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SEATTLE 2014

S1 Fostering the Next Generation of Forensic
Scientists: Mentoring in the 21+-Century

Matthew R. Wood, MS*, Ocean County Sheriff’'s Dept, Forensic
Science Laboratory, Toms River, NJ 08753; Anjali A. Ranadive,
JD*, SciLawForensics, Ltd, 425 Summit Pass, Brookings, SD
57006; Lara Frame-Newell, MA*, 400 E Jackson Street, Richmond,
VA 23219; Ann H. Ross, PhD* NC State University, Sociology
& Anthropology, Campus Box 8107, Raleigh, NC 27695-8107;
Steven B. Lee, PhD* San Jose State University, 1 Washington
Square, Macquarrie Hall 521, San Jose, CA 95192; Mark Pollitt,
PhD* Daytona State College, 1770 Technology BV, Daytona
Beach, FL 32117; Julie A. Howe, MBA* Saint Louis University,
Franklin, Jefferson & St Charles MEO, College of Health Sciences,
3084, St Louis, MO 63104-1028; Christine Funk, JD*, Department
of Forensic Sciences, 401 E Street, SW, Washington, DC 20024;
Holland Maness, DMD*, 875 Union Avenue, Memphis, TN 38163;
Marcella F. Fierro, MD* 8702 Berwickshire Drive, Henrico, VA
23229-7833; Christopher R. Thompson, MD* 10850 Wilshire
Boulevard, Ste 850, Los Angeles, CA 90024, Stephen B. Billick,
MD*, 901 Fifth Avenue, New York, NY 10021-4157; Marilyn A.
Huestis, PhD*, Chemistry & Drug Metabolism, Intramural Research,
NIDA, NIH, 251 Bayview Boulevard, Rm 05A721, Baltimore, MD
21224; Derek L. Hammond, BA*, US Army, Criminal Investigations
Lab, 4930 N 31st Street, Forest Park, GA 30297-5205; Robert N.
Anderson, PhD* RNA Consulting, Inc, 27820 Saddle Court, Los
Altos Hills, CA 94022; Anastasia Micheals, MS*, Forensic Materials
Consulting, 1784 Sanchez Street, San Francisco, CA 94131-
2741; Erin H. Kimmerle, PhD, University of South Florida, Dept of
Anthropology, 4202 E Fowler, Soc 107, Tampa, FL 33820; and
Phoebe R. Stubblefield, PhD, University of North Dakota. Dept of
Anthropology, 236 Centennial Drive, Stop 8374, Grand Forks, ND
58202

After attending this presentation, attendees will have
a better understanding of mentorships, training, young scientist
professional committees and other educational development
opportunities available within the various disciplines of the eleven
sections of the American Academy of Forensics Sciences (AAFS).

This Interdisciplinary Symposium will impact the Forensic
Science community by informing attendees of opportunities that
will enhance their professional development and encourage
networking and mentoring of new members of the field.

Description:  Tomorrow’s forensic science leaders
are in our classrooms and laboratories today. Education of the
next generation of forensic scientists, the continuing professional
development and training of current practitioners, and those in the
legal community is our collective responsibility and of paramount
importance to the future of our profession. In the spirit of the AAFS
66th Annual Scientific Meeting theme, Forensic

Science Education and Mentorship: Our Path Forward,
this symposium brings together each section of the Academy to
discuss how mentorship, education, and partnership can advance
the field of forensic science for the future.

Criminalistics: The 2,833 members of the AAFS
Criminalistics Section represent a wide variety of forensic science

disciplines and a wealth of hands-on forensic science knowledge,
skills, and abilities. The members are actively engaged in research,
education, training, continuing education, mentoring, and hands-
on projects and programs. The Forensic Science Program at San
Jose State University (SJSU) is an example from the Criminalistics
Section of AAFS that has developed educational opportunities
and research mentorship programs. First, there are two formal
undergraduate program offerings in Forensic Science: Bachelor of
Science in Forensic Science (BSFS) with a Concentration in Biology
or a BSFS with a Concentration in Chemistry. Both programs were
developed to meet FEPAC educational standards where students
gain knowledge through lectures and reading, hands-on activities,
and laboratories and develop critical thinking through scientific
experimentation. Second, has established partnerships with
local, regional, national, and international crime laboratories and
agencies that have provided mentoring and internships to students.
Students who conduct research internships are mentored by experts
in their respective fields and some conduct their research at crime
laboratories and agencies offsite. The AAFS supports mentoring
through the YFSF Mentor Program available for participation by
all section members. The Mentor Program provides opportunities
to mentor new forensic scientists. Third, SJSU is actively involved
in middle- and high-school science and math education through
developing and delivering Crime Scene Investigation (CSIl) Summer
Camps and AAFS Forensic Science Educational Conferences.
The speakers and staff at these camps and conferences are drawn
from the AAFS Criminalistics membership and other experienced
forensic scientists and practitioners providing hands-on activities
that the teachers can take back to their own classrooms.

Digital & Multimedia Sciences: Not only is the Digital &
Multimedia Sciences Section the newest section in the Academy, but
the field of digital forensics is one of the newest in the constellation
of the forensic sciences. It has its roots in the investigative need
to recover, extract, and analyze information stored and transmitted
in binary form. This presentation will describe how the AAFS
has, and continues to be, an important catalyst in the continuing
development of the sciences, as well as a forum for developing
the leaders of the next generation of digital forensics practitioners.
The presentation will focus on the role of the Academy in the
discipline’s development of standards, educational requirements,
and the Kuhnian notion of a scientific discipline. The speaker will
describe how a relatively small group of pioneers, within scarcely
a generation, laid a foundation for a new scientific discipline.
The presentation will describe the current state of the discipline
and how three “generations” of digital forensic practitioners are
cooperating, collaborating, and mentoring each other even as the
technical challenges and volume of data continue to mushroom.
Standards bodies, professional certifications, and accreditation of
both laboratories and educational institutions will be discussed.

Engineering: Engineering is a broad spectrum discipline
with a number of renowned specialties. But the fundamental link
is the foundation of scientific discipline that graces the engineering
profession, no matter what the specific discipline. Forensic
engineering is the particular ability to apply one’s professional skills
to the matters of legal inquiry. The mentor in forensic engineering
looks to first evaluate the mentored engineering candidate for
potential of exemplary engineering practice ability and professional
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ethics, and, secondly, to ensure there is a clear understanding
and ability to investigate engineering issues as related to the
law. The mentor candidate is then exposed to engineering
problems involving actual forensic cases. The examination of
case histories is repeated until the candidate is well-versed in
independent analysis of the issues and in the ability to clearly
explain engineering principles and solutions to a wide variety
of forensic problems in both written and verbal forms. A good
candidate in forensic engineering is one who is confident in his/
her engineering abilities and can comfortably carry the essence of
a teacher of the engineering principles to the legal forum, without
arrogance. The candidate is encouraged to become involved with
the AAFS, as well as other professional organizations that build the
person’s currency in the specifics of the candidate’s specialty, and
encourage awareness of the particulars of the legal aspects. The
mentoring may continue through philosophical discussions after
the engineer provides deposition and court testimony independent
of the mentor. The mentor’s role is to encourage, support, and
provide critique as a continuing building of the profession.

General: The General Section of AAFS is one of the
most diverse sections of the Academy with regard to the spectrum
of membership disciplines. All disciplines offer informal open
dialogue in an effort to increase education, qualifications, and
experience for forensic scientists. For those disciplines that do
not offer formal mentorship programs, practitioners are available to
provide individual oversight to ensure that critical skills are taught
and utilized appropriately. Outreach programs begin at the grade
school level. An example is the demonstration of various forensic
techniques at Girl Scout Camps by AFOSI agents to assist girls in
earning their investigator badge. The girls gain knowledge about
processing crime scenes and learn the requirements for becoming
law enforcement agents, hopefully sparking their interest for future
careers. Another avenue of outreach is through the use of technology
to increase forensic science exposure. Technology allows for the
convenience of opportunities. One section member has developed
a popular weekly webcast TV show titled ForensicWeek.com.
The talk show highlights different forensic topics presented by
international forensic scientists and investigators. The live chats
with practitioners provide synergy between experience, accurate
scientific methods, and modern technology.

Jurisprudence: Five years after the NAS Report, forensic
science is finally starting to make significant headway in the legal
community. From introductory classes that gently introduce law
students to the concept of questioning the strength and meaning of
forensic sciences, such as courses called “Wrongful Convictions,”
to joint degree programs which allow a student to gain both a JD
and an MS in forensic science, the face of forensic education in law
schools is changing. Likewise, seminars on forensic science issues
directed at the legal community are becoming more prevalent and
more popular. As forensic divisions of public defenders’ offices
expand and settle in, opportunities for law students to clerk in a
forensic setting before taking the bar exam puts them in a unique
position post-passage of the bar exam. Finally, it is no longer
unheard of (or forbidden) for a public defender to sign up for and
attend a forensics class geared toward law enforcement. These
are some of the many growth opportunities for lawyers interested
in competently handling forensic science evidence.

Odontology: The American Board of Forensic
Odontology offers workshops in conjunction with the Academy
meeting each year. They are focused in these areas: dental
age estimation, bitemarks, human identifications, mass fatality
incidents, human abuse, and civil litigation. These workshops
provide education, instruction, and hands-on casework in a smaller
setting conducive to individualized feedback and mentoring. When
successfully challenged, the workshops can provide casework
that can be applied to the credentials necessary to challenge the
American Board of Forensic Odontology.

Pathology/Biology: Mentoring in forensic pathology is a
long-term endeavor. The community of forensic pathologists is so
small and the need so great. The recruitment, development, and
retention of candidates is critical to the future of death investigation
in the United States. Early outreach is the first step for forensic
pathologists seeking opportunities to access students in the
biomedical sciences, as well as medical students, to expose them
to the world of medicine and forensic pathology, and to promote
relationships with the students early in their careers. The next step
is to entice medical students into elective rotations so that they
can observe and participate in death investigations and autopsy
pathology with hopes that the experience will lead to residencies
in pathology. By modeling the professionalism, ethics, spirit of
scholarly inquiry and research, and the continuing education
required of a career in forensic pathology, the forensic pathologist
demonstrates how satisfying the in-depth study of death and its
circumstances can be as a lifetime endeavor. Mentoring requires
special attention to communicating the philosophy of practicing
medicine on the dead — how daily exposure to death and violence
inspires the melding of medicine and justice, medicine and the
saving of lives of populations through the public health model and
how it provides compassionate service to survivors. Even after
training is completed, senior pathologist mentors consult with
their trainees on cases and joint projects, and they cooperate in
activities to promote the benefits of competent death investigation
and forensic pathology. In such a small community of specialist
physicians, relationships are strong and durable over the years.

Physical Anthropology: The research and education
priorities in our major research institutions are being re-
conceptualized by the principles of “engaged scholarship,” “in-
service learning,” “global citizenship,” and “sponsored research”
— concepts which fit well within forensic anthropology. Our
pedagogical approach includes hands-on service learning and
community engagement where students learn methods by doing
actual casework; work with professional law enforcement through
continuing education and professional development; and, design
research questions based on problems arising during casework.
For post-graduates and post-doctorates in forensic anthropology,
there are a number of professional development and training
programs available through medical examiner offices such as
the Houston Medical Examiner’s Office, Pima County OCME in
Arizona, and the Visiting Scientist Program offered by the New York
City OCME. Other academic programs have also been partnered
with medical examiner offices such as the ICFAHR consortium at
the University of South Florida and the military training such as the
JPAC Forensic Science Academy.

Psychiatry & Behavioral Science: Psychiatry &
Behavioral Science Section members are currently involved
in numerous types of mentorship, both generally and through
involvement in specific AAFS activities and other activities. From
a “general” mentorship standpoint, more senior section members
solicit the trainees (particularly post-doctoral students, medical
students, residents, and fellows) and early career mental health
professionals from their respective academic institutions to join and
become actively involved with AAFS. New members are encouraged
to identify a mentor who can assist them in achieving their career
goals and, if they are interested, gaining visibility and advancing
in the section. From a “specific activity” mentorship perspective,
section members are involved in numerous activities in both AAFS
and outside organizations. Members of the section collaborate
with outside national, regional, and local professional and volunteer
organizations such as the American Academy of Psychiatry and
Law’s (AAPL’s) Liaison with Forensic Sciences Committee and
AAPL’s Child and Adolescent Psychiatry Committee and the South
Central Scholars Program.

Questioned Documents: Within the field of Forensic
Documents (a.k.a. Questioned Documents) there has been a
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noticeable increase in recent years in grant-funded research
projects aimed at strengthening the scientific underpinnings
of this discipline. Presentations and workshops at national and
international conferences have seen a shift away from anecdotal
case studies toward a platform focused more on research-oriented
projects. Collaborations between the academic community and
Forensic Document Examiners (FDEs) are also expanding, thereby
generating additional opportunities for mentorships, internships,
research, and continuing professional development. While some
organizations, groups, and agencies have established programs to
address education, mentorships, internships, research, continuing
education/professional development, and certification relating to
FDEs, many lack the resources to seriously maintain these worthy
goals. Regardless of financial constraints, there are numerous ways
to participate in these activities by utilizing the network of dedicated
professionals which currently fill the ranks of the profession. The
advancement of this discipline will continue to rely upon the tireless
efforts of those individuals within the profession to work not only
with other forensic scientists but also with non-forensic scientists,
to share information and provide opportunities for others so that the
next generations is properly equipped to continue to “raise the bar.”

Toxicology: The Toxicology Section has a long history
of mentorship of new toxicologists and opportunities for training,
research, fellowships, continuing education, and awards and
recognition of young talent. The section sponsors workshops at
each annual meeting that provide not only educational knowledge,
but fosters interaction between toxicology fellows, members, and
student applicants. The Toxicology Section also has a highly active
joint Drugs and Driving committee with the Society of Forensic
Toxicologists (SOFT) that is always open and welcomes new
members. This committee meets at each annual meeting and
provides many resources, such as guidelines to the most important
literature for testimony. The section has the June K. Jones Award
that provides funding for research projects by new toxicologists
and enables them to attend a meeting and present their findings.
In addition, the Irving Sunshine Award is prestigious recognition
of a young toxicologist's research and publications early in his/
her career. Both of these awards introduce outstanding young
toxicologists to the membership at a special evening reception in
their honor and provide opportunities to further their careers. During
the meeting, the Open Forum encourages young toxicologists to
ask questions about issues, problems, procedures, new drugs,
etc. in an informal and fun setting. These interactions frequently
lead to summer internships, doctoral training opportunities, and
potential job recruitments. The Toxicology Section has benefited
from a large international membership that furthers our breadth
of experience and informs us of new drug trends like the influx of
new designer drugs that frequently are first encountered in Europe.
These interactions are highly valuable and have led to visiting
scientist programs in U.S. and international laboratories. The
Toxicology Section membership overlaps extensively with SOFT
and the International Association of Forensic Toxicologists (TIAFT),
California Association of Toxicologists, and other professional
groups. During the presentation, all of the resources of these sister
organizations will be highlighted and how young toxicologists can
take advantage of the many educational courses, fellowships, and
experiences available to them.

Mentorships, Networking, Professional Development

S2 The World of Forensic Science: The Future
of Education and Research

Lindsey E. Saunders, BS, DC Department of Forensic Sciences, 401
E Street, SW, Washington, DC 20024, Lara Frame-Newell, MA, 400
E Jackson Street, Richmond, VA 23219; Christina G. Hayes, BS,

1200 Clark Avenue, St. Louis, MO 63103; Katherine E. Knurek, BS,
14301 Bridle Trail, Strongsville, OH 44136; Lindsay Saylors, 1033
W Loyola Avenue, Apt 508, Chicago, IL 60626; Jennifer Curnow,
MS, 15 Chichester Drive, Apt 304, Stafford, VA 22554; Alison P.
Kidder-Mostrom, MSFS, 536 S Clark Street, Ste 800, Chicago,
IL 60605; Sarah J. Ellis, MS, 15635 Mileground Road, Box 6217,
Morgantown, WV 26506; Alicja K. Lanfear, PhD, Middle Tennessee
State University, Forensic Institute for Research & Education, Box
89, Murfreesboro, TN 37132; Barry K. Logan, PhD*, NMS Labs,
3701 Welsh Road, Willow Grove, PA 19090; Daniel A. Martell,
PhD*, Park Dietz & Associates, 2906 Lafayette, Newport Beach, CA
92663; Cheryl D. Hunter*, 403 Pioneer Creek Drive, Florissant, CO
80816; John P. Kenney, DDS, MS* 101 S Washington Street, Park
Ridge, IL 60068-4290; Robert A. Middleberg, PhD*, NMS Labs,
3701 Welsh Road, Willow Grove, PA 19090; Kathryn C. Seigfried-
Spellar, PhD*, University of Alabama, Dept of Criminal Justice, 428
Farrah Hall, Tuscaloosa, AL 35487; Marcus Rogers, PhD*, 401 N
Grant Street, West Lafayette, IN 47907; Ann H. Ross, PhD*, NC
State University, Sociology & Anthropology, Campus Box 8107,
Raleigh, NC 27695-8107; Shawn A. Silver, BS*, 718 E University,
Royal Oak, Ml 48067; David G. Pauly, MFS*, TruForensics, LLC,
3512 Gables Drive, Fayetteville, NC 28311, Victoria R. Nelson, MS*,
OCME, 421 E 26th Street, New York, NY 10016; James Hopkins,
BA*, Michigan State University, Forensic Science Program, 560
Baker Hall, East Lansing, Ml 48824, Carlton-Jane P. Beck-Findley,
MS*, Lake County Sheriff's Office, Crime Scene Investigations,
360 W Ruby Street, Tavares, FL 32778; Matthew Hickman, PhD*,
Seattle University, Dept of Criminal Justice, 901 12th Avenue,
Seattle, WA 98122; Jacqueline B. Helfgott, PhD* 901 12th Avenue,
PO Box 222000, Seattle, WA 98122; Tanisha V. Henson, MFS*,
400 E Jackson Street, Richmond, VA 23219, Raymond Kusumi,
BS* WA State Patrol Crime Lab, 2203 Airport Way, S, Seattle, WA
98134, and Kristin McDonald, BS*, MN BCA Laboratory, Chemical
Testing, 1430 Maryland Avenue, E, Saint Paul, MN 55106

After attending this session, attendees will have a better
understanding of future trends in forensic science. Speakers
will discuss unique casework as well as educational and career
opportunities available. In addition, attendees will learn about
casework and research that has been done by their peers at the
Bring Your Own Slides and Poster sessions. The skills of including
networking, personal branding, certification, and career preparation
will also be discussed.

This session will impact the forensic science community
by demonstrating the future trends in forensic science though
casework, education, and mentorship opportunities. In addition,
this session will provide 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 his/her award
winning paper.

For the AAFS 66% Annual Scientific Meeting in Seattle, WA,
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the YFSF Special Session will present: The World of Forensic
Science: The Future of Education and Research. The
special session will be held on Tuesday, February 18, 2014, and
will 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 in a poster
format.

The annual YFSF BYOS Session takes place the evening
of Wednesday, February 19, 2014, 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 20,
2014, with the annual YFSF Breakfast Session which includes a
resume review panel.

Navigating Success: Career Skills for the Journey
— maintaining the focus on developing professional skills for the
next generation of forensic professionals, the YFSF Breakfast
Session will include established scientists presenting information
to young forensic scientists and assisting them in creating
successful resumes. Representatives from education, professional
organizations, and various career stages will present on career
skills — including networking, personal branding, certification, and
career preparation — that assist emerging scientists as they journey
along the forensic path. After the presentations, attendees will
have the opportunity to interact with experienced AAFS members,
receiving resume assistance and feedback.

YFSF, Education, Research

*Presenting Author
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BREAKFAST SEMINARS

SEATTLE 2014

BS1 Anatomy of a Conspiracy Theory —

Death and Life, Myths and Realities

John U. Downs, BA, Charleston Auto Glass, 7 Amy Elsey Drive,
Charleston, SC 29407; and J.C. Upshaw Downs, MD*, GBI ME,
925 A Mohawk Drive, Savannah, GA 31419

After attending this presentation, attendees will
understand the nature of various conspiracy theories and how
they come to exist by using an overview and targeted case-study
format to examine how evidence comes to be interpreted and the
importance of context.

This presentation will impact the forensic science
community by providing a knowledge base of the nature of
conspiracy theories as a whole by a broad overview of the subject
and a case study of the clues surrounding the alleged death of a
famous public figure in hopes of better understanding how such
theories are formed and thereby learning to better handle such
events in casework.

The proliferation of conspiracy theories has been attributed
to the interaction of enlightenment, polarization, and explanation.
A commonality is an understandable theory appealing to “the
enlightened” that the uninformed cannot or do not acknowledge.
The mantra in detecting such plots is cui bono (who benefits?).
Pseudoscience, terrorism, public figures, and governmental
involvement are frequent springboards. Recent examples include
governmental 9/11 collusion, 2004 tsunami, Presidential-associate
executions, Princess Diana’s death, “Black Ops” helicopters,
manufactured HIV, etc. Popular literature has reached back over
two millennia to challenge the nature of the relationship between
Jesus and Mary. Alleged cover-ups include the Pearl Harbor
attack, Holocaust denial, Hitler's faked death, Roswell’s Area 51,
and innumerable other UFO legends. Famous conspiracies of the
1960s range from the “faked” moon landing to the Vietnam War to
the John Birch Society-Communism controversy.

Perhaps the most familiar “plot” involves the assassination
of President John F. Kennedy in 1963. Alleged political murders
of the period include Robert F. Kennedy, Martin Luther King, Jr.,
and Malcolm X. Other famous popular figures of that era are not
immune — the deaths of Marilyn Monroe, Sam Cooke, Brian Jones,
Jimi Hendrix, Janis Joplin, and Jim Morrison have reported unusual
elements, but all have in common that they actually occurred. In
contrast, Elvis Presley reportedly staged his own death, for personal
reasons. One of the most famous but oft overlooked conspiracy
theories of the 1960s involves another “faked” death — that of one
of the most popular musicians not only of that era but of all time,
Paul McCartney of the Beatles.

After a brief overview of several famous conspiracies
and the reasons for their popularity, the latter theory is discussed
in depth. In 1967, popular culture created the conspiracy of the
accidental death of the artist in an automobile crash. Extensive
retrospective and prospective analysis of the group’s musical
output (including LP albums, packaging materials, movies, etc.)
uncovered numerous “clues” supporting the veracity of the theory,
some dating back to the 1965 Rubber Soul. These, combined with
the band’s sudden cessation of public concert performances in

August of 1966, were taken as undeniable evidence of a conspiracy.
More familiar specific clues include:

| buried Paul (Strawberry Fields Forever)

Paul is a dead man - miss him, miss him, miss him (The
Beatles)

Turn me on, dead man (The Beatles)

Famed attorney F. Lee Bailey presented the case on a
television special in 1969, followed shortly by a Life magazine
article in which the artist denied everything. Despite this disavowal,
musicologists have documented evidence through the Beatles’
final album Let it Be in 1970 — but the story did not stop there.
Popular media referring to the incident have also included the
graphic novel Batman (1970), the hit television show The Simpsons
(1990), and even the “victim” himself in his live concert album Paul
is Live (1993).

Indeed, the surviving band members apparently included
subtle additional clues in the Beatles 1995 reunion’s Free as a Bird
music video. Additional references have been included as recently
as 2009 in ltaly.

Numerous visual and auditory clues are presented for
interpretation by the audience to evaluate the existence and veracity
of the clues, in order to develop a deeper understanding of this
conspiracy theory from the standpoint of marketing and significant
contemporaneous societal factors. Finally, the popularity and
pervasiveness of this legend will serve as a model for understanding
how such a seemingly impossible theory can gain traction and itself
become an enduring part of the social lexicon.

Conspiracy Theory, Music, Beatles

BS2 The Boxer, the Priest, the Ex-Cop, and
the IRA

Ronald Brunelli*, 100 Elizabeth Blackwell Street, Syracuse, NY
13210; and Robert Stoppacher, MD, 100 Elizabeth Blackwell
Street, Syracuse, NY 13210

After attending this presentation, attendees will become
familiar with an international cast of characters involved in a multi-
million dollar heist of a Brinks® depot, the subsequent death and
forensic identification of one of the planners, and steps taken to
return him to his native land.

This presentation will impact the forensic science
community by providing an interesting case of lessons learned from
the discovery and identity of a foreign-born individual. Specifically, it
will highlight issues related to an accurate anthropologic evaluation
of dismembered, skeletonized remains, illustrate the need for
persistence and interagency cooperation in the investigation
of unidentified human remains, and underscore the value of the
National Missing and Unidentified Persons System (NamUs) and
Combined DNS Index System (CODIS) in the identification of
human remains.

In January 1993, a group of masked gunmen, one with
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an Irish brogue, held up a Brinks® depot in Rochester, NY, and
escaped with $7.4 million dollars. The only security guard at the
depot was a retired Rochester, NY, police officer (the ex-cop) who
was known to have ties to the Irish Republican Army (IRA) as he
had reportedly helped smuggle an ex-IRA member into the United
States and had also befriended a suspected gun runner for the
IRA, a New York City priest (the priest). A third individual, a retired
boxer from Ireland (the boxer), came to New York City in the 1970s
and ended up working in an illegal casino where he met the other
players. Although he knew of the plan, the boxer was reportedly
cut out of the heist as he was deemed to be too irrational.

In November 1993, the Federal Bureau of Investigation
(FBI) and Rochester Police Department followed the trail of the
money to New York City. There, the priest and ex-IRA member
were found in an apartment with $2 million. Both were arrested and
convicted while the ex-cop was acquitted. It is speculated that the
remaining $5.4 million went to the IRA.

Then, in August 1995, the boxer, having been cut out of
the deal, attempted to get what he felt was his share of the prize.
He borrowed a car from his friend to travel from New York City to
Rochester. The car was later found in an Applebee’s® restaurant
parking lot in the Rochester suburb of Greece, NY, but the boxer,
Joseph Ronnie Gibbons, never returned.

In June 1999, a human foot with a New Balance® sneaker
was found on the east shore of Lake Ontario, in the town of Cape
Vincent, NY. This was sent to the Onondaga County Medical
Examiner’s Office (OCMEO) and the manufacture date of the
sneaker was established. Over a year later, a torso clad in blue
shorts with a New York Athletic Club logo was found on an island
east of the shoreline where the foot had been found. A local
radiologist determined the torso to be that of a female. Two years
later, the torso was brought to the OCMEO and determined to be
male by both radiologic and anthropologic examination and DNA
testing by a private laboratory confirmed the torso and foot were
from the same individual.

Through ongoing forensic investigation and contact with
multiple law enforcement agencies, the case was entered into
NamUS and the remains were tentatively identified as those of
the boxer. Subsequent DNA samples were recovered from the
exhumed torso and family members in New York City and the
United Kingdom, all of which were entered into CODIS, confirming
the remains to be those of Joseph Ronnie Gibbons.

Although it took more than ten years to identify the boxer,
the family was able to have the remains returned to England for
proper burial. To this date, no one has been charged with Gibbons’
murder; however, police are continuing their investigation.

Cold Case, Unidentified Remains, NamUs
BS3 Electrical Death, Injury, Arc-Flash, and
Lightning Investigation Methods

Helmut G. Brosz, PEng, BASc*, Brosz Forensic Services, 64
Bullock Drive, Markham, ON L3P 3P2, CANADA

The goal of this presentation is to provide an overview of
the key steps and investigative methods used when dealing with
electrical death and injury.

This presentation will
community by improving the ability

of Authorities Having Jurisdiction (AHJ), including
medical examiners, police and fire departments, insurers, lawyers,
prosecutors, and engineers, to investigate and document complex
scenes where an electrical incident has taken place. Attendee
knowledge of electrical phenomena is expected to increase.

AHJ attending to an accident scene or homicide scene

impact the forensic science

involving possible electrical phenomena sometimes have difficulty
discerning between natural death and death involving electricity,
including lightning. There are on average, between 500 and 1,100
electrocutions per year in the United States and Canada including
suicide, auto-erotic, accidental, homicide, etc. There are also
about ten times as many arc-flash burn injuries and more than
ten times as many nonfatal electric shocks. Some minor shock
situations cause falls or reactions which can lead to death and
injury. Low-voltage electrocutions often leave no visible marks on
the deceased. High-voltage electrocutions mostly leave distinctive
marks and devastating injuries.

Lightning deaths may or may not leave readily identifiable
marks. Arc-flash burns may sometimes obscure contact entry and
exit marks. Scene photos, hospital admission notes and sketches,
autopsy photos, and reports are important data to be created, then
assembled, studied, and analyzed.

Review and study of applicable standards and codes can
assist the AHJ or investigator. For example, electrical utility contact
accidents involve the National Electrical Safety Code (NESC) or
an equivalent or similar state code such as General Orders 95 and
165 and 128 as in California. The other significant regulations are
OSHA 26 CFR 1910 and 26 CFR 1926. OSHA regulations also rely
on NFPA 70E to a significant degree.

The National Electrical Code (NEC) which applies to
residential, commercial, and industrial electrical construction is
the governing rule book for many states. Cities such as New York
City and Chicago, for example, have created their own rules in this
regard.

Other standards pertain to the electrical products such
as Underwriters Laboratory/Canadian Standards Association (UL/
CSA). International Electrotechnical Commission (IEC) may also
apply and will be discussed briefly. This presentation will provide
a brief overview from a forensic engineering perspective of the
physics and biology of electrocution and shock to humans and
animals.

Overhead downed power line contacts with humans can
lead to electrocution. Power line contacts with vegetation can lead
to wildfires and other problems. This breakfast will be supported
by presentations of cases, examples, and artifacts. Laboratory
replication of electrical incidents will also be discussed.

Electrocution, Arc-Flash, Shock

BS4 No Shelter From the Storm: The Heroes
and Villains of Hurricane Katrina

Steven B. Karch, MD*, PO Box 5139, Berkeley, CA 94705-0139

After attending this presentation, attendees will: (1) view
previously unseen evidence of the storm damage; (2) hear a critique
of the various types and relative reliability of expert testimony
involved; (3) hear a review of the toxicology issues encountered
in the disaster settings; and, (4) explore recurrent legal issues and
have the opportunity to ask questions.

This presentation will impact the forensic science
community by increasing awareness of death investigation in a
post-disaster setting.

Katrina was one of the greatest natural disasters ever to
strike the United States. By the evening of Monday, August 29,
2005, more than 80 percent of New Orleans lay underwater. By
the time the water had receded and a body count attempted, more
than 1,600 lives had been lost, 81,000 individual businesses had
been destroyed, and more than 200,000 homes had been severely
damaged or washed away. The federal government was nowhere
to be seen except during the now infamous over-flight of Air Force
One.
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Two weeks after the storm, 45 decomposing bodies were
found in the hulk that had been Memorial Hospital (11 of those who
died were in the hospital’s morgue prior to the storm). Of the 34
remaining patient deaths, 24 were from the Lifecare (acute care)
specialty hospital within Memorial, which swelled to a patient
population of over 50 by the last-minute transfer of 20 Lifecare
patients from another hurricane-threatened area.

Ironically, many of the Lifecare patients, who were later the
focus of a criminal investigation, had been transferred to Memorial
for their own safety. Lifecare’s medical director evacuated, leaving
his patients in the care of others. The misery of the conditions
under which they died can never truly be described. Memorial
was without electricity, had no running water, no air conditioning,
inadequate supplies, with an inside temperature mostly in the
100- to 110-degree range. Toilets were overflowing, bodies were
decomposing, and the stench was overbearing.

Dr. Anna Pou, who was about to become an unwilling
participant in a media circus, stayed through it all, and ended up
being accused of murder for her efforts; she and two colleagues
were charged with having systematically euthanized many
patients. When a special Grand Jury rejected the findings of the
then — Louisiana Attorney General Charles Foti and refused to
return an indictment, Dr. Pou was still left to face an endless sea
of malpractice litigations and media scrutiny. The cases against
Pou were largely based on sealed records that were faxed from
the Attorney General’s office to CNN and a local newspaper. All of
these cases have now been dismissed. No court ever ruled against
Dr. Pou, and the criminal charges against her and two nurses who
were also arrested and accused have now been expunged. While
the deaths happened, the murders did not.

There is no statute of limitations on murder and another
District Attorney might try to bring charges, but the statute of
limitations for civil litigation has expired. No more civil actions
will be brought against Pou or her colleagues. For that reason,
attendees will hear a documented account of the damage wrought
by the storm, and the legal fallout that followed — at least so far
as one member of the defense team was able to determine. The
records of the investigation remain sealed, but that has not kept the
details from being selectively released to the media, apparently by
Foti’s investigators, an ethical breech at a minimum and, in reality,
a probable crime in and of itself.

Even though it was never proven that Dr. Pou had
harmed anyone, her career and the careers of the two nurses
were all tarnished and their lives disrupted in ways that cannot be
imagined while the threat of criminal charges and civil suits existed.
Some less-than-scrupulous writers and television producers took
advantage of the fact, knowing full well that the accused could
neither speak nor defend herself in any way. Indeed, a new book
based on documents leaked from the government was released in
September 2013.

If it were possible to identify just one single feature that
made Hurricane Katrina so devastating, most agree it was the
complete and utter failure of the federal government to offer aid
to the distressed and dying, and to organize a comprehensive,
efficient evacuation of those in need. There are lessons to be
learned from Katrina about disasters and about how to manage
them. Perhaps more importantly, we have learned something
about the way institutions and individuals respond in times of great
hazard. There are even more important lessons to be learned
by the forensics community and the courts. They are neither
encouraging nor inspiring.

Hurricane Katrina, Postmortem Toxicology, Euthanasia

BS5 Thomas Krauss Memorial Bitemark
Breakfast — The Role of an FBI Forensic
Odontologist/Special Agent in Federal
Crime Scenes

Scott H. Hahn, DMD*, FBI Miami, ERT, 16320 NW 2nd Avenue,
North Miami Beach, FL 33169

After attending this presentation, attendees will gain an
understanding of the jurisdictional requirements and limitations
regarding federal crime scenes (and/or federal referrals) wherein
the Federal Bureau of Investigation (FBI) employs a Special
Agent forensic odontologist to assist in the identification of human
remains. Attendees will also gain an appreciation for the concept
of the FBI having the capabilities to forward deploy a Special Agent
forensic odontologist to exigent and/or unique scenes to perform
identifications or eliminations of unidentified human remains of
interest to U.S. federal law enforcement.

This presentation will impact the forensic science
community by further validating the odontological examination
and comparison process as being a universally accepted form of
human remains identification. Further, the utilization of the “front-
line” forensic dentist, as outlined in the presentation, may prompt
other entities involved in the identification of human remains to
consider similar type “go-teams” (U.S. Military Armed Forces
Institute of Pathology (AFIP) model, FBI Evidence Response Team
(ERT) model) for smaller, non-mass casualty events.

Historically, the FBI relied on the services of the
Smithsonian Institute Department of Anthropology and the Armed
Forces Institute of Pathology Odontologists to assist the Bureau
in the identification of human remains recovered during FBI
investigations (or referred to the FBI by other law enforcement
entities). Within the last several years, the FBI Laboratory in
Quantico, VA, initiated an in-house anthropology department
staffed by two full-time, board-certified anthropologists. Likewise,
the FBI Evidence Response Team Unit (an operational entity
of the FBI Laboratory) paved the way for an FBI board-certified
odontologist Special Agent to address the forensic dental aspects
of FBI investigations.

The majority of FBI cases requiring a forensic odontologist
are referred to ABFO members in the geographic area of the
investigation. However, when the rapid deployment of forensic
dental assets is required overseas and/or in sensitive investigations
and/or dangerous locales, a Special Agent odontologist is uniquely
qualified for those special circumstances. The deployment usually
involves several ERT personnel in addition to the odontologist,
such as Special Agent photographers, evidence experts, and force
protection elements.

RecentFBlodontology cases haveinvolved the deployment
to other countries to identify U.S. victims of violent crimes and/or
acts of terrorism. In some cases, the host nation will not relinquish
the U.S. citizen’s remains without a scientific identification, and
forensic odontology has been a universally accepted methodology
to meet that requirement. In other FBI cases, the Special Agent
odontologist has been deployed to perform in situ identifications
and/or eliminations in less-than-permissive environments.

The terminal learning objective of this presentation is that
forensic odontology, whether practiced in a Medical Examiner’s
Office or the jungles of a South American country, is very much
a universally accepted form of scientific identification of human
remains, and the basic tenets that are employed by all practicing
forensic dentists work equally well in either environment.

FBI, Odontology, Federal Crime
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L1 Deadlier Than the Male

Ann Rule, BA*, Rule Enterprises, Inc, PO Box 98446, Seattle, WA
98198

After attending this presentation, attendees will learn
how forensic evidence played a large part in tracking and trapping
women who were not nearly as clever as they thought they were.

This presentation will impact the forensic science
community by bringing to light case

studies of female Kkillers in the U.S. and how, in these
cases, they are “Deadlier than the Male.”

Since time immemorial, women have been viewed
as the weaker sex, the gentler sex. The percentage of females
responsible for violent crimes has been far less than males. In
recent years; however, we are seeing more women who are
sadistic sociopaths. | have yet to research a woman who is a serial
killer in the accepted sense, however. Women are seldom “hands-
on” murderers, and they tend to kill people they know, relatives and
those who trust them, whereas male serial killers most often Kkill
stranger-to-stranger, making them more difficult to identify.

The female of our species most often employs poison
— be it ant killer, anti-freeze, arsenic — or some other method.
Two “ladies” in California tried everything but a black widow in
a blueberry pie to more common poisons. Women’s motivation
isn’t murder as part of a sexual attack or murder for its own sake;
women kill for love (VERY broadly defined) or for money. They
also plan their homicides with great care and are willing to wait until
the time is right.

Often, women don’t want to get their hands bloody, literally
or figuratively, so they seduce males to carry out their plans.

Having written about a number of females who committed
murder — or caused murder to be committed, several cases will be
discussed: Diane Downs, who shot her own children (a blueprint
used by Susan Smith a few years later); Dr. Debora Green, who
murdered her children by fire; Patricia Radcliffe Taylor Allanson,
who murdered by “proxy”; Liysa Northon, who used heavy drugs
in her cooking, near-drowning, and, finally, a bullet right between
the eyes to kill her husband; and, Teresa Gaethe who crept into
her estranged husband’s bedroom and shot him as he lay in his
waterbed.

The seminar will end with a discussion of my current book,
Practice to Deceive, about Peggy Sue Stackhouse Harris Thomas
Allen, one of the most manipulative women | have ever researched.

The presentation will include a number of photos as |
move from the rare murderesses in history to my current book,
Practice to Deceive.

Women, Serial, Killers

L2 Medical Ethics Simplified — A Model for
Ethical Conduct for the Forensic Science
Practitioner

J.C. Upshaw Downs, MD*, GBI ME, 925 A Mohawk Drive, Savannah,
GA 31419; and Anjali A. Ranadive, JD*, SciLawForensics, Ltd, 425
Summit Pass, Brookings, SD 57006

After attending this presentation, attendees will be familiar
with a brief history of medical ethics in the U.S., dating to 1803. The
attendee will also learn a simplified ethical code as a mnemonic for
continued practical application.

This presentation will impact the forensic science
community by imparting that by learning the history of modern
medical ethics in the U.S. and by considering a medical model
as a possible structure for other forensic disciplines, a simplified
paradigm modeled on the classical seven deadly sins and seven
cardinal virtues will facilitate the practitioner’s pursuit of a virtuous
career.

The National Academy of Sciences 2009 Report cited a
critical need for the establishment of ethical standards for conduct’

Standards and codes of ethics exist in some fields,
and there are some functioning certification and accreditation
programs, but none are mandatory. In short, oversight and
enforcement of operating standards, certification, accreditation,
and ethics are lacking in most local jurisdictions.

... a national code of ethics [should be established] for all
forensic science disciplines ...individual societies (are encouraged)
to incorporate this national code as part of their professional code
of ethics. Additionally,...mechanisms of enforcement for those
forensic scientists who commit serious ethical violations (should
be explored). Such a code could be enforced through a certification
process for forensic scientists.

...Congress can promote “best practices” and strong
educational, certification, accreditation, ethics, and oversight
programs in the states by offering funds that are contingent on
meeting appropriate standards of conduct.

A cultural foundation must be implemented early in order
to maximize acceptance by those directly involved. As noted in
the NAS Report, ethics training should be no less a part of the
core forensic science curriculum than the natural sciences. As the
practice of medicine has many such elements already implemented,
the discipline and history might serve as a useful model for
other forensic disciplines in the ongoing efforts for improvement,
ultimately leading to a workable ethics code.

Percival's Medical Ethics, released in 1803, became the
basis for the original standards of ethical conduct for the American
Medical Association and to some extent eventually the entire
medical system in the United States.? In this treatise, Percival used
a case-study approach, familiar to those in the field. He interspersed
his rules with memorable insights and quotes, illustrating a greater
practical understanding of the issue of ethics in context, rather than
merely a dry recitation of enumerated commandments. Although
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the work is seriously dated, it was created for the purposes of
addressing specific needs at a particular moment in time in a
particular location. The strength of the work remains the relevance
to those who needed the information contained therein.

Based on Percival's model, a greatly simplified core
ethical system is presented — that of the classical “seven deadly
sins” made famous by Dante (lust, envy, greed, sloth, gluttony,
anger, and pride). Utilizing a case-study approach demonstrating
each of these transgressions in a forensic setting, as well as the
countervailing cardinal virtues (chastity, kindness, charity, diligence,
abstinence, patience, and humility), a simplified ethics mnemonic is
suggested. Understanding of precepts requires not only exposure
to the concept but acceptance. The hope is that forensic service
providers will be inclined to utilize the simple seven deadly sins as
an aid to continued pursuit of an ethical career.

References:
1. https://www.ncjrs.gov/pdffiles1/nij/grants/228091.pdf
2. Percival's Medical Ethics. The moral philosophy of an
18%-century English gentleman. Pellegrino ED. Journal,
Arch Intern Med.1986 Nov; 146 (11):2265-9

Medicine, Ethics, NAS Report
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W1 Designer Drug Detection in Forensic

Toxicology: From Basics to Brilliant!

Sarah Kerrigan, PhD*, Sam Houston State University, 1003 Bowers
Boulevard, SHSU Box 2525, Huntsville, TX 77341, Sumandeep
Rana, MS* Redwood Toxicology, 3650 Westwind Boulevard,
Santa Rosa, CA 95403; Marilyn A. Huestis, PhD* Chemistry &
Drug Metabolism, Intramural Research, NIDA, NIH, 251 Bayview
Boulevard, Rm 05A721, Baltimore, MD 21224; Robert Kronstrand,
PhD*, Nat’l Board of Forensic Med, Dept of Forensic Toxicology,
Artillerigatan 12, Linkoping SE 587 58, SWEDEN; and Laureen
Marinetti, PhD*, Montgomery Co Coroner’s Ofc, Miami Valley Reg
Crime Lab, 361 W 3rd Street, Dayton, OH 45402

After attending this presentation, attendees will better
understand the analytical challenges associated with designer
drug detection. This presentation will also assist toxicologists in
expanding their repertoire of testing in a routine setting.

This presentation will impact the forensic science
community by improving routine forensic toxicology investigations
and, more specifically, improving and expanding current analytical
capabilities so that laboratories can identify these emerging
substances during routine testing.

Forensic toxicology laboratories are faced with an
expanding array of new and emerging drugs. Synthetic cathinones
and canabimimetics represent two important classes of designer
drugs that pose a formidable challenge to busy laboratories that
perform routine testing in a wide array of forensic investigations.
This workshop will address some of the challenges associated with
detection and provide information that will improve toxicological
investigations involving these substances.

Many toxicology laboratories in the United States still lack
the necessary resources and instrumentation to perform highly
specialized testing for the growing number of synthetic drugs
that are being used. Nevertheless, even laboratories with limited
resources must implement techniques to identify cases where
cathinones and cannabimimetics are present in biological samples.
Failure to do so could have serious consequences in antemortem
and postmortem forensic toxicology investigations. This workshop
will focus on a variety of strategies to improve the scope of testing
for a wide array of laboratories with varying resources.

The characteristics of these two classes of drug will
be reviewed in terms of their overall chemistry, classification,
and the properties that must be taken into consideration when
developing new methods for extraction and instrumental analysis.
Incorporation of designer drug testing into routine casework will
be discussed from the perspective of the laboratory director.
Challenges and strategies to maximize success and rely on
existing resources will be emphasized. The scope and limitations
of what can be accomplished with and without highly specialized
instrumentation will be explored so that laboratories can make
informed decisions when evaluating cases that may potentially
involve these substances.

Techniques for screening and confirmation by
immunoassay, Gas Chromatography/Mass Spectrometry (GC/
MS) and Liquid Chromatography-Tandem Mass Spectrometry (LC/

MS/MS) will be presented. The advantages, disadvantages, and
most appropriate techniques will be discussed for each designer
drug class. Analytical testing and methodology for comprehensive
testing will be presented. These techniques will be discussed
within the context of interpretive issues, limitations, and challenges.
Stability and other factors that may influence quantitative analysis
and subsequent toxicological interpretation will also be discussed.

Workshop attendees will be exposed to a variety of
screening and confirmatory methodologies that will help them
improve their analytical capability in a way that works for their
organization, resources, and overall mission. Incorporating
new and improved techniques to detect these designer drugs in
biological samples will improve the routine practice of forensic
toxicology including death investigation, impaired driving, and
other toxicological investigations where synthetic cathinones and
cannabimimetics may be encountered.

Designer Drugs, Cathinones, Cannabimimetics

W2 Advanced Forensic Pathology and
Forensic Radiology Techniques in the
Assessment of Cervical Spine and
Craniocervical Junction Trauma

Vivian Snyder, DO* 572 Sheridan Square, Apt 3, Evanston,
IL 60202; J. Keith Pinckard, MD, PhD* Office of the Medical
Investigator, MSCO07 4040, 1 University of New Mexico,
Albuquerque, NM 87131-0001; Ross E. Zumwalt, MD*, Office of
Medical Investigator, 1 University of New Mexico, MSC 074040,
Albuquerque, NM 87131-0001; Evan Matshes, MD*, Office of the
Medical Investigator, 1101 Camino de Salud, NE, Albuquerque,
NM 87131; Gary M. Hatch, MD*, University of New Mexico, Rad-
Path Ctr for Forensic Imag, MSC 07 4040, 1101 Camino de Salud,
NE, Albuquerque, NM 87102; and Chandra Gerrard*, Office of the
Medical Investigator, Rad-Path Ctr for Forensic Imag, 1101 Camino
De Salud, NE, Albuquerque, NM 87131

After attending this session, attendees will understand: (1)
the role of radiography and advanced radiologic imaging techniques
in a medical examiner setting; (2) the anatomy of the cervical spine
and craniocervical junction; (3) advanced autopsy techniques that
allow for the assessment of the cervical spine and craniocervical
junction, including intrinsic anatomy (neurovascular structures); (4)
the value and limitations of radiography of the cervical spine and
skull base; (5) the value of postmortem computed tomography in
the assessment of the cervical spine and craniocervical junction;
and, (6) the value of postmortem magnetic resonance imaging in
the assessment of the cervical spine and craniocervical junction.

This presentation will impact the forensic science
community by teaching advanced autopsy and radiologic
techniques that facilitate documentation and diagnosis of trauma
and other pathologies in the cervical spine and craniocervical
junction.

Cervical spine and Craniocervical Junction (CCJ) trauma
is frequently encountered by forensic pathologists and medical
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examiners. Whether occurring alone or in combination with other
more complex injuries, trauma in these regions is frequently cited
as causing or contributing to death. However, cervical spine and
CCJ trauma is notoriously difficult to detect, thoroughly document,
and accurately diagnose. While so-called “typical” anterior and
posterior neck dissections can address these objectives, more
advanced methods of evaluation are often required. Examples
include in situ evaluation of ligamentous and chondro-osseous
structures (including the odontoid process and its supporting
ligaments) and ex situ evaluation of all intrinsic structures including
the neurovasculature and spinal cord.

Radiography has long been a tool in the arsenal of the
forensic pathologist and can be used in the assessment of cervical
spine and CCJ trauma; however, correct interpretation is predicated
upon the technical quality of the radiographs and the knowledge
base of the interpreting pathologist. In recent years, Postmortem
Computed Tomography (PMCT) and Postmortem Magnetic
Resonance (PMMR) imaging have been utilized with greater
frequency in medicolegal death investigations. Both PMCT and
PMMR have complementary roles in the assessment of the cervical
spine and CCJ. In some circumstances, data obtained from either
PMCT or PMMR obviate the need for advanced dissections of the
cervical spine and CCJ. In the appropriate historical circumstances,
information obtained from advanced radiologic imaging studies
may supplant autopsy altogether when combined with thorough
external examination and appropriate ancillary studies. However,
a combination of both PMCT and PMMR would be required to
produce a similar level of detail and accuracy as would be obtained
from advanced autopsy dissection techniques.

Cervical Spine, Forensic Radiology, Autopsy Dissections

W3 Development of Emerging DNA
Technologies for Identification:
Expanding the Capabilities of a Missing
Persons Laboratory

Kimberly S. Andreaggi, MFS*, 115 Purple Heart Avenue, Dover
AFB, DE 19902; Suni M. Edson, MS*, Armed Forces DNA ID
Lab, 115 Purple Heart Drive, Dover AFB, DE 19902; Timothy P.
McMahon, PhD; 115 Purple Heart Drive; Dover Airforce Base;
Dover, DE 19902; and Toni M. Diegoli, MFS*, 115 Purple Heart
Drive, Dover AFB, DE 19904

After attending this presentation, attendees will learn
about new and emerging forensic DNA technologies and their
application in missing persons efforts.

This presentation will impact the forensic science
community by detailing the various steps involved in the
development, optimization, and validation of new procedures in a
forensic laboratory and how the implementation of these methods
into forensic casework impacts identification capabilities.

The Armed Forces DNA Identification Laboratory (AFDIL)
annually processes approximately 1,300 skeletal specimens from
past military conflicts. In these decades-old cases, identification
is primarily achieved through mitochondrial DNA analysis, but this
is often limited by common haplotypes and unavailable maternal
references. To address these limitations, the AFDIL continuously
strives to develop, optimize, and validate new techniques to
assist with the re-association of commingled remains and support
identifications in missing persons cases. This workshop will focus
on various projects that have already made an impact on day-
to-day casework at the AFDIL, as well as investigations of novel
technologies that promise to benefit the on-going efforts to identify
the nearly 83,000 U.S. service members still missing.

AFDIL annually processes approximately 1,300 skeletal
specimens from past military conflicts. In these decades-old
cases, identification is primarily achieved through mitochondrial
DNA (mtDNA) analysis due to its high copy number and maternal
inheritance. However, the forensic utility of mtDNA data is limited
by uniparental inheritance and lack of recombination, which can
sometimes result in a low power of discrimination due to common
haplotypes. This testing also requires either direct or maternal
references for comparison, and in some cases appropriate
references are unavailable. There is a growing need to utilize
reference samples from a relative that may be several generations
removed, and data from additional DNA markers in the nuclear
genome could benefit identification efforts. However, the poor
quality and limited quantity of nuclear DNA present in degraded
skeletal remains has historically restricted the use of Short Tandem
Repeat (STR) data in such cases. Additionally, the postmortem
conditions and treatment of some specimens can damage the DNA
so severely that no genetic data can be generated. To address
these limitations, the AFDIL continuously strives to develop,
optimize, and validate new techniques to assist with the re-
association of commingled remains and support identifications in
missing persons cases.

Recent work has focused on improving current methods,
expanding the type and amount of genetic information obtained,
streamlining current workflows through automation, and evaluating
promising new technologies. To begin, the validation of a non-
organic extraction procedure for low-quality skeletal specimens has
demonstrated improved extract recovery and purity by combining
full decalcification with silica-based purification. The recovery of
nuclear DNA data has recently been made possible through the
validation and implementation of a modified amplification strategy
using a commercial Y-chromosomal STR kit. This ability to obtain
nuclear information allows the relevant pool of family reference
samples to be expanded, a goal that is also being pursued through
other novel approaches such as the use of X-chromosomal and
non-Combined DNA Index System (CODIS) autosomal STRs.
Access to this information continues to be a challenge, and recent
efforts have focused on the evaluation of novel DNA sequencing
methods known collectively as Next Generation Sequencing
(NGS). NGS techniques hold the potential to aid in the analysis of
the most challenging samples through short read lengths that are
able to accommodate highly degraded and/or damaged samples
and massively parallel sequencing reads covering the region of
interest hundreds to thousands of times. Additionally, multiple
samples can be processed across multiple marker systems at the
same time, potentially decreasing both the cost and time required
for analysis. This benefit of cost and time savings is also the goal
of other new methods implemented at AFDIL. The automation
of high throughput reference sample sequencing as well as the
implementation of a species identification assay to eliminate
fruitless processing of non-human specimens have both served to
reduce the time and cost of results.

With the introduction of new and enhanced techniques,
there are forensic-specific implications that must be considered
and addressed in the validation prior to implementation. This
workshop will discuss these considerations as well as present case
examples that demonstrate how the novel methods have improved
success rates and contributed to on-going efforts to identify the
nearly 83,000 U.S. service members still missing.

The opinions or assertions presented herein are the private
views of the author(s) and should not be construed as official or as
reflecting the views of the Department of Defense, its branches, the
U.S. Army Medical Research and Materiel Command, or the Armed
Forces Medical Examiner System.

Skeletal Remains,
Technologies

Missing Persons, Emerging DNA
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W4 Virtual Evidence of Human Behavior:
Technology as Co-Conspirator

Eugene Lee, MD*, 118 W Spring Street, Fayetteville, AR 72701;
Peter R. Stephenson, PhD*, 158 Harmon Drive, Rm 221B, Dewey
Hall, Northfield, VT 05663; Charles D. Cash, JD* 1401 Wilson
Boulevard, Ste 700, Arlington, VA 22209; Andrew Nanton, MD*;
Mark Pollitt, PhD*, Daytona State College, 1770 Technology BV,
Daytona Beach, FL 32117; Karen B. Rosenbaum, MD*, 49 W 24th
Street, Ste 908, New York, NY 10010; and Richard D. Walter, MA*,
1879 Chenango Street, Montrose, PA 18801

After attending this presentation, attendees will be able to:
(1) list three technologies impacting human behavior; (2) give three
examples of cyber-interactions changing the practice of medicine;
(3) describe hybrid crime assessment; and, (4) demonstrate
familiarity with one published classification scheme of four offender
subtypes.

