji Fujii, PhD, Tetsushi Kitayama, MS, and
Kazumasa Sekiguchi, PhD, N'tl Research Institute of Police Sci, 6-3-1,
Kashiwanoha, Kashiwa, JAPAN

After attending this presentation, attendees will understand the
effectiveness of a high-throughput multiplex SNP (single nucleotide
polymorphism) typing system utilizing integrated fluidic circuits (IFCs),
which are fluidic lines designed on a detection disc forming 2,304
reaction chambers.

This presentation will impact the forensic science community by
providing an approach for multiplex invader assay SNP typing in
thousands of reactions. Dozens of SNP loci in dozens of DNA samples
can be quickly detected at low cost.

SNP typing has advantages in forensic identification, because
SNPs are abundant in genomic DNA and are easily detected using an
automated high-throughput system. The primary benefit of SNP typing
is more successful typing of degraded samples compared with other
methods, including short tandem repeat (STR) typing, because of their
small target size. SNPs, however, are bi-allelic and large numbers of loci
must be analyzed to increase the power of discrimination. To obtain a
comparable discriminatory power to that of the commonly used fifteen
loci STR typing kit, more than 40 SNP loci must be typed. In addition,
the analysis of this many loci should be simple, cheap, and rapid.
Common SNP typing procedures, such as the TagMan assay, the
cycling probe assay, the single primer extension assay, or the Invader
assay, cost a few dollars for each locus. Thus, typing 40 loci would cost
more than a hundred dollars.

In this presentation, high throughput and low cost multiplex SNP
typing using the Invader assay in IFCs on a BioMark HD System
produced by the Fluidigm Corporation are introduced. In this system,
reactions proceed in a few nanoliters of solution enclosed in small
chambers, rather than the commonly used microliter-scale reaction
tubes. The flow of reaction mixtures and DNA sample solutions are
automatically controlled and filled in separated chambers by air
pressure, without interdiffusion. The volume of each reaction mixture is
very small and thus the total cost of analysis is low. In the device, the
temperature of the reactions is controlled and the fluorescence of each
chamber is detected and recorded in real time. Using this system, we
attempted to analyze 32 SNPs that had been validated in our previous
study.’

DNA samples were collected from 48 individuals who had given
their informed consent to our experiments. Their SNPs were analyzed
in our previous study and confirmed by direct sequencing. The Invader
assay for the amplified products of the 32 SNP loci by multiplex PCR
were carried using Universal General Purpose Reagent (Third Wave
Japan Co.) injected into the chambers on the detection disc. The
intensities of two types of fluorescence, FAM and Yakima Yellow, in each
chamber were detected every 20 seconds during the reaction, which
used isothermal heating at 63°C for 30 minutes. The genotypes of each
locus were determined from the increasing fluorescence curve of the
chart in which both fluorescence intensities were plotted, as reported
previously.? Triplicate typing for each sample was carried out to verify
the results. Using the IFCs system, high-throughput and low cost
multiplex SNP typing could be achieved. The reaction and detection
time for 48 samples in the device was only approximately 40 minutes,
not including one hour of PCR amplification and the 30 minutes taken to
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inject the samples into the chip. The cost for each SNP locus was less
than 25 cents. Furthermore, this system can also perform digital PCR
as another application of IFCs. Digital PCR is a quantitative analysis
method commonly used in gene expression studies. It is expected that
the application of IFCs will be effective for resolving the problem of DNA
mixtures in forensic casework analyses, when used in the quantitative
detection of different alleles.

References:

' Nakahara H., Hosono N., Kitayama T., Sekiguchi K., Kubo M.,
Takahashi A., Nakamura Y., Yamano Y. and Kai K. (2009)
Automated SNPs typing system based on the Invader assay. Leg.
Med. 11(Supplement 1): S111-S114

2 Nakahara H., Sekiguchi K., Hosono N., Kubo M., Takahashi A.,
Nakamura Y. and Kasai K. (2009) Criterion values for multiplex
SNP genotyping by the Invader assay. Forensic Sci. Int.: Genetics
4:130-136
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A49 Validation of the Applied Biosystems®

3500 Genetic Analyzer With a Comparison
of the Identifiler® Plus and PowerPlex® 16
HS Amplification Kits

Emilie C. Dembia, BS*, 2007 7th Ave, Apt 815 A, Huntington, WV 25703;
Sarah A. Chenoweth, MS, Anne Arundel Co Police Dept, Crime
Laboratory, 8495 Veterans Hwy, Millersville, MD 21108; and Jennifer
Hayden, MS, and Pamela J. Staton, PhD, Marshall Univ, Forensic
Science Center, 1401 Forensic Science Dr, Huntington, WV 25701

The goal of this presentation is to demonstrate the ability of the
Applied Biosystems 3500 genetic analyzer to produce complete and
accurate forensic DNA profiles with a variety of sample types under a
variety of different conditions. It will also provide a comparison of two
commonly used amplification kits from the two major manufacturers of
forensic analytical supplies for consideration by forensic laboratories. A
denaturation study shows the ability for laboratories to validate
procedures without the denaturation and snap cooling step prior to a run
on an instrument such as the AB 3500. This has the potential to
increase efficiency in forensic casework analysis. This validation can
also serve as a starting point for future validations of the AB 3500 genetic
analyzers.

This presentation will impact the forensic science community by
validating the Applied Biosystems 3500 genetic analyzer and the
comparison of the PowerPlex® 16 HS and Identifiler® Plus amplification
kits on this instrument will provide the forensic science community with
information that will allow laboratories to make informed decisions about
the kits and equipment that would be best suited to their needs.

Applied Biosystems® 3500 series of genetic analyzers is the newest
technology available for forensic casework analysis and has not yet
been widely adopted by the forensic community. As such, there are
limited studies available that involve the performance of amplification kits
commonly used on these instruments. The Anne Arundel County Crime
Lab is currently upgrading from an AB 310 genetic analyzer to an AB
3500 genetic analyzer. The internal validation of this AB 3500 included
a comparison of the PowerPlex® 16 HS and Identifiler® Plus amplification
kits using casework samples and the manufacturer's recommended
protocols to determine if one had any advantages over the other, when
used in conjunction with the AB 3500. Analytical and stochastic
thresholds were calculated for both a 7-second and a 15-second
injection time, which were validated for casework analysis on this AB
3500. Precision, contamination, sensitivity, concordance, reproducibility,
and stutter studies were also performed during this validation. The AB
3500 generated complete and accurate forensic DNA profiles with both
kits and both injection times over a wide range of DNA target amounts
at amplification. However, the AB 3500 was able to generate more
complete profiles for lower level single source samples and mixture
samples using PowerPlex® 16 HS, when the same target amount of

DNA was used at amplification in each kit. Powerplex® 16 HS was also
shown to generate higher peaks across each dye channel on the AB
3500 when compared to Identifiler® Plus. Aside from this difference in
sensitivity, there were no significant differences in performance between
the PowerPlex® 16 HS and Identifiler® Plus amplification kits on the AB
3500. A denaturation and snap cooling study showed that the
denaturation and snap cooling step in the laboratory’s standard
operating procedures had no effect on the data produced by the AB
3500 with either kit. As a result of this validation, the Anne Arundel
County Crime Lab will continue to use the PowerPlex® 16 HS
amplification kit for casework analysis on their newly validated AB 3500
with a standard operating procedure that does not include the
denaturation and snap cooling step prior to an instrument run. Extended
use of the POP 4 polymer pouch was also investigated beyond the
recommended 7 days on the instrument after opening. Storing the POP
4 polymer in the refrigerator after opening, when it is not in use on the
instrument, was shown to extend the useful life of the polymer by several
weeks. Future studies may include manipulation of the amplification
cycles with Identifiler® Plus to see how the sensitivity of this kit can be
improved for lower level single source samples and mixture samples.
There is also a tendency for the D13 and D5 loci to dropout more
frequently in lower level samples than other loci with both PowerPlex® 16
HS and Identifiler® Plus on both the AB 3500 and the AB 310, which was
used in this validation for concordance studies. Future studies could be
undertaken to determine the cause of this imbalance.

AB 3500, PowerPlex® 16 HS, Identifiler® Plus

A50 Internal Validation of the AmpFeSTR®

Yfiler" Amplification Kit on a Life
Technologies™ 3130 Genetic Analyzer

Kathleen F. Jacque, BS* 13377 Woodland Ct, Big Rapids, Ml 49307;
Lynnett P. Redhead, MS, 7600 Barlowe Rd, Landover, MD 20785; and
Sarah E. Bowen, MS, and Pamela J. Staton, PhD, Marshall Univ, 1401
Forensic Science Dr, Huntington, WV 25701

After attending this presentation, attendees will understand the
process of an internal validation of the AmpFISTR® Yfiler" PCR
Amplification Kit on a Life Technologies™ 3130 Genetic Analyzer and the
efficiency of the amplification kit to reliably amplify and produce complete
and accurate Y-Short Tandem Repeat (Y-STR) profiles. The following
properties are taken into account: threshold, sensitivity, contamination,
precision, concordance, reproducibility, male-female mixtures, male-
male mixtures, and stutter.

This presentation will impact the forensic science community by
increasing throughput of casework and reducing backlog, which is one
of the main problems many laboratories face. By utilizing the Y-STR
selectivity to amplify STRs, the AmpFISTR® Yfiler™ PCR Amplification Kit
can be utilized in mixture samples to help reduce interpretation time.
Before implementing the AmpFISTR® Yfiler™ PCR Amplification Kit, an
internal validation is necessary to ensure that performance in the
laboratory is concordant with the performance demonstrated by the
manufacturer.

The successful validation of the AmpF{STR® Yfiler™ PCR
Amplification Kit may reduce the time spent on mixture interpretation and
can increase the throughput of the Prince George’s County Police
Department DNA Laboratory. Y chromosomal short-tandem repeat (Y-
STR) amplification is of interest at Prince George’s County Police
Department DNA Laboratory due to the overwhelming number of cases
with complex mixtures that the analysts encounter annually. Y-STR
amplification targets the male component, the Y chromosome, and can
be utilized in cases where the male component is of interest. The
AmpFISTR® Yfiler” PCR Amplification Kit is a multiplex assay that
amplifies 17 loci located on the Y chromosome: DYS456, DYS389I,
DYS390, DYS389Il, DYS458, DYS19, DYS385a/b, DYS393, DYS391,
DYS439, DYS635, DYS392, Y GATA H4, DYS437, DYS438, and
DYS448. The resulting profile is a human male haplotype. In autosomal
amplification, loci from several different chromosomes are amplified in
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one reaction, and in the case of mixture samples can be difficult to
interpret. Using a male specific kit, such as the YFiler™ kit, male profiles
can be isolated and aid in interpretation, especially in conjunction with a
genotype produced from autosomal analysis. The internal validation of
the Yfiler™ kit followed the SWGDAM validation guidelines along with a
comparison of analytical threshold calculations. The analytical threshold
calculations were completed using two different sample type runs using
a 5second capillary electrophoresis injection. The samples included
capillary electrophoresis run negative samples and YFiler™ amplified
samples (including samples, positive controls, and reagent blanks). For
the run negative analytical threshold calculations, the average and
standard deviation of the baseline height (disregarding internal size
standard pull up or known artifacts) and separated by dye channel. The
analytical threshold using YFiler™ amplified samples was calculated by
evaluating average height and standard deviation of the baseline
between allelic peaks (disregarding artifacts such as pull up and stutter).
Through both sample type calculations, the optimal analytical threshold
was found to be 150 relative fluorescent units (RFU) for a 5-second
injection time. A 10-second injection time also utilized a 150 RFU
analytical threshold, while a 200 RFU analytical threshold was utilized
for a 15second injection time. Full profiles were produced for a 5-second
injection time from a DNA input concentration of 2.0ng/uL to 0.250ng/uL,
with full profiles produced from 0.125ng/pL in six of 10 samples, and an
average of 11 loci for 0.0625ng/pL. For a 10 second injection time, a
DNA input concentration from 1.0ng/uL to 0.250ng/pL produced full
profiles, with full profiles produced from 0.125ng/pL in all but one of 10
samples, and an average of 14 loci for 0.0625ng/uL. Full profiles were
produced for a 15-second injection time from 0.50ng/pL to 0.125ng/uL,
with full profiles produced from 0.0625ng/pL in two of ten samples. In
the male-male mixtures, a full profile from the minor male component
was identified up to a 1:5 ratio and a 1:1:1 male mixture produced full
profiles for all male contributors. In the female-male mixtures, a full Y-
STR profile was obtained at ratios up to 1:1. Inhibition was observed at
ratios above 1:1, with an average of six loci called in the 1:100 male to
female ratio. A full male profile was produced from a 1:1:1 male to
female to female mixture. The studies illustrate that the Yfiler™ kit
successfully amplifies evidence samples from adjudicated cases, is
male specific, and precise.

Y-STRs, Internal Validation, Y-Chromosome

A51 Validation of the Applied Biosystems®

3500xL With PowerPlex® 16 HS

Christopher W. Thatch, BS* 16 Curry Ln, Milford, OH 45150; Danielle
Imes, MS, 843-849 N 8th St, Philadelphia, PA 19123; and Valerie K.
Bostwick, MS, and Pamela J. Staton, PhD Marshall Univ, 1401 Forensic
Science Dr, Huntington, WV 25701

After attending this presentation, attendees will understand the
procedures of the internal validation performed at the Philadelphia
Police Forensic Science Bureau on the Applied Biosystems® 3500xL
with PowerPlex® 16 HS. Attendees will learn which settings were
selected to optimize the use of this chemistry with the instrument as well
as the results of the various studies performed.

This presentation will impact the forensic science community by the
sharing of information in regards to the validation of a relatively new
platform to the field of forensics, the Applied Biosystems® 3500xL
Genetic Analyzer. This instrument will soon replace the Applied
Biosystems® 3130 Genetic Analyzer as the primary capillary
electrophoresis instrument used in forensic DNA laboratories. This
validation also incorporated a frequently used amplification chemistry,
Promega Corporation’s PowerPlex® 16 HS.

An important aspect of forensic science is the need to validate new
chemistries and instrumentation for use with STR analysis. An internal
validation must be performed on these new methods and technologies
prior to implementation in laboratory standard operating procedures.
This validation must demonstrate the ability of the procedure to obtain
reliable results, the ideal conditions to obtain these results, and the
limitations for this new procedure. An internal validation was performed

for the Philadelphia Police Forensic Science Bureau through the
National Institute of Justice Technical Assistance Program on the use of
PowerPlex® 16 HS amplification chemistry with the Applied Biosystems®
3500xL Genetic Analyzer. The 3500 Genetic Analyzer is a relatively new
platform to the field of forensic science and offers many advantages over
the previously used Applied Biosystems® 3130, such as, an improved
mechanical pump, new laser technology, more consistent temperature
control, prepackaged consumables, and reduced power requirements.
Data files are also saved in .HID format and analyzed with
GeneMapper® ID-X (Applied Biosystems). The PowerPlex® 16 HS
amplification chemistry, released in 2009, added hot-start Taq directly to
their mastermix, eliminating the need to purchase this reagent
separately, an advantage over the previously used PowerPlex® 16 kit.
PowerPlex® 16 HS also offers the ability to perform direct amplification
procedures, as well as an increased ability to perform in the presence of
inhibitors.

This internal validation incorporated a variety of studies to
demonstrate the reliability and reproducibility of this instrument with the
PowerPlex® 16 HS chemistry. These studies included the determination
of an appropriate analytical threshold through SWGDAM approved
methods, a stochastic threshold, an injection time and voltage that
provided optimal peak heights and peak height ratios, a sensitivity range
to provide the optimal input amount of target DNA, heterozygosity ratios,
and stutter percentages for comparison to manufacturer-recommended
values. Studies were run simultaneously on both the 3130xL and
3500xL instruments for the duration of the validation study. The results
from the 3500xL were compared with data collected from the 3130xL to
demonstrate concordance. Results collected for various other studies
were also compared between the two platforms including stutter ratios
and mixture interpretations. Samples were also analyzed to
demonstrate reproducibility across multiple amplifications and runs, and
were compared with the expected results from previously analyzed non-
probative casework samples. These non-probative casework samples
demonstrated various extraction methods and substrates typically
encountered in the Philadelphia Police Forensic Science Bureau. The
comparison of these results demonstrates instrument concordance.

Overall, results from the 3500xL were observed to contain peaks of
a greater intensity when compared to the 3130xL. The instrument also
provided accurate profiles with few artifacts across a wide range of input
target DNA. Based on the findings of these studies, specific settings
were recommended to be incorporated into the standard operating
procedure of the Philadelphia Police Forensic Science Bureau. These
settings included a set analytical threshold across all dye channels, a
stochastic threshold value to assist in the determination of true
homozygote peaks, an optimal target DNA range, laboratory specific
stutter ratios, and mixture interpretation guidelines. The instrument
produced reliable results with the PowerPlex® 16 HS amplification
chemistry and the use of this chemistry with the 3500xL was
recommended for future use.

PowerPlex® 16 HS, 3500xL, Validation

A52 \Validation and Comparison of the
AmpFeSTR® Identifiler® Plus PCR
Amplification Kit to Identifiler®, MiniFiler™, and
Yfiler® for the Pinellas County, Florida

Forensic Laboratory

Sarah E. Barr, BS*, 2007 7th Ave, Apt 815, Huntington, WV 25703; Chad
V. Summerfield, MS, 13204 Chipout Ln, Hudson, FL 34669; Season E.
Seferyn, MSFS, 8 Hapgood Hill, Huntington, WV 25705; and Pamela J.
Staton, PhD, West Virginia Univ, Forensic Science Center, 1401
Forensic Science Dr, Huntington, WV 25701

After attending this presentation, attendees will gain an
understanding of the Identifiler® Plus amplification chemistry’s
performance in various studies as compared to the Identifiler®,
MiniFiler™, and Yfiler® chemistries.
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This presentation will impact the forensic science community by
providing information about capabilities and limitations of Identifiler® Plus
under various conditions and on different instruments. By comparing
this amplification chemistry to other available chemistries, forensic
laboratories will have advanced insight into which chemistry may be best
suited for their specific needs.

Using these protocols, amplification of DNA samples must occur
prior to capillary electrophoresis in order to generate the desired human
identification profile required for presentation in court proceedings. The
type of amplification chemistry used in this process can affect the profile
obtained from the sample. The Identifiler® Plus amplification chemistry
from Applied Biosystems was selected for this study as it contains a
reportedly improved master mix, with AmpliTaq Gold® DNA Polymerase
already added to the mix as well as an enhanced formula to reduce
Polymerase Chain Reaction (PCR) inhibition of samples. The kit is
designed to provide improved sensitivity to enable use with low template
DNA samples, while also allowing for more effective analysis of mixture
samples. Identifiler® Plus uses fluorescent multi-color dyes to analyze 15
loci with alleles with overlapping size ranges. It follows the same design
as |dentifiler®, but is an improvement on the MiniFiler™ chemistry, which
only amplifies nine loci. Yfiler amplifies 17 Y-STR loci, so direct
comparisons could only be made for certain studies.

An internal validation of Identifiler® Plus was performed for the
Pinellas County Forensic Laboratory in Largo, Florida. Eight validation
studies were performed, including accuracy, precision, recovery,
linearity/sensitivity, range, mixture, carryover, and ruggedness.
Accuracy was determined from non-probative samples that simulated
casework, mixture samples created from positive controls, and all
positive controls used in the validation. Precision was measured from
the standard deviations of 48 allelic ladders and the 250 base pair (bp)
peak of all samples in the validation. A sensitivity study was used to
measure linearity, in that a range of DNA concentrations were amplified
in order to establish the optimal concentration for successful
amplification. 9947A and 007 control samples were used to create
mixture ratios ranging from 19:1 to 1:19. Ruggedness was determined
by amplifying the samples using three different thermal cyclers. All
negative controls used in the validation were analyzed for
contamination. The results were compared to the results of samples
amplified with Identifiler® as well as results from previous Identifiler®,
MiniFiler™, and Yfiler® validations. All samples were amplified for 28 and
29 cycles to determine the ideal PCR cycle number for Identifiler® Plus.
Additionally, the limit of detection and sensitivity samples were run on
three different genetic analyzers (two 3130 genetic analyzers and one
3130xI genetic analyzer) to ascertain any discrepancies between the
instruments.

The results of the validation supported the use of 28 PCR cycles
with Identifiler® Plus. The samples displayed greater sensitivity than
Identifiler® and were comparative to MiniFiler™ and Yfiler®. Results of the
precision study fell within manufacturer recommendations. Samples
demonstrated 100% accuracy and no contamination was present in any
of the negative controls used in the validation. Samples run at different
times and on different thermal cyclers were consistent with expected
results and with each other. Mixture samples could be resolved and full
profiles of the minor contributor were generated down to 6:1 and 1:9.
The samples run on the 3130xI genetic analyzer displayed greater
sensitivity than samples run on the 3130 genetic analyzer, but limit of
detection stayed the same for both instruments.

Identifiler® Plus, Validation, Amplification

A53 Detection of Differentially Methylated
Parental Allele in Imprinted Gene SNRPN
Using MS-SSCA

Hongmei Xu, PhD*, Yun Zhao, MS, Hui Li, MS, and Ziqin Zhao, MS, 138
Yixueyuan Rd, Shanghai, PEOPLES REPUBLIC OF CHINA

After attending this presentation, attendees will learn a new method
to identify differentially methylated parental alleles.

This presentation will impact the forensic science community by
using MS-SSCA in dried blood spots to identify differentially methylated
parental alleles.

In a classic forensic paternity test, the obligatory gene often cannot
be determined in motherless cases, or when the mother and child share
the same heterozygous genotype. Recently, the combination of Single
Nucleotide Polymorphism (SNP) typing and genomic imprinting has
shown promising potential in paternity testing or personal identification.
SNPs are the most abundant type of human polymorphism, and became
valuable markers for forensic identification and paternal testing.
Determining the parental origin of SNPs is helpful to some cases.
Genomic imprinting is the phenomenon where the two alleles of some
genes are differentially expressed according to their parental origin.
DNA methylation pattern of an imprinted locus is unique to each allele.
The parental origin of specific methylation status at the imprinted loci
provides a new means to detect the obligatory gene without
genealogical analysis. Classic techniques to detect the differentially
methylated parental alleles are methylation-specific PCR (MSP) and
post-digestion PCR. The established procedures; however, often
require relatively large amounts of DNA. In daily practice, samples
submitted for analysis might contain very small amounts of poor quality
material, as is often the case with forensic stain samples, while dried
blood spots have become preferred forensic samples in many forensic
laboratories, as they are easy to collect, transport, and store. In this
study, a new technique was developed that only requires small amount
DNA to identify the obligatory gene in forensic paternity testing. First, a
modified, more efficient method of bisulfite genomic sequencing in dried
blood spots was tested. Briefly, the genomic DNA extracted from 3mm
dried blood spots using QlAamp micro kit was treated with sodium
bisulfite (EpiTect) followed by methylation-specific PCR (MSP) and
Sanger sequencing. The imprinted region the gene, small nuclear
ribonucleotide protein N (SNRPN) was examined for differential
methylation. The data shows efficient DNA extraction and full
conversion of unmethylated cytosine to uracil. Second, the methylation-
sensitive single-strand conformation polymorphism (MS-SSCA) method
to detect the parental origin of the allele of SNP locus rs220030 (C/T)
was used. The SNP locus rs220030 is found in the promoter region of
the maternal imprinted gene SNRPN. Rs220030 (C/T) in maternal
imprinted gene SNRPN was typed using the TagMan SNP Genotyping
assay. The methylated status of maternal and paternal alleles were
determined by MS-SSCA on four family trios with heterozygous children.
The results have shown that MS-SSCA has great potential in the
discrimination of differentially methylated parental alleles of imprinted
genes in forensic paternity testing. This study suggested that bisulfite
treatment of genomic DNA, combined with classical non-denaturing
polyacrylamide electrophoresis can become a new parental origin
determination method in imprinted genes for forensic purposes.

DNA Methylation, Methylated Parental, MS-SSCA

A54 Evolving Strategies to Mitigate the
PCR Inhibitory Compounds Found in
Carpet Backing

Deanna M. Calabrese*, Carrie A. Thomas®, and Michael S. Adamowicz,
PhD*, Univ of New Haven, 300 Boston Post Rd, West Haven, CT 06516

After attending this presentation, attendees will have a better
understanding of the possible benefits of potential approaches to
processing carpet samples for DNA analysis in order to avoid the effects
of polymerase chain reaction (PCR) inhibitory compounds found in the
backing layers of interior carpet.

This presentation will impact the forensic science community by
providing experimental evidence indicating that the PCR inhibitory
compounds in carpet backing are concentrated in different layers of the
carpet. Results will also be presented that show that by only using a
portion of the backing layer, the effects of the inhibitors can be mitigated
or eliminated entirely. This study may suggest potential changes to
extraction protocols that laboratories may implement in order to increase
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the quality of the DNA profiles of samples collected from interior
carpeting.

A common feature of most residential homes, as well as many
commercial and public structures, is carpeting. Evidentiary biological
samples such as blood and semen are often collected from crime
scenes in the form of stains soaked into this interior carpet. Highquality
DNA profiles can be challenging to develop from these samples due to
the presence of PCR inhibitors that interfere with the amplification
process. In this study, 40 interior carpet samples were collected from
different manufacturers and commercial vendors and assessed for PCR
inhibition. The carpet was broken down into its four basic components:
the fibers, the first backing layer, the binding/adhesive layer, and the
second backing layer. Each component was examined individually and
the backing layers were examined together in all combinations in order
to identify if the PCR inhibitors were localized or were contained in more
than one component of the carpet structure. None of the carpet fibers
demonstrated any significant levels of PCR inhibition; however, 65%
(26/40) of the intact carpet backing layers demonstrated significant to
total inhibition of PCR product as measured with the Applied Biosystems
Quantifiler® human DNA kit. When separated into individual layers, or in
combinations of two out of the possible three layers, PCR inhibition was
most often apparent with the first backing layer and the binding/adhesive
layer. The second backing layer demonstrated little, if any, inhibitory
effects on PCR. These results were further supported when the
samples were amplified using the Promega PowerPlex® 16 HS short
tandem repeat kit. Samples extracted from the first backing and the
binding/adhesive layers demonstrated a reduced or absent STR signal,
while samples extracted from the second backing layer were rarely
affected. Data were collected showing that the PCR inhibiting
compounds co-extract with the DNA; extracts of DNA-free carpet were
not themselves inhibitory. Diluting the inhibited samples was effective at
restoring signal in some instances, but not in all of them, indicating that
a more efficient strategy to process samples would be to avoid the
inhibitory agents to the greatest extent possible. Dilutions can also
involve multiple trials, wasting sample that may already be in low
quantity.

In summary, two of the three layers that constitute the backing layer
of interior carpeting are indicated as containing the compounds
responsible for the PCR inhibition observed when working with biological
samples extracted from carpet. The carpet fibers and the second
backing layer do not demonstrate significant levels of inhibition. While
forensic DNA examiners could ideally avoid any PCR inhibition by only
processing the fiber layer, in a sample of low quality and/or quantity,
isolating every possible bit of DNA may be necessary to ensure the best
possible profile. Additionally, the fiber layer is the part of the carpet most
often cleaned in an attempt to destroy evidence, and therefore is not
always available. In these cases, examiners will need to use the carpet
backing; however, this study indicates that only the second backing layer
should be used in order to avoid the PCR inhibitory effects of the two
other layers.

DNA, Carpet, PCR Inhibitors

A55 STR Profiling of Bloodstained T-Shirts
Submerged in a Freshwater Lake

Jason G. Linville, PhD, UAB, UBOB 210, 1720 2nd Ave S, Birmingham,
AL 35294-4562; and Ryan F. Smith, BS* 1420 10th St S, Apt 223B,
Birmingham, AL 35205

After attending this presentation, attendees will have a greater
understanding of how bloodstains are affected by submersion in
freshwater environments for variable periods of time.

This presentation will impact the forensic science community by
providing data relevant to the effects water submersion has on the
appearance, DNA quantities, and STR profiling of bloodstains
submerged in freshwater environments for variable periods of time.

The success of DNA analysis is affected by the environment and
substrate from which the sample is recovered. The rate of DNA

degradation depends on light exposure, water content, temperature, and
the presence of microorganisms that may result in physical, chemical,
and biological degradation of the genomic DNA. Extreme environments,
such as submersion in water, can greatly reduce the likelihood of
successful short tandem repeat (STR) genotyping. Submerged samples
are exposed to the contents of the water, which may introduce inhibitors,
or degrade the bloodstain itself. Another factor acting on the bloodstain
is the mechanical action of water removing cellular material from the
substrate, washing away valuable evidence. To date, some research
has focused on developing methodology for extracting and typing DNA
from corpses, tissue, and bone that have been immersed in water;
however, little has been done to explore the possibility of testing
bloodstained clothing recovered from an aquatic environment.
Bloodstains found on submerged clothing may offer investigators
information regarding the identity of the victim and foreign DNA that may
belong to a suspect or witness to the crime.

DNA extraction and DNA typing of bloodstains immersed in water
have not been extensively studied. It can be envisioned that in certain
circumstances where a body is absent and only circumstantial evidence,
such as bloodstained clothing, may be the investigators’ only piece of
biological evidence. Dried bloodstains have been extensively examined
for successful extraction and typing. However, these same studies have
not been performed on bloodstains following submersion in water.

The goal of this study is to determine the effect water submersion
has on the recovery and amplification of DNA from bloodstained T-shirts
submerged in a freshwater lake for periods ranging from two minutes to
90 days. Based on the success of previous research on submerged
samples, this study evaluated and compared two extraction methods, a
phenol-chloroform method and the manufacturer’s protocol for a
commercial, silica-column-based kit. This study will serve as a baseline,
utilizing whole blood and a cotton substrate to minimize degradation and
possible inhibitors other than what is introduced by the aquatic
environment.

All bloodstains recovered from the lake, deionized water controls,
positive controls, and negative controls were divided and extracted using
two methods: a commercial, silica-column-based kit, and an organic
extraction method. DNA was quantified using real-time PCR, and STR
profiles were generated using a commercial multiplex kit.

Preliminary results suggest that bloodstains submerged for up to 24
hours are viable for obtaining quantifiable amounts of DNA capable of
producing full Short Tandem Repeat (STR) genotypes. Findings have
also shown that the appearance of the bloodstain following recovery
from the lake does not necessarily correlate to the success of DNA
analysis. The preliminary results from bloodstains submerged in
deionized water indicate greater quantities of DNA from the same time
periods, suggesting that either the water currents or contents impact the
amount of DNA retained by the substrate.

DNA Analysis, Bloodstains, Submerged

A56 Validation of an Alternative for DNA
Extract Purification Using the QIAamp®
DNA Mini Kit in mtDNA Analysis

Ashley M. Collins, MS*, Constance L. Fisher, PhD, and Erica M. Ames,
MS, FBI, 2501 Investigation Pkwy, Quantico, VA 22135

After attending this presentation, attendees will learn that the
QlAamp DNA mini kit is a viable alternative for extract purification from
hairs, blood, and buccal samples for mtDNA analysis.

This presentation will impact the forensic scientific community by
providing a study that compares extraction methods through mtDNA
amplification yields.

The purpose of this study was to determine if an alternative method
for DNA extract purification using the QIAamp® DNA Mini Kit is
comparable to the current method of Phenol Chloroform Isoamyl Alcohol
(PCIA) purification for hair, blood, and buccal samples. Side-by-side
comparison of the QlAamp® purification with the PCIA purification
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method was assessed by yield of amplified mitochondrial DNA, overall
sequence quality, and contamination susceptibility.

To test DNA extraction from hairs, 12 hairs from 10 different
individuals of known sequence were extracted and purified with both
methods (exception: 2 hairs from extensions made from human hair
were not previously sequenced). Hair cuttings effectively represented
samples of 2 cm, 1.5 cm, 1 cm, and 0.5 cm in length. Twice these
lengths were initially cut (no root material was used), ground in a
microtissue grinder in Stain Extraction Buffer (SEB), and incubated at
56°C for two hours to overnight. The extract volume was split into two—
one purified with PCIA and the other purified using the manufacturer’s
instructions for the QlAamp® DNA Mini Kit. The hair samples were
amplified for two subregions of HV1 and HV2: “HV1b” spanning
positions 16160-16390 and “HV2b” spanning positions 178-408 using
36 cycles. Post-amplification yields were measured using the DNA 1000
assay on the Agilent Technologies 2100 Bioanalyzer instrument. Cycle
sequencing was performed using the Big Dye Terminator v.1.1 Cycle
Sequencing kit. Post-cycle sequencing clean up was performed using
the CentriSep™ columns and then run on a 3130xl Genetic Analyzer
capillary electrophoresis instrument for visualization of the sequence
products.

In addition, 10 total blood and buccal samples from different
individuals of known sequence were extracted and purified with both
methods using a similar experimental design to the one described
above. For blood samples, approximately 1.5mm? cuttings were taken,
and . of a swab was cut for buccal samples. The DNA extracts from
the blood and buccal samples were amplified for the Whole Control
Region (WCR, spanning nucleotide positions 15998-616) using 32
cycles. Post-amplification yields were measured using the DNA 7500
assay on the Agilent Technologies 2100 Bioanalyzer instrument.

There was no effective difference in the yield of amplified
mitochondrial DNA based on length of starting material for the hairs
between the extracts purified with the different methods. In fact, no
overall pattern emerged in the data to indicate one method consistently
provided a higher yield over the other for hairs, blood, or buccal samples.
A vast majority of the samples exhibited little to no difference in the
amount of amplified mitochondrial DNA when comparing the two
procedures. One exception was a single observation of a threefold
higher difference in amplified mitochondrial DNA yield for one bloodstain
sample purified with PCIA. However, the extract from the corresponding
QIAamp® purification for that bloodstain appears to have been inhibited,
since dilution of the extract was required for successful amplification. It
is also important to note that two other bloodstains had a 1.7-1.9 fold
higher yield with QlAamp®. Both these observations, taken with the fact
that all yields for the blood samples were relatively low, indicate caution
is necessary when making the decision as to which treatment to use
when processing bloodstains. There was virtually no difference in the
sequence quality generated or the number of length variants detected
between the two purification methods. The results also indicate little
difference between the two methods with respect to the incidence of
contamination, despite the higher number of manual manipulations with
the QIAamp® columns. Therefore, using the QlIAamp® DNA Mini Kit for
purification for hair, blood, and buccal samples is a viable alternative to
PCIA purification.

Extraction, mtDNA, Comparison

A57 Evaluation of Commercial Kits for Co-

Extraction of RNA and DNA From Human
Body Fluids

Andrew J. Schweighardt, PhD, FBI, 2501 Investigation Pkwy, Quantico,
VA 22135; Kristina A. Scott, MS, 4008 Farrington Ct, No 101,
Woodbridge, VA 22192; Courtney M. Tate, PhD, 433 E Merrill,
Indianapolis, IN 46225; and Kathryn A. Harper, MS, and James M.
Robertson, PhD* FBI, CFSRU, 2501 Investigation Pkwy, Quantico,
VA 22135

After attending this presentation, attendees will learn that for
situations for which both RNA and DNA are desired from the same
evidentiary sample, valuable material and time can be saved by
simultaneously processing the sample using various commercial kits.

This presentation will impact the forensic science community by
providing information that may aid forensic scientists in making a
decision as to which commercial kit to use for the dual extraction of RNA
and DNA. Attributing a stain recovered from a crime scene to a
particular anatomical tissue may aid in predicting the success of DNA
profiling efforts, as well as helping to reconstruct the crime. RNA is
transcribed in a tissue-specific manner and, thus, the reverse
transcription of RNA and subsequent amplification of tissue-specific
markers have been developed to supplement more conventional
methods of body fluid identification. The simultaneous extraction of both
RNA and DNA from the same stain is desirable in order to use the least
amount of evidence in the analysis.

The purpose of this study was to evaluate several dual extraction
methods for their ability to provide DNA and RNA of sufficient quality and
quantity for successful downstream applications. Blood and saliva
samples were collected from 30 donors. A preliminary study was
performed with blood spotted onto cotton swabs for 10 donors. In order
to establish a reference to which the dual extraction kits could be
compared, samples were purified with traditional DNA and RNA
extraction methods (i.e., organic extraction, Ambion® RNAqueous®, and
TRIzol® Plus). The dried spots were co-extracted using the Zymo
Research ZR-Duet™ DNA/RNA MiniPrep kit, the Qiagen® AllPrep
DNA/RNA Mini kit, the Norgen Biotek RNA/DNA/Protein Purification
Plus kit, and the Fisher SurePrep™ RNA/DNA/Protein Purification Kkit.
Purified RNA was reverse transcribed to cDNA. Both DNA and cDNA
were quantified by real-time PCR. Amplification of cDNA was carried out
using primers for fluid-specific markers and purified DNA was amplified
using primers for STR markers. All amplicons were detected on a
capillary electrophoresis instrument.

Quantification of the DNA extracts indicated that the highest
average concentrations were observed with the Zymo and Qiagen kits
(0.828 and 0.318 ng/uL, respectively). The lowest average
concentrations were observed with the Norgen and Fisher kits (0.013
and 0.007 ng/uL, respectively). The peak heights and the frequency of
artifacts or aberrations such as allele dropout were used to assess the
quality of the STR profiles generated from co-extracted DNA.

The ability of each kit to yield RNA extracts free of genomic DNA
contamination without relying on optional DNase treatments was
examined. Laboratories that analyze nuclear DNA are unlikely to allow
the incorporation of DNase in the workflow. The detection of a
housekeeping gene (beta-2-microglobulin) and a blood-specific marker
(erythroid delta-aminolevulinate synthase) were used to assess the
ability of co-extracted RNA to yield successful identification of the body
fluid source tissue.

The results of the preliminary study were used to select the best of
the four kits for further analysis of both blood and saliva samples from
the remaining 20 donors. In addition to assessing extraction efficiencies
and the quality of genetic profiles generated, the co-extraction methods
were evaluated for cost, user-supplied reagents, sample processing
time, hazardous waste generation, and required bench skills. Stand-
alone DNA or RNA purification methods generally offer better extraction
efficiency, but co-extraction methods may still provide a complete
genetic profile while simultaneously identifying the tissue source of the
stain from which a profile has originated.

RNA and DNA, Co-Extraction, Body Fluid Profiling
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A58 Comparative Evaluation of Methods
to Remove Exogenous DNA From
Tooth Samples

Kelly Desouza, BS* Harris County IFS, 1885 Old Spanish Tr, Houston,
TX 77054; Rebecca S. Mikulasovich, MS, 4737 Merwin St, Houston, TX
77027; and Michael A. Donley, MS, and Roger Kahn, PhD, Harris
County IFS, 1885 Old Spanish Tr, Houston, TX 77054

After attending this presentation, attendees will have an
understanding of the development of a decontamination method that is
effective for the removal of nanogram quantities of exogenous DNA from
tooth samples.

This presentation will impact the forensic science community by
demonstrating the effectiveness of a decontamination method that will
remove amounts of exogenous DNA from a tooth expected from normal
handling by examiners not protecting the samples from contamination.
Forensic laboratories will be able to adopt this method to prevent
contamination of these types of samples.

This presentation will summarize the evaluation of several methods
for the removal of exogenous DNA deposited during previous
examination, handling, or comingling of forensic tooth samples. All
treatments for tooth and bone decontamination, including the original
Harris County Institute of Forensic Sciences (HCIFS) method, were
tested by adding and attempting to remove increasing amounts of DNA
from teeth. An optimal method for DNA removal was identified and
subsequently validated for use on forensic casework tooth and bone
samples submitted to the HCIFS laboratory.

DNA extracted from tooth samples can provide powerful
information in both forensic casework and missing person identification.
The presence of surface DNA contamination from previous
examinations or comingling can provide misleading or confusing results,
however. This study approached systematically the development of a
method to effectively remove surfacecontaminating DNA by assessing a
variety of removal methods in various combinations. These techniques
included prolonged soaking in bleach and/or deionized water, rinsing
with deionized water and/or ethanol, and exposure to UV irradiation.

Sixteen combinations of the techniques were tested for their ability
to remove five levels of exogenous DNA, at 5ng, 10ng, 25ng, 50ng, and
100ng. One combination, treatment “M,” comprised of 10 minutes of
exposure to 5% bleach, to deionized water, and to UV irradiation at
120,000 pJoules/cm? followed by a physical scrub and an ethanol rinse
was the most effective method. Treatment M removed all but 0.4% of
the highest level of exogenous DNA, a 36-fold improvement from the
original HCIFS method.

Using the improved decontamination method M, results were
reproducible, with no exogenous DNA detected for eight of the ten
animal tooth-human saliva samples tested. Two samples, dosed with
25ng and 50ng amounts of exogenous DNA, yielded DNA residual
amounts of 0.04ng and 0.16ng, respectively. For those two samples,
4.0% and 6.0% of the donor profiles were observed, on average, with
standard deviations of 0.14 and 0.04, respectively. All other samples,
with donor DNA amounts ranging from 0.1 to 22.4ng of DNA, yielded
negative amplification results (that is, no alleles detected). Six of the ten
samples decontaminated using the original HCIFS method yielded
sufficient exogenous DNA to produce full STR profiles.

All non-probative human tooth samples cleaned using treatment M
produced single-source profiles from the tooth donors only; no
exogenous DNA was detected. Using the original HCIFS method, one
tooth, a molar with 1uL of human saliva containing 22.4ng of DNA
added, yielded a mixture of DNA from the exogenous DNA source and
the tooth donor. These results indicate that treatment M is a more
effective method for decontamination of a tooth than the original HCIFS
procedure, removing substantially more exogenous DNA than all other
methods tested. The procedure known as treatment M, a multi-step
process removing exogenous DNA, may be of general utility of cleaning
teeth prior to analysis.

Tooth, Bone, Decontamination

A59 Internal Validation of the AmpFeSTR®
Identifiler® Plus PCR Amplification Kit and
Comparison to Identifiler® for the Boston

Police Department Crime Laboratory

Allison Gapinski, BS* Forensic Science Center, 1401 Forensic Science
Dr, Huntington, WV 25701; Julie K. James, MS, One Schroeder Plaza,
Boston, MA 02120; and Misty Marra, MSFS, and Pamela J. Staton, PhD,
Forensic Science Center, 1401 Forensic Science Dr, Huntington,
WV 25701

After attending this presentation, attendees will be well-informed of
the performance of the Identifiler® Plus amplification chemistry on
reference and mock casework samples as compared to the Identifiler®
amplification chemistry.

This presentation will impact the forensic community by comparing
and contrasting the performance of Identifiler® versus Identifiler® Plus,
and discussing the improvements and limitations of Identifiler® Plus so
DNA laboratories may determine which amplification chemistry is best
suited for their individual needs.

Amplification is an important step in the process of generating a
DNA profile, allowing as little as a few cells to generate millions to billions
of copies so that the sample DNA can be detected. The amplification kit
selected can affect the quantity and quality of results obtained.
Therefore, great care should be taken in choosing the DNA amplification
kit that is best suited for the needs of the laboratory. The Identifiler® Plus
amplification chemistry is an improvement over the first generation
Identifiler® amplification kit. \While both kits amplify the same loci with the
same primer sequences in the same concentrations, the Identifiler® Plus
amplification kit has demonstrated improved performance on severely
inhibited samples, greater sensitivity, improved performance on mixture
samples, a cleaner baseline, and a reduced number of artifacts due to
an improved primer manufacturing process. The Identifiler® Plus
amplification kit is able to amplify a lower target amount with the same
or better sensitivity as the Identifiler® amplification kit. The Identifiler®
Plus amplification time is also one hour shorter than Identifiler® time.

An internal validation was performed for the Identifiler® Plus
amplification kit at the Boston Police Department Crime Laboratory. The
results of the validation support a protocol of amplification for 28 PCR
cycles with a DNA target input of 0.75ng and an injection time of 10
seconds on a 3130x| genetic analyzer. The validation studies confirmed
the precision stated by the manufacturer for the kit and showed full
concordance in allele calls with the Identifiler® amplification kit. The
sensitivity studies showed that full singlesource profiles above the
analytical threshold could be obtained from a target input of 0.125ng, but
not all peaks were above the stochastic threshold at that target.
Reproducibility in allele calls and peak heights was also seen in samples
that were amplified two weeks prior. Mixture studies demonstrated that
the Identifiler® Plus amplification kit was able to detect a mixture sample
when the minor component was present as 5% of the total DNA and that
a full profile from the minor component was often generated when
present as 25% of the mixture sample. A full profile for the minor
component was rarely obtained when the minor component was present
as 10% of the total mixture. No contamination was found in the negative
controls throughout the validation studies.

The Identifiler® Plus internal validation instituted a double threshold
for analysis, with an analytical and stochastic threshold put in place.
This varied greatly from the single calling threshold that was in place with
the Identifiler® amplification kit. Amplification with Identifiler® Plus on
touch DNA and degraded samples provided more allele calls than when
the samples were amplified with Identifiler®, due to both the increased
sensitivity and performance of the kit, as well as the lower analytical
threshold in place for calling. However, many alleles that had previously
been able to be used for statistical purposes in the Identifiler®
amplification samples were now falling between the analytical and
stochastic threshold for the Identifiler® Plus samples. These alleles were
no longer able to be used in statistics and could be used for exclusions
only. Nevertheless, the Identifiler® Plus amplification kit provided more
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information overall and should be considered for use over the Identifiler®
amplification kit.
Identifiler® Plus, Validation, Comparison

A60 An In-Depth Look: 412 Property Crime
Cases From the Low-Country Region of
South Carolina

Season E. Seferyn, MSFS*, 8 Hapgood Hill, Huntington, WV 25705;
Sarah E. Barr, BS, 2007 7th Ave, Apt 815, Huntington, WV 25703; Judith
Gordon, MS, Charleston Police Dept, Forensic Services Division, 180
Lockwood Blvd, Charleston, SC 29403; and Jason Chute, MSFS, and
Terry Fenger, PhD, 1401 Forensic Science Dr, Huntington, WV 25701

After attending this presentation, attendees will understand what
constitutes a property crime according to South Carolina legislation and
will be introduced to potential patterns and trends noted in this study of
412 cases and 879 questioned samples. Questioned samples and
sample types will be explored as to which resulted in profiles and/or
CODIS hits.

This presentation will impact the forensic science community by
highlighting the questioned samples and sample types that produced
DNA profiles. The types of samples analyzed (blood, saliva, and touch)
as well as whether the crime was against a residence, public
building/business, person, or vehicle will be discussed.

The low-country region is a geographical region that includes
Charleston, South Carolina and the surrounding counties. The four
agencies that submitted cases for this project included: the Mount
Pleasant Police Department, the Charleston Police Department, the
Charleston County Sheriff's Office, and the North Charleston Police
Department.

According to South Carolina Legislature, Chapter 11, Offenses
against Property, a property crime includes arson, burglary,
housebreaking, robbery, and robbery of a person operating a motor
vehicle. The distinction between burglary and breaking and entering will
also be noted.

In total, 879 questioned samples were processed and analyzed as
part of this project. Of the questioned samples 378 were blood, 151
were saliva, and the remaining 350 samples belonged to the category
“touch.” A brief description of items in this category will be explained. Of
the blood samples 94% produced DNA results, additionaly, 64% of the
saliva samples and 25% of the touch samples resulted in DNA results.

Of the cases submitted, 36% of the cases were crimes against a
residence, 30% of the cases were crimes involving a public building or
business, and 33% of the cases were against a vehicle. Less than one
percent of the cases submitted were committed against a person.
Although all three major categories of crimes had roughly the same
number of cases, the types of samples collected (blood, saliva, and
touch) differed greatly. Those samples that produced a DNA profile
and/or a CODIS hit will be discussed and compared in each of the three
categories.

The results were surprisingly variable. One may anticipate that
similar percentages of blood, saliva, and touch samples would be
collected at a crime against a residence, public building/business,
person, and vehicle, but that does not appear to be the case.
Hypotheses will be discussed as to why those differences may have
occurred.

This presentation will be followed by a comparison presentation
regarding the property crimes cases analyzed from different states. In
total, the project will involve three locations and over 1,800 cases. A
snapshot of an additional future study will also be noted in this poster. It
will briefly address what percentage of each case resulted in a
conclusion in the adjudication process.

The trends noted across these 412 cases will be presented. It is
recommended that persons in the field, especially individuals involved
with the collection of evidence and those involved in DNA analysis
should become familiar with the patterns visible in this study.

Property Crime, South Carolina, DNA

A61 Multivariate Statistical Evaluation of
Bacterial rRNA16S V4-V6 Sequencing

to Identify Soil Evidence

James Hopkins, BA*, and David R. Foran, PhD, Michigan State Univ,
Forensic Science Program, 560 Baker Hall, East Lansing, M| 48824

After attending this presentation, attendees will understand the
forensic identification of soil samples based on next-generation
sequencing and multivariate statistical analysis of 16S ribosomal RNA
bacterial sequences.

This presentation will impact the forensic science community by
introducing a novel molecular approach to soil identification. The
advantages of assaying bacterial 16S rRNA loci compared to traditional
physical and chemical evaluation of soil samples will be illustrated with
an emphasis on the implementation of statistical methods for
mathematically confident soil identifications.

Forensic soil analysis has historically been conducted through
physical and chemical examination, including color determination,
particle size distribution, and chemical component analysis. While these
procedures have met with some success, there are a number of
shortcomings, including lengthy preparation times, the amount of
sample available for testing, subjectivity of results, and inconclusive
data. Development of methods that reliably and statistically show soil
origination is imperative.

Over the last eight years, forensic biologists at Michigan State
University have been examining various molecular methods for
characterizing and identifying soil samples based on their microbial
populations. Early investigations using Terminal Restriction Fragment
Length Polymorphism (T-RFLP) analysis showed that bacterial
communities tend to differ among soils but often produce extremely
complicated profiles, making reproducibility difficult. Further, these
methods do not allow statistical analyses. Quantitative Polymerase
Chain Reaction (QPCR) was then employed to assess if proportional
comparisons of specific bacterial populations could differentiate soils.
Pairwise comparisons of soil samples showed potential for differentiating
them; however, not all soils could be completely separated.

With recent advances in technology, sequencing large quantities of
DNA is both feasible and relatively inexpensive, making it a viable option
for forensic utilization. In this study, soil samples from a wood lot, a
marsh, and a yard were collected over time, and DNA was isolated.
Using barcoded universal bacterial 16S rRNA primers, which allow for
multiple samples to be sequenced and differentiated bioinformatically,
the V4-V6 regions were amplified and sequenced using high-throughput
pyrosequencing. Sequence files were processed using the software
“mothur,” where barcodes and sequences too short or with ambiguous
base calls were removed, and informative sequences aligned. A square
phylip-formatted distance matrix was produced showing the pairwise
distances between each sequence in the data set with a cutoff of
distances greater than 0.30. Bray-Curtis and Sgrensen indices were
also calculated to exemplify the compositional dissimilarity between the
samples. Additionally, the sequences were clustered into operational
taxonomic units, which are bins composed of sequences 97% or more
similar, based on the average neighbor method.

Nonmetric Multidimensional Scaling (NMDS) and Principal
Component Analysis (PCA) were employed to evaluate the
reproducibility of the analysis, and to examine which was more
appropriate for the data set. NMDS is a numerical ordination technique
that searches for a true best solution to the explicitly chosen axes. It has
advantages over PCA in that it does not assume linear relationships
within the data and is outside the restraint of the eigenvalue-eigenvector
technique. However, NMDS is limited in that, being a numerical
technique, it allows the possibility of different outcomes under the same
conditions, and may not identify the true best solution based on
computational limitations. PCA is an analytical ordination technique that
identifies relationships based on variance. The first principal
component, or axis, is plotted to include the greatest variance within the
data set. A second principal component is then plotted perpendicular to
the first along the axis of the second greatest variance. More principal
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components can be plotted; however, three is usually sufficient to
elucidate relationships and more than three becomes difficult to
visualize. PCA has advantages over NMDS in that the plot produced is
easily understood and clearly illustrates relationships within the data set
as well as reducing subjectivity in that axes are chosen based on the
linear relationships in the data.

The ability to identify unknown soil samples via these techniques
was then investigated. “Questioned” samples were picked blind from
the original soil plots and processed as above. Based on both NMDS
and PCA plots, the questioned samples were statistically included within
the appropriate soil site. Likewise, samples 10 feet from the original
collection sites were tested. The methodology proved useful for both
assigning the origin of soil, and giving a percent confidence of
association to that group. Plots designed by the software are easy to
understand and explain in court. Furthermore, the addition of statistical
confidence allows the technique to be more readily accepted as a
reliable identification process, and helps meet Daubert considerations
thus, this methodology has clear utility for forensic scientists.

Soil Identification, Multivariate Stats, DNA Pyrosequencing

A62 Internal Validation of the PowerPlex®

Y23 Amplification Kit for Use in
Forensic Casework

Jessica K. Tokarz, BS*, 120 Riverview Dr, Barboursville, WV 25504;
Scott C. Milne, BS, and Sarah E. Hardy, BS, Colorado Springs Police
Dept, Metro Crime Laboratory, 705 S Nevada Ave, Colorado Springs,
CO 80903; Pamela J. Staton, PhD, Forensic Science Center, 1401
Forensic Science Dr, Huntington, WV 25701; and Kathleen A. Mayntz-
Press, MSFS, PO Box 6638, MD 1150, Phoenix, AZ 85005-6638

After attending this presentation, attendees will understand the
added advantage for using a Y-Chromosome Short Tandem Repeat (Y-
STR) amplification kit in forensic DNA testing and the ability of
PowerPlex® Y23 to perform effectively in the Colorado Springs Metro
Crime Laboratory.

This presentation will impact the forensic community by
demonstrating the robustness, reliability, and reproducibility of
PowerPlex® Y23 in a forensic DNA laboratory setting through
comparison with other commercially available Y-STR amplification kits
and full validation.

Over the past decade, forensic laboratories have come to rely on
commercially available Y-STR kits as a fundamental tool in forensic DNA
casework where the identification of male specific DNA is essential. In
an admixed sample, foreign DNA from a male is often masked by high
levels of female DNA. Autosomal STR (short tandem repeat) analysis in
admixtures often results in a DNA profile with major female alleles and
minor male alleles. The minor male alleles are either difficult to
distinguish from stutter peaks in the mixed profile or absent due to
preferential amplification of the female DNA. However, the male-specific
nature of Y-STR analysis allows for targeted amplification of male DNA
with no amplification of female DNA, even when present in the mixture
at high levels. Additionally, Y-STR analysis is advantageous in sexual
assault cases involving multiple male assailants where autosomal STR
analysis is ambiguous regarding the number of contributors to the
mixture. Furthermore, Y-STR analysis is valuable in cases where mixed
gender DNA cannot be segregated by differential extraction, such as
evidence from azoospermic or vasectomized males and blood-blood or
blood-saliva mixtures.

The initial stage of this study focused on the comparison of three
commercially available Y-STR kits: the eleven loci PowerPlex® Y kit
(Promega Corporation), the sixteen loci Yfiler™ kit (Applied Biosystems-
Life Technologies), and the twenty-three loci PowerPlex® Y23 kit
(Promega Corporation). Precision, sensitivity, and mixture interpretation
capabilities were compared for the purpose of identifying the optimal kit
for implementation at the Colorado Springs Metro Crime Laboratory. In
these comparisons, all three kits demonstrated comparable
performance in precision and mixture interpretation. On the other hand,

PowerPlex® Y exhibited superior sensitivity over Yfiler™ and PowerPlex®
Y23, with less allelic drop out at DNA target concentrations below
0.125ng/uyL.  Despite an increase in allelic drop out at low
concentrations, however, Yfiler" and PowerPlex® Y23 exhibited an
increase in the number of allele calls overall compared to PowerPlex® Y
at the same concentrations. PowerPlex® Y23 provided significantly
more allele calls for all concentrations tested and was therefore chosen
for full internal validation.

During internal validation, PowerPlex® Y23 was examined for
precision, sensitivity, mixture interpretation, stutter, analytical and
stochastic thresholds, reproducibility, concordance, and contamination.
Precision of the 3130 AB Genetic Analyzer using PowerPlex® Y23 was
evaluated using an allelic ladder. The average standard deviation for
each allele at all loci was calculated. All loci as well as all alleles within
each locus exhibited an average standard deviation value less than
0.15, indicating compliance with the 95% confidence interval. Sensitivity
data was collected for DNA target concentrations of 0.0312, 0.0625,
0.125, 0.25, 0.5, 1.0, and 2.0ng/uL with amplicon loads of 1, 2, and 3uL
at injection times of two, five, and ten seconds. For standard run
parameters of 1uL amplicon load and a five second injection, the target
DNA concentration range capable of producing a full profile was 0.125
to 2.0ng/pL. However, the recommended target DNA concentration
range is 0.5 to 1. Ong/pL. Increasing the amplicon load resulted in little
success in generating additional allele calls where allelic drop-out had
occurred. However, increasing injection time generally increased the
number of allele calls, but did not result in a full profile at concentrations
lower than 0.125 ng/uL. Decreasing the injection time from five to two
seconds successfully decreased pull-up and extraneous artifacts in
overloaded samples. Previously extracted non-probative samples as
well as DNA standards were used to determine reproducibility and
concordance. Since the Colorado Springs Metro Crime Laboratory does
not currently perform Y-STR typing, each sample was amplified using
Yfiler™ and PowerPlex® Y23. All samples produced reproducible results,
and all alleles shared between Yfiler™ and PowerPlex® Y23 kits exhibited
100% concordance.

Y-STR, Forensic DNA Testing, PowerPlex® Y23

A63 A Study of Recombination Between
15 X-Chromosomal Short-Tandem
Repeat Markers in Multigenerational
Family Pedigrees

Toni M. Diegoli, MFS*, 115 Purple Heart Dr, Dover AFB, DE 19904, and
Michael D. Coble, PhD, 100 Bureau Dr, MS 8312, Gaithersburg, MD
20899-8312

After attending this presentation, attendees will have a better
understanding of the considerations involved in utilizing multiple Short
Tandem Repeat (STR) markers located on the X chromosome after
viewing the results of an NIJ-funded study into the recombination rate of
15 X chromosomal STR (X STR) markers that have previously been
shown to be highly polymorphic in United States populations.

This presentation will impact the forensic science community by
providing an understanding of how the organization of 15 X STRs across
the chromosome affects their practical application in the forensic
laboratory while increasing awareness of their potential utility. In
addition, this presentation will describe one of the hurdles that must still
be addressed for this marker system prior to routine use, prompting
other scientists and laboratories to contribute to the accumulation of this
important foundational data.

X-chromosomal STR (X STR) markers have recently been
recognized as useful tools to supplement traditional kinship testing in the
forensic setting. Development of assays allowing the multiplex detection
and analysis of various combinations of X STRs has spawned numerous
publications reporting the standardization of repeat structure and
distribution of allele frequencies in a number of populations across the
globe. However, far fewer studies have been published exploring the
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practical implications of utilizing markers located on a single
chromosome.

According to the 1991 report of the International Society for
Forensic Genetics (ISFG; formerly ISFH (Hameogenetics)) relating to
the use of DNA polymorphisms in paternity testing, questions of
independent assortment must be addressed for any forensic marker
system. For autosomal STRs, this ensures that the product rule can be
used to multiply individual marker frequencies together to determine the
overall rarity of a profile. It does not preclude the use of linked markers,
however, Y chromosomal STRs, for example, are linked to one another
and are considered together as a group called a haplotype. Haplotype
frequencies are measured directly from population data, and the
counting method is used to determine the rarity of the profile. It follows
that X chromosomal STRs may require a combination of the two
techniques: the organization of several physically close markers into
linkage groups, forming haplotypes, whose frequencies could then be
multiplied together once independent assortment of the groups or
“pblocks” was established. Early linkage studies produced a map of the
X chromosome that divided 16 X chromosomal STRs into four linkage
groups and most subsequent studies have employed this model when
considering markers to include in novel multiplexes as well as a currently
available commercial X STR kit.

At the Armed Forces DNA Identification Laboratory, two multiplexes
consisting of a total of 15 X STR markers (DXS 89, DXS9902, DXS7132,
DXS7130, DXS6795, DXS10147, DXS8378, DXS7423, HPRTB,
DXS101, DXS7424, GATA31E08, GATA172D05, GATA165B12, and
DXS6803) have been characterized and allele frequencies determined
for several different populations. In order to evaluate the organization of
these markers into the four proposed linkage groups, 58 families (832
individuals) satisfying the requirements of linkage study (multiple
generations and offspring) have been acquired and investigated. In this
presentation, the results of this NIJ-funded study, demonstrating
recombination between markers within the same proposed linkage
group as well as confirming a mutation rate for X STRs on the order of
10* will be presented. These results confirm the hypothesis that for
these 15 markers, recombination is not a negligible factor in the
statistical interpretation of an association between individual and/or
family profiles.

The opinions and assertions contained herein are solely those of
the authors and are not to be construed as official or as views of the
United States Department of Defense, the United States Department of
the Army, or the National Institute of Justice.

Recombination, Linkage, X STRs

A64 Cell Surface Hydrophobicity of Biothreat
Agents: A Novel Forensic Signature for
the Attribution of Microbial Biocrimes

Jessica M. Haithcock, BS*, 6006 Sugarbush Dr, Richmond, VA 23225;
Cristina Stanciu, and Gabrielle Vita, 1015 Floyd Ave, Rm 2015,
Richmond, VA 23284, and Christopher Ehrhardt, PhD, 1015 Floyd Ave,
Grace E. Harris Hall South, Rm 2014, Richmond, VA 23112

After attending this presentation, attendees will understand the
significance of the growth medium composition on bacterial signatures,
the analytical considerations for microbial hydrophobicity assays, and
the forensic issues associated with microbial threat agent identification
and characterization.

This presentation will impact the forensic science community by
introducing a new technique that can assist future biocrime
investigations. Because an organism’s hydrophobicity phenotype is
influenced by taxonomy and the laboratory conditions used for culturing,
analyzing these signatures may help provide leads and/or exclude
suspects during a forensic investigation.

The Amerithrax investigation in 2001 highlighted the need for
forensic signatures that can rapidly identify a threat agent and determine
the laboratory in which it was cultured. Since 2001, many methods have
been developed to identify the species or strain of organisms in evidence

recovered from a biocrime; however, few forensic signatures exist that
indicate the culturing conditions of a threat agent and, therefore, the lab
of origin. The few signatures that do exist require significant amounts of
sample (~1x10° cells) that is often prohibitive in a forensic investigation.
Most strikingly, there are no analytical techniques that simultaneously
provide both types of information.

One promising strategy for addressing this need is analyzing an
organism’s cell surface hydrophobicity. The surface hydrophobicity of
microorganisms is influenced by the proteins, lipids, and carbohydrates
present on the membrane. The presence of these extracellular
substances is affected by the nutrients in the growth medium and varies
between culturing environments (i.e., different laboratories). Procedures
for measuring bacterial hydrophobicity are well documented and include
microbial adhesion to hydrocarbons (MATH) and hydrophobic
interaction chromatography (HIC). These techniques are rapid (<10min
per sample), relatively inexpensive, and simple to execute. Despite
these advantages, MATH and HIC have never been applied biothreat
agents in a forensic context.

The goal of this study was to test whether the cell surface
hydrophobicity could be used to determine the species/strain of an
organism, the cell type (vegetative or spore cell), and the growth
conditions used to cultivate an unknown organism (e.g., peptone- or
tryptone-containing medium). The following organisms were used for all
experiments:  Bacillus cereus T-strain (BcT) vegetative cells, BcT
spores, and E.coli. The cell surface hydrophobicity of each sample was
measured using MATH and HIC techniques. For the MATH assay,
spectrophotometric absorbance was measured for the initial and final
cell concentrations of the bacteria suspended in 1xPBS that had been
mixed with equal volumes of hexadecane. The HIC assay involved
applying the bacterial suspension (in dH,O) to a HP lon Exchange
column and measuring the proportion of microbes adhering in the
column.

Results from the MATH assay showed that E.coli has a higher
surface hydrophobicity than BcT vegetative cells (30% and 16%
adhesion, respectively). In addition, B¢T spores had a higher affinity for
hexadecane than BcT vegetative cells (57% and 16% adhesion,
respectively). BcT spores grown in six different medium formulations
showed little variation in hydrophobicity with all samples ranging
between 60% and 70% adhesion to hexadecane. ANOVA analysis of
the MATH data confirmed that there were no significant differences in
hydrophobicity across the six growth media types.

Results from the HIC assay also showed Escherichia coli and
Bacillus cereus vegetative cells had different levels of hydrophobicity,
25% and 50% retention in the column, respectively. In addition, BcT
spores had an affinity for the HP lon Exchange approximately 20%
higher than BcT vegetative cells (51% and 61% retention, respectively).
An increase of ionic concentration of the suspension increased the
affinity of the BcT spores by approximately 25%. This suggests BcT
spores are sensitive to ionic interactions on cell surface and
functionalized substrates. Given that sporulation media differs in
nutrient and metal availability, the HIC assay may be a good indicator of
culturing conditions. Since the MATH assay was demonstrated useful
for species identification and discrimination between cell types, the
combination of these two hydrophobicity assays may be a powerful
technique for forensic characterization of unknown organisms in a
suspected biocrime.

Bacillus Cereus, Biocrime, Hydrophobicity
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A65 Maximizing mtDNA Testing Potential With
the Generation of High-Quality mtGenome
Reference Data

Rebecca S. Just, MFS, 1413 Research Blvd, Bldg 101, 2nd FI, Rockuville,
MD 20850; Melissa K. Scheible, MFS, 15245 Shady Grove Rd, Ste 335,
Rockville, MD 20850; Spence A. Fast, MS* Kimberly S. Andreaggi,
MFS, and Jennifer L. Higginbotham, MFS, 115 Purple Heart Dr, Dover
AFB, DE 19902; Elizabeth A. Lyons, MFS, 7320 N Canal Rd, Lansing,
MI 48913; Jocelyn M. Bush, MSFS, Michelle A. Peck, MFS, and Joseph
D. Ring, MS, 115 Purple Heart Dr, Dover AFB, DE 19902; Toni M.
Diegoli, MFS, 115 Purple Heart Dr, Dover AFB, DE 19904; Alexander W.
Ro6ck, PhD, and Walther Parson, PhD, Muellerstralle 44, Innsbruck,
AUSTRIA; and Jodi A. Irwin, PhD, 1413 Research Blvd, Bldg 101, 2nd
Fl, Rockville, MD 20850

The goals of this presentation are to inform attendees of the need
for complete mtGenome reference data for forensic applications, and to
report an automated, high-throughput laboratory processing workflow for
the generation of high-quality mtGenome haplotypes.

This presentation will impact the forensic science community by
developing mtGenome reference data, which meet the highest forensic
standards, and making the data publicly available via a web-based
search engine to permit their use for forensic casework.