This presentation will impact the forensic science
community by promoting multidisciplinary discourse and learning.

Advances in digital and multimedia technology are
significantly impacting human behaviors, social interactions, and
vice versa. This two-way interchange between technology and
behavior blurs the focus on technology, as opposed to technology
being the lens for better understanding human behavior. The
combined areas of expertise span primarily two American
Academy of Forensic Sciences (AAFS) sections: (1) Psychiatry
and Behavioral Science; and, (2) Digital and Multimedia Sciences.
However, this presentation explicitly assumes only basic familiarity
with discipline-specific knowledge and terminology.

The internet has, so far, generally enabled participants in
on-line interactions to determine their level of identification. This
significantly affects behavior, rendering some more likely to say or
do things that they would not in their everyday lives off-line. Some
of these exchanges represent beliefs generally not acted on or are
simply intended to provoke a response from others. This interplay
of identity, anonymity, and behavior creates unique challenges
when interpreting digital evidence. It can be difficult to extrapolate
one’s behavior off-line (in “real” life) from one’s cyber behavior, even
in circumstances where one’s identity is adequately verifiable. This
interplay also leads to novel forms of harassment such as doxxing
and extensions of pre-existing harassment such as bullying.

On occasion, self-expression through digital media
becomes the focus of clinical attention. One’s responses to being
bullied may be aired out in the public cyberdomain. Modern-day
mental illnesses may present in the form of suicide notes published
on-line, and acts of self-injury or even suicide completion videos
available on the internet. Some websites promote behaviors
symptomatic of conditions such as anorexia nervosa.

Computers not only affect human behavior, but they
can be rich sources of digital evidence reflecting the thinking
and activities of the real world. Electronic mail and on-line social
networks can serve as evidence analogous to the narratives of
eye witnesses. Unlike considerations of recall bias in eye-witness
testimony, digital evidence has higher reproducibility. However,
manipulation and interpretation of digital data structures introduce
new concerns with respect to the accurate truth, but also present
novel applications: (1) tele-medicine is delivering increasing care
to historically underserved populations. Behavioral emergencies
may arise, e.g., a patient barricaded in a hotel room with weapons.
In these situations, basic information (such as the patient’s physical
location) might be clinically challenging to ascertain; (2) state
medical boards may use cyberdata as evidence of doctors’ sexual
relationships with patients or of breaches of patient confidentiality;
and, (3) lastly, crime scene interpretation exemplifies another area
of novel application. “Hybrid crimes” are physical crimes joined with

a significant digital component, such as internet or social media,
which create a single, hybrid crime scene where the common
thread is the criminal. In hybrid crimes, digital evidence augments
the understanding and interpretation of the physical crime scene.
Behavior in one venue—cyber, for example—can inform the
analysis of a crime in its entirety.

Narrative approaches used in forensic psychiatry
(particularly when human dramas invoke larger discussions on
morality) can inform the behavioral analysis of crime scenes.
Narratology in the interpretation of crime scenes is based upon
the premise that every crime has an associated story, with a
plot, characters, venues, etc. The story begins some time before
the crime and, as electronic events transpire, the cyber world
captures and preserves at least basic data such as date and
time. Technologically-assisted temporal association of events with
the crime and with each other can significantly enhance both the
narrative and one’s ability to understand the story behind the crime.

One approach to hybrid crime assessment incorporates
previous work in describing four distinct subtypes of criminals:
power-assertive; power-reassurance; anger-retaliatory; and anger-
excitation or sadism. This approach, and its potential application
as an investigatory tool for forensic psychiatrists and other
behavioral scientists, will be discussed. Other directions for future
investigation, including cybercrime as a potential predictor of non-
cybercrime (such as rape or assault), will also be discussed.

Human Behavior, Advanced Technology, Internet

W5 Forensic Microbiology: Where Do We
Begin?

Jeffery K. Tomberlin, PhD* TAMU 2475, Dept of Entomology,
College Station, TX 77843-2475; David O. Carter, PhD* Chaminade
University of Honolulu, Div of Natural Sciences & Math, 3140
Waialae Avenue, Honolulu, HI 96816; Jessica L. Metcalf, PhD*,
Chemistry and Biochemistry, Jennie Smoly Caruthers Biotech
Bldg, Boulder, CO 80309; M. Eric Benbow, PhD* Department
of Entomology, 243 Natural Science Bldg., 288 Farm Lane, East
Lansing, Ml 48824; Tawni L. Crippen, PhD*, Agricultural Research
Service, U.S. Dept of Agriculture, College Station, TX 77845; Aaron
M. Tarone, PhD*, Department of Entomology, College Station, TX
77843; Franklin E. Damann, PhD* NMHM, 2500 Linden Lane,
Silver Spring, MD 20910; Baneshwar Singh, PhD*, Virginia
Commonwealth University, Dept of Forensic Science, 1015 Floyd
Avenue, Rm 2015, Richmond, VA 23284; and Jennifer Pechal,
PhD*, Michigan State University, 220 Trowbridge Rd, East Lansing,
Ml 48824

After attending this workshop, attendees will have an
understanding of microorganisms and their roles in forensic
science.

This presentation will impact the forensic science
community by providing current knowledge and techniques for
analyzing microbial communities.

The application of microbiology to investigations of
decomposing human remains has now become a major area of
research within the forensic community. Presently, researchers are
deciphering bacterial communities associated with human remains
in order to estimate: (1) postmortem interval; (2) geographic origins
based on microbial biogeography of living human populations; and,
(3) the use of narcotics or poisons prior to death.

Upon completion of this workshop, the participants
should be able to collect, preserve, and ship microbial samples
to appropriate experts for analysis. Participants will be able to
assist employers with the development of laboratory facilities and
personnel necessary for analyzing forensic microbial samples in-
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house. Participants will gain an appreciation for the application of
microbial forensics within their facilities to estimate when a person
died, where they were from, and if they consumed or were treated
with chemicals of human importance.

This workshop will stimulate discussion among
international, federal, state, and private laboratories on topics
germane to forensic microbiology, which is revolutionizing how
microbes are viewed in medicolegal death investigations. Currently,
standards are not in place for such work and this workshop could
result in the establishment of a working group to develop such
standards.

Microorganisms, Forensic Microbiology, Investigations

W6 Staged Crime Scenes: Crime Scene
Clues to Suspect Misdirection of the
Investigation

Grant D. Graham, Sr., MFS* 467 Hay Street, Fayetteville, NC
28301, and Arthur S. Chancellor, MA*, 131 Wed Denning Road,
Angier, NC 27501

After attending this presentation, attendees will learn
three new categories of staged scenes, with case examples from
different types of crimes where staging is prevalent. Additionally,
attendees will 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 intent 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, i.e.,
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
ranging 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 work shop will introduce distinct categories of
staged crime scenes based on the intent of the offender’s scene
alteration. The intent of this workshop is to understand that the
offender’s actions to stage a scene can actually be identified
through common findings or “red flags” that are often found when
scenes are altered. Further, attendees will learn 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.

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 the 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 sexually 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 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.

The third category to be discussed and 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 better described as tertiary; and are best
regarded as scene artifacts.

This workshop would have application to persons in
forensic pathology, criminalistics, crime scene analysts, and criminal
investigations. Itintroduces three new categories of staged scenes,
provides case examples, and explains the “red flags” commonly
encountered when confronted with a staged scene. The workshop
culminates with case studies for each student to work through and
identify the various “red flags” in real cases.

Primary Staging, Secondary Staging, Tertiary Staging

W7 Age Estimation of Living Children Via
Skeletal and Dental Indicators

Lucina Hackman, PhD*, WTB/MSI Complex, Dow Street, Dundee,
Angus DD1 4AH, UNITED KINGDOM; Maureen Schaefer, PhD*,
5000 Chipping Camden, Okemos, M| 48864, and Douglas H.
Ubelaker, PhD*, Smithsonian Institution, Dept of Anthropology,
NMNH - MRC 112, Washington, DC 20560

After attending this presentation, attendees will: (1)
understand the basic principles and techniques involved in age
estimation of living children via radiographic analysis of skeletal and
dental indicators; (2) be aware of the current literature dedicated to
this topic; and, (3) be given the opportunity to practice what they
have learned on a series of radiographs of known ages.

This presentation will impact the forensic science
community by preparing forensic practitioners for the increasing
demand by law enforcement agencies to estimate the age of
living children who lack proper documentation of their birth. A
comprehensive manual containing practical data dedicated to
meeting this need will be provided. Considering a larger impact
scope, attendees will be better prepared to estimate the age of
children in general (be they living or deceased) via radiographic
analysis.

With immigration on the rise, forensic practitioners are
increasingly being asked to estimate the age of living children
who lack proper documentation of their birth. As it stands, there
is no comprehensive manual containing practical data dedicated
to helping practitioners meet this demand. Thus, practitioners who
are new to this request may not be aware of the methodologies and
resources available. The goal of this workshop is to fill that void
by reviewing the fundamental concepts involved in estimating the
chronological age of living children and providing attendees with a
collection of available data to enable this task.

Estimating age based on hard tissue analysis is normally
accomplished via investigation of both dental and osseous
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maturity. However, age estimation of the living is unique in that
analysis is restricted to various types of radiological images.
Thus, practitioners must be confident in their ability to interpret
developmental changes demonstrated within radiographic,
ultrasound, Computed Tomography (CT), and/or, Magnetic
Resonance Imaging (MRI) images. This workshop will review
developmental processes that take place in the dental arcade as
well as each of the joint regions of the upper and lower extremities
via radiographic images. Studies pertaining to each region will be
introduced and discussed, highlighting the positive and negative
attributes of each technique. While interpretation of all juvenile
ages will be addressed, emphasis will be placed on interpreting
developmental milestones that are useful in the determination of
whether an individual is older or younger than popular threshold
ages that are commonly pertinent to the penal system.

Age Estimation, Juvenile Development, Radiographs

W8 Utilizing Bloodstain Pattern Analysis
and Forensic Pathology to Reconstruct
Bloodshedding Events

Paul E. Kish, MS*, Forensic Consultant & Associates, PO Box 814,
Corning, NY 14830; Samuel D. Land, MD*, Forensic Pathology
Associates/HNL, 1210 S Cedar Crest Boulevard, Ste 3900,
Allentown, PA 18103; Joanna L. Collins, MFS, 20079 Stone Oak
Parkway, Ste 1105-215, San Antonio, TX 78258; and T.L. Williams,
MFES, 7159 Lake Cove Drive, Alexandria, VA 22315-4220

After attending this presentation, attendees will be: (1)
acquainted with the basic concepts of bloodstain pattern analysis;
(2) able to illustrate the correlation between injuries and bloodstain
patterns; (3) able to illustrate the role of pathology findings within a
reconstruction with bloodstain pattern analysis; (4) acquainted with
the recommended Scientific Working Group on Bloodstain Pattern
Analysis (SWGSTAIN) terminology; (5) able to illustrate how
bloodstain pattern analysis can assist in selecting the most probable
stain(s) from a scene or article of evidence for DNA testing; (6) able
to demonstrate how, if properly analyzed, bloodstain patterns can
assist in reconstructing past events; and, (7) able to provide an
understanding of the limitations of bloodstain pattern analysis.

This presentation will impact the forensic science
community by informing the attendees how bloodstain pattern
analysis and forensic pathology work together to assist in
reconstructing death scenes where bloodshed has occurred.

Description: This presentation will address the primary
concepts of bloodstain pattern analysis, while providing an
understanding of how the physical characteristics of bloodstains
patterns can assistan analystin reconstructing scenes of bloodshed.
This workshop will acquaint attendees with the recommended
SWGSTAIN terminology, which is being used in proficiency testing
as well as certification programs within the United States. In
addition to the theory of bloodstain pattern analysis, a number
of case examples will be presented throughout the workshop to
reinforce the practical aspects of this valuable forensic tool.

This workshop will provide attendees with an
understanding that forensic pathology is an essential skill set used
in reconstructing bloodshedding event(s) with bloodstain pattern
analysis. The roles of the forensic pathologist and the bloodstain
pattern analyst will be clearly explained within this workshop.
Attendees will understand some of the limitations encountered
by the bloodstain pattern analyst and the forensic pathologist in a
forensic investigation.

This presentation will utilize a unique format featuring
a forensic pathologist discussing traumatic bloodletting injuries
followed by a bloodstain pattern analyst discussing the bloodstain

patterns commonly associated with these traumatic injuries. This
approach will give the attendees a greater understanding of how a
victim(s)' injuries relate to the bloodstain patterns identified within
a death scene.

In crimes of violence, blood and bloodstain patterns are
commonly encountered pieces of forensic evidence which hold a
significant amount of value when thoroughly analyzed. Bloodstain
pattern analysis is conducted in two phases: (1) pattern analysis;
and, (2) reconstruction with bloodstain pattern analysis. In Phase
1 pattern analysis, the evaluation of the physical characteristics
(size, shape, distribution, and overall physical appearance) of
bloodstain patterns and the consideration of the effect of the target
surface texture on the pattern(s) occur. With this information, the
identification of basic pattern types (passive, spatter, and altered)
is determined. In Phase 2 reconstruction, a myriad of case facts
(serology, pathology, scene issues, etc.) are considered. The
basic pattern type and case facts are then utilized to evaluate
all possible explanations for a given stain pattern, with the final
outcome resulting in a reconstruction of the blood shedding
event(s). The incorporation of pathological findings is a critical
part of reconstructing a bloodshedding event(s) with bloodstain
pattern analysis. Pattern analysis must be the first step completed
when reconstructing an event with bloodstain pattern analysis.
With proper analysis, bloodstain patterns can assist forensic
investigators in understanding what did and did not occur during a
violent bloodshedding event.

Bloodstain pattern analysis is a valuable forensic tool
in substantiating or negating the accounts given by an accused
suspect or an eyewitness. It is important to have an understanding
of wound pathology when conducting a bloodstain pattern analysis.
As with all forensic “tools,” bloodstain pattern analysis has its own
inherent limitations, which will be emphasized and discussed
within this workshop. When used appropriately, bloodstain pattern
analysis has and continues to be a valuable tool in reconstructing
past bloodshedding events by substantiating or negating these
accounts.

In addition, bloodstain pattern analysis can assist the DNA
analysts in selecting the most probable samples. In the course of
casework, cases are continually seen where valuable resources
are wasted on samples with minimal or no real forensic value to a
case. Throughout this workshop, an emphasis will be placed upon
using bloodstain pattern analysis to select those samples having
the greatest forensic value. Developing this skill set is especially
crucial in an era of increased caseloads and decreased financial
resources.

This presentation is designed for forensic practitioners
whose work requires them to document, sample, or analyze
bloodstains in their forensic casework. With the knowledge attained
through this workshop, the attendees should be better qualified to
decide whether or not to pursue additional training in bloodstain
pattern analysis. It should be understood that this presentation
will be addressing the analysis of the physical characteristics of
bloodstain patterns and not forensic biology or DNA.

Bloodstain Pattern Analysis, Forensic Pathology, SWGSTAIN

W9 Multimedia Authentication:
for Truth in the Digital World

Searching

Catalin Grigoras, PhD*, 1020 15th Street, Ste 81, Denver, CO 80202;
Jeffrey M. Smith, MS*, 2857 S Steele Street, Denver, CO 80210;
and Nicholas K. Ng, BS* 448 S Oak Knoll, Unit 1, Pasadena, CA
91101

After attending this workshop, attendees will: (1) become
familiar with proper media retrieval; (2) understand criteria used for
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media authentication; and, (3) understand how to work with these
factors in a forensic framework.

This presentation will impact the forensic science
community by: (1) explaining the history of media forgery; (2)
demonstrating an authentication investigation framework; and, (3)
providing the tools to combat multimedia forgery.

Media authentication has become more importantthan ever
before. Often a crucial element discovered during investigations,
digital media has become a commonly contested form of evidence.
Even the trustworthiness of press photography has become
questionable due to manipulation. With the proliferation of digital
media manipulation tools, media manipulation is a dangerous
reality in the modern digital society.

Digital media authentication is a growing field of research
that seeks to determine the validity of digital multimedia by
investigating known signatures within a file’'s data combined with
signal analysis of coding and compression effects on audio or
image data. This presentation will discuss the media authentication
process providing the user with methods of authenticating both
image and audio. It will also demonstrate the incorporation of
multiple tools and techniques into unified frameworks appropriate
in forensic examinations where reducing examiner bias and error
is crucial.

This presentation is a two-part, full-day workshop
covering image authentication analysis in the morning and audio
authentication analysis in the afternoon. The goal of this workshop
is to provide an overall view of conducting comprehensive
examinations which rely on the results of multiple analyses to inform
an ultimate finding or opinion. First to be covered is a multi-faceted
image authentication framework, focusing on different aspects of
image creation to determine both source and authenticity. Global
Analysis investigates the validity of an image as whole while Local
Analysis determines pixel level manipulation. Social Media Image
Attribution will trace images even after they have been processed
through social media.

In the second section of the workshop, an audio
authentication framework will be presented. This framework
will combine both Container and Content Analysis to determine
authenticity of the recording as well as the purported source. Audio
Container Analysis exploits characteristics of the multimedia file
format which can be used to establish media provenance. Content
Analysis will cover both Global and Local analysis techniques
including classical spectral analysis, butt splice detection, DC offset,
Electrical Network Frequency (ENF) analysis, and compression
analysis.

Media Forensics, Audio Analysis, Video/Image Analysis

W10 Bias in Forensics — Examining the
Sources and Impacts of Bias on
Perceptual and Cognitive Judgments
Made by Forensic Experts, Strategies
for Excluding or Impeaching Expert
Testimony Tainted by Bias, and Proposed
Solutions for Minimizing or Inhibiting
Biasing Influences

Andrew Sulner, JD, MSFS*, Forensic Document Examinations,
LLC, 220 E 57th Street, Ste 200, New York, NY 10022; Barry
C. Scheck, JD* The Innocence Project, 40 Worth Street, Ste
701, New York, NY 10013; Donald E. Shelton, JD, PhD*, 101 E
Huron, PO Box 8645, Ann Arbor, Ml 48107; Max M. Houck, PhD*,
Consolidated Forensic Laboratory, 401 E Street, SW, Washington,
DC 20024; Michael Risinger, JD*, One Newark Center, Newark,

NJ; William C. Thompson, PhD, JD*, University of California, Dept
of Criminology, Law & Society, Irvine, CA 92697, Dan S. Simon”,
Saul M. Kassim, PhD*, John Jay College of Criminal Justice, New
York, NY; Jeffrey Kukucka, PhD* John Jay College of Criminal
Justice, New York, NY; and Steven T. Wax, JD* Federal Public
Defender, 101 SW Main Street, Ste 1700, Portland, OR 97204

After attending this presentation, attendees will be much
better acquainted with the different types of bias that can influence
the outcome of forensic investigations. Attendees will learn about
classic psychological research studies and real-life case histories
that illustrate how bias can improperly sway the perceptual and
cognitive judgments of forensic examiners and produce faulty
conclusions, even absent malicious intent. Attendees will also learn
about practices that should be avoided and followed in order to
minimize potential biasing influences, and means by which judges
can exclude and lawyers can impeach expert evidence tainted by
bias.

This presentation will impact the forensic science
community by clearly demonstrating how various types of bias
can adversely impact a forensic examiner’s visual perception and
decision making. Understanding the sources of bias and learning
how to limit or minimize their influence is essential for improving the
reliability and accuracy of decisions made by forensic experts. In
our adversarial judicial system, trial lawyers need this knowledge
in order to effectively expose potential biasing influences when
cross-examining an opposing forensic expert, and judges need it
to be more mindful of the critical role that bias plays in producing
miscarriages of criminal and civil justice. All forensic scientists and
laboratory directors must be keenly aware of the potential for bias
and the types of internal procedures and protocols that can and
should be implemented to minimize the impact of bias in forensic
investigations and casework.

In this workshop, a multidisciplinary faculty of
distinguished psychologists, lawyers, and forensic scientists will
provide attendees with a clear picture and concrete examples of
how and why bias affects the outcome of forensic investigations.
Attendees will learn about the various experimental research
studies that reveal the susceptibility of investigations to the
prospect of psychological error due to cognitive and motivational
factors, including confirmatory biases, dynamic influences, group
membership, role conflict, and escalation of commitment. The
uniquely persuasive power of confessions — even false confessions
that are recanted and contradicted by other evidence — will be
discussed in the context of basic and forensic psychology research
which indicates that confessions corrupt lay witnesses and forensic
science examiners across a range of domains, thereby increasing
the risk of wrongful convictions.

Attendees will learn about practices that should be avoided
and followed in order to minimize potential biasing influences and
will hear about the strategic, operational and political challenges of
running a governmental crime laboratory independent of any law
enforcement agency.

Examples from actual forensic casework in both criminal
and civil cases will be used to illustrate the impact of bias on the
outcome of forensic examinations and the manner in which such
opinions are reported or expressed in court. Since Daubert, on
remand to the 9" Circuit, implicitly recognized that cognitive bias on
the part of experts in civil cases is a factor affecting admissibility,
the means by which lawyers should seek to exclude proffered
expert opinion that has been infected by the precursors of bias and
to impeach expert testimony that may have been tainted by bias
will also be discussed.

An experienced trial judge with extensive knowledge
of forensic sciences will provide the gatekeeper’s perspective,
discussing how trial judges in both criminal and civil cases should
deal with serious questions of cognitive bias on the part of forensic
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experts. Gatekeeper decisions about admissibility, the use of
cautionary jury instructions when serious issues of cognitive bias
on the part of forensic experts have been raised during the trial,
and whether to allow expert testimony from a qualified psychologist
about the effect of cognitive bias on judgments made by forensic
experts will be addressed.

Finally, a former state prosecutor who became a federal
public defender will discuss the obstacles he faced as the criminal
defense attorney representing Brandon Mayfield, the Oregon
attorney wrongfully charged with the Madrid bombing, and the
impact forensic bias had on him and his client.

Cognitive Bias, Forensic Experts, Judgment Errors

W11 Applications of Raman Spectroscopy for
Trace Evidence Examinations

Patrick Buzzini, PhD*, West Virginia University, 1600 University
Avenue, 304, Oglebay Hall, PO Box 6121, Morgantown, WV
26506-6121; Edward M. Suzuki, PhD*, WA State Patrol Crime Lab,
2203 Airport Way, S, Bldg A, Ste 250, Seattle, WA 98134-2045;
Christopher S. Palenik, PhD*, Microtrace, 790 Fletcher Drive, Ste
106, Elgin, IL 60123-4755; and Andrew M. Bowen, MS*, U.S. Postal
Inspection Service, 22433 Randolph Drive, Dulles, VA 20104-1000

Upon completion of this workshop, participants will have a
better understanding of the principles of Raman spectroscopy, and
a greater appreciation of the capabilities and applications of this
technique for the characterization, comparison, and identification of
the diverse materials that may be encountered as trace evidence.

This presentation will impact the forensic science
community by providing knowledge, information, and hands-on
experience of a theoretical and practical framework upon which
participants can better utilize Raman spectroscopy for trace
evidence examinations, and correctly interpret the spectral data
thus obtained.

A number of significant developments in commercial
dispersive and Fourier transform Raman spectrometers have
occurred in recent years. They include holographic gratings,
Charge-Coupled Device (CCD) detector arrays, efficient notch and
edge filters to remove Rayleigh scattering lines, lasers covering a
very wide range of excitation wavelengths from the ultraviolet to
the near-infrared regions, and microscope attachments that allow
spectral data to be collected from diffraction-limited spatial areas.
Consequently, Raman spectroscopy is now a mature technique
that is ripe for further applications in forensic science. In view of
the ability of this technique to non-destructively probe very small
areas with minimal sample preparation, Raman spectroscopy has
considerable potential as another tool to characterize the diverse
materials encountered as trace evidence. Such evidence may
consist of complex matrices for which a battery of different analytical
techniques is normally applied to obtain complete information about
the properties of the various components. Despite this potential and
the existing literature references demonstrating such applications,
Raman spectroscopy remains an under-utilized technique in the
forensic science laboratory. This workshop is intended to help
rectify this situation.

The format of this workshop will consist of lectures in
the morning and demonstrations and hands-on analyses in the
afternoon. The lectures will cover various aspects of Raman
spectroscopy. They include a brief theoretical background
explaining the principles behind this technique, its advantages
and limitations, and how the spectral data obtained by Raman
spectroscopy can complement that produced by other techniques
currently used for trace evidence examinations. In particular, the
technique will be compared to infrared spectroscopy, as the two

methods both involve transitions of molecules to higher vibrational
states, although this is affected by two very different processes.
The Raman spectroscopic analysis of various types of materials
commonly encountered as trace evidence, including fibers,
paint, cosmetics, explosives, and general unknowns, will then be
discussed.

For the practical exercises and demonstrations, several
different commercial Raman spectrometers from different
manufacturers will be available to illustrate the variety of instruments
and accessories that forensic scientists can now choose from, the
features of each, and the differences between them. Participants
are encouraged to bring samples to the workshop for analyses.

Criminalistics, Raman Spectroscopy, Trace Evidence

W12 Root Cause Analysis — When Blaming
the Analyst Completely Misses the Point

Laurel J. Farrell, BA*, ASCLD/LAB, Longmont, CO 80503; Marc
A. LeBeau, PhD* FBI Laboratory, 2501 Investigation Parkway,
Quantico, VA 22135; Emma K. Dutton, PhD*, ASCLD/LAB, Salem,
OR 97310; Dan T. Anderson, MS*, LA County Medical Examiner’s
Office, 1104 N Mission Road, Los Angeles, CA 90033; and Thomas
W. Barnes, BS* Oregon State Patrol, 13309 SE 84th Avenue, Ste
200, Clackamas, OR 97015

After attending this presentation, attendees will: (1)
understand corrective action and the basic construct of Root
Cause Analysis (RCA); (2) learn the basic steps of performing an
effective RCA,; (3) learn the benefits and value, both monetary and
organizationally, of performing a thorough RCA to determine what
happened and why it happened; and, (4) learn why not to jump to
conclusions and blame the individual.

This presentation will impact the forensic science
community by providing the basic knowledge and skills to identify
and determine the root cause of a problem to effectively implement
appropriate corrective actions that will eliminate the problem. It
is paramount that forensic science organizations take every
opportunity to improve technical and management processes to
ensure the quality of the forensic work product.

All organizations, regardless of size or mission, from
hospitals, to toy manufacturing companies, to the aviation industry,
are prone to problems, nonconforming work events, and departures
from policies and procedures. Forensic science laboratories are no
exception. However, the forensic science community must be ever
so diligent in actively identifying, understanding, and correcting
nonconforming events due to the impact that the quality of the work
product has on the criminal justice community. Root cause analysis
is a process used to define, evaluate, and systematically analyze
a problem to determine the underlying reason(s) for the problem,
the output of which is the input to corrective actions. Thus, it is
essential for root cause analysis to be thorough for the corrective
actions to be effective. If the analysis is incomplete or doesn’t get
to the “root” or underlying reasons, then chances are the problem
will happen again. The philosophy of root cause analysis is in
alignment with the philosophy of building a culture of quality and
continual improvement. Every nonconforming event should be
viewed as an opportunity for improvement of the management
system. It is of the utmost importance for forensic laboratories
to take every opportunity to improve technical and management
processes to ensure the quality of the forensic laboratory work
product.

During this workshop, the philosophy and purpose of root
cause analysis will be defined and discussed. This presentation
will outline the basic steps of root cause analysis and describe an
effective approach for performing a root cause analysis. Examples
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of ineffective and effective root cause analysis will be presented.
Attendees will learn the process of asking “why” five times to get
to the source of the non-conformance. In addition, participants will
learn why “blaming the individual” is missing the point of the root
cause process.

Forensic specific examples provided will include
contamination in postmortem drug analysis cases after incomplete
cleaning of a blender carafe and the Federal Bureau of Investigation
(FBI) laboratory’s review of compositional bullet lead analyses
cases. These examples will demonstrate how a thorough root
cause analysis benefits the laboratory organization, the laboratory
employees, and the laboratory customers.

Root cause analysis is a skill that must be learned, a
process that requires continuous improvement, and a process that
will require resources. It's too costly, some might say. Are you
willing to accept the risk of not doing root cause analysis well?

“A bad system will beat a good person every time.” ~W.
Edwards Deming

Root Cause Analysis, Continuous Improvement, Corrective
Action

W13 Framework for Registration,
Classification, and Evaluation of Errors
in the Forensic DNA Typing Process

Howard A. Harris, PhD, JD* University of New Haven, Forensic
Science Program, 300 Boston Post Road, West Haven, CT 06516;
Marjan J. Sjerps*, Laan van Ypenburg 6, The Hague 2497GB; Ate D.
Kloosterman®, Netherlands Forensic Institute, Laan van Ypenburg
6, The Hague 2497 GB, NETHERLANDS; Astrid Quak, MS*, Laan
van Ypenburg 6, 2497 GB, NETHERLANDS; and Zeno J. Geradls,
PhD*, Netherlands Forensic Institute, Ministry of Justice, Laan van
Ypenburg 6, Den Haag, SH 2497 GB, NETHERLANDS

The goals of this workshop are to encourage participants
to accurately and truthfully record and document quality issues in
their own forensic DNA laboratory and to teach attendees how to
deal with such issues in the context of a case. A proper way to
deal with errors is an essential tool to further improve on everyday
forensic practice.

This presentation will impact the forensic science
community by explaining how the precise magnitude of the error
rate in forensic DNA typing is difficult to estimate, with the principal
reason being the lack of a universally accepted definition of error in
the professional society of forensic DNA typing laboratories.

Although DNA analysis is considered as one of the most
reliable forensic tools available today, errors can be made during the
course of the analysis. As this has a huge impact on the evidential
value of a DNA match, there is a growing interest for actual data
on the accuracy and error rates of forensic analyses and a more
refined analysis of different types of errors and their causes.’

In the report Strengthening Forensic Science in the
United States: A Path Forward, the National Academy of Sciences
refers to error rates as misidentifications: “proportions of cases
in which the analysis led to a false conclusion (as the percent of
incorrectly identified cases among all those analyzed).” The error
rate includes both type 1 errors (wrongful reported match) and type
2 errors (wrongful reported exclusion). A major limitation of this
approach is that the majority of errors in the DNA typing process
do not lead to a misidentification. The consequence is that the
maijority of errors and near failures in the typing process will not
be registered and will potentially stay undetected. The precise
magnitude of the error rate in forensic DNA typing is therefore
difficult to estimate, with the principal reason being the lack of a

universally accepted definition of error in the professional society
of forensic DNA typing laboratories. The Netherlands Forensic
Institute (NFI) has developed a comprehensive framework that
allows for the classification, registration, and evaluation of errors
in the forensic DNA typing process. In relation to the analysis
of biological samples, the NFI has defined “internal quality issue
notification” as any event that can lead to a failure or diminished
quality of the analysis. These internal quality issue notifications
have been benchmarked and evaluated using actual workload data
from the department of Human Biological Traces of the NFI (over
400,000 DNA analyses) in the period 2008-2012.

This workshop will share data and the outcome of
evaluations with the forensic community.

After attending this workshop, attendees will understand:
(1) when an “internal quality issue notification” is made; (2) how an
“internal quality issue notification” is made; (3) how “quality issue
notifications” are assessed and evaluated; (4) how this can be used
for benchmarking and process improvement; (5) how quality issue
notifications are graded by potential impact and actual impact; (6)
when and how the judicial system is informed; (7) when and how
the public is informed; and, (8) how to deal with error rates in the
context of a specific case.

In the first part of this workshop, an outline of the web-
based NFI Quality On-Line Incident & Report Management system
and an explanation of the procedures that allow for reporting quality
issues in this system are given.? These presentations include
details on the NFI work load, the data on the number of quality
issue notifications over the years 2008-2012, and procedures on
the assessment of quality issue notifications (necessary corrective
actions taken, identification of the root cause of the quality issue,
grading of notifications by potential impact, and actual impact).
Also, essential benchmarking data on the performance of forensic
DNA-typing in comparison with similar scientific disciplines (genetic
testing centers) is presented.

The second part of the workshop focuses on impact
analysis, explaining the framework that allows for an assessment
and evaluation of the consequences of quality issue notifications
for the conclusions of the DNA expert. Examples of errors with high
and low potential and actual impact on the case will be presented.

The final session of this workshop discusses how the
probability of an error affects the evidential value of a DNA match
in a case. Discussion will include different views on how the DNA
expert should incorporate the probability of an error in his or her
report and will explain how the NFI deals with this.

References:
1. W.C. Thompson, “Tarnish on the ‘gold standard:’

Understanding recent problems in forensic DNA testing.”

The Champion, 30(1): 10-16 (January 2006).

2.  www.qualityonline.com

Error Rates, DNA, Laboratory Management

W14 Postmortem
Ophthalmoscopy

Monocular Indirect

Patrick E. Lantz, MD*, WFU School of Medicine, Dept of Pathology,
Medical Center Boulevard, Winston-Salem, NC 27157-1072; and
Candace H. Schoppe, MD*, New York City OCME, 520 1st Avenue,
New York, NY 10016

The goals of this presentation are to: (1) differentiate
between direct and indirect ophthalmoscopy, noting advantages
and limitations of each technique for the postmortem detection
of fundal hemorrhages; (2) discuss the fundal location of retinal
hemorrhages relative to their projected aerial image during
monocular indirect ophthalmoscopy; and, (3) on a fundal diagram,

*Presenting Author
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accurately draw retinal abnormalities observed during monocular
indirect ophthalmoscopy with a simple ocular model.

This workshop will impact the forensic science community
by providing an overview of postmortem monocular indirect
ophthalmoscopy, facilitating skill acquisition, and evaluating
practical training.

Postmortem examination of the retina has relied on ocular
evisceration. In most medical examiner/coroner jurisdictions,
ocular enucleation is not a standard autopsy procedure unless
child abuse is suspected, thus creating observational bias when
citing the prevalence of postmortem fundal findings such as retinal
hemorrhages (preretinal, flame-shaped or splinter, and dot/blot)
perimacular retinal folds, retinoschisis, and postmortem artifactual
retinal folds. Postmortem Monocular Indirect Ophthalmoscopy
(PMIO) permits examination of the decedent’s posterior fundus
and portions of the peripheral retina. The required equipment
necessary for PMIO is relatively inexpensive and, when compared
to direct ophthalmoscopy, the technique is less affected by corneal
clouding, lens opacity, or vitreous hemorrhage and offers a wider
field of view. PMIO uses a focal light source and an aspheric,
convex condensing lens. An excellent source of coaxial illumination
is a halogen or xenon surgical or procedural headlamp. This light
source creates a collimated beam of light and permits the examiner
to stabilize the condensing lens with both hands. Current aspheric
lenses range from +14 to +40 diopters and come in different
diameters, permitting a field of view of 35°-55°. Postmortem
corneal opacity may cause the fundus to appear hazy; however,
by gently removing the epithelial layer of the cornea, the emergent
image is usually of adequate quality to readily detect lesions such
as fundal hemorrhages and retinal folds.

Learning how to perform and become proficient at PMIO
can be perplexing and intimidating. Most pathology residents
and forensic pathology fellows have limited exposure to indirect
ophthalmoscopy. Because the projected aerial image is inverted
and laterally reversed, precise descriptions or recording of fundal
abnormalities can be challenging.  Unlike binocular indirect
ophthalmoscopy with a teaching mirror attachment, an instructor
and the fellow or resident cannot view the projected aerial image
simultaneously during PMIO. To address these learning obstacles,
it is necessary to develop tools and models to facilitate skill
acquisition. An hour or two with an inexpensive ocular model can
shift the learning curve of the resident, fellow, or forensic pathologist
substantially to the right in how to correctly position the light source
and hold the indirect lens.

This workshop consists of four sessions. An initial
discussion and presentation reviews the technique of PMIO,
highlighting the optics, the equipment, and examples of abnormal
fundal findings found at autopsy by PMIO and the use of a
smartphone to capture the projected aerial image. Next, attendees
will have a realistic learning experience by practical hands-on
training with a procedural headlamp, an aspheric indirect lens, and
a simple ocular model containing a variety of retinal abnormalities
observed at autopsy. The ocular models have variably sized
“pupillary” openings and some will have clear acetate over the
openings to simulate corneal glare. Attendees will be assisted
in positioning the procedural headlamp, holding the indirect lens,
viewing the projected aerial image, and accurately recording the
retinal abnormalities. Attendees with smartphones can practice still
image acquisition and video recording of fundal images produced
by PMIO. Attendees will learn how to hold the smartphone with one
hand while imaging the fundus and how to use a mini-tripod so the
condensing lens can be stabilized with both hands, thus enhancing
image stabilization and acquisition.

Following practice visualizing, diagramming, and image-
capture techniques of numerous fundal images, attendees will
finally be evaluated with a series of unknowns. Self-assessment
of technical skill training and review of the unknown retinal findings

concludes the workshop. As part of the workshop fee, attendees
will be given a USB thumb drive with the introductory presentation,
sample retinal images, fundal diagrams, and articles on PMIO.

Forensic Science, Indirect Retinal

Hemorrhages

Ophthalmoscopy,

W15 Forensic Radiology: Current and Future
Use in Medicolegal Death Investigation

Howard T. Harcke, Jr., MD*, 3205 Coachman Road, Wilmington,
DE 19803; David R. Fowler, MD*, OCME, 900 W Baltimore Street,
Baltimore, MD 21223; and Edward Mazuchowski Il, MD, PhD*, 116
Purple Heart Drive, Dover AFB, DE 19902

After attending this presentation, attendees will be able
to discuss how current techniques in radiologic imaging are
incorporated into medicolegal death investigations. In addition,
they will be able to list the advantages and limitations of different
imaging modalities as they relate to the potential to enhance a
forensic autopsy. Workshop attendees will be able to outline
issues which impact the expansion of forensic imaging into present
practice models.

This presentation will impact the forensic science
community by demonstrating how the advances in radiologic
imaging are currently being integrated into medicolegal death
investigations and offer potential for improving the efficiency and
accuracy of forensic autopsy in the future.

Over the past century, basic radiologic imaging with film
and fluoroscopy has been used in medicolegal death investigations.
During this time, there have been numerous technological advances
in the way radiographic images have been acquired and processed.
As clinical medicine has validated their use in the living, pathology
has been slow to incorporate them into the autopsy process.
Currently, there are four radiologic imaging modalities that are used
in medicolegal death investigations: fluoroscopy; radiography;
Computed Tomography (CT); and Magnetic Resonance Imaging
(MRI). The cross-sectional techniques, CT and MRI, are expensive
and technically complex, which has been an obstacle to their use.
However, they offer rapid visualization of anatomy that is difficult
or nearly impossible to see during dissection. Additionally, they
afford precise localization of foreign material of evidentiary value
and facilitate its recovery. All modalities are currently available
in digital format allowing for electronic recording, viewing,
manipulation, archiving, and transmission of the images. While
digital images offer timely viewing by all, they necessitate Picture
Archiving and Communication Systems (PACS). Each modality
has its own unique advantages and limitations with respect to
medicolegal death investigations. A fifth modality, sonography,
can be considered. There are limitations to this modality, mainly
soft tissue air from either injury or decomposition that degrades
the images; consequently, experience and incorporation into the
medicolegal death investigation has been extremely limited.

This workshop will provide an overview of how the different
radiologic imaging modalities have been incorporated into specific
medicolegal death investigations. Through case presentations, the
advantages and limitations of the modalities will be presented and
how the images enhance the autopsy process will be discussed.
Topics will include blunt force injuries, gunshot wounds, sharp force
injuries, asphyxia, natural disease, fetal deaths, and postmortem
changes and artifacts. Representative digital radiographs, CT
images, and three-dimensional reconstructions will be presented for
each topic area. Techniques that overcome some of the limitations
of different modalities, such as postmortem angiography for the
evaluation of vascular/soft tissue injury, the use of surface markers
for the evaluation of gunshot wounds and sharp force injuries, and
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the difficulty of MRI in ballistic imaging, will be discussed.
Personnel issues relative to advanced forensic imaging
will be outlined. Who acquires images, interprets them, and how
information is communicated to the forensic pathologist are issues
of relevance to the present and future use of forensic imaging
techniques. The final topic, possible future directions in the field
of forensic radiology, will include discussion of possible training
scenarios for forensic specialists, both physician and non-physician.

Forensic Radiology, Postmortem CT, Radiologic Imaging

W16 Science, Law, and the Inferential
Process: The Epistemology of Scientific
Conclusions and Their Role in the Legal
Fact-Finding Process

Ted W. Vosk, JD*, 8105 NE 140th Place, Kirkland, WA 98034, Henry
J. Swofford, MSFS* 4930 N 31st Street, Forest Park, GA 30297;
Franco Taroni, PhD*, Batochine Quartier UNIL-Sorge, Lausanne
1015, SWITZERLAND; Roderick T. Kennedy, JD*, New Mexico
Court of Appeals, PO Box 25306, Albuquerque, NM 87125-0306;
Fred C. Smith, JD*, 300 Senda Del Valle, Watsonville, CA 95076;
Ashley Emery, PhD*, MEB 215, Seattle, WA 98195; and Michael J.
Nichols, JD*, 3452 E Lake Lansing Road, East Lansing, MI 48823

The goals of this presentation are to: (1) explore the
epistemological structure supporting scientific conclusions; (2)
illustrate how the inferential process engaged in during legal fact-
finding may lead to conclusions contrary to those supported by
scientific evidence; (3) illustrate methods utilized by science to
measure the robustness of qualitative and quantitative results; (4)
compare these scientific measures of confidence with legal burdens
of proof and persuasion; (5) illustrate how scientific evidence can
facilitate the determination of factual truth in the justice system; (6)
demonstrate inferential tools meant to rationalize both forensic and
legal determinations; and, (7) compare models of the inferential
process in scientific and legal fact-finding contexts.

This presentation will impact the forensic science
community by making explicit the inferential framework supporting
scientific and legal determinations, revealing the distinctions and
interplay between them. This will inform rule-making activities
determining how and when scientific evidence can be utilized,
help forensic and legal professionals better communicate scientific
evidence to decision makers, and help scholars better understand
how forensic evidence shapes legal determinations. This helps
to maximize the benefits of forensic evidence and lead to more
rational legal outcomes.

Both science and the criminal justice system strive to
discover factual truth; however, in neither can we know what that
truth is with complete certainty. Both systems are structured so as to
provide information with specified characteristics. This information
is relied upon as a basis for drawing necessary inferences. The
inferences yield conclusions that may be believed to be correct
but never known to be so. The process by which information is
obtained and inferences are made determine the confidence we
can have in those beliefs. The rigorous framework established
by science permits the degree of certitude that can be accorded
scientific conclusions to be quantitatively measured and expressed.
The legal system provides less rigorous machinery which guides
fact-finders in determining whether conclusions can be supported
by designated burdens of proof. Even where scientific evidence
is relied upon in the courtroom, the inferential processes engaged
in are different in these two contexts. Because of this divergence,
while forensic evidence often facilitates the determination of factual
truth in the courtroom, fact-finders may rely upon it for conclusions

it does not support. This workshop will address the epistemological
structure supporting legal and scientific conclusions and the
interplay between the two when forensic evidence is relied upon.

The workshop will be broken down into two sections.
The first session will examine the inferential framework supporting
scientific knowledge/conclusions. Scientific knowledge/conclusions
will be seen to be a matter of justified belief where models of our state
of knowledge serve as incomplete and imperfect representations of
physical states of interest. Measures of the epistemic robustness
of these models and the conclusions they lead to will be illustrated
in terms of degrees of belief expressing the uncertainty associated
with a scientific result. Tools for, and models of, the inferential
process in science will be developed and demonstrated and the
meaning of scientific knowledge/conclusions will be explored.

The second session will examine fact-finding in the legal
context when scientific evidence is relied upon. This process will
be compared to that which occurs during the building of scientific
knowledge. The manner in which scientific information is obtained
by legal fact-finders will be examined along with the limitations and
structural guides governing the analysis of such evidence. This
session will consider architectural constraints of the criminal justice
system where scientific evidence is concerned as well as modes
and methods of practice. The nature of the conclusions reached by
fact-finders and the degree of belief necessary to support different
burdens of proof and persuasion will be compared to the measures
of uncertainty relied upon by the sciences. It will be illustrated
how distinctions between legal and scientific inferential processes
make scientific evidence a resource that may either facilitate or
potentially undermine the quest for factual truth in the courtroom.
The workshop will conclude with a panel discussion addressing the
day’s subject matter with input and questions from attendees.

Disclaimer: The opinions or assertions contained herein
are the private views of the authors and are not to be construed as
official or as reflecting the views of the U.S. Department of the Army
or U.S. Department of Defense.

Inference, Epistemology, Uncertainty

W17 Managing the 21s-Century Forensic
Science Organizations

John M. Collins, Jr.*, PO Box 227, Dewitt, Ml 48820; Jeri D.
Ropero-Miller, PhD*, RTI International, 3040 Cornwallis Road, PO
Box 12194, Bldg 7, Rm 211, Research Triangle Park, NC 27709;
Bruce A. Goldberger, PhD*, Univ of FL College of Medicine, Dept
of Pathology, 4800 SW 35th Drive, Gainesville, FL 32608; Jody
M. Wolf, MS*, Phoenix Police Department, Laboratory Services
Bureau, 621 W Washington Street, Phoenix, AZ 85003; John
Fudenberg*, 1704 Pinto Lane, Las Vegas, NV 89106; and Deborah
Radisch, MD*, 3025 Mail Service Center, Raleigh, NC 27699-3025

After attending this presentation, attendees will be
empowered to successfully resolve some of the most serious
situations that arise in forensic management applications.

This presentation will impact the forensic science
community by advancing forensic science policy and administration
and improving the management priorities of our nation’s forensic
laboratories and offices.

The management of forensic science organizations in the
21s-century requires a unique blend of competencies and priorities.
This workshop will assist attendees in developing specific strategies
for better managing their organizations and setting the right
priorities for managing time, costs, and efficiencies. Best practices,
evaluative research, and contemporary management principles will
be discussed with inclusion of case scenarios.

Forensic science administrators have a significant impact

*Presenting Author

21



on the criminal justice system. Therefore, they must function to
the best of their abilities — all the time — and must be supported
with quality information, sound recommendations, and access to
enjoyable learning.

It is critical that agencies and managers overseeing a
forensic science laboratory take their responsibilities seriously. At
the top of any list for improving your forensic laboratory or office
is effective communication. Making time to have constructive
discussions with laboratory managers and staff about operations,
policy and practice, laboratory efficiencies, and emerging
opportunities and threats is of the utmost importance. Know what is
going on in your laboratory and be prepared to make the difference.

Whether you are new to forensic science management or
simply trying to steer your team in a new direction, optimism coupled
with honest, self-critical analysis must be your focus. Know your
people and their tendencies, gather as much information as you
can, evaluate your options, and be decisive. Creating clarity about
your role and purpose must be and must remain a critical priority for
you and your management team. This workshop will help you set
the right tone for your employees and customers.

The morning session will begin with topics that will
help attendees produce organizational stability including: the
meaning of high-impact leadership — what it means; business and
leadership strategies; professional responsibilities; and influences
of legal processes on your office (the Freedom of Information Act
(FOIA), court orders, and subpoenas). The afternoon session will
first focus on producing stakeholder commitment through customer
service; accreditation and certification; competency and training;
case management; and emerging best practices. Next, specific
forensic manager perspectives with case examples will include
a crime laboratory, a forensic toxicology laboratory, a quality-
assurance manager, a coroner’s office, and a medical examiner’s
office. The workshop will close with a panel discussion comprised
of presenters and attendees.

Management, Efficiency, Best Practices

W18 Novel Psychoactive Substances (NPS):
Pharmacology, Toxicology, Psychiatry,
and Case Reports

Alan R. Felthous, MD*, Saint Louis Univ School of Med, Forensic
Psychiatry Division, 1438 S Grand, St Louis, MO 63104-1027;
Sherri L. Kacinko, PhD*, 3701 Welsh Road, Willow Grove, PA
19090; Barry K. Logan, PhD*, NMS Labs, 3701 Welsh Road,
Willow Grove, PA 19090, Mehrzad Seraji, MD*, 476 Brightspur
Lane, Ballwin, MO 63011; Lauren L. Richards-Waugh, PhD*,
Marshall University, 1401 Forensic Science Drive, Huntington, WV
25701; Andres Jovel, MD*, 1438 S Grand Boulevard, St. Louis,
MO 63104; Caleb J. Banta-Green, PhD*, 1107 NE 45th Street, Ste
120, Seattle, WA 98105; Mihaela V. Stoica, MD*, 1695 NW 9th
Avenue, Ste 1401K, Miami, FL 33136; Christopher R. Thompson,
MD*, 10850 Wilshire Boulevard, Ste 850, Los Angeles, CA 90024;
Johnny Lee, MD*, 5477 Mooretown Road, Williamsburg, VA 23188;
Volker Auwarter, PhD*, University Medical Center Freiburg, Institute
of Forensic Medicine, Albertstr. 9, 79104 Freiburg, GERMANY;
Simon L. Hill, MBBS?*, Victoria Road, NE1 4LP, Newcastle Upon
Tyne, UNITED KINGDOM; and Simon Brandt, PhD* Byrom Street,
Liverpool L3 3AF, UNITED KINGDOM

After attending this presentation, attendees will be able
to: (1) identify several major drug classes within the group on
novel psychoactive substances; (2) describe the pharmacological
properties of the classes and the general pharmacological effects;
and, (3) describe and categorize the adverse effect profiles
and discuss the forensic significance of intoxication with these

compounds.

This presentation will impact the forensic science
community by bringing together toxicological and behavioral
sciences experts to provide complementary data on intoxications
with novel psychoactive substances that are recently being
implicated in assaults, homicides, suicides, and impairment-related
traffic fatalities.

Over the past several years, a body of knowledge has
begun to develop over Novel Psychoactive Substances (NPS)
that are appearing on the market. Designer cannabinomimetic,
stimulant, hallucinogenic, and depressant drugs comprise novel
psychoactive substances. An overview of some of the resources
available to researchers, laboratory professionals, forensic
scientists, and care providers will be provided. Access to these
resources help individuals gain further knowledge of the work being
done on aspects of novel psychoactive substances outside their
particular area of expertise, broadening their total understanding of
the drugs and the implications of their increased use.

Since the recent increase in novel psychoactive
substances, research has been focused on understanding the
analysis, toxicology, pharmacology, or behavioral effects of the
drugs. This workshop is intended to integrate the information
on the toxicology and pharmacology of these compounds with
knowledge that has been gained on the psychiatric implications
as observed by psychiatrists, psychologists, and medical
toxicologists. This will be achieved by pairing a discussion of the
toxicology and pharmacology of various high-profile members of
each of the drug classes with case reports in which there was
analytically confirmed exposure. Information on the toxicology
and pharmacology of individual drug classes such as tryptamines,
cathinones, and synthetic cannabinoids will be covered to provide
a backdrop for understanding the effects of these drugs and the
legal implications of their use. Case reports on specific drugs such
as methoxetamine, 5-MeO-DALT, and NBOMes will be presented.
The adverse effects, forensic implications, assessment of patients,
treatment, and outcomes will be considered.

This is a fast-moving and continually evolving area
of drug use. The rapid pace of appearance of new compounds
makes it essential for scientists to work together. By understanding
the basics of the drug classes involved and specifics from case
reports, individuals will be more prepared to quickly understand
new compounds as they appear.

Novel Psychoactive Substances, Designer Drugs, Toxicology

W19 Serial Murder:
Stereotypes

Deconstructing

Robert J. Morton, MS*, CIRG/NCAVC, FBI Academy, Quantico,
VA 22135; and Mark A. Hilts, MCJ*, Behavioral Analysis Unit, FBI
Academy, Quantico, VA 22135

After attending this presentation, attendees will have an
understanding of serial murderers, their methods, motivations,
and characteristics. The goal of this presentation is to expose
attendees to recent comprehensive research on serial murder
that has been conducted by the Federal Bureau of Investigation’s
(FBI's) National Center for the Analysis of Violent Crime (NCAVC),
and the application of that research to actual serial murder cases,
supplemented by serial murder case presentations and video clips
of serial murderers discussing their crimes.

This presentation will impact the forensic science
community by providing insight through the practical application of
research into the dynamics and characteristics of serial murders
and the offenders who commit these crimes.

Serial murder cases present numerous challenges and
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obstacles to law enforcement personnel who have the responsibility
of investigating these complex cases. These cases involve multiple
victims; the series may span days, months, or even years; they can
involve several jurisdictions; the motive involved may not be easily
discerned; and there may be no obvious relationship between the
offenders and the victims. Serial murder cases are also very rare
and most law enforcement investigators do not have the same level
of experience in investigating serial murders as they do with other
types of crimes. Coupled with this rarity is the influence of the
media and entertainment industries which have sensationalized
serial murder and created exaggerated images of serial murderers.

The FBI's NCAVC is routinely consulted by federal, state,
local, and international authorities in a variety of cases involving
unusual, bizarre, or repetitive crimes, especially homicides.
The NCAVC has traditionally been a front-runner in the study of
serial murder. The original 1980’s study of serial sexual murder
conducted by NCAVC members was the catalyst for a plethora
of research and study of serial murder by academicians, mental
health practitioners, and law enforcement professionals. The
NCAVC research and other subsequent studies have analyzed
serial murders through a number of formats, including historical
reviews, individual case studies, descriptive projects, and causality
factors. Most of the studies were viewed in terms of causality,
concentrating on the offender’s development, upbringing, familial
relationships, and history of physical, sexual, and emotional abuse.