Mitochondrial DNA (mtDNA) testing in the forensic context requires
appropriate, high-quality population databases for estimating the rarity of
questioned haplotypes and, in turn, the strength of the mtDNA evidence.
Since 2003, the Armed Forces DNA Identification Laboratory has been
systematically generating mtDNA data to augment available reference
population data and, ultimately, to improve the framework upon which
forensic mtDNA typing is based. These data; however, and indeed all
available forensic mtDNA reference databases (SWGDAM, EMPOP),
only include information from the control region (CR). While this
information is obviously strengthening the foundation upon which current
mtDNA identification efforts are based, these data do not adequately
prepare the field for the recent and rapid advancements in mtDNA typing
technologies that will soon facilitate the acquisition of entire
mitochondrial genome (mtGenome) information from forensic
specimens. Novel assays that quickly and easily access mtDNA coding
region data for increased discrimination are now available in the form of
single nucleotide polymorphism assays, sequence specific
oligonucleotide strips, mass spectrometry instrumentation, and next
generation sequencing technologies.

Currently; however, there is a lack of appropriate, randomly-
sampled and high-quality entire mtGenome reference data suitable for
forensic comparisons. Thus, this funded project intends to: (1) increase
the large-scale availability of high-quality entire mtDNA genome
reference population data; and, (2) improve the information technology
infrastructure required to access/search mtGenome data and employ
them in forensic casework. The specific goals and objectives of this
large-scale databasing effort are the development of 450 complete,
high-quality mtGenomes spanning three U.S. population groups, and
structure and query modifications to the publicly-available EMPOP
database.

To assure the generation of the highest quality mtGenome profiles,
a laboratory processing workflow in which nearly all pipetting steps —
from initial sample placement through sequence detection — are
performed robotically, and employing a rigorous data review process.
Amplification of the complete mtGenome is achieved via eight
overlapping fragments, with a total of 11 samples (and the appropriate
negative controls) amplified per 96-well plate. Each mtGenome is then
sequenced in 135 reactions, providing redundant and overlapping
forward and reverse sequence coverage across the entire molecule.
This optimized, highly automated protocol reduces overall data
generation costs, hands-on laboratory time and — most importantly —
opportunities for human error by substantially decreasing the number of
manual production steps and the extent of sample reprocessing
necessary to construct complete mtGenome haplotypes.” The data
review process follows a strategy previously used for the production of

high-quality mtDNA CR sequences, which includes raw data review by
no fewer than three scientists, and entirely electronic data transfer with
two additional profile reviews.? To further assure data reliability,
completed mtGenome haplotypes are compared to PhyloTree to confirm
phylogenetic consistency across the eight amplicons.® In addition,
private mutations, heteroplasmies, and transversions are re-reviewed in
the raw data.

The presentation will describe the application of this workflow to the
development of more than 200 complete mtGenomes from anonymized
blood serum samples as part of the NIJ-funded databasing effort. The
workflow reliably produced high-quality data from DNA inputs down to at
least 10 pg, and the majority of samples did not require any manual
reprocessing to generate complete haplotypes. The efficacy of
automated processing combined with a rigorous data review strategy in
preventing errors with this multi-amplicon protocol was evident from the
absence of problems detected at the stage of phylogenetic data
evaluation. Ultimately, this project will provide the forensic community
with reliable, complete mtGenome reference data and a means to
access, search, and use the data in forensic casework.

References:
' Lyons et al., Poster presentation, AAFS 2011, Chicago, IL.
2 |rwin et al., Forensic Sci Intl: Genet (2007) 1(2):154-7.
% Van Oven and Kayser, Hum Mutat (2009) 30:E386-E394.
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A66 New Strategies to Overcoming PCR

Inhibition Using Mutant Taq Polymerases
and PCR Enhancers

Hanna J. Bennett, BS* 375 S 9th St, Box 2654, San Jose, CA 95112;
Hillary B. Nguyen, 1912 Bluewood Cir, San Jose, CA 95132; and Steven
B. Lee, PhD, San Jose State Univ, 1 Washington Sq, Macquarrie Hall
521, San Jose, CA 95192

After attending this presentation, attendees will gain an
understanding of how inhibitors found in DNA extracts such as phenol-
chloroform, humic acid, collagen, and calcium affect Polymerase Chain
Reaction (PCR) amplification, and whether mutant Tag DNA
polymerases and PCR enhancers will aid in overcoming the inhibition to
recover a DNA profile.

This presentation will impact the forensic science community by
providing potential strategies to overcome PCR inhibition that may be
found in low template, low quality DNA samples such as samples
resulting from degraded skeletal remains. Selection of amplification
strategies and downstream methods, such as the inclusion of PCR
enhancers and/or new mutant Taq polymerases, will likely improve
typing on crude, inhibited samples encountered in missing person, mass
disaster, and cold cases.

Since its introduction in the mid-1980s, the use of DNA profiling in
forensic science has revolutionized the justice system on a worldwide
scale. DNA profiling is comprised of multiple steps and procedures
including DNA extraction, quantification, and amplification using PCR.
PCR has permitted the analysis of very low quantity, low quality DNA
samples. Crime scene samples, however, are often found in very poor
condition and are often mixed with extraneous materials that may co-
extract with the DNA.

There are several known, commonly encountered inhibitors to
PCR: calcium, collagen; humic acid; hematin; melanin; indigo dye;
detergents; and, phenol-chloroform used in DNA extractions. These
inhibitors may interfere with the cell lysis or capture of components
necessary for DNA extraction by causing DNA degradation and/or
inhibiting DNA polymerase amplification of target DNA. A review on
forensic implications of PCR inhibition was recently published.

Although the causes of PCR inhibition are still not fully known, three
mechanisms have been proposed. These include: (1) binding of inhibitor
to Taq polymerase; (2) blocking of amplification sites due to inhibitor-
template binding; and, (3) decreasing processivity due to interaction of
the inhibitor with Mg?* cofactors or other components of PCR.

* Presenting Author
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Detection and overcoming PCR inhibition are critical challenges
faced by forensic molecular biologists and many others such as
microbiologists studying soil samples, molecular evolutionary biologists
studying ancient remains and preserved samples, molecular ecologists
studying animal excrement, molecular pathologists studying preserved
and mounted specimens, and molecular archaeologists and
anthropologists studying ancient human remains. Commonly utilized
methods for overcoming inhibition in the forensic DNA community
include: (1) diluting the samples (thereby also diluting inhibitors in the
sample); (2) additional cleaning of the sample by purification; (3)
including additional DNA polymerase and Bovine Serum Albumin; (4)
utilizing STR multiplexes that are inhibitor resistant such as Minifiler,
Identifiler Plus, and Powerplex 16HS; and, (5) adding PCR enhancers.

In this study, a mutant Taq polymerase and two different PCR
enhancers were tested for their ability to overcome inhibition: Omnitaq
(DNA Polymerase Technologies); PCR enhancer cocktail (DNA
Polymerase Technologies references 19 and 20); and, PCRboost
(Biomatrica).

Omni taq is an inhibitor-resistant Taq polymerase mutant and PCR
enhancer cocktail (PEC) consists of a mixture of nonionic detergent, L-
caritine, D-(+) trehalose, and heparin. PCR and STR boost are
proprietary enhancers from Biomatrica, Inc. Previous tests have shown
improved amplification using PCRboost from DNA samples containing
indigo dye, hematin, humic acid, and phenol chloroform.

This presentation explores the amplification enhancement of
OmniTaq, PEC, and PCR boost on low quantity and low quality DNA
samples that contain varying amounts of inhibitors (Phoh, humic acid,
collagen, and calcium). Enhancement were evaluated on replicate 1,
0.5, and 0.25 ng samples with and without inhibitors at different
concentrations using qPCR (Plexxor HY) and STR multiplex typing
(Identifiler, Identifiler plus, Identifiler Direct, and Powerplex 16HS).

PCR Inhibition, Mutant Taq, PCR Enhancement

A67 Development of a Scorpion-Based

Multiplex qPCR Assay for Pre-Screening
Mixture Detection

Hope E. Parker, BS*, 3212 Stuart Ave, Unit D, Richmond, VA 23221;
Todd W. Bille, MS, Bureau of ATFE, NtI Laboratory Center, 6000
Ammendale Rd, Ammendale, MD 20705; Laura C. Oliver, BS, 1908
Moonwind PI, Richmond, VA 23238; and Tracey Dawson Cruz, PhD,
Virginia Commonwealth Univ, 1000 W Cary St, PO Box 842012,
Richmond, VA 23284

After attending this presentation, attendees will gain an
understanding of the use of tri-allelic SNPs in mixture identification, how
tri-allelic SNPs can be incorporated into existing qPCR multiplexes using
Scorpion probes, and the importance of developing a pre-screening
mixture detection assay for use in forensic casework.

This presentation will impact the forensic community by providing
results of attempts to develop a qPCR multiplex capable of human
quantitation, PCR inhibition, and mixture detection via tri-allelic SNPs.
This work presents steps toward a pre-screening mixture assay that
could help alleviate the low-level mixture deconvolution and
interpretation issues faced by all forensic laboratories.

Mixture analysis of genetic profiles can be challenging for even the
most experienced forensic DNA analysts. The interpretation and
deconvolution of mixtures is only further complicated when the sample
being analyzed is categorized as touch or contact DNA because one or
both contributors’ peaks often fall below the analytical threshold.
Unfortunately, in the current workflow of forensic laboratories, mixture
detection is not possible until the final interpretation of genetic profiles.
Traditionally, forensic DNA mixtures are identified by the presence of
three or more STR alleles at two or more loci. This identification method
is not desirable because it is the last step in the workflow. The sample
may have already been processed or consumed in such a way that
analysts cannot go back and increase the input of DNA to STR
amplification without significant modifications to the SOP. Previously,

D1S80 and tri-allelic SNPs were evaluated for their ability to identify
mixtures in a qPCR assay using the Lonza FlashGel® system for
detection of alleles. Non-specific priming and gel resolution of
heterozygous alleles, however, were problematic using this system. The
development of a new Scorpion-based, 6-dye qPCR system for pre-
amplification mixture detection could help alleviate these issues and
improve both the mixture deconvolution and low-level DNA difficulties
faced by forensic laboratories. Early knowledge of a mixture can provide
an analyst with information that could alleviate sample consumption
concerns, identify whether or not amplification input should be adjusted,
and decide if surface swabs from the same item should be combined.
The human DNA quantitation step provides an appropriate place to
incorporate such an assay because it occurs early in the workflow and
is easily multiplexed. The information allows analysts to meet the
optimal DNA input range for amplification in an effort to avoid
interpretation issues in the final genetic profiles. A molecular marker
capable of incorporation into existing quantitation multiplex kits such as
the Qiagen Investigator™ Quantiplex kit are tri-allelic SNPs. Tri-allelic
SNPs are small in size, which is important in degraded samples, but also
polymorphic enough to identify the presence of two individuals in a
sample. Successful incorporation of tri-allelic SNPs into a quantitation
multiplex requires an appropriate primer, probe, and detection system.
Duplex Scorpion primers will be utilized and designed for tri-allelic SNPs
rs5030240 and rs4540055 so that the primer covers the polymorphic
region at the 3’ end. Primers are tagged with a fluorescent molecule on
the 5’ end with each color corresponding to a particular SNP allele. This
approach, under the correct amplification conditions, will allow for
preferential amplification of the primer that is complementary to the SNP
compared to the mismatched primers. Mixture detection will be possible
with the interpretation of amplification curves using the Rotor-Gene Q
thermal cycler, which has seven color channel detection capabilities.
Initially, primer sets will be created for rs5030240 and rs4540055, and
will be optimized separately in single source samples using the ABI 7500
thermal cycler. Next, primers will be multiplexed into a single
amplification reaction and tested in single source samples using the ABI
7500. If successful, the primer sets will then be optimized using the
Rotor Gene Q and eventually incorporated into the Qiagen Investigator™
Quantiplex kit. This multiplex will then be used to identify fabricated
mixture samples and results compared with detection using the ABI
3130 genetic analyzer. It is expected that fabricated mixture samples
will be identified using this system and that significant progress towards
a multiplex capable of human DNA quantitation, assessment of PCR
inhibition, and mixture detection will be made.

Mixtures, Tri-Allelic SNPs, qPCR

A68 Comparison Study of the QIAcube® to
Manual Differential Separation: Man
Versus Machine

Jessica M. Lowney, BS* 800 Miller Dr, Oregon, WI 53575; Mark
Guilliano, PhD, 20524 Lansing Ter, Ashburn, VA 20147, Joshua Stewart,
MSFS, 1401 Forensic Science Dr, Huntington, WV 25701; and Pamela
J. Staton, PhD, Forensic Science Center, 1401 Forensic Science Dir,
Huntington, WV 25701

After attending this presentation, attendees will have a better
understanding of the uses of QIAGEN’s QlAcube®, and may be better
able to decide whether it is an appropriate instrument for use in their
laboratories.

This presentation will impact the forensic science community by
helping an analyst to streamline his or her workflow, as well as
increasing consistency between analysts in sexual assault processing.

Sexual assault is a serious public safety concern worldwide, with
the resulting caseload backlog posing significant challenges for forensic
science laboratories. Each sexual assault kit is likely to contain a
number of samples with female-male mixtures on which a differential
extraction must be performed. Differential extraction is the process of
separating sexual assault victim epithelial cells from the perpetrator
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sperm cells in order to obtain an assailant profile. Unfortunately,
differential extraction is a lengthy process, requiring repeated pipetting
and centrifugation.  Furthermore, the quality and consistency of
separation may be variable between individuals. Because of the
reagent cost, time, and manual work involved in working with these
cases, sexual assault backlogs have unfortunately become
commonplace. In an effort to identify ways to reduce these backlogs
and benefit a scientist’s workflow, it is worth evaluating the qualities of
automated processes. This study focused on determining the utility of
the QIAGEN QIlAcube® for differential separation of samples, and
compared it to the current manual method. The QlAcube® was originally
designed to extract nucleic acids and proteins, and it is capable of
centrifuging, vortexing, pipetting reagents, and extracting a supernatant
from a pellet. This study evaluated the QlAcube’s® abilities, and a
custom protocol, to perform differential separations on up to 12 mock
sexual assault samples at a time. Experiments included a cross-
contamination study using mixed female blood and semen; a sensitivity
study based on a 1:3 serial dilution of semen, with and without female
epithelial cells present; a reproducibility study, utilizing mixed female
epithelial cells and semen; as well as a matrix or mock evidence study,
consisting of a mixture of female epithelial cells and semen pipetted onto
different fabric types and swabs. All studies were performed by a novice
student using the QIAcube®. For comparison, the sensitivity and
reproducibility studies were also performed by one or more experienced
analysts, using a validated manual separation and wash procedure.
Each method was evaluated with respect to cost-effectiveness, time
efficiency, reproducibility, and sensitivity. The QlAcube® did prove to be
a very efficient way to perform differential separations, with excellent
sensitivity, and superior reproducibility. There was no sign of cross-
contamination between samples, even though the tubes remain open all
at once in the machine. Conversely, more reagents were wasted with
the automated method. Furthermore, loading the instrument proved to
be difficult at first; but it was easier to train a novice on the instrument
than it was to train the novice to perform manual differential extraction.
The instrument may not add hours of hands-free time, with the need to
prepare the reagents and set up the instrument; however, it is possible
to push “Go” and walk away for about 30 minutes while the machine
performs all of the centrifuging and pipetting. Lastly, the factor of general
human error—for example, bumping a tube and having to re-pellet
sperm cells — is eliminated from the extraction process. In conclusion,
the use of the QIAcube® has the potential to help a scientist work more
efficiently simply by freeing an analyst or technician from repetitious
pipetting and centrifuging.

Sexual Assault, Backlog, Automation

A69 Improved Extraction Efficiency of Human
Mitochondrial DNA From Hair Shafts and
Its Implications for Sequencing of the
Entire mtGenome From a Single

Hair Fragment

Erin S. Burnside, MS*, Brittania J. Bintz, MSc, and Mark R. Wilson, PhD,
Western Carolina Univ, 111 Memorial Dr, NSB 231, Cullowhee,
NC 28723

After attending this presentation, attendees will gain an
understanding of a novel protocol for extraction of mitochondrial DNA
(mtDNA) from hair shafts, learning how this improved extraction method,
when coupled with whole-genome amplification strategies, can increase
the discriminatory power of mtDNA analysis by providing sequencing
data that extends to regions of the mtGenome that are not routinely
analyzed in forensic science laboratories.

This presentation will impact the forensic science community by
providing insight into how optimized extraction and whole genome pre-
amplification methods for difficult sample types can improve the utility of
mitochondrial DNA analysis using both traditional Sanger sequencing
and next generation sequencing platforms.

Forensic scientists are often faced with the challenge of limited or
degraded samples, where a full nuclear DNA profile may be difficult to
obtain. In these instances, mitochondrial DNA (mtDNA) analysis can be
particularly useful, as mtDNA is more easily recoverable from
challenging sample types such as hair shafts and bone. Existing
extraction protocols generally yield enough mtDNA from two centimeters
of hair shaft to reliably sequence two hypervariable regions (HV1 and
HV2) located in the non-coding control region of the mtGenome.
However, HV1 and HV2 comprise only about 4% of the entire
mtGenome. This, coupled with the fact that mtDNA is, by nature, less
discriminatory than nuclear DNA, limits the current utility of mtDNA
analysis. The main objective of this research is to maximize the mtDNA
extracted from two centimeters of hair shaft so that more mtGenome
sequence information may be obtained for comparison to a reference
sample, leading to a higher discriminatory power of mtDNA analysis.

In this study, a novel method for extracting mtDNA from hair shafts
is described, which combines traditional methods with two kit-based
extraction methods (Qiagen® QlAamp® DNA Investigator and Applied
Biosystems® PrepFiler® Forensic DNA Extraction Kits). Comparison
studies were conducted as follows: 13 two-centimeter hair fragments
were subjected to the traditional manual grinding/organic extraction
method and 14 two-centimeter hair fragments were processed using the
newly developed extraction method." All purified hair extracts were
quantified using a custom real-time quantitative PCR (qPCR) assay
specific for human mtDNA.2 Hair fragments processed using manual
grinding/organic extraction yielded an average of 31,440 copies per
extract (60ul elution volume), while those processed using the optimized
method yielded an average of 270,100 copies per extract (50ul elution
volume). Not only do these results indicate a consistent nine-fold
increase in mtDNA concentration, but the optimized method is also less
time-consuming and can be completed in approximately four hours.

Following optimized hair extraction, targeted PCR methods were
used to prepare the mtDNA for traditional Sanger sequencing.
Preliminary results indicate that 84.6% of the entire mtGenome can be
amplified from a single hair extract using these methods. The resulting
amplicons were sequenced on an Applied Biosystems® 3130x/ Genetic
Analyzer. In addition, mtDNA was enzymatically fragmented and tagged
with adaptors using Nextera® XT DNA Sample Preparation Kit, and then
sequenced using an lllumina® MiSeq® Personal Sequencer. Hair
extracts were also subjected to whole genome amplification (WGA)
using the Qiagen® RepliG® Mini Kit in an attempt to further increase the
analyzable amount of mtDNA for downstream applications. While
previous efforts to pre-amplify mtDNA using various WGA methods were
largely unsuccessful using extracts processed with manual grinding and
organic extraction, a two-fold to 16-fold increase in mtDNA concentration
has routinely been achieved when using extracts processed with the
optimized method. WGA pre-amplified material was also fragmented
using Nextera® XT DNA Sample Preparation Kit and sequenced using
an lllumina® MiSeq® Personal Sequencer. Results of all Sanger and
Next Generation sequencing studies were compared to reference
sequences generated using blood or buccal samples obtained from
donors and the Applied Biosystems® MitoSEQr™ Resequencing System
protocol and will be presented.

References:
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mitochondrial DNA from human hair shafts. Biotechniques
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A70 Evaluation of PowerPlex® 18D and
PowerPlex® 21 With Buccal Samples
Collected on Non-Treated Paper

Daniel Watsula, MS* and Koya D. Reams, MSFS, 10430 Furnace Rd,
Ste 107, Lorton, VA 22079; Lana L. Ramos, MS, 7378 Michigan Isle Rd,
Lake Worth, FL 33467; and Jangbir Sangha, MA, 10430 Furnace Rd,
Ste 107, Lorton, VA 22079

After attending this presentation, attendees understand how to
achieve a high first pass success rate when performing direct
amplification of 1.2mm or 2mm punches from buccal samples on non-
treated paper with PowerPlex® 18D and PowerPlex®21.

This presentation will impact the forensic science community by
demonstrating the feasibility of two new direct amplification kits for the
processing of reference samples, exploring the feasibility of increasing
the size of the standard punch from 1.2mm to 2mm for direct
amplification.

The efficiency of reference sample processing for databasing and
paternity purposes has been greatly increased by the development of
direct amplification systems. DNA samples can be collected and stored
on non-treated matrices, such as the Bode Buccal DNA Collector™, until
sample processing is required. The Promega Corporation has recently
released two direct amplification kits, PowerPlex® 18D and PowerPlex®
21 for samples collected on both treated and non-treated collection
paper. This presentation will describe the studies with each amplification
system to obtain optimal results from samples collected with the Bode
Buccal DNA Collector ™.

Direct amplification of reference samples eliminates the need for
the time-consuming extraction and quantification steps encountered in
routine processing. Eliminating these steps will save time, but it can also
lead to additional amplification reactions and costs as normalization
does not occur. Cellular deposition varies from individuals resulting in
either excessive or inadequate samples. Eating, drinking, medicine
intake, health status, and non-cooperation during sample collection will
all affect the number of cells deposited onto the collection paper. This
variation in cellular deposition can either lead to over or under
amplification if the procedure is not optimized. Optimizing the
amplification parameters to account for sample variation reduces re-
sampling and re-amplification, while increasing the processing efficiency
of the laboratory.

Evaluation studies optimized procedures for sampling, cell lysis,
thermal cycling parameters, spectral calibration, and ABI Prism® 3130
Genetic Analyzer injection parameters for both PowerPlex® 18D and
PowerPlex®21.

These optimized parameters with PowerPlex® 18D resulted in a first
pass success rate of >86% for a full 25ul reaction using a single 1.2mm
punch. The remaining 14% failed internal quality standards due to either
over amplification or capillary electrophoresis issues (spikes, migration,
or ILS problems). Complete profiles were obtained from all one hundred
(n=100) samples tested without re-sampling or re-amplification.

In addition to displaying the first pass success rate for a full reaction
with PowerPlex 18D, this research demonstrated the first pass success
rates for 1.2mm samples (n=100) in a 12.5pl half reaction incorporating
and eliminating the 20-minute lysis incubation step.

The optimized procedures for obtaining a high first pass success
rate for both full reaction (25ul) and half reaction (12.5ul) will be
discussed when utilizing a single 1.2mm punch with the PowerPlex® 21
amplification system. When dealing with an aged sample, or a sample
with poor cellular deposition due to one of the causes previously
mentioned, a 2.0mm punch may produce better results. This
presentation will display results for sample processing with 2.0mm
punches with PowerPlex® 18D and PowerPlex® 21, instead of the
standard 1.2mm punch. Increasing the punch size can increase the
chances of obtaining a complete profile using the same parameters
utilized on high-quality samples.

Direct Amplification, PowerPlex®18D/21, Half Reaction

A71 Forensic Mixture Analysis: Pre-Emptive

Separation of Whole Cells With Flow
Cytometry and MHC Class | Allele Tagging

Lee M. Dean, BS*, 6365 Elko Rd, Sandston, VA 23150; Jamie Sturgill,
PhD, 1101 East Marshall St., Richmond, VA 23298; Sarah J. Seashols,
MS, Virginia Commonwealth Univ, Dept of Forensic Science, PO Box
843079, Richmond, VA 23284-3079; and Christopher J. Ehrhardt, PhD,
Virginia Commonwealth Univ, Dept of Forensic Science, 1015 Floyd
Ave, Rm 2015, Richmond, VA 23284

The goal of this presentation is to introduce a novel technique for
the separation of complex biological mixtures of samples from multiple
individuals using flow cytometry. Attendees will become familiar with
Major Histocompatability Complex (MHC) Class | glycoproteins, the
nature of antibody staining for cell isolation, as well as the basic
principles of flow cytometry and how they will aid in the separation of
complex mixtures.

This presentation will impact the forensic science community by
providing an alternative approach to complex mixture analysis, one that
physically separates an individual’s cells from a mixture before STR
amplification and analysis. This has the potential to produce multiple
single source STR profiles from an evidentiary sample composed of two
or more individuals in cases such as rape.

The MHC is an extensively studied region of genes that play a key
role in the human immune system. It is divided into three major
subgroups denoted by class |, Il, and Ill, and has been found to be the
most polymorphic region of genes yet to be identified. The forensic
potential of this region lies in the multitude of alleles observed in the
human population. MHC class | genes, which are the focus of this study,
are referred to as the human leukocyte antigen (HLA) and are denoted
by the classical HLA-A, HLA-B, and HLA-C; but may also include non-
classical HLA-E, HLA-F, and HLA-G. Further, each HLA is defined by
multiple subtypes, each with a unique allele grouping (e.g., HLA-A*02).
MHC Class | molecules were chosen as the region of interest due to
their expression on all nucleated cells. This is in contrast to more heavily
researched alleles in the MHC region such as HLA-DQa, a class Il
molecule that lacks expression in semen. This presentation aims to
describe how polymorphisms within the MHC Class | region can be used
to separate individuals from an evidentiary sample using flow cytometry,
a technique widely embraced by both the medical and research
communities.

For this research, the goal was to take advantage of these MHC
features to develop a new forensic technique that utilizes fluorescently
tagged HLA antibodies specific for allele subgroups to differentiate
individual contributions to a biologic mixture. Antibodies for the classical
HLA alleles (ABC) were used to tag blood, semen, and epithelial cells
from several different donors. Results show that the levels of MHC
expression vary among all biological fluids tested. Blood, with the
highest expression, resulted in 81% of all cells being separated from
negative controls. Semen, with the lowest expression, produced 8.1%
positive selection. It was found that flow cytometry is a fast, economical,
and efficient way to separate whole cells from a mixture. It has also
been shown that the prevalence of HLA molecules produces strong
immuno-staining characteristics that are clearly distinguishable from
controls. Initial experiments indicate that flow cytometry is a viable
option for forensic mixture separation and could be quickly integrated
into a forensic laboratory due to the availability of flow cytometers in
nearly all major hospitals and research facilities. Physical separation of
cells prior to cell lysis offers numerous advantages over trying to
decipher complex electropherograms prior to SNP and STR analysis.
Initial research into this technique could provide an alternative for the
analysis of common biological samples.

Flow Cytometry, Biological Mixture, MHC Class |
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A72 Detection of Male DNA in the Vaginal
Cavity Following Digital Penetration Using
Y-Chromosome Short-Tandem Repeats

Kayla R. Sween, BS*, 639 Fox Farm Rd, Asbury, NJ 08802; and Janine
Kishbaugh, MS, and Gina Hampson, MS, Cedar Crest College,
Forensic Science Program, 100 College Dr, Allentown, PA 18104

After attending this presentation, attendees will understand the
value of collecting sexual assault forensic evidence (SAFE) kits from
child sexual assault victims and female victims who have been digitally
(finger) penetrated. Attendees will also become aware of how analysis
of vaginal swabs has been optimized with application of using Y-
chromosome short tandem repeats (Y-STRs) to establish a time interval
in which a deoxyribonucleic acid (DNA) haplotype can be obtained from
vaginal swabs following digital penetration.

This presentation will impact the forensic science community by
displaying the value of collecting evidence from sexually assaulted
adolescents as well as females that report digital penetration.

Analysis of sexual assault cases can be challenging if there is no
report of vaginal-penile penetration, and the difficulty of analysis
increases as the time interval extends between the incident and the
report. Sexual assault evidence kits are not commonly collected in the
majority of cases if there is only a report of digital penetration; this is due
to the belief that there will not be enough DNA from the perpetrator to be
detected. The value of Y-STR genotyping has been previously
established in sexual assault cases where autosomal short tandem
repeats (STRs) are not suitable.” This allows for low copy number DNA
from the male perpetrator to be detected, eliminates the need for mixture
interpretation, and allows for a longer window of detection.

This study has determined that male DNA can be detected from
swabs collected from the vaginal cavity following digital penetration.
Initial samples analyzed prior to method optimization resulted in
detection of 10 of 12 alleles. The purpose of this study is to optimize the
methodology used to detect male DNA from the collected vaginal swabs.
The second goal is to establish a time interval in which a meaningful Y-
STR haplotype can be obtained post digital penetration and determine
the likelihood ratio of obtaining Y-STR haplotypes at 1, 6, 12, 24, and 72
hours post-digital penetration.

The optimization of analysis included varying parameters of
existing commercial protocols. A modification of a DNA IQ# extraction
protocol was used to maximize the initial concentration of DNA extracted
from the vaginal swabs. Other modifications to the analysis method
included the elimination of a quantitation step prior to amplifying the DNA
extract using PowerPlex® Y to amplify only male DNA. Additional
optimization steps included concentration of some of the DNA from the
collected samples prior to amplification. Slight alterations to the capillary
electrophoresis protocols were also made to maximize detection of the
male DNA.

To obtain the samples that would simulate a sexual assault kit,
male-female couples were asked to abstain from sexual activities for a
given period of time prior to collection. The couples participated in
vaginal-digital penetration for a discrete period of five minutes. Female
participants collected four swabs prior to penetration as a control, and
four swabs at each of the five time intervals. The vaginal swabs were
then processed using the optimized protocol from above to allow for the
greatest detection of male DNA. To date, results have shown that full
PowerPlex® Y profiles have been obtained from vaginal swabs collected
one hour following consensual digital penetration
Reference:
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A73 Application of Pressure Cycling
Technology (PCT) in Differential Extraction

Deepthi Nori, MFS*, 1260 SW 104th, Apt 209, Miami, FL 33174, and
Bruce R. McCord, PhD, Florida Int| Univ, Dept of Chemistry, University
Park, Miami, FL 33199

After attending this presentation, attendees will understand the
principles behind a rapid and efficient method of extracting sexual
assault evidence using a pressure-based protocol that is designed to
burst open and extract DNA from male sperm cells in rape kits or other
mixed forensic stains.

This presentation will impact the forensic science community by
providing a better understanding of how the application of pressure
pulsing can be used for more specific detection of individual cells that will
enable rapid and selective processing of sexual assault evidence.

Separating the sources of DNA from different contributors to a stain
reduces the difficulty associated with mixture analysis and data
interpretation. The processing and interpretation of such mixed DNA
samples has long been recognized as a bottleneck in forensic DNA
analysis. Organic differential extraction is the most commonly used
method to isolate sperm DNA from sexual assault evidence. This two-
step extraction procedure involves selective digestion of epithelial cells
in the first step, followed by isolation and digestion of sperm cell pellet.
The major disadvantages of this technique are incomplete separation of
sperm and non-sperm fractions, particularly in samples that are
overwhelmed by large numbers of female epithelial cells relative to
sperm cells, and the time-consuming nature of the process.

The objective of the study was development of a method using
Pressure Cycling Technology (PCT) combined with reagents to
selectively disrupt sperm or epithelial cells and recover DNA. The
extraction procedure is performed utilizing the Barocycler® NEP 2320, a
commercially available instrument from Pressure Biosciences, Inc.,
equipped with a hydrostatic pressure chamber that generates alternating
cycles of ambient and high pressures with a range of 5 to 45 kpsi.
Samples such as cotton swabs or cuttings of cloth can be directly
extracted using this technique by simply placing them in a pressure cell
along with an appropriate buffer.

The current study involves the application of pressure cycling
technology in the selective digestion of sperm cells from evidence
mixtures collected from different substrates with an emphasis on the role
of buffer composition on sperm DNA yields and increase in selectivity of
extraction. The cells were extracted into 1X PBS buffer (pH 7.4) with
varying buffer compositions and subjected to a pressure of 45,000 psi.
This pressure treatment was followed by phenol chloroform isoamyl
alcohol purification to obtain a clean DNA sample devoid of salts and
proteins for successful downstream analysis. The purified DNA was
quantified with Promega Plexor® HY system followed by an STR
analysis using Promega PowerPlex® 16 HS system.

The results indicate that selective extraction of sperm DNA is
possible from mixtures in the presence of appropriate buffers. These
observations were applied to different substrates and mixtures with
varying ratios of sperm and epithelial cells to determine the selectivity of
the extraction. The quality of the DNA recovered from pressure
treatment was assessed by performing STR analysis using Promega
PowerPlex® 16 HS system. Preliminary data indicate the potential of
PCT application in analyzing samples from sexual assault cases, in
particular, indicating improved extraction of sperm DNA at high
pressures when compared to epithelial cells.

Differential Lysis, Pressure, Sexual Assault
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A74 An Evaluation of MicroRNA Stability and
Internal Standard Selection for Forensic
Body Fluid Identification

Sarah J. Seashols, MS*, Virginia Commonwealth Univ, Dept of Forensic
Science, 1101 E Marshall St, Richmond, VA 23284-3079; William T.
Budd, PhD, Virginia Commonwealth Univ, School of Medicine, Dept of
Biochemistry, 1101 E Marshall St, Richmond, VA 23298-0551; and
Zendra E. Zehner, PhD, Virginia Commonwealth Univ, Dept of Forensic
Science, 1101 E Marshall St, Richmond, VA 23298-0551

After attending this presentation, attendees will gain an
understanding of microRNA expression in biological fluids, specifically,
the advantages of microRNA analysis as a potential method of forensic
body fluid identification.

This presentation will impact the forensic science community by
familiarizing scientists with the concept of microRNA analysis for body
fluid identification purposes, a relatively new area of research in forensic
science, focusing on the stability of microRNA targets after being
subjected to contamination and physical treatment conditions similar to
those seen in crime scene evidence.

While forensic DNA analysis has reached a level of maturity in the
forensic science field with regards to the sophistication of the techniques
and confidence in the results, the equally important question of body
fluid identification has lagged behind, and could still be considered to be
in a primitive state. While there is widespread confidence in the DNA
profile generated, there is often significantly less assurance of the
identity of the body fluid from which the DNA profile was developed. It
is common during trials for attorneys to categorically accept the STR
analysis, but probe the forensic scientist on the source of the DNA that
generated the profile. Because of this dichotomy, significant efforts have
been made over the past ten years in order to develop forensic
serological techniques of a more discriminatory nature.

Recently, there has been some work in the forensic science field in
regards to exploring microRNAs (miRs) for a molecular-based, forensic
body fluid identification method. MiRs are small structures that
specifically repress protein expression through binding to messenger
RNA (mRNA) in the cytosol. There are no known postprocessing
modifications, and thus miRs are simpler, and potentially less
problematic for detection than proteins and mRNAs. Because of
their small size and lack of a poly-A tail, miRs are inherently less
susceptible to degradation than mRNA. Additionally, miRs are very
hardy, and have been recovered from highly compromised samples
including Formalin-Fixed Paraffin Embedded (FFPE) tissue. In serum,
miRs have been shown to survive harsh conditions such as boiling, low
or high pH, cycles of freeze-thaw, and extended storage. Moreover,
there is considerable evidence that many miRs are encapsulated in an
exosome, which, depending on the microRNA and the secretion
process, could be membrane-based or protein-based. Because of this,
recent studies have shown that samples can even be treated with
RNase enzymes and the encapsulated miRs are still detectable. This
implies a high degree of stability of the species, and therefore, a very
good possibility that if body-fluid specific miRs are found and described,
a very robust miR method for forensic body fluid identification could be
developed.

Biological evidence is naturally compromised when it is left or
deposited under nonsterile conditions of a variety of environmental
factors and chemical contamination. This study evaluated microRNAs
under environmental and treatment conditions that forensic evidence
could be subjected to. Blood, urine, semen, and saliva were collected
and samples exposed to chemical treatment, prolonged high
temperatures, and multiple freeze/thaw cycles. No differences were
observed in microRNA levels using qRT-PCR, regardless of the number
of times the sample had been frozen and thawed. Similar results were
observed with other treatment methods. Detection of various internal
reference controls typically used as standards (RNU6B, SNORD48,
etc.) were found to vary between body fluids, which could potentially
complicate studies attempting to compare relative expression levels of
target miRs between biological fluids. Evaluation of additional

forensically relevant body fluids, as well as more candidate internal
control miRs, should be evaluated before target miRs specific for each
biological fluid can be chosen and evaluated for implementation.
MicroRNA, Semen, Blood

A75 Improved Discrimination of Duct Tapes

Using Carbon and Hydrogen Isotope Ratio
Variations in Duct Tape Polyester
Web Fibers

Gerard J.Q. van der Peijl, PhD*, PO Box 24044, The Hague, 2490 AA,
NETHERLANDS; Ines Muegler, PhD, Laan van Ypenburg, Den Haag,
2497GB, NETHERLANDS; Wendy Verburg, MS, Cornelis de Wittlaan 8,
3211AG, Geervliet, NETHERLANDS; and Marianne Schrader, PEng,
Netherlands Forensic Institute, Laan van Ypenburg 6, The Hague, 2497
GB, NETHERLANDS

After attending this presentation, attendees will understand the
forensic isotopic information contained in duct tape web materials.

This presentation will impact the forensic science community by
providing additional isotopic tools for in-depth duct tape investigations.

At the Netherlands Forensic Institute (NFI), Isotope Ratio Mass
Spectrometry (IRMS) is used in combination with other techniques
(visual, FTIR, LA-ICP-MS, etc.) to investigate potential relations between
different materials in forensic investigations. A prominent example
material is (gray) duct tape as it is now commonly used in Dutch
households and often found at crime scenes. If a visually similar tape is
retrieved during, e.g., a search at a suspects home, a request is almost
always made to compare the tape materials. If tapes are not
discriminated using visual comparison (color, thickness, width) and FT-
IR, other techniques such as LA-ICP-MS and IRMS are used to
investigate chemical and isotope characteristics.

Duct tape mainly consists of three different layers: (1) a
polyethylene backing film; (2) a network of cotton or polyester fibers
(web); and, (3) an adhesive layer (glue, often isoprene based). The web
is a network of cotton or polyester fibers usually woven with length and
crosswise threads commonly referred to as warps and wetfts,
respectively.

Previous work has shown that isotope ratios (d13C and d2H) of the
backing film isolated from the adhesive layer can be of value in making
discriminations. The value of the forensic evidence is increased by
considering isotope ratios (d13C and d2H) of the backing film in isolation
from the adhesive layer. The background variation of carbon and
hydrogen isotope ratios from the backing was evaluated using 44 duct
tape rolls of major brands randomly purchased in the Netherlands (van
Breukelen et al., 2010).!

To date, the NFI gray duct tape collection comprises 120 tape rolls.
Results will be presented on the discrimination of these rolls based on
the backing d13C and d2H ratios.

Secondly, the added forensic value of d13C and d2H ratios for the
cotton/polyester layer in duct tapes will be demonstrated. Because the
isotope discrimination between different batches produced during a
short production period was weak using the backing material only, an
analytical procedure was developed and validated to determine d13C
and d2H from the isolated web material. The warp and weft threads are
found to have, in general, different d13C and d2H values; differing e.g.,
up to 2.5% in d13C values. This difference may be explained by the
manufacturing process where presumably raw materials from different
sources or batches are used for warp and weft threads, providing an
additional level of discrimination. The d13C and d2H isotope variation of
warp and weft bundles, as well as within individual warp and weft
threads, is shown to be insignificant.

Nineteen gray duct tapes were investigated using this web method.
Using the additional isotope information of the warp and weft threads, 17
of these tapes could be discriminated.

Results will also be presented from the application of this web
method to representative samples from seven production rolls provided
by the Dutch producer “Supertape.” The samples from these rolls of
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12m length (produced between March 21, 2007 and April 12, 2007 to
manufacture small tape rolls) were indistinguishable based on their
backing d13C and d2H isotope ratios. It will be evaluated how much
discrimination improves if the d13C and d2H isotope ratios of the
polyester web are included.

Reference:

' Discrimination of duct tapes using Isotope Ratio Mass
Spectrometry, M.R. van Breukelen, F. Vogelpoel, M. Schrader, W.
Wiarda, A.J.J. van Es and G.J.Q. van der Peijl, Fourth FIRMS
Conference, Washington, April 12-14, 2010, book of Abstracts, p 33
(to be accessed through http://www.forensic-
isotopes.org/assets/2010-Abstracts.pdf)

Duct Tape, Web, IRMS

A76 A Multichannel Microfluidic Cartridge for
Rapid Forensic DNA Analysis

Brian Root, PhD* 705 D Dale Ave, Charlottesville, VA 22903; Jeffrey A.
Hickey, MS, 10202 Palmer Glen Ct, Oakton, VA 22124; Carmen R.
Reedy, PhD, and An-chi Tsuei, MS, 705D Dale Ave, Charlottesville, VA
22903; Michael Egan, BS, 9211 Corporate Blvd, Rockville, MD 20850;
Robert Lovaglio, BS, Lawrence Dirks, MEng, and Orion Scott, PhD,
705D Dale Ave, Charlottesville, VA 22903; Douglas South, ME, 9211
Corporate Blvd, Rockville, MD 20850; Peter Trost, PhD, 9221 Corporate
Blvd, Rockville, MD 20850; Darren Albert, BS, 9211 Corporate Bivd,
Rockville, MD 20850; James P. Landers, PhD, Dept of Chemistry,
McCormick Rd, Charlottesville, VA 22904; and Joan M. Bienvenue,
PhD, 8801 General Griffins Ct, Fredericksburg, VA 22407

After attending this presentation, attendees will understand the
development and functionality of a system developed for fully-integrated
microfluidic forensic DNA analysis.

This presentation will impact the forensic science community by
demonstrating the advantages of using a microfluidic system for DNA
analysis, including a reduction in analysis time, footprint of the
microfluidic cartridge, and a reduction in consumables required for end-
to-end analysis that ultimately will allow forensic scientists to process
more samples.

STR typing is the accepted gold standard for human identification,
and is now successfully employed in forensic, civil, and military
laboratories.  Although highly successful and reliable, the process
typically requires 8-10 hours to complete under routine conditions,
employs large sample volumes, costly reagents, and is labor-intensive.
Additionally, samples are susceptible to contamination as they are
exposed to the environment at multiple points during sample processing.
Transitioning sample processing and analytical methods to the
microscale format will permit automation, miniaturization, and
integration, providing the end user a system capable of expedited, cost-
effective analysis in a closed system that reduces sample handling and
possible contamination.

Previously, a system capable of performing PCR and ME on a
plastic chip following LE in a tube was presented. Although this system
was capable of detecting 16-18 STR loci in <75 minutes, it required
human intervention prior to PCR and was not capable of performing true
end-to-end DNA testing.

The work presented here highlights improvements to the fully-
integrated system. The transition to a plastic microfluidic cartridge for
fully integrating sample preparation, PCR, and ME is described, and is
the first step toward cost-effective analysis using a single-use chip with
reagents on-board. With the improved system, expedited purification of
DNA from crude samples is performed, and a mixture of DNA and
commercially-defined PCR reagents are guided into chambers on a
device for quadriplexed PCR analysis. Rapid amplification of 16-18 STR
loci is achieved through use of an IR laser for non-contact heating and a
non-contact method for temperature sencing. A six-fold reduction of the
conventional amplification time is feasible while still achieving STR
profile quality required for forensic interpretation. Simultaneous
amplification of multiple samples is presented, demonstrating the

capability of increased sample throughput. Following PCR, precise
fluidic control allows for movement of the amplified product into the
separation domain of the device. Electrophoretic separation of the
amplified fragments is performed with five-color fluorescence detection
using an improved detection system capable of multiplexed detection.
Single-base resolution is achieved during a separation that requires <12
minutes, a three-fold time reduction from conventional separation and
detection processes. A software system allows for all processes to be
completed without user intervention, including automated and accurate
allele calling of samples from multiple donors. An overview of the
functionality of the integrated instrument capable of accepting the
microfluidic cartridge will be presented, with data supporting the
capability of the microfluidic system for rapid, automated, end-to-end
genetic analysis for human identification.

DNA, STR, Microfluidic

A77 Development of an Integrated Microdevice

for DNA Extraction and Amplification of
Forensic Samples Using Infrared-
Mediated Heating and Centrifugal Force

Teresa Sikes, BSc*, 2612 W Main St, Apt 1, Richmond, VA 23220; Yiwen
Ouyang, BSc, Hillary Sloane, BSc, and James P. Landers, PhD, Univ of
Virginia, Dept of Chemistry, McCormick Rd, PO Box 400319,
Charlottesville, VA 22904-4319; and Tracey Dawson Cruz, PhD, Virginia
Commonwealth Univ, 1000 W Cary St, PO Box 842012, Richmond,
VA 23284

After attending this presentation, attendees will have a better
understanding of the importance of micro-total analysis systems (UTAS)
for forensic DNA applications, the challenges faced with integration, and
the barriers to the adaption of macroscale work to a microscale format.

This presentation will impact the forensic science community by
describing a conceptual integrated DNA extraction and amplification
plastic microdevice for use in PCR analysis of STR multiplexes. This
work presents a step toward a uTAS that eliminates the use of expensive
processing and bulky external attachments.

The value of uTAS for forensic DNA analysis lies in the potential to
reduce contamination by eliminating sample transfer steps, which
contribute to sample loss and reduce the acquisition of a full STR profile.
Additionally, cost and lab space required for equipment, reagents, and
laboratory time and effort required to perform each step in preparation
for analysis is reduced. The pioneering of two key technologies, infrared
(IR)-mediated heating for PCR and DNA extraction via ZyGEM
chemistry, has allowed for greater possibilities in the microfluidic analysis
of DNA, especially for forensic samples. IR-PCR expedites amplification
with 30 cycles completed in 30 minutes followed by established,
successful detection, and separation of STR loci. ZyGEM offers faster
reaction times, reduced sample handling, and elimination of PCR-
inhibiting reagents, while maintaining performance equal to traditional
methods, making it ideal for use in an integrated microdevice. The goal
of this study is to integrate DNA extraction and amplification by exploiting
these technologies onto a single microdevice utilizing a centrifugal
platform. Previous work has accomplished integration with the use of
valve systems requiring syringes, external pumps, and other bulky,
expensive attachments. However, simple valves, such as hydrophobic
and one-way, single-use valves can be employed on a centrifugal
platform using various speeds to effectively direct flow. In addition, no
barrels or column attachments are required as the swab cutting is added
directly to the microdevice, with DNA elution accomplished with the
addition of reagents and spin-directed flow to an extraction chamber.

In this study, a poly (methyl methacrylate) (PMMA) microdevice
was designed for ZyGEM-based DNA extraction and amplification from
a buccal swab. The microdevice was manufactured in-house by laser
ablation and thermal bonding. The thickness of PMMA was chosen to
minimize the thermal mass of the microdevice. Heating was provided by
an IR-lamp positioned below the chip. Chip design and microfluidic
optimization was accomplished through a series of dye tests: blue dye
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represented DNA extract while yellow represented PCR reagents.
Various spin times and speeds were tested to establish the optimum
parameters. The design included ZyGEM elution and extraction
chambers, valves for channel sealing and metering of extract and PCR
reagents, and an IR-PCR chamber. One-way, single-use “tape” valves
were used to stop back flow from the extraction and PCR chambers and
prevent evaporation during heating. Tape valves exploit the properties
of PCR film and double-sided tape to effectively close a channel
providing single-use, one-way valves for metering and channel sealing.
A hydrophobic valve, for metering, connected the extract reservoir to the
PCR reaction chamber. This valve “opened” once the chip was spun at
a velocity such that the centrifugal force exerted on the liquid forced it
through the channel. The reservoir was designed to allow for accurate
volume delivery of the extract in the previously determined extract: PCR
master mix ratio. PCR reagents were loaded on the microdevice and
directed into the PCR chamber with the extract. Accurate metering was
necessary to achieve the appropriate proportions of PCR master mix to
DNA extract for successful PCR. The centrifugal platform was chosen
to increase throughput (two chips must spin simultaneously to balance
the system; multiplexing with four or more chips is possible) and to
minimize manual interaction with the device. After establishing
microfluidic control for the integrated device, ZyGEM and PCR
chemistry, on-chip with IR-mediated heating, will be optimized for buccal
swabs. The results of the micro-extraction and amplification will be
compared to a tube-based ZyGEM extraction, followed by traditional
PCR amplification via a block thermocycler.

The preliminary results suggest accurate metering can be achieved
on a centrifugal platform with this newly designed integrated device.
Successful integration in this system, coupled with the ease of
fabrication, promotes progress towards a simple sample-in, answer-out
microdevice.

Integration, Centrifugation, Microdevice

A78 Integrated Direct Amplification and
Hybridization-Induced Aggregation for
End-Point Detection of the Human TPOX

Locus From Whole Blood

Briony C. Strachan, MSci*, Hillary Sloane, BSc, Jacob C. Lee, and
James P. Landers, PhD, Univ of Virginia, Dept of Chemistry, McCormick
Rd, Chatrlottesville, VA 22904

After attending this presentation, attendees will gain an
understanding of the development of single chamber, direct amplification
of whole blood, followed by label-free visual detection of the product
through hybridization-induced aggregation (HIA).

This presentation will impact the forensic science community by
introducing a microfluidic method that presents the possibility for the
direct amplification of the TPOX locus for the rapid verification of the
presence of human blood. This work demonstrates the use of a micro-
total analysis system for forensic onsite analysis.

Microfluidic devices offer numerous advantages to current forensic
analyses, including low sample consumption and a reduction in analysis
time, combined with the ability to deliver a closed “sample in-answer out”
multi-process system within a single device, preventing sample loss and
contamination.! Microfluidics presents an eventual economical option,
with the ability to rapidly fabricate plastic microdevices using CO5 laser
ablation. In addition, using infrared-mediated heating and fan-assisted
cooling, PCR is completed in half the conventional time, with
instrumentation costing a fraction of that for a block thermocycler.?
Progress toward a fully-integrated device has become simpler with the
recent development of direct blood amplification, enabling the removal
of the DNA extraction domain within the microdevice.

Here, a master mix capable of this chemistry, combing a
commercially-available neutral proteinase and Pwo DNA polymerase,
enabling customization of the components is presented. Initially, this
was demonstrated in a conventional 25uL tube PCR reaction, amplifying
the TPOX allele using 1uL of whole blood as the template. The PCR

product was separated on a microchip electrophoresis platform,
demonstrating successful amplification of the alleles within the TPOX
locus. Since Pwo is a high-fidelity polymerase, no non-specific
amplification was observed, which was seen as problematic with an
alternative direct blood PCR kit. In addition, the successful amplification
of the TPOX locus was achieved from 1L blood stains on filter paper,
cotton, cotton-polyester, and demin substrates. To confirm this
amplification was human-specific, blood samples from a rhesus monkey,
a rabbit, a mouse, and a dog were processed in the same manner,
resulting in no peaks, confirming the specificity of the assay for human
samples.

Translating this direct tube-based PCR method to a microdevice
has the potential to significantly decrease the time required for the
reaction, and if this could be linked to a label-free read-out, integration
would allow for immediate results without further sample handling.
Recently, a visual, label-free end-point detection that utilizes
hybridization of biotinylated oligonucleotide probes bound to 1um
streptavidin-coated paramagnetic particles to the complementary
(target) sequence was reported.® A rotating magnetic field agitates the
particles, exposing the bead-bound oligonucleotide for hybridization to
the target sequence to form an aggregate; visual detection of the
aggregates confirms the presence of the target DNA. This is visually
distinguishable from sample without target DNA where the particles
remain dispersed. Cellular debris associated with the enzyme-based
DNA liberation step did not result in any false aggregation, confirming
that the particles only aggregate when adequate target copies are
available as a result of successful amplification. This circumvents the
requirement for fluorescent tags, an amplicon separation step, and
skilled labor, while providing a highly sensitive, accurate method for
specific DNA sequence detection in less than two minutes.

In summary, the rapid detection of a fragment of the TPOX gene
directly from whole blood on a single device is facilitated by a microfluidic
network that links the PCR and an aggregation domain, and requires no
external apparatus to control fluid flow. This work presents a total micro
analysis system, capable of identifying the presence of the TPOX allele
from human blood using a plastic microdevice, integrating single
chamber, infrared-mediated, direct PCR and visualized aggregation, in
60 minutes.

References:

' Easley, C.J., et al., A fully integrated microfluidic genetic analysis
system with sample-in-answer-out capability. Proc Natl Acad Sci
USA, 2006. 103(51): p. 19272-7.

2 Roper, M.G,, et al., Infrared Temperature Control System for a
Completely Noncontact Polymerase Chain Reaction in Microfluidic
Chips. Analytical Chemistry, 2007. 79(4): p. 1294-1300.

3 Leslie, D.C., et al., New Detection Modality for Label-Free
Quantification of DNA in Biological Samples via
Superparamagnetic Bead Aggregation. Journal of the American
Chemical Society, 2012. 134(12): p. 5689-5696.
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A79 Development of a Direct Amplification
Method for Exemplar and Pseudo-
Exemplar Reference Samples Using

Identifiler® Plus

Ashleigh Zeile, BS*, 1328 Neel St, Huntington, WV 25701; and
Mechthild K. Prinz, PhD, and Theresa A. Caragine, PhD, OCME, Dept
of Forensic Biology, 421 E 26th St, New York, NY 10016

The goal of this presentation is to explore methods of direct PCR
amplification for processing exemplar and pseudo-exemplar reference
samples.

This presentation will impact the forensic science community by
evaluating methods of direct PCR amplification that eliminate the need
for purification and quantitation, greatly reducing the time and cost for
analysis, offering DNA analysts a more effective means of processing
reference samples.
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Pilot studies comparing the AmpFISTR® Identifiler® Direct PCR
Amplification Kit and AmpFISTR® Identifiler® Plus PCR Amplification Kit
were conducted to determine which amplification system best fits the
needs of the Office of Chief Medical Examiner of New York City. The
goal of these experiments was to establish a standard protocol that will
account for variability of DNA amounts among reference samples.

Identifiler® Direct is a PCR amplification kit optimized for amplifying
blood samples spotted onto FTA® cards that have not been extracted or
quantified. Use of non-FTA® collection methods, according to Applied
Biosystems (ABI), requires pretreatment with Prep-and-Go Buffer™. To
potentially bypass this step, various sampling techniques and thermal
cycling parameters were tested. The ABI GeneAmp® PCR System 9700
thermal cycler and the ABI 3130xI Genetic Analyzer were used for
amplification and separation, respectively, and all data was analyzed
with GeneMapper® ID v3.2.1. Initial results showed that partial profiles
were obtained for buccal samples and non-FTA blood cards. These
profiles displayed many N-bands. Due to the additional time required to
process samples using the Prep-and-Go Buffer™, other less costly
amplification kits were then considered.

Another method of direct PCR amplification utilizes Identifiler® Plus,
which is optimized to overcome inhibition. The chemistry of the kit
enables unpurified extracts to be directly amplified. Buccal swabs and
blood spotted onto Whatman® non-FTA® paper were incubated in 0.2%
Tween® 20, 0.1mg/mL Proteinase K, and 2.4% Trehalose in TE* for 30
minutes at 56°C followed by five minutes at 99°C. An aliquot of neat
extract was directly amplified using a half reaction of Identifiler® Plus
(5.0pL Reaction Mix, 2.5uL Primer Set). Experiments with various
cutting sizes, extraction volumes, aliquots for amplification, and thermal
cycling parameters were conducted using samples containing a wide
range of DNA. In order to generate results for all samples, the 29-cycle
protocol was implemented. In addition, the final elongation time was
increased to 60 minutes to minimize N-bands observed at Amelogenin
only. Full profiles were obtained for all samples tested with only 30% of
the samples needing an additional injection on the 3130xlI Genetic
Analyzer at lower parameters due to oversized peaks.

Reproducibility, sensitivity, and stability were also evaluated. A
large number of different donors were tested, each in duplicate on
different days and using different instruments. To decrease the amount
of DNA collected, donors were instructed to abbreviate the amount of
time they swabbed their mouths. More controlled sensitivity studies with
known amounts of DNA were also performed. In order to compromise
buccal specimens, swabs from previously tested donors were stored
under accelerated aging conditions. Although for most samples,
protocol adjustments were unnecessary, in a few cases with very low
yields of DNA, the amplification aliquot volume was increased.

Methods were also optimized for pseudo-exemplar samples such
as bottles, cans, cups, straws, cigarette butts, and chewing gum. One
uniform protocol that encompassed all of these sample types was
developed with the exception of different-sized cuttings for each
substrate. Preliminary results showed that over 98% of all samples
yielded full profiles, with 15% requiring a second injection at either a
higher or lower parameter on the 3130xI Genetic Analyzer.

In brief, implementing a short extraction step followed by direct
amplification with Identifiler® Plus proved to be a cost-effective method
to profile true and pseudo exemplar samples in a single day or less. For
the overwhelming majority of samples, full profiles were generated using
standard parameters. For a select number of samples, an additional
injection on the 3130xlI Genetic Analyzer with more or less sensitive
parameters and/or increased template volume for amplification was
required. In both cases, the initial STR results could be evaluated to
accurately predict the additional step(s) needed to preserve both time
and cost.

Direct Amplification, Exemplar, DNA Analysis

A80 An Evaluation of Direct PCR Amplification

Reena Roy, PhD, Penn State Univ, Forensic Science Program, 325
Whitmore Lab, University Park, PA 16802; and Daniel E. Hall, BS* Penn
State Univ, Forensic Science Program, 107 Whitmore Laboratory,
University Park, PA 16802

After attending this presentation, attendees will understand the
concept of direct amplification from nine different substrates. Attendees
will also appreciate the method that allows the scientist to generate
autosomal and Y-STR profiles from substrates without the cumbersome
steps of extraction and quantitation.

This presentation will impact the forensic science community by
informing the forensic DNA analyst of a faster, less expensive approach
to obtaining DNA profiles from bodily fluids using eight commercially
available amplification kits.

The objective of this research was to generate complete autosomal
STR profiles from body fluids using direct amplification and various
commercially available STR amplification kits. Attempts were also made
to detect the Y-profile from male body fluids using 1.2mm punches and
the AmpFISTR® Yfiler™ kit following direct amplification.

STR analysis of blood and buccal samples is often used in the
fields of forensic biology and genetics for casework, paternity testing,
and convicted-felon DNA profiling. A primary advantage of direct
amplification without purification of DNA is the high throughput of
databank samples. Direct amplification of DNA stored on various types
of substrates reduces the time required to obtain a DNA profile, thus
reducing cost and increasing efficiency.

FTA® cards are suitable for criminal offender DNA database
samples and casework reference samples. The preservative in these
cards contains proprietary chemicals to protect DNA molecules from
nuclease degradation, and to protect the host matrix from bacterial
growth. DNA from biological samples deposited on FTA® paper and
similar commercial storage devices has been found to be stable for a
period of several years when stored at ambient temperature. A primary
advantage of FTA® paper and similar substrates is their ability to provide
consistent results without quantification, and the procedure can be
automated.

Direct amplification kits contain improved PCR buffer cycling
protocols that can overcome inhibitors during PCR amplification steps.
Most collection media for storing dried body fluid samples contain
chemicals that are capable of lysing cells (which may contain PCR
inhibitors) to preserve DNA within a sample. Using devices without
lysing chemicals, such as the Bode DNA Collector, requires an additional
lysis step, or else amplification quality may be poor and allelic dropout
may occur. Some of the amplification kits listed above have been
optimized with enhanced reagents for direct amplification. However, it
may not be cost effective for crime laboratories to use these direct
amplification kits. Kits such as the PowerPlex® 16 System and the
AmpFISTR® Yfiler™ Amplification Kit require the addition of polymerase
in the reaction.

The following nine collection media were used for this study:
proPRIME/ Indicating Micro, 705 Micro, Blood Direct #1 and #2,
Collection Card, CEP swab from FITZCO, EasiCollect from Whatman,
FTA Indicating Micro, and Bode DNA Collector. Blood from two
deceased individuals and saliva from three living donors were used in
this study. The three single-source saliva samples and two single-
source blood samples were deposited on each of the 45 collection
devices.

A 1.2mm punch of each of the 45 substrates containing one body
fluid was amplified with PowerPlex® 18D, PowerPlex® 16 HS,
PowerPlex® 16, and PowerPlex® 21 Systems from Promega
Corporation, and AmpFISTR® Identifiler® Direct, Identifiler® Plus, and
Identifiler® PCR Amplification Kits from Applied Biosystems following
each manufacturer's recommended conditions.  Similarly, 1.2mm
punches of the substrates containing male body fluids were amplified
with AmpFISTR® Yfiler™ PCR Ampilification Kit.

Results from the eight kits mentioned above were compared. Both
blood and saliva samples appeared to yield complete DNA profiles. Two
different reaction volumes were attempted with substrates that yielded
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complete profiles from single source samples, the first using the
manufacturer’s recommended volume, and the second using half of the
reaction volume suggested in the protocol. For some of the substrates,
thermal cycling conditions were modified as necessary to generate
complete DNA profiles.

Another goal of this research was to demonstrate that direct PCR
amplification can be applied to commercially available kits not intended
for direct amplification. The results indicate that it is possible to do so.
Direct Amplification, STR, Y-STR

A81 Protocols for Rapid Amplification of
STR Typing Kits: The Use of “Non-

Standard” Thermal Cyclers

Peter M. Vallone, PhD*, 100 Bureau Dr, Gaithersburg, MD 20899-8314;
and Erica Butts, MFS, 100 Bureau Dr, MS 8314, Gaithersburg,
MD 20899

After attending this presentation, attendees will understand the
principles of rapid PCR ampilification of STR loci, characteristics of rapid
PCR thermal cyclers, and applications of rapid DNA typing.

This presentation will impact the forensic science community by
detailing protocols used for rapid PCR amplification and how these
methods can be implemented into forensic laboratories and commercial
integrated forensic DNA typing devices. The potential of reducing the
required PCR amplification time may also benefit laboratories typing
single-source reference samples.

There is a growing interest in developing methods capable of
processing a single-source reference sample (e.g., a buccal swab) to an
STR profile in under two hours. The ability to develop a protocol for the
rapid typing of forensic STR markers is of specific interest to the forensic
DNA and biometric communities. This would allow for a faster sample-
in-answer-out turnaround time as well as the potential for higher
throughput capabilities. One critical component of a rapid workflow
involves the reduction in time required for multiplex PCR amplification of
the core STR loci.

Initial tests of various commercial thermal cyclers with two- and
three-step PCR cycling protocols were carried out and compared for
genotype accuracy and DNA template sensitivity with a set of previously
extracted single-source DNA templates. Work with various “non-
standard” thermal cyclers in combination with faster processing DNA
polymerases has resulted in decreasing the PCR amplification time to
less than 20 minutes for a 16 locus commercial DNA typing kit.

Approximately one nanogram of DNA template was amplified in a
total volume of 10 microliters. The PCR primers used for the
amplification came from a commonly used commercial STR typing kit,
and were used without any further modifications. Both the two- and
three-step PCR protocols employed a hot start at 95 degrees for one
minute for the activation of the DNA polymerase. The cycling
parameters for the 2-step protocol consisted of 28 cycles of 95°C for five
seconds followed by 61°C for 15 seconds. The cycling parameters for
the 3-step protocol consisted of 28 cycles of 95°C for 5 seconds, 58°C
for 10 seconds, followed by 72°C for 10 seconds. Both protocols
employed a 72°C incubation step for one minute post cycling to promote
complete PCR amplicon andenylation. The required cycling time for the
two- and three-step PCR thermal cycling protocols ranged from 15-36
minutes depending on the specific thermal cycling being tested.

The rapidly generated PCR products were then diluted into a
formamide solution and prepared for separation and detection by
capillary electrophoresis. At least 15 unique samples were typed for the
evaluation of each rapid PCR protocol on each of the thermal cyclers.
The analysis of capillary electrophoresis data of the PCR products
indicated good peak balance for heterozygous loci (median values were
greater than 0.8), strong signal intensity (on average over 1,000 relative
fluorescence units on a commonly used peltier block thermal cycler) and
minor adenylation and PCR artifacts.  Stutter artifacts were not
significantly different when comparing the two- and three-step thermal
cycling protocols.  Genotyping results were concordant with PCR

amplification conditions utilizing standard thermal cycling procedures
(which require at least three hours).

The PCR conditions and cycling parameters developed were
robust enough to routinely amplify 250pg of template DNA. These
conditions can potentially be applied in a laboratory setting for faster
generation of STR profiles while maintaining the robustness and
reliability required by the forensic typing community.

PCR, Rapid DNA, Forensic DNA Typing

A82 Evaluation of Direct PCR for Forensic DNA
Profiling and the Development of a Direct
PCR Multiplex

Yuvaneswari C. Swaran, PhD* No 16 Lorong Jambu Susu, Taman Sri
Delima, 52000, Kuala Lumpur , MALAYSIA; Lynn Dennany, PhD,
Marielle Vennemann, PhD, and Lindsey Welch, PhD, Univ of
Strathclyde, Dept of Pure and Applied Chemistry, 204 George St,
Glasgow, G1 1XW, SCOTLAND; and Adrian Linacre, PhD, Flinders
Univ, School of Biological Sciences, GPO 2100 Bedford Park, Adelaide,
AUSTRALIA

After attending this presentation, attendees will understand the
basic principles of direct PCR and how it can be used in the analysis of
forensic DNA profiling. Other items for discussion include the use of
direct PCR with various types of samples retrieved from commonly
encountered porous and non-porous substrates, the effect these
substrates have on the recovery of DNA, and, finally, the development
of a novel multiplex that has been validated to be used with direct PCR.

This presentation will impact the forensic science community by
providing insight into the benefits of using direct PCR compared to
conventional DNA profiling protocols to analyze various biological
samples for DNA profiling. This research also focuses on the
development and validation of the direct PCR multiplex for the
simultaneous amplification of autosomal and Y- STRs, and two internal
PCR controls for the identification of sample quality.