While developmental information concerning a serial
murderer provides interesting insights, it has little utility in helping
identify an unknown offender during an active serial murder
investigation. This is due to the wide range of factors involved
in the upbringing and development of serial killers as well as the
diversity among the serial murderer population. In an effort to
bridge this gap, the NCAVC undertook a new serial murder research
project. This project gathered information from solved case files to
construct a database containing serial murder cases, the offenders
who committed them, and their unfortunate victims. The results
of that research project provides a perspective of serial murder
that originates with how the victim’'s body was disposed, a known
factor in most murder investigations. This allows investigators to
identify a number of situational factors based upon the particular
body disposal scenario, including the approach an offender used to
gain access to a given victim, the motivation involved in the crime,
and the nature of the relationship between the offender and the
victim. Further, it helps to discern certain offender characteristics
that assist in the identification of serial murder offenders.

This workshop will provide mental health practitioners,
academicians, and law enforcement professionals with a basis
for understanding serial murder based upon research and case
examples from solved serial murder cases. It will also highlight
the difficulties inherent in working serial murder cases and the
need to understand the role of various law enforcement, laboratory
personnel, and medicolegal professionals in these cases.

Serial Murder, Serial Murder Characteristics, Serial Murder
Research

W20 Advances in the
Prosecution of
Allegations

Investigation and
Sexual Assaults

Joanna L. Collins, MFS* 20079 Stone Oak Parkway, Ste 1105-
215, San Antonio, TX 78258; William B. Andrews, MFS, 6050
Heatherwood Drive, Alexandria, VA 22310; Linda E. Ledray,
PhD*, Director, SANE-SART Resource Center, Minneapolis, MN;
Anjali A. Ranadive, JD*, ScilLawForensics, Ltd, 425 Summit Pass,
Brookings, SD 57006; and Russell Strand, BS*, 401 MANCEN

Loop, Ste 1721, Fort Leonard Wood, MO 65473

After attending this presentation, attendees will be able
to: (1) understand the role of the Sexual Assault Nurse Examiner
(SANE) from medical examination to court testimony; (2) collect
and preserve physical, psychological, and other evidence in sexual
assault investigations; (3) become familiar with the Forensic
Experiential Trauma Interview technique; and, (4) understand
how collaboration among Sexual Assault Response Team (SART)
members can impact the prosecution of the case.

This presentation will impact the forensic science
community by informing attendees of the dynamics and proper
procedures in the investigation and prosecution of sexual assault
allegations and the necessity for a team approach for successful
resolution.

Sexual assault and rape are crimes that occur in every
socio-economic group and in every community around the world.
Some of the disciplines charged with fighting this atrocity are
the medical community, including: SANEs; the law enforcement
community; the forensic laboratory community; and the judicial
system. This workshop will examine each and discuss advances
in these fields as they relate to sexual assault investigations and
the prosecution of these cases. This workshop will emphasize
each discipline on its own merits; more importantly, it will stress
how every member of SART must work together to successfully
resolve these allegations.

DNA plays a significant role in sexual assault
investigations. Because of the intimate nature of sexual assault,
biological evidence is often recovered during a sexual assault
examination. SANEs should be aware of what types of items may
contain useful DNA evidence, as well as where on the victim this
type of evidence may be found, and how to properly collect and
preserve it for testing.

Finding the suspect's DNA on a victim or at the crime
scene can tie him to the scene, the victim and/or the crime.
Where DNA is found and what type can also help to corroborate a
victim’s account of events. DNA testing has grown progressively
more sensitive and robust over the past several years, enabling
the successful typing of samples taken up to 96 hours post-event.
Although a laboratory analyst will likely testify to the DNA results at
trial, the SANE who collects it may also need to testify concerning
how the samples were identified, collected, and packaged in order
to satisfy chain of custody requirements.

Advances in SANE training and current best practices
in evidence collection and preservation will be discussed. The
importance of SANE collaboration with other SART professionals,
especially the crime laboratory, and how it has played a significant
role in holding the offender accountable will be presented.
Additionally, this presentation will highlight how practices have
changed and how evidence collection has impacted the progress of
cases through the criminal justice system. Specifically, significant
changes have occurred in the types of evidence collected, the
manner in which it is collected, and the storage requirements of
biological evidence as a result of advances in DNA identification,
recovery, and analysis and the advantages of a team approach.

One of the many available and proven interview
approaches is the Forensic Experiential Trauma Interview (FETI).
This technique reduces the inaccuracy of the information provided,
but also greatly enhances understanding of the interviewee’s
experience, increasing the likelihood of a better understanding of
the totality of the event. The concept and approach of this technique
can be described as a forensic psychophysiological investigation—
an opportunity for the victim to describe the experience of the sexual
assault, physically and emotionally. The FETI interview process
obtains significantly more information about the experience,
enhances a trauma victim’s ability to recall, reduces the potential
for false information, and allows the interviewee to recount the
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experience in the manner in which the trauma was experienced.

Providing expert testimony is a part of any SANE’s job.
However, many medically trained professionals are uncomfortable
in the courtroom. A familiarity with the legal process should help
put them at ease and be better prepared to testify.

There are many legal issues related to sexual assault
investigation and testimony. If a SANE and/or law enforcement
officer collected evidence during the examination or scene
search, they will need to testify to maintain the chain of custody.
The SANE may have to testify to what the victim relayed during
the examination if it is exculpatory, or it could be objected to as
hearsay. Pre-trial preparation with the proffering attorney, as well
as a thorough review of the case notes prior to testimony, should
minimize courtroom nerves and maximize the testimony at trial.

Sexual Assault, DNA, SANE

W21 Effective Curricular Design and
Improvement for Forensic Science
Educational Programs

Heather E. Mazzanti, MSFS* 450 S Easton Road, Glenside, PA
19038; Catherine G. Rushton, MS* 1401 Forensic Science Drive,
Huntington, WV 25701; Karen S. Scott, PhD*, Arcadia University,
450 S Easton Road, Glenside, PA 19038; Dennis J. DeLuca, PhD*,
326 E Lima Avenue, Ada, OH 45810; David Cunningham®, 5142
NSB, 521 Lancaster Avenue, Richmond, KY 40475; Pamela J.
Staton, PhD*, Forensic Science Center, 1401 Forensic Science
Drive, Huntington, WV 25701; Lawrence Quarino, PhD* Cedar
Crest College, Dept of Chem & Physical Sci, 100 College Drive,
Allentown, PA 18104; Barry K. Logan, PhD* NMS Labs, 3701
Welsh Road, Willow Grove, PA 19090; and Michael S. Adamowicz,
PhD*, University of New Haven, Dept of Forensic Science, 300
Boston Post Road, West Haven, CT 06516

After attending this presentation, attendees will: (1) be
able to implement appropriate curricular design strategies for
forensic science programs at the undergraduate and graduate
level from defining appropriate and meaningful program goals and
objectives, to linking these objectives to the curriculum, through to
the use of effective delivery methods; (2) effectively use evaluation
and survey research for program assessment and make meaningful
program improvements from assessment measures; and, (3)
design and adapt innovative curricular ideas based on those that
have been successfully implemented in existing programs.

This presentation will impact the forensic science
community by offering strategies for forensic science curriculum
development and assessment which can be used to strengthen
forensic science educational programs. This need has been
acknowledged by practitioners and academics alike. This
sentiment was mirrored in the National Academy of Sciences 2009
Report, Strengthening Forensic Sciences in the United States: A
Path Forward, which stated that in order to “correct some of the
existing deficiencies (in the field), it is crucially important to improve
undergraduate and graduate forensic science programs.”

Historically, forensic scientists came to the profession
through traditional degree programs in various core scientific
disciplines, typically in chemistry, physics, or biology. While these
programs gave prospective forensic scientists a great grounding
in the basic natural sciences, employers and educators felt that
supplementing these core courses with forensic science principles
would improve the quality of applicants to forensic laboratories.
Instruction that provides an application of basic science to well-
established forensic science disciplines could provide a broad view
of the field of forensic science prior to specialization in a single area.
This would hasten the time required for someone to be trained and

develop basic proficiency in a forensic science discipline once
employed in the field.

Beginning around 2000, there was a proliferation of
academic programs in the United States offering forensic science
programs. They included everything from criminal justice degrees
with a few crime scene and criminology courses, but very little
science, to chemistry degrees with forensic science survey
courses taught by non-practitioners. The profession recognized
both a need for consistency in program content as well as an
appropriate balance of basic and applied coursework emphasizing
partnerships between academia and experienced practitioners.
This led to the establishment by the American Academy of Forensic
Sciences of the Forensic Science Education Program Accreditation
Commission (FEPAC), which issued its first accreditation in 2004.

This workshop, sponsored by the Council of Forensic
Science Educators (COFSE), a group of program directors and
faculty from forensic science programs, is designed to help in
the evolution of best practices for forensic science education, to
identify creative teaching techniques and methods, to reinforce a
research culture within forensic science education, and to promote
the development of new degrees designed to meet the needs of
forensic science agencies and the courts.

The program begins with considerations of curriculum
design and introduces attendees to the concept of curriculum
mapping, a process which allows schools to thoroughly examine
and then revise their curriculum, encouraging programs to view
their curriculum as a work-in-progress with the ultimate goal of
providing the best preparation to students for careers in the field.
This is followed by a consideration of the necessary components
of bachelor’s and master’s degrees in forensic science, balancing
and integrating graduate and undergraduate courses, and the
optimum stage at which to introduce important forensic science
concepts. The program includes several sessions on course
design and delivery methods and encompasses key elements of
a successful research project experience for both graduate and
undergraduate students. How to engage and recruit practitioners
to teach practical aspects within technical programs and to provide
exposure to career choices for students is also featured in this part
of the program.

In the second half of the program, the workshop will
address tools and best practices for evaluating the student
experience and assessing the effectiveness of the instruction,
including the use of evaluations and survey instruments, followed by
consideration of how to use that information in curriculum redesign
and enhancement. Additional sessions will address opportunities
to strengthen programs through study-abroad options, community
engagement, and use of high-profile resources and programs such
as a crime scene house. The program will end with a discussion of
the pro’s and con’s of a professional doctorate in forensic science
as opposed to the more traditional doctoral program approach that
currently exists.

Education, Forensic Science, Curricular Design

W22 Questioned Document Examination
and Enhancement of Evidence and
Interpretation of Evidence Using Various
Light and Filter Techniques

Andrew T. Szymanski, BS, Washington State Patrol, 580 W 7th
Street, Cheney, WA 99004; F. L. Jim Lee, Jr., MS* PO Box 207,
Eden, UT 84310; Gerald M. LaPorte, MSFS*, National Institute
of Justice, Office of Inv & Forensic Sci, 810 Seventh Street, NW,
Washington, DC 20531, Joel A. Zlotnick, MSFS*, 4800-13 Harry S
Truman Building, 2201 C Street NW, Washington, DC 20520-4818;
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Dan C. Purdy, BSc*, 8054 Nelson Street, Mission, BC V4S 1E5,
CANADA; Owen Lang, MFS*, 46030 Manekin Plaza, Sterling, VA
20166, and Brett M. D. Bishop, BS*, Washington State Patrol, 580
W 7th Street, Cheney, WA 99004

After attending this presentation, attendees will have
a better understanding of the theory and fundamentals in the
examination of questioned document evidence using various
light sources and optical filter image enhancement techniques.
Attendees will also become aware of the various instrumental
analyses, methods, enhancement techniques, and the interpretation
of examination results.

This presentation will impact the forensic science
community by equipping the attendees with the theory and practical
knowledge in the areas of the examination and enhancement of
questioned document evidence utilizing various light source and
filter techniques.

Imaging of questioned document evidence has
progressed from the use of the human eye to the analog camera,
to the digital camera, to the use of the most sophisticated scientific
instrumentation such as the use of Video Spectral Analysis
(VSA) instruments. Whether it be from documenting faded
handwriting to observing subtle ink differences, images available
through a combination of modern-day filtering and application of
various light sources can depict more about the appearance of
evidence, especially when those image results come from image
enhancement utilizing various types of light, filter, and wavelength
variations to aid in enhancement and/or decipherment.

The modern-day questioned document examiner spends
much of his or her time and effort making writing, typewriting,
printing, alterations, and obliterations visible or more visible using
various image enhancement techniques with the related images.
These techniques for enhancement require fundamental and
practical knowledge in the enhancement of document evidence
utilizing various light sources and optical filter techniques, such
as with the use of longpass, bandpass, long-wave and short-
wave filtering methods, and their application, either individually
or in combination in application of the examination of evidence.
Upon completion of this workshop, attendees will have a better
understanding of the concepts of utilizing these techniques.

This workshop will include a hands-on session
following the introductory lecture on practical subject areas. The
supplementary of practical exercises are intended to re-enforce
hands-on participation of the attendees. Attendees will be provided
with practical training in the fundamentals of the examination of
questioned document evidence, using various light and filter
enhancements techniques with the aid of instrumentation for
the proper interpretation of examination results and limitations.
The workshop will conclude with a discussion on the extent of
questioned document evidence analysis of this nature and of
enhancement techniques.

Questioned Document, Light Source, Optical Filter

W23 Applications of Next Generation
Sequencing in Forensic DNA Analysis

Jaiprakash G. Shewale, PhD*, Life Technologies, 180 Oyster Point
Boulevard, South San Francisco, CA 94080; Bruce Budowle, PhD*,
UNT Health Science Center, Forensic & Investigative Gen, 3500
Camp Bowie Boulevard, EAD 310, Fort Worth, TX 76107; Walther
Parson, PhD* MuellerstralBe 44, Innsbruck A-6020, AUSTRIA;
Niels Morling, MD, PhD*, Frederik V’s Vej 11, Copenhagen 2100,
DENMARK; and Arthur J. Eisenberg, PhD*, UNTHSC FW, 3500
Camp Bowie Boulevard, Fort Worth, TX 76107

After attending this presentation, attendees will be able
to understand next generation sequencing chemistries, principles,
methodologies, and instrument platforms and their applications in
forensic DNA analysis.

This presentation will impact the forensic science
community by providing a forum for review and in-depth discussion
on the utility of next generation sequencing technologies in forensic
DNA analysis. Several new platforms have been developed for
DNA sequencing that can be used for forensic DNA analysis. The
attendees will also learn more about different applications of DNA
sequencing technologies in investigating and resolving crime.

Short Tandem Repeat (STR) polymorphism and
mitochondrial DNA sequence analysis are the most commonly
used methods in forensic DNA laboratories worldwide. Fragment
analysis, compared to DNA sequencing, has been the dominant
method for determining STR length variation without sequence
determination. This is mainly due to the ease of use and lower
cost of fragment analysis compared to DNA sequencing. DNA
sequencing is mainly used in mitochondrial DNA analysis to
sequence hypervariable regions /1l of the mitochondrial genome.
It is important to note that DNA sequencing has the potential to
provide much more information compared to fragment analysis;
e.g., sequence variation within STR region. DNA sequencing
methodologies in use during the late 1990s were neither cost-
effective nor simple enough to allow widespread investigation of
Single-Nucleotide Polymorphisms (SNPs) and Insertions/Deletions
(INDELSs) for various identification and investigation applications.

Next generation DNA sequencing technology has
transformed in the past decade. Multiple technologies are now
developed that allow whole human genome sequence determination
in a few days time compared to months. Itis interesting to know that
the next generation technologies are based on different biochemical
principles such as monitoring released pyrophosphate upon
incorporation of a base (pyrosequencing), fluorescence detection
subsequent to reversible incorporation of a fluorescently labeled
terminator base, a ligation-based approach wherein fluorescence
of a cleaved nucleotide after ligation is measured, measuring the
proton released after incorporation of a base (semiconductor-
based sequencing), monitoring incorporation of a nucleotide by
measuring the fluorescence of the fluorophore attached to the
phosphate chain of the nucleotide, and by detecting the altered
charge in a protein nanopore due to a released nucleotide by
exonuclease cleavage of a DNA strand. The advancements in DNA
sequencing technologies have resulted in reduced cost, ability to
obtain sequence information from a few ng quantities of DNA, the
ability to analyze multiple DNA fragments in parallel, availability of
instrumentation from multiple commercial vendors, and relatively
simple software for data analysis. These factors make adoption of
next generation sequencing more attractive to forensic scientists
and criminal laboratories than ever before.

Different applications developed using next generation
sequencing include analysis for identity SNPs, lineage SNPs,
Y-chromosome SNPs, phenotypic SNPs, mitochondrial DNA
analysis, and STR analysis. The high capacity of next generation
sequencing technologies enables simultaneous analysis of two or
more types of genetic markers. For example, it is possible to obtain
the results for mitochondrial DNA, autosomal STRs, Y-STRs, and
SNPs simultaneously. Further, next generation sequencing brings
a new avenue for mixture analysis and interpretation.
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In this workshop, presentations will cover the following
topics: (1) principles and chemistries of next generation sequencing
technologies; (2) mitochondrial DNA analysis using next generation
sequencing technologies; (3) SNPs and STR analysis using next
generation sequencing technologies; and, (4) adaptation and
validation of next generation sequencing technologies in forensic
laboratories: the potential challenges.

For Research, Forensic, or Paternity Use Only.

Forensic DNA Analysis, DNA Sequencing, Next Generation
Sequencing

W24 Applications of 2D and 3D Geometric
Morphometrics in Forensic Comparisons

Zeno J. Geradts, PhD*, Netherlands Forensic Institute, Ministry
of Justice, Laan van Ypenburg 6, Den Haag, SH 2497 GB,
NETHERLANDS; Victor W. Weedn, MD, JD* George Washington
University, 2100 Foxhall Road, NW, Somer’s Hall, Lower Level,
L-12, Washington, DC 20007, Howard A. Harris, PhD, JD*
University of New Haven, Forensic Science Program, 300 Boston
Post Road, West Haven, CT 06516; Mary A. Bush, DDS*, SUNY at
Buffalo, B1 Squire Hall, 3435 Main Street, Buffalo, NY 14214; Peter
J. Bush, BS*, SUNY at Buffalo, South Campus Instrument Center,
B1 Squire Hall, S Campus, Buffalo, NY 14214; Alain Beauchamp,
PhD*, 6757 Cavendish Boulevard, Ste 200, Cote St-Luc, PQ H4W
2W8, CANADA; William R. Oliver, MD*, East Carolina University,
Brody School of Medicine, Brody Medical Sciences Bldg, Greenville,
NC 27834, and Nicholas D. Petraco, PhD*, John Jay College of
Crim Just, Dept of Science, 899 10th Avenue, New York, NY 10019

The goals of this presentation are to: (1) provide an
overview of Geometric Morphometric (GM) analysis; and, (2)
demonstrate the methods for evaluation, measurement, and
statistical comparison of shape change/distortion of an object in
question. The generation of matching criteria and error rates based
on a statistical model are discussed. Application of GM methods
to bitemarks, fingerprints, and shoe prints to 3D visualization of
3D bullet comparison, medical forensics, and facial comparison
will be presented. Advantages and disadvantages of the different
approaches on comparison of shapes based on pattern recognition
in digital images will be discussed.

This presentation will impact the forensic science
community by showing methods that are used for pattern
recognition in forensic comparison with error rates.

The goal of this workshop is to familiarize attendees with
the possibilities for morphometric comparison in both 2D and 3D
formats; the limitations and possibilities for use in forensic science
are also discussed.

In 2012, the Forensic Sciences Foundation’s (FSF)
Theoretical Forensic Science Committee sponsored a contest, the
“New Science or Technology to Forensic Science” competition.
Based on the contest, this workshop was developed to discuss and
present different aspects of morphometric comparison in forensic
science, with application to odontology, footwear impressions,
bullets, fingerprints, facial comparison, wound analysis, and 3D
reconstruction. The workshop is updated with new solutions.

A well-developed method to describe shape variation
between biological specimens is GM analysis. GM analysis
involves placement of landmark points, curves, or outlines on either
two- or three-dimensional images. The landmark data can be
extracted and analyzed statistically as a unit. GM methods allow for
a quantitative examination of shape by capturing the geometry of
morphological structures of interest and preserving this information
through statistical analysis. Shape information can be visualized
by plotting landmark positions in Procrustes superimposition,

a method of optimally matching one shape to another. This can
be performed with or without scale. Procrustes distances can be
used to summarize variations in populations, to express the degree
of similarity of individual specimens, means of populations, or to
search for matches between specimens.

Among the tools available for statistical analysis is
Principal Component Analysis (PCA) with which the principal
variations of shape can be plotted and visualized. This allows for
determination of which shape aspect is responsible for the most
variation. Canonical Variates Analysis (CVA) can also be used to
determine if shape information can distinguish between different
categories of data. Arange of other standard multivariate statistical
methods can also be applied to shape data, allowing applications
to a wide range of research questions and practical problems.

There has been much recent discussion in forensic
forums concerning what constitutes a match or what defines two
objects as being indistinguishable. It might be stated that two
objects are identical when differences in measured attributes fall
below measurement error levels, when the differences seen are
no longer distinguishable from random effects. Error rates can be
established by repeated measures studies in which the same object
is measured multiple times. The Procrustes distance derived from
GM analysis can be used as a quantitative descriptor of error and
can be used as a threshold value below which objects might be
said to match. Clearly, measurement resolution also depends on
the scale of the object being measured and the resolution (smallest
object measurable) of the means used to image the object. For
example, in crime scene or accident reconstruction, the resolution
required might be fractions of a meter; in a shoe print, individualizing
detail might be separated by centimeters; in a bitemark, the
achievable measurement resolution might be on a millimeter scale;
fingerprints could be on a micron scale; and tool marks potentially
might be submicron. With these examples in mind, careful attention
to the issues of magnification (scale) and resolution is of the first
importance; however, GM methods can be applied regardless of
scale, as long as the nature of the data is understood. At each level
of scale, error rates can be established and quantified. Using GM
methods, large datasets can be statistically compared to explore
the issues stated above. Ideally, quantification of the range and
types of distortion produced will provide forensic practitioners
with quantifiable validations of the quality of example items in the
pattern evidence disciplines.

Morphometrics, Comparison, 3D
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A1  Scanning Electron Microscopic (SEM)
Analysis of Gunshot Residue (GSR)
Collected From Human Hair Using a

Vacuum and HEPA Filter

Heather M. Hammond*, 3344 Lakeside Place, Hermitage, TN
37076

After attending this presentation, attendees will understand
the principles of Gunshot Residue (GSR) collection, the use of a
Scanning Electron Microscope equipped with Energy Dispersive
X-Ray (SEM/EDX) for GSR analysis, the potential for using a HEPA
filter/handheld vacuum methodology to collect GSR from hair, and
the feasibility of GSR sampling from hair as an additional method
for screening suspects.

This presentation will impact the forensic science
community by offering the possibility of augmenting the current
method of GSR collection from suspects’ hands with the use of
a HEPA filter/vacuum methodology to collect GSR from hair.
Identification of a practical approach for collecting GSR from hair
could possibly offset the loss of GSR evidence from the hands due
to daily activities.

This study began with the proposition that gunshot residue
is presentin hair, and that hair could be a useful source for collection
of GSR evidence. However, before this hypothesis could be tested,
a methodology for collection of particles had to be developed that
resulted in effective capture of GSR. This experiment evaluates
the usefulness of hair sampling in GSR collection as well as the
effectiveness of the devised GSR collection methodology.

A series of experiments were conducted consisting of
the collection of gunshot residue from three test subjects’ hair and
hands after firing a different caliber handgun. One handgun used
total copper jacket bullets, one used jacketed hollow-point bullets,
and the third used lead round-nose bullets. The collection method
included GSR stubs and, for the hair collection, the addition of a
handheld vacuum and a HEPAfilter. The GSR stubs were analyzed
using SEM/EDX.

The handheld vacuum was chosen because it was
lightweight, rechargeable, portable and most of all, highly efficient
in collecting dispersed microscopic particles. This simple approach
of using a handheld vacuum with a HEPA filter attached to it has
the potential for future use in crime scene investigation kits. It also
proved feasible to recover GSR from the filter using an adhesive
disc that was analyzed by SEM/EDX.

The lead round-nose bullets produced the most significant
amount of GSR both in the hair and on the hands, with the jacketed
hollow-point bullets producing the second-most abundant amount
of GSR, and the total copper jacketed bullets producing the least.
The GSR on the hair of the lead round nose bullets was detected
throughout the entire experiment including the final three hour
mark; however, common elements usually associated with GSR
were the only elements found on the hands at the three hour mark.
Lead, barium, and antimony (Pb-Ba-Sb) is such a unique particle
that when found, it can directly be connected to GSR. Other
characteristic compositions including Pb-Sb, Pb-Ba, Sb-Ba, Sb, Ba,

and Ba-calcium (Ca)-silicon (Si) (with trace sulfur) are not unique
but are suggestive of GSR. The collected results suggest that
daily activity removes the particles and makes it harder to detect
in the hours that follow a firearm discharge, and that hair sampling
method is a viable possibility as an additional method of detection.

The results indicate that it is feasible to detect gunshot
residue in human hair using a HEPA filter and a vacuum. The
HEPA filter allows the screening of particles as small as 1-10um.
The filters used in this experiment screened particles as small as
0.3um. Because portability is a necessary requirement for crime
scene equipment, the vacuum used was a rechargeable handheld
model, and it proved to have enough power to gather GSR particles
from hair. These results show that SEM with a highly sensitive
energy-dispersive X-Ray detector enables the sampling of both
human hair and hands to yield more conclusive forensic findings
than hand swab evidence alone.

Gunshot Primer Residue, Hair, SEM/EDX

A2 The November2,2007 Murder in Perugia:
One Thousand Clues of Evidence That
Tell Another Truth — What About Justice
for Meredith Kercher, Raffaele Sollecito,

and Amanda Knox?

Francesco Vinci, MD*, p.za G. Cesare, 11, Bari 70124, ITALY;
Maricla Marrone, MD, p.za G. Cesare, 11, Bari 70124, ITALY;
Francesca Tarantino, MD, via Milella 57, Bari 70124, ITALY; Laura
Marrone, PhD, Bari P.zza G. Cesare 11, 70124, Bari , ITALY; and
Nicoletta Ventura, PhD, P.zza G. Cesare 11, Bari 71024 , ITALY

After attending this presentation, attendees will understand
the relevant role of scientific evidence in the trial and how evidence
was evaluated in the homicide investigation of Meredith Kercher.

This presentation will impact the forensic community by
providing an example of how several strands of evidence were
used in the reconstruction of the assault perpetrated on the victim.

The main goal of this presentation is to comprehensively
characterize the relevant forensic features of the case and their
importance for case reconstruction and judgement in terms of
Italian and international laws.

The interpretation and evaluation of classical scientific
proofs in a trial are set at a considerably higher level of value
than the simple correlation of clues. Actually, these often fail to
achieve a sufficient level of certainty in a judgment. Moreover,
the evaluation systems of a judge and a scientist are obviously
very different. The court must, in fact, express its opinion even
when the scientific evidence is insufficient, and thus judgment,
unfortunately, is sometimes wrong because it is based mostly on a
deep conviction of guilt.

Professor F Vinci was Sollecito’s forensic expert from the
onset of the trial for the murder of Meredith Kercher. He followed
the case over its course in which Amanda Knox, one of Meredith’s
roommates, was also involved. In this presentation, different and
controversial pieces of evidence will be used to illustrate and
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reconstruct a sequence of events based on shoe and footprints,
the luminol investigation, bloodstains, examination of a pillow, knife
identification, and so forth.

Many investigations were carried out by several experts in
various scientific fields, who served as consultants to the prosecutor
and the defendants’ attorneys. Unfortunately, the results, often
discordant, were debated in the trial.

Some problems of international law and agreements
on extradition protocols between the U.S. and Italy will also be
discussed, as well as some fundamental legal principles on the
validity of evidence in criminal trials in Italy.

This presentation will make a positive contribution to the
forensic community by presenting a case study in which the analysis
of injuries along with their anatomical location, the results of crime
scene investigations, and the results of laboratory investigations
were insufficient to eliminate the many doubts that still surround
the murder of Meredith Kercher in Perugia. This uncertainty has
resulted in the initial judgment being overturned on appeal. A
second trial is due to be heard in the Italian Supreme Court.

Meredith Kercher Homicide, Stab Wounds, Forensic Pathology

A3 Degradation Parameters of the Aging

Process of Latent Fingermarks

Josep De Alcaraz-Fossoul, PhD* University of Barcelona, Carrer
Casanova, 143, 3rd Fl, North Wing, Faculty of Medicine - Forensic
Genetics Laboratory, Barcelona, Catalonia 08036, SPAIN; Cristina
Mestres, BSc, University of Barcelona, Carrer Casanova, 143, 3rd
Fl, North Wing, Faculty of Medicine - Forensic Genetics Laboratory,
Barcelona 08036, SPAIN; Carme Barrot, PhD, University of
Barcelona, Carrer Casanova, 143, 3rd FI, North Wing, Faculty of
Medicine - Forensic Genetics Laboratory, Barcelona 08036, SPAIN;
Manel Gené, PhD, University of Barcelona, Carrer Casanova,
143, 3rd FI, North Wing, Faculty of Medicine - Forensic Genetics
Laboratory, Barcelona 08036, SPAIN; Sarah Watson, 2020 Beverly
Boulevard, Los Angeles, CA 90057, Donna Brandelli MFS,
Torrance Police Department, Detective Division, 3300 Civic Center
Drive, Torrance, CA 90503-5016; Luke McGarr, BSc, The Corner
House Business Centre, 2, Albert Road, Ripley DE53FZ, UNITED
KINGDOM; Karen Stow, MSc, The Corner House Business Centre,
2, Albert Road, Ripley DE53FZ, UNITED KINGDOM; and Austin
O’Brien, PhD, South Dakota State University, Dept of Mathematics
and Statistics, Harding Hall, Box 2220, Brookings, SD 57007

After attending this presentation, attendees will have
an inside view of the latest research being conducted on latent
fingermarks degradation processes based on observational
physical indicators.

This presentation will impact the forensic science
community by attempting to determine, as precisely as possible,
the time that evidence of a biological origin was deposited at a
crime scene.

Forensic science is a multidisciplinary field that utilizes
scientific principles and techniques for the analysis of physical
evidence at crime scenes and the subsequent identification of
donors of origin. Its main goal is to obtain valid evidence with
maximum objectivity and reliability to provide to the justice system.
Technical and methodological developments in the identification
of latent fingermarks have been at the center of forensic science
since its inception in the 19"-century. Over time, these advances
have included an extensive range of development reagents for use
in many types of environmental and substrate conditions and tools
such as automated fingerprint identification systems. However,
issues involving the reliability of latent fingermarks frequently arise
in court proceedings during presentation as evidence when they

cannot be directly correlated to the moment a crime was committed.
A methodology that determines, as precisely as possible, the time
that evidence of a biological origin was deposited at a crime scene
would be of great value to law enforcement agencies and penal
courts; this would provide them with the ability to more accurately
place a suspect within the time frame of an alleged crime beyond
any subjective witness or victim statements. Intensive research
is being conducted around the world by government, academic,
and private organizations to determine, through chemical means,
the precise time of latent fingermark deposition on different types
of surfaces. Unfortunately, these approaches usually involve
expensive equipment and complex techniques that are time
consuming and require great expertise by highly skilled researchers.

The present proof-of-concept study introduces an
inexpensive quantitative method that attempts to empirically
establish the aging process of latent fingermarks based on
observational physical indicators, taking into account the wide
range of influencing factors involved. This approach consists
of obtaining, as precisely as possible, the deposition time of
fingermarks visualized by the application of common physical
developers used in the field, which are easy to apply, inexpensive,
and do not require sophisticated forensic techniques or a scientific
expert. The study aims to reveal particular visual patterns of
degradation of latent fingermarks after being exposed to certain
monitored indoor laboratory environmental conditions. Factors
considered include temperature, relative humidity, air currents,
type of fingerprint depositions (sebaceous and eccrine), various
exposures to daylight (direct, penumbra, and darkness), and type
of physical substrate (glass and plastic) over a continuous aging
period of six months in 11 discrete development times. Statistical
data has been obtained from the quantifiable analysis of four visual
parameters commonly observed in the progression of a fingermark
aging process: reducing width of ridges, decreasing color contrast
between ridges and furrows, increasing number of discontinuities,
and decreasing minutiae count. Furthermore, the study also
aims to identify any potential correlations between environmental
conditions and measurable parameters. Preliminary data, still
under development, allow investigators to discriminate the distinct
aging processes of fingermarks exposed to different environmental
conditions, each with unique evolution patterns. Early results in the
analysis suggest the method can be used to narrow the time frame
of unknown fingermarks’ depositions to within three months. Once
the study is complete, it is expected to reduce this window to a few
weeks or to several days.

As a procedure that is economically affordable to most
agencies, the described scientific method would strengthen the
probative value of criminal evidence while saving costs in the
laboratory and reduce the amount of additional criminal proof
required during judicial processes.

Degradation, Parameters, Fingermarks

A4 Effects of Different Heat Exposure
Time and Temperature Profiles on the
Chromatographic Profile Derived From
Porcine Samples Under Laboratory

Conditions

Gina F. Gabriel, BS*, 1/8,125 Bell Street, Merchant City, Glasgow
G4 OTE, UNITED KINGDOM; and Niamh Nic Daeid, PhD, Centre
for Forensic Science, University of Strathclyde, 204 George Street,
Glasgow, Scotland G1 1XW, UNITED KINGDOM

After attending this presentation, attendees will: (1)
gain a better understanding on the process of generating thermal
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decomposition products from porcine samples under laboratory
conditions; (2) be familiar with the type of products generated from
the thermal degradation of porcine samples; (3) identify the effects
of the length of exposure to heat on the chromatographic output
and nature of the chemical products generated; and, (4) identify
potential differences in chromatographic data generated from
fleshed and defleshed porcine tissues under the above-mentioned
conditions.

This presentation will impact the forensic science
community by illustrating how to identify the differences in
the nature and identity of compounds generated from porcine
samples at different temperatures and at different durations of
heat exposure under laboratory conditions. The outcome of this
study will contribute to the fire investigation community through
the provision of an increased understanding of the laboratory
analysis of cadaveric samples in fire-related cases by providing a
better perspective on the effects of temperature and duration of
exposure to heat on such samples. Information from this study
could potentially aid in the interpretation of fire debris data derived
from scenes involving human remains.

While studies have shown that certain temperatures affect
the detection of volatile products from porcine samples, this study is
based on previous work by systematically monitoring the derivation
of such products under controlled laboratory conditions.! Fleshed
and defleshed porcine samples were heated to the point of ignition
and then allowed to burn for different durations. The temperature
and length of exposure to different temperatures were recorded
for each sample type. The samples were extracted using passive
headspace analysis whereby the derived volatile products were
adsorbed onto Activated Carbon Strips (ACS). The strips were
then desorbed in solvent and analyzed using Gas Chromatography/
Mass Spectrometry (GC/MS) according to ASTM guidelines.

Significant differences were observed in the chemical
profile of the target samples as the temperature to which the
samples were exposed and the duration of that exposure were
adjusted. Variation in temperature and exposure durations were
evaluated, based on the type and consistency of chemical products
generated at each sampling stage across a set of six repetitive
samples for each test. Results for both samples were relatively
similar and indicated different sets of volatile products attained at
temperatures before auto-ignition (<250°C) and at temperatures
beyond auto-ignition (>300°C). The former predominantly
generated a homologous series of n-aldehydes, whereas the latter
produced a variety of n-alkanes, n-alkenes, and aromatics.
Reference:

1. DeHaan, J.D., Brien, D.J. and Large, R., Volatile organic
compounds from the combustion of human and animal

tissue. Science & Justice, 2004. 44(4): p. 223-236.

Pyrolysis, Temperature, Heat Exposure

A5 Evaluation of the Degradation of Lotion

Components Due to Age and Exposure

Jeffrey H. Dake, MSFS*, 4930 N 31st Street, Forest Park, GA
30297; and Edward Sisco, MS, 6819 Old Waterloo Road, Apt 1035,
Elkridge, MD 21075

After attending this presentation, attendees will gain a
broad understanding of the forensically significant chemicals which
comprise commercial lotions and how the compositions of the
lotions can vary due to age and exposure.

This presentation will impact the forensic science
community by providing the knowledge base to examine and
compare commercial lotions with residues collected from crime
scenes, clothing, and other evidence. An evaluation of the

variability between commercial lotions was explored, as well as the
effects of age and exposure on the chemical constituents of lotions,
thus providing attendees with the knowledge to effectively interpret
analytical results.

Commercial lotions are ubiquitous in modern society.
Lotions and their residues may be encountered in forensic casework
in a variety of fashions; by the transfer to items of evidence through
contact in assaults, theft, breaking and entering, and sex crimes.
Evaluation and comparison of lotion products in the possession of
the suspect or victim with residues from evidence can provide a
powerful evidentiary link.

Commercial lotions consist of complicated mixtures of
materials both synthetic and naturally derived. Lotion formulations
contain a wide variety of materials which are present for various
end uses. Most lotions contain a lubricant or vehicle that acts as
a delivery system for the other ingredients. Ingredients are added
to function as emollients, acting to soothe and soften the skin.
Fragrance compounds may be employed. Various UV-absorbing
compounds may be found which are used to protect the skin and
to prevent the degradation of the other lotion ingredients. Finally,
lotions may employ materials for other aspects of skin care, such
as Vitamin E or aloe. In addition to the materials that are found as
listed ingredients, additional chemical compounds were detected
which may originate from contaminants in the source materials, or
which may be formed during the manufacturing process. Because
of the large number of different materials that may be encountered
in a lotion sample, a high degree of specificity may be obtained
from comparisons of these samples.

In this study, a sample set of over 100 commercial
lotion products was analyzed using Polarized Light Microscopy
(PLM), Fourier Transform Infrared Spectroscopy (FTIS), Gas
Chromatography/Mass Spectrometry (GC/MS), and Direct
Analysis in Real Time-Mass Spectrometry (DART®-MS) to assess
the degree of variation between different products. The results of
these analyses can provide numerous data points from which a
comparison to a known source or questioned sample may be made.
The largest of variability was found in the organic composition of
lotions and was observed using mass spectrometry techniques.
This data provided the most discrimination between samples.
Some samples differed by the general class of material included in
the composition (parabens, alcohols, fatty acids, etc.), while other
samples differed by the specific components within each class
(e.g., ethylparaben vs. propylparaben).

Factors such as the presence/absence of certain chemical
constituents, relative concentrations of various components,
and frequency of occurrence of the chemical components were
evaluated. The frequency of occurrence was evaluated to
determine the most discriminating components in lotion samples,
and principal component analysis was performed to assess the
discriminatory value of the components detected in lotion samples.

Inter- and intra-lot variability was also assessed. Several
samples of the same product line, but of different lots, were collected
and analyzed from several different manufacturers. Duplicates of
each lot sample were also analyzed. Some minor variation was
observed between different lots of the same product, which may be
due to variations in raw materials or manufacturing location. A full
discussion will be provided.

Finally, the effects of aging and exposure were
evaluated on the lotion samples from the inter-/intra-lot variability
examination. Samples of the lotions were allowed to age with
exposure to atmospheric conditions, and samplings were retested
after regular intervals. Noticeable changes in the composition
were detected, particularly in the presence and concentration
of volatile compounds (e.g., propylene glycol, phenoxyethanol,
and fragrances) as well as in the concentration of UV-absorbing
compounds (e.g., parabens). An evaluation of the constituents
which were lost due to evaporation and exposure will be discussed,
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providing insight that can be utilized for data interpretation in the
performance of forensic science casework. A casework example
will be highlighted to demonstrate the specificity obtainable using
this analytical scheme.

Commercial Lotions, Mass Spectrometry, Trace Evidence

A6 Optimization of Development of Latent

Fingerprints on Unfired and Fired Brass
Cartridge Casings

Katie Sullivan*, 834 11th Avenue, Huntington, WV 25701; Kimberly
Gerhardt, MS, 625 1st Street, Rapid City, SD 57701, Catherine
G. Rushton, MS, 1401 Forensic Science Drive, Huntington, WV
25701; and Pamela J. Staton, PhD, Forensic Science Center, 1401
Forensic Science Drive, Huntington, WV 25701

After attending this presentation, attendees will
understand the optimal sequence of latent fingerprint development
techniques to use on unfired and fired brass cartridge casings.
Before a bullet and its casing are loaded into a gun, it is presumably
handled and marked with fingerprints. After the bullet has been
fired, its casing is ejected from the gun. If not retrieved, this casing
is left at the scene. Cartridge casings found at crime scenes may
contain fingerprint evidence to introduce or help convict a suspect;
however, there are few articles on the subject of the best method to
develop latent fingerprints on cartridge case evidence.

This presentation will impact the forensic science
community by providing knowledge of useful processing techniques
as this research compared the best development methods for
unfired casings found in previous research, along with other
commonly used development methods.

After the most effective method was discovered, that
method was applied to fired brass cartridge casings to determine
the likelihood of developing a clear fingerprint. For Phase | of this
research, five different methods and 500 unfired .40 caliber brass
cartridge casings with one sebaceous fingerprint on each casing
were used. The methods used were: cyanoacrylate fuming followed
by BY40 followed by magnetic black powder, cyanoacrylate fuming
followed by gun blue followed by BY40, cyanoacrylate fuming
followed by magnetic black powder, cyanoacrylate fuming followed
by BY40 followed by acidified hydrogen peroxide, and cyanoacrylate
fuming followed by magnetic black powder followed by acidified
hydrogen peroxide followed by BY40. The two techniques that
yielded the best results were cyanoacrylate fuming followed by
gun blue followed by BY40 and cyanoacrylate fuming followed
by BY40 followed by acidified hydrogen peroxide. The technique
that produced the highest mean number of clear fingerprints was
cyanoacrylate fuming followed by gun blue followed by BY40; this
method was chosen to be used in Phase Il of the research and
applied to fired cartridge casings. Phase Il consisted of firing 50
.40 caliber bullets from a .40 caliber handgun after one sebaceous
fingerprint was placed on each casing. Although cyanoacrylate
fuming followed by gun blue followed by BY40 yielded clear
fingerprints with unfired casings, this method did not produce any
clear fingerprints on fired cartridge casings due to the changes a
casing undergoes during the firing process.

Previous research has emphasized using other effective
development methods but consist of techniques not easily applied
by the majority of the forensic science organizations. It is important
to discover successful development methods that are practical and
accessible. Useful methods that can be used to develop latent
fingerprints on brass cartridge casings in any forensic laboratory
will be presented.

Fingerprints, Casings, Development

A7 Fluorescence From Latent Fingerprints

Irradiated by Visible Light

Kazuhito Hibino*, Kasumigaseki 2-1-2, Chiyoda-ku, Tokyo, JAPAN;
Shigeki Takeuchi, PhD, 2-1-1, Yabutaminami, Gifu-city 500-8974,
JAPAN; Osamu Shimoda, BS, 5-4-1, Yamatedouri, Tyuuou-ku,
Hyogo Prefecture Police Headqrirs, Kobe-city 650-8510, JAPAN;
Masahisa Takatsu, PhD, 5-4-1, Yamatedouri, Tyuuouku, Hyogo
Prefecture Public, Enterprises Agency, Kobe-city 650-8567,
JAPAN; Norimitsu Akiba, PhD, 6-3-1 Kashiwanoha, Kashiwa,
JAPAN; Kenji Kurosawa, 6-3-1 Kashiwanoha, Kashiwa, Chiba 277-
0882, JAPAN; Kenro Kuroki, PhD, 6-3-1 Kashiwanoha, Kashiwa
, JAPAN; Atsushi Nakamura, 3-4-1, Okubo, Shinjuku-ku, Tokyo,
JAPAN; and Takayuki Sota, 3-4-1, Okubo, Shinjuku-ku, Tokyo 169-
8555, JAPAN

After attending the presentation, attendees will gain a new
understanding of what is fluorescing when latent fingerprints are
irradiated by visible light.

This presentation will impact the forensic science
community by demonstrating that a portable Continuous Wave
(CW) green laser can effectively visualize latent fingerprints and by
suggesting that heating may become a new pretreatment technique
in crime scenes.

It is believed that fingerprints stem from secretions
released from eccrine, apocrine, and sebaceous glands." In order to
measure fluorescence from the secretions, the optimum excitation
wavelength is considered to be the ultraviolet wavelength shorter
than 380 nm.2 It has been reported that keratine, one of the major
proteins included in nail and epithelial cells, fluoresces by irradiation
with visible light and the fluorescence intensity increases when
heated.* Advanced Glycation End products (AGEs) in the skin,
which are produced via glycation of protein (i.e., non-enzymatic
combination of protein with reducing glucose), have fluorescent
properties similar to keratin.* All of them have not been fully utilized
for visualization of latent fingerprints. In this study, the hypothesis
that latent fingerprints have at least some of these as residues and,
therefore, fluoresce by irradiation of visible light was tested.

The following samples were prepared: a piece of human
skin, a filter paper with an impression of the skin piece, and another
filter paper with an impression of fingerprints. A 532nm CW laser
was used as an excitation source in the visible wavelength region.
Its output power was set to be 1.98W. Fluorescence was measured
by a hyperspectral imager with an attached 560nm long pass filter
to reject the excitation laser.

Averaged fluorescence spectrum of the skin piece
had its maximum at 620nm. Therefore, if necessary, the single-
wavelength image was constructed using fluorescence intensity
averaged over the band centered at 620nm with a band width of
10nm. The maximum intensity of averaged fluorescence spectrum
of the heated skin piece increased as expected. The single-
wavelength image of the filter paper with the skin piece impression
demonstrated that the impression itself fluoresced. The image of
the fingerprint impression on the filter paper was clearly visible.
The present results demonstrated that latent fingerprints could be
visualized by the 532nm CW laser.

Advanced glycation of protein increases fluorescence
intensity. Heating accelerates glycation of protein.>® If proteins
glycated at various levels are included in latent fingerprints, it is
suggested that heating may be regarded as a new pretreatment
technique in order to visualize latent fingerprints by irradiation with
visible laser.

In conclusion, the present results demonstrate that
fingerprints indeed fluoresce under visible laser irradiation and
suggest that heating may become a new pretreatment technique
for the enhancement of latent fingerprints.
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A8 TLC-SERS for the

Controlled Substances

Identification of

Kasey R. Cargill*, 300 Boston Post Road, West Haven, CT 06516;
and Brooke W. Kammrath, PhD, University of New Haven, Forensic
Science Dept, 300 Boston Post Road, West Haven, CT 06516

After attending this presentation, attendees will
understand the potential of Thin Layer Chromatography with
Surface-Enhanced Raman Spectroscopy (TLC-SERS) for the
identification of controlled substances.

This presentation will impact the forensic science
community by providing a rapid, reliable, and sensitive technique
for identifying illicit drugs through the use of TLC-SERS.

The combined method of Thin Layer Chromatography
and Surface-Enhanced Raman Spectroscopy (TLC-SERS) is ideal
for the separation and identification of controlled substances and
controlled substance mixtures. TLC-SERS is an ideal technique
because it requires less analysis time and smaller sample sizes
when compared to other methods of drug analysis. In addition, it
adheres to the current standards set forth by the Scientific Working
Group for the Analysis of Seized Drugs (SWGDRUG). This method
for separating and identifying illicit drugs involves separating
mixtures on a TLC plate then, through the addition of a metallic
colloid, identifying the components directly from that TLC plate
using Raman spectroscopy.

TLC is a separation process that is commonly used
as a screening test in forensic laboratories because it is rapid,
inexpensive, and efficient when separating components of a
mixture.

Raman spectroscopy is an identification method that
examines the frequency change of a laser light source due to
its interaction with a sample. Inelastic scattering occurs when
the frequency of photons in the laser change after the photons
interact with a molecule, and this vibrational frequency depends
on the molecule’s structure. The advantages for this identification
technique are minimal sample preparation, accurate molecular
identification, and non-destructive analysis. The major limitations
to Raman spectroscopy are low sensitivity and fluorescence
interference.

SERS essentially corrects for the disadvantages of normal
Raman spectroscopy. SERS mirrors the procedure of Raman —
the main difference being the addition of a silver nanoparticle colloid
directly onto the sample, which, in this research, are the separated
spots on the TLC plate. The addition of a metallic colloid enhances
the scattering signal of the molecules and allows for spectra to

be collected from samples that cannot be detected using normal
Raman spectroscopy. A SERS spectrum can be acquired quickly
and includes all the advantages of normal Raman spectroscopy.
SERS spectra are unique to single compounds and therefore allow
this method to be used as a technique for identification.

In this research, TLC-SERS was shown to be successful
for the separation and identification of illicit drug mixtures containing
cocaine, methamphetamine, MDMA, and codeine. Because TLC is
already completed as a screening tool, the combination of SERS for
identification directly on the TLC plate would not require the use of
additional sample and only minimal additional sample preparation
and analysis than is currently employed for the forensic analysis of
controlled substances.

Controlled Substances, TLC-SERS, Raman Spectroscopy

A9 Direct Identification of Explosives

Residues on Banknotes Recovered
From an ATM Explosion Using Easy
Ambient Sonic Spray lonization Mass
Spectrometry (EASI-MS)

Rodrigo Borges de Oliveira*, Av. N. S. das Gragas, 50 Xerém,
Duque de Caxias, Rio de Janeiro, BRAZIL; Deleon N. Correa,
MSc, Technical-Scientific Police, Superintendency, SPTC, Sé&o
Paulo, BRAZIL; Marcos F. Franco, State University of Campinas,
Campinas, BRAZIL; Andrea Martiny, PhD* Nat Inst Metrology,
Quality & Technology, AvNossa Senhora das Gracgas 50 Bldg 27,
Xerem, Duque de Caxias, Rio de Janeiro 25250-020, BRAZIL;
and Marcos N. Eberlin, PhD, Institute of Chemistry, University of
Campinas, Campinas 13084-971, BRAZIL

After attending this presentation, attendees will understand
how Easy Ambient Sonic Spray lonization Mass Spectrometry
(EASI-MS) can be applied to the analysis and identification of
explosive traces on banknotes, helping to solve crimes involving
Automated Teller Machine (ATM) thefts.

This presentation will impact the forensic science
community by teaching how EASI-MS can be used to significantly
reduce time spent in analysis and identification of traces of
explosives on banknotes and increase the specificity of the
screening process.

ATM thefts, particularly involving the use of explosives,
is a new type of crime in Brazil and is increasing. According to
Police Intelligence Department from Sao Paulo in Brazil (DIPOL)
data, the estimate is that 500 ATMs were stolen in 2011 just in Sdo
Paulo State. On average, each ATM contains between R$70,000
and R$100,000. If the thieves were successful in taking the money
from all 500 stolen machines last year, the gangs have acquired
approximately R$50 million. Thus, the analysis and identification of
traces of explosives on banknotes are very important because they
provide scientific and technical elements to frame the notes as a
result of bank robbery-constituted evidence for police investigations
and the proper classification for the law and the application of justice.
In this work, EASI-MS is a fast ambient ionization source that could
significantly reduce time spent in analysis and identification of
explosive traces on banknotes and increase the specificity of the
screening process.

EASI-MS data in the negative and positive ion mode
was collected at the ThoMSon Mass Spectrometry Laboratory
using either a mono-quadrupole mass spectrometer or a Fourier
Transform lon Cyclotron Resonance Mass Spectrometer (FT-ICR/
MS).

Preliminary data results indicate that explosives samples
of trinitrotoluene (TNT) and picric acid (TNP) were observed as
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(M-H) anion and trinitrohexahydro-1,3,5-triazine (RDX), octahydro-
1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX), pentaerythritol
tetranitrate (PETN), and nitroglycerin (NG) were observed in the
negative ion mode as chloride adducts detected and identified in
a few seconds on the different standard surfaces (glass, metal,
and paper) with no sample preparation, by EASI-MS using a
spray solution of methanol-water. Real banknote samples
collected directly from an ATM explosion in Sdo Paulo-Brazil were
investigated in the negative and positive ion mode in order to
identify such explosives and their decomposition products.

EASI-MS, Explosives, Banknotes

A10 Optimized Extraction and Separation
of Synthetic Cannabinoids in Herbal
Incenses

Michaela Vertorano, BS* 490 Lakeview Road, Broadalbin, NY
12025; Alexander J. D’Apice, 10 Powder Horn Road, Patterson, NY
12563; and Ling Huang, PhD, Chemistry Department, 151 Hofstra
University, Hempstead, NY 11549

After attending this presentation, attendees will learn
the optimized extraction methods for the study of synthetic
cannabinoids in herbal products as well as High-Performance
Liquid Chromatography (HPLC) separation and quantification with
Diode Array Detection (DAD). Attendees will also be informed
about the principles of Reversed-Phase Liquid Chromatography
(RPLC) with UV-Vis detection as it pertains to forensic chemistry
and the optimized procedure for extracting and identifying synthetic
cannabinoids in herbal incenses. Through the comparison of
various solvents, agitation methods, and filtration techniques,
the optimal extraction protocol for synthetic cannabinoids can be
determined and adopted in a practical setting.

This presentation will impact the forensic science
community by providing an optimized and low-cost sample
extraction method and HPLC quantification methods for the
accurate and speedy determination of synthetic cannabinoids in
herbal incenses.

In addition to a dozen synthetic cannabinoids, recently
three new cannabinoids were added to Schedule | controlled
substance list under the Controlled Substance Act. It remains
a great challenge for forensic scientists to efficiently separate,
quantify, and identify these “cannabimimetic agents” in herbal
incenses due to the similarity of isomers 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 still experiencing backlogs. This demonstration will
provide the forensic science community a simple, quick, and low-
cost technique for the extraction of synthetic cannabinoids in herbal
incense in order to improve the accuracy and throughput of “Spice”
evidence processing.

A mock “Spice” sample was created in a manner that
imitates its production in clandestine laboratories. An extraction
protocol was optimized to yield the highest efficiency with the
lowest cost. Various solvents, mechanical agitation methods, and
filtration techniques were compared and contrasted. Following the
extraction, HPLC separations with DAD were performed to separate
and quantify the synthetic cannabinoids in the herbal extracts. The
separations were conducted on an Agilent® 1100 HPLC with phenyl
functionalized columns, conventional C-8 and C-18 columns.

After the separations, the best combination of extraction
variables was determined to be methanol as a solvent, along with
manual agitation to free the cannabinoids from herbal base, and
paper filtration. The method consistently extracted approximately
40% of the cannabinoids from the herb. The retention times were

used to identify cannabinoids in the herbal sample and peak areas
were used for quantification through external calibration. It was
found that cannabinoids including XLR-11, AM-2201, UR-144,
JWH-122, RCS-4, and RCS-8 were regularly added to herbal
incenses with concentrations ranging from 0.5mg to 30mg per
gram of herb. The powder was not sprayed evenly as the relative
standard deviation from multiple batches often exceeds 20%. The
identity of these cannabinoids was confirmed with both UV-Vis
spectra and Gas Chromatography/Mass Spectrometry (GC/MS).
Compared to the phenyl functionalized columns, a C-18 column
was found to be just as effective at separating the cannabinoids.