The goal of this research was to evaluate the use of direct PCR with
different types of biological samples and to develop a direct PCR
multiplex. Direct PCR is a technique in which DNA samples are
subjected to PCR without having to first undergo extraction and
quantification.  With different extraction techniques, there is an
associated loss of DNA which is caused by extraction inefficiencies. The
multiple tube changes during extraction also introduce the opportunity
for contamination and handling errors. With direct PCR, better DNA
profiles could be obtained faster and cheaper as there is no loss of DNA
associated with extraction steps and it does not use expensive
commercial extraction and quantification kits. In this study, genomic
DNA preparations and buccal cell counts of various concentrations were
deposited on commonly encountered substrates, recovered, and
amplified using direct PCR before subjecting them to capillary
electrophoresis. The electropherograms obtained were compared to
those obtained using the standard DNA profiling protocol which involves
extraction prior to amplification and fragment analysis. Direct PCR was
found to be more successful than the conventional DNA profiling
protocol and was further tested with fingerprints, touch DNA on fabric,
and blood and semen stained fabrics. All these tests were successful
with direct PCR, indicating that this technique has the potential to be
incorporated into routine forensic DNA testing. Supplementary tests
were carried out to compare the efficiency of the swabbing technique
utilized throughout this study and the effect that different substrates had
on DNA recovery. Four non-porous substrates—glass, stainless steel,
plastic, and ceramic—and four types of dyed fabrics—white cotton, light
blue denim, nylon, and brown cotton—were used and the resulting DNA
profiles were evaluated. The results obtained from this experiment
indicated that the substrate on which DNA is deposited affects the
amount of DNA retrieved, and, subsequently, the generation of DNA
profiles. Several commercial multiplexes were used to amplify these
samples using direct PCR and it was found that some of these
multiplexes were more suitable than others for amplifying using direct
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PCR and several pitfalls were identified. With this in mind, a novel
multiplex consisting of five autosomal and two Y-STRs, which also
provides the inhibitor status of the sample, was developed and validated
with direct PCR samples. This multiplex also addresses the issues of
sensitivity and robustness that were encountered with the commercial
multiplexes tested. This direct PCR kit successfully amplified various
mock crime scene samples without prior extraction, while being able to
amplify as low as 25pg of pristine DNA. Allelic ladder, panels and bins
were created to be used with this multiplex to aid in sample designation
when subjected to capillary electrophoresis.

Direct PCR, DNA Profiling, Multiplex Development

A83 Field Forward Rapid DNA Analysis
Outside the Laboratory: A Ruggedized
System for Fully Automated Generation of
STR Profiles

Eugene Tan, PhD* NetBio, 830 Winter St, Waltham, MA 02451

After attending this presentation, attendees will learn of recent
advances in rapid DNA analysis systems that enable forensic sample
analysis to be performed rapidly in field-forward settings, mechanisms
for long-term reagent storage at room temperature to support field-
forward operation, and instrumentation features that enable
transportation to and operation of rapid DNA analysis instruments in the
field.

This presentation will impact the forensic science community by
introducing a fully integrated, samples-in to answers-out short tandem
repeat (STR) analysis system that offers the potential for use in a wide
range of out-of-laboratory settings, including police stations, borders and
ports, military checkpoints, and the battlefield.

Applications for the generation of STR profiles in the field include
forensic investigations, determination of battlefield friend or foe,
verification of kinship in immigration cases, and victim identification at
mass casualty sites. To fully impact these applications, however, Rapid
DNA Analysis systems must be ruggedized to allow transport and field-
forward operation. Critically, all system reagents must be stable at room
temperature for extended periods as many of the projected sites of
operation are not amenable to refrigerated storage.

The system to be presented is immediately operational with full
functionality after transport and capable of generating STR profiles from
buccal samples in approximately 83 minutes without the need for a
technical operator. To enable room temperature storage and stability, all
reagents are stored within a single-use BioChipSet. Certain reagents,
including the PCR reaction mix and Internal Lane Standard are
lyophilized. The remainder, including electrophoresis and guanidinium-
based purification reagents, are stored in liquid form in sealed aliquots
within the BioChipSet. The liquid reagents are automatically released
and the lyophilized reagents are automatically resuspended during
sample processing. For example, the lyophilized PCR reaction mix is
resuspended by an aliquot of the purified DNA solution generated during
processing. Approaches to reagent storage and automated release will
be discussed.

The Rapid DNA Analysis system was designed to be readily
transported to and operated in the field. The instrument can be uncrated
and set up in less than 15 minutes, is ready for use without any
recalibration or adjustments, and can be operated with AC voltage
between 90V to 260V (50 or 60 Hz) using utility or generator power.
Several design features have been incorporated to provide
ruggedization for field-forward operation including: (1) shock isolation
and vibration dampening features in the mechanical chassis to protect
the highly sensitive optical subsystem; (2) temperature control features
to maintain electrophoresis run temperature to within one degree even
with wide swings in ambient temperature; (3) lane-finding software to
automatically align the optical detection system for each run; and, (4)
partitioning of subsystems to protect against shock and vibration. The
completed system was tested to MIL-STD 810F for transport. These
tests included:

e  Transit Shock — The instrument was crated, raised 12" above
a solid concrete floor and dropped as prescribed in the test
procedure.

e Bench Shock — The instrument was placed on a laboratory
benchtop and raised on one side with by 4" and released, as
prescribed in the test procedure.

e  Vibration Testing — The crated instrument was placed on a
vibration table and exposed to the vibrational frequencies for
truck transportation as prescribed in the test procedure.

Data for the MIL-STD tests, automated subsystem tests, and
functional tests will be presented to demonstrate that the system meets
or exceeds all requirements for STR analysis in field-forward operation.
Rapid DNA, Ruggedization, MIL STD 810F

A84 Rapid DNA Analysis: Fully Integrated,
Fully Automated Generation of STR
Profiles From Buccal Swabs

Eugene Tan, PhD* James W. Schumm, PhD, and Richard Selden, MD,
PhD, NetBio, 830 Winter St, Waltham, MA 02451

After attending this presentation, attendees will have learned how
fully-automated STR profile generation from buccal swabs can be
performed without a technical operator in the laboratory, police station,
or field-forward settings.

This presentation will impact the forensic science community by
offering a fully integrated, samples-in to answers-out Short Tandem
Repeat (STR) analysis system that offers the potential for use in a wide
range of out-of-laboratory settings, including police stations, borders and
ports, military checkpoints, and the battlefield.

This presentation describes development of a Rapid DNA Analysis
system consisting of a modular platform that allows customization to
perform a wide range of nucleic acid analyses. Independent microfluidic
modules developed include those for DNA purification, DNA quantitation,
highly multiplexed amplification, DNA sequencing, electrophoretic
separation and detection, and related control, analytical, signal
processing, and expert system profile determination software. The
system consists of a fully automated instrument and a single
accompanying BioChipSet cassette that can be used by non-technical
personnel in laboratory, office, or field-based settings while dramatically
reducing the time required to perform STR analyses. This presentation
summarizes the successful application of the methodology in generating
CODIS-quality DNA profiles in 83 minutes from buccal swabs without
human intervention.

The Field-Deployable Accelerated Nuclear DNA Equipment
(“ANDE") is operated by inserting five buccal swab samples into a
BioChipSet, placing the BioChipSet into the instrument, and pressing the
start button. The instrument provides all the subsystems required for the
completion of STR analyses, including the power, thermal cycling,
pneumatic, optical, ruggedization, process control, and computer
subsystems. The instrument interfaces to the BioChipSet using a
number of features, including a pneumatic manifold to allow fluids to be
driven, thermal features to maintain appropriate temperatures during
PCR and electrophoresis, optical paths to allow excitation and detection
of separated STR fragments, and electrical connections to support
electrophoresis. Attendees will become familiar with several critical
features of the instrument and BioChipSet including:

e The BioChipSet contains all reagents on-board, factory pre-

loaded. The user does not load or otherwise handle reagents.
Several reagents are lyophilized (e.g., amplification reaction
mix) and others are in liquid form (e.g., purification reagents).
All reagents are stable at room temperature.

e The BioChipSet is closed: each buccal sample is processed
through its own sealed processing path and samples and
reagents do not have any contact with the instrument itself.

e To limit handling requirements, the BioChipSet is a single
disposable plastic component. The operator has nothing to
connect. No opening, filling, or other handling of the
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disposable piece is required, minimizing the possibility of
cross-contamination.

e  Buccal swabs lock into separate purification positions so that
once loaded they cannot be moved to another location. An
RFID chip in the swab cap is detected by the instrument lid to
identify the swab location within the BioChipSet.

e  The instrument is ruggedized to MIL STD 810F for shock and
vibration. This allows it to be moved within the forensic
laboratory, transported for use outside of the laboratory, or
used in a police station or field-forward setting. Instrument
autocalibration readies the instrument for use within 15
minutes of setting it up.

e The instrument contains an on-board computer and touch
screen monitor for interfacing with the operator, and the
instrument’s wireless, USB, and Ethernet connectivity options
can be configured to user requirements. Also based on user
requirements, the system includes an expert system for
conversion of electrophoretic traces to CODIS/NDIS-
compatible profiles and .cmf output, GPS-tagging of data
products with time and location data, and an internal database
to store instrument-generated profiles.

Description of the instrument design, the processes conducted in
automated processing, and data characterizing the output generated
from the fully integrated multiplex STR instrument-biochipset-expert
system format will be presented.

Rapid DNA, Expert System, ANDE

A85 A Fast STR Genotyping Process for
Time-Sensitive Situations

Nancy Laurin, PhD*, and Anick De Moors, MSc, RCMP, Forensic Sci
and ID Services, Tech and Science Development, 1200 Vanier Pkwy,
Oftawa, ON K1G 3M8, CANADA; and Chantal Frégeau, PhD, RCMP,
Forensic Sci and ID Services, Tech and Science Development, 1200
Vanier Pkwy, Ottawa, ON K1A OR2, CANADA

After attending this presentation, attendees will learn about different
approaches aimed at reducing the time to generate STR profiling results,
including a short lysis step, extraction on the Promega Maxwell 16
System and rapid PCR protocols, and about their integration into a
single accelerated analytical process.

This presentation will impact the forensic science community by
providing options and feasible alternatives for laboratories interested in
gaining analytical efficiencies or to expedite sample processing, offering
strategies compatible with standard forensic laboratory equipment.

Significant efforts are being devoted to the development of methods
enabling rapid generation of short tandem repeat (STR) profiles in order
to reduce turnaround times for the delivery of human identification
results from biological evidence. Moreover, in some circumstances, the
need for rapid human identification might be critical for police
investigations.  Different approaches were investigated to achieve
flexibility for processing biological evidence. Combining these
accelerated protocols into a single analytical process enables
generation of STR profiles for human identification within five hours.

Reduced incubation times at 56°C for the lysis of biological
samples were evaluated (30 min to 4 hours) and the results were
compared to the usual overnight incubation. A quick DNA extraction
method using the Promega Maxwell 16 System (27 min/16 samples)
was also explored and the results were compared to the RCMP
automated DNA |Q extraction protocol on TECAN robotic workstations.
A variety of single-source and two-person mixture samples were
subjected to different lysis conditions and extraction methods. With the
exception of old blood on FTA cards, a 30-min incubation was sufficient
to obtain similar or higher DNA yields compared to the longer incubation
times. DNA yields were enhanced for some challenging fabrics, likely
due to a reduced quantity of dye/chemicals leaching out of the fabric and
interfering with the extraction by DNA IQ. While comparable STR profile
quality was usually obtained, improvement in inter-loci balance was
noted for the 30-min lysis step for saliva and buccal samples. Similarly,

DNA vyields and profile quality were shown to be equivalent using the
quick DNA extraction method on the Promega Maxwell 16 when
compared to the current RCMP DNA IQ method.

By modifying the cycling conditions and combining the use of a
DNA polymerase optimized for high-speed PCR (SpeedSTAR HS) and
of a more efficient thermal cycler instrument (Bio-RAD C1000), it was
possible to reduce the amplification process time to 26 minutes. No
modification to the commercial AmpFISTR® Profiler Plus or Identifiler
primer mix was required. Mock and casework single-source and two-
person mixture samples were used. Compared to standard
amplification protocols, the fast amplification procedure demonstrated
similar sensitivity, peak height ratios, and overall profile balance. Minor
alleles in mixtures were reliably typed. Anincrease in the n-4 stutter ratio
(2.2% on average for all loci) for profiles amplified with the fast protocol
was noted compared to the standard protocols. Complete concordance
was obtained with profiles previously generated with a standard
amplification protocol for mock case samples and for casework samples.

Together, these protocol modifications provide interesting options to
current laboratory processes to expedite the generation of STR results,
especially in circumstances requiring quick actions. Other strategies to
further reduce turn-around time included the evaluation of the Qiagen
Investigator HYres quantification kit and profile generation on an Applied
Biosystems 3500/3500xI Genetic Analyzer. The cycling procedure of the
Investigator HYres cuts off approximately 30 minutes in the
quantification step compared to the Applied Biosystems Quantifiler Duo.
Comparable human and male DNA yield values were obtained for both
systems from forensically relevant DNA samples. Excellent STR profile
quality was demonstrated from biological samples submitted to the
entire accelerated analytical process in less than five hours.

DNA, STR, Accelerated Process

Influence the
Rate of

A86 How Distant Relatives
Efficiency and Error
Familial Searching

Rori V. Rohlfs, PhD* 5407 Dover St, Apt B, Oakland, CA 94609; Erin
Murphy, JD, NYU, School of Law, 40 Washington Square, S 419, New
York City, NY 10012; Yun S. Song, PhD, Univ of Cal, Dept of Statistics,
321 Evans Hall 3860, Berkeley, CA 94720; and Montgomery Slatkin,
PhD, Univ of California, 1005 Valley Life Sci Bldg, Berkeley, CA 94720

After attending this presentation, attendees will gain a sophisticated
understanding of familial searching arising from realistic population
genetics and the presence of distant relatives in DNA databases. Since
the utility of familial searching is predicated on relatives being present in
these databases, it is important to consider how these relationships
affect the practical application of familial searching techniques.
Specifically, attendees will see how while familial searching effectively
identifies first-degree relatives, distant relatives are also very commonly
misidentified as first-degree relatives, calling into question the
effectiveness of large database familial searching.

This presentation will impact the forensic science community by
bringing to light important caveats affecting familial searching, which
may lead to increased false identification rates. Depending on the
demographics of DNA databases, these false identification rates may be
unacceptably high, potentially influencing decisions about the use and
implementation of familial searching methods. This is particularly
relevant considering the continuing rapid rise in use of familial searching.

Familial searching is now being implemented in several states and
is under consideration for national application as a tool to aid cold case
investigations. The consequences of adopting the familial searching
criteria used by the state of California, as described by Myers et al.,
(2011) are considered." A simulation study, in which randomly generated
profiles of related and unrelated individuals, comprising of a 13-locus
CODIS genotype and YFiler® Y-chromosome haplotype, were
considered for first-degree relationships as carried out through the
Myers protocol for relative identification, was conducted. The Myers
protocol powerfully identifies first-degree relatives who share a Y-

72

* Presenting Author



chromosome, with an 80-99% probability, depending on the population
background of the individuals in question. For unrelated individuals,
there is a low probability of false identification as first-degree relatives.
The Myers protocol showed low probabilities of falsely identifying totally
unrelated individuals as first-degree relatives, supporting the method to
distinguish first-degree relatives from unrelated individuals. However,
for more distant Y-haplotype sharing relatives (half-siblings, first cousins,
half-first cousins, or second cousins), there is a substantial probability of
incorrect identification as first-degree relatives. For example, there is a
3-18% chance of identifying a first cousin as a full sibling, with the
probability depending on the population genetic background of the
individuals in question. The California familial search policy is likely to
identify a first-degree relative if their profile is in the database and it
poses little risk of falsely identifying an unrelated individual in a database
as a first-degree relative. However, importantly, there is a substantial
risk that a somewhat more distant Y-chromosome sharing relative
whose profile is in the database will be wrongly identified as a first-
degree relative, with the consequence that their immediate family will
become the target for further investigation. In this outcome, the familial
search is ineffective in identifying the true relative and may convincingly
lead investigators to futilely consider distant relatives who may not even
be aware of their relationships to the true relative in question.
Importantly, this risk of unprovoked investigation falls disproportionately
on those groups that are over-represented in state and federal
databases, particularly African Americans and Latinos.

Reference:

' S. Myers, M.D. Timken, M.L. Piucci, G.A. Sims, M.A. Greenwald,
J.J. Weigand, K.C. Konzak, M.R. Buoncristiani, Searching for first-
degree familial relationships in California’s offender DNA database:
Validation of a likelihood ratio-based approach, Forensic Science
International: Genetics 5 (2011) 493-500.

Familial Searching, Error Rates, Population Genetics

A87 NIST STRBase Resources to Aid Work
With New STR Kits and Loci

John M. Butler, PhD* NIST, 100 Bureau Dr, MS 8312, Gaithersburg,
MD 20899

After attending this presentation, attendees will learn about the
creation of resources on the STRBase website to aid the understanding
of new DNA tests, developed after new short tandem repeat (STR) loci
were required for European and U.S. forensic DNA databases.

This presentation will impact the forensic science community by
describing online resources under development at the National Institute
of Standards and Technology (NIST) that supports work with new DNA
tests.

With new short tandem repeat (STR) loci being required for
European and U.S. forensic DNA databases, a number of new DNA
tests have been developed in the past few years. Attendees will learn
what resources exist on the STRBase website to aid their understanding
of these new DNA tests.

For the past 15 years, NIST has maintained the Short Tandem
Repeat DNA Internet DataBase (STRBase), which is located at
http://www.cstl.nist.gov/biotech/strbase. The purpose of STRBase has
been and continues to be an attempt to bring together the abundant
literature and information in the forensic genetics field in a cohesive
fashion in order to make current and future work easier. New materials
are regularly added to expand the information contained on the
STRBase website.

Information on the STRBase website is contained in hypertext
markup language (HTML) files that were created primarily using a editor
and website administration tool. Over 1,900 files now exist containing
more than 10,000 printed pages of information that are connected with
over 5,000 hyperlinks. An additional 2,300 hyperlinks connect various
information on STRBase to other internet websites, including over 350
direct links to various organizations, journals, academic and forensic
institutes, commercial sites, genetic genealogy labs, parentage testing
labs, and legal sites dealing with forensic DNA (see

http://www.cstl.nist.gov/biotech/strbase/weblink.htm). Thus, STRBase
is not a true searchable “database” but rather a collection of information
with interconnected files. Since July 2006, resources that are added to

STRBase are now tracked on a “recent updates” page:
http://www.cstl.nist.gov/biotech/strbase/updates.htm.
STR fact sheets are the centerpiece of STRBase. These fact

sheets list information regarding genomic location, GenBank accession,
repeat structure, reported PCR primer sets, observed allele sizes and
sequence structure, commercially available allelic ladders, common
multiplexes, and mutation rates. All 24 core or common STR loci used
in current commercial STR kits are available. Multiplex assay and kits
are visually summarized by locus-specific allele size ranges and dye
colors with each locus name hyperlinked to the appropriate STR fact
sheet. Labs worldwide continue to contribute to knowledge regarding
rare alleles such that we now have catalogued over 600 variant alleles
and 300 tri-allelic patterns.

Numerous presentation slides, NIST publications and
presentations, software programs, and other useful information are
available for download and use by the forensic genetics community.
Materials from more than 40 recent workshops consisting of thousands
of slides covering capillary electrophoresis, low-copy number DNA
testing, mixture interpretation, gPCR DNA quantitation, Y-chromosome
and mtDNA analysis, and validation are available for use at
http://www.cstl.nist.gov/biotech/strbase/training.htm.

NIST’s Applied Genetics Group has also updated NIST Standard
Reference Material (SRM) 2391c with certified and informational values
for commonly used autosomal and Y-STR loci. The information
available from NIST’s latest SRM will be discussed.

STRBase has been well received and widely used by the forensic
DNA community and additional resources for the website continue to be
created. In 2005, NIST adopted STRBase as an official Standard
Reference Database (SRD) giving further credence to the value of the
information contained in the website.

Forensic DNA, STRBase, Internet Resources

A88 Results of DNA Processing of Unselected
Sexual Assault Evidence

Sarah Kelley, BS*, Michael A. Donley, MS, Michal L. Pierce, MS,
Katherine Welch, MSFS, and Roger Kahn, PhD, Harris County IFS,
1885 Old Spanish Trail, Houston, TX 77054

The goal of this presentation is to offer an overview of the results of
sexual assault kit processing and compare the final disposition of cases
with the DNA results obtained.

This presentation will impact the forensic science community by
offering a comparison to studies of testing of backlogged sexual
assault kits stored for long periods by law enforcement agencies at a
variety of locations in the country.

Sexual assault kit backlogs are at the forefront of controversy in the
forensic science community. A number of jurisdictions across the
country have reported backlogs of thousands of untested sexual assault
kits in law enforcement property rooms or laboratory evidence storage.
There are differing opinions as to the usefulness of forensic testing in
these backlogged cases. Community groups, victim’s rights advocates,
and some victims have called the backlogs justice delayed or denied.
Studies by others are underway to test the backlogged evidence and to
determine if timely analyses would have been helpful. A retrospective
study of the testing of all sexual assault evidence without delay collected
in the jurisdictions served by the Forensic Genetics Laboratory of the
Harris County Institute of Forensic Sciences (HCIFS) is presented.

The HCIFS serves approximately 2,000,000 of the 4,000,000
people in Harris County outside the city of Houston, providing forensic
DNA testing services to more than 60 law enforcement agencies.
HCIFS policy requires all collected sexual assault kits to be submitted
directly to the laboratory without being sent first to the property room of
the submitting agency. HCIFS tests all evidence within approximately 60
days and has no backlog of untested kits. The purpose of this study is
to identify the outcomes of a set of completed and adjudicated sexual
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assault cases. The study is unique in that it includes all collected sexual
assault cases, not just those for which DNA testing was not originally
requested.

Cases received during 2010 were assessed for this project. For
each of these cases, information was gathered from the complainant’'s
narrative from the kit's medical report, law enforcement offense records,
DNA reports, CODIS hit information, and court records. Data included
whether a sexual assault kit was collected and the amount of time that
elapsed between the assault and the evidence collection. Complainant
and suspect information included their ages and relationship, if any. The
assaults were categorized by a large number of variables including
whether there was evidence of drug-facilitated sexual assault, whether
the suspect ejaculated, and whether the victim knew the attacker. DNA
results documented whether a suspect known was submitted for
comparison, whether semen and/or male DNA was detected, and
whether the suspect known matched a profile in the evidence.
Additionally, the final disposition of the case and the number of CODIS
offender hits and forensic hits were also tracked.

Preliminary data indicates that foreign DNA was detected in 60% of
cases. A profile was entered into CODIS in 83% of these cases. A
CODIS offender hit or forensic hit was returned in 24% of the cases, and
45% of the offender hits in these cases were to offenders not identified
during the investigation. The preliminary data show that charges were
filed in 35% of the cases. Conference attendees will be provided
comprehensive information from the data set. The value of DNA testing
of all sexual assault kits collected versus testing of only selected kits will
be discussed.

Sexual Assualt Kit, DNA, Backlog

A89 Processing One Million DNA Samples:
Lessons Learned From a Decade of
Offender Databasing

Michael Cariola, MFS, Erin Sweeney, BS* Manzar Ahmed, MS, and
Megan Meyer, MS, Bode Technology Group, 10430 Furnace Rd, Ste
107, Lorton, VA 22079

After attending this presentation, attendees will learn: (1) a variety
of tools and methods that can improve the efficiency and quality of
offender databasing processing; (2) the importance and impact of
selecting the most appropriate procedures and technical specifications;
and, (3) how to recognize factors that significantly affect turn-around
time, cost, efficiency, and overall productivity within their own forensic
DNA laboratories.

This presentation will impact the forensic science community by
discussing methods that DNA databasing laboratories can use to
increase productivity, improve quality, and decrease costs in order to
effectively manage and reduce offender DNA sample backlogs.

As a result of expanding offender collection legislation and
demands to reduce DNA backlogs across the country, laboratories are
continually confronted with meeting the challenges of an increased
workload while following strict budgetary constraints. Additionally, with
the increase in arrestee legislation, there is a higher demand to process
DNA reference samples in much shorter turnaround times, which can
often lead to inefficiencies within the laboratory. Through the processing
of more than one million DNA database samples for the U.S. national
database (CODIS), and more than 10 years of experience in high
throughput DNA database sample processing and analysis, this study
has identified a variety of methods described in this presentation that
other laboratories can use to eliminate time-consuming and costly
inefficiencies to increase throughput and reduce DNA backlogs.

This presentation will address ways to optimize the collection and
testing process, and improve the first pass success rates of databasing
samples. Maximizing the first pass success rate allows the laboratory to
minimize re-testing, re-amplifications, re-injections, and ultimately
simplifies data review. In order to achieve full optimization, a variety of
processing, analytical, and quality factors were identified and evaluated
based on overall impact and ease of implementation within the

laboratory. Substrate options were carefully examined and evaluated,
and a variety of extraction techniques were compared to determine
which methods yielded the highest quality DNA while minimizing cost
and processing times. Additionally, through experience, testing, and
cost analysis reports, it was determined that maintaining a proper
balance of automated and manual procedures is more productive and
efficient than relying on just one method.

The selection of appropriate technical specifications is also highly
critical. ~ Specifications such as imbalance ratios, minimum relative
fluorescent unit (RFU) values, and ceiling thresholds should be carefully
considered. These factors can be key drivers of first pass success rates
and dramatically influence reprocessing rates and cost. In addition, the
importance of implementing a Laboratory Information Management
System (LIMS) program that has been specifically designed for high-
throughput processing of databasing samples is explained. The use of
an LIMS program allows a laboratory to effectively track samples starting
from accessioning through analysis and reporting, and should include
extensive quality control checks specific to high-throughput testing.
Additionally, the number of samples processed together within a batch
has a large impact on cost and productivity. Factors such as collection
rates, turnaround times, and staffing should be carefully considered
when determining the appropriate batch size both for in-house
processing and for outsourcing.

Knowing the limits of each step can also aid in the development of
an effective database analyst training program. It has been documented
that new analysts can be effectively trained within six weeks and be fully
independent once the FBI QAS six-month training requirement is
fulfilled. Finally, analyst productivity tracking has shown that analysts will
be approximately 40% more efficient in their second or third year than
analysts in their first year. This determination facilitates project planning,
personal development goals, and the ability to meet expectations in
even shorter turnaround times.

Database, Efficiency, Backlog

A90 The Impact and Benefit of Expanding the
U.S. Core Autosomal STR Markers

Becky Hill, MS*, and Margaret C. Kline, MS, NIST, 100 Bureau Dr, MS
8314, Gaithersburg, MD 20899; David L. Duewer, PhD, NIST, 100
Bureau Dr, Gaithersburg, MD 20899; and John M. Butler, PhD, NIST,
100 Bureau Dr, MS 8312, Gaithersburg, MD 20899

After attending this presentation, attendees will: (1) understand the
benefit and potential impact of expanding the U.S. core autosomal STR
markers for DNA database searches; and, (2) get an overview of the
next-generation multiplex kits that include these additional markers.

This presentation will impact the forensic science community by
demonstrating how DNA database searches can be benefitted by
additional STR loci.

The original core set of 13 Combined DNA Index System (CODIS)
autosomal short tandem repeat (STR) loci were selected in November
1997 and are required by the Federal Bureau of Investigation (FBI) for
upload of DNA profiles to the national DNA database.'? As the number
of profiles stored in the National DNA Index System (NDIS) continues to
increase each year (>10 million total profiles), the likelihood of
adventitious matches becomes greater. Expanding beyond the 13 core
loci is critical to reduce the potential of these types of matches occurring
within the database, to increase international compatibility for data
sharing, and to increase discrimination power in missing persons cases.®

In November 2009, the European Union adopted five new
autosomal STR loci as part of their expanded European Standard Set
(ESS), including D12S391, D1S1656, D2S441, D10S1248, and
D22S1045. These new ESS STR loci were selected based on
discussion over the past few years within the European Network of
Forensic Science Institutes (ENFSI).#® Unfortunately, only eight of the
current 13 U.S. core loci overlap with data being gathered in the United
Kingdom and most other European nations. All five of these new loci are
being considered for the expansion of the U.S. core set to provide
greater capabilities for international comparisons when necessary. Also,
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D2S1338 and D19S443 are recommended as two new additions to the
original 13 core loci because they are commonly used worldwide as well
as in the United States. Almost half of the U.S. national database
already contains data for these loci. Finally, it has been suggested that
the DYS391 locus be added to confirm amelogenin null alleles
sometimes present in DNA profiles.?

In the past few years, Promega Corporation and Life Technologies
have released several new next-generation STR multiplex kits that
enable complete coverage of all of these additional loci plus the 13 U.S.
core loci. These multiplex kits have been extensively tested in the
National Institute of Standards and Technology (NIST) laboratory,
allowing the probability of identity calculations to be made with different
sets of loci and population statistics, including allele frequencies,
observed alleles and genotypes, polymorphism information content
(PIC) and heterozygosity values for each locus, to be determined with a
standard set of unrelated U.S. population samples. With this
information, it has been possible to thoroughly characterize these new
STR loci beyond the original 13 CODIS core loci to determine the impact
that this additional information will have on database searches.

A summary of these results, including STR locus population
statistics for the new STR loci, will be shown in order to help assess the
benefits of adding additional loci to the current 13 CODIS core loci.
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A91 UV-Visible Microspectrometer Parameters

That Affect Spectral Quality, Reliability,
and Power of Discrimination

Dale K. Purcell, MS*, City Univ of New York, John Jay College, 445 W
59th St, New York, NY 10019; John A. Reffner, PhD, 97 Ocean Dr E,
Stamford, CT 06902; Thomas Kubic, JD, PhD, 8 Pine Hill Ct, Northport,
NY 11768; and Fran Adar, PhD, 3880 Park Ave, Edison, NJ 08820

After attending this presentation, attendees will benefit by gaining a
deeper understanding of how UV-visible microspectrophotometry (MSP)
spectral data quality, reliability, and discrimination power are improved
through testing and controlling critical instrumental parameters,
specifically, attention to sample preparation and using polarized light
when analyzing optically birefringent samples.

This presentation will impact the forensic science community by
recommending guidelines for collection of high-quality spectral data and
interpretations in ultraviolet-visable MSP analysis.

Microanalysis of transfer (trace) evidence involves the application
of a microscope and microscopical techniques for the observation,
collection, documentation, and analysis of micrometer-size particles.
Microspectroscopy is the union of microscopy and spectroscopy for
microanalysis. Microscopy is the art and science of creating, observing,
recording, and interpretation of magnified images. Analytical
spectroscopy is the science of studying the absorption, reflection, and
emission of electromagnetic radiation to determine the structure and
chemical composition of materials. Both microscopy and spectroscopy

contribute specific scientific information about a material’s structure and
composition. Both scientific methodologies originate with optics and the
interaction of radiant energy with matter. Microspectrophotometry is
perhaps one of the oldest microanalytical techniques with roots traced to
the microspectrograph in the mid-1800s when used by Henry Clifton
Sorby in order to compare the transmission spectrum of light traversing
different directions in crystals. Microspectrophotometry has various
contrast methods. These techniques continue to be used today in
forensic science laboratories for the characterization and comparison of
naturally colored and dyed or pigmented transfer evidence such as
architectural, automotive, and artistic paints, natural and synthetic fibers,
color-dyed human and animal hairs, thin polymer films, and minerals.

This research reports the critically important role of factors such as:
(1) using a research PLM with a circular rotating stage to precisely orient
the sample; (2) controlling the orientation of polarizer in the condenser;
(3) the quality of the spectrometer used to record transmittance; (4)
importance of slide and cover slip; (5) using a refractive index oil that
closely matches the refractive index of the specimen to minimize
scattering and lensing effects; and, (6) the proper treatment of data,
including spectral normalization, in order to determine real variance in
the data. This research reports how wavelength accuracy was
determined using a combination of mercury-argon and krypton line
sources. Photometric accuracy was determined using a series of
neutral density filters. The system’s noise was determined by measuring
root mean square (RMS) noise of the transmittance. The results of this
research will be presented in a two-prong approach: instrumental
parameters and sample-dependent factors.

Frequently, inherent instrument-induced polarization effects are not
realized by the untrained user. Spectral data collected on fibers and
films demonstrate that instrument-induced polarization may result in
erroneous interpretations, false exclusions, and false inclusions based
on changes to spectral features such as bathochromic or hypsochromic
peak shifts, and hyperchromic or hypochromic intensity shifts. The
results will also demonstrate that sample preparation and specimen
orientation are critical to obtaining high-quality (high signal-to-noise)
data. Specimens are generally not flat or parallel materials so physical
characteristics such as cross-section morphology, varying levels of
pigmentation, variations in dye uptake, and degree of delustrant will all
effect the quantitative transmittance level, the quality of the spectral
data, and the degree of spectral consistency. The results will
demonstrate that proper data processing (normalization) will minimize
and control sample variations due to sample thickness (pathlength) and
sample concentration variations in the specimen.

In conclusion, the proper use of the microscope is critical to
obtaining reproducible, high-quality, high-resolution data which is
essential for optimum spectral differentiation. When the operator
systematically controls as many instrument parameters as possible, the
quality of the spectral data is improved, which results in a higher signal-
to-noise and better spectral discrimination. The goal of this
presentationis that the guidelines that will be presented will be
considered for adoption by SWGMAT, ENFSI, and other forensic
science technical groups.

Microspectroscopy, Trace Evidence, Criminalistics
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A92 Utilizing Comprehensive Gas
Chromatography Coupled to Fast-
Scanning Time-of-Flight Mass

Spectrometry for the Analysis of
Forensically-Relevant Samples

Frank L. Dorman, PhD*, Penn State Univ, 107 Whitmore Lab, University
Park, PA 16802; Jessica Westland, MPS, Penn State Univ, 107
Whitmore Lab, State College, PA 16802; Jack Cochran, BS, 110 Benner
Cir, Bellefonte, PA 16823; and Kari L. Organtini, MSc, Adrienne W.
Brockman, BS, and Emily X. Ly, BS, Penn State Univ, 107 Whitmore
Lab, University Park, PA 16802

After attending this presentation, attendees will gain an
understanding of the technique of comprehensive gas chromatography,
or GCxGC, and how this technique can aid the forensic chemist for a
variety of analyses including fire debris and drug analysis. Additionally,
the benefit to the legal system will also be discussed, where the output
from this technique may be more easily explainable and understandable
to the court.