In conclusion, simple, low-cost methods can be used to
yield a high synthetic cannabinoid extraction yields from herbal
incense. This method, when paired with RPLC and DAD detection
can be used to quickly separate, identify, and quantify synthetic
cannabinoids in “Spice” samples in the laboratory.

Synthetic Cannabinoids, Extraction, HPLC

A11 Degradation of Synthetic Cannabinoids
UR-144, XLR-11, PB-22, and 5F-PB-
22 Analyzed by UPLC-QTOF Mass

Spectrometry

Megan Grabenauer, PhD*, RTI International, Research Triangle
Park, NC; Alexander L. Kovach, BS, 3040 E Cornwallis Road,
Research Triangle Park, NC 27709; and Brian Thomas, PhD, RTI
International, Research Triangle Park, NC

After attending this presentation, attendees will be aware
of potential degradation products from synthetic cannabinoid
compounds UR-144, XLR-11, PB-22, and 5F-PB-22. This
presentation introduces products that could potentially be formed
prior to the ingestion of the intended compounds, along with
a method utilizing Ultra-Performance Liquid Chromatography
Quadrupole Time-of-Flight Mass Spectrometry (UPLC-QTOF/MS)
for the identification of degradation products.

This presentation will impact the forensic science
community by providing information related to the structural stability
of some synthetic cannabinoids and notifying practitioners of
related degradants that users or crime laboratories may encounter.

Synthetic cannabinoids can be acquired through multiple
routes, including purchase via the internet. They are typically
ingested by either vaporization of the raw compound or smoking a
cigarette composed of the cannabinoid dissolved in solvent, then
sprayed on plant material. Compounds UR-144, XLR-11, PB-22,
and 5F-PB-22 have all been found on the market with little to no
information available on their stability.

In order to identify degradation products to which users
may potentially be exposed, the synthetic cannabinoids were
subjected to forced degradation studies. Samples at approximately
1mg/mL concentration were prepared in acidic, basic, and oxidizing
solutions, and placed in a stability chamber at 25°C, 65% relative
humidity. Around 1mg of each cannabinoid was placed in an
individual clean vial and stored in a 105°C oven for temperature-
induced degradation. Samples were stored in their respective
storage conditions for 0, 24, 48, 72 or 96 hours, at which times
aliquots were taken out, diluted in methanol, and stored at -80°C
until thawed and analyzed.

Data were collected using a Waters Acquity UPLC
interfaced serially to both a Photo Diode Array (PDA) detector and a
Waters Synapt G2 QTOF/MS operated in positive ion electrospray
mode. Liquid chromatography was carried out using an Acquity
BEH C18 column (1.7um X 2.1 X 50mm). A gradient elution
method with a flow rate of 400uL/min was used with mobile phase
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A consisting of water with 0.1% formic acid and mobile phase B
consisting of methanol with 0.1% formic acid. The amount of
degradation achieved under each condition was determined based
on comparison of the analyte LC-PDA peak area to that of a freshly
prepared control sample made from the same test batch.

Significant degradation was observed in both UR-144
and XLR-11 samples stored at elevated temperature. After 96
hours at 105°C, at least 50% of the original UR-144 analyte was
converted to a single degradant with a retention time 0.2min earlier
than UR-144. MS data indicate that the degradant has the same
molecular weight as UR-144 and a similar fragmentation pattern.
This degradant was determined to be an isomer of UR-144 in
which the cyclopropyl ring is opened, based on retention time and
fragmentation match to a reference standard. Similar results were
seen for XLR-11. These degradants are likely to be encountered
in raw material that has been exposed to high temperatures during
shipping or storage, or formed in the GC/MS instruments commonly
used for analysis in forensic laboratories.

PB-22 and 5F-PB-22 proved resistant to thermally induced
degradation, but degradation was seen in solutions stored under
basic conditions. At 48 hours, approximately 50% of 5F-PB-22 was
degraded to a single compound with a retention time 0.9min earlier
than 5F-PB-22. By 96 hours, less than 1% of the original 5F-PB-22
remained. MS data indicate that the primary degradation product
retains the alkyl-indole structural motif; however, an exact structure
for this product remains to be determined. Similar results were
seen for PB-22, with the exception that at 96 hours, approximately
10% of the original compound remained.

This research provides forensic scientists with noteworthy
data on the continued rapid changes occurring with regard to
synthetic cannabinoids and how the changes to avoid detection
could result in the ingestion of unintended compounds.

Degradation, Synthetic Cannabinoids, Designer Drugs

A12 Fast Analysis of Heroin Using UHPLC

Joo Yee Ng* Health Sciences Authority, 11 Outram Road,
Singapore, SINGAPORE;, and Shi Ying Angeline Tang*, 16 Outram
Park, Singapore 169078, SINGAPORE

After attending this presentation, attendees will become
familiar with another rapid quantitative method using Ultra High
Performance Liquid Chromatography (UHPLC).

This presentation will impact the forensic science
community by introducing a faster and more efficient method for
quantifying heroin using fast Liquid Chromatography (LC).

Heroin is one of the most commonly encountered illicit
drugs in Singapore, making up 28% of exhibits analyzed by the
laboratory. There are at least three types of heroin available in
Singapore — South East Asian (SEA) Heroin No. 3, SEA Heroin No.
4, and South West Asian Heroin — each with a different chemical
composition. In Singapore, SEA Heroin No. 3 is the predominant
type used by drug abusers. Besides the active component
diamorphine, adulterants such as caffeine and chloroquine are
also frequently detected during analysis. Acetylcodeine and
monoacetylmorphine are commonly encountered as by-products
of the acetylation and hydrolysis processes, especially in low purity
heroin (<5%).

Over the past ten years, the number of heroin exhibits
seized by law enforcement agencies in Singapore has risen by
about four fold. Besides the sheer volume of analysis required,
the composition of the heroin encountered also poses challenges
due to the presence of multiple components and late-eluting
compounds in the exhibits. To cope with the escalating number
of seizures and the pressure of short turnaround-times, the

current analytical method for the quantitation of diamorphine was
further optimized in order to achieve an even higher throughput.
Currently, the laboratory conducts quantitative analyses using
Hypersil-5-ODS columns (20cm x 4.6mm, 5um) on conventional
High Performance Liquid Chromatography (HPLC) coupled with
photodiode array UV detectors. This presentation explores the use
of 2.7um superficially porous particle column in order to achieve
faster run times for heroin analysis. Superficially porous particle
columns differ from the conventional fully porous particle columns
as column efficiency is enhanced with smaller diffusion distances
without the drawback of high back pressures. These columns also
remove the need for tedious sample preparation usually required
of sub-2um particle columns, resulting in less sample preparation
and improved productivity.

The objective of this presentation is to present a rapid
quantitative method on UHPLC for analysis of heroin using a
superficially porous particle column (Ascentis Express C18, 10cm
X 4.6mm, 2.7um). This study shows reduction in analysis times
to approximately six minutes, which is an improvement in the
efficiency of at least five-fold. The peak shape and resolution of
the analytes were also improved. In addition, the robustness was
enhanced, thus further ascertaining the performance of the new
method.

Diamorphine, Fast LC, Method Development

A13 Evaluation of Human Scent As Possible
Classification Evidence

Lauren J. Colon-Crespo, BS*, Florida International University,
Dept of Chemistry & Biochemistry, 11200 SW 8th Street, CP344,
Miami, FL 33199; Danay Herrera-Hernandez, International
Forensic Res Inst, Florida International University, Dept Chemistry
& Biochemistry, Miami, FL 33199, Howard Holness, MBA, 11200
SW 8th Street, CP330, Miami, FL 33199; Abuzar Kabir, PhD, 11200
SW 8th Street, ECS 480, Miami, FL 33199; Kenneth G. Furton,
PhD, Florida International University, 11200 SW 8 Street, Miami,
FL 33199-0001; Aixing Fan, PhD, Colgate-Palmolive Company,
909 River Road, Piscataway, NJ 08855; and Laurence Du-Thumm,
PhD, Colgate-Palmolive Company, 909 River Road, Piscataway,
NJ 08855

After attending this presentation, attendees will have
expanded their understanding on how differences in the scent
profile of individuals from different groups may be used to both
identify and categorize them as part of such groups.

This presentation will impact the forensic science
community by presenting a new and alternative way in which human
scent evidence may be used to aid in the resolution of forensic
cases. In addition, this presentation will describe the potential
impact that the application of this new perspective on human scent
can have on the criminal justice system and its processes.

To date, research studies within the forensic phenotyping
field have attempted to predict physical characteristics of
individuals through the use of different types of DNA analysis,
with age being one of the focal points of these studies. A study
published by Bocklandt et. al. in 2011 evaluated biological samples
from different individuals in order to try to estimate their age by
taking into consideration the variation in DNA methylation patterns
with increasing age.” In another study published by Hannum
et. al., a quantitative model of aging was evaluated in different
human tissues and employed to measure the rate at which an
individual’'s methylome changes with age.? Both of these studies
represent some of the recent approaches that have been pursued
to use genetic information to predict a subject's age. However,
there are still some limitations to these types of DNA analysis that
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have not been surpassed and that limit the application of these
new techniques in the forensic field. Therefore, employing human
scent evidence as a source of information that could provide
insight on specific traits, like age, in an individual would provide
an alternative tool when investigating the particular characteristics
of an individual when physical evidence (e.g., blood or tissues)
is not necessarily available. This would not only provide an
additional way to characterize an individual but would also assist
with categorizing individuals based on their shared traits. Applying
this new perspective will make human scent a valuable asset in a
forensic investigation and in the criminal justice system.

Past work evaluating human scent has shown that it can
be used to differentiate individuals based on their characteristic
Volatile Organic Compounds (VOCs), making it a useful form of
forensic evidence.® This has aided in the resolution of court cases
by providing investigators with the ability to associate victims and
offenders based on human scent left at crime scenes. On the
other hand, other studies have focused on comparing body odor
generated in different regions of the body, mostly as a way to
define its source and nature. This study represents the first attempt
to evaluate body odor in a way that specifically targets forensic
applications. The present research investigated whether human
scent can also be employed to classify individuals that share
traits which contribute to their scent profiles and cause them to
display similarities. Such similarities can be used to categorize
individuals and exclude or include them as part of specific groups.
For example, the determination of differences in body odor among
individuals of different age groups may result in a new tool that can
assist in crime investigations where the subjects may be quickly
excluded or included as a potential suspect.

In this study, individuals from different age groups were
recruited, their body odor was sampled, and their characteristic VOC
profiles were analyzed by Headspace Solid Phase Microextraction
Gas Chromatography/Mass Spectrometry (HS-SPME-GC/MS).
Once collected, the profiles obtained were evaluated to determine
which components provided information on how age could be used
as a criterion for the categorization of individuals based on their
VOC profile. This presentation will emphasize the way in which
information obtained from the combination of features in a VOC
profile could be employed to highlight links between individuals that
share a specific trait—age. These results will not only enhance the
amount of information that can be obtained during the evaluation
of human scent, but also provide a broader perspective on how
human scent may be used as a tool for classifying individuals into
groups. In addition, these findings will also serve to complement
the information obtained through other types of tests that are
currently available and could be used for subject classification as
well, such as DNA profiling.
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A14 Hyperspectral Imaging of Latent

Fingerprints and/or Palm Prints

Takashi Nagaoka®, 3-4-1, Okubo, Shinjuku-ku, Tokyo 169-8555,
JAPAN; Atsushi Nakamura, 3-4-1, Okubo, Shinjuku-ku, Tokyo,
JAPAN; Hidekazu Okuda, 3-4-1, Okubo, Shinjuku-ku, Tokyo 169-
8555, JAPAN; Norimitsu Akiba, PhD, 6-3-1 Kashiwanoha, Kashiwa,
JAPAN; Kenro Kuroki, PhD, 6-3-1 Kashiwanoha, Kashiwa, JAPAN;
Kenji Kurosawa, 6-3-1 Kashiwanoha, Kashiwa, Chiba 277-0882,
JAPAN; Fumihiko Ichikawa, 1-banchi, Kawasaki-cho, chuo-ku,
Chiba 260-0835, JAPAN; Akira Torao, 1-bncho, Kawasaki-cho,
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After attending this presentation, attendees will gain
a new understanding about the usefulness of a combination of
hyperspectral imagers with visible Continuous Wave (CW) lasers
for detection of latent fingerprints and/or palm prints without
pretreatment.

This presentation will impact the forensic science
community by proposing a new strategy in criminal investigation.
The proposed equipment can noninvasively and untouchably
search and detect latent fingerprints/palm prints on a wall panel
that are left as-is in a typical criminal investigation.

DNA profiling is considered to be the most reliable tool in
the identification of individuals while fingerprints and/or palm prints
are still one of the most important pieces of evidence in scientific
crime detection because they also remain unchanged for life. It
is important for comprehensive forensic examination to preserve
residual epidermal cells, which are believed to include degraded
DNA, in detecting latent fingerprints/palm prints in crime scenes.
Optical detection has promise in addressing such situations
because it makes noninvasive and untouchable detection possible
if a wavelength that does not harm degraded DNA is selected.
So far, hyperspectral imaging, so-called chemical imaging in the
forensic science field, has been mainly evaluated for its potential
to increase the sensitivity of detecting latent fingerprints treated
by conventional methods.™® In this report, the potential of
hyperspectral imaging to detect untreated latent fingerprints/palm
prints was examined.

A portable hyperspectral imager was developed. It could
accumulate a Hyperspectral Data (HSD) cube of the view field of
30mm x 30mm consisting of 658 (line pixels) x 638 (scan pixels)
x 248 (spectral pixels) within about 13 to 42 seconds depending
on the exposure time. The originally designed spectral range was
from 440nm to 1,000nm. The spatial and spectral resolutions
were 46um and 2.0nm, respectively. The distance from an object
was automatically kept constant using a laser diode with an
oscillation wavelength of 850m and a photodiode. Illumination
was provided by a light source with a 150W halogen lamp for
reflectance measurements and by two kinds of CW lasers for static
fluorescence measurements. The oscillation wavelength of each
laser was, respectively, 460nm and 532nm and their output power
was set to be 1.98W. Neither wavelength will harm degraded
DNA. Appropriate low pass filters were used in fluorescence
measurements

The strategy was as follows: latent fingerprints/palm
prints were looked for using either CW lasers and if they existed,
their HSD were measured under the three kinds of illumination.
Proper spectral images were reconstructed from the HSD. Latent
fingerprints on wall panels made of steel sheets to the surface of
which a polyethylene resin was applied and baked at 190-200°C
were detected.

Ridge lines of a fingerprint or a palm print were clearly
described in single-wavelength band images centered at 620nm
with band width of 10nm under the CW laser excitations but not
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so satisfactorily in the corresponding reflectance images under the
white light illumination because of less ridge contrast. When two
kinds of excitation laser wavelengths were compared, the 532nm
excitation provided images of better quality. This was attributed to
the fact that the background luminescence/fluorescence intensity
was stronger at the 460nm excitation than at the 532nm excitation.

In conclusion, the present results suggest that the
proposed strategy has promise to detect latent fingerprints/palm
prints and, simultaneously, to preserve degraded DNA.
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A15 Detection of URB Series Synthetic
Cannabinoids
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25703; Lauren McCormick, 2444 Bush Road, Cadiz, KY 42211;
and J. Graham Rankin, PhD, Rankin Forensic Science Services,
242 SW Manzineta, McMinnville, OR 97128

After attending this presentation, attendees will understand
some of the difficulties associated with URB synthetic cannabinoid
detection as well as certain advantages of the ability to detect these
drugs.

This presentation will impact the forensic science
community by delivering a possible detection method that can
be implemented alongside a laboratory’s current drug detection
methods, while also serving as a basis for further research into
this emerging class of drugs to allow for the development of better
detection methods.

Use of the URB series is growing to replace synthetic
cannabinoids made illegal by various pieces of federal and state
legislation. The structural and pharmacological properties of
each of the URBs prevent them from being scheduled by current
federal legislation as a THC analog, and only a handful of states
have enacted bans that cover the URBs. Some states, such as
Kentucky, have enacted blanket bans that include all of the URBs
while others have only explicitly banned some of the URBs. Their
inclusion in products such as “Spice” requires that they be reliably
detectable and identifiable by forensic drug laboratories.

Validated methods at the Kentucky State Police Eastern
Regional Laboratory were initially used to determine under what
parameters detection of URB cannabinoids would be optimal.
These methods showed significant elution problems. Anew method
was developed with higher temperatures to improve elution, but
degradation at these temperatures became its own problem.
While the peaks became sharper as elution improved, breakdown
products became evident and would also increase with prolonged
time at room temperatures as opposed to nearly constant storage
in a freezer. The developed method is adequate but not ideal.

Mock evidence was created and analyzed to determine the
viability of this method under conditions that a drug analyst would
most likely encounter. Each standard as well as a mixed sample

were applied to whole leaves and crushed leaf material, extracted,
and analyzed. The leaf material showed no co-elution with any
of the analytes as determined from method development analysis;
however, detection was highly inconsistent across samples. Of the
16 mock evidence samples, only URB-602 was detected in a total
of four samples.

As more synthetic cannabinoids are made illegal by state
and federal legislation, there may be a rise in the use of the URB
series. Further study in solving the encountered degradation
problems, possibly through derivatization, could provide a reliable
detection method that would reduce any lag time between
legislation against the URBs and a laboratory’s ability to detect
them in evidence.

Detection, URB Series, Synthetic Cannabinoid

A16 Fluorescent Random Amplified
Microsatellites (F-RAMS) Analysis of
Mushrooms as a Forensic Investigative
Tool
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Mills, PhD, OE 167, Biological Sciences, 11200 SW 8th Street,
Florida International University, Miami, FL 33199

After attending this presentation, attendees will understand
how Fluorescent Random Amplified Microsatellites (F-RAMS) can
be used to identify hallucinogenic mushrooms to species level and
to obtain intra-specific variation within mushrooms — an attribute
that can provide investigative leads in tracking the evidence source
or associating criminal cases.

This presentation will impact the forensic science
community by introducing F-RAMS, a DNA-based approach that
could be used to provide investigative leads in criminal cases
involving hallucinogenic mushrooms. Of additional interest is the
potential adaptation of this “universal” method to any eukaryotic
organism, when genome sequence information is limited.

In the illegal market, hallucinogenic mushrooms are
seldom confiscated fresh or intact and, therefore, unambiguous
morphological identification to species level is often not possible.
Under most circumstances, the standard method for proving illegal
distribution is chemical analysis of the indole alkaloid contents.
However, chemical analysis cannot provide any species- and
sub-species-specific information about the evidence that could
aid forensic investigations in tracking the source or distribution
networks. In contrast, a DNA-based approach can provide
such information. Currently in molecular systematics, Internal
Transcribed Spacer ribosomal DNA (ITS rDNA) sequencing is the
most reliable approach for the fungal identification to species level.’
However, DNA sequencing is not commonly used in many forensic
laboratories where the profiling of microsatellites is the preferred
method of choice. Moreover, the confined knowledge about fungal
genomes poses a limitation in conventional microsatellite analysis.

In this study, the capability of a different DNA-based
approach was tested. F-RAMS were used to profile mushroom
evidence to species and sub-species level. The use of RAMS to
study genetic variation within fungi was first described by Hantula
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et al.? In this study, Hantula’s approach was modified by adding a
fluorescent label to the RAMS primers for profiling of mushroom
species, thus allowing for a more sensitive amplicon separation
through capillary electrophoresis.  Thirty-seven hallucinogenic
and non-hallucinogenic mushrooms of the genera Amanita and
Psilocybe, including 15 samples of the species Amanita rubescens
were profiled using two fluorescently labeled degenerate primers,
5'DD (CCA), and 5'DHB(CGA),, which target different microsatellite
repeat regions. The amplicons were separated using an ABI 310
Genetic Analyzer and analyzed using the Genemapper® software
version 4.0.

Among the two primers, 5° DHB (CGA), provided more
reliable data for identification purposes by grouping samples of
the same species and clustering closely related species together
in a dendrogram based on amplicon similarities, computed using
the Jaccard similarity coefficient. A high degree of intra-specific
variation between the 15 A. rubescens samples was shown with both
primers and the amplicons generated for all A. rubescens samples
were organized into three classes of amplicons (discriminant,
private, and marker) based on their individualizing potential.

The data demonstrated that F-RAMS analysis of
mushrooms is a fast and reproducible method and that F-RAMS
has the potential to become a powerful molecular forensic tool to
complement chemical analysis. RAMS is a “universal” method in
that it does not require prior knowledge of the genome being profiled
and could be potentially adapted to any eukaryotic organism when
genome sequence information is limited.
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A17 Analysis of Trace Organics at Parts-per-
Trillion Level Concentrations Using a
Novel Sample Preparation Technique:
Fabric Phase Sorptive Extraction
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After attending this presentation, attendees will understand
the working principle, advantages, and potential applications of the
recently developed sample preparation technique known as Fabric
Phase Sorptive Extraction (FPSE) in preparing forensic samples
for instrumental analysis.

This presentation will impact the forensic science
community as well as scientists interested in analyzing trace
organic analytes in food, pharmaceutical, biological, environmental,
and toxicological samples of forensic significance by providing
a simpler, inexpensive sample preparation technique capable of
handling original samples without any matrix clean-up which is
equally effective both in the laboratory and in the field.

FPSE has shown to be highly effective in extracting illicit
drugs, nitroaromatic explosives, and other trace organic compounds
of forensic significance directly from biological and environmental

samples. The current study illustrates the application of FPSE
in extracting Polycyclic Aromatic Hydrocarbons (PAHs) from
environmental water. The United States Environmental Protection
Agency (USEPA) has included 16 PAHs in the EPA Priority
Pollutants List. Many of these PAHs are known or suspected
carcinogens. PAHs enter the environment via anthropogenic and
natural processes. Due to their detrimental effect on human health
and public safety, large numbers of analytical methodologies have
been developed over the years including Solid Phase Extraction
(SPE), Liquid-Liquid Extraction (LLE), solid-phase microextraction
(SPME), Stir Bar Sorptive Extraction (SBSE), purge-and-trap, and
others. Due to the complexity of environmental water as a sample
matrix (high content of particles, plant debris, microbes, dissolved
organic materials), most of the samples require sample clean-up
prior to the extraction of target analyte(s) (e.g., centrifugation and
filtration). Due to the high lipophilicity of PAHs, they tend to be
absorbed on surfaces. As such, conventional multi-step sample
preparation approaches may potentially cause a high degree of
PAH loss during different sample preparation steps. Consequently,
there is a high demand of a sample preparation approach that is
capable of pre-concentrating the target analyte(s) directly from the
original sample without any matrix clean-up and does not require
solvent evaporation and sample reconstitution. FPSE, recently
developed at the International Forensic Research Institute, has
addressed most of the inherent shortcomings of conventional
extraction and microextraction techniques. FPSE utilizes a
small flexible media coated with sol-gel hybrid organic-inorganic
polymeric material as the extraction sorbent. The sol-gel coating
process results in a highly porous polymeric network chemically
bonded to the substrate surface. The hybrid material inherently
possesses high thermal, chemical, and mechanical resistance
as well as high specific surface area. Compared to the Primary
Contact Surface Area (PCSA) of SPME and SBSE, FPSE has a
large advantage (1000mm? for FPSE vs. 100mm? for SBSE vs.
20mm?for SPME). The high PCSA of FPSE media increases the
probability of the successful sorbent-analyte interaction for an
effective analyte extraction, resulting in fast extraction equilibria
along with a high preconcentration factor. Unlike SPE, SPME,
and SBSE, there is no limitation in solvent selection for the back-
extraction (for solvent mediated desorption) and a judicious solvent
selection allows injecting the same sample in both GC and HPLC
systems.

Another unique feature of FPSE is its ability to perform
the whole sample preparation exercise in situ in the close
proximity of the sample source which significantly reduces the
laborious and expensive processes of collecting the sample from
the field, transporting it to the analytical laboratory, and storing it
under controlled temperature before the sample preparation for
instrumental analysis begins.

The current study consisted of FPSE on water samples
containing four of the 16 EPA PAH pollutants: anthracene,
fluoranthene, fluorene, and phenanthrene. The effects of extraction
and desorption parameters such as extraction time, ionic strength,
stirring rate, desorption time, and desorption solvent system
on the extraction/desorption efficiency were investigated and
optimized. Coupled to high performance liquid chromatography
with a UV detector, the optimized FPSE method was applied to
the analysis of four PAHs in aqueous samples at 200 parts-per-
trillion level concentrations. The analytical figures of merit including
linearity, Limit Of Detection (LOD), Limit Of Quantitation (LOQ),
and reproducibility surpass the respective values reported in the
literature for other techniques such as SBSE and SPME.

This is purportedly the first report of the direct extraction of
PAHSs at 200 ppt level concentration in solventless microextraction
and analysis using HPLC-UV.

PAHs, FPSE, Environmental Forensics
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A18 Latent Print Development on Adhesive
Side of Dark Colored Tape Using Ash
Gray Powder with Liqui-Nox® Detergent

Kylie D. Gordon*, 155 Harmony Drive, Falling Waters, WV

After attending this presentation, attendees will learn why
Liqui-Nox® detergent was determined to be a viable replacement
for Photo-Flo® 600 Solution in the Ash Gray Powder solution used
to develop latent prints on the adhesive side of dark colored tape at
the FBI Laboratory. Ash Gray Powder mixed with 50:50 Liqui-Nox®:
water solution (experimental) was expected to work in the same
manner as Ash Gray Powder mixed with Photo-Flo® 600 Solution
(control) because both chemicals are detergents. Therefore, it was
hypothesized that Liqui-Nox® would be an adequate replacement
for Photo-Flo® 600 Solution.

This presentation will impact the forensic science
community by dealing with latent print development, particularly of
interest for the users of the Ash Gray powder process. Photo-Flo®
600 Solution is used for several different processing techniques,
including Sticky-side powder, Amido Black (Fischer 98), and Amido
Black (water base).” Photo-Flo® 600 Solution is currently used as
the detergent in the Ash Gray powder solution to develop latent
prints on adhesive side of dark colored tape; however, Kodak®,
the company that manufactured Photo-Flo® 600 Solution, has sold
its document imaging and personal imaging businesses, ceasing
production of many of its chemicals.? A comparable replacement
detergent is needed for the Ash Gray processing technique.

Laboratory-controlled latent prints were deposited on the
adhesive side of 100 pieces of black electrical tape (measuring
approximately three inches each). Participants groomed fingers
by rubbing across nose and forehead to include sebaceous and
eccrine secretions. Prints were deposited and the process was
repeated. Tape pieces with prints were cut down the middle
vertically. Each half of the same print was processed using Ash
Gray Powder mixed with either Photo Flo® 600 Solution or 50:50
Liqui-Nox®:water solution. Randomization was employed to select
which half would be processed with the control and which half with
the experimental Ash Gray Powder solution. Both solutions were
applied with a camel hair brush and were left on the adhesive side of
tape for 60 seconds before rinsing with tap water. Scanned images
of the tape halves were analyzed for value and quality. A qualified
latent print examiner evaluated the development of each latent
print half and the quality of the resultant prints. A separate qualified
latent print examiner analyzed the two processes by comparing
and assessing the value for identification of the individual print
halves. Another set of images (non blind) in which all experimental
documentation was provided was used for statistical analysis.

The results of this study validated using Liqui-Nox®
detergent, instead of Photo-Flo® 600 Solution as a replacement
for the Ash Gray Powder solution to develop latent prints on the
adhesive side of dark colored tape. For this specific purpose,
Liqui-Nox® worked reliably to develop latent prints. This study
would not necessarily deem Liqui-Nox® as a viable replacement
in all processing methods that involve the chemical Photo-Flo®
600 Solution, rather only as a viable replacement in the Ash Gray
adhesive processing method.
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A19 GC/MS and GC/IR Analysis of
Methcathinone Analogs

James Z. Dawson*, 385 Plainview Road, Lexington, KY; Carrie I.
Ozalas, BS, 725 Jefferson Road, South Charleston, WV 25309;
Lauren L. Richards-Waugh, PhD, Marshall University, 1401
Forensic Science Drive, Huntington, WV 25701; and Pamela J.
Staton, PhD, Forensic Science Center, 1401 Forensic Science
Drive, Huntington, WV 25701

After attending this presentation, attendees will
understand the difficulty of analyzing methcathinones via Gas
Chromatogrophy/Mass Spectrometry (GC/MS) and how Gas
Chromatogrophy-Infrared Spectroscopy (GC-IR) can be used to
overcome this problem. Attendees will also learn the settings used
to obtain the spectra for the drugs as well as the characteristics of
each spectrum.

This presentation will impact the forensic science
community by providing a method that can be used to analyze
methcathinones as well as reference spectra to aid in identification
of these drugs.

Methcathinone is a psychoactive stimulant, structurally
similar to methamphetamine. Methcathinone itself is a Schedule
1 drug, which has led to the production of many methcathinone
analogs that fall outside of the criteria described by the legal
system. The majority of the analogs manufactured are altered in
such a way that the compound largely remains the same, but with
a minor difference that does not significantly change the effects.
The methcathinone structure is modified at three positions to
produce these analogs including: the alkyl side chain, the amino
group, and the aromatic ring. Substitutions on the aromatic ring
are the most diverse and have included methyl, fluoro, methoxy,
and methylenedioxy groups. The most common substitution on
the amino group is a pyrrolidine ring, while the aliphatic side chain
is commonly modified by increasing the length of the carbon chain.

The legal status of these analogs is problematic for drug
analysts. Only three analogs have been placed into Schedule 1 of
the Controlled Substances by the DEA: methylone, mephedrone
(4-methylmethcathinone), and methylenedioxypyrovalerone
(MDPV). The control of these analogs varies by state. With their
use on the rise and the unclear scheduling, laboratories are tasked
with correctly identifying these analogs.

GC/MS is the gold standard in drug identification; however,
its use is limited in the analysis of methcathinone analogs. GC/
MS can help the analyst by providing information about where a
modification has been made. A compound with a pyrrolidine ring
on the amino group and no modification to the aliphatic side chain
are indicated by a base peak at 98m/z. A compound where the only
modification is on the aromatic ring shows a base peak at 58m/z.
However, GC-MS analysis cannot differentiate between positional
isomers due to their nearly identical mass spectra. The use of GC-
IR can reliably distinguish between these isomers.

Both GC/MS and GC-IR data will be presented to
demonstrate the usefulness of GC-IR in methcathinone identification
compared to GC/MS. The following drugs will be presented: 3
and 4-fluoromethcathinone; 2, 3, and 4-methylmethcathinone;
2, 3, and 4-methoxymethcathinone; a-pyrrolidinopropiophenone
(PPP); 2, 3, and 4-methyl-a-PPP; 4-methoxy-a-PPP;
3,4-methylenedioxy-a-PPP; 3,4-dimethylmethcathinone;

Guide for Developing Latent Prints, FBI Laboratory, 2,3-methylenedioxymethcathinone; butylone; pentedrone;
Washington, DC, 2001. methylone; and MDPV.
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A20 Development of an Identification and
Derivatization Method for Synthetic
Cathinones by GC/MS Using
Perfluoroacyl Anhydrides
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After attending this presentation, attendees will have
a better understanding of the use of perfluoroacyl anhydrides as
derivatizing agents for compounds from the synthetic cathinone
family.

This presentation will impact the forensic science
community by providing a simple method for the identification
of synthetic cathinones using perfluoroacyl anhydrides as a
derivatizing agent and Gas Chromatography-Mass Spectrometry
(GC/MS) for analysis.

Synthetic cathinones, more commonly referred to as
“bath salts,” are becoming increasingly abused in the United
States. As a result, forensic drug laboratories are receiving
an increasing number of samples believed to contain these
compounds. Synthetic cathinones are gaining popularity due to
their psychoactive and stimulant properties, which are similar to
those of amphetamine and cocaine. They give a pleasurable rush
and increase sociability; however, they can have severe negative
side effects that put the health of the public at risk. Therefore, the
DEA has placed three synthetic cathinones in Schedule | of the
Controlled Substances Act: mephedrone, methylone, and MDPV.
Several other cathinones have been recently controlled under the
Control Substances Analogue Act.

Adrugis scheduled based on its exact structure; therefore,
the alteration of a single position in the molecule could yield a
new, legal drug that would theoretically have the same effects as
the original scheduled drug. However, the Federal Analog Act
of 1986 states that any compound that is “substantially similar,”
both in structure and pharmacological effect, to a Schedule | or Il
controlled substance and intended for human consumption is to be
treated as if it were also scheduled. Because these are synthetic
compounds, their molecular structure can be slightly altered to
circumvent scheduling under the DEA's Controlled Substances Act.

Due to the minor structural variations and legal
ramifications associated with synthetic cathinones, identification of
the exact structure is imperative. The three scheduled compounds
each have the potential for positional isomers, which result in
ambiguous mass spectra when analyzed by GC/MS. Because
GC/MS is the primary method of drug identification used in a
forensic laboratory, it is essential to develop a simple method that
makes differentiation as straightforward a process as possible.
Derivatization has proven useful in the past for determining
differences in mass spectral results when underivatized samples
resulted in analogous mass spectra.

Three perfluoroacyl anhydrides were tested as
derivatization agents for the synthetic cathinones: Trifluoroacetic
Anyhydride (TFAA), Heptafluorobutyric Anhydride (HFBA), and
PerfluoropropionicAnhydride (PFPA). The ability ofthese anhydrides
toderivatize compounds for successful differentiation by GC-MS was
determined using 11 synthetic cathinones: 2-fluoromethcathinone,
3-fluoromethcathinone, 4-fluoromethcathinone,
2-methoxymethcathinone, 3-methoxymethcathinone,

4-methoxymethcathinone (methedrone), 2-methylmethcathinone,
3-methylmethcathinone, 4-methylmethcathinone

(mephedrone), 2,3-methylenedioxymethcathinone, and
3,4-methylenedioxymethcathinone (methylone).
All three anhydrides were successful in giving

differentiation among the mass spectra of the positional isomers.
The addition of the anhydride to the amine functional group
generated a difference in the relative abundance of the major ions
between the positional isomers and occasionally gave one or two
different major ions between the isomers. In the majority of the
cases, when the derivatized isomers were placed in a mixture,
they were easily distinguished both by retention time and the mass
spectral results, both of which matched the results from running the
compounds on their own.

When TFAA, HFBA, or PFPA are used as derivatizing
agents for the synthetic cathinones, an increase in complexity is
found in the mass spectra. This complexity creates individual mass
spectra that are sufficient for both identification and differentiation.

Synthetic Cathinones, Derivatization, GC/MS

A21 Enhancing the Value of Information

Derived From the Measured Diameters
of Bullet Holes

Rebecca L. Briggs®, University of New Haven, 300 Boston Post
Road, West Haven, CT 06516; Alejandra Cortez, University of
New Haven, 300 Boston Post Road, West Haven, CT 06516, Peter
R. De Forest, DCrim, PO Box 141, Ardsley, NY 10502, Peter R.
Valentin, MSFS, University of New Haven, Forensic Science Dept,
300 Boston Post Road, West Haven, CT 06516; and Brooke W.
Kammrath, PhD, University of New Haven, Forensic Science Dept,
300 Boston Post Road, West Haven, CT 06516

After attending this presentation, attendees will understand
the relationship between bullet diameter and the size of the bullet
hole in common materials found at shooting incidents.

This presentation will impact the forensic science
community by providing information about the relationship between
the diameter of a bullet and the factors affecting the diameter of the
hole it produces in various materials, which can then be used to aid
in shooting reconstructions.

In the last century, forensic firearms analysis has become
increasingly scientific with technological developments such as the
comparison microscope for the comparison of fired bullets and/
or expended cartridge cases and computer-aided assessment of
markings on such bullets and casings. These methods are useful
as long as one has a suspect, gun, and/or spent round and casing
to make comparisons; however, there are criminal incidents where
neither the bullet nor the gun is recovered. It is also possible to
have a scene with many guns involved with many bullets present
and the question arises as to which firearm was used to produce
which hole. In these cases, a comparison microscope or computer
search would not be able to identify a linkage between the hole and
the firearm. If the primary evidence in the crime scene is the bullet
hole, can a suspect firearm be eliminated? What can be learned
from the hole at the impact site about the projectile that produced
it? This research sought to provide answers to these questions
by determining the relationship between the diameter of the fired
bullet and the size of the impact hole in common materials and also
statistically assessing whether the size of the bullet hole could be
used to identify bullet diameter.

This experiment involved shooting at a variety of common
materials including gypsum drywall, wood, metal, plastic, and vinyl.
A range of bullet diameters, from .22 to .45 caliber, were tested
using a diverse selection of bullet sizes and designs including full
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metal jackets, lead round nose, jacketed hollow points, and semi-
jacketed hollow points. Multiple firearms and cartridges were used
to ensure that holes were made with a representative range of
projectile masses and velocities. The data were then statistically
analyzed to evaluate the validity and limitations of estimating the
bullet diameter from the bullet hole in various materials. The
results of this research showed that although the size of the
bullet hole varied based on the impact material, more information
about the bullet diameter can be ascertained from the bullet hole
than is currently being used in crime scene reconstructions. The
conclusions obtained from this research will serve to improve the
amount of information that can be derived from shooting events
and thus provide more accurate information for reconstruction.

department has to purchase the equipment and the app, then it
may be cost prohibitive. However, if the app reduces the amount of
time the crime scene investigator spends documenting each scene,
then reduced labor costs may in time offset equipment costs. It
was recognized that while the app provided streamlining of case
notes, many alterations and/or additions could be made to create
a better crime scene documentation tool. Recommendations
for these modifications will be presented. It is hoped that future
studies with this application will analyze the use of this app in
more real-world settings and in the hands of working crime scene
investigators. There are other applications on the market that also
claim to improve note-taking and documentation; future studies will
compare and contrast these apps with the one evaluated here.

Reconstruction, Bullet Hole, Bullet Diameter

A22 Mobile Crime Scene Applications: An
Evaluation of Their Use and Future
Direction

Nadine J. Borovicka, MS, 1401 Forensic Science Drive, Huntington,
WV 25701; Catherine G. Rushton, MS, 1401 Forensic Science
Drive, Huntington, WV 25701; Pamela J. Staton, PhD, Forensic
Science Center, 1401 Forensic Science Drive, Huntington, WV
25701; Miranda L. Davis*, 1441 7th Avenue, Apt 1, Huntington,
WV 25701; and Dave Castle, BS, 675 10th Street, Huntington, WV
25701

The goals of this presentation are to introduce attendees
to a mobile crime scene application (app) by detailing some of an
app’s features, offer an evaluation of the app when used in a real-
world setting, and propose modifications and additions that could
be incorporated into future updates or a new application altogether.

This presentation will impact the forensic science
community by introducing the emerging concept of using electronic
tablets in the field to record information.

With many forensic science disciplines coming under
scrutiny in recent years, it has become the objective of the
forensic community to improve and standardize as many of the
current practices as possible. Since crime scene investigation is a
subjective field, it stands to face strong criticism in the courtroom.
It is also becoming one of the slower steps in the analysis process;
while DNA and chemistry technologies are getting faster and faster,
the human role in analysis is more difficult to expedite. There is
also disparity in evidence collection and reporting methods among
agencies. Emerging technologies should therefore focus on
reducing the time spent documenting a scene and streamlining
and standardizing the documentation and collection process. To
be effective, a technology should also be straightforward to learn
and implement as well as cost effective.

Data was collected from a survey given to professionals
in the field of crime scene investigation as well as an evaluation
of a mobile crime scene app’s performance, considering the
aforementioned criteria, while documenting mock crime scenes.
Experts were questioned regarding their current approaches to
scene documentation and reporting as well as their preferences
and technological proficiencies. The goal of the survey was
to establish a discrepancy between digital natives and digital
immigrants and how this factors into how the ease of learning of
the software is evaluated. After recording mock crime scenes, the
app was qualitatively assessed with respect to each established
criteria. In its current state, the app will not supplant any existing
field instruments, with the exception of paper and stencils. While
incorporating photos in one’s field notes is convenient, the iPad’s®
camera cannot be substituted for the traditional digital single lens
reflex cameras commonly used in crime scene investigation. If the

Investigation, Standardization, Tablet

A23 Preparative Approaches to the
Isolation and Purification of Kanna
Alkaloids: Mesembrine, Mesembranol,
Mesembrenone,Hordenine,Sceletenone,
and Sceletium A4

Jennifer C. Walters*, 2607 Mann Road, Trooper, PA 19403; Jillian
K. Yeakel, MS, 100 Katrina Way, Apt 103, Dover, DE 19904;
Amanda L. Arntson, MSFS, Center for Forensic Science, Research
& Education, 2300 Stratford Avenue, Willow Grove, PA 19090;
Heather E. Mazzanti, MSFS, 450 S Easton Road, Glenside, PA
19038; and Barry K. Logan, PhD, NMS Labs, 3701 Welsh Road,
Willow Grove, PA 19090

After attending this presentation, attendees will know the
alkaloids present in the plant kanna (Sceletium tortuosum) and will
be able to describe a method to separate and purify mesembrine,
mesembranol, mesembrenone, hordenine, sceletenone, and
sceletium A4 from plant products.

This presentation will impact the forensic community by
raising awareness of this plant and its associated alkaloids, which
may have abuse potential, by providing a method for its analysis,
and by developing a method for preparing reference standards,
which may be used in a laboratory to confirm the identity of kanna-
derived products.

Kanna, a flowering cactus from southern Africa, is
known to contain psychoactive alkaloids, including mesembrine,
mesembranol, mesembrenone, sceletenone, sceletium A4, and
hordenine. It is currently legally sold online and in some health
shops in the United States as a homeopathic remedy or a natural
high. With increasing popularity in the U.S., crime laboratories
are more likely to encounter kanna in seized material, making
it essential to have standard reference materials which meet
the Scientific Working Group for the Analysis of Seized Drugs
(SWGDRUG) criteria, either by synthesis or isolation.

This project’s objective was to develop usable standards
of the six main alkaloids in kanna. The goal of this project was
to isolate and purify the alkaloids from the kanna plant powder
through chromatographic means that would be readily available to
most crime laboratories.

An initial crude separation of the alkaloids was done
by extracting the kanna powder in acetonitrile and then spotting
that extract onto a Thin Layer Chromatography (TLC) plate. After
scraping the bands and reconstituting them in acetonitrile, the Gas
Chromatography/Mass Spectroscopy (GC/MS) analysis of the
band sections proved that the alkaloids have the potential to be
separated and purified. A Selective lon Monitoring (SIM) GC/MS
method was developed to allow for easier and faster separation
and identification of the alkaloids. The oven temperature increased
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from 70°C to 325°C during the 18.25-minute run. The full scan
method was used to look for all ions between 44 and 500m/z. The
SIM method isolates 58, 70, 77, 96, 121, 175, 218, 219, 243, 248,
266, 274, 287, 289, 290, 309, 324m/z because this list contains the
three most distinguishing mass fragments for each alkaloid.

An acid/base extraction with ethyl acetate as the organic
solvent was developed to extract all of the alkaloids with the greatest
efficiency. The SIM Liquid Chromatograph/Mass Spectrometer
(LC/MS) method detected the M+1 ions for each of the alkaloids.
An isocratic eight-minute run with the solvent 0.1% TFA in water,
acetonitrile, and isopropanol (80:10:10) flowed through the Agilent®
Eclipse Plus C18 column at 0.6 milliliters per minute. This method
was developed to for two reasons. One was to determine if the
alkaloids could be separated and collected from an analytical scale
chromatographic method. The second reason was to monitor the
contents of the various fractions produced during the subsequent
preparative steps. Sceletenone, sceletium A4, and hordenine
were substantially resolved to allow for fraction collection from an
analytical LC/MS method.

Preparative separation of the compounds was attempted
using a two-dimensional separation scheme starting with normal
phase preparative column chromatography via a Teledyne ISCO
CombiFlash® Companion® with a dichloromethane and 10%
triethylamine in methanol gradient. This was followed by reverse
phase preparative chromatography of the step one isolates via the
same CombiFlash® Companion® with a gradient between 0.1%
trifluoroacetic acid (TFA) in acetonitrile and 0.1% TFAiIn HPLC grade
water. This two-dimensional chromatographic separation system
failed to achieve the necessary resolution of the components of
the extract needed for standard reference materials. The similarity
in structure of mesembrine, mesembranol, and mesembrenone,
the small concentrations of hordenine, sceletenone, and sceletium
A4, and the fact that hordenine is a fairly small compound all
contributed to the challenges experienced while trying to isolate
these six alkaloids. Further work to optimize the separation and
scale it up to a preparative procedure will be the subject of future
research.

Sceletium Tortuosum, Kanna, Alkaloid

A24 Improving IR Searches in the PDQ

Database to Enhance Investigative Lead
Information From Automotive Paints

Barry Lavine, PhD* Department of Chemistry, 107 Physical
Sciences, Stillwater, OK 74078; Ayuba Fasasu, PhD, Department
of Chemistry, 107 Physical Sciences, Stillwater, OK 74078; Nikhil
Mirjankar, BS, Department of Chemistry, 107 Physical Sciences,
Stillwater, OK 74078; and Mark Sandercock, PhD, Forensic
Science and IDServices, 15707-118th Aveneu, Edmonton, AB T5v
1B7, CANADA

After attending this presentation, attendees will understand
the principles of pattern recognition and data fusion techniques,
advantages of preprocessing infrared spectra using wavelets,
and the importance of using search prefilters in library searches
to improve the accuracy of infrared spectral searches in the Paint
Data Query (PDQ) database.

This presentation will impact the forensic scientific
community by demonstrating the advantages of using multivariate
statistical and signal processing techniques to enhance current
approaches to data interpretation of forensic paint examinations
and to aid in evidential significance assessment, both at the
investigative lead stage and at the courtroom testimony stage.
There is also potential for direct impact with the 75 local, state, and
federal forensic laboratories currently using the PDQ database in

the United States as well as international forensic laboratories that
utilize PDQ including: the Forensic Laboratory Services Division
of the RCMP, the Centre of Forensic Sciences in Toronto, Canada,
the ENFSI network of European forensic science institutes, the
Australian Police Services, and the New Zealand Police Services.

Modern automotive paints have a thin color coat which,
on a microscopic fragment, is often too thin to obtain reliable
chemical information. The small size of the fragment also makes it
difficult to compare it with the manufacturer’s paint color standards.
Fortunately, adhesion between paint layers is usually very strong
and so both primer layers are often transferred during a collision
if the clear coat and color coat layers are also transferred. As
the primer layers and clear coat layer are usually unique to the
automotive assembly plant where these layers were applied,
combining chemical information obtained from the Fourier
Transform Infrared (FTIR) spectra of the two primer layers and from
the clear coat layer has made it possible to rapidly and accurately
identify the assembly plant of an automobile from its paint system.

Applying data fusion techniques where spectra from
multiple sources (e.g., IR spectra of the clear coat and primer
paint layers) are combined and class membership information is
extracted, search prefilters for the PDQ library have been developed
to determine the model and line of an automotive vehicle from which
an unknown paint sample originated. Even in challenging trials
using a database of 380 paint samples where the clear coat and
undercoat layers evaluated were all the same make with a limited
production year range (2000-2006), the respective assembly plants
were correctly identified using only chemical information extracted
from FTIR spectra of the clear coat and primer paint layers due to a
synergistic effect that occurred when spectra of the different layers
of paint were fused. Applying wavelets to preprocess the IR spectra
of the clear coats and primer layers, advantages associated with
higher order data fusion techniques were achieved when a genetic
algorithm for pattern recognition and feature selection was used to
identify the informative wavelet coefficients in the fused data.

The development of search prefilters for the PDQ database
that utilize multiple spectra is needed to extract investigative
lead information from clear coat and primer layer paint smears.
Searches performed using the current PDQ database tend to
generate a large number of hits because the chemical information in
the current database is described only in terms of generic chemical
formulations (e.g., acrylic melamine styrene or acrylic melamine
styrene polyurethane) to delineate the chemical composition of
clear coats. Due to the limited number of formulations used to
prepare clear coats, the use of additional information in the search
improves both the selectivity and accuracy of the searches that
involve clear coats. An added advantage of a pattern recognition-
assisted approach to identify paint samples is an increase in the
accuracy of the search because all FTIR spectrain the database are
searched. The use of the search prefilters gives fewer hits, which
translates into a significant time savings for the forensic scientist.
Information derived from these pattern recognition searches can
also serve to quantify the general discrimination power of original
automotive paint comparisons encountered in casework and will
further efforts to succinctly communicate the significance of the
evidence to the courts.

Pattern Recognition, Data Fusion, Library Searching
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A25 Forensic Analysis of Dyed Fibers Via
Time-of-Flight Secondary lon Mass
Spectrometry

Chuanzhen Zhou, PhD, 2410 Campus Shore Drive, Rm 318,
Campus Box 7531, Raleigh, NC 27695; Roberto Garcia, MS, 2410
Campus Shore Drive, Rm 318, Campus Box 7531, Raleigh, NC
27695; Dieter Griffis, PhD, 2410 Campus Shore Drive, Rm 318,
Campus Box 7531, Raleigh, NC 27695; Min Li, MS, Textile Eng,
Chemistry & Science, College of Textiles, Box 8301, Raleigh, NC
27695; Anne Crawford, MS, Textile Eng, Chemistry & Science,
College of Textiles 3145, Box 8301, Raleigh, NC 27695; Keith Beck,
PhD, Textile Eng, Chemistry & Science, College Textiles 3145, Box
8301, Raleigh, NC 27695; and David Hinks, PhD* Textile Eng,
Chemistry & Science, College of Textiles 3248, Box 8301 NCSU
Campus, Raleigh, NC 27695

After attending this presentation, attendees will discover
how Time-of-Flight Secondary lon Mass Spectrometry (TOF/
SIMS) can be used to obtain accurate mass spectra and mass
spectral imaging (i.e., chemical imaging of the longitudinal surface
and/or cross-sectional area of dyed fibers) and how these data,
when coupled with an analytical dye database, can be used to
unambiguously identify commercial textile dyes.

This presentation will impact the forensic science
community by providing an improved high-precision method of
dyed fiber analysis compared to current standard fiber analysis
methods.

This research was based on the hypothesis that method
development using TOF/SIMS would provide an advanced dyed
fiber analysis protocol that: (1) is a relatively rapid, direct, and
unambiguous tool for the identification of commercial disperse
and acid dyes on or in synthetic fibers; (2) is effective at relatively
low concentrations of dye in the fiber and can be applied to the
cross section of a single fiber; (3) enables location-dependent,
two-dimensional, mass spectral-based chemical imaging of
dyed fibers on the fiber surface or in the fiber cross section; (4)
enables dye analysis with minimal destruction of fiber; (5) enables
surface “cleaning” in the event of surface contamination or of dye
degradation or loss to enhance spectral resolution, and, (6) can be
combined with a comprehensive database to provide immediate
unambiguous dye identification.

The results presented support the hypothesis and have
potential to positively impact the forensic trace evidence community
by providing an improved high-precision method of dyed fiber
analysis compared to current standard fiber analysis methods.
Specifically, TOF/SIMS was employed to identify various dyes in
finished textile fibers from both the fiber surface and, with the aid of
cryomicrotomy, fiber cross section. Dyed fibers analyzed include
disperse dyes in polyester and acid dyes in nylon 6.6. Results
obtained by TOF/SIMS were consistent with analyses using Liquid
Chromatography TOF Mass Spectrometry (LC/TOF/MS). Using
C.I. Acid Blue 25 as an example, a method has been developed
to detect acid dyes with only 0.1% dye by weight of fiber on nylon
6.6 fiber surfaces and cross sections. In this method, a C,; ion
beam was used as a “soft cleaning” method to remove surface
contamination and any Bi ion beam-induced damaged materials.
This method enabled increased molecular ion signal integrated
intensity, which results in improvement in signal-to-noise and,
thus, mass spectral resolution of the dye. An example showing
the identification of dyes from one single fiber cross section will be
presented to demonstrate that positive identification is feasible with
minimal destruction of fiber trace evidence.

Currently, no widely available comprehensive analytical
database of dye structures exists to support the accurate analysis
of dyes within textile fibers. In addition, most dye identification

methods require extraction of dye from fiber in order to obtain
mass spectral and other key analytical data. Research underway
to provide a comprehensive mass spectral dye database using
LC/TOF will be briefly reviewed. This database, when combined
with the TOF/SIMS method, provides a powerful combination of
mass spectral dye analysis. In addition, the wide scope of TOF/
SIMS provides both elemental and mass spectral analyses for
identification of a wide variety of non-colored chemical compounds
on or in fibers, as well as expansion of the method to forensic
analysis other materials, such as surface coatings (paints,
lacquers), plastics, composites, inorganics, and metals.

This project was supported by NIJ Grant # 2009-DN-
BX-K216. The opinions, findings, and conclusions or
recommendations expressed in this publication/program/exhibition
are those of the author(s) and do not necessarily reflect those of
the Department of Justice.

TOF/SIMS, Dyed Fibers, Trace Evidence

A26 Fingermark Submission Decision Making
Within a United Kingdom Fingerprint
Laboratory: Do Experts Get What They
Need?

Helen Earwaker, MSc*, UCL Department of Security and Crime
Science, 35 Tavistock Square, London WC1H 9EZ, UNITED
KINGDOM; Ruth Morgan, PhD, University College London, UCL
JDI Centre for the Forensic Sciences, 35 Tavistock Square, London
WC1H 9EZ, UNITED KINGDOM; Adam J. L. Harris, PhD, University
College London, Dept of Cognitive, Perceptual & Brain Sciences,
26 Bedford Way, London WC1H OAP, UNITED KINGDOM; and
Lisa J. Hall, Directorate of Forensic Sciences, Metropolitan Police,
Scotland Yard, London , UNITED KINGDOM

After attending this presentation, attendees will gain
insight into the decision-making processes involved in assessing
which pieces of developed friction ridge detail should be submitted
to fingerprint experts to be considered as part of the Analysis,
Comparison, Evaluation-Verification (ACE-V) process through the
presentation of a United Kingdom-based study.

This presentation will impact the forensic science
community by increasing the transparency of the fingermark
submission decision-making processes by providing a case
example which demonstrates the importance of carrying out quality
assurance in this area and highlights the need to understand the
differing ridge detail sufficiency thresholds of fingerprint laboratory
staff and fingerprint experts so as to maximize the resource
efficiency of fingerprint evidence.

In the United Kingdom, items of forensic evidence are
routinely submitted to a police force in-house fingerprint recovery
laboratory where physical and chemical techniques are utilized to
visualize latent fingermarks. Itis then the responsibility of fingerprint
laboratory staff to examine the areas of developed friction ridge
detail on the item and to determine which are of sufficient quality
to be submitted to fingerprint experts for comparison with suspect
fingerprints. Fingerprint laboratory practitioners are either trained
in-house by police forces or externally by the National Policing
Improvement Agency, with the focus of this training on selecting
and carrying out chemical fingermark development techniques, not
on the recognition selection and analysis of friction ridge detail. In
contrast, fingerprint experts carry out a five-year training program
that focuses on the ACE-V process. In the domain of psychology,
the differences in ability in pattern recognition between “experts”
and “novices” has been well discussed and experts have been
found to excel at the detection and recognition of patterns.
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In recent years, forensic science practice has been
criticized for not upholding sufficiently scientific standards. In the
United Kingdom, the appointment of the Forensic Science Regulator,
tasked with ensuring that the provision of forensic science services
is subject to appropriate scientific quality standards, has arguably
paved the way for change. Fingerprint recovery laboratories must
now achieve accreditation to the international standard ISO17025
which has led to an increased reliance on the use of Home Office-
recommended fingermark development techniques that have been
United Kingdom Accreditation Service accredited, and the adoption
of quality assurance procedures in relation to these techniques.
However, the decision to submit an area of friction ridge detail to
a fingerprint expert or to discard the detail does not fall directly
under these quality assurance procedures or Home Office-based
accreditation.

This present study looked to further the understanding
of the effectiveness of the fingerprint laboratory decision-making
processes within the United Kingdom Metropolitan Police Evidence
Recovery Fingerprint Laboratory. Metropolitan police fingerprint
experts were asked to identify a series of partial fingermarks to ten
print cards provided. A combination of the resultant identifiable and
insufficient fingermarks was selected to form the experimental set.
These fingermarks were given to fingerprint laboratory practitioners
who stated whether or not they would (mark up) and submit each
mark to fingerprint experts. The assessments of the expert and
laboratory staff were compared to identify incidences in which
experts were given marks of too poor a quality or identifiable marks
were discarded by the laboratory.

This presentation demonstrates the differences in the
submission thresholds between the fingerprint laboratory and the
fingerprint experts and the effect of context in the form of the crime
category on this decision. It highlights the importance of continued
quality assurance work in this arguably subjective area and the
need to focus training and policy on improving the efficiency of the
submission of ridge detail to fingerprint experts by the fingerprint
laboratory to ensure that experts “get what they need.”

Fingerprint, Decision Making, Interpretation Thresholds

A27 Quantifying Degradation of Explosives
in a Saline Environment

Marcela Najarro, MFS*, 100 Bureau Drive, Mailstop 8371,
Gaithersburg, MD; and Edward Sisco, MS, 6819 OIld Waterloo
Road, Apt 1035, Elkridge, MD 21075

After attending this presentation, attendees will be aware
that explosives, namely TNT and RDX, are affected by a saline
environment. Details on the quantified decomposition of the
compounds and degradation products formed will be discussed.
Furthermore, the effects of other environmental conditions (such as
UV exposure and temperature) will also be discussed.

This presentation will impact the forensic science
community by providing a better understanding as to what effects
a saltwater environment may have on the detection of explosives.
Further, it will provide a method for the analysis of explosives in
aqueous solutions using a number of different analytical techniques,
as well as a way to quantify the concentration of explosives in
solution. The forensic science community will also be provided with
identified degradation products which could aid in the detection of
a decomposed sample.

The degradation of explosives in the environment is
important for a variety of reasons including remediation, post-
blast detection, and evidence storage. While a number of studies
have been completed that have determined how explosives
degrade in soil and in wastewater, a comprehensive study of the

effects of a saline environment in explosive degradation has not
been completed. Studying explosives degradation in a saline
environment is critical for forensic cases involving a marine setting,
such as the USS Cole bombing.

In this study, explosives (TNT and RDX) were dissolved
into saline solutions ranging from no salinity to twice the salinity of
ocean water and quantified based on exposure time. In addition,
other environmental factors such as a combination of salinity and
UV exposure as well as salinity and heat were studied. Analysis
of the samples involved a variety of analytical techniques to allow
for the development of the most practical and information-rich
methods. Analytical techniques usedinclude: Gas Chromatography
Negative Chemical lonization Mass Spectrometry (GC/NCI/MS),
Direct Analysis in Real Time Mass Spectrometry (DART®/MS),
Liquid Chromatography Mass Spectrometry (LC/MS-MS), UV-Vis
spectroscopy, and lon Mobility Spectrometry (IMS).

Results detail the developed optimized sample preparation
and analyte identification and quantification methodologies.
Extraction efficiencies using a number of different organic solvents
were determined to find the optimal solvents to use for TNT and
RDX. Sample quantification was performed using a 1200 Varian
GC/MS by co-injecting the sample (1uL) with an isotopically labeled
standard (1uL). The instrument was operated in negative chemical
ionization mode for improved detection sensitivity of the analytes.
Each explosive required the development of optimized experimental
conditions such an injection temperature, column oven ramp, and
flow rate. Using these developed methods, it was found that the
degradation of TNT in a saline environment begins within the first
month of storage. However, if salinity exposure is coupled with
UV light exposure, this degradation is significantly sped up, with
nearly the entire sample being degraded in a matter of days. RDX
has been shown to be more stable, with little degradation occurring
in the first three months except when exposed to UV light.
Additionally, studies have been completed using DART®/MS and
LC/MS/MS to aid in the identification of the degradation products.
Current studies are looking into the identification of the degradation
products and potential mechanisms of degradation as well as the
effects of the combination of heat and salinity on degradation.

Explosives, GC/MS, DART®

A28 Increasing the Sensitivity of Mass

Spectrometric Analysis of Nuclear
Materials

Benjamin E. Naes, PhD, 902 Battelle Boulevard, PO Box 999 MS
J4-70, Richland, WA 99352; Albert J. Fahey, PhD, 902 Battelle
Boulevard, PO Box 999 MS J4-70, Richland, WA 99352; and David
G. Willingham, PhD*, 902 Battelle Boulevard, PO Box 999 MS J4-
70, Richland, WA 99352

After attending this presentation, attendees will understand
how mass spectrometry can provide the nuclear forensics
community with high accuracy and precision measurements,
specifically showing how laser postionization can be used to
increase the overall sensitivity of mass spectrometric analysis of
nuclear materials.

This presentation will impact the forensic science
community by advancing the state-of-the-art mass spectrometric
analysis of nuclear materials to directly support nuclear
nonproliferation and other national security missions.

This presentation will focus on current state-of-the-art
mass spectrometry methods used for non-proliferation and nuclear
forensics analyses. The efficacy of these techniques is reliant on
the ability to detect trace elemental signatures from complex sample
matrices. The use of laser-induced postionization to enhance the
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sensitivity of mass spectrometric analyses will be demonstrated.

Mass spectrometric methods (e.g., Thermal lonization
Mass Spectrometry (TIMS), Inductively Coupled Plasma Mass
Spectrometry (ICP-MS), and Secondary lon Mass Spectrometry
(SIMS)) are limited by their ionization efficiency which is simply the
number of ions detected divided by the amount of material analyzed.
Typically, ionization efficiencies for these methods fall in the 1-2%
range. This means that 99-98% of the material is neutral (in ground
and excited states) and thus can be accessed by photoionization
schemes using high-energy, focused-laser beams. Postionization
(laser-induced ionization of desorbed neutrals) is applicable to
most, if not all, mass spectrometry methods currently employed for
nuclear forensic analyses. The ability to enhance sensitivity and
improve the accuracy and precision of the measurement translates
into less material needed for analysis, decreased analysis time,
and it opens the door for other analytes of interest not detectable
by current methods.

Data was obtained by combining Vacuum Ultraviolet
(VUV) laser postionization with dynamic SIMS. SIMS is a mass
spectrometric method that generates secondary ions (positive and
negative) by impacting solid surfaces with high-energy primary ions
(Cs*, O, etc.). Forthe SIMS instrument at Pacific Northwest National
Laboratory (PNNL), the secondary ions represent approximately
one percent of all material removed during the analysis with the
rest remaining neutral. The aim of postionization is to photoionize a
large fraction of the remaining neutral material using a high-energy,
focused laser and achieve ionization efficiencies approaching
100%. Development of the VUV optical setup and modifications
to the existing IMS-4F SIMS instrument at PNNL to accommodate
laser postionization will briefly be discussed.

Preliminary data was collected using pure metals (In, U,
Bi, and Re) in order to demonstrate proof-of-concept. lons can
be generated in several ways during these experiments; however,
postionization signal enhancements depend on proper overlap of
both the primary ion beam and the photoionization laser. Time-
resolved experiments were performed with the primary ion beam
(on/off) and laser (on/off) to confirm the observation of postionization
signals. The metal standards were specifically chosen because
they represent elements with ionization potentials above (In and U)
and below (Bi and Re) the photon energy (6.4 eV) of the VUV laser.
The original hypothesis was that the postionization signals for In
and U would be significantly higher than for Bi and Re given the
photon energy of the laser. Results contradict that hypothesis and
demonstrate that relatively equivalent postionization signals were
measured for all the chosen metals. This observation indicates that
neutrals are desorbed into hyperthermal energy states. Current
and future work is focused on using continuous wave lasers versus
the pulsed laser used for this initial study, which is expected to
substantially increase the duty cycle for these types of experiments.

Although in its infancy, the research presented herein has
great potential to increase the sensitivity for mass spectrometric
analyses of nuclear materials and directly support nuclear non-
proliferation and other national security missions.

Mass Spectrometry, VUV Laser, Increased Sensitivity

A29 Coherent Anti-Stokes Raman Scattering
Microspectroscopy of Fingerprints

Atsushi Nakamura®, 3-4-1, Okubo, Shinjuku-ku, Tokyo, JAPAN;
Hidekazu Okuda, 3-4-1, Okubo, Shinjuku-ku, Tokyo 169-8555,
JAPAN; Takashi Nagaoka, 3-4-1, Okubo, Shinjuku-ku, Tokyo 169-
8555, JAPAN; Fumihiko Ichikawa, 1-banchi, Kawasaki-cho, chuo-
ku, Chiba 260-0835, JAPAN; Akira Torao, 1-bncho, Kawasaki-cho,
Chuo-ku, Chiba 260-0835, JAPAN; and Takayuki Sota, 3-4-1,
Okubo, Shinjuku-ku, Tokyo 169-8555, JAPAN

After attending this presentation, attendees will gain
an understanding about the importance and usefulness of the
methylene group in detecting and imaging untreated fingerprints by
vibrational spectroscopy.

This presentation will impact the forensic science
community by demonstrating that Coherent Anti-Stokes Raman
Scattering (CARS) provides a new technique advantageous for
reducing background noise in imaging fingerprints.

Vibrational  spectroscopy, such as mid-Infrared
Reflection (IR) or absorption spectroscopy and Raman Scattering
Spectroscopy (RS), has been considered as a powerful tool to
detect untreated latent fingerprints."® Generally speaking, each
has its own drawbacks. The spatial resolution is poorer in IR
than in RS. As Raman signals are usually dominated by Stokes
signals, Raman signals are often hidden by fluorescent spectra.
CARS has sufficient spatial resolution on the same level as RS
and its signal is free from fluorescence though it comes with a non-
resonant contribution. Thus, CARS is considered to be one of the
promising techniques to overcome the drawbacks. In this report,
CARS signals and images of untreated fingerprints on various
backgrounds are presented.

CARS microscopic system was configured with
commercially available instruments. A mode-locked laser was
used as a laser source. Typical duration, peak wavelength, and
repetition rate were 100fs, 800nm, and 80MHz, respectively. A
portion of the output from the oscillator was used for a seed laser to
generate a supercontinuum in the fiber module. The fundamental of
oscillator and the supercontinuum were used as pump and Stokes
lasers, focused onto a sample on an XYZ automatic stage with a
20%0.4 NA microscopic objective. CARS signals were dispersed
by imaging spectrograph, and detected by an Electron Multiplying
Charge Coupled Device (EMCCD) camera. The spatial and
spectral resolution were 2um and 0.94nm, respectively. Untreated
fingerprints on a glass slide, a copper sheet, and white photo
paper were prepared as samples. As necessary, either forward or
backward scattering configuration was used.

Just after fingerprinting, CARS signals were obtained
successfully from the fingerprint on the slide in both the forward and
backward scattering configurations. Decomposition procedures of
the signals revealed that the resonant Raman signal appeared at
2850cm™.® Its origin was attributed to the C-H stretching vibrational
mode of the methylene group. CARS images were constructed
using signals averaged over a strong band around 2850cm-'. In the
forward scattering configuration, clear images were obtained for
the fingerprints on the slide. Similarly, clear images were obtained
for the fingerprints on the copper sheet and white photo paper in
the backward scattering configuration. Temporal changes in the
CARS signals of the fingerprints were also studied. The outline of
the fingerprint was still imaged for the latent fingerprint on slide 30
days later. A clear image was obtained for the fingerprint on white
photo paper several days later. The latter is a remarkable finding
because it is known that any previous methods are not capable of
clearly imaging such a latent fingerprint on white photo paper.

In conclusion, the present results suggest that there
are cases when the CARS technique and the previous ones are
complimentary each other.

References:
1. Nicole J. Crane et al. Infrared spectroscopic imaging for
noninvasive detection of latent fingerprints, J. Forensic

Sci. 52(1), 48-53, 2007.

2. Camilla Ricci et al. Chemical imaging of latent fingerprint
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fingermarks collected with the aid of a gelatin tape, Anal.
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5. R. Maggie Connatser et al. Toward surface-enhanced
Raman imaging of latent fingerprints, J. Forensic Sci.
55(6), 48-53, 2010.

6. Kano H. et al. Vibrationally resonant imaging of a single
living cell by supercontinuum-based multiplex coherent
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A30 Biological Evidence Preservation:
Guidance for Evidence Handlers

Shannan Williams, MA, 100 Bureau Drive, Gaithersburg, MD 20899;
and Stephanie Stoiloff, MS*, Miami-Dade Police Department,
Forensic Services Bureau, 9105 NW 25th Street, Miami, FL 33172

After attending this presentation, attendees will become
aware of the recommendations of the recently published report
developed by NIST and NIJ entitled, The Handbook on Biological
Evidence Preservation: Best Practices for Evidence Handlers.

This presentation will impact the forensic science
community by bringing awareness to issues in biological evidence
storage and the solutions proposed by a working group of experts
in forensic science, law enforcement, property and evidence
storage, and law.

The proper long-term storage and preservation of
biological evidence has become increasingly newsworthy as states
throughout the U.S. enact legislation allowing post-conviction DNA
testing of evidence. Recent headlines have highlighted significant
problems with the storage of potentially exculpatory biological
evidence in property and evidence storage units across the country.
To address these issues, the National Institute of Justice (NIJ)
has provided funding for the National Institute of Standards and
Technology’s (NIST) Law Enforcement Standards Office (OLES)
to lead a technical working group charged with examining current
policies, procedures, and practices in biological evidence storage.
The primary objective of the working group is to establish science-
based best practices to reduce the premature destruction and
degradation of biological evidence, thus ensuring its availability for
future analysis.

The group’s analyses of the current state of biological
evidence preservation in property and evidence rooms have shown
that there is significant fragmentation and a lack of standards,
particularly for long-term storage of biological evidence. Court
orders for the location of evidence have demonstrated inadequacies
in the packaging, storage, and tracking process of some evidence.
Investigations into these inadequacies have revealed underlying
factors such as: capacity of the storage facility, laboratory backlog,
materials available for packaging, geographic distance between
the collecting and storage facilities, and, the selected tracking
system. Further complicating this issue, a number of states have
enacted post-conviction DNA testing, resulting in more evidence
being stored. Conversely, inquiries into exonerations have been
delayed or thwarted in some cases due to problems already
in existence in the property room. The disposition of evidence
is a key consideration as the majority of evidence stored is of
questionable probative value. Management of evidence in many
long-term storage locations is lacking. Accordingly, jurisdictions
must develop standardized protocols to identify what evidence to
keep, how to keep it, and for how long.

The group’s key deliverables can be found at http:/nist.

gov/oles/forensics/bioev.cfm and include a handbook outlining best
practices and standardized protocols for property and evidence
clerks, a report on legislative considerations, a report discussing
current technological trends and possible applications, and a web-
based clearinghouse for biological evidence handlers in property
rooms, courts, and law enforcement agencies.

Evidence, Biological, NIST

A31 the

PCR

Detecting Spermatozoa
Proximity Ligation
(PLiRT-PCR) Method

Using
Real-Time

Jaclyn Benjamin, BS*, 1401 S Joyce Street, Apt 305, Arlington,
VA 22202; Lori J. Prugh, MFS, 10850 Pyramid Place, Manassas,
VA 20110; Caitlin Ayoub, MFS, 7966 Lewinsville Road, McLean,
VA 22102; and Daniele S. Podini, PhD, Department of Forensic
Science, 2100 Foxhall Road, NW, Washington, DC 20007

After attending this presentation, attendees will be
informed as to how the PLIRT-PCR method can be used to detect
spermatozoa for forensic applications.

This presentation will impact the forensic science
community by demonstrating that using the PLIRT-PCR method
to confirm the presence of spermatozoa can potentially replace
the current, time-consuming, microscopic detection method. The
PLIRT-PCR method is a fast, sensitive, specific, low consumption,
high-throughput, and amenable-to-automation molecular assay
that could aid in reducing the backlog of processing sexual assault
evidence.

In sexual assault cases, the confirmatory identification of
spermatozoa often plays a critical role in determining whether or
not a sexual act occurred. In some crime labs, the detection of
semen begins with the seminal acid phosphatase presumptive test
followed by the significantly more specific Prostate Specific Antigen
(PSAor p30) test. The latter cannot be considered confirmatory for
semen because PSA has been detected in other body fluids such
as male and female urine and breast milk.

The only universally accepted method to confirm
the presence of semen today is to visualize spermatozoa
microscopically. This is a time-consuming task, as each sample
must be processed and examined individually. Due to the large
number of sexual assault cases that are processed in forensic
laboratories, the detection of semen significantly affects case
backlog. Automated fluorescence-based microscopic detection
can decrease the time spent per sample, but still processes one
sample at a time and requires expensive equipment.

Presence of semen can also be confirmed through the
detection of sperm cell specific proteins. The PLIRT-PCR assay is
designed for the detection of proteins, combining the specificity of
an immunological reaction with the sensitivity of PCR. The process
involves creating a DNA representation of a particular protein upon
the dual binding of specific antibody assay probes. DNA surrogates
of proteins are created by proximity ligation and detected via real-
time PCR. The amount of signal, identified by the cycle threshold
(Ct), is inversely proportional to the original amount of amplicon,
which in turn indicates the amount of protein in the sample. The
PLIRT-PCR technique only requires a thermal cycler and a real-
time PCR instrument, both commonly used in forensic labs.

A PLIRT-PCR assay was developed using the TagMan®
Protein Assay Kits by Life Technologies™ to target the sperm-
specific protein SP-10 (ACRV-1). SP-10 is an intra-acrosomal,
testis-specific protein that is an ideal target for the assay because
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the acrosomal location protects the protein from environmental
elements and its location on the surface of the acrosome makes it
likely that epitopes will be accessible to the antibody-probes.

Preliminary work has shown that the PLIRT-PCR assay
has been sensitive enough to detect SP-10 in liquid semen dilutions
down to 1:5000, equivalent, in the assay, to about 10 spermatozoa.
Each dilution from 1:10 to 1:10,000 was run in duplicate along
with a No Protein Control (NPC). Ct values of semen dilutions
outside of 3 standard deviations from the average NPC value are
considered positive. A specificity test has also shown the assay to
be specific only for semen samples when tested against both male
and female blood, saliva, and urine. In the specificity testing, each
body fluid sample was run in duplicate as well as with an NPC.
The assay has also been evaluated for its ability to detect semen
in common forensic samples such as swabs with mixtures of blood
and semen and mixtures of saliva and semen. The samples tested
consisted of a buccal swab with 50 microliters of a 1:10 dilution of
semen added, a buccal swab alone, a swab with 50 microliters of
whole blood with 50 microliters of a 1:10 dilution of semen, and a
swab with 50 microliters of whole blood alone. Samples were run
in triplicate along with an NPC swab. Only the samples with semen
added were positive.

Although these early results are promising, some issues
have been encountered with reproducibility and variability. For
example, in certain experimental sessions, there was unexpected
variability between Ct values obtained from aliquots of the same
semen dilution and those tested in triplicate. These issues will
continue to be resolved as the assay development continues. This
presentation will discuss the experiments conducted thus far using
the PLIRT-PCR method targeting SP-10, the numerous benefits of
using a molecular method to detect spermatozoa, and the potential
for targeting other or multiple sperm specific proteins with this
assay.

This study has been financially supported by the National
Institute of Justice, Office of Justice Programs, U.S. Department
of Justice, Award No. 2012-DN-BX-K034. 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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A32 Identification of Marker Proteins in
Menstrual Blood Using LC-MALDI Mass

Spectrometry

Heyi Yang, PhD, 421 E 26th Street, New York, NY 10016; Matthew
Goldstein, BS*, 175 Evergreen Avenue, Bethpage, NY 11714; and
Donald Siegel, 421 E 26 Street, New York, NY

After attending this presentation, attendees will understand
some past and present techniques for identifying menstrual blood,
advantages to using proteomics for the analysis of menstrual
blood, and some specific factors that need to be considered when
identifying marker proteins in menstrual blood.

This presentation will impact the forensic science
community by presenting a new serological method for identifying
body fluids and provide a confirmatory test for menstrual blood.

Body fluid identification is an important tool to help
investigators reconstruct details of a crime. While the more
common body fluids (blood, semen, and saliva) have well-
documented presumptive testing procedures, the lesser seen body
fluids (vaginal fluid and menstrual blood) do not. Menstrual blood
consists of blood, vaginal fluid, and endometrial cells. Due to this
complex mixture of other known body fluids, current serological
tests are not ideal for identifying menstrual blood because they

look for components of red blood cells, such as hemoglobin, which
are also located in venous blood. Any new technique developed
for the purpose of identifying menstrual blood will need to identify
a substance unique to menstrual blood in order to be effective.
Several techniques under development aim to distinguish menstrual
blood from venous blood, including mRNA analysis, microRNA
analysis, DNA methylation analysis, Raman spectroscopy, and
protein analysis by mass spectrometry.

In protein analysis, proteins are digested into peptides
and the masses of peptides are determined by tandem mass
spectrometry. These data are compared to protein libraries and
peptide/protein identifications are made. In recent years, most of the
commonly occurring forensic body fluids have had their proteomes
mapped using mass spectrometry. Recently, a laboratory has
published the first menstrual blood proteome." By comparing the
menstrual blood proteome with other proteomes, it is possible to
identify a group of proteins unique to or enriched in menstrual
blood. Once a list of these proteins has been developed, the
identity of any unknown sample analyzed on a mass spectrometer
can be determined. Previous studies have shown proteomics to
be highly sensitive and specific in venous blood, semen, and saliva
identification.?

Samples of menstrual blood were collected from 45
women on each day of her period using a menstrual cup. Menstrual
blood samples were homogenized and proteins were extracted
using differential centrifugation.  Protein concentration was
measured using a bicinchoninic assay. Samples were processed
using a protein enrichment kit to reduce the dynamic protein
range and improve marker detection on the mass spectrometer.
Samples were qualitatively analyzed by electrophoresis to evaluate
the enrichment. Protein was digested using trypsin and labeled
using isobaric tags to allow all samples from a single individual
to be run on the mass spectrometer at the same time. Samples
were separated using High Performance Liquid Chromatography
(HPLC) and analyzed Matrix-Assisted Laser Desorption/lonization-
Tandem Time Of Flight (MALDI-TOF/TOF). The resulting spectra
were compared to a protein database and any unique or highly
enriched proteins determined. Results of the mass spectrometer
and protein database comparisons and any candidate proteins will
be discussed.

This work was supported in part by awards 2008-DN-
BX-K011 and 2010-DN-BX-K192 funded by the National
Institute of Justice, Office of Justice Programs, United States
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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2. Body Fluid Identification by Mass Spectrometry,
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A33 Optimized Methods for Isolation of
microRNAs From Forensically Relevant
Body Fluids
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VA 23224; Zendra E. Zehner, PhD, VCU School Med/Massey
Cancer Ctr, Dept of Biochemi & Molecular Biology, 1101 E Marshall
Street, PO Box 980037, Richmond, VA 23298-0037; and Sarah
J. Seashols, MS, Virginia Commonwealth Univ, Dept of Forensic
Science, PO Box 843079, Richmond, VA 23284-3079

After attending this presentation, attendees will understand
the basic biogenesis and function of microRNAs (miRNA), as well
as how miRNAs can advance serological testing over traditional
methods. The presentation will discuss which miRNA isolation
methods were found to be most effective for each forensically
relevant body fluid, and variations found in common miRNAs
levels, not only between individuals in the same body fluid, but also
between different body fluids from the same person.

This presentation will impact the forensic science
community by introducing the community to a new potential
molecular technique for body fluid identification. This application
would permit a more concrete identification of body fluids in forensic
cases, allowing for more accuracy in casework and confidence
during testimony.

Current serological techniques are often subjective and
typically do not have a statistical measure of confidence associated
with the results. Because of this, the popularity and confidence
level in DNA profiling has far outpaced the technology of body fluid
identification; however, the accurate identification of body fluids
present at crime scenes has not diminished in importance. While
each body fluid has a variety of current and historical presumptive
tests for forensic detection, almost all lack a specificity and sensitivity
that would give examiners full confidence when identifying those
body fluids. Molecular-based serological techniques are able to
provide a confidence level that is currently lacking in traditional
methods.

miRNAs are small non-coding RNA molecules that
regulate many cellular processes through modulation of proteins
at the translational level. miRNAs are very stable, both because of
their small size and also due to the fact that when they are secreted,
they are typically either encased in a protective lipid vesicle or
encapsulated in a protein or cholesterol matrix. These properties
make miRNAs more resistant to degradation than naked nucleic
acids. Thus, it is likely that miRNAs, when fully evaluated, will
make excellent candidates for body fluid identification. Identifying
miRNAs that are specific to a particular body fluid could give an
examiner absolute confidence when identifying that body fluid, an
advantage that serological testing cannot provide.

In order to determine the most optimized isolation
method that yields the highest quantity of miRNA for each body
fluid, five commercial miRNA isolation kits were tested on blood,
semen, menstrual blood, vaginal fluid, urine, sweat, and saliva
samples. The five methods were first compared on efficiency of
miRNA extraction by total RNA yield through UV spectroscopy,
with the top three most efficient kits for each body fluid selected
for further analysis. Vaginal fluid and menstrual blood had the
highest average yield of total RNA with over 3,000ng and 2,600ng
respectively, while urine and sweat had the lowest average yield,
containing only 325ng and 250ng of total RNA respectively.

The extracted samples were evaluated using Real-Time
Quantitative Polymerase Chain Reaction (RT-gPCR with known
endogenous miRNAs and small RNAs in order to evaluate relative
miRNA levels for each body fluid. miRNA levels were evaluated
based on relative abundance, with samples yielding highest
Ct values interpreted as having the highest quality and quantity
miRNAs. Of the five kits, either the Qiagen® miRNeasy Mini Kit
(menstrual blood, semen, saliva) or the Qiagen® miRNeasy Serum/
Plasma Kit (blood, vaginal fluid, urine, sweat) was chosen based
not only on effectiveness of extraction but also on ease-of-use.

Additional comparisons were made to evaluate the
consistency of miRNA abundance levels. To determine the relative

abundance level of known endogenous miRNAs and small RNAs
among individuals, a comparison of four individuals was made for
each body fluid. This data showed that of the two miRNAs assayed
blood, semen, and sweat levels varied very little (<3 Cts, or 8-fold)
regardless of contributor, but urine, menstrual blood, and vaginal
fluid had widely varying levels of the same miRNA (4 — 7 Cts, or up
to a 128-fold difference).

miRNA isolation could increase the accuracy and
efficiency of identifying body fluids by taking serological testing to
a molecular level. The first step in this process is to optimize the
most efficient isolation method to use for each body fluid to ensure
the most accurate results.

This project was funded by the National Institute of Justice,
Office of Justice Programs, U.S. Department of Justice, Award No.
2012-DN-BX-K017. 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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A34 Epigenetic Methylation Markers as a
Powerful Technique to Discriminate
Body Fluids Present in Crime Scenes

Joana Antunes™, 9000 W Flagler Street, Apt 8, Miami, FL 33714;
Tania Madi, 90 SW 3rd Street, Apt 1414, Miami, FL 33130;
Robin Bombardi, MS, University of Southern Mississippi, School
of Criminal Justice, 118 College Drive, #5127, Hattiesburg, MS
39406; Kuppareddi Balamurugan, PhD, School of Criminal Justice,
University of Southern Mississippi, Hattiesburg, MS 39406; George
T. Duncan, PhD, Broward County Crime Lab, 201 SE 6th Street,
Rm 1799, Fort Lauderdale, FL 33301; and Bruce R. McCord, PhD,
Florida International Univ, Dept of Chemistry, University Park,
Miami, FL 33199

After attending this presentation, attendees will gain
valuable insight on the research efforts being made to use patterns
of DNA methylation at different genome locations as a tool to
discriminate body fluids present at crime scenes.

This presentation will impact the forensic science
community by showing that epigenetic differences in DNA permit
discrimination of cell type. A method has been developed to
exploit the relative levels of methylation at CpG islands on the
genome using bisulfite modification and pyrosequencing. Using
this knowledge, evidence will be provided on how different body
fluids present at crime scenes show distinctive methylation patters
at specific loci.

In certain criminal cases such as sexual assaults,
discrimination between the type of cells present can assist the trier-
of-fact in determining if a crime was committed or if the presence
of suspect DNA derives from innocent contact. In general,
current methods used to determine the presence of body fluids
are presumptive and lack specificity and sensitivity. Alternative
tests based on gene expression using mRNA markers have been
developed (as have proteomic markers); however, these methods
ultimately are derived from RNA."® Thus, use of epigenetic tests
would be more direct and should be more stable with time.

The epigenome varies according to gene expression
and ultimately permits cell differentiation within the human body.
Eckhardt et al. described specific regions where DNA is either
methylated or not according to the type of body tissue present,
making them excellent markers for body fluid determination.” The
greater stability of DNA when compared to RNA and protein makes
it the most suitable biomolecule for use in forensic discrimination of
body fluids present in crime scenes.
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In this study, DNA obtained from samples of semen, saliva,
blood, skin, as well as old stains from blood stored on FTA® paper
and in other materials were examined. DNA samples from non-
humans such as E. coli, dog and cat were also tested to confirm
species-specificity for the markers. All DNA was bisulfite modified
using the Epitect® Bisulfite Kit to convert all the non-methylated
cytosine’s to uracils on the template DNA. Bisulfite modified DNA
was then singleplex amplified using the primers designed by
the PyroMark® CpG Assays that are gene-specific methylation
assays for pyrosequence analysis. All pyrosequencing reactions
were performed using the PyroMark® Q24 Pyrosequencer. Data
analysis was performed using the PyroMark® Q24 assay software
for CpG methylation quantitation. The corresponding percent (%)
methylation values for each site and the data were displayed as a
pyrogram.

The data obtained shows successful discrimination of
body fluids when specific markers are screened for methylation
patterns, not just in DNA extracted from fresh samples but also
in samples stored for several years. The C200rf117 marker
discriminates blood with methylation levels between 50% and 82%
for blood and below 30% for other body fluids. The BCAS4 marker
can reliably identify saliva since it produces methylation levels 25%
and above while other fluids tested show levels below 20%. For
the ZC3H12D locus, all body fluids except semen/sperm show
methylation levels above 80% whereas that number is below 13%
for sperm. Also available to differentiate sperm, the marker FGF7
shows 60% methylation or greater for all 7 CpG islands in the locus
while all other cell types are 30% or below. Non-human DNA is not
successfully sequenced using any of the selected primers.

In total, the results show a differential methylation pattern
for specific loci that can be used to discriminate diverse body fluids.
This method is more specific than the currently used protein-based
techniques because it does not exhibit cross-reactivity between
body fluids. Further, this method is robust, permitting use on
samples stored in evidentiary archives.

This project was supported under Award No. 2012-DN-
BX-K018 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.
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A35 Development and Testing of a Mass
Spectrometry-Based Assay for the
Identification of Biological Stains

Kevin M. Legg*, 2300 Stratford Avenue, Willow Grove, PA 19090;
Phillip Danielson, PhD, Department of Biology, 2101 E Wesley

Avenue, Lab 223, Denver, CO 80210; and Heather E. Mazzanti,
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After attending this presentation, attendees will be aware
of a novel method for the classification of biological stains through
the use of targeted mass spectrometry.

This presentation will impact the forensic science
community by informing it of a novel technology with the potential
to significantly improve the accuracy and sensitivity of forensic
serological testing. It will provide practitioners with greatly improved
tests for saliva, seminal fluid, peripheral blood, and urine while also
enabling the identification of vaginal and menstrual fluids for which
there are currently no accurate tests.

While DNA profiling makes it possible to individualize
biological stains, the identification of the stain itself can present
forensic serologists with a significant challenge. For example, if a
genetic profile generated from a swab of a male suspect’s finger is
consistent with that of an alleged female victim of sexual assault,
more than one interpretation is possible. Did the male sexually
assault the victim by digitally penetrating her vaginally? Or, did the
female lick the suspect’s finger — leaving her DNA behind? The
ability to reliably determine whether the suspect’s finger contains
traces of saliva and/or vaginal secretions could enable investigators
to better evaluate such alternate interpretations.

Current antibody and enzyme activity-based assays
used by forensic practitioners for biological stain testing yield
only presumptive results. Positive results with non-target body
fluids or cross-reactivity with non-human sources has been well
documented. Some serological tests can consume unacceptable
quantities of precious evidence, while for some body fluids there are
simply no available tests at all. There is clear value in developing
more accurate approaches for identifying stains of biological origin.

Using state-of-the-art protein characterization
technologies, the proteomes for six body fluids (peripheral and
menstrual blood, vaginal fluid, semen, urine, and saliva) have been
mapped and characterized. Based on these analyses, 37 protein
biomarkers were identified for the confirmatory identification of
all target stains. These candidates included several well-known
markers, such as Statherin for saliva identification, as well as many
novel biomarkers such as matrix metalloproteinase-9 for vaginal
fluid identification.

Verification assays have been performed to confirm
the specificity and consistency of the most promising candidate
biomarkers across a large human sample population. Verification
assays employed a targeted, multiplex, mass spectrometry assay
on a nanoflow quadrupole time-of-flight instrument. Results of
these studies have identified a panel of accurate, reliable, and
confirmatory protein markers for biological stain identification. The
ability to detect the markers in a variety of casework-type samples
was also successfully tested.

Serology, Mass Spectrometry, Proteomics

A36 Separation of Complex Biological
Mixtures Using Human Leukocyte
Antigen Probes and Fluorescence

Activated Cell Sorting (FACS)

Lee M. Dean, BS, 6365 Elko Road, Sandston, VA 23150; Tracey
Dawson Cruz, PhD, Virginia Commonwealth Univ, 1015 Floyd
Avenue, PO Box 843079, Richmond, VA 23284; Sarah J. Seashols,
MS, Virginia Commonwealth Univ, Dept of Forensic Science,
PO Box 843079, Richmond, VA 23284-3079; and Christopher
J. Ehrhardt, PhD* VCU Dept of Forensic Science, 1015 Floyd
Avenue, Rm 2015, Richmond, VA 23284
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After attending this presentation, attendees will gain an
understanding of how molecular probes targeting antigens on white
blood cells can be used to differentiate individual contributions
to a complex blood mixture and the application of Fluorescence
Activated Cell Sorting (FACS) for physically separating cells prior
to Short Tandem Repeat (STR) analysis.

This presentation will impact the forensic science
community by introducing a new technique to resolve individual
contributions in a biological mixture. Molecular antibody probes
coupled to flow cytometry has the potential to reduce analytical
bottlenecks within case working laboratories and the loss of
evidence that can accompany the interpretation of STR profile
mixtures.

Analysis of biological mixtures is a significant problem for
forensic laboratories. The presence of cells from multiple individuals
in a biologic stain complicates DNA profile interpretation and often
leads to loss of evidence. While many analytical techniques have
been developed to address complex STR profiles resulting from
cell mixtures, few can be applied to biological mixtures containing
one cell type. Yet, an increasing proportion of samples submitted
as evidence are mixtures in which there are no physical differences
between cells contributed by multiple individuals. New techniques
are needed to separate individual cell populations from these types
of forensic mixtures to generate unambiguous STR profiles.

To address this problem, a new analytical technique was
developed that utilizes the intrinsic immunological variation among
individuals to physically separate cells from different sources prior to
DNA profiling. For this procedure, fluorescent antibody probes are
used to selectively bind to allelic variants of the Human Leukocyte
Antigen (HLA) complex on cell surfaces. The natural diversity of
antigen alleles and their universal expression on the cell surfaces
make them ideal molecular targets for differentiating contributors
in a mixture. Once individual cell populations are labeled with
HLA-antibody probes, they are isolated from the mixture through
FACS, a high-throughput technique for separating cell populations
based on their optical properties. By separating whole cells from
a forensic mixture prior to genetic analysis, single-source STR
profiles could potentially be generated without any ambiguity or
complex pattern interpretation.

The forensic potential of this technique was tested on
a two-person whole blood mixture. A discriminatory antigen
target (HLA-AO02) was identified prior to the experiment and
the complementary antibody probe was used for all separation
procedures. Specificity of the HLA-A02 probe to the surface
antigens of each contributor was checked prior to mixing samples.
First, one microliter of whole blood from each contributor was mixed
together and the liquid mixture was hybridized with the HLA-A02
fluorescent probe. Characterization with flow cytometry showed
two cell populations, each with distinct fluorescence profiles.
Optical characteristics of each cell population were consistent with
antibody probe binding with only Contributor 1 cells in the mixture.
Isolation of the labeled cell population was conducted by FACS.
DNA extraction and STR profiling of the labeled cell population was
performed to determine the efficiency of cell separation. Profiles
were compared against STR profiles generated for the whole blood
mixture and reference samples from each contributor. Results
showed that the STR profile of the fluorescently-labeled cell
population that was sorted from the mixture were identical to the
single source profile for Contributor 1 across all six Combined DNA
Index System (CODIS) loci tested. Further, there was no evidence
of allelic contributions from Contributor 2 after cell sorting. Antibody
labeling and FACS sorting were also tested on liquid blood mixtures
containing different ratios of cells from each source (1:2, 2:1, 3:1,
1:3). Resolvable single-source STR profiles were obtained for 1:2
and 2:1 mixtures; however, sorted cell populations from 1:3 and 3:1
mixtures yielded no interpretable allelic peaks. This indicates that
the individual template ratio has an effect on the efficacy of antigen

labeling and cell sorting and the procedure needs to be optimized
for these types of mixtures.

Overall, these experimental results suggest that HLA-
antibody probes can be used to differentiate individual contributors
in a complex mixture and that FACS is an efficient way to physically
separate antibody-labeled cells for single-source STR profiling.
This technique has the potential to help reduce the analytical
bottlenecks, inconclusive results, and loss of evidence that often
accompany mixed STR profile interpretation within forensic case
working units.

STR Profiling, FACS, Antibody Probes

A37 The Role of Alkaline Lysis and Pressure
Cycling Technology in DNA Recovery
From Mixtures

Deepthi Nori*, 1260 SW 104 Path, Apt 209, Miami, FL 33174;
and Bruce R. McCord, PhD, Florida International Univ, Dept of
Chemistry, University Park, Miami, FL 33199

After attending this presentation, attendees will understand
the principles behind a rapid and efficient method to extract sexual
assault evidence using pressure-based protocol and the effect of
alkaline lysis on sample recovery from cotton swabs.

This presentation will impact the forensic science
community by introducing the application of pressure pulsing for
specific detection of individual cells in mixed stains which will
enable rapid and selective processing of sexual assault evidence.

Sexual assault cases are plagued by challenges in sample
analysis due to the presence of tissue from multiple contributors.
The sample mixtures are often overwhelmed by female epithelial
cells which makes generating a clean male DNA profile very
difficult. To overcome this obstacle, organic differential extraction
is most commonly used, wherein the overwhelming female fraction
in the mixture is lysed and removed followed by the lysis of sperm
cells. Apart from the tedious procedure and incomplete mixture
resolution associated with differential extraction, the inability to
efficiently recover the sample from the cotton matrix contributes to
the challenges faced in analysis of mixtures.

The objective of this 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 was performed utilizing the Barocycler®
NEP 2320, a commercially available instrument equipped with a
hydrostatic pressure chamber that generates alternating cycles of
ambient and high pressures with a range of 5-45kpsi. Another goal
of this study was to enhance sample recovery from cotton swabs.
Cotton swabs are often used to collect crime scene evidence;
however, the inefficient sample recovery from this substrate has
been the subject of numerous studies in the past. In order to
enhance DNA recovery from cotton swabs and hence improve
downstream genetic analysis, the effect of alkaline lysis on sample
recovery from this substrate was studied.

The current study involved the application of pressure
cycling technology in the selective digestion of sperm cells from
evidence mixtures 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 45,000psi pressure. To
improve sample recoveries, cotton swabs containing sample were
incubated in different concentrations of sodium hydroxide under
varying temperature and incubation times. Following incubation, all
the samples were purified using phenol/chloroform/isoamyl alcohol
extraction and quantified with the Promega® Plexor® HY System.
The samples were subsequently typed by Short Tandem Repeat
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(STR) analysis using the Promega® PowerPlex® 16 HS System.

Preliminary results indicated that the application of
pressure cycling technology, in the presence of appropriate
buffers, can result in 50-60% recovery of male DNA from mixtures.
These observations were reproduced with mixtures on cotton
swabs where six times more male DNA was recovered compared
to female epithelial DNA. Furthermore, preliminary data from
the alkaline lysis studies indicated significant increase in DNA
recoveries from cotton swabs with an increase in selectivity for
sperm DNA recovery. Careful optimization of parameters including
NaOH concentration, incubation time, and temperature resulted in
5- to 6-fold enhancement in the relative ratio of sperm DNA in these
mixtures.

Major support for this research was provided by Award
No. 2011-NE-BX-K550 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.

Pressure Cycling Technology, Alkaline Lysis, Mixtures

A38 Comparison of Reducing Agents in
Differential DNA Extraction

Lauren A. Cohen, BS* 223 Hawthorne Way, Delran, NJ 08075;
and Lawrence Quarino, PhD, Cedar Crest College, Dept of Chem
& Physical Sci, 100 College Drive, Allentown, PA 18104

After attending this presentation, attendees will learn how
Dithiothreitol (DTT), the most common reducing agent employed
in differential extraction procedures, compares with other reducing
agents in their ability to generate male DNA profiles from dried
stains prepared from female saliva and seminal fluid.

This presentation will impact the forensic science
community by demonstrating that the effectiveness of differential
extraction procedures for the isolation and subsequent genotyping
of DNA can be improved with the use of a new reducing agent,
dithiobutylamine, or beta-mercaptoethanol.

Differential extraction procedures have been utilized on
sexual assault evidence for two decades and involve the selective
digestion of epithelial cells followed by isolation and digestion of
sperm cells. A reducing agent is used to lyse sperm so that DNA
from these cells can be isolated. Although several alternatives
are available commercially that have increased throughput,
many laboratories still use the traditional Chelex® or organic
differential extraction method due to problems related to cost and
implementation. Recently, a new reducing agent, Dithiobutylamine
(DTBA), was synthesized from L-aspartic acid and found to be
far superior in reducing disulfide bonds in aqueous solution when
compared to several reducing agents, including DTT." Reduction
of disulfide bonds on the membrane of sperm cells is necessary to
isolate sperm DNA in these procedures. As a result of this research,
a pilot study was conducted to see if male DNA profile quality
could be improved by comparing the use of DTBA in a differential
extraction procedure, not only to DTT but to other reducing agents
as well.

Simulated post-coital swabs were created by adding 2uL
of neat semen, 1:10 diluted semen, and 1:100 diluted semen,
respectively, to buccal swabs and allowing them to dry. Differential
Chelex®extraction was performed in triplicate on each set of swabs
using DTT, DTBA, beta-mercaptoethanol, or tris(2-carboxyethyl)
phosphine, respectively.

A one molar (1M) concentration of each reducing agent
tested was used with a volume of 7uL added during extraction.
Extracted DNA was quantified using the Alu-based real-time

PCR SYBR green method and appropriate DNA concentrations
were amplified using the Promega® PowerPlex® 16 HS System.
Fragment analysis of amplified products was performed on an ABI
Prism 310 Genetic Analyzer and amplicons were genotyped using
GeneMapper” ID-X Software.

Results from swabs containing neat semen showed no
difference in the ability to obtain a sperm DNA profile in differentially
extracted samples using DTT, DTBA, or beta-mercaptoethanol.
Triplicate swabs using these reducing agents all produced full sperm
profiles. No male DNA was detected when tris(2-carboxyethyl)
phosphine was used as the reducing agent. As a result, none of
the swabs which used tris(2-carboxyethyl)phosphine as a reducing
agent were genotyped.

The quality of sperm DNA profiles did vary with swabs
containing 1:10 and 1:100 diluted semen with DTT, DTBA, and
beta-mercaptoethanol. DTT did not produce any full profiles with
swabs containing either 1:10 or 1:100 diluted semen. When using
DTT as the reducing agent, the male fraction averaged 22 and 12
alleles (out of a possible 26) for the 1:10 and 1:100 diluted semen
swabs, respectively.

Both DTBA- and beta-mercaptoethanol-treated swabs
produced more complete sperm DNA profiles than DTT. With
DTBA, an average of 25 male alleles (out of a possible 26) was
detected on the 1:10 diluted semen swabs and two of the three
swabs produced full male profiles. With the 1:100 diluted semen
samples, DTBA treated samples averaged 16 male alleles (out
of a possible 26) and no full profiles were obtained. All three
swabs containing 1:10 diluted semen produced full profiles with
beta-mercaptoethanol and an average of 17 male alleles (out of a
possible 26) were detected on the 1:100 diluted samples. No full
male profiles were obtained on the swabs containing 1:100 diluted
semen when beta-mercaptoethanol was used as the reducing
agent.

Results from this pilot study indicate that both DTBA and
beta-mercaptoethanol used as a reducing agent in differential
extraction may be superior in developing sperm DNA profiles
from male-female mixed samples than the commonly used DTT,
particularly with samples containing a small volume of semen.
Reference:

1. Lukesh JC, Palte MJ, Raines RJ. J Am Chem Soc
2012;134:4057-9.
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A39 Elemental and DNA Analysis of
Constituents Obtained From Extracting
Bone Samples

Laura Gaydosh Combs, MA*, UNT Health Science Center, Forensic
& Investigative Genetics, 3500 Camp Bowie Boulevard. CBH-355,
Fort Worth, TX 76107; Vivian Huynh, BS, University of North Texas,
Dept of Chemistry, 1155 Union Circle, PO Box 305070, Denton, TX
76203; Vallerie H. DeLeon, BS, University of North Texas, Dept of
Chemistry, 1155 Union Circle, #305070, Denton, TX 76203; Teresa
D. Golden, PhD, University of North Texas, Dept of Chemistry, 11565
Union Circle, #305070, Denton, TX 76203; Joseph E. Warren, PhD,
3500 Camp Bowie Boulevard, Fort Worth, TX 76107; and Rhonda
K. Roby, PhD, University of North Texas, Center for Human ID,
3500 Camp Bowie Boulevard, 310, Fort Worth, TX 76107

This presentation will illustrate the separation of sample
constituents as a consequence of DNA extraction from human
skeletal remains. Presented data include elemental contents,
DNA quality and quantity, and genetic analyses. Results were
obtained by examining working and waste fractions from each
step of a DNA extraction process, a modification of the Loreille
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et al. demineralization method with an additional silica-based
purification.! After attending this presentation, attendees will have
an understanding of how nucleic acids and elemental materials are
lost or carried over through each step of this extraction process.

This work will impact the forensic science community by
attempting to increase the number of individuals identified from
skeletal remains by improving the development of techniques
for extracting and analyzing DNA from bone samples. These
are considered one of the most challenging sample types in the
laboratory and require laborious processing that frequently yields
incomplete genetic results or amplification failure. Possible causes
of poor results may include DNA damage, PCR inhibitors, and/or
inefficient extraction. These experiments examined the separation
of materials during DNA extraction to measure the efficiency
of current methods. Understanding the complexity of human
bone samples and the efficacy of each step in routine laboratory
processing will provide a foundation for the future development of
improved methods to extract DNA from skeletal remains.

Pulverized bone samples from adjudicated cases were
obtained from the University of North Texas (UNT) Center for
Human Identification. Separate, homogenized aliquots of each
bone sample were used for chemical and DNA testing. Baseline
elemental content was determined by Inductively Coupled Plasma-
Mass Spectrometry (ICP/MS). Elemental analysis was performed
in solution mode ICP/MS. Acid digestion was used for sample
preparation; approximately 100mg of each sample was dissolved in
ultra-pure concentrated nitric acid (HNO,) and then diluted with 1%
HNO,. For major and trace metal analysis, dilution factors varied
between 20 and 100. All samples were measured in triplicate for
statistical analyses.

DNA extraction was performed on the second aliquot of
each bone sample using the UNT Center for Human Identification
“Demineralization Extraction of Skeletal Remains” protocol. This
procedure is a modified version of the total demineralization
extraction by Loreille et al." Samples were weighed and placed into
polypropylene test tubes. Demineralization buffer and proteinase
K were added to each sample and reagent blank and incubated
overnight. An equal volume of Phenol/Chloroform/Isoamyl Alcohol
(PCIA) was added to each sample, vortexed and centrifuged.
Aliquots for subsequent testing were removed from the aqueous
phase. While the waste fraction from the PCIA step could not be
tested due to the material hazards present, the remaining aqueous
phase was transferred to a centrifugal filtration device. Samples
were centrifuged through the device and aliquots were taken from
the filtrate that had passed through the device and the retentate.
The remainder of the retentate was additionally purified using a
chaotropic salt solution and a silica-containing centrifugation
column. Aliquots were also taken from the filtrate and retentate
from this step for additional testing.

A total of five fractions were examined: the aqueous
phase following PCIA purification, the filtrate and retentate from
the centrifugal filtration, and the filtrate and retentate from the
additional purification. Analyses targeting DNA content were
conducted, including: DNA sizing and quantity on a microfluidics-
based platform; UV-Vis spectrophotometry, PCR-based DNA
quantification; STR amplification; and, genetic analysis on a
capillary electrophoresis instrument. Elemental analysis of aliquots
from each fraction was performed using ICP/MS.

No sizing results were produced for many sample
sets using the microfluidics-based platform, believed to be a
consequence of the regents present in those fractions; however,
gel images were obtained for each fraction tested. The results of
the UV-Vis spectrophotometric analyses demonstrated an increase
in A260:A280 ratio that corresponded with a significant decrease
in estimated quantity of nucleic acids through each step of the
extraction process. PCR-based DNA quantification produced
some results and indicated the presence of PCR inhibitors in many

sample fractions. Results of the STR amplification and subsequent
genetic analysis will be presented along with the elemental
composition obtained from each fraction.
Reference:
1. Loreille OM, Diegoli TM, Irwin JA, Coble MD, Parsons
TJ. High efficiency DNA extraction from bone by
total demineralization. Forensic Sci Int Genet. 2007
Jun;1(2):191-5.
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A40 Maximizing mtDNA Testing Potential
With the Generation of High-Quality
mtGenome Reference Data

Rebecca Just, MFS*, AFMES/AFDIL, 115 Purple Heart Drive, Dover
AFB, DE 19902-5051; Spence A. Fast, MS, 115 Purple Heart Drive,
Dover AFB, DE 19902; Melissa K. Scheible, MFS, 15245 Shady
Grove Road, Ste 335, Rockville, MD 20850; Kimberly S. Andreaggi,
MFS, 115 Purple Heart Avenue, Dover AFB, DE 19902; Jennifer
L. Higginbotham, MFS, 115 Purple Heart Drive, Dover AFB, DE
19902; Jocelyn M. Bush, MS, 115 Purple Heart Drive, Dover AFB,
DE 19902; Michelle A. Peck, MFS, 115 Purple Heart Drive, Dover
AFB, DE 19902; Joseph D. Ring, MS, 115 Purple Heart Drive, Dover
AFB, DE 19902; Alexander W. Réck, PhD, Muellerstral3e 44, 6020
Innsbruck, AUSTRIA; Gabriela Huber, MS, Muellerstral3e 44, 6020
Innsbruck, AUSTRIA; Simone Nagl, MS, MuellerstralBe 44, 6020
Innsbruck, AUSTRIA; Christina Strobl, MS, Muellerstral3e 44, 6020
Innsbruck, AUSTRIA; Bettina Zimmermann, MD, Muellerstral3e 44,
6020 Innsbruck, AUSTRIA; Elizabeth A. Lyons, MFS, 7320 N Canal
Road, Lansing, Ml 48913; Toni M. Diegoli, MFS, 115 Purple Heart
Drive, Dover AFB, DE 19904; Walther Parson, PhD, Muellerstral3e
44, Innsbruck A-6020, AUSTRIA; and Jodi A. Irwin, PhD, 2501
Investigation Parkway, Quantico, VA 22135

After attending this presentation, attendees will be
informed regarding the development of more than 550 high-quality
mitochondrial genome haplotypes and the successful completion
of a project funded by the National Institute of Justice.