This presentation will impact the forensic science community by
educating potential users of this technique as to its abilities, and how
they might be used in a variety of analytical methods to provide greater
data quality, and also easier comprehension to a non-scientific audience
such as the legal system.

Comprehensive GCxGC is a relatively recent technique available to
separations scientists. Largely credited to Phillips, this technique has
recently become more user-friendly, robust, and accepted in the
scientific literature."? Additionally, several systems are now available to
potential users, which increases the potential for application to the field
of forensic science.

This presentation will address the fundamentals and
instrumentation for GCxGC. Specifically, the use of cryogenic
modulation GCxGC coupled to Time-Of Flight Mass Spectrometry (TOF-
MS) will be discussed, allowing for an increase in chromatographic peak
capacity and sensitivity for many complex separations. This increase in
peak capacity allows for higher data quality when analyzing complex
samples. Through the examples of fire debris and drug analysis, this
presentation will demonstrate that GCxGC-TOF-MS should be
considered as a viable analytical technique in the forensic science field
because: (1) it allows for the classification of compounds based upon
chemical functionality, thus allowing for tentative peak assignment even
in the absence of reference standards; (2) it allows for greater peak
resolution which improves both qualitative id and quantification
accuracy; (3) it allows for data display that is much more easily explained
to members of the legal community who may not have years of analytical
chemical education and experience; and, (4) it may allow for
identification of marker compounds and other trace compounds that are
obscured for a variety of reasons in more conventional analyses.

Specific examples of pharmaceuticals in wastewater samples and
data from an arson case will be presented to briefly demonstrate the
benefits of this technique. The analysis of drugs in wastewater may
allow for spatial and temporal resolution of usage in a population, but the
analysis conditions are difficult using conventional approaches. Many of
the drug compounds and metabolites are at very low levels of
concentration relative to the variety of co-extractable, or matrix,
compounds that are also found in wastewater. If these matrix
compounds are not resolved in the chromatographic analysis, they may
either obscure the trace compounds or bias the mass spectrum such
that detection becomes difficult. GCxGC-TOF-MS data will be shown in
comparison to GC/MS data to demonstrate the utility of the technique.

Equally, fire debris samples present a difficult separation. Most
potential accelerants are hydrocarbon-based distillation fractions, and
contain a large number of individual compounds. In some cases (diesel
and kerosene, for example), these materials can be difficult to
distinguish from one another, especially once they have been weathered
either through evaporative loss or through combustion. Again, the
increased peak capacity and selectivity of GCxGC-TOF-MS will be

compared to the more conventional GC/MS technique to demonstrate
the benefits of the use of this technique to the forensic community.
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A93 Present Status of Gas Chromatographic
Stationary Phases Being Used in
Forensic Science

Thomas A. Brettell, PhD*, Cedar Crest College, 100 College Dr,
Allentown, PA 18104

After attending this presentation, attendees will have a better
understanding of how the different stationary phases used in gas
chromatography (GC) are being applied to separating various analytes
encountered in forensic science laboratories.

This presentation will impact the forensic science community by
providing information on the different gas chromatographic stationary
phases available and how they are being utilized for the separation of
analytes in different matrices found in forensic science.

GC is a separation technique that has been used in most analytical
laboratories for over 50 years. Most crime laboratories, especially those
performing toxicological and controlled substance analysis have at least
one gas chromatograph in their laboratory. To date, there has not been
a survey of GC users specifically targeted at the forensic sciences.
LCGC North America magazine has published surveys in 1990, in 1995,
and in 2003 of GC users in the chemical industry."® Several changes
have occurred in the industry and in forensic science since these
surveys. For example, many environmental laboratories, which at one
time represented one-third of all analytical laboratories that used gas
chromatographic columns, have been closed. In recent years, many
pharmaceutical laboratories have also closed or consolidated resources,
outsourcing much of their analytical work outside the United States. In
addition, there are now more forensic laboratories performing GC and
GC-mass spectrometry (GC/MS) than there were 20 years ago. In
1995, forensic laboratories only represented 2.6% of the laboratories
surveyed and in 2003 the forensic laboratories representation increased
to 6%.2° The increased prevalence of gas chromatographic
instrumentation in the crime laboratories is directly attributed to the
reduced cost and availability of instrumentation, particularly the table-top
gas chromatograph-mass spectrometer (mass detector). New
manufacturers of gas chromatographic columns and new and improved
column technology have also emerged, making a larger variety of
stationary phases available.

With all of these changes taking place and new designer drugs
challenging controlled substance and toxicology laboratories daily, it was
thought that a survey of the use of gas chromatographic stationary
phases for different applications would be of interest to the forensic
community. Surveys were mailed to over 100 random selected crime
laboratories and forensic scientists around the country. The results of
these surveys will be presented. In addition to the surveys, the
application of GC and GC/MS in recent proficiency tests was also
investigated. Finally, the forensic science literature was searched from
2007-2012 to assess the use of different stationary phases, the
technical specifications of the columns, and how each were applied to
separate various analytes found in forensic samples, i.e., various drugs
and toxins of interest in controlled substance and toxicological analysis,
fire debris samples, pyrolysis GC, etc. Not surprisingly, preliminary
results indicate that capillary columns are overwhelmingly being used in
crime laboratories. Columns of 0.2 to 0.25- and 0.32mm i.d. in a range
of lengths of 12 to 30-m lengths are the most popular. 100%
Methylsilicone, 5% phenylmethylsilicone, polyethylene glycol, and 50%
phenylmethylsilicone continue to be the most popular stationary phases.
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A94  Application of Raman Spectroscopy to the
Forensic Analysis of Drugs, Controlled

Substances, and Fibers

Sergey Mamedov, PhD* 3880 Park Ave, Edison, NJ 08820; and
Tameika James, MPhil, and Judith Mowatt, PhD, 2 » Hope Bivd,
Kingston, JAMAICA, WEST INDIES

After attending this presentation, attendees will learn of the
application of Raman microscopy to drugs and fiber analysis.

This presentation will impact the forensic science community by
providing methodology and technical details of using micro-Raman
analysis of drugs, controlled substances, and fibers.

Raman spectroscopy and infrared spectroscopy are
complementary techniques often used for the identification of
compounds. Raman spectroscopy; however, offers several advantages
over infrared spectroscopy. Raman spectroscopy is a light-scattering
technique whereby light from a laser interacts with a sample producing
scattered light of different wavelengths. The scattered light which is
specific to a particular compound is funneled to a detector enabling
chemical identification.

Raman analysis has been recognized to have potential for solving
a wide variety of problems associated with forensic science. Early
motivation was to identify substances/contaminants that appeared in
crime scene evidence and manufactured products; however, it was
quickly applied to all types of materials analysis.

Raman spectroscopy is very applicable in the field of forensic
science. It uses a technique that offers a non-destructive and non-
contact method of analysis. Only a small amount of sample is required
and little or no sample preparation is necessary. It allows for trace
analysis, and sampling can be done directly through transparent
evidence bags and packaging such as glass and plastics. It covers a
wide spectral range, from 1000cm-' to 4000cm-" making the technique
ideal for the identification of both organic and inorganic substances,
which includes drugs, pharmaceuticals, explosives, fibres, inks, paint,
etc. Bulk analysis and screening of opaque materials such as powders
is also possible. Raman spectroscopy also allows for the identification
of the components of non-homogeneous samples and automated high-
definition Raman mapped images can be obtained.

The purpose of this paper is to demonstrate some of the forensic
applications of Raman spectroscopy. In particular, the capability of
Raman spectroscopy to differentiate between drugs of similar structure
will be demonstrated. That is, Raman spectroscopy has the capability
of detecting even slight differences in the chemical composition of a drug
and, therefore, plays a vital role in helping to determine when drugs have
been illegally manufactured. In order to illustrate the abovementioned,
spectra of the two main forms of cocaine (hydrochloride and base) will
be highlighted in this paper as well as the ability to identify drugs in
plastic bags/containers.

In an effort to aid law enforcement personnel and the public at large,
investigations have been geared toward the ability of Raman spectroscopy
to identify a variety of polymers used in fibers. This is very important as
the presence of fibers at a crime scene has often been instrumental in the
process of solving crime. “Fingerprints” of nylon 6, Kevlar, poly-styrene,
PET, poly-propylene, and some others, along with different types of nylon
(nylon 6, nylon 66, nylon 12, and others) will be presented.

Data will be collected using both a 633nm and a 785nm lasers.
Comparison of the drugs and fibers will be done using similar
wavelength lasers.

Raman spectra will be presented and method development
including statistical analysis will be described. It will be shown that a
search can provide quick identification of materials whose spectra have

been collected in a library, or just matched to suspect material samples.
Drugs, Fibers, Raman

A95 An Investigation Into the Volatile
Organic Compounds Released From
Submerged Remains

Norma |. Caraballo, BSc*, and Kenneth G. Furton, PhD, Florida Intl
Univ, Dept Chemistry & Biochemistry, 11200 SW 8th St, CP 344, Miami,
FL 33199

After attending this presentation, attendees will have a better
understanding of the chemistry of death, also known as
thanatochemistry, the volatile organic compounds (VOCs) that evolve
from decomposing remains and how they are affected by water.

This presentation will impact the forensic science community by
providing results on a new facet in the study of decomposition that
includes the assessment of VOCs from submerged remains, under
controlled conditions.

Depending upon the environmental conditions and surroundings of
the body, the decomposition process starts immediately after death and
initiates with autolysis. In this stage, intra- and extracellular enzymes
present within the body cause molecules and cells to break down,
leading to the second phase of the decomposition process known as the
putrefactive stage. The degradation of cells that occurs during autolysis
creates an ideal environment for anaerobic microorganisms to break
down large molecules, such as carbohydrates, nucleic acids, proteins,
and lipids, causing the release of gases, which range in functionality
(e.g., amines, sulfur-containing, acids, alcohols, etc.), as well as
discoloration and bloating."? Thereafter, active decay is said to begin. In
this phase, the body is no longer bloating and the decomposition
process continues with additional degradation of proteins and fat. The
subsequent stage is advanced decay, which is where the body dries up
and remnants (e.g., skin, cartilage, etc.) are present. This stage paves
the way to the final phase of decomposition, skeletonization. It is at this
point that only bones and hair remain.3

The decomposition process is highly influenced by the environment
that surrounds the body. Factors, such as moisture, temperature,
presence of scavengers, and oxygen availability, can alter the manner in
which a body decomposes and, thus, the liberation of volatile organic
compounds. Previous studies have evaluated the effects of soil on the
evolution of VOCs from both humans and analogues.>*® However, little
to no research has been conducted on the VOCs that evolve from
submerged remains. According to Osterkamp,® the increased use of
water-search canines emphasized the importance of thoroughly
understanding the VOCs released from submerged remains to improve
canine performance in locating drowned individuals. As previously
mentioned, there are a variety of factors that can affect the manner in
which a body decomposes and water is another important aspect to
consider. The decomposition process of a body submerged in water can
either be reduced or accelerated depending upon the type, temperature,
pH, and flow rate of water.

This study used Headspace Solid-Phase Microextraction (HS-
SPME) coupled to Gas Chromatography-Mass Spectrometry (GC/MS)
to evaluate the volatile organic compounds that are released from
decomposing submerged remains. Freshly killed human cadaver
analogues were placed into water and allowed to decompose while
subsequently being monitored at different time intervals to assess VOCs
that were being released. The compounds detected ranged in
functionality from acids to sulfur-containing; moreover, the type and
abundances of compounds detected changed over time, which was
expected since mammalian decomposition is a process and not a single
event. The results obtained were then compared to a previous study
that evaluated the VOCs that were released during the decomposition
process of non-submerged human cadaver analogues. Differences, as
well as similarities, in the compounds detected will be discussed in this
presentation, as well as the impact that water has on the release of
VOCs from decomposing submerged remains.
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A96 What Can Be Done to Save Criminalistics?

Peter R. De Forest, DCrim*, PO Box 141, Ardsley, NY 10502

The goals of this presentation are to: (1) raise awareness of the
disparity between the potential of criminalistics to contribute to the justice
system and its actualization; and, (2) to draw ideas and suggestions
from the audience for overcoming the considerable obstacles to the
realization of this potential.

This presentation will impact the forensic science community by
pointing out ways in which the scientific potential of criminalistics can be
enhanced to contribute to justice.

Perhaps, one would think the first question to be asked is: Is
criminalistics worth saving? However, in order to address that question,
there are some other questions that need to be answered. For example,
what is criminalistics? What is its function? Does it contribute something
of value? Do we have consensus on these questions? Let’s throw out
some thoughts for consideration. Before attempting to tackle the
question of what it is, it should be sserted that | very strongly advocate
that criminalistics is capable of contributing. Criminalistics is capable of
establishing the “ground truth” in difficult criminal and civil investigations
based on the physical evidence record. No other mode of investigation
(eyewitnesses, interrogation, confession, etc.) has anything approaching
this same powerful potential to offer. The alternatives are more error
prone as well. Is this same potential realized in practice? Clearly, it is
not. Why not? Can we enumerate the reasons?

Lets look at what's wrong; however, a general definition of
Criminalistics should be provided first. Perhaps it is a definition which
can be agreed upon using the AAFS structure as a model and starting
point. We all hold some reasoning or ideas of why we are members of
the Criminalistics section and not another. What are the attributes and
foci of those of us in the Criminalistics Section that define us? Could it
be said that we are scientists whose focus is applying scientific thinking,
scientific knowledge, and scientific methods to the interpretation of
physical evidence from suspects, victims, and crime scenes? How
many of us engage in this practice in the broadest sense? How many
of us, by choice or not, act more like technicians than scientists, and are
restricted to testing samples in a more or less reactive manner? The
anecdotal evidence | have is that most of us (worldwide) are not given
the opportunity to formulate and address whole scientific questions. We
are constrained to a reactive role where someone else, typically a
nonscientist, poses the scientific questions to be addressed in a given
investigation, and therefore, we are unable to provide the most value. It
may seem obvious to us that a scientist is the best qualified to pose a
scientific question. Strangely, it doesn't seem as though this view is
widely shared, or perhaps even thought about. If this trend toward the
reactive role were to continue, could we not be replaced by automatons
and easy-to-operate, field-deployable instruments? This would be the
end of criminalistics. Whether appreciated or not, it would be the end of

scientific input to investigations. On the surface, it would appear to be
cost-effective, but investigations and valid evidence interpretation at the
adjudicative stage would suffer immeasurably. Is this alarmist? | don’t
think so.

Now that we may have somewhat of a consensus on what
criminalistics is, and perhaps a consensus on what is wrong with our
field, a discussion of remedies can begin.
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A97 The Laboratory Report Project Part 1:
Content Analysis of Laboratory Reports

Megan King, BS*, IUPUI, Forensic Science Program, Indianapolis, IN
46201; Jay A. Siegel, PhD, 8334 Tilly Mill Lane, Indianapolis, IN 46278;
and Whitney Reed, BS, IUPUI, Forensic Science Program, Indianapolis,
IN 46201

After attending this presentation, attendees will understand how
content in typical forensic science laboratory reports are submitted as
the result of the analysis of evidence.

This presentation will impact the forensic science community by
informing attendeesof the status of laboratory reports today in various
disciplines and jurisdictions so that crime lab directors can compare their
practices with those of the community at large.

This project is a result of recommendation #2 of the National
Academy of Sciences (NAS) Report on Forensic Science—"that forensic
science laboratory reports follow a standard, scientific format”.
Testimony before the NAS Forensic Science Committee indicated that
too many laboratory reports were little more than “certificates of analysis”
that contained only descriptive information about the evidence and the
results of the analysis, without any information about the methods and
procedures used, and little or no presentation of the data and how the
conclusions were reached. It was felt by the Committee that this type of
report wasn't reflective of the scientific nature of forensic science
analysis. Before developing such a standard, it is important to know
what is currently being submitted in the way of lab reports. With the help
of the American Society of Crime Lab Directors, forensic science lab
directors were asked to submit specimens of redacted laboratory reports
and/or report format templates in several disciplines including drugs,
DNA, fingerprints, questioned documents, toxicology, and trace
evidence. The only demographic information that was sought was the
governmental level of the laboratory (federal, state, regional, local).
More than 400 laboratory reports were ultimately received. The reports
were first categorized by laboratory type and then by report type. A
spreadsheet was created that listed all of the sections of a model
laboratory report that would be expected: demographics of submission,
request for analysis, description of the evidence, methods and materials
of analysis, analytical procedures, results (data), discussion of the
results, and conclusions including limitations and sources as well as
magnitudes of possible errors or uncertainties in the conclusions. Each
of the laboratory reports was then analyzed to determine which of these
sections were present in that report. After this was completed, each type
of report (drugs, DNA, etc.) was examined separately to determine what
sections were most commonly found and what sections were not usually
present. Determinations were made to see if particular types of
laboratory reports were more complete (in the sense of having the most
sections) than other types of reports. The data were then analyzed to
determine if there were significant differences between laboratory
reports generated by federal, state, regional, or local laboratories, and, if
possible, whether differences existed between public and private
laboratories. On the basis of the data collected in this study, attempts
will be made to determine if it is possible or desirable to develop a model
template that all laboratory reports, regardless of jurisdiction and
regardless of report type, or does it make more sense to develop a set
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of templates that reflect the type of analysis being done; that is a different
type of report for a drug case from a fingerprint case. Consideration will
be given to the needs of prosecutors and defense attorneys to be able
to quickly determine the results of a forensic science analysis for the
purposes of decision making in the adjudicative process — this might
take the form of an “executive summary” of the report.

Laboratory Report, NAS, Model Lab Report

A98 The Laboratory Report Project Part 2:
Proposed Standards for Forensic
Laboratory Reports

Whitney Reed, BS*, IUPUI, Forensic Science Program, Indianapolis, IN
46201; Jay A. Siegel, PhD, 8334 Tilly Mill Lane, Indianapolis, IN 46278;
and Megan King, BS, IUPUI, Forensic Science Program, Indianapolis,
IN 46201

After attending this presentation, attendees will be able to discuss
the proposed criteria for forensic science laboratory reports that are
being offered by various organizations, including the American Society
for Testing and Materials, the American Bar Association, the American
Society of Crime Lab Directors, and specific disciplines within the
forensic science community, such as questioned document examiners
and firearms/tool marks examiners.

This presentation will impact the forensic science community by
presenting the information needed to reach consensus on how scientific
lab reports should be compiled.

This presentation is the second of a two-part study of laboratory
reports that are issued by forensic science laboratories at the conclusion
of their analysis of various types of evidence. The first part of this study
was the collection of more than 400 redacted forensic science laboratory
reports from members of the American Society of Crime Lab Directors
and then content analysis to determine what is actually present in
forensic science laboratory reports. This project included reports from
several sections of laboratories including drugs, toxicology, DNA,
fingerprints, documents, etc. and specimens were solicited from federal,
statewide, regional, and local laboratories. The impetus for the study
came from the Forensic Science Committee of the National Academy of
Sciences that issued its report in 2009. One of the recommendations of
the Committee was that forensic scientists adopt a standard laboratory
format that presents analytical findings in a rigorous scientific format.
Partly as a result of the NAS Report, several organizations have
developed models for forensic science laboratory reports. Some of
these organizations are in the area of general science, others in the
criminal justice system, and still others in forensic science itself. This
presentation will relate the major features of all of these organizational
recommendations. The goal will be to determine if there is a consensus
among organizations as to the content of laboratory reports. The overall
study will address the issues of whether there ought to be a single model
for all of forensic science, regardless of the type of laboratory report or
the jurisdiction of the reporting laboratory, or would it be better to have
standard formats for each discipline within forensic science. Whatever
standards are ultimately adopted, if any, they must meet the needs of
science and criminal justice. A good scientific laboratory report is
complete and transparent. It presents all processes and procedures,
data, results, conclusions, and limitations including sources and
magnitudes of possible error. The current practice in forensic science is
for laboratory reports to not contain all of these sections, especially the
raw data. Forensic science laboratories feel that this requirement is
unduly burdensome, it can be handled by discovery, and all of this detail
is not needed, appreciated, or read by attorneys or judges. This project
will explore these tradeoffs and possible solutions. The NAS Committee
felt strongly that laboratory reports must be scientifically rigorous and
complete if forensic science is to be recognized as legitimate science.
Discovery is an imperfect means for getting at all of the facts and data
present in many forensic science cases.

Laboratory Report, NAS, Model Lab Report

A99 Is There a Need for a (Forensic)

Science Ombudsman?

Max M. Houck, PhD* PO Box 6250, Arlington, VA 22206; and Christine
Funk, JD, 919 Vermillion St, Ste 200, Hastings, MN 55033

The goals of this presentation are to learn the role of an
ombudsman in an organization, the suggested role of a scientific
ombudsman, and the benefits of such a position in forensic laboratories
regarding quality, ethics, operations, and safety.

This presentation will impact the forensic science community by
offering a novel approach to the mitigation of inevitable conflicts that
arise in organizations and, with the creation of a scientific ombudsman,
could stop or even prevent some failures that are all too common in the
profession. The impact on the profession could be significant.

Conflicts arise within any organization; the role of an ombudsman
is to act as a neutral, independent arbiter and mitigator of procedural or
ethical conflicts. An ombudsman operates within an organization but
outside the traditional hierarchy, typically answering only to the highest
authority in the hierarchy. As inside “outsiders,” ombudsmen act as
informal, impartial sources trained in conflict resolution, providing safe
places to share concerns, facilitate early resolutions, and help answer
complex or sensitive questions.

Repeated and persistent failures of process and quality control at
various forensic science laboratories and service providers suggest the
need for a Scientific Ombudsman (SO), one that would not only address
the standard questions of conflict in an organization, but also issues of
scientific conflict, such as method development, process and protocol
application and execution, training and competency testing, proficiency
testing, scientific ethics, testimony, and reporting. Lapses in the
scientific systems within laboratories, such as North Carolina, Nassau
(NY), Houston (TX), and St. Paul (MN) point to the need for internal
corrective mechanisms that are outside the traditional hierarchy of
laboratory management, especially for those working within a police
culture which operates under different mores and norms than would a
scientific one. Organizations have already adopted the role of the
ombudsman, such as in North Carolina; while laudable, there is a
persistent need for an ombudsman whose background includes science
and particularly forensic science. For example, in a recent case, this
exchange occurred.

Attorney: “You dont, in your lab, have a lot of the basic minimum
standards in place?”
Scientist: “l guess | don’t know what the minimum standards are.”

At first glance, this may seem to be a quality issue, but if the lack of
standardization or even the awareness of it is institutionalized in a
laboratory, the concerned scientist cannot turn to management.
Management is the source of the problem. Another example would be
where laboratory policy requires an inconclusive reporting statement
when evidence from the person in question is lacking, causing a scientist
to consider this an exclusion; the supervisor rejected the scientist’s
concerns.

The role of the SO would be similar to a standard ombudsman but
with important differences. Any ombudsman is neutral, independent,
confidential, and informal. Neutrality means that everyone is treated
with equal respect, regardless of status or rank. The ombudsman has
no stake in the outcome but rather acts as an advocate for an equitable
process and outcome while navigating potential conflicts of interest.
Independence means that the ombudsmans position is located in the
hierarchy such that it reports directly only to the highest levels of
management. Confidentiality; however, is necessary to help resolve
conflicts at the lowest levels possible. The only time an ombudsman
would release any information without the approval of the complainant
would be instances of imminent threat or harm. Finally, an ombudsman
is informal: no records (other than statistics) are kept and the
ombudsman does not participate in any formal judgment processes.

The SOs role would be the same as any other ombudsmans with
several important additions. Beyond the skills and training of a typical
ombudsman (e.g., alternative conflict resolution methods), the SO needs
to have a science education and career experience, a deep
understanding of forensic issues, and training in ethics, quality, and
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accreditation; additionally, the SO would need a deep understanding of
the criminal justice system, the constitution, and the rights of the
accused. The benefits to a forensic laboratory of having an SO include
increased productivity, improved management, cost savings in
personnel (reduction in lawsuits, turnover, and union issues), cost
reductions in legal staff, and other benefits, such as improved morale
and reduced illegal or unethical behavior. Many of these benefits involve
significant cost savings for the laboratory. The SO is successful if the
office is seen as safe, accessible, and credible; employees help
themselves to resolve issues; and the management has feedback to
improve the organization. The SO is in a unique position to identify and
communicate new opportunities and innovations.

The concept of a scientific ombudsman has the potential to improve
forensic science operations, effectiveness, and professionalism.
Ombudsman, Negotiations, Professionalism

A100 Tacit Knowledge, Deliberate Practice, and
the Development of Expertise in the
Forensic Sciences

Walter F. Rowe, PhD*, George Washington Univ, Dept of Forensic
Science, 2100 Foxhall Rd NW, Washington, DC 20007

After attending this presentation, attendees will understand the
concepts of tacit knowledge and deliberate practice and the role these
concepts play in the development of expertise in forensic science.

This presentation will impact the forensic science community by
emphasizing the need for forensic examiners to develop personal
programs of deliberate practice (research, continuing education, and
critical case review) in order to attain the highest level of professional
expertise.

This paper reviews recent research on the development of
expertise (defined as a high level of performance in a given field) and
examines the ramifications of this research for graduate education in the
forensic sciences. It will also examine the nature of the scientific
knowledge, which students must absorb and then look at the means by
which this knowledge is presented to students. The 2009 National
Academy of Sciences Report, “Strengthening Forensic Science in the
United States: A Path Forward” stated: Forensic science examiners
need additional training in the principles, practices, and contexts of
scientific methodology, as well as in the distinctive features of their
specialty. Training should move well beyond intern-like transmittal of
practices to teaching that is based on scientifically valid principles.

While no one would contest the value of more education in scientific
methodology, the denigration of intern-like training is problematic.
According to philosopher Michael Polyani, sociologist Harry Collins, and
others, all scientific fields have a component of tacit knowledge—
knowledge obtained by deep immersion in groups that possess it. Tacit
knowledge comprises knowledge that cannot be gained by reading
scientific texts or even by reviewing the peer-reviewed research
literature in a discipline. Moreover, tacit knowledge is required for the
development of expertise in a scientific discipline. Intern-like transmittal
of practices within a scientific discipline is a legitimate mechanism for the
conveyance of tacit knowledge (as is on-the-job training in a forensic
science laboratory). Doctoral programs in the experimental sciences
have long consisted of intensive, intern-like exposure to the practices of
the particular field of study. Such exposure is an essential antecedent
to conducting doctoral level research.

Extensive research by K. Anders Ericsson and his colleagues has
shown that high levels of performance in fields such as athletics, music,
and science are the result of long periods of what Ericsson has termed
deliberate practice. Deliberate practice means not merely repeating the
same tennis swings or pieces of music over and over again. Rather it
means pushing the envelope, tackling more and more difficult activities.
Deliberate practice also involves a considerable degree of critical self-
reflection. According to Ericsson, approximately ten years or 10,000
hours of deliberate practice are necessary for the attainment of true
expertise in a field.

The typical graduate student in the forensic sciences begins his or
her graduate degree program after completion of four years of study.
Only a small part of undergraduate study would qualify as deliberate
practice. Even after the student obtains his or her graduate degree in
forensic science and moves into a forensic laboratory (perhaps
completing a short on-the-job training program), the student is well short
of the ten years or 10,000 hours of deliberate practice required to attain
true expertise. While reading the scientific literature and attending
workshops allow the bench forensic scientist to remain current in his or
her field, such activities do not constitute deliberate practice. Moreover,
case work in general does not constitute what Ericsson means by
deliberate practice. Case work in many forensic science fields is routine
and does not challenge the forensic examiner to extend his or her skill
set.

Graduate degree programs in forensic science should have three
goals: reinforcing students’ grasp of scientific methodology, conveying
tacit knowledge in the students’ fields of concentration, and developing
habits of deliberate practice in students. Faculty in graduate forensic
science degree programs must possess the tacit knowledge in their
respective fields of expertise and may need their own programs of
deliberate practice to achieve true expertise. The habits of deliberate
practice that graduates can carry into their further careers could include
ongoing forensic research, and critical reviews of completed cases.
Other approaches to continuing deliberate practice will also be
discussed.

Tacit Knowledge, Deliberate Practice, Expertise

A101 Results From the 2009 BJS Census
of Publicly Funded Forensic
Crime Laboratories

Matthew Durose, MS* Bureau of Justice Statistics, 810 7th St NW,
Washington, DC 20531; Kelly A. Walsh, PhD*, Justice Policy Center,
Urban Institute, 2100 M St NW, Washington, DC 20037; and Andrea
Burch, MS, Bureau of Justice Statistics, 810 7th St NW, Washington,
DC 20531

After attending this presentation, attendees will learn about the
state of U.S. publicly funded forensic crime laboratories in 2009 as
captured by a national census, which was designed to collect data on a
wide range of public laboratory characteristics. Also, the federal agency
that commissioned the collection, the research organization that
performed the data collection, and the process that each organization
undertook to finalize the survey, collect, and analyze the data will be
discussed.

This presentation will impact the forensic science community by
presenting national-level estimates of public laboratory workload, budget
and operations as reported for the year 2009, a one-of-a-kind data
collection effort that may influence state and federal legislation, help
shape forensic science policy, and aid those seeking to conduct
research on the local, state, and federal forensic science systems.

Publicly funded forensic crime labs are a vital component of the
criminal justice system, receiving millions of pieces of evidence from law
enforcement investigations each year. Within the criminal justice
system, there is an ever-increasing reliance on forensic evidence, as
well as increasing concern over the role of the nation’s forensic crime
labs in processing the evidence, issuing laboratory reports, and their
subsequent use in legal proceedings.

The Bureau of Justice Statistics’ (BJS) Census of Publicly Funded
Forensic Crime Laboratories is a recurring data collection that provides
a national picture of the services and resources devoted to forensic
laboratory activities across the country. This data has been used to help
inform policy making and planning at all levels of government. The 2002
and 2005 censuses documented the backlogs in requests for a wide
range of forensic services, including controlled substance identification,
firearm/tool mark analysis, and latent fingerprint examination.
Previously, public attention had been focused almost exclusively on DNA
backlogs. A third census was fielded in 2010 and 2011 to capture
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detailed data on the workload and operations of the more than 400
federal, state, and local publicly funded forensic crime labs operating in
2009.

This presentation will examine the forensic services provided by
publicly funded crime labs during 2009 and identify the evidence areas
that account for the largest portion of the national backlog. It will also
assess changes since 2002 in the budgets, staffing levels, and quality
assurances in forensic crime labs, including lab accreditation,
proficiency testing, and the resources devoted to research. The
presentation will also examine the uses of advanced technologies to
process evidence received from criminal investigations and laboratory
information management systems to organize and document laboratory
operational and experimental data.

The 2009 census achieved a response rate of ninety-seven
percent, the highest in the history of this data collection. Therefore, the
statistics produced from these data, and reported in this presentation,
provide the most nationally representative information to date.

Census, Public Laboratories, Workload

A102 The Challenges of Translating Forensic
Science Research Into Practice:
Resources, Backlogs, and Accreditation

Gerald M. LaPorte, MSFS*, National Institute of Justice, Office of Inv &
Forensic Sci, 810 Seventh St NW, Washington, DC 20531

After attending this presentation, attendees will have discussed
major challenges of translating reseach into practice for forensic
laboratories, which are limited resources, increased backlogs, and
stringent requirements for accreditation.

This presentation will impact the forensic science community by
attempting to dissect these challenging issues with an emphasis on the
fundamentally important need for research, but even more vital,
translating research into practice.

In 2009, the National Research Council, an arm of the National
Academy of Sciences (NAS), published, Strengthening Forensic
Science in the United States: A Path Forward and stated the following:
Forensic science often produces valuable evidence that can be used to
successfully prosecute and convict criminals, as well as exonerate the
innocent. Based on technological innovations and the evolution of the
field in the past several decades, forensic scientists, as a whole, have
continued to improve knowledge and better understand methods and
practices.  After years of general acceptance about theories and
fundamental concepts, the criminal justice system is now demanding
scientists to demonstrate that the methods and practices employed in
various forensic disciplines are based on accurate, reliable, and valid
testing.

Following the NAS Report, there has been an increase in forensic
science research throughout the nation and this has been evidenced by
a significant increase in funding by the National Institute of Justice (NIJ)
for research, development, and evaluation. From 2009 through 2011,
NIJ has funded 174 projects for a total funding of $71,280,619, which
has resulted in 122 publications, 264 presentations, and 28 final
technical reports. Approximately one-third of the total funding since
2009 has been allocated to basic and fundamental research, but the far
majority of funding in forensic science still focuses on applied research
and new technology. Analytical instruments, software packages for data
processing, and database technology in the forensic sciences have
evolved at a significant pace over the past two decades. Although
forensic laboratories throughout the United States continue to make
progress analyzing evidence efficiently and effectively, backlogs
continue to be a major challenge for many forensic service providers.
Research in the forensic sciences is often perceived solely as a means
to strengthen the underlying science, but research, conducted in the
appropriate capacity, can be the impetus to increased quality and
efficiency. The 2009 Census of Publicly Funded Forensic Crime
Laboratories was released in August 2012 showing that resources
dedicated to research diminished significantly from 2002 until 2009.

With this reduction in resources, it then becomes very difficult to test and
implement advanced technology.

What is the underlying cause of these ever-increasing struggles
that forensic laboratories must face? s it lack of resources? Perhaps
the stringent requirements necessary to achieve and maintain
accreditation, which in effect, reduce efficiency? Or, are the ever-
increasing backlogs prohibiting laboratories from embracing new
technology? Should laboratories invest more in research as a means to
become more efficient? Technology transfer can be a daunting task for
any laboratory in terms of resources, and the question often arises
whether multiple labs should be conducting tests on materials that are
not frequently submitted and require expensive instrumentation. Is
outsourcing a viable option for non-routine analysis? This presentation
will attempt to dissect these challenging issues with an emphasis on the
fundamentally important need for research, but even more vital,
translating research into practice.