This presentation will impact the forensic science
community by discussing soon-to-be available complete
mitochondrial genome reference data which meet the highest
forensic standards and 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 to, in turn,
determine the strength of the mtDNA evidence. However, at
present, all publicly available forensic mtDNA reference databases
Scientific Working Group on DNA Analysis Methods (SWGDAM)
and EDNAP mtDNA Population Database (EMPOP) only include
information from the Control Region (CR). Emerging technologies
such as next-generation sequencing are capable of producing
complete mitochondrial genome (mtGenome) data from extremely
low DNA quality and quantity forensic specimens, but no suitable
public database of complete mtGenomes is available for forensic
queries. Thus, the goals of this National Institute of Justice (NIJ)
funded project were to: (1) increase the large-scale availability
of high-quality entire mtGenome reference population data; and,
(2) improve the information technology infrastructure required to
access/search mtGenome data and employ that data in forensic
casework. The specific objectives of this large-scale databasing
initiative were the development of 550 high-quality mtGenomes
spanning three U.S. population groups, along with database
structure and query modifications to the publicly-available EMPOP
database.
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To ensure the generation of the highest quality mtGenome
profiles, a laboratory processing workflow was implemented in
which nearly all pipetting steps were performed robotically and
a rigorous data review process was employed. Amplification of
the complete mtGenome was achieved via eight overlapping
fragments, and each mtGenome was sequenced in 135 reactions,
providing redundant and overlapping forward and reverse
sequence coverage across the entire molecule. The data review
process followed a strategy previously used successfully for the
production of high-quality CR sequences, which includes raw data
review by no fewer than three distinct scientists at two laboratories
and electronic data transfer with two additional profile reviews." To
further ensure data reliability, completed mtGenome haplotypes
were compared to PhyloTree to confirm phylogenetic consistency
across the eight amplicons.? Lastly, final profile haplogroups were
assigned using an automated, maximum likelihood-based tool,
EMMA.3

The presentation will describe the development of
more than 550 entire mtGenomes using this workflow and the
completion of the NIJ-funded databasing effort. The optimized,
highly automated protocol reliably produced high-quality data
from low template specimens and reduced the number of manual
production steps and the extent of sample reprocessing necessary
to construct complete mtGenome haplotypes. The efficacy of
automated processing combined with a rigorous data review
strategy in preventing errors was evident from the absence of
problems detected at the stage of phylogenetic data evaluation.
Few discordant profiles were identified upon cross-validation of the
Armed Forces DNA Identification Laboratory (AFDIL) and EMPOP
reviews.

In the immediate term, these high-quality haplotypes
will be used as an etalon dataset for a posteriori quality control
of mtGenome data evaluated by EMPOP prior to their acceptance
for publication in two forensic journals. 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.

This project was supported by Award No. 2011-MU-
MU-K402, 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.

The opinions or assertions presented herein are the private
views of the authors and should not be construed as official or as
reflecting the views of the Department of Defense, its branches, the
U.S. Army Medical Research and Materiel Command, the Armed
Forces Medical Examiner System, the FBI, the Michigan State
Police, or the U.S. Government.
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1. Irwin et al., Forensic Sci Intl: Genet (2007) 1(2):154-7.
2. Van Oven and Kayser, Hum Mutat (2009) 30:E386-E394.
3. RO&ck et al., Forensic Sci Intl: Genet (2013) http://dx.doi.
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A41 Development of a Novel and Sensitive

DNA Analysis Multiplex Based on INNUL
Markers for Highly Degraded Forensic
DNA Samples

Sudhir K. Sinha, PhD*, InnoGenomics Technologies, LLC,
1441 Canal Street, Ste 307, New Orleans, LA 70112; Anne H.
Montgomery, MS, InnoGenomics Technologies, LLC, 1441 Canal
Street, Ste 307, New Orleans, LA 70112; Gina M. Pineda, MS,
PO Box 113006, Metairie, LA 70011-3006; Robyn Thompson, MS,
1441 Canal Street, Ste 307, New Orleans, LA 70112; Jonathan
King, MS, 3500 Camp Bowie Boulevard, Fort Worth, TX 76107;
Bobby LaRue, PhD, 3500 Camp Bowie Boulevard, Fort Worth,
TX 76107; Jianye Ge, PhD, 3500 Camp Bowie Boulevard, Fort
Worth, TX; Ranajit Chakraborty, University of Cincinnati, College
of Medicine, Cincinnati, OH 45267; and Bruce Budowle, PhD, UNT
Health Science Center, Forensic & Investigative Gen, 3500 Camp
Bowie Boulevard, EAD 310, Fort Worth, TX 76107

After attending this presentation, attendees will understand
the development and application of a novel marker system for use
with degraded forensic DNA samples.

This presentation will impact the forensic science
community by serving as a key aspect for the analysis of degraded
forensic DNA samples, as it can augment or replace traditional DNA
testing systems in the cases where those systems do not produce
results due to the presence of highly degraded DNA.

Retrotransposable Elements (REs) consisting of Long
Interspersed Nuclear Elements (LINEs), Short Interspersed
Nuclear Elements (SINEs), and SINE/VNTR/Alu (SVA) are a group
of markers that can be useful for human identity testing. SINEs
are a class of REs that are typically less than 500 nucleotides
long; LINEs are typically greater than 500 nucleotides long. The
third type of RE is the composite retrotransposon known as SVA
elements."

One of the advantages of using REs is that they do not
yield stutter artifacts due to slippage during the PCR. Until recently,
however, due to the inherent size difference (>300bp) associated
with insertion and null alleles, the use of REs has not been practical
for forensic applications. LaRue et al. have termed the Alus and
LINEs as INNULs instead of INDELs, as the two allelic states are
known, to be an insertion and null; thus INNUL better describes the
already well-established allelic states of these markers.? Although
the use of SINEs such as Alu in human identity testing has been
studied and reported in the literature, the more than 300bp size
difference between the two alleles prevented development of any
useful multiplexed system. This is the first time any research on the
use of LINEs, SINEs, or SVA element insertions, as a multiplexed
system, has been successfully achieved.

To circumvent the allele size disparity, a primer design
methodology was used to remove the intra-specific locus
competition that occurs in heterozygotes. This approach involved
use of the direct repeat units that flank an Alu element. The
novel primer design reduced overall amplicon size among loci
as well as the difference in amplicon size between the two allelic
states of INNULs. The resulting INNUL allelic amplicons can be
designed to differ by as little as one base pair instead of the 300bp
Alu insertion. Additionally, the amplicon size has been reduced
substantially to a size smaller than currently used STR markers,
such that substantially degraded DNA samples can be analyzed.
Utilizing this primer design, a more simplified, rapid, and automated
typing technology can be applied to LINE, SINE, and SVA insertion
polymorphism typing.

Markers were selected based on population studies
and analytical performance. The development of 16 REs and
Amelogenin into a single multiplexed amplification system will be
presented. The primer design was successful in substantially
reducing the size of the amplicons. All 17 markers are between
50bp to 125bp. Example multiplex electropherograms showing
the selected markers, fluorophores, and allele base pair sizes will
be presented. The small amplicon sizes result in an extremely
sensitive, rapid, and useful multiplex for highly degraded forensic
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samples as well as for high-quality samples. When evaluating
three major North American populations, these markers generally
met Hardy-Weinberg expectations and showed little evidence of
detectable levels of linkage disequilibrium between the markers
tested, i.e., based on the exact test there were no more departures
from expectations after Bonferroni correction. Random match
probabilities were <10#. Known paternity trios were used to
evaluate the system and demonstrate adherence to Mendelian
inheritance principles.

Data from this study supports the usefulness of this system
for analyzing highly degraded DNA samples which did not produce
usable STR results, allowing results having high discrimination
power to be obtained. A limitation of this system due to the bi-allelic
nature is the inability to deconvolve mixtures by quantitation or by
heterozygosity. This system will prove very useful for analyzing
single source degraded DNA samples such as those found in mass
disasters as well as other human identification efforts and, to some
degree, will be applicable to mixture analyses.

References:

1. Wang, Hui, et. al. SVA Elements: A Hominid-specific
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A42 Optimization and Evaluation of a Rapid
PCR Method fora Commercially Available
MiniSTR Kit for Human Identification

James L. White, BS*, 1615 Sycamore Avenue, Unit 217, Huntsville,
TX 77340; David A. Gangitano, PhD, 14723 TC Jester Boulevard,
Apt 1118, Houston, TX 77068; Sarah E. Bahlmann, MS, 15511
Oakmont Cub Court, Houston, TX 77059; and Sheree R. Hughes-
Stamm, PhD, Sam Houston State University, Dept of Forensic
Science, Huntsville, TX 77341

After attending this presentation, attendees will have
a better understanding of how using fast chemistry and rapid
Polymerase Chain Reaction (PCR) methods can successfully
produce Short Tandem Repeat (STR) profiles of acceptable quality
for genetic analysis.

This presentation will impact the forensic science
community by providing a new rapid PCR protocol for a miniSTR
system that can increase sample throughput. The increased
throughput will allow forensic laboratories to significantly reduce
backlogs in cases involving low amount Deoxyribonucleic Acid
(DNA) template or degraded samples that may have become more
difficult to analyze.

Forensic DNA profiling is a four-step process consisting
of DNA extraction, DNA quantification, PCR amplification, and
separation and detection of the amplified DNA fragments via
capillary electrophoresis. This process takes approximately 10h
to 12h to complete, with PCR amplification requiring 3h to 4h. A
reduction in the amount of time required for the amplification step
would allow for faster human identification and increase laboratory
throughput. This can be accomplished using fast chemistry and
rapid PCR cycling instrumentation. Fast chemistry involves
the application of new polymerases and buffers that maintain
the levels of sensitivity and fidelity of standard polymerases but
increase the extension rate and are activated more quickly. These
fast chemistries are designed to be paired with rapid PCR cycling
instrumentation where temperature transitions between annealing
and extension PCR steps and holding times are shortened. The

goal of this work was to optimize and evaluate a rapid PCR method
for the PowerPlex®S5 system for forensic DNA profiling.

Through the use of fast chemistries and a fast thermal
cycler, the amplification time of the PowerPlex®S5 system was
reduced. DNA profiles were produced in an hour, which was a 70%
reduction from the standard protocol. Sensitivity and heterozygous
peak height ratios were comparable between the fast and standard
protocols. However, a substantial decrease (5%) in peak height
ratio was noted at the D18S51 locus using the fast cycling
method. Furthermore, an increase (2.6%) in the average mean
stutter for combined loci was observed in profiles amplified using
the fast protocol compared to the standard system. The results
of this study demonstrate that a fast amplification protocol for a
miniSTR system can be used to produce acceptable profiles for
forensic DNA analysis. Further optimization and validation of the
fast PowerPlex® S5 protocol are required before it can replace the
standard amplification protocol in forensic laboratories.

Rapid PCR, Increased Throughput, Backlog Reduction

A43 Establishment of 11 Clustered X-STR
Loci for Kinship Testing

James Chun-l Lee, PhD*, 1, Jen Ai Road Sec 1, Taipei 100,
TAIWAN, ROC; Keng-Hsien Liao, MS, 1 Section 1, Jen-Ai Road,
Taipei, TAIWAN, ROC; Chun-Yen Lin, 123 Min-An Street, Zhonghe
District, New Taipei City, TAIWAN, ROC; Hsing-Mei Hsieh, PhD,
56 Shu-Jen Road, Taoyuan, TAIWAN, ROC; Li-Chin Tsai, PhD, 56
Shu-Jen Road, Taoyuan, TAIWAN, ROC; Yu-Jen Yu, BS, 1 Section
1, Jen-Ai Road, Taipei, TAIWAN, ROC; and Adrian Linacre, PhD,
School of Biological Sciences, Flinders University, GPO 2100
Bedford Park, Adelaide 5001, AUSTRALIA

After attending this presentation, attendees will learn 11
new clustered X-chromosome Short Tandem Repeats (X-STR) loci
for kinship test.

This presentation will impact the forensic science
community by teaching a method of establishing new clustered
X-STR loci for kinship test.

To increase the value of haplotype-linked X-STR loci in the
kinship testing, reported is the identification and characterization of
a cluster of 11 STR loci on the human X chromosome all within a
range of 1.1 Mb. The repeat DNA sequences were identified, using
data on GenBank, immediately upstream and downstream from the
previously described locus DXS6807. Initially, there were 24 loci
with four repeat motifs and three penta-repeats. The polymorphic
nature of the loci was examined and only loci with four or more
observed alleles were retained for further study. This resulted
in the identification of ten new loci, on either side of DXS6807,
and given the temporary names DXS680701, DXS680702,
DXS680703, DXS680704, DXS680705, DXS6807, DXS680706,
DXS680707, DXS680708, DXS680709, and DXS680710. The
distance between each pair of loci ranged from 24,998bp to
244,701bp and average approximately 110.8kb. In this study of
141 unrelated female and 130 male samples, X-STR loci were
successfully amplified by PCR and sequenced. From the resulting
sequence alignments, the number of alleles at each of these loci
was 11,27, 8,17,7,6, 9, 4, 8, 7, and 13 respectively. One of the
primers for each locus was labeled with fluorescent dye to generate
fluorescent PCR products, which were separated on an AB™ 3130
DNA Analyzer to allow genetic data to be collected. From these
data: the mean of heterozygosity was found to be 0.7145; the
polymorphism information content ranged from 0.461 to 0.883;
and, with the exception of locus DXS6807, the X-STR loci were
found to be highly polymorphic as their polymorphism information
content was higher than 0.6. Males were studied to determine the
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polymorphic nature of a single allele for these X-STR loci, resulting
in the observation of 129 haplotypes from 130 unrelated males.
The Logarithm Of Odds (LOD) score test of pairwise linkage
study using the LINKAGE program ranged from 4.4 to 23.73; this
indicated that these 11 loci are highly linked, as would be expected.
Based on a linkage study using 47 families, all with at least with two
children, all 11 loci were inherited as if linked, except in one case
where a crossover was observed in the subgroup of DXS680702/
DXS680703/DXS680704. The maximum likelihood estimation of
the recombination rates were found to be all less than 0.01. Since
X-STR loci have been proven to be powerful in solving particular
kinship cases, the haplotype of linked X-STR loci could provide
more discrimination power. These newly established 11 clustered
X-STR loci are highly polymorphic and have the potential to aid in
kinship testing where X chromosome loci currently play a role.

X-STR Loci, Linkage, Kinship Test

A44 Evaluation of Sampling Methods for the
Successful STR Typing of Dreadlocked
Hair Samples

Tyiesha Moore, MA*, 7600 Barlowe Road, Palmer Park, MD
20785-4122; Adrianna Cascante®, 7732 Donegal Bay Drive, Glen
Burnie, MD 21060; and Lynnett P. Redhead, MS, 7600 Barlowe
Road, Landover, MD 20785

The goal of this presentation is to offer attendees an
evaluation of methods used to obtain DNA from atypical hair
samples, namely dreadlocks.

This presentation will impact the forensic science
community by offering methods of DNA sampling procedures when
nontraditional hair evidence, such as dreadlocks, is analyzed.

Hair evidence is often found at crime scenes and submitted
to forensic laboratories for DNA analysis. Typically, the type of hair
evidence submitted has been individual hair strands. However,
with the increased popularity of natural hairstyles, dreadlock hair
may be submitted for casework analysis as well. In a review of
the literature, no instances of DNA analysis of dreadlocked/locked
hair samples were found. The sampling methods to obtain an
Short Tandem Repeat (STR) DNA profile from locked hair samples
were evaluated. The case study presented here is one in which a
dreadlock was recovered at the scene of a homicide and also the
resulting bench study.

Dreadlocks, also called locks, are formed by allowing the
hair to shed into itself, tangle, and mat. The thickness, as well as
the length, of the matted hair can vary among individuals. STR DNA
typing of hair evidence is traditionally accomplished by isolating the
biological evidence from the root of individual hair strands. Due to
the composite nature of dreadlocks, it may be possible to perform
nuclear DNA testing even when a visible root tag is lacking. Two
methods of sampling dreadlock/lock hair for STR typing will be
discussed in this presentation. The first sampling method utilizes
a cut portion of the actual dreadlock. This method is independent
of the width of the dreadlock. The second method utilizes the wet
swab technique. Use of the swab technique does depend on the
width of the lock.

Sampling methods were performed on 18 dreadlock/lock
samples. Each sample was externally swabbed and, depending on
thickness, cross-sectioned and internally swabbed with a single wet
cotton tip swab. Additionally, cuttings of the proximal, middle, and
distal portions of the lock were collected for DNA typing. A modified
EZ1® extraction protocol for the pretreatment of hair was utilized for
the cuttings. STR typing was performed using Life Technologies®
AmpFLSTR® Identifiler® PCR Amplification Kit.

The researchers will present a case study as an example
of the practical application of the two sampling methods.

STR Typing, Hair Evidence, DNA

A45 ImprovingPhysicalEvidence Storageand

Efficiency of Downstream Processing of
DNA in Forensic DNA Analysis

Stephanie Duque, BS*, 10501 FGCU Boulevard, S, Fort Myers,
FL 33965; Lora Bailey Van Houten, MS, Department of Justice
Crime Laboratory, Fresno, CA; and Sulekha Coticone, PhD, FGCU,
Academic Bldg 7, #431, 105601 FGCU Boulevard, Fort Myers, FL
33965

After attending this presentation, attendees will gain an
understanding of how osmolytes can be utilized to improve the
storage and downstream analysis of DNA.

This presentation will impact the forensic science
community by providing data on the use of organic osmolytes
in improving the storage and analysis of DNA in forensics. This
presentation will enhance research in the areas of preservation and
analysis of forensic DNA analysis.

DNA collection and analysis have provided the forensic
science field with a powerful tool for convicting the guilty and
exonerating the innocent. For DNA analysis, the forensic field
utilizes the Short Tandem Repeated (STR) DNA sequences which
are widespread throughout the human genome. The forensic
DNA community has adopted tetranucleotide repeats, which may
be amplified using the Polymerase Chain Reaction (PCR) with
greater fidelity and fewer stutter artifacts than other repeats. DNA
analysis does have its drawbacks including inhibition, degradation,
and artifacts present in the analysis. The use of osmolytes in
circumventing some of these obstacles is explored in this study.
In a previous study, DNA from blood stains incubated with
trehalose were found to be less degraded when preserved at room
temperature or 90°C."

Organic osmolytes are small solutes that stabilize
macromolecules and cells utilize them to counteract denaturation.??
Similar compounds are accumulated by some organisms in
anhydrobiotic, thermal, and pressure stress environments. Among
the major groups of osmolytes identified are polyols, free amino
acids and their derivatives, and methylamines and methylsulfonium
compounds. Osmolytes have been found to engage in unique
reactions that can protect cells in different ways. Osmolytes are
naturally produced by organisms that have adapted to extreme
conditions such as high temperature, low humidity, and high salinity.
These compounds have previously been shown to increase the
thermal stability of proteins under stressful conditions.

It is possible that forensic evidence must be maintained
for many years as the backlog in casework samples is eliminated.
Additionally, evidence must be retained for potential re-examination
(for example, by the defense lab as well as for possibile future
analysis using new technologies). The cost to retain evidence in
freezer space can be significant. If effective preservatives could
be added to the biological evidence, costs could be reduced by
storing the evidence at room temperature. To encourage suitable
preservation and storage of forensic evidence, the National Institute
of Justice (NIJ) recommends determining cost-effective methods
for storage of evidence.

The present project studied the utility of additives (organic
osmolytes) on the long-term storage of DNA from biological samples
as well as in improving the downstream processing of DNA in
forensic samples by preventing formation of stutter artifacts during
PCR. To assess the ability of preservatives to improve the storage
of biological samples, osmolytes (myoinositol, trehalose, raffinose,
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and stachyose) were incubated with DNA samples extracted from
biological fluids for various time periods and extreme environmental
conditions (e.g., high temperature, humidity). DNA from these
samples was then analyzed by STR analysis. Moreover, the results
show that polyols containing four and five carbons (erythritol and
xylitol) did not provide the same protection as polyols with at least six
carbons capable of forming a ring (e.g., myoinositol, trehalose, and
raffinose). It was also determined that these osmolytes can protect
DNA from DNAse | treatment used to simulate DNA degradation.
Additionally, the utility of osmolytes to reduce the stutter artifact in
DNA analysis was investigated. Osmolytes (sorbitol and betaine)
were found to decrease stutter products in microsatellite analysis
by 50% compared with normal unmodified PCR conditions. These
studies provide useful modifications to forensic DNA analysis of
STRs.
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A46 Changes in DNA After Bone Marrow
Transplant: Challenge for Forensic
Genetics

Garima Chaudhary, MSc*, All India Institute of Med Science, Dept
of Forensic Medicine & Tox, Rm 313, New Delhi 110029, INDIA;
and Anupuma Raina, PhD, Dept of Forensic Medicine, AIIMS, New
Delhi 110029, INDIA

After attending this presentation, attendees will be
informed about novel forensic situations in which blood, buccal
swabs, and hair follicles of humans are not a reliable source for
individualization using DNA profiling techniques.

This presentation will impact the forensic science
community by highlighting the very important concept of chimerism
in humans. If not considered properly, this can lead to false results
when DNA profiling techniques are used for identification purposes.

The role of forensic genetics within the investigative
process is to compare a sample recovered from a crime scene with
a suspect. Many individuals are receiving hematopoietic stem cell
transplantation (bone marrow/peripheral blood, or umbilical cord
blood transplant) from HLA matched or unrelated donor. Bone
Marrow Transplant (BMT)/Peripheral Blood Stem Cell Transplant
(PBSCT) has been widely accepted as a convincing life-saving
treatment modality for the various malignant and non-malignant
hematologic diseases. This has the potential to change the genetic
makeup and blood group of an individual, posing a challenge to
forensic scientist’s to solve the case successfully. This challenge
results because if a subject has a history of successful allogenic
bone marrow transplantation, donor cells would be present
in recipient blood cells and consequently, blood would not be a
suitable substrate for personal identification or kinship study.
This situation is called chimerism and refers to the presence of
lymhohematopietic cells of non-host origin. These cells could
be derived incidentally from a fetal-maternal transfusion, a
blood transfusion, or purposefully after hematopoietic stem

cell transplantation. Such genetic peculiarity may prevent the
association of the perpetrator of an offense with the stain left at
the crime scene or lead to false paternity exclusions. Forensic
scientists may encounter the problem of mixed or completely
mismatched DNA profiles of a single individual when the source
of the biological material being analyzed is from a person who is
a genetic chimera. The goals of this study were to evaluate the
chimerism level in different biological specimens and to identify the
ideal specimen for individualization using DNA profiling techniques.
Three different biological specimens (peripheral blood, buccal
swab, and hair) were analyzed at five different time intervals (pre-
transplant, +21days, +3 months, +6 months, and +1 year) from 25
different recipients of Hematopoietic Stem Cell Transplantation
(HSCT) to estimate the chimeric status of patients. Written consent
was taken from every participant prior to sampling. Genomic
DNA was extracted by organic extraction method. Out of 25, 13
patients had severe aplastic anemia, six patients had thalassemia,
five patients had myelogenous leukemia (acute myeloid leukemia
or chronic myeloid leukemia), and one patient had RBC aplasia.
Eighteen patients received PBSCT while seven patients underwent
Allo- BMT. Out of 25, 12 patients were sex mismatched with their
respective donors while 13 were not. Used were 16 different STR
markers (AmpF{STR identifiler kit) to generate the genetic profile
of the individuals. Peak areas of donor and recipient alleles were
used to calculate the chimerism percentage. Donor chimerism
was observed in blood (93-100%), buccal swabs (2-57%), and hair
follicles (0%). In the blood samples, 19 out of 25 patients showed
complete donor chimerism (100%). Three patients showed
chimerism with a range of 92.4-100% and three patients showed
mixed chimerism with a range of 46.9-97% at various time points.
Buccal swabs showed donor chimerism in all the samples at all the
time points. Eight out of 25 patients showed donor chimerism below
10%. No donor chimerism was observed in hair follicle samples.
Standard deviation and coeffiecient of variation was calculated for
every sample at every time point and the results suggested that
blood and buccal swabs are not suitable for personal identification
in chimeric patients. Hair, however, can be used as a good source
of biological material to obtain the original genotype profile of an
individual.

Bone Marrow Transplant, DNA Profiling Technique, Chimerism
in Humans

A47 ExaminationofNonoxynol-9,Includingan
Investigation of Interfering Compounds
and Potential False Positives

Jeffrey H. Dake, MSFS*, 4930 N 31st Street, Forest Park, GA
30297; and Edward Sisco, MS, 6819 Old Waterloo Road, Apt 1035,
Elkridge, MD 21075

After attending this presentation, attendees will
understand and be able to implement a method for the analysis of
Nonoxynol-9 (N9), a common spermicide. Additionally, attendees
will have a broad understanding of the specificity of this method
and the potential sources of false positives.

This presentation will impact the forensic science
community by providing a highly specific methodology for the
analysis of a common spermicide as well as a context for the
interpretation of results as applied to forensic analyses in sexual
assault cases.

Examination of items of evidence from sexual assault
crimes may, in some instances, require the detection of nonoxynol-9,
a spermicidal compound. Nonoxynol-9 is a surfactant compound
which is often found in condoms and sexual lubricants. The
identification of this material can act as valuable forensic evidence,
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providing a trace compound which can be used to link a suspect
and victim to used condoms or sexual lubricants which may have
been employed in the incident.

A combination of techniques can be used to obtain
structural and mass information regarding nonoxynol-9. The most
common techniques for the analysis of nonoxynol-9 include Fourier
Transform Infrared Spectroscopy (FTIR) and Direct Analysis in Real
Time-Mass Spectrometry (DART®/MS). Structural information of
this polymeric compound can be elucidated from FTIR or through
characteristic fragmentation ions when analyzed by DART®/
MS. Also, by providing a softer ionization in the MS analysis, the
protonated molecular ion can be detected, identifying the presence
of the nonoxynol-9 molecule specifically.

In addition to the development of a methodology for the
analysis of nonoxynol-9, several potential interfering materials
were analyzed to determine potential sources of false positives.
Common cosmetic products which may be present as background
materials in forensic science casework (such as lotions) were
analyzed. Additionally, as nonoxynol-9 is a surfactant, other
surfactants were analyzed to determine whether other surfactant
materials could provide false positives. Surfactants examined
included dish soaps, laundry detergents, stain removers, and body
soaps. Finally, other sexual lubricant materials were examined
to determine if the ingredients in commercial condom and sexual
lubricants would interfere with the analysis of nonoxynol-9. Arobust
sample set of interfering materials was tested during this study in
order to evaluate the specificity of the analysis, covering over 100
various commercial products.

Some materials were found to have molecular masses
which were consistent with peaks associated with the nonoxynol
polymer, while other materials were found to be structurally
similar; however, very few commercial products produced positive
results for both the fragmentation pattern and the molecular ion of
nonoxynol-9. This supports the high degree of specificity of the
analytical scheme. Anomalous and outlier results will be discussed
in detail.

The implementation of this methodology will prove
valuable to forensic science service providers involved in performing
analyses for cases requiring the detection of spermicides in sexual
assault cases. Not only will a discussion of the analytical scheme
be provided, but the context with which analytical results can be
interpreted will be discussed.

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.

Spermicide, Sexual Assaults, Trace Evidence

A48 4N6FLOQSWABS™:
Sample Collection

An Alternative for

Anna Dadhania*, Department Of Forensic Science, 2100 Foxhall
Road, NW, Washington, DC 20007; and Daniele S. Podini, PhD,
Department Of Forensic Science, 2100 Foxhall Road, NW,
Washington, DC 20007

After attending this presentation, attendees will
understand the design of the Copan 4N6FLOQSWABS"™, the
swab’s advantages and disadvantages when compared to cotton
swabs, their use in conjunction with the Nucleic Acid Optimizer, and
the DNA yield from the extraction of samples collected with Copan
4N6FLOQSWABS™. Attendees will also understand the design
and functionality of a Nucleic Acid Optimizer (NAO™ Baskets) in
DNA processing and the advantages and disadvantages of the use
of NAOs.

This presentation will impact the forensic science
community by presenting the 4N6FLOQSWABS™ as a sample
collection method that can be used as an alternative to the cotton
swab, which is used commonly to collect DNA evidence at crime
scenes and in forensic laboratories.

4N6FLOQSwabs™ are made of parallel short nylon
strands that are flocked onto a plastic stick lacking an inner core
that can trap cellular materials. This is in contrast to typical cotton
swabs with a mattress design that are highly absorbent and known
to trap cellular materials in their core. The swab is also designed
to neutralize microbial contaminants, while preserving the integrity
of nucleic acids, without the need to dry the swab. The design of
the Nucleic Acid Optimizer is different from the typical spin basket
with a woven bottom. Instead of a woven plastic construction,
the bottom of the NAO™ Basket is plastic with “valves” that do not
allow liquid to pass through under normal conditions. The semi-
permeable spin basket allows the elution of liquid through the
valves upon centrifugation at maximum speed. This design allows
for the incubation of a sample substrate to occur directly inside of
the spin basket, without the loss of buffer through the valves. Upon
direct centrifugation, the filtrate can be collected, which makes
the transfer of substrate and buffer unnecessary after incubation.
By reducing the number of transfer steps, the chances of sample
contamination could be reduced, while DNA yield could possibly
be improved.

Due to its design, it has been proposed that
4NB6FLOQSwabs™ are more effective at releasing cellular materials
than cotton swabs, thus the recovery of DNA from samples can
be improved with the use of the Copan 4N6FLOQSwabs™ used
in conjunction with the NAO™ Baskets when compared to cotton
swabs extracted with NAOs. To test this, DNA was extracted
from blood samples that were spotted on glass and swabbed
with 4N6FLOQSwabs™, with conventional forensic cotton swabs,
and from blood samples spiked directly onto both swabs. For
each condition, six replicate blood samples were prepared and
extracted. Samples were also extracted two weeks later using the
NAO™ Baskets during the lysis incubation stage.

When blood was spotted on glass, there was, on
average, a 52% increase in DNA recovery when swabbed with
4N6FLOQSwabs™ compared to swabbing with cotton swabs. The
average recovery for the 4N6FLOQSwabs™ was 1.206 = 0.21ng
compared to 0.795 + 0.31ng recovered by the cotton swabs on
glass. Furthermore, when blood was spiked directly on the swab,
there was, on average, a 196% increase in DNA recovery when
spiked on 4N6FLOQSwabs™ as compared to cotton swabs. The
average recovery directly on the swab for the 4N6FLOQSwabs™
was 0.880 + 0.09ng compared to 0.297 + 0.11ng recovered from
the cotton swabs.

Results showed that the 4N6FLOQSwabs™ provided the
best DNA recovery overall. Furthermore, the increase in the DNA
recovery with 4AN6FLOQSWABS™ when blood was spiked directly
onto the swabs shows that the 4N6FLOQSWABS™ are more
effective at releasing cellular materials from within the swab.

4N6FLOQSwabs™, Nucleic Acid Optimizer Baskets, Improved
DNA Sample Release

A49 DNA Typing Compatibility With a
Rapid, One-Step Saliva Screening Test:
Phadebas® Forensic Press Test

Steven B. Lee, PhD, San Jose State University, 1 Washington
Square, Macquarrie Hall 521, San Jose, CA 95192; Brooke A.
Barloewen, MPH, Santa Clara Co Crime Lab, 250 W Hedding
Street, San Jose, CA 95110; Tahnee Nelson Mehmet, MSFS,
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Santa Clara County, Crime Laboratory, 250 W Hedding Street, San
Jose, CA 95110; and Nicole A. Roda*, 2522 Fryers Way, Mount
Shasta, CA 96067

The goal of this presentation is to inform attendees of the
benefits and limitations of the Phadebas® Forensic Press (PFP)
test. Furthermore, attendees will understand the best methods for
extracting DNA from substrates tested with Phadebas® paper.

This presentation will impact the forensic science
community by providing valuable information about a saliva
screening technology that can be employed in forensic laboratories
for more effective, rapid presumptive testing of biological fluids.

DNA typing has become an important tool in forensic
science. Steps in forensic DNA typing include screening for
biological samples such as blood, saliva, or semen; DNA extraction;
quantification using quantitative Polymerase Chain Reaction
(PCR); PCR amplification of genetic markers such as autosomal
or Y chromosome short tandem repeats; comparison to reference
or database DNA profiles; and then interpretation and reporting of
results.

Screening a substrate for bodily fluids is an extremely
important step for locating areas that may contain DNA. Several
different methods have been developed for saliva." The PFP test
is a presumptive saliva test that utilizes a preloaded paper that will
react with the enzyme amylase, a component of saliva.>® Because
of its ability to screen for amylase while simultaneously locating
stains, the PFP may prove to be an effective, rapid method for
screening; however, it is important to assess whether the PFP
introduces any inhibitors to downstream processing such as PCR
amplification.®

Based on previous studies, it is hypothesized that the
PFP will provide a rapid and sensitive method for locating multiple
saliva stains simultaneously without introducing inhibitors to DNA
profiling. To evaluate sensitivity of the method, dilutions of saliva
(from neat down to 1:5,000) were stained onto cotton substrates.
Saliva dilutions from six different donors were prepared as
described and then tested using the PFP and visual detection for up
to 40 minutes. In addition, replicate saliva samples were prepared
and then subjected to UV degradation to evaluate sensitivity on
environmentally abused stains. Mixtures of blood:saliva and
semen:saliva were prepared (1:5, 1:2, 1:1, 2:1 and 5:1) and stained
on cotton substrates. All of the samples were then processed
with the PFP as previously described.?® The fabric containing the
stains and the PFP paper were then subjected to organic DNA
extraction, DNA quantification (Quantifiler® Duo gPCR kit), and
PCR amplification (Identifiler® Plus and Yfiler® STR kits) to evaluate
whether any inhibition was observed.

The PFP limit of detection was observed between 1:10 to
1:1,000 for saliva dilutions. Degraded samples exhibited delayed
positive results taking approximately twice as long to detect (e.g.,
neat control saliva detected in 4min 42sec and UV-treated neat
saliva in 7min 57sec). Control saliva was detected in just under
five minutes whereas UV cross-linked neat saliva was detected in
just under eight minutes.

For mixtures, all ratios of blood and saliva were detected
but reactions were delayed out to 30 minutes for the lowest ratio of
saliva to blood (1:5). All ratios of semen and saliva were detected
in less than 10 minutes. Neat semen stains were not detected with
the PFP; however, AP testing showed positive results.

Full STR profiles for both Identifiler® Plus and Y Filer®
were amplified using DNA extracted from cuttings of the fabric or
cuttings of the fabric and PFP paper for all saliva dilutions down to
1:100. Additionally, full profiles were also developed using DNA
extracted from the fabric substrate for all mixtures of semen and
saliva with no apparent inhibition. DNA extracted from the PFP
paper provided full STR results only for the neat and 1:2 dilutions.
No additional alleles were amplified when combining DNA extracted

from the PFP paper.

Amplification of full STR profiles for both Identifiler® Plus
and Yfiler® multiplexes were observed using DNA extracted from
cuttings of the fabric or cuttings of the fabric and PFP paper for
all saliva dilutions down to 1:100. Additionally, full profiles were
also observed using DNA extracted from the fabric substrate for
all mixtures of semen and saliva with no apparent inhibition. DNA
extracted from the PFP paper provided full STR results only for the
neat and 1:2 dilutions. No additional alleles were amplified when
combining DNA extracted from the PFP paper.

Preliminary results support the hypothesis — the PFP
appears to be a rapid, sensitive, method capable of detecting
multiple stains simultaneously without inhibiting PCR. Additional
tests and validation will be performed to determine the efficacy and
limitations of the Phadebas® Forensic Press test.
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A50 Preservation of Human Tissue Samples
in Tropical Climates

Sheree R. Hughes-Stamm, PhD, Sam Houston State University,
Dept of Forensic Science, Huntsville, TX 77341; and Elizabeth
Rahman, BS*, 14422 Cypress Leaf, Cypress, TX 77429

After attending this presentation, attendees will be
presented with the results of research comparing the efficiency
of four solutions to preserve DNA in human cadaveric skin and
muscle samples when stored in simulated tropical conditions for
up to six weeks.

This presentation will impact the forensic science
community by providing an alternate sampling approach when
faced with an overwhelming number of victims to identify in the
aftermath of a mass disaster.

One of the most important and immediate considerations
after a mass fatality event is victim identification. In these
circumstances, forensic personnel may be faced with the task
of identifying hundreds or even thousands of human remains.
The Disaster Victim Identification (DVI) response by local and
international agencies is often complicated and delayed by
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remote locations, harsh environmental conditions, and lack of
resources. In addition, electricity and communication networks
are often compromised and adequate freezer facilities to house
the victims may not exist. Therefore, large numbers of bodies
decompose rapidly in hot and humid conditions which leads to
serious biohazard problems; however, from a DVI perspective, the
DNA in those tissues is also degrading which makes genotyping
more difficult with time. In these circumstances, the use of a
simple field preservative to quickly halt DNA degradation and store
large numbers of tissue samples at ambient temperature prior to
genotyping would be a valuable tool.

This pilot project evaluated how well three in-house
preservatives (combinations of TENT buffer, EtOH, and salts) and
one commercial solution (DNAGard® Tissue, Biomatrica®) protected
the DNA in fresh cadaveric skin and muscle samples (n= 28 each)
at 35°C in humid (40-50% humidity) conditions for up to six weeks.
In addition, the quantity and quality of DNA leeching from these
tissues into the surrounding solution was also assessed. The
quantity of DNA in both the tissue samples and the “free” DNA in
the preservative was determined using quantitative real-time PCR
and the quality of the DNA was assessed using the Powerplex® 16
HS STR amplification kit. The “free” DNA in solution is available for
direct purification and therefore avoids the much longer process of
extracting DNA from the tissue itself.

The results of this study demonstrate that DNA was
preserved in both muscle and skin samples using all four
preservatives tested. The TENT buffer generated the lowest DNA
yields (5ng/pL) and the ethanol-based solution yielded the most
DNA (120ng/uL) from both tissues. This presentation will also
present data showing that adequate amounts of DNA (2-40ng/
WL) leeched into solution for direct DNA isolation and genotyping
with all preservatives except the ethanol-based solution. However,
complete STR profiles were only obtained from the DNAgard® and
modified (increased NaCl) TENT solutions, suggesting that these
two tissue preservatives are better at protecting the “free” DNA in
solution from further damage and/or degradation than the other
preservatives tested.

By maximizing the quantity and quality of “free” DNAin the
preservative solution, not only could samples be stored adequately
at ambient temperatures, but the time-consuming steps of tissue
digestion and DNA extraction may be eliminated, allowing for
higher throughput of samples for identification.

DNA Preservation, Disaster Victim Identification, DNAGard®
Tissue

A51 Characterizing Rates of Allelic Dropout

and the Impact on Estimating the Number
of Contributors

Sarah E. Norsworthy, BA*, Boston University School of Medicine,
Program in Biomedical Forensic Sciences, 72 E Concord Street,
Boston, MA 02118; Desmond S. Lun, PhD, Rutgers University,
Center for Computational & Integrative Biology, Camden, NJ 08102;
Harish Swaminathan, Rutgers University, Center for Computational
& Integrative Biology, Camden, NJ 08102; Muriel Medard, ScD,
Mass Inst of Technology, Dept of Elec Eng & Comp Science, 77
Massachusetts Avenue, Cambridge, MA 02139; and Catherine M.
Grgicak, PhD, Boston University, School of Medicine, Biomedical
Forensic Sciences, 72 E Concord Street, Rm R806D, Boston, MA
02118

After attending this presentation, attendees will understand
the impact different methods of modeling allelic dropout in forensic
DNA samples has on estimating the number of contributors (n ) to
a DNA sample.

This presentation will impact the forensic science
community by demonstrating ways to characterize allelic dropout
— one essential piece of information that influences estimating the
number of contributors to a forensic DNA sample.

Allelic dropout affects the weight an item of evidence
will carry in court. In particular, it may affect the assessment of
how many individuals contributed to the evidence. Accurately
determining n_ is of import since an assumption regarding n_ is
made when calculating the likelihood ratio, which compares the
hypothesis of the prosecution and the hypothesis of the defense.

Five methods to characterize the probability of allelic
dropout (Pr(D)) were compared against real data collected from
96 known, single-source samples. These samples were amplified
at seven target amounts, injected for 10sec and analyzed using
the Local Southern method which uses an analytical threshold of 1
RFU. The impact two of the five methods had on estimating n_to a
DNA sample was also evaluated.

The first four methods investigated the ability to predict
allelic dropout based on single-source calibration data which
determined the distribution of peak heights of alleles at a specific
target mass and locus. Probability Density Functions (PDFs) of
peak height were determined by fitting the observed heights to
a weighted Gaussian (Method 1), and a non-weighted Gaussian
curve (Method 2). Method 3 was slightly different in that the data
was not fitted. In this instance, the sample mean and standard
deviation of the observed heights were calculated and utilized
to generate the PDF. Given PDFs of the peak height, Pr(D)
was estimated as the probability of observing a peak height <1.
Since a logistic regression to characterize allelic dropout has
previously been investigated in other studies, a logistic regression
(Method 4) was used to fit the observed frequencies of dropout
of the calibration data versus the target amount per locus." An
exponential regression (Method 5) for characterizing dropout was
also explored.
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The resultant probabilities were then compared
to the observed frequencies of dropout to determine
which method accurately predicts the rates of
allelic dropout. While Method 3 resulted in good
approximations of dropout rates at most targets, of
all five methods tested, Method 4 resulted in the most
accurate dropout approximations over most loci at

most target masses tested. The estimated Pr(D) for Methods
3 and 4 and the observed dropout frequencies for a representative
locus is displayed.
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Further, the impact of using Methods 3 and 4 on estimating
n_to a DNA sample containing no more than two alleles per locus
was determined by calculating the A Posteriori Probability (APP) for
n_=1,2,3,4where APP(i)=Pr(n =i|E). Here the APP is determined by
considering all genotype combinations (with and without dropout)
that could have resulted in the observed signal. An APP(i)=1
signifies that, given the evidence, i is the most likely value for n_.
The APPs using Pr(D) according to Methods 3 and 4 were then
compared to the APPs using the observed dropout frequencies.
For the 50 single-source samples tested, both Methods 3 and 4
resulted in 100% of the single source profiles identified as such.
The accurate identification of n =1 occurred even at extreme low-
template masses, where the observed frequency of dropout was
as high as 0.39. Also, the APPs are closest to 1 when n =1 and
as n_increases, the APPs decrease, as expected. Representative
values of the APPs for n =1,2 are displayed in the table. Further
studies will evaluate the impact these dropout models have on
samples that contain greater than two alleles at a locus.

Partially supported by NI1J2011-DN-BX-K55 grant awarded
by the National Institute of Justice, Office of Justice Programs, U.S.
Department of Justice. The opinions, findings, and conclusions or
recommendations expressed are those of the authors and do not
necessarily reflect those of the Department of Justice.

Reference:
1. Tvedebrink, T., et al. (2009) Estimating the probability of
drop-out of STR alleles in forensic genetics. FSI: Genetics

3(4), 222-226.
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A52 An Improved Method of DNA Extraction
From Environmentally Challenged Teeth

Kourtni N. Woods, BS* 555 Bowers Boulevard, Huntsville,
TX 77340; Frauke Warnke, DDS, School of Dentistry and Oral
Health, Griffith University, Parklands Drive, Southport, Gold Coast
4215, AUSTRALIA; David A. Gangitano, PhD, 14723 TC Jester
Boulevard, Apt 1118, Houston, TX 77068, and Sheree R. Hughes-
Stamm, PhD, Sam Houston State University, Dept of Forensic
Science, Huntsville, TX 77341

After attending this presentation, attendees will be
knowledgeable concerning research investigating an improved
method for retrieving DNA from teeth exposed to various
environmental conditions. The research explores an alternative
method of dentine removal from teeth that improves DNA yield and
STR success while retaining tooth morphology.

This presentation will impact the forensic science
community by providing improved methods for retrieving high-

quality DNA from environmentally challenged teeth for victim
identification.

Often in cases such as mass disasters, war remains,
missing persons, acts of terror, and airplane crashes, only skeletal
remains are recovered for victim identification. The ability to extract
high-quantity and quality DNA from bone and teeth is important for
identification; however, common methods for DNA extraction from
teeth involve various levels of tooth destruction, which limits, or
even eliminates, the possibility of further morphological analysis.
In addition, only non-invasive methods are permitted on some
samples, such as ancient remains housed in museums. By using
methods that do not solely target the DNA-rich areas of teeth, PCR
inhibitors are often co-extracted with the DNA and interfere with
genotyping.

Molars (n=14) sourced from seven individuals (two molars
each) were used during this study. Each set of teeth were exposed
to one of seven treatments: buried for 12 or 24 months, surface
burial for 12 or 24 months, saltwater for six months, freshwater for
two months, or fire. One tooth from each pair was prepared for
DNA extraction by removing the entire root system and grinding
it into a powder using a freezer mill, while the other tooth was
prepared using a filing method. This technique involved using
endodontic files to scrape the inside of the root canals and pulp
chamber without piercing the enamel crown or destroying the root
structure.

The quantity and quality of DNA vyielded from the teeth
using these two techniques was compared. DNA was quantified
using a real-time quantitative PCR assay and DNA quality was
assessed using the Powerplex® ESI 16 STR amplification kit.
Although less dentine powder was generated using the filing
method, more amplifiable DNA was recovered in the majority of
cases. Moreover, when the DNA yield-per-milligram of powder
(efficiency) was calculated, the filing method generated 1.5- to
35.5-fold more amplifiable DNA. The filing method also generated
more complete, balanced, and consistent STR profiles than the
whole root method across the sample set. These data suggest that
the filing method is superior to processing the entire root for STR
profiling DNA from teeth exposed to various environmental insults.

Teeth, DNA Extraction, Victim Identification

A53 Inter-Laboratory Testing of a Highly

Sensitive Quantification System for
Assessing DNA Quality in Forensic
Samples

Steven B. Lee, PhD, San Jose State University, 1 Washington
Square, Macquarrie Hall 521, San Jose, CA 95192; Sudhir K.
Sinha, PhD, InnoGenomics Technologies, LLC, 1441 Canal Street,
Ste 307, New Orleans, LA 70112; Gina M. Pineda, MS, PO Box
113006, Metairie, LA 70011-3006; Anne H. Montgomery, MS,
InnoGenomics Technologies, LLC, 1441 Canal Street, Ste 307,
New Orleans, LA 70112; Jesse M. Ramirez, 6195 Brittany Avenue,
Newark, CA 94560; Ryan Yee, 443 Faxon Avenue, San Francisco,
CA 94112; Zachary C. Goecker, BS, 14197 Ten Acres Court,
Saratoga, CA 95070; and Niki Konstantinides*, 12209 Melinda
Circle, Saratoga, CA 95070

After attending this presentation, attendees will have a
better understanding of a new Innoquant H Kit from InnoGenomics
Technologies and how the new gPCR, which utilizes two
independent genomic targets, is able to provide information on
sample degradation and sample inhibition. Attendees will learn
about the capabilities of the kit on inhibited and degraded samples
using a modified thermal cycling extension protocol and different-
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sized internal positive controls.

This presentation will impact the forensic science
community by demonstrating the effectiveness of the Innoquant H
Kit and its abilities to work with degraded DNA as well as DNA
samples containing inhibitors. With efficiency for both the long and
short targets being consistently above 90%, forensic laboratories
will be able to use this kit in order to analyze highly compromised
samples.

Real-time PCR quantification of human DNA can provide
an important estimate of the amplifiable DNA in a biological sample.
Currently, methods being utilized in forensic DNA laboratories
include SYBR® Green, Plexor® HY, and Quantifiler® Duo TagMan
assays."® The recent advances in mini-STR analysis systems have
now made it possible to analyze highly compromised samples.

A quantification system that estimates the level of
degradation in a forensic sample will be a useful tool for DNA
analysts. There are previous reports of systems that provide
a quality assessment of degraded DNA samples. One uses a
Yab-lineage Alu genetic element and a second uses a multiplex
simultaneously assessing nuclear and Y chromosome targets
ranging from 67bp to 190bp.5> The advantage of an Alu system
is the presence of a large number of fixed insertions. It has
been reported that only 20% of the Yb-lineage Alu elements are
polymorphic for insertion presence or absence in the human
genome.* A large number of these fixed elements are present in
every human genome, enhancing sensitivity and minimizing the
individual specific variation possible when using a multi-copy target
quantification system.

A multi-copy intra Alu based approach to quantify human
specific DNA in an evidence sample has been successfully used
to obtain DNA quantification with high sensitivity.” Alus are Short
Interspersed Elements (SINE), approximately 300bp insertions,
which are distributed throughout the human genome in large copy
number. The use of an internal primer to amplify a segment of an
Alu element allows for higher primate specificity as well as high
sensitivity when compared to a single copy target.

The new qPCR utilizes two independent genomic targets.
Primers and TagMan probes were designed using two independent
intra retrotransposon insertions targets. The 80bp “short” target
sequence is from an Alu insertion whereas the 290bp “long” target
sequence is from a separate retrotransposon element. The primers
and probes for the two targets are selected such that they have no
interaction among themselves and are completely independent.
The ratio of the quantity of long targets versus short targets
provides a useful assessment of the quality of DNA. This quality
ratio can have applications in predicting the profiling success of
forensic samples. The use of a synthetic target as an Internal
Positive Control (IPC) provides an additional assessment for the
presence of PCR inhibitors in the test sample.

Inter-laboratory testing of different-sized IPCs and results
on modifying thermal cycling parameters including additional
extension times during qPCR on standard DNA, degraded DNA,
and inhibitor-spiked DNA will be reported. Additional results on the
developmental validation studies for this system will be presented
including multiplexing PCR, degradation, and inhibition. The quality
ratio will also be evaluated for the ability to predict profiling success
on physically degraded DNA samples.

Preliminary results demonstraste that the efficiency for
both the long and short targets is consistenty above 90%. The
amount of synthetic IPC target was adjusted to provide reproducible
Ct values between 18-22 cycles for samples with no inhibition.
Precision and sensitivity studies indicated that this system has a
sensitivity threshold in the range of 3-4pg, similar to those reported
for other Alu-based quantification systems. Studies comparing
this system with other commercially available quantitation systems
show concordance of quantitation values between systems.
Furthermore, the preliminary inter-laboratory results demonstrate

the predictive value of the quality ratio on degraded DNA, and the
IPC results on inhibitor spiked samples.
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A54 Analysis of Stochastic Level DNA

Mixtures

Soo Han, BS*, 10 Brower Street, West Haven, CT 06516; and
Michael S. Adamowicz, PhD, University of New Haven, Dept of
Forensic Science, 300 Boston Post Road, West Haven, CT 06516

After attending this presentation, attendees will have a
better understanding of the behavior of major and minor contributors
as they approach and then drop below the stochastic level in a
DNA mixture. This study presents data regarding the peak height
ratio relationship between two-person mixture profiles in various
quantities and mixture ratios above and below the stochastic level.
It also presents data comparing the results of mixed stochastic
level samples processed using the Promega PowerPlex® 16 HS Kit
and the Promega PowerPlex® Fusion Kit.

This presentation will impact the forensic science
community by providing further experimental data regarding how
allele peak heights relate to each other, both between contributors
to a mixture and among heterozygous sister pairs. In particular,
these relationships become difficult to predict as the mass of
each contributor approaches the stochastic threshold at different
times due to the disparate starting quantities of the major and
minor contributors. Ultimately, this data will assist analysts with
the interpretation of mixed samples in which one or both of the
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contributors are present in a stochastic quantity.

Analysis of mixed DNA samples poses a significant
challenge to the forensic science community. The most common
mixture samples seen are those with two contributors. Difficulties
with interpretation start to arise when the quantity of these samples
are low. Interpretation is also challenged by the difference in the
quantities of the respective contributors (i.e., the ratio that they
are mixed in). The stochastic effects include allele drop-out, allele
drop-in, and heterozygous peak imbalance. A heterozygous allele
peak height ratio was initially calculated. The peak height ratio was
then used as a guide to study the relationship of the heterozygous
peak height imbalance between and among the major and minor
contributors. With these combined factors, this study examined
at what point in the ratio and the amount of the samples these
stochastic effects were likely to be seen.

The study showed the peak height relationships between
the major and minor contributors in various ratios and dilution
factors to include a broad range to observe the stochastic effects at
multiple levels. Mixture samples were created in ratio series of 1:2,
1:3, and 1:5 and each of the contributors were mixed as a major
or a minor contributor in a series of experimental samples. The
prepared samples were amplified using the Promega PowerPlex®
16 HS Kit. Data collected demonstrated the peak height level at
which the minor component heterozygous sister alleles began to
show imbalance. Further data indicated the point at which minor
component alleles dropped out and major component heterozygous
pairs began to show imbalance. This data was compared to the
same samples processed individually in order to examine if the
stochastic threshold differed between the mixed samples and the
single source samples. The results indicated that minor contributors
began to show heterozygous peak imbalance consistent with
stochastic level profiles at higher concentrations of input DNA and
at higher peak heights than in the single source samples. For this
reason, it may be advisable to increase the stochastic threshold
used to interpret mixed STR results over that used for single-
source samples. The same samples were then processed using
the Promega PowerPlex® Fusion kit for a comparative analysis
with the Promega PowerPlex® 16 HS kit. The extra loci included
in the new kit were analyzed to see if they were beneficial for
the interpretation of stochastic-level DNA mixture samples. The
increased number of loci made the separation of mixed profiles
easier overall due to the larger number of available alleles. The
smallest loci (D3S1358, D16S539, THO1, and D8S1179) proved to
be less prone to stochastic level peak height imbalance, also easing
interpretation by providing clearer separation between contributors.

Stochastic, DNA, Mixtures

A55 DNA Studies in Cases of Child Sexual
Abuse

Teresa Magalhdes, MD, PhD*, Jardim Carrilho Videira, 4050-167,
Porto, PORTUGAL; Carlos Matos, Jardim Carrilho Videira, Porto
4760-167, PORTUGAL; Patricia Jardim, Jardim Carrilho Videira,
Porto, PORTUGAL; and Agostinho Santos, PhD, Jardim Carrilho
Videira, 4050-167, Porto, PORTUGAL

The goal of this presentation is to characterize cases of
child sexual abuse in which biological samples were collected for
DNA studies in order to understand: how long it is possible to find
DNA evidence after the abuse, the proportion of samples that yield
positive results, the influence of the victim’s age, the presence of
physical injury, and the type of practices in DNA findings.