NAS, Research, Backlogs

A103 Certification and Accreditation: Useful
Tools to Work Toward the International
Standardization of Forensic Laboratories

Aldo Mattei, PhD* S.S. 114 km 6,400, 98128 Tremestieri, Messina,

98128, ITALY; and Federico Cervelli, PhD, Univ of Trieste, Via Valerio
10, Trieste, 34100, ITALY

After attending this presentation, attendees will learn a different
approach to design certification and accreditation processes of forensic
laboratories, which determine complete control of all processes
involved, and to fully document each step of the process and reach a
reliable and reproducible conclusion.

This presentation will impact the forensic science community by
presenting a new idea for revamping internal procedures of forensic
laboratories, which use certification and accreditation processes to lower
human errors. The ultimate objective is to set the basis for international
standardization of procedures.

At the end of 2009, the European Union fixed the rules of the
exchange of fingerprint and DNA evidence through the member States.
From November 2015, only ISO 17025 accredited laboratories will be
allowed to operate in an international context. The current situation
across Europe could suggest a successful extension to all laboratories,
operating in a national as well as international level. There is the need
to create a common basis within the forensic community in order to be
able to share not only the results of the analysis, but also the values.
The definition of a common set of methods and contents is also highly
recommended. Moving from this starting point, a deep analysis of
methods and procedures currently used in western countries was
carried out with respect to latent fingerprint laboratories, in order to
properly model an overall procedure which starts from an item seized at
the crime scene and ends in court with an individualization statement,
expressed by a forensic expert.

This lecture presents the key factors for the successful
accreditation from different perspectives: agencies, laboratory
managers, and forensic experts. Initially the most effective way to
establish a robust quality system in the forensic laboratory will be
discussed. Even if not mandatory, implementing ISO 9001:2008 within
the structure, as the preliminary step toward accreditation, is suggested.
In a fully certified laboratory, the effort to reach the accreditation causes
a minor impact when compared to the scenario where the agency looks
for the accreditation ISO 17025 as the only goal.

Later, the focus will be driven on the documentation phase. The
results of this phase are crucial for the accomplishment of successful
accreditation. The perception of the accreditation process varies with
the perspective of the agency, the management, and the practitioners.
Documentation, if not properly designed, could cause a backlog
increase and operators could start to perceive the accreditation process
as an useless legal requirement.

To be able to turn the negative feeling, the implementation of an
integral computer-aided documentation system, designed and
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customized on the specific human resources and workflow of the single
agency, may resolve all disputes on certification and accreditation
processes.

The abovementioned concepts clarify that accreditation and

certification are directly related to the reproducibility of the measure, but
ISO guidelines do not suggest and/or require that the forensic laboratory
choose between alternative possible processes.
The accreditation process could be used to critically revise all the
internal procedures. The determination of the most reliable techniques,
according to the most recent finding of the scientific research in the
specific branch, is an important step forward standardization and human
error management.

The forensic community must determine the minimum requirements
for the forensic laboratories in terms of logistics, instruments, analytical
procedures, personnel education level, training, competency, and
proficiency testing with professional forensic organizations playing a role
of paramount importance to accomplish this task.

Standardization, Accreditation, Certification

A104 High Resolution Fourier Transform
Spectroscopy for the Discrimination of
Lab Grade Explosive Precursors and Their
Shop-Bought Equivalents

Felicity Carlysle, MSc* Centre for Forensic Science, Royal College
Bldg, 204 George St Glasgow, G1 1XW, SCOTLAND; Niamh Nic
Daeid, PhD, Univ of Strathclyde, Centre for Forensic Science, 204
George St, Glasgow, G1 1XW, SCOTLAND; and Erwan Normand, PhD,
and Michael McCulloch, MD, Cascade Technologies, Glendevon House,
Castle Business Park, Stirling, FK9 4TZ, UNITED KINGDOM

After attending this presentation, attendees will have an
understanding of the application of high resolution Fourier Transform
infrared spectroscopy for the characterization and discrimination of
explosives precursors and how this can be used to inform and develop
explosives detection systems.

This presentation will impact the forensic science community by
demonstrating the suitability of high resolution Fourier Transform mid-
infrared spectroscopy for the discrimination of different brands of shop-
bought materials which have the potential to be used as explosive
precursors. The work will also explore the ability of high resolution
Fourier Transform mid-infrared spectroscopy and chemometric analysis
of the resultant data to distinguish shop-bought materials from each
other and from their lab grade counterparts.

The development of accurate and sensitive explosives detection
systems is an area of significant and substantial growth. The challenges
facing the development of such systems are diverse, and, as a result,
there are multiple approaches to solving them. However, one factor is
constant through these approaches: in order to detect a compound; it
must first be characterized in order to identify distinguishing features that
can then be targets for detection.

While many explosives detection systems provide the ability to
detect an explosive compound when part of an improvised explosive
device, another approach is to further expand the capacity to detect
explosive precursors as a means of identifying sites of illicit explosives
manufacture, or those involved with the production of explosive
materials. This has the potential to continue to prevent the production of
explosive devices, and identify the bomb makers. Detecting the
manufacture of explosive devices prior to completion has the
demonstrated and significant benefit of making seized materials safer for
the security services to handle and greatly reduces the risk to the public.
An increased knowledge of explosive precursor materials would also
continue and strengthen the existing understanding and detection of
explosive devices as the materials involved will affect the breakdown of
the explosive material and may be detectable as this occurs. For
example, a hydrogen peroxide-based explosive such as Triactetone
Triperoxide (TATP) will emit hydrogen peroxide vapor which can then be
detected.

With the increase in the use of homemade explosive devices, there
is continued desire to characterize the precursors of these materials.
Due to the nature of these explosives, many of the precursor materials
are available “off the shelf” and have many legitimate uses. However,
the majority of these “off the shelf’ chemicals will not be in a pure form,
with various additives present to aid in the materials legitimate use. For
example, acetone in nail polish removers is combined with perfumes,
emulsifiers, emollients, aversive agents, and colorings. This work
investigates whether it was possible to discriminate both between lab
grade chemicals and their “off the shelf’ counterparts, and between
different brands of “off the shelf’ materials using high resolution Fourier
Transform spectroscopy and statistical analysis.

Previous work has demonstrated that high resolution Fourier
Transform mid-infrared spectroscopy paired with basic data analysis is
a useful tool for the characterization of explosives and explosive
precursors. While the information gathered via this technique is a useful
resource in its own right, it is also able to directly inform the development
of a quantum cascade laser-based explosives detection system.

High resolution Fourier Transform mid-infrared spectroscopy
should be particularly suited to the task of discrimination, as the
increased resolution allows the system to be capable of resolving minute
spectral features. In addition, while the instrumentation is able to look at
minute details, it is also able to cover the whole mid-infrared region so
the technique can be considered information rich. The impact of the
information produced with a spectrum can then be enhanced by
statistical analysis of the data.

This presentation reports the result of the comparison of lab grade
liquid explosive precursors with “off the shelf” materials. The
comparison and discrimination is made both by visual comparison of the
spectra produced and also through statistical analysis of the data.
Explosives Detection, IR Spectroscopy, Statistics

A105 The Overlooked Potential of the
Absorption of the Explosive Component
2,4-Dinitrotoluene by Disposable Gloves:
Extraction and Detection

Eugene Wickenheiser, PhD*, and Matthew Brege, N Michigan Univ,
Dept of Chemistry, 1401 Presque Isle Ave, Marquette, Ml 49855

After attending this presentation, attendees will understand how
vapors from volatile compounds found in explosives can be absorbed
by, and later extracted from, polymers and detected using
chromatographic methods. The extraction of the explosives from two
polymers will be described and detection of the explosive will be
illustrated using High Performance Liquid Chromatography (HPLC).
HPLC will also be used for the measurement of the kinetic parameters
that determine how long an explosive component resides in the
polymers.

This presentation will impact the forensic science community by
showing how the results of the study indicate that both the nitrile rubber
and latex rubber gloves absorb DNT at readily detectable levels. In the
experiments reported here, the half-life of the DNT in nitrile rubber was
measured to be 15.9 days. In the experiments, the DNT was detectable
(HPLC with UV/VIS detection) in nitrile rubber samples 35 days after
removing the rubber samples from a container that also held a small
open vial containing solid DNT. The results indicate the potential use of
the analysis of gloves to support their prior proximity and exposure to
explosives. The period of time that the compound will remain detectable
in the rubber will depend on the time it is exposed to the compound, the
nature of the exposure (e.g., closed or open environment), the
environmental conditions once the rubber is no longer exposed to a DNT
source, and the detection method (the use of a gas
chromatograph/mass spectrometer will extend the detection period).

The absorption of volatile compounds by specific materials is well
documented, and is the basis of Solid Phase Micro Extraction (SPME).
In SPME, a fiber coated with a specific absorbent is exposed in a
container holding a sample, and the volatile compounds released by the
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sample are absorbed by the material on the fiber. In this approach, the
absorbed compounds concentrated on the fiber are isolated from the
bulk of the sample. The absorbed compounds are released from the
fiber later for analysis by heating the fiber. Polymeric materials found at
crime scenes that possess the innate ability to absorb a volatile
compound have apparently not been studied with respect to their
potential to absorb volatile evidence. The hypothesis of this study is that
specific polymers, for example, those that are found in disposable
gloves, have the ability to absorb and retain explosive components
which can be extracted later and detected.

In this study, the ability of latex and nitrile rubber polymers to absorb
the vapors of 2,4-dinitrotoluene (DNT; a component in several explosive
formulations) was studied. The extraction conditions were developed,
and the half-life of the DNT in glove samples was determined. The use
of DNT is uncommon in consumer products; aside from explosives, its
primary use is to synthesize the precursor to azo dyes and polyurethane,
both of which are found in consumer and industrial products. The DNT
is used to synthesis toluene diamine and two or more synthetic steps
later (depending on the product), the toluene diamine is converted to an
azo dye or polyurethane. DNT has been reported as an impurity in
precursors to polyurethane, and it is present as an environmental
contaminant in soil and water in locations where DNT has been
produced for the uses stated above.

The results of the study indicate that both the nitrile rubber and latex
rubber gloves absorb DNT at readily detectable levels. In the
experiments reported here, the half-life of the DNT in nitrile rubber was
measured to be 15.9 days. In the experiments, the DNT was detectable
(HPLC with UV/VIS detection) in nitrile rubber samples 35 days after
removing the rubber samples from a container that also held a small
open vial containing solid DNT. The results indicate the potential use of
the analysis of gloves to support their prior proximity and exposure to
explosives. The period of time that the compound will remain detectable
in the rubber will depend on the time it is exposed to the compound, the
nature of the exposure (e.g., closed or open environment), the
environmental conditions once the rubber is no longer exposed to a DNT
source, and the detection method (the use of a gas
chromatograph/mass spectrometer will extend the detection period).

The principle established by the presented results will impact the
forensic community by alerting the community to the potential use of
polymers as evidence when volatile compounds are relevant to the case.
Explosive Detection, Explosive Vaporization, Explosive Absorption

A106 Hydrophobic and Hydrophilic lonic Liquid
Mixtures Used for Explosive Analytes

Yasmin Sarmiento*, U.S. Air Force Academy, 2304 Cadet Dr, USAF
Academy, CO 80841; Hannah Miller, MS, 2355 Fairchild Dr, Ste 2N353,
U.S. Air Force Academy, CO 80840; Candice Bridge, PhD, U.S. Army
Crime Lab, 4930 N 31st St, Forest Park, GA 30297; and Matthew J.
Bohn, PhD, 1330 Inverness Dr, Colorado Springs, CO 80910

After attending this presentation, attendees will have a general
understanding of the potential applications afforded by mixtures of
hydrophobic and hydrophilic ionic liquids, specifically their contributions
to improved rate, specificity, and yield with forensic sampling of
explosive analytes.

This presentation will impact the forensic science community by
leading to the identification of homogenous ionic liquid mixtures that are
able to collect a wide range of analytes of drugs and explosives, which
is important to the forensic and chemical investigative community in
ensuring relative ease and quickness when collecting field evidence.

Within the last decade, ionic liquids have become an increasingly
popular topic within all disciplines of science because their unique
physical and chemical properties have sparked interest in potential
applications and innovative developments. lonic liquids (ILs) are low-
melting salts in their liquid state which are completely comprised of
cations and anions. The development of room-temperature ILs in the

early 1990s by chemists Wilkes and Zaworotko opened up a gateway
toward more specified properties and functional possibilities, most
notably advantages such as negligible vapor pressure, extreme thermal
stability, customizable tailorability, and recyclability.! Especially with
today’s push for the Green Chemistry movement, it has become a higher
priority to reduce or even eliminate the use of hazardous substances
within chemical processes. Therefore the utilization of ionic liquids as a
replacement for common solvents has been the focus of much research
in recent years.?3 Depending on the specific ionic liquid, characteristics
can range according to hydrophobicity, hydrophilicity, visoscity,
conductivity, solubility, and electrochemical window.®> With over 1,000
ionic liquids reported in literature today, there may be about 10" possible
cation/anion combinations—the properties and application possibilities
are endless. The purpose of this study is to create homogenous ionic
liquid mixtures consisting of a hydrophobic and hydrophilic component
in an effort to maximize the range of analytes to be collected, retained,
and analyzed quantitatively and qualitatively.

In investigative laboratories, specifically those pertaining to forensic
sampling, it is in one’s best interest to identify an optimum solvent for a
group of compounds, i.e., one solvent for drugs and another for
explosives; however, when examiners are working within the field, they
are not able to distinguish one from another. For example, if an
investigator comes across an unknown white powder, he is unable to tell
whether it is cocaine, Triactetone Triperoxide (TATP), or simply
powdered sugar. By using an essentially universal solvent, not only will
the field agents reduce the amount of items they must carry onto the
field, but they also minimize the risk of destroying the sample by using
the wrong solvent and, due to the negligible vapor pressure, preserve
the sample for analysis.

The approach of this study included tests for homogenous
mixtures, solubility tests with four different explosives (TNT, Compound
B, RDX, and PETN), which were then analyzed via Direct Analysis in
Real Time-Mass Spectrometry (DART®-MS). It is common to have
difficulty mixing molecular solvents, but it is considerably more complex
when dealing with ionic liquids (salts) since each mixture could result in
a binary mixture composed of three or four components as each salt
must have an anion and a cation. In order to reduce unnecessary
complexity, two ionic liquids with a common ion were selected for the
homogenous tests. Out of the 27 mixtures tested, 17 were determined
to be homogenous. Solubility tests with TNT were then conducted on
the homogenous mixtures, in which six mixtures showed an immediate
color change from clear and colorless to a dark purple which turned into
a deep blood-red color over time. It is interesting to note that all six
mixtures contained the EMIM-BF, ion. From previous studies, this
drastic color change is suspected to be the cause of a charge transfer
complex which reacts only with the TNT molecule. Nine of the remaining
homogenous mixtures showed a slight or delayed color change. When
the initial six mixtures, containing the EMIM-BF 4 ion, were tested with
the other explosives, Compound B and RDX were deemed soluble,
whereas PETN was considered only partially soluble or had limited
solubility. Compound B was the only other explosive to display a color
change within the mixtures, which is expected because it contains 40%
TNT and 60% RDX. These samples were characterized via DART-MS,
which confirmed the presence of TNT, RDX, and PETN within seconds.
It is important to note that all analyte peaks were clean and there was no
matrix interference from the collection swab, suggesting that the ionic
liquid mixtures were able to not only retain the analyte, but also preserve
the swab during analysis. This is an extremely important finding
because this shows great potential for improved rate, specificity, and
yield for forensic sampling.

The opinions or assertions contained herein are the private views
of the author and are not to be construed as official or as reflecting the
views of the Department of the Army or the Department of Defense.
References:

' Wilkes JS, Zaworotko MJ. Air and water stable 1-ethyl-3-
methylimidazolium based ionic liquids. United States Air Force
Academy Research Lab; 1992, Colorado Springs, CO.

2 Anastas PT, Zimmerman JB. Environmental Science Technology
2003;37:94A.

* Presenting Author

83



3 Forsyth SA, Pringle JM, MacFarlane DR. lonic Liquids—
An Overview. Aust J Chem 2004;57:113-119.
4 Holbrey KR, Seddon KR. Clean Products and Processes
1999;1:223-226.
lonic Liquids, Explosive, Drugs

A107 The Influence of Acid
on Triacetone Triperoxide
Crystal Morphology

Catalysts
(TATP)

Peter J. Diaczuk, BS*, 445 W 59th St, New York, NY 10019-2925; and
Jack Hietpas, BS, 641 Park Ave, Apt 3, Syracuse, NY 13204

Attendees of this presentation will learn about the different crystal
morphologies formed as a result of using different acid catalysts during
the synthesis of Triactetone Triperoxide (TATP).

This presentation will impact the forensic science community by
revealing the considerable difference among crystals depending on the
choice of acid, which may contribute to an investigation when the
precursors are not known.

The use of improvised explosives for criminal, domestic and
international terrorism is an ever-increasing problem. Methods for
homemade manufacture of these non-military and non-industrial
explosives often require little-to-no background in chemistry. TATP, a
relatively exotic explosive, is currently receiving considerable attention
because of this ease of procurement of starting materials and very
simple synthesis reaction. First documented by Wolfenstein, the
synthesis of TATP has been the subject of interest and research by
scientists and hobbyists for over a century." The two primary starting
materials are easily available in relatively pure form from hardware
stores, home improvement centers, and pharmacies, as well as in
impure form when mixed with other compounds to create several
different commercial products (e.g., bleaching agents, nail polish
remover, drain cleaners, and many others). The “impurities” in these
commercial products have been successfully studied and analyzed for
carry-over into synthesized TATP by several instrumental methods.?3
Studies using different acid catalysts and their affect on the finished
product have also been performed using instrumental methods.*°

TATP is a powerful explosive but other undesirable properties
exclude it as a viable explosive for military, commercial, or industrial use.
In addition to its high vapor pressure, resulting in very rapid sublimation
even at room temperature, it is far too sensitive to shock, impact, friction,
and temperature for it to play a practical role in legitimate use, but these
properties haven't discouraged its use in terror bombings (and bombing
attempts) worldwide during its resurgence over the past 30 years. The
dangers involved in the manufacture and handling of TATP have claimed
the lives of many would-be “chemists;” in fact, the material is nicknamed
the “Mother of Satan” by terrorist bomb makers due to its deadly
instability and unpredictability.

The research presented here builds on previous work detailing the
optical properties of two identified TATP polymorphs, and a preliminary
study by Miller examining the crystal morphology of TATP synthesized
using different acid catalysts. 5’ This presentation expands on the work
of Miller by further detailing the potential linkage between TATP crystal
morphology and the specific acid catalyst used during its synthesis. The
reagent-grade catalysts used for this study include sulfuric acid,
hydrochloric acid, nitric acid, and phosphoric acid. The other
parameters of the manufacturing process, including reaction
temperature, number of times the precipitate was washed, and the
temperature of the sublimation and recrystallization process, were kept
identical. After synthesis and subsequent washing of the precipitate, the
recrystallized crystal morphologies were clearly distinguishable from
each other depending on which of the four acid catalysts was used
during manufacture. Crystals catalyzed with sulfuric acid were almost
cubic, those with hydrochloric acid were long needles, those with nitric
acid were clumps of short needles, and those with phosphoric acid were
rosettes. The results from these experiments provide a foundation in
which a potential linkage between the acid catalyst used for TATP

manufacture and the morphology of the synthesized crystals can be
established. This information may potentially help as an investigative
lead during initial phases of a bombing event when attempting to
determine provenance of TATP samples recovered as evidence.
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A108 Raman Microspectroscopy and Advanced
Statistics for Detection and
Characterization of Gunshot Residue (GSR)

Igor K. Lednev, PhD* Justin Bueno, MS, and Vitali Sikirzhytski, MS,
SUNY Albany, 1400 Washington Ave, Albany, NY 12222

The goal of this presentation is to describe the development of a
novel and alternative method for Gunshot Residue (GSR) analysis.’
After attending this presentation, attendees will have a better
understanding of recent advancements of this application of Raman
microspectroscopy for GSR analysis, identification, and discrimination.
The implementation of advanced statistics to differentiate experimental
Raman spectra collected from non-equivalent GSR samples will be
discussed.

This presentation will impact the forensic science community by
having the potential to greatly impact the accuracy and effectiveness of
shooting incident investigations.

Raman spectroscopy has numerous applications in forensic
chemistry. Raman analysis is a technique which can obtain confirmatory
class identification of analytes through low intensity laser light scattering.
The technique is non-destructive, rapid, sensitive, and requires little or
no sample preparation. Furthermore, portable Raman spectrometers
are readily available, allowing for crime scene accessibility. Raman
spectroscopy offers several advantages over the current methodology
for GSR analysis. The technique has been shown to detect components
from both the organic and inorganic constituents of GSR. This is
contrary to current GSR elemental analysis methods which rely solely on
the detection of the heavy metals (lead, barium, and antimony). This is
problematic since environmental concerns have led to the increased
popularity in heavy metal-free or “green” ammunition. It has been found
that in the absence of heavy metals, current elemental analysis
techniques are severely hindered when making accurate identification of
GSR samples. Additionally, the probability of environmental and
manufacturing particles assigned (incorrectly) as being GSR has
increased with the onset of “green” ammunition. Until recently, the
application of Raman spectroscopy for GSR analysis was largely
unexplored, although this approach is not dependent upon detecting
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metals, and is more capable of differentiating environmental
contaminants and GSR. Therefore, a Raman spectroscopic method
displays numerous advantages in specificity when compared to current
techniques.

The firearm discharge process could be considered analogous to a
complex chemical reaction. Therefore, the chemical composition of the
products (GSR particles) is directly related to the chemical nature of the
reagents (firearm-ammunition combination) and the conditions of the
reaction. Preliminary results show that Raman data collected from GSR
particles originating from different firearm-ammunition discharges were
successfully classified according to caliber; 0.38 inch and 9mm caliber
firearm discharge samples were probed using a 785-nm Raman
excitation. Resulting data was treated with statistical methods
(performed using Matlab with the PLS toolbox) such as Principle
Component Analysis (PCA) and Support Vector Machines (SVM). The
results show a high probability of this method to correctly classify data
from the two examined calibers. Preliminary results illustrate that the
variations between non-equivalent GSR samples can be detected
through this method. Since GSR is often collected from a suspect, the
application of this method to forensic investigations would provide a link
between GSR collected from the shooter and the crime scene.

This emerging technique illustrates the possibility for an on-scene,
non-destructive, identification and chemical characterization method for
GSR. This method has the potential to greatly impact the forensic
science community by increasing the accuracy (and discriminatory
power) of GSR detection. The most direct application for this research
is a method to exclude a specific firearm-ammunition combination as
producing an evidentiary GSR sample. The comparison of a laboratory-
generated GSR sample discharge and an evidentiary GSR sample, can
be made without extensive preliminary studies.
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A109 Analysis of Lead-Free Ammunition by
Scanning Electron Microscopy Using
Energy Dispersive X-Ray Spectroscopy
and Discrimination of Samples Using
Multivariate Statistical Methods

Seth R. Hogg, BS* 578 S Shaw Ln, Rm 308, East Lansing, M| 48824;
Brian C. Hunter, MD, 630 S Saginaw St, Flint, Ml 48502; and Ruth
Waddell Smith, PhD, Michigan State Univ, School of Criminal Justice,
560 Baker Hall, East Lansing, MI 48824

The goal of this presentation is to explore statistical methods for
differentiating non-traditional Gunshot Residue (GSR) samples arising
from six non-toxic, lead-free ammunitions. The formulation of non-toxic
ammunition excludes the traditional signature composition of GSR, a
mixture of lead (Pb), barium (Ba), and antimony (Sb). The removal of
the unique combination of these three elements also renders
differentiation of non-toxic GSR from environmental sources more
challenging.

This presentation will impact the forensic science community by
further exploring the combinatorial feasibility of Energy Dispersive X-ray
Spectroscopy (EDS) and multivariate statistical analysis through the
characterization of relatively understudied non-toxic ammunition. The
application of these procedures allows for the statistical comparison of
spectra, rather than the potentially more subjective visual comparisons.
In turn, the statistical procedures allow comparisons to be made based
on mathematical principles with measureable confidence in the
comparison.

Traditionally, during the identification of GSR both morphological
features of particles and elemental compositions are determined. In
most laboratories, the presence of spherical particles containing Pb, Ba,
and Sb indicates the definitive presence of GSR. However, the

emergence of lead-free ammunition in response to health and
environmental concerns requires a broader definition of particle
compositions consistent with  GSR.  Unlike conventional primers,
manufacturers of non-toxic ammunition may use vastly different
elemental compositions to achieve the final product. For example,
aluminum, silicon, potassium, strontium, and calcium may be included in
the primer. Thus, no single particle composition can be easily amended
to the description of GSR.

This study collected elemental profiles for six commonly available
brands of non-toxic ammunition as well as for the most common brand
of road safety flare utilized in the United States. Flares were included in
the study due to their high strontium content and their potential for
similarity in element composition to non-toxic ammunition. For each
brand, one box of 9mm caliber ammunition was purchased and five
rounds from each box were fired in the presence of three conductive
carbon tabs positioned along the trajectory of the bullet, allowing capture
of GSR. An additional five rounds from each box were disassembled to
remove the propellant and bullet before being fired. These rounds were
fired perpendicular to two conductive carbon tabs, allowing for the
capture of only primer components. Road flares were burned in the
presence of two conductive tabs positioned above the flare to capture
any ejected particles during the combustion process.

A carbon tab was analyzed from each of the resulting 61 samples
using a Scanning Electron Microscope (SEM). Particles visually
consistent with the morphology of GSR were located on the tabs at an
accelerating voltage of 20 keV. Once potential particles were
discovered, the visual area of the sample was designated as a region of
interest and all particles within view were analyzed by EDS. Searching
of each sample finished after 30 regions of interest were identified. Each
EDS spectrum was analyzed from 0-10 keV for elemental composition
determination. Several different data pretreatment methods (including
scaling and normalization procedures) were applied to the resulting
spectra prior to statistical analysis. The pretreated data were then
analyzed using Principal Components Analysis (PCA). This procedure
is a useful visualization tool where samples with similar EDS spectra
cluster closely in the resulting scores plot while samples with different
spectra position further apart. In this study, PCA was first used to
investigate association of ammunition by manufacturer, based on the
element profiles generated. Then, the association of samples from
whole bullets to those from primers only, and the differentiation of actual
GSR from a ubiquitous road flare, were also investigated using PCA.

The application of data pretreatment and statistical procedures for
SEM-EDS examinations of GSR allows greater confidence in results
from a technique that is traditionally thought of as merely qualitative.
Likewise, the lessons learned from the EDS analysis of GSR may also
be applicable in the comparison of other items of trace evidence based
on element composition, for example, comparisons of glass fragments
or paint samples.

Gunshot Residue, SEM-EDS, Chemometrics

A110 Uncertainty Considerations for Measuring
the Refractive Index of Glass

Eric L. Everts, MS*, 5 Hailey Ln, Morgantown, WV 26505; and Suzanne
Bell, PhD*, West Virginia Univ, 1600 University Ave, Oglebay Hall, Rm
208, Morgantown, WV 26506-6121

After attending this presentation, attendees will understand the
need for assessing uncertainty in glass refractive index measurements.

This presentation will impact the forensic science community by
further validating the need to assess uncertainty in all areas of forensic
science.

Refractive index has been used for comparison of glass analysis for
many years. In this project, refractive index measurements were
performed on 63 samples from 41 sources of glass using a glass
reflective index system. Each sample was characterized by eight
Refractive Index (Rl) measurements collected at different places on the
sample and some sources were characterized by up to three samples
collected at different places on the source. Refractive index is
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traditionally thought of as a means of classifying and differentiating
glasses, but it is a numerical measurement and as such, should always
be accompanied by an estimation of the uncertainty associated with the
measured value. This is consistent with the recommendations made in
the 2009 National Academy of Sciences Report. This project focused on
determining a reasonable and defensible uncertainty estimate for
refractive index measurements as taken in a typical forensic setting.

The results of this project reiterated the issue of inherent
heterogeneity. This issue becomes more pronounced as the capabilities
of the measurement process improve; the readability of RI
measurements observed using double polarization light microscopy and
refractive index oils may go to three decimal places while the glass
reflective index system is capable of reliably determining five decimal
places. There were several instances where samples taken from the
source produced statistically significant different Rl measurements. In
casework, the ability to have many samples from a larger source may
not be possible and, as a result, such differences could conceivably lead
to an incorrect classification of a glass sample. A primary goal of this
project was to establish the minimum number of RI measurements that
should be taken across a sample to establish reasonable and defensible
measurements of intra-sample variability.

Homogeniety of the glass sample is not the only factor of
uncertainty in this study; other contributing factors including the
calibration curve and instrument drift over time should be considered. In
this project, these factors were incorporated into an uncertainty budget
table. Here, a conservative approach was taken in which all contributing
factors were kept in the budget; rounding at the end to the correct
number of significant figures insured that factors were incorporated as
their relative magnitudes dictated.

To evaluate the impact of retaining an uncertainty value for each RI
measurement, pairwise comparisons of all 41 sources were analyzed to
determine when the range of the two results overlapped. Here, the
range around each RI was determined in two ways: first, from the
standard deviation of the replicate measurements from each sample;
and second, from the uncertainty budget, which led to the combined
standard uncertainty value. This value was multiplied by a coverage
factor of k=2, which roughly corresponds to the 95% confidence level.
The number of pairwise comparisons more than tripled from 18 pairwise
comparisons using one standard deviation to 74 pairwise comparisons
using the expanded uncertainty. This clearly demonstrates the utility of
using an uncertainty budget approach for RI measurements. In the
event of casework and just the standard deviation was evaluated and
used for Rl determination, false positives or exclusions could have been
made.

Statistical tests were performed on the three major categories of
glass in this study; car windows, house windows, and bottles. Only car
windows and house windows were found to have a statistically
significant difference in their mean RI values; however, when the
expanded uncertainty is considered, there is notable overlap between
the three categories of glass. Therefore, the results of this study
indicated that an Rl measurement alone is insufficient to categorize
glass based on source. Although this set of 41 sources does not
comprise all of the possible sources that one could encounter in
casework, the major categories of glass are present. This is also a
smaller sample size compared to the larger picture, but the same types
of trends are found here that are seen in the FBI study of float glass
dating back to the 1960s.

Uncertainty, Refractive Index, Glass

Discrimination
With Infrared

A111 Forensic Glass
and Classification
Microprobe Analysis

Brooke W. Kammrath, PhD*, Univ of New Haven, 300 Boston Post Rd,
West Haven, CT 06516, Nicholas D. Petraco, PhD, John Jay College of
Crim Just, Dept of Science, 899 10th Ave, New York, NY 10019; John A.
Reffner, PhD, 97 Ocean Dr E, Stamford, CT 06902; and Thomas Kubic,
JD, PhD, 8 Pine Hill Ct, Northport, NY 11768

After attending this presentation, attendees will gain a better
understanding of how infrared microprobe analysis can be applied to the
forensic analysis of glass.

This presentation will impact the forensic science community by
showing how infrared microspectroscopy can be used to aid in the
discrimination and classification of glass evidence.

Glass is a ubiquitous material, and as a result, it is commonly
recovered as transfer evidence when glass objects are broken during
the commission of a crime. Vehicle windows, architectural windows,
containers, headlamps, light bulbs, and mirror glasses are some of the
major sources of this evidence at a number of crime scenes, including,
but not limited to, car accidents, robberies, vandalism, bombings, and
homicides. Broken glass is readily transferred to the breaker and to any
individual or object in the vicinity of the breaking event; thus it has the
ability to associate a suspect with a crime scene location or item and, in
some cases, the time of occurrence. The significance of glass evidence
is enhanced when the fragments are determined to be indistinguishable
in all measured properties from the broken glass object. Conversely, if
the recovered fragments differ in their measured properties from the
broken glass object, then that glass object can be eliminated as a
possible source of the glass from the suspect. The analysis of the
molecular structure of glass is a novel forensic method that provides
knowledge about glass chemistry that is not currently employed by
forensic scientists as well as improves the discriminatory power within
this class of transfer evidence.

Infrared (IR) spectra contain extensive information about the
molecular structure of the complex silicates in commercial glasses. This
research is based on measuring the Attenuated Total Reflection (ATR)
mid-IR spectra of soda-lime silicate glasses to detect variations of the
molecular structure to assist in the comparison of glass evidence.

The use of ATR mid-IR spectra for the discrimination and classification
of glasses was investigated. Discrimination error rates of approximately
5% and classification by end-product (window or container) error rates
of less than 2% were achieved with multivariate statistical methods,
specifically Principal Component Analysis-Canonical Variate Analysis
(PCA-CVA) and Partial Least Squares Discriminant Analysis (PLS-DA).

The mid-IR microprobe analysis of glass requires only minimal
additional sample preparation to that which is already done for
Refractive Index (RI) analysis and uses IR investigated samples that are
the same size and smaller than the ablated hole made in Laser Ablation-
Inductively Coupled Plasma-Mass Spectrometry (LA-ICP-MS). Thus,
mid-IR microprobe analysis can be used to provide additional
discrimination for glass samples that are indistinguishable by RI and too
small for elemental analysis. In addition, most forensic laboratories have
IR spectrometers and/or microprobes which are used in the analysis of
a plethora of evidence types including, but not limited to, paint, fibers,
plastics, adhesives, and illicit drugs. Thus, this technique would not
necessarily require a crime laboratory to purchase new instrumentation
or require extensive training for trace evidence examiners. As a result,
the use of ATR mid-IR microspectroscopy for forensic glass
comparisons and analysis could potentially be implemented by forensic
laboratories immediately and with minimal expense. ATR mid-IR
spectral analysis provides information about the molecular structure of
soda-lime silicate glass to support other traditional analysis and
strengthen the association of this evidence.

Glass, IR Spectroscopy, Chemometrics

86

* Presenting Author



A112 Determination of Unique Compositional
Patterns in Glasses by Micro-XRF:
Multivariate Approach and
Statistical Analysis

Sergey Mamedov, PhD* 3880 Park Ave, Edison, NJ 08820

After attending this presentation, attendees will learn about
application of micro-XRF to glass and soil analysis.

This presentation will impact the forensic science community by
providing practical information about application of micro-XRF to
chemical analysis.

X-ray Fluorescence (XRF) spectroscopy is a useful tool for
identification of substances and confirming their identity with little or no
sample preparation. New capabilities of the energy dispersive XRF
analytical microscope (micro-XRF) enable the recording not only of
spectra from small glass particles (as small as 50-100 microns) but also
the hyper-spectral image of any object with high spatial resolution (<10
micrometers). Hyper-spectral image is a set of the data which contain
information about position of the point along with full XRF spectrum at
this point. This means that the data can be mined for unsuspected
elements after the measurements have been made, and that statistical
methods (multivariate analysis) can produce chemical distributions of
the elements (Image analysis) and/or material classification based on
Principal Component Analysis, in particular, with association between
elements that can aid in identification of bonded phases. For example,
statistical analysis of micro-XRF data for glasses can be used to locate
the make, model, and year of car by analyzing a glass chip. This
presentation will provide practical insights into the application of the
micro-XRF to the analysis of glasses and soil.

An XRF analytical microscope was used in this study. This desktop
unit utilizes a portable 50W X-ray source for excitation, two switchable
(as small as 10 microns) monocapillaries for different spatial resolution,
and the unique capability to work in vacuum (enhanced sensitivity for
light elements), in partial vacuum, and under ambient conditions. In
addition to the XRF spectrum/image, the XRF microscope provides a
micro-transmission image of the material. Standard software package
includes quantification using fundamental parameters method, basic
statistical analysis for multi-point measurements, image analysis, and
image processing.

X-ray fluorescence spectrum of the glass strongly depends on X-
ray optical system, sensitivity of the detector, and accelerating voltage.
In addition, background from the substrate will contribute to the
spectrum of the small glass pieces because excitation X-ray penetrates
through the glass and interacts with substrate. This effect becomes very
important for particle size of 300 microns (or less) or powder. The
change in the spectrum due to the shape or size will lead to the different
quantification of the sample (different composition). A method which
allows one to minimize this effect or take it into consideration was
developed. In this presentation, examples of spectra from bulk material,
small glass pieces, and powder will be shown.

Spectra of glass from several car manufacturers and commercial
glasses (microscope slides, window glasses, fuse glass) in the range of
1.00-40.96 keV (<400 spectra) were collected and analyzed. Because
only a few spectra have an additional features in the energy range above
15 keV, spectra were truncated and analysis was done in spectral range
of 1.00-15 keV. Standard FPM algorithm without any correction and/or
calibration was used to calculate concentration of NaoO, MgO, AlxO3,
Si0y, Ko0, Cal, TiOy, MnOy, FeyO3, AsyOg, and CeOs in all
samples. This set of concentration to build a data set for PCA was used.
All spectra and concentration data sets were scaled before Principal
Component Analysis was applied. Correlation between classification
based on spectral analysis and concentration analysis will be shown.
Glass, XRF, Analysis

A113 Size Limitations for the Analyses of Float
Glass Fragments by LA-ICP-MS: Influence
of Fragment Size on Measurement
Accuracy and Discrimination Potential for
Glass Analysis

Stefan Becker, PhD*, Marc Duecking, MS, Peter Watzke, MS, and Peter
Weis, PhD, Bundeskriminalamt, Forensic Science Institute, KT 13,
Wiesbaden, 65173, GERMANY

After attending this presentation, attendees will understand
principles concerning size limitations for the analyses of float glass
fragments by Laser Ablation Inductively Coupled Plasma Mass
Spectrometry (LA-ICP-MS), also addressing such issues as criteria to
determine the minimum sample requirements, and effects of deviating
from the standard protocol.

This presentation will impact the forensic science community by
serving as a key aspect to raise awareness on the limitations of applying
LA-ICP-MS in forensic glass analysis.

Over the last two decades, LA-ICP-MS has been proven to be a
reliable and powerful technique in forensic glass analysis, especially for
the comparative analyses of questioned and control glass samples.
Harmonized measurement parameters have been established over
time, leading to methods commonly used by the majority of forensic
laboratories employing LA-ICP-MS. These methods are using single
spot analyzes, multiple sampling positions on a single fragment, 10 Hz
repetition rate, a crater diameter 50-80 micrometer, and an ablation time
of 50 seconds or more. These methods commonly applied require a
material amount for each analysis in the range of 500-1400ng assuming
a crater depth of approximately 100 micrometer and crater diameter
ranging from 50 to 80 micrometers. Applying six analyses on each glass
fragment, the minimum sample requirement for a glass fragment to be
suitable for analysis is approximately given by a minimum sample size
of 0.4-0.5mm and a minimum thickness of 0.1mm.

In casework, a fair amount of recovered glass fragments might
have a maximum-size length smaller than 0.5mm and many glasses
exhibit a very small thickness (<0.1mm). Measurement of these
fragments can be done with a reduced number of readings (ablation
spots) or a shortened transient signal caused by thin fragments leading
to depleted/reduced sample information. Based on the significantly
smaller sample amount to be transported into the ICP-MS and on
shorter integration intervals, a larger standard deviation that has an
impact on the match criteria and a reduced discrimination power can be
expected.

This presentation will evaluate the effect of smaller sample sizes on
the analytical results (i.e., accuracy), and hence the discrimination
potential of the method.

In this presentation, results from the investigation on over 70
fragments from three different float glasses will be presented. The
selection of the glass samples was based on their different color and
thermal history: a green non-tempered float glass (Vegla, Herzogenrath/
Germany), a clear non-tempered float glass (Flachglas, Weiherhammer
1/ Germany), and a green tempered float glass (Libbey Owens Ford,
Lathrop CA/ U.S.A) were investigated. Glass fragments of different
sizes were selected from each of these glasses and physical properties
(size, mass) were documented. Samples were analyzed using a
standard LA-ICP-MS method using helium as a transport gas." The
effect of the limited sample size on the analytical results and the impact
of reduced analytical information on the discrimination power using a
standard LA-ICP-MS method were investigated.

The evaluation was done applying pairwise comparisons of the
data sets using a modified four sigma match criterion already described
in literature.? Results of a particular fragment size were compared with
the results from different fragments of the same glass and were also
compared with the results of glasses of different origin in order to
evaluate type one and type two errors. Also, the application of modified
ablation parameters with reduced repetition rate and smaller spot size is
described and evaluated.
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A114 Discrimination of Fiber Reinforced Plastics
(FRP) Using Thermogravimetry (TG)

Yukimi Yamazaki, BS*, Yasushi Mandai, and Naoko Otomo, BS, Japan
Coast Guard, Reserch Center, 1156 Izumi-cho, Tachikawa, JAPAN

After attending this presentation, attendees will understand how the
analyses of samples concerning collision cases between ships are
performed in Japan. In addition, this presentation will introduce the
method for identification of Fiber/Glass Reinforced Plastics (FRP/or
GRP) using Thermogravimetry (TG).

This presentation will impact the forensic community by
demonstrating a method to discriminate between thermoset polymers
not only for ships collision cases but also for land criminal cases since
TG has not often been used by the forensic community.

In Japan, there are on the average 30 cases a year of hit-and-run
collision accidents between ships, as well as some accidents where the
crew on duty does not recognize the collision. For investigation of these
cases, paints which are transferred from the hull of one ship to another
would be the most valuable type of evidence. Paint samples taken from
both ships are observed to determine if they have the same appearance
(sequence of layers, colors, etc.). Each layer is then analyzed and
compared using Fourier-transform infrared microscopy and scanning
electron microscope-energy dispersive X-ray spectroscopy.

Smaller vessels such as fishing and pleasure vessels are
commonly built of Fiber Reinforced Plastics (FRP) and are surfaced with
a “gel coat” often colored white. When FRP ships collide with other
ships, pieces of gel coat (sometimes with paints) are likely to be
transferred and collected as samples. The gel coat is an unsaturated
polyester (UP) resin-based plastic matrix with some pigments and
additives. There are traditionally two major types of UP resin used for
vessel construction; orthophthalic (ortho); and isophthalic (iso). The
major pigment is always TiOp because of its color and there are also
other pigmentsffillers (clay, talc, etc.) included in small amounts. When
ships get older, they sometimes have single or multi-layered paint, but
newly built FRP ships have no paints on the gel coat (except for
antifouling paint on the bottom of the hull). Therefore, it has been
recognized to be difficult to characterize gel coats. This presentation will
examine the data of gel coat samples which were analyzed in 28
collision cases since 2007. Among the samples from 28 cases, 14 were
ortho (10 had paint layer(s) on their surfaces), 13 were iso (four painted),
and one was an other type of polymer resin (not painted). Although all
14 ortho samples, six of the iso samples, and the one resin were
discriminated by their own IR spectra or by variety of their paint layers,
it was difficult to distinguish two pairs and a group (containing four
samples) of iso’s without paint on their surface. In order to characterize
these gel coats, a further analysis method was required.

TG is a popular method for evaluating polymer properties; however,
the use of this technique for forensic purpose has rarely been reported.
In this presentation, the result of the TG of gel coats will be introduced.
The primary goal of this study was to optimize the experimental
conditions; atmosphere, temperature range, heating rate, and sample
amount. Several gel coat samples collected from dockyards were
analyzed with thermogravimetric differential thermal analyzer (TG-DTA).
All of the thermogravimetric curves showed at least three degradation
processes under air atmosphere. By comparing the temperatures
corresponding to the maximum rate degradations, some pairs of
samples which have no differences in IR spectra and elemental analysis

had distinct discrepancies. The differences between samples may be
attributed to the minor additives and cross-linking structure of polymers.
FRP, TG, Paint

A115 Systematic In Situ Identification of Pigments
in Paint by Raman Microspectroscopy

Christopher S. Palenik, PhD* Microtrace, 790 Fletcher Dr, Ste 106,
Elgin, IL 60123-4755

The goal of this presentation is to demonstrate ways in which
Raman spectroscopy can be incorporated in a forensic laboratory to
improve the evidentiary significance of paint evidence.

This presentation will impact the forensic science community by
suggesting the first systematic organization of pigment analysis that is
broadly applicable to forensic paint analysis.

Colorants (pigments and dyes) surround us in everyday life, yet
beyond spectrophotometric comparisons of bulk color, forensic analyses
typically ignore the colorants within a sample. This is due in large part
to the fact that colorants are present at low concentrations, and pigments
are, in addition, typically quite small (<1uym), making them difficult to
access analytically. Successes have been achieved through a number
of microanalytical methods, including polarized light microscopy, infrared
microspectroscopy, microchemistry, micro x-ray fluorescence, and X-ray
diffraction; however, the application of each of these approaches is
limited by one or more factors such as analytical volume, specificity,
sample preparation requirements, or the level of interpretation expertise
required.

Raman microspectroscopy suffers from two of its own major
limitations, which are fluorescence and the current lack of a systematic
approach to pigment identification. Fluorescence can be minimized
through the use of multiple laser wavelengths, photo bleaching, and
background removal, yet it remains the Achilles heel of the technique,
leaving some pigment spectra inaccessible by this method. The second
issue, regarding interpretation, is being reduced by the fact that more
and more laboratories are obtaining and using Raman systems;
however, the framework for analyzing and interpreting paint evidence
remains limited. This presentation, whose primary focus is to address
this shortcoming, will provide an overview of our past six years of
research, which has focused on the development of: (1) a pigment
identification scheme; (2) laboratory methods designed to optimize
pigment analysis; and, (3) of interpretation and significance studies that
will provide a framework for assessing the value and uses of pigment
information.

Through the development of an extensive database of pigments
(>1,100 pigments and >325 unique pigments), a classification scheme
for the systematic identification of pigments was devised. Each pigment
in this database has been carefully verified by orthogonal methods and
categorized by chemical structure. The Raman spectra and pigment
chemistry have been used together to develop a flowchart that permits
classification of pigments on the basis of strong peaks, which is intended
to be applicable at the bench level. Within the context of an
investigation, it also permits an examiner to determine which pigments
can (and can't) be discriminated on the basis of strong peaks in a
sample spectrum. This organization provides the first systematic basis
for addressing pigment identification in forensic-sized samples. It also
shows that of the 325 unique pigments studied, only 38 (~12%) had
strong enough fluorescence that no useful Raman scattering was
observed (using 514 and 785nm lasers).

Building upon this identification scheme, the second phase of this
research focused on the in situ identification of pigments in paint, with a
goal of systematically addressing the evidentiary significance of pigment
identification within a polymer matrix. Various methods of sample
preparation and interpretation were evaluated to determine whether any
methods are optimal. The analysis focused on a collection of 300+ late
model automobile paint samples (comprising over 1,000 paint layers)
and several sets of architectural tinting pigments (used to color the
majority of architectural paints in the U.S.) collected over recent years.
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The color layers in all of these paints (over 500 layers), which included
top coats, tinted clear coats, and coordinated primers, as thin as 5um in
cross section, were analyzed by micro-Raman spectroscopy to identify
the pigments present. In total, 28 different pigment groups were
identified among the automotive paints and 14 pigments were identified
within the architectural tinting colors. Paint pairs from the automotive
paint collection of the same color code were also characterized by micro-
FTIR spectroscopy. These results were interpreted to evaluate the
potential applications of Raman spectroscopy in a trace evidence lab,
with a specific focus on evaluation of the method as: (1) a fast screening
method (for with no preparation); (2) to provide additional discrimination
in conjunction with existing micro-analytical methods; and, (3) as a
method to provide manufacturer sourcing assistance based on the
identification of specific pigments. Each of these applications will be
expanded upon in the presentation.

Paint, Pigments, Raman Spectroscopy

A116 Differentiation of Yellow Polyester Fibers
With Different Dye Loadings Using
Microspectrophotometry and Chemometrics

Eric J. Reichard, BS*, IUPUI, FIS Program, 402 N Blackford St, LD 326,
Indianapolis, IN 46202, Edward G. Bartick, PhD, Suffolk Univ, Dept of
Chemistry/Biochemistry, Beacon Hill, 41 Temple St, Boston, MA 02114-
4280; Stephen L. Morgan, PhD, Univ of South Carolina, Dept of
Chemistry & Biochem., 631 Sumter St, Columbia, SC 29208; and John
V. Goodpaster, PhD, IUPUI, FIS Program, 402 N Blackford St, LD 326,
Indianapolis, IN 46202

After attending this presentation, attendees will gain a fundamental
understanding of the application of multivariate statistics to the analysis
of fibers.

This presentation will impact the forensic science community by
touching upon key improvements suggested by the 2009 National
Academy of Sciences Report. In particular, human observer error is a
potential problem in fiber color comparisons and the use of multivariate
statistics could virtually eliminate this issue.

Microspectrophotometry (MSP) is a quick, accurate, and
reproducible way to compare colored fibers for forensic purposes. In
turn, the use of chemometric techniques applied to MSP data can
provide valuable information, especially when looking at a large dataset.
As of now, routine fiber color comparisons are made by use of an MSP
and the trained eye of a forensic fiber examiner, who examines the
overall shape of a fiber's spectrum. Comparisons are made by
overlaying the spectra from items of questioned and known origin and
determining if similar spectral characteristics are observed. However,
minute differences not seen by the examiner can provide valuable
information in a relatively featureless spectrum. The use of chemometric
techniques like agglomerative hierarchical clustering (AHC), principal
component analysis (PCA), and discriminant analysis (DA) can detect
these differences and make objective comparisons of complex data
possible.

The purpose of this study was to use chemometric techniques to
discriminate UV-visible spectra obtained from yellow polyester fibers that
had different dye loadings. Research has shown that visually similar
yellow polyester fibers can be discriminated based on their UV-visible
spectra; however, none have determined if fibers dyed with the same
dye, but with different dye loadings, can be discriminated by their UV-
visible spectra alone. Background subtracted and normalized UV-visible
spectra from 11 yellow polyester exemplars dyed with different
concentrations of the same dye ranging from 0.1-3.5% were analyzed by
AHC, PCA, and DA. Simple visualization of the overlaid spectra showed
the shape of the spectral curve broadened as dye loadings increased.
One fiber with an unknown dye loading was determined to have a dye
loading between 0.75-1.5% based on visualization of the spectra and
subsequent chemometric techniques. AHC and PCA grouped the fibers
into three classes ranging from low to high dye loadings. When grouping
the fibers into their three classes based on low, medium, and high dye

loadings, the classification accuracy was 94%. However, when fibers
were grouped individually, the classification accuracy was quite poor
(52%). In addition, an external validation study resulted in higher
classification accuracy when fibers were grouped into three classes
instead of individual groups (95% vs. 50%). Finally, exemplars with
similar dye loadings were treated like known and questioned fibers and
analyzed by PCA and DA in order to determine if they could be
discriminated. = Three exemplar comparisons and both class
comparisons were considered discriminated based on a classification
accuracy of 90% or higher and a receiver operating characteristics curve
score of 0.9 or higher.

Overall, chemometric analysis of UV-visible spectra provides an
objective means of discriminating similar fibers with different dye loadings.
Chemometrics, Dye Loadings, Fiber Comparison

A117 Examination of Statistical Methods for
Analysis of Highly Similar Absorbance
Spectra From Textile Fibers

Alejandra Flores, BS*, 2782 Sweet Magnolia PIl., Oviedo, FL 32765;
Michael E. Sigman, PhD, Univ of Central Florida, NCFS, PO Box
162367, Orlando, FL 32816; and Andres D. Campiglia, PhD, Univ of
Central Forida, Dept of Chemistry, 4000 Central Florida Blvd, Orlando,
FL 32816

The goal of this presentation is to report on the evaluation of
statistical methods for comparison of textile fibers with highly similar UV-
visible absorption profiles.

This presentation will impact the forensic science community by
providing information on the use of standard statistical techniques for
performing comparison of highly similar microspectrophotometry data
from textile fibers.

Discriminating clearly dissimilar absorbance spectra from
questioned and known sources is straightforward; however, analyzing
two fibers with nearly identical absorbance profiles can prove
challenging. The goal of this research is to apply established statistical
tests to highly similar absorbance spectra with the intent of evaluating
the spectral match at a defined significance level. The nonparametric
permutation test, Hotelling’s T? test and Student’s t-test were examined.
The Parametric tests were applied to reduced dimensionality data
preprocessed by principal components analysis (PCA).

An outside company was contracted to dye two 10 gram swatches
of spun nylon 6.6 fabric. One swatch was vat dyed with Acid Blue 25
(M1); the other with Acid Blue 41 (M2). Absorption measurements were
collected over the range of 400-725 nm with a microspectrophotometer.
Samples of M1 were taken from three different areas (A1, A3, and A5),
corresponding to the top left corner, center, and bottom right corner,
respectively. Three individual threads (T1 — T3) were cut from both the
vertical (D1) and horizontal (D2) directions of M1 in each of the three
areas for a total of eighteen threads. After cutting all threads to 1cm
lengths, five individual fibers were pulled from each thread (F1 — F5).
Fifteen measurements were collected along the length of a single fiber.
The spectra along each fiber were collected sequentially, while the order
in which each fiber was examined was determined by random numbers
drawn from a uniform distribution.

Pairwise comparisons of all fibers from M1 were performed by the
nonparametric permutation hypothesis test, returning 100 p-values for
each pairwise comparison. An average of 87% of all pairwise
comparisons resulted in discriminations at 0=0.05. This approach is not
dependent upon a normal distribution of the comparative figures of merit.
In parametric tests, any deviation from the assumed distribution may
shift the actual size of the Type | error; however, in contrast, the actual a
level of the permutation test automatically holds because when the null
is true, all test statistics are exchangeable, having the identical
distribution.” The high percent discrimination of fibers from M1 raises
questions regarding the sensitivity of the statistical test, given the
intended purpose, and possible sources of uncontrolled error in the
experiments.

* Presenting Author
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The nonparametric permutation method results were compared
with those from the parametric Hotelling’s T2 test and Student’s t-test.
PCA was performed on normalized spectra from A5 of M1 to reduce the
dimensionality of the data. Typically, greater than 99% of the variance
was contained in the first principal component (PC1) for all comparisons.
The large fraction of the variance contained in PC1 demonstrates the
high spectral similarity. Student’s t-test performed on the scores from
PC1 allowed accepting the null hypothesis (i.e., the spectra were not
discriminated by the test) in all of the five pairwise comparisons at a =
0.05. Results from the Hotelling’s T? test on scores from PC1 and PC2
accepted the null hypothesis in two out of five (40%) pairwise
comparisons.

To further test the methods, samples from different materials M1
and M2 were analyzed. PCA of highly similar spectra from the two
sources contained 98.6% of the variance in PC1 and 99.92% of the
variance in PC1 and PC2. The Student’s t-test on scores from PC1
accepted the null hypothesis at 0=0.05 (i.e., two fibers containing
different dyes with highly similar spectra were not differentiated), while
the Hotelling’s T2 test on scores from both PC1 and PC2 rejected the null
hypothesis at the same significance level.

Further studies are focused on defining a statistical approach that
can be applied to casework samples while maintaining Type | and Type
Il errors at reasonable levels.

This work was supported in part by the National Institute of Justice,
Office of Justice Programs, Award 2011-DN-BX-K553. The content of
this publication does not necessarily reflect the position or the policy of
the Government, and no official endorsement should be inferred.
Reference:

' Mcintee E, Viglino E, Kumor S, Rinke C, Ni L, Sigman ME.
Nonparametric permutation test for discrimination of float glass
samples based on LIBS spectra.” Journal of Chemometrics
2010;24:312-319.
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A118 A Statistical Approach to Discrimination
and Match Capability to Provide Scientific
Basis for Estimating Significance of Fiber
Association in Forensic Practice

Edward G. Bartick, PhD*, Suffolk Univ, Dept of Chemistry/Biochemistry,
41 Temple St, Beacon Hill, Boston, MA 02114-4280; Kevin Roberts, 89
Wakefield St, Reading, MA 01867; Stephen L. Morgan, PhD, Univ of
South Carolina, Dept of Chemistry & Biochem, 631 Sumter St
Columbia, SC 29208; and John V. Goodpaster, PhD, IUPUI, FIS
Program, 402 N Blackford St, LD 326, Indianapolis, IN 46202

After attending this presentation, attendees will be introduced to the
statistical significance of measurement variance of like and unlike fibers
and will learn how the estimations of match significance can be made
from fiber evidence. This is conducted through the use of multivariate
statistical analysis and the product rule of independent variables.

This presentation will impact the forensic science community by
demonstrating sources of variability and decision-making processes
gained from this research that will serve to advance the forensic
significance of class evidence involving fiber examinations.

The presentation will show how to increase the ability to classify
and discriminate synthetic and cotton fibers. A library of over 800 well
characterized fibers was developed with known dye components. Using
visual light microscopy, visible Microspectrophotometry (MSP), and
Fourier transform infrared spectroscopy, data was collected on fibers. In
this report, studies were done on twenty-one red cotton and twenty-one
red acrylic fibers using multivariate analysis. The absorption spectra of
fibers from 10 replicate visible microspectrophotometry scans on each
fiber were compared by using Principal Component (PCA) and Linear
Discriminant Analysis (LDA). The software used in this work was
developed at the University of South Carolina. PCA is used to find the
directions of maximum variability to reduce the data dimensionality and
enable use of LDA to provide projection maps of the data providing best

discrimination of fiber groups. After projection into a two- or three-
dimensional discriminant maps, discrimination of fiber groups can be
judged visually by drawing 95% confidence limit ellipses around each
group of points representing replicate spectra from the same fiber.
Additional statistical hypothesis testing with Hotelling’s T? test for the
equality of means can be employed as a match criterion. With the aid
of multivariate statistics, fibers that are difficult to distinguish by visual
comparison can be distinguished. All 21 red cotton fibers, with the
exception of two fibers, were distinguished by either PCA or LDA. The
two that were not totally separated had the same dyes, but one of the
fibers had a finish on its surface. PCA and LDA were also used to
compare like fibers to determine how well fiber color matched on
similarly dyed fibers. Separate samplings of the same red fiber
measured seven weeks and two days apart showed large overlap and
high correlation coefficients, thus providing quantitative match criteria.
PCA and LDA provided a statistical basis to show the variance of like
sample measurements and the discriminating capability of similar but
different data. The next step required is to determine the probability of
two statistically matched materials, based on measurements, as having
come from the same source.

The “gold standard” in forensic science is the approach used in
DNA matching by calculating the probability of occurrence of a given
combination of alleles in short tandem repeats by the product rule of
probability. By knowing the number of fibers in the database with
specific color, diameter, cross-sectional shape, and chemical
composition, the occurrence percentage of each fiber was determined.
The product of the percentages was then calculated to determine the
probability of two fibers matching randomly with those characteristics.
Probabilities on the order of one in 0.5 million were obtained with such
comparisons between fibers, and are valid, provided a sufficiently large
and representative database of fiber characteristics is accessible. The
improved understanding of sources of variability and decision-making
processes gained from this research will serve to advance the forensic
significance of class evidence involving fiber examinations.

Research in this presentation was supported by Award No. 2010-
DN-BX-K220 from the National Institute of Justice, Office of Justice
Programs, U.S. Department of Justice. The opinions, findings, and
conclusions or recommendations expressed in this publication are those
of the author(s) and do not necessarily reflect those of the Department
of Justice.

Fibers, Multivariate Analysis, Statistical Analysis

A119 On the Random Presence and
Discrimination of Purple Textile Fibers
Collected From Movie Theater Seats

Patrick Buzzini, PhD* West Virginia Univ, 304 Oglebay Hall, 1600
University Ave, Morgantown, WV 26506-6121

After attending this presentation, attendees will realize how unlikely
it is to randomly observe a large number of matching fibers within a
given surface and also between different surfaces.

This presentation will impact the forensic science community by
providing information, not only related to the ability of microscopical
examinations to detect and discriminate microscopic features of textile
fibers, but also about the value of the recovery of a large number of
matching fibers. This study will benefit trace evidence examiners in
cases where a defense strategy would raise an argument such as “the
recovered fibers are common and ubiquitous; therefore, this recovery is
valueless to this case.”

Adhesive tapes have been applied to 150 seats of a movie theater.
These public surfaces were targeted for fiber collection because they
were considered to be representative of the general population where
the study was conducted. The focus of this study was purple fibers: this
color was chosen to deviate from the traditional colors like black, blue,
or red which are already abundantly reported in the literature. Single
purple fibers were searched for using a stereomicroscope and isolated
from the tape. To date, 20 seats were searched for fibers: 7,000-8,000

90

* Presenting Author



fibers were present on the searched tapes. A total of 62 purple fibers
were observed. The single fibers were mounted permanently for
conducting microscopical examinations. Methods based on light
microscopy are crucial for gathering data about fiber characterization as
well as for performing comparisons. The study of the morphology of the
fibers is first carried out; this may include the study of the cross-sectional
shape. Fibers can thus be classified as natural or man-made. Their
thickness can be measured, the presence of delusterant particles can be
recorded for man-made fibers, and double polarization techniques are
applied to study their optical properties. Fluorescence microscopy is
useful to detect luminescence due to the dye content. Plane-polarized
light can also be used to study potential dichroic properties of the dyes.
The comparison microscope is used to perform intra-source and inter-
sources comparisons: the color, thickness, presence and concentration
of delusterant particles, surface appearance, and fluorescence
properties are compared.

During this study, fibers were initially categorized according to their
general class: about 50% of the collected fibers were natural, the most
part being cotton. Few wool fibers were observed. About 25% of the
fiber samples were of man-made regenerated origin and the other 25%
were man-made synthetic types (the most part being nylons and
polyesters). The various fiber samples belonging to a given subclass
were pair-wise compared using the comparison microscope. The
results indicate that this population of purple fibers is highly variable,
especially considering the different color shades, their thickness, and
their overall morphology. Color resulted to be the highest factor of
discrimination. Indeed, a further step of this study will be the application
of microspectrophotometry.

After comparison microscopy, a group of eight cotton fibers resulted
to be indistinguishable and this was the largest group. Four fibers were
recovered from the same seat, while the remaining four were collected
from four individual seats. The group of four was confirmed after
fluorescence microscopy along with another fiber of the group of eight,
while the three other fibers exhibited different fluorescence effects. For
cotton fibers, two groups of three indistinguishable fibers were observed:
one group had two matching fibers recovered from the same seat. For
the other group, the three fibers were collected from three different
seats. On the other hand, all the regenerated fibers could be
differentiated after comparison microscopy. With regard to the synthetic
fibers, three pairs were observed. However, the most useful way to
gather information about the recovery of these fibers is to consider the
number of groups of purple fibers recovered on a given seat and their
size. Most of the purple fibers occurred as individual fibers on the seats.
Only one seat had more than two groups of purple fibers (two pairs of
cottons and synthetic fibers, respectively). Globally, seven pairs of
matching fibers were observed on six seats. Finally, the largest group
observed from one seat was only four fibers.

Fibers, Evidential Value, Trace Evidence

A120 Analysis of Allelic Drop-Out Using the
Identifiler® and PowerPlex® 16 Forensic
STR Typing Systems I|: Estimation of
Drop-Out Probabilities

Keith Inman, MCrim*, Dept of Criminal Justice Adm, 4069 Meiklejohn
Hall, 25800 Carlos Bee Blvd, Hayward, CA 94542; Kirk Lohmueller,
PhD, Dept of Integrative Biology, 3060 Valley Life Sciences, No 3140,
Berkeley, CA 94720; and Norah Rudin, PhD, 650 Castro St, Ste 120-
404, Mountain View, CA 94041

After attending this presentation, attendees will learn how empirically
derived drop-out probabilities can be obtained using low-template DNA
profiles that were run as part of their laboratory’s internal validation
studies, and how these probabilities perform well when used on model
evidentiary samples. They will then discover how the calculation of
dropout probabilities can be incorporated into a likelihood ratio that
assesses the strength of the DNA evidence under competing hypotheses.

This presentation will impact the forensic science community by

providing a means of assessing the weight of low-template DNA
evidence that requires consideration of allelic drop-out, also providing a
means to increase accuracy and objectivity in interpreting DNA profiles.

Low-template (LT) DNA profiles continue to present interpretational
challenges to the forensic community. Whether the LT contribution
comprises the main profile, or whether it is present as the minor
component of a mixture, ambiguity arises from the possibility that alleles
present in the biological sample may not be detected in the resulting
DNA profile. This phenomenon is known as allelic drop-out. This
ambiguity complicates both the assessment of the potential number of
contributors as well as an estimation of the weight of the DNA evidence
for or against specific propositions. One possible solution to estimating
the weight of the evidence is to use a likelihood ratio (LR) that
incorporates the probability of allelic drop-out P(D ). Such methods can
be improved by including an estimate of the drop-out probability for the
specific evidence sample. However, while a vast repository of data
exists from which dropout probabilites might be calculated, few
empirical studies to determine such probabilities have been performed
to date. Here patterns of allelic drop-out are characterized using the
Identifiler® and PowerPlex® forensic STR multiplexes in single-source
samples generated by the National Institute of Standards and
Technology (NIST). Briefly, DNA was adjusted to amplify 100pg, 30pg,
or 10pg from each of two individuals. Each of the six samples (three
concentrations of each of the two individuals) was amplified 10 times
with both the Identifiler® and PowerPlex® 16 kits using the standard
number of PCR cycles suggested by the manufacturer. Thus, a total of
60 profiles were produced for each kit.

Crucial to the determination of dropout probabilities is the selection
of an appropriate detection threshold. A threshold derived from analytical
chemistry, designed to properly balance signal and noise, was used to
evaluate the samples, as well as thresholds commonly used in forensic
DNA laboratories. The effect of these different allelic detection thresholds
on observed patterns of drop-out were then evaluated. Drop-out was
defined to be the situation where a particular peak known to exist in the
sample does not rise above the allelic detection threshold, and, as a
result, is not detected in the profile. Not surprisingly, fewer instances of
apparent drop-out were found when using a lower detection threshold.

Logistic regression to model the fraction of alleles that dropped out
of a profile as a function of the average height of the detected peaks was
used. The equation derived from the logistic regression model allowed
the authors to estimate the expected drop-out probability for a model
evidentiary sample based on the average peak height of the profile. The
correlation of the proportion of allele drop-out from a profile with the
average peak heights within a particular profile supports using logistic
regression to model the relationship between these two variables. In
several cases, the parameters of the logistic regression models differed
significantly between typing systems, different allelic detection
thresholds, and samples. Finally, a positive correlation exists between
allele drop-out and allele length; longer alleles tend to drop-out more
frequently than shorter alleles, even in good quality samples. These
results provide an initial foundation for empirically estimating drop-out
probabilities that can be incorporated into LR calculations to assess the
weight of complex DNA evidence including LT components.

Dropout Probabilties, Logistic Regression, Likelihood Ratios

A121 Analysis of Allelic Drop-Out Using The
Identifiler® And Power