This presentation will impact the forensic science
community by clarifying how collection of biological samples for
DNA identification should be performed in cases in which the time

lapse between the last contact and the exam is less than 72 hours,
despite, in specific cases, collection being done beyond that time
frame and in the presence of normal or nonspecific findings.

Child sexual abuse is frequently associated with normal or
nonspecific physical findings. Biological evidence may be the only
evidence of abuse; therefore, having serious implications on the
perpetrator’s conviction or child protection measures.

Guidelines from the American Academy of Pediatrics
recommend considering forensic evidence collection for up to
72 hours after the alleged assault. Studies regarding the time of
spermatozoa survival after sexual intercourse in adult women have
supported this timeframe; however, several experts reported few
or no positive DNA results when the forensic medical examination
takes place more than 24-hours after the sexual contact.
Nevertheless, none of these studies included DNA amplification
techniques which have higher sensitivity. Therefore, the forensic
medical practitioner should be aware of the rapid advance of DNA
identification techniques and consider evidence collection on a
case-by-case basis.

A retrospective study was conducted based on the
analysis of 231 reported cases of suspected sexual abuse of
victims younger than 18 years old that were observed at the
Portuguese National Institute of Legal Medicine (INML) — North
Branch (Porto) from 2004 to 2011, in which samples were collected
for DNA identification.

The selected cases correspond to 25.4% (n=231) of the
911 suspected cases of child sexual abuse. In 79.7% of these
cases, the victims were female and 85.3% of the abusers were
male. Identifiable DNA was found in 59 cases (25.5%): nine in
children younger than ten years old; and, in 35 cases, less than
24 hours after the alleged abuse. In three cases, DNA was found
in the victims’ clothes, despite sample collection that had occurred
over 72 hours after the abuse. The proportion of positive DNA
results was higher for samples collected from the clothes (30%)
than for those collected from the victim’s body (14%). A significant
correlation was found between the presence of identifiable DNA
and physical injury (p=0.016), a shorter interval of time between
the abuse and sample collection (p=0.000), and older victim’s age
(p=0.001, t=3.388).

Forensic medical examination should be performed
whenever there is a suspicion of child sexual abuse and include
collection of biological samples for DNA identification in all cases
in which the time between the last contact and the exam justifies
it, as well as in the presence of normal or nonspecific findings. In
specific cases, sample collection may be performed beyond the
currently recommended limit of 72-hours.

The increasing sensitivity of DNA tests is likely to continue
to extend current time limits for evidence collection.

Further prospective studies are needed, controlling for
variables in which information is usually absent.

Child Sexual Abuse, DNA, Forensic Medical Examination

A56 Development and Evaluation of
an Objective Method for Human
Hair Examination Using Image and

Mitochondrial DNA Analyses

Allyce McWhorter, BS* 302 Oglebay Hall, PO Box 6121,
Morgantown, WV 26506; Nnamdi Osia, 117 Queen Anne Coloney,
Morgantown, WV 26505; Thirimchos Bourlai, PhD, 67 Antietam
Drive, Morgantown, WV 26508; Tina Moroose, MS, 1600 University
Ave, 312 Ogelbay Hall, Morgantown, WV 26506, and Patrick
Buzzini, PhD, West Virginia University, 1600 University Avenue,
304, Oglebay Hall, PO Box 6121, Morgantown, WV 26506-6121
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After attending this presentation, attendees will
understand the potential of a fusion-based approach based on the
conjunction of image analysis and mitochondrial DNA analysis as
an objective methodology for discriminating human hair samples.
This approach will feature the conjunction of image analysis and
mitochondrial DNA analysis.

This presentation will impact the forensic science
community by providing an objective method for the forensic
examination of human hair samples that cannot be successfully
subjected to nuclear DNA analysis. The complementarities of the
two proposed methods yields a higher power of discrimination than
either method alone.

Human hair recovered at the scene of a crime or mass
disaster is commonly degraded or in an advanced stage of growth.
In these circumstances, nuclear DNA analysis is often unsuccessful.
For these types of hair samples, microscopical and mitochondrial
DNA analyses are most commonly used. Independently, these
two analyses offer lower levels of discrimination than nuclear DNA
analysis as neither can individualize hair samples in an open-set
population. The field of biometrics has shown potential to expand
upon and improve the results of methods currently used in the
forensic community. Image analysis, in particular, can be used
concurrently with microscopical examinations; however, no studies
have been performed to specifically quantify the reliability and joint
use of microscopical, image, and mitochondrial DNA analyses.

In this study, head hairs were collected from 120
individuals. These hairs were microscopically examined and
images of the root, shaft, and tip were obtained. Twenty of the
120 individuals represented five maternal relative groups. Four
different microscope and camera units were used to represent the
variety of systems that could be present in a forensic laboratory.
Image processing methods were applied to the raw images
captured by each of these units. Following image analysis, the
hair samples were subjected to mitochondrial DNA analysis. These
methods were used individually and in combination to individualize
hair samples from the sample pool. Both success and failure rates
for individualization were determined.

The goal behind using image analysis was to improve
and automate current methods of examining textural and structural
characteristics of human hair. This was achieved by using a
set of computer vision techniques. These techniques allowed
characteristics in the structure, pattern, and pigmentation of human
hair to be extracted and utilized under well-defined data collection
and experimental protocols. Image quality assessment methods
were applied to raw hair images to improve image quality before
further processing. In the proposed approach, it was necessary
to create a montage of different focal planes for the human hair
samples. This was due to the image acquisition process, which
used the extended focus method. By utilizing image-processing
techniques, common challenges, such as air bubbles, could be
circumvented. After segmentation and normalization of the sample,
a protocol for recognition and matching of hair structures, patches,
and pigmentation was developed. The protocol resulted in the
individualization of the different maternal relative groups as well as
individuals. In conclusion, the results of this study demonstrated
that the integration of the two analyses can add objectivity to
comparative examinations between hair samples.

Hair, Image Analysis, Mitochondrial DNA

A57 Preparation of a Standard for DNA Repair
Reactions

James M. Robertson, PhD* CFSRU, FBI Laboratory, 2501
Investigation Parkway, Quantico, VA 22135; Andrew J.
Schweighardt, PhD, 108 Sandy Hollow Road, Northport, NY 11768;

Jessica M. Goss, MS, and Kristina A. Scott, MS, 70 | Street, SE,
Apt 512, Washington, DC 20003

After attending this presentation, attendees will
understand the significance of using a standard for environmentally
damaged DNA in experimentation of DNA repair with enzymes and
enhancers of the Polymerase Chain Reaction (PCR).

This presentation will impact the forensic science
community by providing a quality assurance control for experiments
to restore dropped-out STR alleles from environmentally damaged
DNA.

Traditionally, to provide surrogates for damaged DNA,
researchers have used DNase | digestion to produce fragmented
DNA or UVC-irradiation (100-280nm; found only in outer space
and in the laboratory in hoods and crosslinkers with germicidal
lamps) to induce lesions. In this presentation, attendees will
be introduced to a novel approach in which DNA is artificially
damaged during simultaneous exposure to UVA irradiation (315-
400nm; in sunlight that reaches earth), heat, and humidity. As in
environmental exposure, this approach allows these treatments to
act synergistically on the DNA to produce multiple and disparate
types of lesions. Using this strategy, DNA damage caused by
environmental exposure is more accurately simulated than by
using the traditional methods.

A standard for damaged DNA was prepared in an
accelerated weathering chamber, the Q-Sun™ Xe-3 HSC Test
Chamber, designed to provide conditions under which manufacturers
can study the environmental durability of their products. These
include, but are not limited to: adhesives and sealants, textiles and
paper, food and beverages, paints and coatings, pharmaceuticals
and cosmetics, and plastics and packaging. The chamber can
provide accelerated lab testing and accommodate a variety of
samples like swatches, specimens of different shapes, and bottles.
Variations of temperature, humidity, sunlight, darkness, and light
rainfall can be programmed by the instrument’'s software. The
chamber was used to study DNA degradation with dried, purified
DNA as well as with native DNA in body fluid stains on porous or
non-porous surfaces or materials.

When DNA is isolated from evidence exposed to the
environment or when samples are stored a long period of time, as
in cold case scenarios, the DNA is often degraded due to exposure
to heat, humidity, and sunlight, if not in a shaded area. When Short
Tandem Repeat (STR) analysis is performed on DNA from such
samples, the outcome may be partial profiles or no profile at all.
To increase the intensities of alleles that are below an assigned
threshold, enhancers of the Polymerase Chain Reaction (PCR)
such as Bovine Serum Albumin (BSA) or various commercial
products can be added to the reaction buffer. An alternative is to
use products that claim to repair the damaged DNA. In all these
approaches to improve the STR profile, a standard for damaged
DNA that can act as a control for repair success has been lacking.
Thus, if there is no improvement in the STR profile of the DNA
extracted from the environmental sample, without a control, we
have no way of knowing whether the additive was active or not
during the reaction.

To prepare a standard for use in STR profile enhancement
or restoration, a solution of purified Raji Control DNA was
dispensed on the rubber liner of a UVC-sterilized glass vial lid and
exposed to UVA irradiation (irradiance: 0.21W/m2, morning and
late afternoon; 0.25W/m2, noon) at a set humidity (about 70%), air
temperature (23°C), and surface temperature (40°C, morning and
late afternoon; 45°C, noon) in the environmental chamber for 24
hours. Conditions were programmed to simulate a typical summer
24-hour day in Quantico, VA, passing from morning to noon
(5.5hrs), to early afternoon (4hrs), and to late afternoon/evening
(5.5hrs) exposure levels with a night period (9 hrs). Following
exposure, the samples were recovered in water, quantified, and
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divided into aliquots for storage. STRs were measured using the
AmpFISTR® Identifiler PCR Amplification Kit (Applied Biosystems).
The degraded DNA standard prepared as described above (n=4
independent preparations) had a partial AmpISTR® Identifiler® STR
profile (with dropouts at FGA, D7S820, D18S51, D2S1338 and
CSF1PO) and a general peak height reduction at several loci that
could be restored using the New England Biolabs PreCR™ Repair
Mix (n=24 independent reactions).

DNA Repair, Degraded DNA Standard, STRs

A58 Effective Genotyping Strategy of
Forensic Short Tandem Repeat Using
Next Generation Sequencing

Eun Hye Kim*, Yonsei Univ College of Medicine, Dept of Forensic
Medicine, 50 Yonsei-ro, Seodaemun-gu, Seoul, SOUTH KOREA;
Sang-Eun Jung, MS, Yonsei Univ College of Medicine, Dept of
Forensic Medicine, 50 Yonsei-ro, Seodaemun-gu, Seoul 120752,
SOUTH KOREA; Kyoung-Jin Shin, PhD, Yonsei Univ College of
Medicine, Dept of Forensic Medicine, 50 Yonsei-ro, Seodaemun-
gu, Seoul 120-752, SOUTH KOREA; Su Jeong Park, PhD,
Supreme Prosecutors’ Office, 706 Banporo, Seocho-Gu, Seoul
137-730, SOUTH KOREA; Seung Hwan Lee, PhD, 706 Banporo,
Sedcho-gu, Seoul 137-730, SOUTH KOREA; and In Seok Yang,
PhD, Yonsei Univ College of Medicine, Dept of Forensic Medicine,
50 Yonsei-ro, Seodaemun-qu, Seoul 120-752, SOUTH KOREA

After attending this presentation, attendees will have a
better understanding of how forensic Short Tandem Repeat (STR)
genotyping using Next Generation Sequencing (NGS) is carried
out from single-source and even mixed samples and what points
are important on NGS data analysis for interpreting mixed samples.

This presentation will impact the forensic science
community by presenting NGS data analysis methods for STR
profiling from single-source and mixed samples since NGS can be
used as an additional forensic genotyping tool.

STR markers have been typed by Capillary Electrophoresis
(CE)-based assays based on their length variation among human
individuals. STR amplicons are usually prepared by multiplex PCR
with fluorescence dye labeled template-specific primers. Despite
rapid typing of STR markers by automation of the method it has
some limitations, such as the number of STR loci to be measured
simultaneously related to the number of fluorescence dyes and the
maximum size of STR amplicons. Recently, NGS has been in the
spotlight as an ultimate genotyping tool to overcome the limitations
of CE-based STR analysis in forensics. STR profiling using NGS
has become available along with the advancement of bioinformatics
tools. Although NGS platforms produce shorter reads, they also
produce a vastly greater number of reads than traditional Sanger
sequencing. Hence, appropriate data analysis protocols may be
required for STR profiling using NGS.

In this study, NGS libraries barcoded with Multiplex
Identifiers (MID) were prepared after generating STR amplicons by
multiplexing from two single sources and their 1:1 mixture samples.
The libraries pooled in a mix were sequenced on a plate of Roche
454 GS Junior platform, which was selected for full sequencing of
STR loci with long amplicon sizes (>300bp). NGS data obtained
was sorted into three datasets according to the MID sequences.
The following four steps were carried out to determine STR alleles:
(1) design of STR reference sequences for common STR alleles; (2)
alignment of NGS reads with reference sequences; (3) calculation
of coverage (Number of NGS reads) mapping to alleles; and, (4)
determination of STR alleles with defined coverage threshold. STR
reference sequences allowed STR profiling from NGS data to be
analyzed like CE-based assays with allelic ladder systems. For

building the reference sequences, known STR repeat structures
were obtained from STRbase (http://www.cstl.nist.gov/strbase/)
and flanking sequences were obtained from human reference
genome GRCh37/hg19. Most STR alleles of two single-source
samples could be determined by applying a coverage threshold of
20%; however, the threshold had to be lowered to 10% for assigning
STR alleles from a mixed sample. Repeat structures for each
STR loci were determined by simultaneously examining length
and sequence variations in STR region. Furthermore, the actual
mixture ratio of a mixed sample was estimated by not only analyzing
coverage ratios of the assigned alleles in each STR locus, like peak
height ratios in CE-based assay, but also by examining wild-type/
variant ratios from observed sequence variations. Besides the
number of NGS reads containing the variants, the distribution of
the variants in the forward and reverse directions were used to
assess the level of reliability for identifying true sequence variants
in the STR region. In addition, the male/female mixture ratio was
obtained by analyzing the coverage ratio of the amelogenin locus.

In conclusion, the NGS data analysis method presented
from this study enabled successful mixture ratio estimation, as well
as effective STR allele calling. Therefore, this approach will be
helpful to interpret and analyze STR profiles from single-source
and even mixed samples for forensic investigation using an NGS
system.

This work was supported by a research project for the
practical use and advancement of forensic DNA analysis from the
Supreme Prosecutors’ Office, Republic of Korea (1333-304-260,
2012 and 2013).

Short Tandem Repeat, Next Generation Sequencing, Mixed
Samples

A59 Internal Validation of the Promega

PowerPlex® Fusion System Using the
Applied Biosystems® 3130xI Genetic
Analyzer

Roy Al Ahmar, BS* 236 9th Avenue, Huntington, WV 25701;
Joshua Stewart, MSFS, 1401 Forensic Science Drive, Huntington,
WV 25701; Jason Chute, MSFS, 1401 Forensic Science Drive,
Huntington, WV 25701; and Pamela J. Staton, PhD, Forensic
Science Center, 1401 Forensic Science Drive, Huntington, WV
25701

After attending this presentation, attendees will learn
about Promega’s new STR multiplex kit PowerPlex® Fusion and the
internal validation process undertaken at the Marshall University
Forensic Science Center to ensure functionality of the kit. The
PowerPlex® Fusion System provides a larger number of loci than
previous Promega® STR kits which results in a higher discrimination
level with forensic casework and paternity samples.

This presentation will impact the forensic science
community by introducing studies performed to internally validate
the PowerPlex® Fusion System as well as highlighting other
characteristics of the kit.

Prior to placing a new method into service in a crime
laboratory setting, accredited laboratories must perform internal
validations according to Standard 8 of the Federal Bureau of
Investigation (FBI) Quality Assurance Standards to verify that
developmentally validated methods work reliably and robustly. An
internal validation was performed at the Marshall University Forensic
Science Center DNA Laboratory on the PowerPlex® Fusion System
amplification kit in conjunction with the Applied Biosystems® 3130xI
Genetic Analyzer. This kit is a 24-locus multiplex used for human
identification applications. Autosomal STR loci include the 13 core
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CODIS (U.S.A.) loci as well as the 12 European Standard Set (ESS)
core loci in addition to D2S1338, D19S433, Penta D, and Penta E.
The kit also includes the sex-determining Amelogenin locus and the
Y-STR DYS391 to identify null Y alleles from Amelogenin. The kit
utilizes a 5-dye chemistry and is able to function with most genetic
analyzers including the ABI PRISM® 310 and 3100 as well as the
Applied Biosystems® 3130, 3130xl, 3500, and 3500x.

The sensitivity study sought to identify optimal values
for template load (15pg-10ng), PCR cycle number (29, 30, and
31 cycles), and injection time (3, 5, 10, and 15 seconds). Data
from extraction negative controls were used to calculate analytical
thresholds per dye channel. Genotype results of 35 samples
previously analyzed using PowerPlex® 16 were compared to
PowerPlex® Fusion genotype results to check for concordance.
Precision was assessed by calculating the standard deviation
of base-pair sizes assigned to peaks from multiple replicates of
allelic ladder (n = 16 injections) and an in-house National Institute
of Standards and Technology (NIST) traceable sample (n = 24
amplifications/injections). The threshold chosen for acceptable
precision was three times the standard deviation and must be less
than 0.5 bp. Mixture characteristics were studied by creating two-
person mixtures (male-male and female-male) at ratios of 1:1, 4:1,
9:1, and 19:1. In addition, a mixture of three males at a 1:1:1 ratio
was analyzed. Data from single-source samples (n = 35) were
analyzed to calculate stutter formation percentages. Heterozygote
peak height ratios were calculated using the sensitivity study
amplification samples as well as 35 convicted offenders’ samples.
Negative controls from extraction, amplification, and capillary
electrophoresis setup were examined to assess the risk for
contamination.

Optimal parameters for amplification and capillary
electrophoresis were determined to be 0.5ng to 1.0ng template
input, with 30 cycles of PCR, and injection for 5 seconds. Analytical
thresholds were variable between dye channels with 35rfu for the
blue channel, 40rfu for green, 55rfu for yellow, and 70rfu for red. All
35 samples previously typed with PowerPlex® 16 were concordant
with PowerPlex® Fusion typing results at the loci common to both
kits. Of all peaks evaluated for the precision study, the largest
3X standard deviation of base-pair sizes was 0.39bp, which falls
within acceptable limits. Calculated mixture proportions obtained
from electrophoresis data were generally comparable to the known
donor-ratios of mixed samples. Contamination risk is low, with
the note that lab personnel must exercise care when setting up
laboratory procedures due to the high sensitivity of the kit. Finally,
data regarding stutter formation and heterozygote balance have
been evaluated to develop Forensic Interpretation Guidelines
as part of the incorporation of the kit into the Marshall University
Forensic Science Center's Standard Operating Procedure
Manual. Future studies will include a non-human DNA study and
enhancement to the mixture study including mixtures of relatives.

This project was supported by Award No. 2009-1J-CX-K11
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 author(s) and do not necessarily reflect the views of
the Department of Justice.

Validation, DNA, PowerPlex® Fusion System

A60 Application of Molecular Antibody
Probes and Flow Cytometry to Resolve
Individual Contributions from Four
Person Whole Blood Mixtures and
Contact Epithelial Cell Mixtures

Ye Jin Kwon, BS* 1207 W Franklin Street, #11, Richmond, VA
23220, Tracey Dawson Cruz, PhD, Virginia Commonwealth
University, 1015 Floyd Avenue, PO Box 843079, Richmond, VA
23284; Sarah J. Seashols, MS, Virginia Commonwealth University,
Dept of Forensic Science, PO Box 843079, Richmond, VA 23284-
3079; Jamie Sturgill, PhD, 1101 E Marshall Street, Richmond, VA
23298; and Christopher J. Ehrhardt, PhD, Virginia Commonwealth
University, Dept of Forensic Science, 1015 Floyd Avenue, Rm
2015, Richmond, VA 23284

After attending this presentation, attendees will gain an
understanding of how flow cytometry and fluorescently labeled
antibody probes can be used to separate distinct cell populations
within multi-person (n=4) mixtures of whole blood or epithelial cell
mixtures.

This presentation will impact the forensic science
community by evaluating the efficacy of immunological staining
and flow cytometry analysis for processing biological evidence for
DNA profiling. This method can potentially reduce interpretation
errors for mixed Short Tandem Repeat (STR) profiles generated
from contact epithelial cell mixtures or blood mixtures containing
four or more individuals.

Mixture interpretation is one of the biggest challenges in
DNA analysis. There are several techniques for analyzing mixtures
with different cell types, such as epithelial cells and sperm cells.
However, most of these methods cannot be used to separate
mixtures containing identical cell types from different individuals.
In this study, a new molecular method was developed based on
variation in the Human Leukocyte Antigen (HLA) that is expressed
on the cell surfaces in nearly every human tissue type. The complex
of genes within the HLA loci is one of the most polymorphic gene
systems known. While the discriminatory power of HLA allele types
is not as high as STR analysis, the range of population frequencies
for HLA alleles makes them a promising tool for differentiating
individual contributors in a biological mixture. HLA-antibody labeled
cells can be physically separated by Fluorescence Activated
Cell Sorting (FACS) prior to DNA isolation. FACS is a type of
flow cytometry analysis whereby fluorescently tagged cells are
selectively isolated from a heterogeneous mixture of cells. DNA
extraction and STR analysis are subsequently performed on the
isolated cell population. Preliminary studies have shown that HLA
probes and FACS separation can be used to analyze whole blood
mixtures comprised of two individuals; however, this technique
has not been demonstrated on other cell types (i.e., epithelial cell
mixtures) or mixtures with more than two contributors.

In the first part of this study, four-person whole blood
mixtures were tested with the HLA-probe and FACS method.
Four whole blood samples were acquired from Tissue and Data
Acquisition and Analysis Core (TDAAC) at Virginia Commonwealth
University. HLA typing of tissue donors confirmed that only one
person in the four-person mixture was positive for HLA-A02
allele. After the HLA-probe was introduced to the mixture, HLA
positive and negative cell populations were clearly seen with flow
cytometry. Selective binding of the antibody probe to the A02 allele
was shown through the shift in fluorescence intensity for the cell
population among four contributors. DNA extraction and STR
profiling for sorted mixture was performed and the STR profile was
compared to the single-source STR profiles of each contributor.
The STR profile of the HLA-labeled mixture was single source and
identical to the known reference profile at all seven loci (D3S1358,
D16539, THO1, TPOX, CSF1PO, D7S820, and Amelogenin) for the
HLA-positive contributor; however, some peaks were below the
detection threshold. No evidence of contamination from the other
three contributors in the mixture was detected.

In the second part of this study, HLA-probe/FACS sorting
was tested with epithelial cell mixtures. Epithelial cells from two
individuals with different HLA types (A02+ and A02-) were used to
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create the mixture. Initial HLA-probes assays performed on the
1:1 mixture showed differential binding and FACS successfully
separated labeled cell populations. Three replicates were performed
for each experiment. STR profiling showed that the labeled cell
population was consistent with the HLA-A02+ contributor across all
seven loci (D3S1358, D16539, THO1, TPOX, CSF1PO, D7S820,
and Amelogenin). Preliminary studies also indicate that different
ratios of cells from each contributor impact functionality of the
assay, such that the unique profile of the minor contributor is not
always recovered. Future studies will explore this issue and further
evaluate ratios of two-person epithelial cell mixtures to determine
if cell type is the variable which impacts functionality of the assay.

The results suggest that labeled antibody probes coupled
to flow cytometry protocol is a useful strategy for physically
separating four individuals from whole blood mixtures or epithelial
cell mixtures, non-destructively, before tPCR amplification. This
approach could lead to shorter data analysis times for forensic DNA
analysts, particularly for complex epithelial and blood mixtures of
more than two individuals.

Flow Cytometry, HLA, Mixtures

A61 Assessing TrueAllele® Genotype
IdentificationonDNAMixtures Containing
up to Five Unknown Contributors

Mark W. Perlin, PhD, MD*, Cybergenetics, 160 N Craig Street, Ste
210, Pittsburgh, PA 15213, Jennifer M. Hornyak, MS, Cybergenetics
Corp, 160 N Craig Street, Ste 210, Pittsburgh, PA 156213; Ruth E.
Dickover, PhD, Kern County Regional Crime Lab, 1300 18th Street,
4" Fl, Bakersfield, CA 93301, Kaci Keeney, BS, Kern County
Regional Crime Lab, 1300 18th Street, 4" Fl, Bakersfield, CA
93301; and Kevin W.P. Miller, PhD, Kern County Regional Crime
Lab, 1300 18th Street, 4" Fl, Bakersfield, CA 93301

After attending this presentation, attendees will understand
the applicability and limitations of genotype modeling solutions for
DNA mixture problems. This presentation will show the conditions
under which genotype modeling can compute a reliable DNA
identification.

This presentation will impact the forensic science
community by establishing the generality of genotype modeling
for DNA interpretation and validating the use of Cybergenetics
TrueAllele® Casework system on mixtures having many unknown
contributors.

Manual review of complex DNA evidence does not fully
elicit all the data’s identification information. Therefore, computer
methods have been developed for mathematical interpretation of
mixed and low-template DNA. The genotype modeling approach
computationally separates out the contributors to a mixture,
with uncertainty represented through probability. Comparison
of a contributor genotype to another genotype, relative to a
population, calculates a Likelihood Ratio (LR). Validating an
interpretation method on a broad range of DNA mixtures having
known composition can help predict an expected LR outcome in a
particular case.

This randomized experimental design examined 40
DNA mixture items. The four mixture sets had two, three, four,
or five contributors, with each item specified as a random mixture
weighting of randomly assigned known references. Both normal
(1ng) and low (200pg) template amounts were studied for a total
of eight groups (four contributor numbers x two template amounts)
each having ten mixture items.

The Mixture Weight (MW) of each item’s contributors
had a predetermined design value, but was subject to laboratory
variation. For each item, the TrueAllele system computed two MW

estimates, one using all the known genotypes, and the other with
all genotypes unknown. MW was also computed manually on the
two contributor items. There was a strong association (r2 = 0.999)
between the three computed MWs for an item, and less (r2 = 0.907)
with the design value (p<10-12). The computed TrueAllele known-
genotype MWs had the most precise values (average sd = 0.0195
log(LR) units) and were used in the remainder of the study.

Following a procedure used in a previous validation
study, scatterplots were developed comparing a contributor’s
known DNA quantity (logarithm of MW x total DNA, x-axis) versus
its identification information (log of LR, y-axis)." This approach
permitted examination of all the match results (all contributors of
all items) within their groups across a single statistical analysis.
The scatterplots of positive match results were roughly linear (r2
= 0.638), showing expected log(LR) reductions for equal MWs
and high DNA amounts. The average regression slope was 12.66
log(LR)/log(DNA) (p < 10-40), so a ten-fold change in DNA amount
yielded a trillion-fold change in LR.

Analysis of Covariance (ANCOVA) of the eight groups
showed different x-intercept values, but no significant difference
in slope (p = 0.348 > 0.05). This slope invariance was observed
across four different contributor numbers (2, 3, 4, and 5) and DNA
template amounts (200pg and 1ng). This invariance indicates that
TrueAllele’s information response to DNA mixture data is relatively
independent of contributor number or template amount. The
ANCOVA outcome suggests that this genotype modeling method
produces reliable match results, regardless of the DNA mixture
composition.

The false exclusion rate (Type Il error) was estimated as
a function of MW. For normal DNA amounts, there were positive
match results in 100% of comparisons (0.10 < MW =< 1.00), 82% (0.
05 < MW < 0.10), 40% (0.01 < MW < 0.05), and none below 0.01.
With low-template DNA, positive match results were found in 100%
of comparisons (0.25 < MW < 1.00), 91% (0.10 < MW < 0.25), 24%
(0.05 = MW < 0.10) and none below 0.05. In addition to these
sensitivity and specificity results, reproducibility was measured in
all groups.

This validation study used randomly generated DNA
mixtures (reflective of actual casework samples) of up to five
contributors, with both high and low template amounts to assess
TrueAllele genotype modeling. The study found that the computer’s
MW values were reliable and that match information changed with
DNA quantity in a predictable way that did not significantly depend
on contributor number or template amount. Type Il error was
determined as a function of MW. This in-depth experimental study
and statistical analysis show the applicability and limitations of the
TrueAllele method.

Reference:
1. Perlin, M.W. and Sinelnikov, A. An information gap in DNA

evidence interpretation. PLoS ONE, 4(12):e8327, 2009.
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A62 Cross-Laboratory Comparison of
Next Generation Sequencing (NGS)
Instrumentation and Bioinformatics
Software ToolsforForensicMitochondrial
DNA Analysis

Brittania J. Bintz, MSc*, 111 Memorial Drive, NSB 231, Cullowhee,
NC 28723; Erin S. Burnside, MSc, Western Carolina University, 111
Memorial Drive, NSB 231, Cullowhee, NC 28723; Kevin Kiesler,
MS, 100 Bureau Drive, MS 8314, Gaithersburg, MD 20899; Peter
M. Vallone, PhD, 100 Bureau Drive, Gaithersburg, MD 20899-
8311; and Mark R. Wilson, PhD, Western Carolina University, Dept
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of Chemistry/Physics, Forensic Science, Cullowhee, NC 28723

After attending this presentation, attendees will have a
better understanding of the current efforts of community members
to assess and validate Next Generation Sequencing (NGS)
technologies for human mtDNA analysis in forensic science. Focus
will be placed on analysis of data generated with three benchtop
sequencing instruments using multiple commercially available
software packages.

This presentation will impact the forensic science
community by describing inter-laboratory studies designed to
evaluate sequencing methods that will ultimately be implemented
in crime laboratories in the future.

Next-generation sequencing methods are proving to
be particularly well-suited for mitochondrial DNA analysis and
may provide forensic analysts with a powerful tool that enables
deconvolution of mtDNA mixtures or accurate quantitation of low-
level heteroplasmy. Recently, lllumina® has been working with
members of the community to establish a human mtDNA Forensic
Genomics Consortium (IFGC) for concerted evaluation of NGS
methods for potential use in mtDNA casework and databasing. In
June 2013, a set of samples was prepared consisting of quantified
buccal extracts from two donors as well as a series of mixtures of
the buccal extracts at defined ratios (5, 2, 1, and 0.5%). Initially,
whole mitochondrial genome reference data was generated at
The Armed Forces DNA Identification Laboratory (AFDIL) for
comparison purposes using Sanger methods. The sample set
was also distributed to other participating IFGC laboratories for
sequencing on multiple benchtop NGS platforms including the lon
Torrent Personal Genome Machine (PGM™), Roche GS Junior,
and lllumina® MiSeq, to enable an inter-laboratory comparison
of sequencing methods using identical samples. At the National
Institute of Standards and Technology (NIST), the mtDNA genome
was amplified from each sample set using a three amplicon long-
PCR strategy, and NGS libraries were prepared using methods
defined by Life Technologies™. Prepared libraries were then
sequenced on the PGM™. In the laboratory, the samples were
sequenced on both the Roche GS Junior and lllumina® MiSeq NGS
platforms. Libraries from hypervariable regions were sequenced
on the Roche GS Junior using an amplicon library preparation
approach where PCR primers were designed to include required
adaptors and multiplexing indices. For sequencing on the lllumina®
MiSeq, libraries were prepared using Nextera® XT in which two
large amplicons covering the whole mtGenome, as well as HV1 and
HV2 amplicons, were enzymatically fragmented, and adapters and
indices incorporated during a limited-cycle PCR reaction. The data
generated by all three platforms was analyzed using SoftGenetics®
NextGENe®, CLC Genomics Workbench, and a new mtDNA Variant
Caller package designed by lllumina®. Sample dependent variant
calls generated with each software package were compared. Data
analysis with all third-party software packages resulted in detection
of all expected variants in single-source samples. In mixed
samples, positions expected to contain variants were evaluated
for variant call present, coverage depth, and concordance with
the sample associated mixture ratio. Bioinformatic processing of
data using alignment algorithms specific to each software package
gave rise to differences in indel alignments. These differences will
easily be eliminated when an appropriate alignment algorithm is
identified for analysis of all forensic mMtDNA NGS data. Additionally,
sequence pile-ups showed evidence of sequencing errors
associated with homopolymeric regions. However, data from the
MiSeq showed very low background noise overall, especially in
these homopolymeric regions. Further, different third-party data
analysis software packages yielded similar data for all samples,
with some exceptions. Additional research is needed to further
assess differences that arise as a result of bioinformatic approaches
used for data analysis and the effects of these differences on

interpretation. The lllumina® MiSeq offers a streamlined enzymatic
library preparation approach, low background noise overall, and
high-throughput. As a result, the lllumina® MiSeq is well-suited
for forensic mtDNA analysis in both casework and databasing
laboratories.

mtDNA, Next Generation Sequencing, Bioinformatics

A63 Validation of a Mitochondrial
Testing Kit for Forensic Casework
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Alessandra Alicea-Centeno, BS*, University of North Texas Health
Sci Ctr, Dept Forensic & Investi Genetics, 3500 Camp Bowie
Boulevard, CBH-355, Fort Worth, TX 76107; Sabrina Shore, MS,
TriLink BioTechnologies, Inc, 9955 Mesa Rim Road, San Diego,
CA 92121; Natasha Paul, PhD, TriLink BioTechnologies, 9955
Mesa Rim Road, San Diego, CA 92121; Gerald Zon, PhD, 9955
Mesa Rim Road, San Diego, CA 92121; and Rhonda K. Roby, PhD,
University of North Texas, Center for Human ID, 3500 Camp Bowie
Boulevard, 310, Fort Worth, TX 76107

After attending this presentation, attendees will understand
the advantages of a commercially available kit for mitochondrial
DNA testing and the quality control testing that is required for its
design and delivery.

This presentation will impact the forensic science
community by providing a scientific basis for a commercial
mitochondrial DNA amplification kit that is optimized and subjected
to quality control testing with the aim of increased efficiency. All of
this will decrease the amount of time the forensic DNA analyst must
take to order primers and reagents, combine reagents, and perform
the laboratory work.

There are dozens of laboratories world-wide evaluating
the Control Region of the mitochondrial genome for forensic
casework and research purposes. These laboratories process
thousands of samples each year to include reference standards,
hair, bone, teeth, nails, blood, and tissue. Interestingly, there is
no commercially available kit simply for the amplification and
resultant product for downstream Sanger dideoxy sequencing.
A mitochondrial DNA (mtDNA) kit similar to the autosomal and
Y-STR kits, commercially available for forensic DNA testing and
databasing or clinical molecular assays available for patient testing
and research purposes, would streamline laboratory processing
and increase the efficiency of mtDNA testing laboratories.

Mitochondrial DNA sequencing is a laborious process. In
forensic mtDNA testing, samples are extracted and two regions
of the displacement loop (D-loop) are amplified: hypervariable
region 1 (HV1) and hypervariable region 2 (HV2). This process
includes the following steps: DNA extraction, DNA quantification
and normalization, HV1 and HV2 amplification, cycle sequencing,
electrophoresis, and analysis. Presented is a new mtDNA
amplification kit. This kit contains the primers (HPLC-purified
and pre-aliquotted in 100 nmole vials), a master mix, and control
DNA. The master mix contains all the necessary components
for amplification to include a buffer, an enzyme, CleanAmp™
dNTPs, magnesium chloride, bovine serum albumin, and water.
Reducing the number of reagents the analyst is required to add to
the amplification reaction decreases human error and the overall
preparation time. In addition, Quality Control (QC) testing of each
of the reagents is already conducted.

Developmental and internal validation studies were
performed to include sensitivity studies, stability studies, and
reproducibility studies. Atotal of 15 buccal swabs and 15 bloodstains
were collected using different storage and collection media. In
addition, extracted DNA from 20 adjudicated cases was obtained.
These 50 samples were successfully amplified using the mtDNA
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amplification kit. The amplified product was purified using ExoSAP-
IT®, cycle sequenced with the “dilute-and-go” off-the-shelf primers
from the kit and BigDye® Terminator v1.1, and unincorporated dye
terminators purified with the BigDye® XTerminator™ Purification
Kit. Then, they were subjected to electrophoresis on the 3130xI
Genetic Analyzer and the sequence data were analyzed using
eFAST™ Software v2.0 and MTexpert™ Software. All sequence
data produced medium- to high-quality trace scores on Sequence
Scanner Software v1.0.

This mtDNA testing kit greatly enhances the throughput
capabilities of mtDNA testing for forensic and research laboratories.
Reducing the number of preparation steps and sample transfers
allows for the streamlining of the process and creates a procedure
highly amenable to robotic adaptation. Effectively decreasing the
time and human error for processing a sample leads to greater
efficiency for the laboratory.

mtDNA, QC Testing, Validation

A64 Clothing Examination: Evidence of

Exposure to Heat

Chesterene L. Cwiklik, BS, Cwiklik & Associates, 2400 6" Avenue,
S, Ste 257, Seattle, WA 98134, and Jennifer L. lem, MSFS*, Cwiklik
& Associates, 2400 6™ Avenue, S, Ste 257, Seattle, WA 98134

After attending this presentation, attendees will be aware
of microscopically observable evidence of exposure to heat,
including thermal damage, to garments and deposits of heat-
damaged materials transferred from other items.

This presentation will impact the forensic science
community by explaining how findings of thermally altered threads,
fabric fibers, zippers, and trim materials can provide evidence of
exposure to heat, whether on the sleeves of an arsonist standing
by a fire at its onset or fiber melt around a bullet entrance hole,
and is useful in answering case questions and in reconstruction of
events.

Effects of heat exposure can be found on clothing items
as either thermal alteration to the clothing itself or deposits of
other heat-altered materials. Is a stain, deposit, discoloration,
or fabric rupture heat damage or something else? Is it from an
altered substrate or transfer from another thermally altered
source? Thermal alteration also occurs in trim, buttons, stitching
threads including on buttons, zippers, silk-screened designs, and
nametags. A set of clothing often includes fabric of several types,
as well as leather and synthetic imitation leather. The focus of this
presentation is the thermal damage and alteration observable on
clothing during examination with a stereomicroscope.

Heat damage to materials is encountered not only in
cases involving fires, but also in shooting cases, vehicle-pedestrian
collisions, and civil cases involving accidental or negligent fires.

A bullet strikes a plastic zipper causing melt damage
and rupture of the margin of the underlying tightly woven nylon
windbreaker fabric and penetrates the shirt beneath. Despite
an absence of gunpowder particles on the jacket, the fiber melt
suggests that the shot was fired from a relatively close range.

A man watching a house burn across the street told police
he was just passing by. The officer, noting a smell of gasoline,
submitted his shirt to the laboratory. The front of the wool shirt
exhibited curled and swollen heat-altered fibers and partly melted
thread securing one of the buttons.

The blue shirt of a man who had been run over was greasy
and crumpled on the shoulder. A suspect vehicle was found several
weeks later. When the undercarriage was examined, a green
acetate fiber was found on the tailpipe. Testing demonstrated that
the shirt fibers turned green upon sustained exposure to heat.

A very large man wielding a bloody knife and wearing only
pants and a padded jacket was shot by police after cutting his wrists
and failing to heed a command to stop. How many shots were fired?
From which direction? The officer said three shots, but a number of
wounds were found in the body and even more defects were found
in the jacket. The man survived, so the bullet path in the body
could not be explored as it would in autopsy. Two apparent bullet
holes in the jacket exhibited fiber melt at the margins, establishing
bullet entrance, and lead deposits were detected around a third.
The bullet path through folds in the jacket was reconstructed by
examining damage margins. Three shots were fired as the officer
said, but from a different angle.

To investigate such scenarios, a rough profile of heat
damage to different fabric types needed to be established and
exemplars were prepared on garments and swatches of different
fabrics: cotton denim blue jeans, corduroy slacks, coated cotton
Capri pants, acrylic knit jogging pants, polyester trousers, polyester
blend trousers, and silk pajamas. In addition, the same types of
damage were produced on a nylon jacket shell, a loose-weave
acrylic sweater-blouse, and on samples of heavy polyester twill,
wool, and rayon fabrics. Each fabric was exposed to heat from
a match flame and from contact with the hot burner of a stove.
Examinations performed with stereobinocular microscopes at
magnifications in the range of 6x to 50x.

In the polyester, nylon, and silk fabrics, light damage
included fabric discoloration and light singeing. Higher-temperature
exposure produced melting with decomposition resulting in bubbly
crusts.

In the silk, rayon, and acrylic sweater fabrics exposed to
brief higher-temperatures, the ends of the raised surface fibers
exhibited tiny dark melt beads at the margins of the heated area.

Thermal decomposition, but no melting, was observed in
the acrylic jogging pants, resulting in brown bubbly crusts and fiber
contraction and swelling.

Cotton fabrics exhibited light charring and singeing that
was difficult to distinguish from soot or fine soil deposits; heavier
charring was accompanied by sticky amber residue. When touched
to the hot burner, the cotton Capri pants exhibited similar surface
deposits and a clear hard circular plastic deposit. The underside of
the deposit exhibited a plastic film, slightly browned, peeling away
from the center, revealing a thin plastic coating that melted, seeped
into the weave, then solidified on the opposite side.

Thermal Damage, Clothing Examination, Reconstruction of
Events

A65 Evaluating the Specificity of Genotypic
Inference With TrueAllele® Casework
Software

Jay Caponera, MS*, 1220 Washington Avenue, Bldg 30, Albany,
NY 12226-3000

After attending this presentation, attendees will understand
how probabilistic genotyping software can reliably be applied to low
and mixed template samples and how the method provides DNA
match information that is both reproducible and highly specific to
known donor profiles.

This presentation will affect the forensic science
community by showing how computer-based quantitative data
modeling removes the subjectivity common to inclusion/exclusion
methods, uses more of the available genetic information, and
ultimately expands the scope of suitable evidentiary samples by
providing weight of evidence to profiles that are currently deemed
inconclusive.

The literature  has
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recommendations for the use of probabilistic genotyping, including
most recently a strong encouragement from the DNA Commission
of the International Society of Forensic Genetics (ISFG) to adopt
Likelihood Ratio- (LR) based approaches that include drop-in
and drop-out for solving mixed template samples."? TrueAllele
Casework is a fully continuous Bayesian method that uses an
iterative Markov chain Monte Carlo (MCMC) method to infer
genotypes from evidentiary profiles and compute DNA match
statistics and can easily accommodate drop-in and drop-out.® By
preserving more identification information, the computer is also
able to add increased specificity to genotypic inference, ultimately
resulting in a high degree of separation between known donor and
non-donor likelihood ratios.

This study evaluated the specificity of computer-based
genotype inference for both single-source low template and two-
and three-person mixed template samples. The single-source
sample data included two sets of serial dilutions (3.9pg to 500pg)
amplified with Identifiler® Plus at 28 cycles. MCMC run time was
50K cycles (25K burn-in and 25K read-out) with all identification
requests solved in duplicate. Single known donors were run against
19 non-donor staff profiles. Pooled data show a mean separation
of 31.03 log units (nonillion) between known donor and non-donor
reference profiles. All non-donor reference log(LR) values were
negative with a maximum value of -2.65. The data show that a
lower limit of approximately 15.6pg (the equivalent of roughly five
diploid cells) can be placed on the software, below which results
were not accurate or reproducible.

The two-person mixtures examined (two sets in mixture
ratios of 1:1, 1:2, 1:5, 1:9, and 1:19) were also run in duplicate
using 50K MCMC cycles (all mixture samples compared a total of
20 reference profiles against each other). The data show a mean
separation of 36.70 log units (undecillion) between known donor
and non-donor reference profiles. Non-donor log(LR) values were
negative for all mixtures tested, with a maximum value of -6.76.
Further, all known donor log(LR) values were positive, with a
minimum log(LR) of 5.87. A suite of three-person mixtures (two
sets in mixture ratios of 1:1:1, 1:2:1, 1:2:3, 1:5:1, 1:10:1, 2:2:1, and
3:3:1) also run in duplicate using 100K MCMC cycles (50K burn-in
and 50K read-out) show a similar pattern, with a mean separation
of 26.67 log units (septillion) between known donor and non-donor
reference profiles. For all three-person mixtures tested, non-donor
log(LR) values were negative with a maximum value of -3.50 and
all known donor log(LR) values were positive.

Results from this study show that probabilistic genotyping
match statistics were both reproducible and specific to all known
donor reference profiles. Consistent with previously published data,
the overall information gain provided with TrueAllele Casework was
also several orders of magnitude greater than the threshold-based
CPI method.*
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A66 Secondary DNA Transfer: Could
Secondary DNA Transfer Erroneously
Place You at a Scene of a Crime?

Cynthia Cale, BS*, 5770 Decatur Boulevard, Ste A, Indianapolis,
IN 46241; Madison Earll, BS* University of Indianapolis, Dept
of Biology, 1400 E Hanna Avenue, Indianapolis, IN 46227;
Jessica Bare, University of Indianapolis, 1400 E Hanna Avenue,
Indianapolis, IN 46227, Julia Harris, University of Indianapolis, 1400
E Hanna Avenue, Indianapolis, IN 46227; Krista E. Latham, PhD,
University of Indianapolis, Biology Dept, 1400 E Hanna Avenue,
Indianapolis, IN 46227, and Gay L. Bush, PhD, Strand Diagnostics,
5770 Decatur Boulevard, Ste A, Indianapolis, IN 46241

After attending this presentation, attendees will
appreciate the impact that secondary DNA transfer will have on the
interpretation of DNA typing results.

This presentation will impact the forensic science
community by demonstrating that secondary DNA transfer does
occur and that it can have a significant and detrimental impact on
the interpretation of DNA typing results.

The learning objectives of this research project are to
evaluate the detection of secondary DNA transfer using current
technology to assess the impact of secondary DNA transfer on
the interpretation of DNA typing results and to investigate what
type of surface, rough or smooth, might facilitate secondary DNA
transfer. The hypotheses for this project are: (1) secondary DNA
transfer does occur and will complicate interpretation of DNA typing
results; and, (2) rough-surfaced objects will be more conducive to
secondary DNA transfer than smooth-surfaced objects.

Touch DNA evidence, which is often of low quantity
and low quality, has become increasingly common in forensic
investigations. As the demand for touch DNA analysis has grown,
the equipment and chemistries used in forensic DNA laboratories
has become more sensitive to improve the likelihood of obtaining
DNA profiles from these low-template and low-quality samples.
The increase in sensitivity in most cases is beneficial, but can
lead to the detection of extraneous DNA not related to the forensic
investigation and can complicate data interpretation. Typically, the
introduction of extraneous DNA is from direct handling of the object
by individuals not associated with the investigation; however, it
may be possible that an individual could act as an intermediary,
transferring DNA from another individual he/she had previous
contact with to an object or person. The results of this secondary
transfer of DNA could further confound the interpretation of DNA
typing results because: (1) it could falsely link someone to a crime;
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and, (2) it could be a potential route of contamination. Previous
research has suggested that if secondary DNA transfer does occur
it will have minimal impact on data interpretation. This presentation
will impact the forensic community by demonstrating that secondary
DNA transfer does occur and that it can have a significant and
detrimental impact on the interpretation of DNA typing results.

The research project used handshaking to simulate
contact that could lead to secondary DNA transfer. Two types of
knives, smooth-handled and rough-handled, were manipulated by
the participants. The knife handles were subsequently sampled
for DNA using a wet swabbing technique often utilized in the
collection of forensic evidence. The samples were amplified with
the Identifiler® Plus Amplification Kit and analyzed on an AB 3130xI
(16 capillary) genetic analyzer.

The results of this study demonstrate that, under certain
conditions, secondary DNA transfer can occur. However, no
significant difference in DNA yield between smooth and rough
surfaces was observed as determined by an independent samples
t-test. DNA typing results indicated that secondary DNA transfer
occurred in 15 out of 24 samples or in 63% of the samples. In
four of those samples, the DNA profile of the secondary contributor
was either the only DNA profile or the major DNA profile
detected. If these results were presented during a trial as forensic
evidence, they would be difficult to dispute. In six samples, it
was no longer possible to determine the primary handler of the
knife. Consequently, the presence of secondary transfer DNA
compromised the interpretation of DNA typing results.

The presence of secondary DNA transfer could potentially
interfere with forensic investigations. In fact, data interpretation is
complicated anytime extraneous DNA is introduced into a sample.
As the sensitivity of the chemistries and equipment utilized by
forensic laboratories increases and as laboratories implement
low copy number DNA analysis, the likelihood of secondary DNA
transfer becoming an actuality also increases. Secondary DNA
transfer should no longer be disregarded as an event that may only
occur under optimal experimental conditions.

Secondary DNA Transfer, Interpretation of DNA Data, Touch
DNA

A67 Development of a Highly Sensitive
Human and Male Quantification System
for Assessing DNA Quality in Forensic
Samples

Gina M. Pineda, MS* PO Box 113006, Metairie, LA 70011-3006;
Robyn Thompson, MS, 1441 Canal Street, Ste 307, New Orleans,
LA 70112; Brooke Indest, BS, 1441 Canal Street, Ste 307, New
Orleans, LA 70112; Anne H. Montgomery, MS, InnoGenomics
Technologies, LLC, 1441 Canal Street, Ste 307, New Orleans, LA
70112; and Sudhir K. Sinha, PhD, InnoGenomics Technologies,
LLC, 1441 Canal Street, Ste 307, New Orleans, LA 70112

After attending this presentation, attendees will understand
the use and application of a quantification test method that can
simultaneously estimate the quantity of human and male DNA and
quality of DNA in a forensic sample.

The presentation will impact the forensic science
community by providing forensic DNA analysts with information
regarding a newly developed DNA quality and quantity assessment
method. This highly sensitive system is a valuable tool for making
decisions regarding the appropriate test kit to select when analyzing
potentially degraded forensic DNA samples.

In recent years, real-time PCR has become the standard
for quantifying the amount of human genomic DNA in a forensic

sample. Currently used systems include Quantifiler® Duo, Plexor®
HY, and Quantiplex™ HYres. Recent advances in mini STR analysis
systems have now made it possible to analyze highly compromised
samples. A system which can simultaneously provide human
and male quantitative information, as well as assess the extent
of degradation in a forensic sample, will be a useful tool for DNA
analysts. The goal of this study is to validate and determine the
utility of a real-time PCR system to assess degraded total human
DNA, as well as total male DNA. Recent scientific literature reports
the evaluation of the quality assessment of degraded DNA samples
using Yab5-lineage Alu genetic element; however, these assays lack
in sensitivity or do not exhibit high PCR efficiencies.’

Aluare ShortInterspersed Elements (SINE), approximately
300bp insertions which are distributed throughout the human
genome in large copy number. An advantage of the Alu system is the
presence of a large number of fixed insertions. It has been reported
that only 20% of the Yb-lineage Alu elements are polymorphic for
insertion presence or absence in the human genome.? Because a
large number of these fixed elements are present in every human
genome, this minimizes the individual specific variation possible
when using a single copy target quantification system. The use of
an internal primer to amplify a segment of an Alu element allows
for human specificity as well as high sensitivity when compared to
a single copy target. In this system, primers and TagMan probes
were designed using two independent intra Alu insertion targets.
To assess the quality of human DNA, the system utilizes two
independent genomic multi-copy targets to obtain quantification of
an 80bp “short” DNA fragment and a 290bp “long” DNA fragment in
a DNA sample. The 80bp target sequence is from an Alu insertion
whereas the 290bp target sequence is from a separate retroposon.
The system also uses a male target in a region of the human Y
chromosome DNA containing a sequence which is deleted on
the human X-chromosome in an X-Y chromosome homologous
region.®> A synthetic target is used as an Internal Positive Control
(IPC) and provides an additional assessment for the presence of
PCR inhibitors in the test sample. The ratio of the quantity of the
long target to the short target will provide an assessment of the
extent of degradation in the sample.

Developmental validation studies will be discussed
including sensitivity, mixture, reproducibility and precision, species
specificity, and concordance studies. Inhibition and degradation
studies will be presented. A correlation study of estimated
quantification for both 80bp and 290bp fragments with the STR
analysis results obtained from degraded DNA samples will be
presented.

In conclusion, a DNA-based qualitative/quantitative/
inhibition assessment system that accurately predicts the quantity
of human and male DNA as well as the quality of a biological sample
will be a valuable tool for deciding which DNA test kit to utilize when
processing forensically compromised samples for DNA testing.
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A68 DNA Identification of a Sexual Assailant
Vasectomized Male Involved in Rape
Case by Using Y-Chromosome STRs

Sarabjit Singh, PhD*, Flat No 172- Sector-11, Pocket-4, Dwarka,
Delhi 110075, INDIA

After attending this presentation, attendees will understand
how Y-chromosome Short Tandem Repeats (STRs) and male
urethral epithelial cells from vaginal swabs will be helpful in rape
cases where no sperm is found in the vaginal swab or penetration
without ejaculation by sexual offenders occurs. Attendees will also
become aware of mixture DNA samples where more than one
donor was involved and Y-STR testing yielded full male profiles
from the epithelial fraction of the vaginal swab.

This presentation will impact the forensic science
community by describing a new technology using Y-chromosome
STRs and male urethral epithelial cells from vaginal swabs. If a
vasectomized person is involved in a sexual offense with complete
lack of semen, how can investigators trace that person from mixed
vaginal samples? Y-STRs are important forensic tools in mixture
analysis largely because of their ability to target and detect male-
specific DNA. This fact is very advantageous when analyzing
evidentiary samples that contain high levels of female DNA and
only a very small amount of male DNA. It is proposed that this
technique would be useful in rape cases where no sperm were
found on victim vaginal swabs, penetration without ejaculation, and
more than one donor was involved in the case.

The main focus of the research is to determine the
number of male contributors in multiple rape cases and to identify
the parameters of sperm that are not present in female fluids, but
are found in semen, such as Y chromosome markers. A number
of samples taken from vaginal swabs were collected by medical
practitioners at varying intervals from first day to fourth day (i.e.,
after the incident 24h, 48h, 72h, 96h, respectively). Additionally,
a 2ml intravenous blood sample from a vasectomized person and
those involved in the sexual assault case were taken, with proper
penile swabbing for epithelial cells.

Using a AmpFISTR® Yfiler® Kit Identifier kit, DNA was
extracted from the vaginal swab and blood by differential organic
extraction and organic extraction.

The study demonstrates the presence of the male epithelial
cells in the postcoital vaginal tract using a commercially available
proof. Results demonstrated that the Y-chromosome was in intact
epithelial cells on postcoital days one to four. Y-chromosome
positive epithelial cells were identified in vaginal swabs obtained
following intercourse with no ejaculation. A complete DNA profile
of these vasectomized males was obtained for all 16 Y-STR loci,
namely DYS392, DYS390, DYS385 a/b, DYS393, DYS3891,
DYS38911, DYS391, DYS19, DYS439, and DYS438, residing on
the Y-chromosome and Amelogenin. A total number of five alleles
were identified in 16 loci, indicative of a typical mixture sample with
wide variation in the yield extracted from DNA 0.5ng to 1,000ng.
The variation was attributed to the number of epithelial and/or white
blood cells that are present in these samples from vasectomized
individuals.

Amplification of Y-STR loci provides critical information
during analysis of male-female mixture samples as are often found
in rape cases. Genotype results come from these samples where
multiple Y-STR alleles were observed at more than one locus
with female alleles not found 30/32.2 and male allele not found
in vaginal swab 28/31.2. In loci Y_DYS_635, Y_DYS_392, and
R_Y_Gata _h4, more than one copy was found on Y-chromosome
and confirmed by genotyping of 16 loci. More remarkable results
came from loci G_DYS385, Y_DYS635, and Y_DYS392 in which
haplotype duplication was observed. In particular, rape cases after

four days with semen from a vasectomized male did not preclude
the presence of Y-chromosome from male DNA, resulting either
from the presence of lysed sperm cells or male urethral epithelial
cells.!

The impetus for this study suggested in sexual offenses
that semen persists in the vagina or in the cervical region of the
vagina for 72hrs and up to three days in victims of sexual assault.
It verifies that semen does not persist longer in the vagina than
spermatozoa because total cell lysis happens very quickly due to
metabolic activity change in the vagina. The present study also
suggests that the medical examination of female victims and
collection of vaginal swabs be performed within three days.
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A69 Toward a Forensic Microdevice on a
Rotation-Driven Platform and Integration
of a “Pinwheel” Quantitation Module

Jordan Cox, BS*, Virginia Commonwealth University, 1015 Floyd
Avenue, PO Box 843079, Richmond, VA 23220; Tracey Dawson
Cruz, PhD, Virginia Commonwealth University, 1015 Floyd Avenue,
PO Box 843079, Richmond, VA 23284; Teresa Sikes, 2612 W
Main Street, Apt 1, Richmond, VA 23220; Yiwen Ouyang, BS,
University of Virginia, Dept of Chemistry, McCormick Road, PO Box
400319, Charlottesville, VA 22904-4319; and James P. Landers,
PhD, University of Virginia, Dept of Chemistry, McCormick Road,
Charlottesville, VA 22904

After this presentation, attendees will better understand
the forensic applications of microfluidic platforms, micro Total-
Analysis-Systems (uUTAS), and the challenges of integrating
forensic DNA workflow onto a single microdevice.

This presentation will impact the forensic science
community by describing an integrated plastic microdevice
for DNA extraction and amplification for use in Short Tandem
Repeat (STR) analysis. Additionally, it will describe a conceptual
quantitation module for integration onto the existing microdevice.
This work presents a step toward a uTAS that eliminates expensive
manufacturing and external attachments and also mimics the
current workflow in forensic laboratories.

Compared to conventional methods, a uTAS has several
advantages including smaller reagent volumes, decreased sample
handling and tube-to-tube transfers, and the potential to significantly
decrease sample-to-answer time. Two key technologies, Infrared
(IR)-mediated Polymerase Chain Reaction (PCR) and a new DNA
preparation chemistry, have 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 without requiring a block thermocycler. An enzyme-based
DNA preparation approach offers faster reaction times, reduced
sample handling, and the elimination of PCR-inhibiting reagents,
while maintaining equal performance as compared with traditional
extraction methods. A primary hurdle in integration is microfluidic
flow control. Previous work has accomplished this with the use
of active valving systems that require bulky, expensive external
hardware. However, passive valves, that do not require external
hardware or mechanical actuation can be employed on a rotation-
driven platform using varied centrifugal force defined by rotation
speed to effectively direct flow. The goal was to integrate DNA
extraction/preparation and amplification by combining these
technologies into a single microdevice utilizing a rotation-driven
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platform.

In this study, all microdevices were fabricated in-house
by laser ablation and thermal bonding of layers of Poly(Methyl
Methacrylate) (PMMA), whose thicknesses were chosen to
minimize the thermal mass. Modular microdevices for DNA
preparation and IR-PCR were designed first, followed by a
larger integrated microdevice.  Microfluidic optimization was
accomplished through a series of dye tests as well as the testing
of various spin times and speeds on the rotation-driven platform.
After establishing flow control for the integrated device, the DNA
preparation module with IR-mediated heating was optimized for
buccal swabs. The results of the DNA liberation and amplification
were compared to the manufacturer-suggested extraction, followed
by traditional PCR amplification. Previous results suggested DNA
preparation, accurate metering, and IR-PCR can be achieved on a
rotation-driven platform with this newly designed integrated device.
Modular on-chip DNA preparation followed by conventional PCR
amplification of STR loci resulted in a full STR profile concordant
with a profile generated from the manufacturer’s standard protocol
and conventional PCR; however, challenges with this microchip
design exist including the formation of bubbles between PMMA
layers and the presence of surfactant in the DNA preparation buffer
— both of which negatively affect fluidic control. Additionally, there
are no previous studies that have attempted to incorporate the
required DNA quantitation step on-chip. Optimization of bonding
temperature and pressure has relieved the bubbling issue. To
overcome the surfactant issues, several approaches have been
taken, including increasing centrifugal speed, widening of channels,
and decreasing the buffer concentration used for DNA preparation
to directly reduce the amount of surfactant present. While
further optimization is still required, these changes have yielded
performance improvement. With each modification, microfluidic
flow control is assessed and DNA yield is measured. When
modifications are defined to address the surfactant and bubbling
issues, these will be incorporated into the next iteration chip design
and the resulting DNA from the successfully integrated chip will be
tested to ensure an acceptable STR profile is generated.

Finally, itis necessary to consider DNA quantitation in order
to develop a device that is consistent with the requirements of DNA
Quality Assurance Standard 9.4. Thus, a fluidic module employing
a “pinwheel” quantitation assay is being designed. This method
measures the aggregation of silica-coated superparamagnetic
beads to directly quantitate DNA. This assay does not require
expensive instrumentation, is fluorescence free, and has been
shown to work on a PMMA microdevice. On-chip quantitation was
compared to conventional quantitative PCR; quantitation results
will be discussed. Successful integration of this system, coupled
with ease of fabrication, will promote progress towards a simple
sample-in, answer-out microdevice that more closely mimics the
current workflow in forensic DNA laboratories.

of how SIMS can be used in a multi-faceted approach providing
different types of analysis will be discussed.

This presentation will impact the forensic science
community by providing a nontraditional method to probe the
chemistry of latent fingerprints. In addition to being able to complete
traditional mass spectral analysis, the community will be presented
with a technique which has the ability to also depth profile a
fingerprint ridge as well as obtain high-resolution chemical images.
The combination of these analyses has led to better understanding
of what occurs within a latent fingerprint as it ages.

Chemical analysis of fingerprints has traditionally been
completed using techniques such as Infrared (IR) spectroscopy,
Gas Chromatography Mass Spectrometry (GC/MS), and Liquid
Chromatography Mass Spectrometry (LC/MS); however, in recent
years, new techniques have begun to be applied to fingerprint
analysis that allow for the specific chemical analysis of fingerprints
without destroying the fingerprint. One of the techniques that is being
explored is SIMS. SIMS presents several unique benefits to the
analysis of a complex sample like a fingerprint, including the ability
to probe both the organic and inorganic chemical composition, the
ability to obtain to high resolution chemical imaging, and the ability
to profile through a fingerprint ridge without damaging the ridge
detail of the latent fingerprint. The goal of this study is to outline
how these analyses can be exploited to understand fingerprints
with respect to aging.

Initial studies have been completed with latent fingerprints
that have been aged at different intervals and under different
environmental conditions. These fingerprints were analyzed
by SIMS using a number of procedures to obtain mass spectra,
chemical images, and depth profiles. Using this data, several initial
results have been uncovered, with the main focus on chemical
imaging. Through initial studies, it has been shown that the
location of components in a fingerprint changes as a function of
the age, exposure, and surface of deposition — with a number of
constituents appearing to diffuse out of the ridges of the fingerprints
and into the valleys. These timescales are a matter on the order
of days to months. Furthermore, it has also been found that
there is a threshold after which the chemical imaging technique
cannot differentiate the ridges and valleys of fingerprints because
of diffusion, though the ridge detail is still optically visible. Depth
profiling of the ridges and valleys of fresh and aged fingerprints has
also shown that it can be used as a method to measure the depth
of ridge versus the valleys. This may prove a beneficial method to
age fingerprints, as the depth of the ridges decreases with time, as
the depth of the valleys increases.

In addition to these initial studies, current work is looking at
the reproducibility of these observations in addition to understanding
the role which the deposition substrate plays. These observations,
in addition to how environmental conditions (UV-exposure, ozone,
heat, and humidity) affect the fingerprint, will also be discussed.
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A70 Using Secondarylon Mass Spectrometry
to Better Understand Fingerprint Aging
Through Imaging and Depth Profiling

Edward Sisco, MS* 6819 OIld Waterloo Road, Apt 1035, Elkridge,
MD 21075; Shin Muramoto, PhD, 100 Bureau Drive, Mail Stop
8371, Gaithersburg, MD 20899; and Greg Gillen, PhD, 100 Bureau
Drive, Mailstop 8371, Gaithersburg, MD 20899

After attending this presentation, attendees will be aware
of how Secondary lon Mass Spectrometry (SIMS) can be an
important tool for studying how fingerprints are affected by both time
and environmental conditions. More specifically, an understanding
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A71 Development of Presumptive Color Tests

for Emergent Drugs

Charles R. Cornett, PhD*, University of WI Platteville, Dept of
Chemistry, Platteville, WI 53818; and Tsunghsueh Wu, PhD,
University of WI Platteville, Dept of Chemistry, 1 University Plaza,
Platteville, WI 63818

After attending this presentation, attendees will be able to
crucially examine the potential of ion pairing in the color detection
of emergent drugs.

This presentation will impact the forensic science
community by demonstrating the potential of ion pairing to detect
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emergent drugs.

Presumptive color tests for drugs have helped investigators
narrow the possible identities of a substance. They are quick and
inexpensive chemical tests commonly performed by police officers
on the street and prior to the use of costly confirmative tests
in the crime lab. These tests are done on the scene to quickly
determine if the police officer has sufficient probable cause for
an arrest. Using this new technique, an investigator can place
the questioned substance in a disposable test tube containing
ampoules of chemical reagents necessary for the presumptive
identification of piperazine drugs such as Benzylpiperazine (BZP)
and 3-Trifluoromethylphenyl-piperazine (TFMPP).

BZP and TFMPP are synthetic phenylpiperazine
analogues which have stimulant and amphetamine-like properties.’
As a result, they are commonly used as recreational drugs and
were legally available in a number of countries, particularly in New
Zealand." BZP drugs were temporarily classified as a Schedule
| controlled substance in the United States in 2002 because of
their 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, including lowa, Tennessee,
Wyoming, Mississippi, Louisiana, Idaho, Colorado, lllinois, Indiana,
Kansas, Missouri, Oklahoma, and Nebraska.?

According to the 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
6,088in 2008. BZP items/exhibits submitted to forensic laboratories
increased 127% from 6,088 in 2008 to 13,822 in 2009.

Typically, BZP is smuggled as powder through drug
trafficking organizations internationally. The bulk powder is then
processed into capsules and tablets. BZP is encountered as pink,
white, off-white, purple, orange, tan, and mottled orange-brown
tablets. These tablets bear imprints commonly seen on MDMA
tablets such as a 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 which is packaged in small
convenience sizes and sold on the internet.?2 From the increasing
trend in distribution and abuse cases, the presumptive test for
piperazine drugs play an important role for law enforcement to
identify the controlled piperazine substances within a minute on
the street.

Both BZP and TFMPP appear as a colorless solution
when dissolved in deionized water. In these experiments, the BZP
and TFMPP aqueous solution in the presence of combinations of
methyl orange and 1-(2-hydroxyl-1-naphthylazo)-2-naphthol-4-
sulfonic acid zinc salt yields a yellow solution as a positive result;
however, this positive result was severely interfered with by organic
molecules containing primary amine functional groups. The results
of the method and future plans for further improvements will be

presented.
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A72 Fingernail Scrapings Collected From
a Burnt Body Revealed the ID of the
Suspect: A Case Study

Nasir A. Butt, PhD*, Cuyahoga County MEO, 11001 Cedar Avenue,
Cleveland, OH 44106; and Hristina Lekova, MS, 11001 Cedar
Avenue, Cleveland, OH 44106

After attending this presentation, attendees will learn the
importance of the DNA analysis on fingernail scrapings collected
at the time of the autopsy. The biological material or DNA found
under fingernails preserves even in extreme circumstances such
as severely burned bodies. In a homicide case, the DNA recovered
under fingernails from a burnt body found in a field in Cleveland,
OH in a homicide case revealed the identity of the killer.

This presentation will impact the forensic science
community by showing the importance of the collection and
analysis of fingernails/scrapings collected at the time of the autopsy
in helping to identify the prepetrator(s).

This case study demonstrates the ability of DNA to
withstand extreme conditions such as fire, heat, etc. In general,
fingernail scrapings or swabs collected from under fingernails of
homicide victims may play an important role. In some cases this
may be the only evidence that provides a link between the decedent
and the perpetrator. In homicide cases involving victims burnt or
charred beyond recognition, given the priority to identify the victim,
it is possible that this type of evidence may be overlooked. The
current study involves the homicide of a young woman whose
body, charred beyond recognition, was found in the backyard of an
abandoned house in Cleveland, OH.

*Presenting Author
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Photo: Victim as found in the field

The Cuyahoga County Medical Examiner’s office collected
the evidence from the scene. Fingernail scrapings/swabs were
collected from the hands of the victim at the time of the autopsy.
DNA analysis was performed on the fingernail scrapings/swabs in
an attempt to detect any DNA foreign to the victim. DNA extraction
was performed using the Promega® DNA IQ™ Casework Pro Kit on
a Maxwell® 16 instrument. DNA quantification was performed using
the Applied Biosystems® Quantifiler® Duo DNA Quantification Kit on
a 7500 Real-Time PCR System. The amplification was performed
using the Promega® PowerPlex® 16 HS System and the Applied
Biosystems® Yfiler® PCR Amplification Kit. The electrophoresis
was performed on Applied Biosystems® 3130 and 310 genetic
analyzers and the data was analyzed using Applied Biosystems®
GeneMapper® ID software.

Male DNA was detected in DNA extracted from the
fingernail scrapings/swabs from both hands of the victim.
Autosomal DNA analysis of the fingernail scrapings from victim’s
left hand revealed only three alleles foreign to the victim. The
minor autosomal Short Tandem Repeat (STR) DNA profile foreign
to the victim obtained from analysis of her right hand fingernails
swab was found to be consistent with the suspect. Further, the
Y-STR haplotype developed from both the hands was found to be
consistent with the suspect.

Fingernail Scrapings, STR DNA Analysis, Y-STR DNA Analysis

A73 Determination of Reference Sample
Genotypes for the HLA-DQA1 (HLA-DQa)
Locus Using Direct DNA Sequencing of
PCR Amplicons

Gary C. Harmor, BS* Serological Research Institute, 3053
Research Drive, Richmond, CA 94806; and Phillip Hopper, MS,
SERI, 3053 Research Drive, Richmond, CA 94806

After attending this presentation, attendees will understand
the basis for an inexpensive way to genotype the HLA-DQA1 locus
using the Sanger method of DNA sequencing of Polymerase Chain
Reaction (PCR) amplicons.

This presentation will impact the forensic science
community by showing how the direct sequencing of the PCR
amplicons will allow a number of forensic biology laboratories to
genotype for the HLA-DQA1 locus for the agencies they service.
This may help investigators exclude or include new cold case
suspects by comparing their types to previous results for unsolved
cases.

The HLA-DQAT1 locus is part of a human leukocyte antigen
gene that is located on human chromosome 6. The locus has been

studied extensively in the past, including the determination of the
allele sequences and their frequencies in various populations. The
locus exhibits normal autosomal inheritance. While the locus does
amplify for non-human primate species, more distantly-related
animal species and bacteria do not produce amplification products.

HLA-DQA1 (HLA-DQa) was one of the first genetic loci to
be amplified using the PCR for forensic casework purposes. The
most recent version of the HLA-DQA1 PCR kit was commercially
supplied until approximately 2002. This kit utilized a reverse dot
blot typing method by hybridization of PCR amplified products onto
nylon strips. The strips were spotted with attached Allele Specific
Oligonucleotide (ASO) probes that detected denatured amplified
products that contained a biotinylated primer. Following a color
development that resulted in blue circular spots on the white nylon
membrane where hybridization occurred, the sample genotype
was indicated. The latest produced kit detected seven alleles for
a total of 28 genotypes. Although there is still a small demand for
HLA-DQA1 testing, the reverse dot blot kits from Perkin Elmer® are
no longer available. The PCR kits last produced expired in 2003.

An increasing number of law enforcement agencies are
creating and participating in “cold case” investigations and capital
case reviews are also being conducted by appellate attorneys. In
a number of these cases, the evidence has been discarded, lost,
or was exhausted in the original analysis. What remains, in most
cases analyzed in the 1990s, is a report and/or notes with at least
HLA-DQA1 results from the evidentiary samples in the case. After
review and investigation by cold case detectives, quite often a new
suspect is developed. When this occurs, this suspect will need to
be compared to the forensic DNA typing results obtained during the
original case analysis.

While the previous method used a hybridization procedure,
this presentation describes a procedure for the direct sequencing
of the seven DQA1 alleles used in forensic analysis and the
characterization of the 28 possible genotypes of the HLA-DQA1
locus for comparison to types developed during previous casework
analysis. A direct sequencing method has been developed to
characterize all 28 genotypes. This procedure is intended to be
used primarily for typing of newly obtained reference samples with
adequate DNA to allow comparison of the resulting genotypes to
results of analyses performed using the former reverse dot blot kits.
This procedure is not intended to be used on mixtures.

HLA-DQA1, Amplicon Sequencing, Reference Samples

A74 NIST Inter-Laboratory Studies for DNA
Mixture Interpretation

Michael D. Coble, PhD*, 100 Bureau Drive, MS 8312, Gaithersburg,
MD 20899-8312; Becky Hill, MS, 100 Bureau Drive, MS8311,
Gaithersburg, MD 20899; David L. Duewer, PhD, 100 Bureau
Drive, Gaithersburg, MD 20899; Margaret C. Kline, MS, 100 Bureau
Drive, Gaithersburg, MD 20899

After attending this presentation, attendees will better
understand the history and lessons learned from NIST inter-
laboratory studies on mixture interpretation, including the most
recent study in 2013 (MIX13).

This presentation will impact the forensic science
community by helping the forensic DNA community to: (1) determine
the current “lay of the land” regarding STR mixture interpretation
across the United States; and, (2) learn where future training and
research could help improve mixture interpretation and reporting.

DNA mixtures of two or more individuals can be
challenging to interpret for the forensic DNA scientist. Historically,
laboratories have developed protocols to interpret mixtures based
upon a combination of multiple areas of investigation including (to
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name a few): internal validation studies; information present in the
scientific literature, training from workshops and scientific meetings;
and, guidelines as reported by scientific working groups such as
Scientific Working Group on DNA Analysis Methods (SWGDAM)
or the DNA Commission of the International Society of Forensic
Genetics.

Occasionally, the laboratory may find it useful to compare
their analytical results using their mixture interpretation protocols
to other peer laboratories via interlaboratory studies. Since 1997,
the National Institute of Standards and Technology (NIST) has
conducted five DNA mixture interlaboratory studies, including:
Mixed Stain Study one (1997); Mixed Stain Study two (1999); Mixed
Stain Study three (2003); MIX05 (2005); and, MIX13 (2013). The
first three mixed stain studies involved a “wet lab” design where the
lab would extract and amplify the mock mixtures to generate data
for analysis.™® In general, differences between laboratories were
observed due to variation in extraction efficiency, variation in DNA
quantification, and variation in establishing an analytical threshold.

In MIX05, NIST focused on electronic data for analysis to
control for the variation observed in previous studies with extraction
and quantification.* One observation in the analysis of the results
was the wide range of approaches to interpreting the same data
among the different laboratories. With the publication of the
2010 SWGDAM Autosomal STR Interpretation Guidelines, many
laboratories have established analytical and stochastic thresholds
for mixture interpretation.®

The MIX13 interlaboratory study was conducted to
determine the current “lay of the land” in regard to STR mixture
interpretation across the community. Another goal was to gauge
the consistency in mixture interpretation across the United States
after the publication of the 2010 SWGDAM guidelines. Examples
of the MIX13 interlaboratory study will be shared along with ideas
for future training and research to improve mixture interpretation
and reporting in the United States.
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A75 Implementation of an Optimized
Extraction Method and a Modified
Amplification Protocol for Improved
Y-STR Success With Compromised

Skeletal Elements

Kimberly S. Andreaggi, MFS*, 115 Purple Heart Avenue, Dover

AFB, DE 19902; Robert S. Oliver, MSc, 115 Purple Heart Drive,
Dover AFB, DE 19902; Laura E. Dolezal, MFS, 12 Kent Avenue,
Felton, DE 19943; Amy E. Hazelwood, MS, 115 Purple Heart
Avenue, Dover, DE 19902, Jacqueline T. Thomas, MS, 115
Purple Heart Avenue, Dover, DE 19902; Odile M. Loreille, PhD,
1413 Research Boulevard, Rockville, MD 20850; and Suzanne M.
Barritt, MS, AFMEO / AFDIL, 115 Purple Heart Drive, Dover AFB,
DE 19902

After attending this presentation, attendees will learn
about modified extraction and amplification strategies to improve
the recovery of nuclear data from decades-old skeletal specimens.

This presentation will impact the forensic science
community by demonstrating improved forensic DNA methods can
obtain additional genetic information that can assist with the re-
association and identification of commingled remains in missing
persons cases.

The identification of compromised skeletal remains at the
Armed Forces DNA ldentification Laboratory (AFDIL) is primarily
achieved via mitochondrial DNA (mtDNA) analysis. Although
mtDNA typing offers the greatest chance of success, its forensic
utility is often limited by its maternal inheritance and requires the
availability of appropriate references. Data from alternative DNA
markers in the nuclear genome would benefit identification efforts,
but the poor quality and limited quantity of nuclear DNA present in
degraded samples has historically restricted the use of this data.
To address these limitations, a modified amplification strategy
using a commercial kit to recover Y-chromosomal Short Tandem
Repeat (Y-STR) data from challenging samples has recently been
validated.! The use of this protocol required the implementation of
data analysis and interpretation guidelines to mitigate stochastic
effects and ensure the generation of reliable consensus profiles.
Validation data has demonstrated a 45% increase in Y-STR profile
recovery as compared to the standard amplification protocol.
Further improvement has been observed when this method is
coupled with an optimized version of the previously published
demineralization protocol, which includes a purification step using
silica columns and eliminates the need for organic reagents.??
Presently, a successful Y-STR profile (four or more reportable loci)
can only be generated in 24% of cases processed with organic
extraction and standard amplification. Preliminary results based on
a limited number of cases have shown Y-STR success increases
by 33% when the two modified protocols are applied in tandem
to compromised skeletal elements. The implementation of these
two procedures at the AFDIL promises to provide additional genetic
information to assist with the re-association of commingled remains
and support identifications in missing persons cases.

The opinions or assertions presented hereafter
are the private views of the author(s) and should not
be construed as official or as reflecting the views of the

Department of Defense, its branches, the U.S. Army Medical
Research and Materiel Command or the Armed Forces Medical
Examiner System.
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A76 Efficient Strategies for DNA
Identification: ICMP Experiences Over
Time in the World’s Largest Missing
Persons Identification Project

Thomas Parsons, PhD*, 45A Alipasina, Sarajevo 71000, BOSNIA-
HERZEGOVINA; Adnan Rizvic, MA, 45A Alipasina, Sarajevo
71000, BOSNIA-HERZEGOVINA; Rene Huel, BA, 45A Alipasina,
Sarajevo 71000, BOSNIA-HERZEGOVINA; Edin Jasaragic, BA,
45A Alipasina, Sarajevo 71000, BOSNIA-HERZEGOVINA; Sylvain
Amory, PhD, 45A Alipasina, Sarajevo, BOSNIA-HERZEGOVINA;
Ana Milos-Bilic, MSc, 45A Alipasina, Sarajevo, BOSNIA-
HERZEGOVINA; Zlatan Bajunovic, 45A Alipasina, Sarajevo,
BOSNIA-HERZEGOVINA; and Mirsad Softic, BS, 45A Alipasina,
Sarajevo 71000, BOSNIA-HERZEGOVINA

After attending this presentation, attendees will gain an
understanding of factors to be considered in conducting DNA
testing in large-scale identification projects, with an emphasis on
cost- and time-effectiveness at various stages of a project, and the
use of additional and/or newly developed DNA marker systems to
find difficult DNA matches.

This presentation is intended to impact the forensic
science community by contributing to a better understanding of how
modern techniques of DNA testing and matching can be applied to
a program of missing persons identification on a large scale, and
how such projects may be devised to maximum cost effectiveness.

The International Commission on Missing Persons
(ICMP) was initially established to assist with the problem of large
numbers of persons missing from conflicts in the former Yugoslavia
that occurred in the 1990s. Some ~40,000 missing persons
were unaccounted for. Many of the missing were deposited
in mass graves and recovered in a mostly degraded, and often
highly commingled, skeletal state. The lack of medical and dental
records for a large number of individuals, combined with the overall
context, rendered “traditional” identifications generally inefficient
and unreliable. In 2000, the ICMP launched a “DNA-led” blind
matching program, applied regionally. In a massive outreach
campaign, blood samples were obtained and genetic profiles
generated from family members of the missing, and compared to
DNA profiles obtained from skeletal remains in a high throughput
testing system. Software-driven semi-automated DNA matching
has been performed to issue a large number of DNA Match Reports
with a high degree of objective surety, in support of identifications.

The primary ICMP databases of victim and family genetic
profiles were established with a 15-locus STR multiplex (Promega®
PowerPlex® 16), with a high success rate in obtaining useful
DNA profiles from degraded skeletal remains using optimized
DNA extraction protocols. Focusing on Bosnia, the ICMP DNA

database contained, as of August 2012, 32,236 bone DNA profiles
representing 16,750 different individuals and 71,265 family
reference DNA profiles representing 23,385 missing persons.
From these, 13,988 individuals have been DNA matched at very
high statistical surety, providing the basis for identification. Overall,
for the former Yugoslavia, 16,670 missing persons have been DNA
matched, for a matching rate of approximately five per working day
over the entirety of the project.

The blind matching approach employed has been highly
efficient over the years, enabling matches to be made at an
unprecedentedly high rate and scale, providing answers to families
as quickly as possible and as inexpensively as possible with very
high rigor and surety. However, the project has now reached a
stage where this rate has fallen dramatically due to the low rate of
discovery of new human remains, and a very low rate of collection
of new family reference samples. As the project enters a phase
where the “low hanging fruit” has already been harvested, additional
efforts are being applied to find as many matches as possible within
the existing ~2,700 unmatched victim profiles and family reference
profiles representing ~9,000 unidentified missing persons.

Results from a coordinated effort for detecting and
reporting additional DNA matches will be presented, based on
the following additional approaches: (1) intensified screening of
databases for possible family associations with low evidentiary
support at present; (2) confirming or refuting possible family
associations through the application of additional testing systems;
and, (3) re-visiting samples that previously failed to give profiles
using newer highly optimized extraction methods, “mini-STR” kits,
and additional purification steps. Additional STR multiplexes have
been validated to provide 23 loci, and application of these additional
markers has resolved many cases, with an average increase of
likelihood ratio on the order of 10* (in cases that are not exclusions
with the new markers). Likewise, selected cases are now being
queried with mtDNA and Y-chromosomal testing.

The results of these efforts will be summarized and
discussed from the standpoint of cost-benefit ratio at various stages
of a massive identification project. Strategic and policy implications
for the very long term will also be discussed in the context of this
and other missing persons projects whose scale and complexity
will pose issues for many years.

Missing Persons, DNA Identification, Family Matching

A77 OSIRIS Version 2.2: Intelligent Software
for Casework and CODIS DNA Analysis

George R. Riley, PhD*, 4415 Duncan Drive, Annandale, VA 22003;
Robert M. Goor, PhD, Natl Ctr Biotechnology Information, National
Institutes of Health, 45 Center Drive, Bethesda, MD 20892;
Douglas Hoffman, MS, Natl Ctr Biotechnology Information, National
Institutes of Health, 45 Center Drive, Bethesda, MD 20892; Stephen
Sherry, PhD, 45 Center Drive, Bethesda, MD 20892-6513; Charity
Noreuil, MS, Illinois State Police, DNA Indexing Laboratory, 3710 E
Lake Shore Drive, Springfield, IL 62712; Taylor Scott, PhD, lllinois
State Police, DNA Indexing Laboratory, 3710 E Lake Shore Drive,
Springfield, IL 62712; Tim Kalafut, 4930 N 31st Street, Forest Park,
GA 30215; and Joel D. Sutton, MSFS, 4930 N 31st Street, Forest
Park, GA 30297-5205

After attending this presentation, attendees will have
an understanding of the underlying principles of Open Source
Independent Review and Interpretation System (OSIRIS) Short
Tandem Repeat (STR) DNA profile analysis software, its basic use
and capabilities, some forensic uses, and how it can be integrated
into manual or automated workflows.

This presentation will impact the forensic science
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community by informing it about free, open-source STR analysis
and quality control software designed to increase the efficiency
and accuracy of STR DNA analysis in forensic casework, convicted
offender profiling, and other identity testing laboratories.

With resources limited, and the volume of forensic DNA
profiling increasing, there is a need to increase DNA analysis
efficiency and accuracy. OSIRIS, the Open Source Independent
Review and Interpretation System, is freely available software for
the analysis of STR profiles produced using Applied Biosystems®
310, 31xx, 3500, and 3700 series Genetic Analyzers, and can
be downloaded at http://www.ncbinlm.nih.gov/projects/
SNP/osiris/. OSIRIS analyzes both .fsa and .hid format files
produced by the collection software, using an independently
derived mathematically-based sizing algorithm." OSIRIS supports
numerous commercially available marker kits including CODIS-
compliant kits as well as other kits favored by forensic, biomedical,
and relationship testing laboratories. Supported kits now include
GlobalFiler™, Fusion™ and PowerPlex Y23™, and OSIRIS includes
sophisticated Y-STR analysis and dynamic baselining.

OSIRIS identifies peaks by iteratively fitting expected
parametric data signatures to the observed data, with matches
generally having correlations in excess of 0.999. Parametric peak
locations are determined as time and transformed into base pair
coordinates. Rather than the global Southern method, OSIRIS
instead uses the correspondence between a sample’s ILS and
an associated allelic ladder to map the time scale of the ladder
into that of the sample, fitting the most appropriate ladder to each
sample. This integration of the ladder with the sample permits a
straightforward and accurate comparison of sample peaks with
ladder locus peaks. This method provides two additional peak
quality measures: fit level and sizing residual (a measure of peak
shift).

OSIRIS is designed to be flexible for ease of integration with
the laboratory’s own workflow, including its Laboratory Information
Management System (LIMS) and other software, reducing manual
intervention in both analysis and data transfer. It increases the
efficiency and accuracy of analysis by categorizing artifacts either
as critical, requiring human review, or non-critical, dependent on
user-designated parameters. Analysis is fast, typically under 30
seconds per 96 well plate. For poor quality samples, OSIRIS can
intelligently predict required re-work conditions. An audit trail of
editing by analysts and reviewers is preserved, and laboratory
review procedures can be software enforced. Reporting and data
export are very flexible, allowing laboratories to export tables,
CODIS compatible data, LIMS-formatted data, and other formats
of the laboratory’s own design, and can be automated to export
subsets of data directly upon analysis. OSIRIS also has quality
metrics that allow it to be used as a lab process quality assurance
tool.

OSIRIS version 2.2, developed in collaboration with the
U.S. Army Criminal Investigation Laboratory and the lllinois State
Police DNA Indexing Laboratory, specifically addresses casework
analysis, low-level DNA analysis, and editing efficiency. OSIRIS
v. 2.2 decreases the amount of analyst editing of artifacts and
improves low-threshold analysis using dynamic baselining in the
identification of low-level peaks and artifacts.

In addition to OSIRIS having been validated for forensic
casework and as an NDIS-approved expert system for CODIS
testing, it has been validated for clinical testing of bone marrow
engraftment, as an expert system for relationship testing, and
for research cell line verification in laboratories in the U.S. and
internationally. Additionally, OSIRIS is used for STR analysis
training and data review.

Work at NCBI is supported by the Intramural Research
Program of the NIH and the National Library of Medicine.
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A78 Validation and Implementation of
OSIRIS for Forensic DNA Casework and
Incorporation Into Laboratory Work Flow

Tim Kalafut*, 4930 N 31st Street, Forest Park, GA 30215; Joel
D. Sutton, MSFS, 4930 N 31st Street, Forest Park, GA 30297-
5205; Robert M. Goor, PhD, Natl Ctr Biotechnology Information,
National Institutes of Health, 45 Center Drive, Bethesda, MD
20892; Douglas Hoffman, MS, Natl Ctr Biotechnology Information,
National Institutes of Health, 45 Center Drive, Bethesda, MD 20892;
George R. Riley, PhD, Natl Ctr Biotechnology Information, National
Institutes of Health, 45 Center Drive, Bethesda, MD 20892; and
Luigi Armogida, BS, NicheVision Forensics, LLC, 526 S Main
Street, Akron, OH 44311

After attending this presentation, attendees will be
familiar with Open Source Independent Review and Interpretation
System (OSIRIS), a new software program to analyze and view
electropherogram DNA profile data. OSIRIS is a free, open-source,
powerful analysis tool that analyzes data from instruments such as
the 310, 3100/3130, and 3500/3700 and makes allele calls and
artifact identification in a manner that requires less input from the
scientist than traditional methods.

This presentation will impact the forensic science
community by serving as an introduction to a new tool that can
be used in DNA casework. This new tool is available in the public
domain and has protocols for any current common Short Tandem
Repeat (STR) kit. OSIRIS is also flexible enough to handle new
STR kits that will be coming in the near future.

OSIRIS is a public domain software package developed
by National Institute of Health (NIH) for the analysis of .fsa and .hid
files generated by the forensic DNA analysis process. The United
States Army Criminal Investigation Laboratory (USACIL) decided to
investigate OSIRIS as a way to perform the electronic data analysis
of forensic DNA casework samples. OSIRIS searches for peaks in
an iterative fashion by fitting expected parametric data signatures
to the observed data. Unlike traditional sizing methods for STR
fragment analysis, OSIRIS does not use Southern methods to
compare a sample to the ILS for base pair estimates. Instead,
OSIRIS compares the ILS of a sample to the ILS of a ladder, and
then does a direct comparison of the center of sample peaks to
those of the ladder.

OSIRIS incorporates numerous artifact elimination
strategies to minimize the number of human edits required for
casework samples. These advanced artifact elimination algorithms
allow for a lower peak calling threshold than otherwise possible.
This, in turn, allows for more information to be preserved from a
sample, particularly in instances of lower level amplification. At the
USACIL, much effort went into determining a strategy to use for
setting the minimum rfu peak calling threshold to take advantage of
the better artifact identification strategies in OSIRIS. This resulted
in a much lower rfu peak calling threshold, which in turn allows
for the use of more data in the interpretation of a sample. For
example, a peak calling threshold as low as 30 or 40rfu is feasible
with OSIRIS, compared to 75rfu in the past.

Of note, the USACIL developed and uses ArmedXpert
software for all aspects of DNA casework other than the analysis
of .fsa files. Because OSIRIS is open source, the USACIL DNA
Branch set about the task of integrating OSIRIS into the ArmedXpert
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software currently in use. Some advantages of doing so are: (1)
the ability to work in one continuous software environment; (2) not
being as limited by noise and/or artifacts; and, (3) the ability to use
the OSIRIS engine in the user-friendly environment of ArmedXpert.

DNA Analysis Software, Improved Artifact Filtering, Lower
RFU Analysis Threshold

A79 Evaluation of Direct PCR Amplification
Using Various Swabs and Washing
Reagents

Reena Roy, PhD, Pennsylvania State University, Forensic Science
Program, 325 Whitmore Lab, University Park, PA 16802; and Hallie
Altshuler, BS*, 204 Grubb Hall, University Park, PA 16802

After attending this presentation, attendees will learn
how to process reference samples faster using various types of
swabs and reagents. The goal of this research was to generate
DNA profiles from body fluids deposited on different swab
substrates. Each substrate containing one body fluid was treated
with purification reagents prior to amplification with direct and non-
direct amplification kits. DNA profiles generated were compared
for concordance within and between the substrates, and between
amplification kits.

This presentation will impact the forensic science
community by educating the forensic DNA analysts how to process
samples faster using different swabs and washing reagents.

The following substrates were used in this project: the
Pur-Wraps® sterile cotton-tipped applicator; the Pur-Wraps® Foam
Swab; the MiniPax®; the PurFlock® Ultra Flocked swab; the FAB-
SWAB™, the Fitzco® SPIN-EZE™ Push-off" swab; and, the Bode
SecurSwab™. A 1.2mm punch of each substrate was prepared for
deposition of body fluids. Saliva and blood samples from male and
female donors were deposited on each punch, with 0.5uL to 5uL of
saliva or 0.1uL to 2uL of blood added onto each substrate punch.
The prepared specimens containing body fluids were kept at room
temperature for varying lengths of time ranging from no wait time
(immediate extraction) to several weeks before processing. Each
single body fluid containing punch was then washed with one of the
following four solutions: PunchSolution™, SwabSolution™, Prep-n-
Go™ Buffer, or ECS™ wash buffer.

The protocol for the SwabSolution™ kit was modified
for the substrates in this study. Each punch was incubated for
the appropriate amount of time recommended, or as deemed
necessary. For the ECS™ wash buffer, a protocol similar to the one
employed with FTA® Purification Reagent was used. After the
washing step was complete, all specimens were amplified using
various amplification kits.

Autosomal Short Tandem Repeat (STR) loci and the
Amelogenin gender locus were amplified using the PowerPlex®
Fusion System Kit and AmpF{STR® Identifiler® Direct, Identifiler®
Plus, and Identifiler® Amplification Kits. In addition, male body fluids
were amplified using the PowerPlex® Y23 System from Promega®
Corporation. Amount of reagents needed, and, if necessary,
amplification parameters were varied in this study in order to detect
complete autosomal and Y-STR DNA profiles from all substrates
and both body fluids. Recommended reaction volumes by each
manufacturer were first followed in the reactions to determine if
complete profiles could be generated from the substrates after
treatment with each reagent. Once this process was deemed
successful, half reaction volumes were used for subsequent
amplifications. Analysis of the amplified products was performed
by capillary electrophoresis injection on a Applied Biosystems®
3130xI Genetic Analyzer. The generated data were analyzed using

GeneMarker® HID Software Version 2.2.0.

Autosomal and Y-STR profiles were successfully obtained
from all of the swab substrates containing blood and saliva samples.
It was observed that the optimal Polymerase Chain Reaction (PCR)
cycle number for saliva was 26 cycles, and for blood 24 cycles,
when the extracted body fluid samples were amplified with the
primers from Applied Biosystems® kits. However, the PowerPlex®
Fusion kit required 27 cycles for generation of complete profiles
from saliva. It was determined that 0.1uL of blood and 1.0uL of
saliva were the optimal volumes necessary to obtain complete DNA
profiles.

Concordant profiles were obtained within and between the
substrates, all amplification kits, and the reagents. Half reaction
volumes yielded similar results to the full reaction volumes, and
both produced complete autosomal and Y-STR profiles. The
modified protocols for washing using the SwabSolution™ reagent
proved to be successful in generating complete autosomal STR and
Y-STR profiles. This research also indicated that SwabSolution™
and PunchSolution™ performed better and more consistently
in generating complete DNA profiles from the majority of the
substrates. However, this was not true for all amplification kits.

In the forensic science community, implementing the
use of direct PCR amplification using various swabs and different
washing reagents could have an important impact. Since swabs
are frequently used to collect reference samples, having the ability
to process different types of swabs and amplify the body fluids
more quickly using different types of kits, would be beneficial to
crime laboratories as well as paternity testing laboratories and data
banking institutions. The results of this research indicate that the
samples can be processed faster, while allowing for decreased
reagent consumption and, consequently, at a reduced cost. The
concordance profiles obtained with different amplification kits
indicate compatibility between various primers and amplification
reagents.

Improving Throughput, DNA Typing, Swabs/Reagents

A80 Enhancing the Sexual Assault Workflow:
Testing of Next Generation DNA
Assessment and Y-STR Systems

John Ballantyne, PhD*; Erin K. Hanson, PhD; Robert L. Green, BA;
Allison Holt, PhD; Julio J. Mulero, PhD

After attending this presentation, attendees will learn
how the newly developed next generation DNA quantification and
Y-chromosome Short Tandem Repeat (Y-STR) kits can improve the
analysis of challenging sexual assault evidence.

This presentation will impact the forensic science
community by presenting possible improvements to the sexual
assault workflow processes in operational forensic science crime
laboratories.

Sexual assault samples are among the most difficult
sample types encountered by forensic laboratories. Typically, a
sexual assault sample has multiple challenges including small
quantity of male DNA, relatively high quantity of female DNA, and
presence of Polymerase Chain Reaction (PCR) inhibitors. These
factors make it difficult to obtain an interpretable male profile.
Therefore, there is a need for more robust, highly sensitive, and
faster methods for the assessment (i.e., quality and quantity) of DNA
extracts to determine optimal downstream processing methods, as
well as improved Y-STR amplification systems for profiling these
difficult samples.

Studies were conducted to evaluate the efficacy of
a new Y-STR kit (Yfiler® Plus) and a new DNA quantification
kit (Quantifiler® Trio) in addressing these needs compared to
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previously used methods. This next generation Y-STR kit includes
27 markers (including 7 rapidly mutating Y-STR loci) with optimized
amplification balance. Full profiles are attainable with high levels
of commonly encountered PCR inhibitors (e.g., hematin and
humic acid) and low levels of male DNA in the presence of high
quantities of female DNA (e.g., 1:1000 and 1:4000). The workflow
improvements reduced amplification run time to less than 1.5 hours.

The new DNA quantification kit is designed to generate
more accurate information about casework samples, and from
sexual assault samples in particular. This next generation DNA
quantification kit exhibits high sensitivity, in the picogram level (~2
pg), for both the human and male targets, higher inhibitor tolerance
to match the next generation Y-STR kit, and additional critical tools
(e.g., male/female ratio calculation and a degradation index) for
the determination of DNA quality. The time required to set up the
assay and perform amplification has been reduced to less than
one hour. The current studies presented here indicated that the
new DNA quantification and sample assessment kit provides better
correlation with more recently released STR kits like the new Yfiler®
Plus kit.

These two next generation systems can generate an
improved workflow for obtaining interpretable profiles from sexual
assault samples. The utility of the new workflow, as compared
to previously used methods, in processing challenging sexual
assault samples will be presented. The successful use of the next
generation DNA quantification and assessment kit, as well as the
Yfiler® Plus Kit, to obtain informative Y-STR profiles from challenging
sexual assault sample types, specifically samples collected four,
seven, and nine days after intercourse, will be demonstrated.
Despite the presence of low quantities of male DNA and female
DNAin vast excess (1:333 male:female ratios or greater), probative
Y-STR profiles were obtained from these samples using the next
generation quantification and amplification systems with mostly full
profiles obtained if >100pg of male DNA was present. Additionally,
a good correlation between male quantitation and profile recovery
was observed, with a negative quantitation value indicating that a
negative or unusable profile would be obtained.

Y-STR Analysis, Sexual Assault Evidence, Next Generation
Y-STR Kits

A81 How Low Can You Go? An Evaluation
of Reduced Reaction Volumes for Direct

Amplification With PowerPlex® Fusion

Daniel Watsula, MS*; Jon Davoren, MS; Jangbir Sangha, MA

After attending this presentation, attendees will gain an
understanding of how to achieve a high first pass success rate
when performing direct amplification of 1.2mm punches from
buccal samples collected on nontreated paper with PowerPlex®
Fusion. Attendees will also learn that a high first pass success rate
can be achieved with reduced reaction volumes in addition to the
standard manufacturer’s recommendations.

This presentation will impact the forensic science
community by demonstrating the feasibility of reduced volume
direct amplification with PowerPlex® Fusion for the processing of
reference samples.

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 a new direct
amplification kit encompassing 24 loci. PowerPlex® Fusion was
designed for direct amplification of samples collected on both

treated and non-treated collection paper. Direct amplification of
reference samples eliminates the extraction and quantification
steps encountered during routine DNA analysis as an effort to save
time and costs in the laboratory.

This presentation will describe the studies with PowerPlex®
Fusion to obtain optimal results from samples collected utilizing
the Bode Buccal DNA Collector™, a non-treated matrix, at varying
reaction volumes. The amplification reaction volumes analyzed in
this experiment were 25uL (full reaction), 12.5uL (half reaction), 6uL
(quarter reaction), and 15uL. A total of one hundred (n=100) self-
collected samples obtained in either 2010 or 2011 (2- to 3-years-old
at time of testing) were utilized in this experiment. Collectors from
2010 and 2011 were chosen as they may be more indicative of a
sample encountered during routine databasing rather than a fresh
sample collected a few days prior to testing.

This presentation will display the optimized procedures for
celllysis, reaction mix components, thermal cycling parameters, and
3130XL injection conditions. Amplification reaction mix components
were optimized to overcome potential inhibitory effects of the lysis
solution. When the lysis solution is not completely evaporated
and inactivated, it can result in faint or absent allele peaks." As
the reaction volume decreased, the relative concentration of the
lysis solution in the amplification reaction increased, which may
also cause inhibition. To overcome this potential inhibition at the
reduced volume reactions, 5X AmpSolution™ Reagent was added
to the reaction mix. These optimized procedures resulted in a first
pass success rate of 84% for a full reaction (25uL). The highest
first pass success rate (95%) was observed when utilizing the half
reaction (12.5uL) protocol. The quarter reaction protocol (6uL)
also resulted in a first pass success rate of 84%, while the 15uL
reaction resulted in an 89% first pass success rate. In addition
to displaying first pass success rates for each reaction volume,
interlocus balance information for each will also be discussed.
Results of research evaluating the viability of a 3uL PowerPlex®
Fusion reaction with a sample from a non-treated collection paper
sample matrix will also be presented and discussed.

While eliminating the extraction and quantification steps
with direct amplification can save time, if normalization does not
occur, it can also lead to additional amplification reactions and
costs. Cellular deposition can vary between individuals resulting in
either excessive or inadequate samples. Eating, drinking, medicine
intake, health status, and non-cooperation during sample collection
will all affect the amount 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. This reduction in reprocessing
can result in an improvement in the overall processing efficiency
of the laboratory.

Direct amplification of reference samples can provide a
time efficient method for obtaining complete genetic profiles but can
be cost prohibitive. Utilizing one of the reduced volume reaction
procedures demonstrated in this presentation can greatly reduce
the cost per amplification reaction. This may allow for the process
to not only be time efficient but also cost efficient.

Reference:

1. Promega PunchSolution™ Kit Technical Manual: http:/
www.promega.com/~/media/files/resources/protocols/
technical%20manuals/101/punchsolution%20kit%20
protocol.pdf?la=en

Direct Amplification, PowerPlex® Fusion, Reduced Volume
Reactions

A82 Predicting the Quality of DNA Profiles
Through the Evaluation of the ParaDNA®

*Presenting Author
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Screening Instrument

Miranda Aufiero, BS* 2001 6th Avenue, Apt 1333-A, Huntington,
WV 25703; Julie Conover Sikorsky, MS, Palm Beach County SO,
Forensic Biology Unit, 3228 Gun Club Road, West Palm Beach, FL
33406, Amy McGuckian, MSFS, Palm Beach County SO, Crime
Laboratory, 3228 Gun Club Road, West Palm Beach, FL 33406-
3001; Stacey K. Anderson, MFS, 3228 Gun Club Road, West Palm
Beach, FL 33406; and Pamela J. Staton, PhD, Forensic Science
Center, 1401 Forensic Science Drive, Huntington, WV 25701

After attending this presentation, attendees will have
an understanding of the ParaDNA® Screening Instrument and its
applications in the forensic DNA laboratory as a screening tool to
predict the quality of DNA profiles.

This presentation will impact the forensic science
community by providing a correlation between results given by
the ParaDNA® Screening Instrument and traditional Short Tandem
Repeat (STR) analysis, potentially allowing a forensic laboratory to
select samples that may generate higher quality DNA profiles while
minimizing the analysis of samples with low quality or quantities of
DNA.

Forensic DNA laboratories throughout the United States
are experiencing a backlog of casework due to an influx of requests
to process all cases that contain biological evidence. DNA analysis
is a time-consuming and expensive process and in some instances
asample may not yield an interpretable profile or even a quantifiable
amount of DNA. In these cases, it may be necessary to analyze a
large number of samples in order to obtain a useable DNA profile
for comparison. In order to determine if the laboratory could limit
the number of low-quality samples it processed, the Palm Beach
County Sheriff's Office (PBSO) Forensic Biology Unit evaluated the
LGC Forensics ParaDNA® Screening Instrument with the Screening
Kit. The ParaDNA® instrument processes evidentiary samples in
75 minutes, reporting a percent score indicative of whether the
sample will yield a positive result from further laboratory profiling
and whether the DNA originates from a male or female.

In order to determine if the ParaDNA® instrument could
be implemented at PBSO to screen and reduce the number of
samples analyzed for DNA, 82 samples were analyzed on the
ParaDNA® instrument and processed through current PBSO
protocols. These mock evidentiary samples represented the
maijor types of samples encountered in casework: blood; saliva;
touch; and, mixed semen samples. After analysis, samples were
categorized based on their “percent score” as determined by the
ParaDNA® software as follows: 75-100%; 25-74%; 1-24%; and,
0%. Conventional sample analysis was then conducted using
the Qiagen® EZ1® Advanced XL and the DNA Investigator® Kit for
extraction, Promega® Plexor® HY and an Applied Biosystems® 7500
Real-Time PCR System for quantification, Promega® PowerPlex®
16 and an Applied Biosystems® GeneAmp® PCR System 9700 for
amplification, an Applied Biosystems® 3130x/ Genetic Analyzer,
and Applied Biosystems® GeneMapper® ID-X Software for analysis.
The ParaDNA® percent score of each sample was compared to the
quantification value of the sample, the quality of the DNA profile
obtained (full, partial, full mixture, partial mixture, or negative) and
the average Relative Fluorescence Units (RFU) value for each dye
channel to determine if the profile was above or below stochastic
threshold. These comparisons were used to determine the
correlation between the ParaDNA® percent score and the expected
STR profile result.

The results of the evaluation showed that for all samples
the ParaDNA® instrument rated greater than 75%, the quantification
value was greater than the target amplification value of 0.8ng, and
resulted in a full or full mixture profile. Ofthe samples rated between
25% and 74%, only 33% were above the target amplification value,

yet 91% of these samples produced full or full mixture profiles. Only
4% of samples rated between 1% and 24% were above the target
amplification value, with 46% resulting in full profiles. None of the
samples rated 0% were above the target amplification value, yet
36% were able to yield a full profile; however, the majority of these
profiles were below the laboratory’s stochastic threshold. Future
studies at PBSO should include additional samples to further
enhance the correlations found by this study, as well as evaluate
the Intelligence® Kit. The results of this evaluation indicated that
the ParaDNA® Screening Instrument with Screening Kit may serve
as a useful tool to prioritize evidentiary samples to be processed for
STR analysis by helping to determine which samples may yield the
most interpretable DNA profiles.

This project was supported by Award No. 2009-1J-CX-K11
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/
program/exhibition are those of the author(s) and do not necessarily
reflect the views of the Department of Justice.

DNA Screening, ParaDNA, DNA Interpretation

A83 A Proposed Training Program for DNA
Technical Leads Using Learner-Centered
Instruction

Douglas A. Ridolfi, MS* Buffalo State College, Chemistry Dept,
Rm 451, 1300 EImwood Avenue, Buffalo, NY 14222

The goal of this presentation is to provide a better
understanding of how to design courses that emphasize the
application of learned material to real-life situations.

This presentation will impact the forensic science
community by making those responsible for forensic science
instruction aware of basic concepts of instructional design and
systematic ways to develop course material.

Traditional methods of instruction have presented
information as separate modules of learning with sometimes
little integration of course content from one module to the next.
Instruction may be disjointed and the presentation of isolated facts
does not always promote long-term recall of the material. When
instructional content is linked to real-world applications, the content
of the class takes on new meaning, allowing students to take
charge of their knowledge and apply it in ways that will be useful to
them in their future careers.

The proposed training program will cover a number of
topics that are of relevance to the duties of a DNA Technical Lead
including: (1) principles of creative leadership, such as fostering
innovation, running productive meetings, strategic planning, and
providing efficiency in DNA operation (case assignment, Sigma
Six, and flow analysis); (2) managing projects; (3) DNA technical
leadership which incorporates improving DNA interpretation
through writing guidelines and procedures; (4) job aid construction;
(5) validation of methods and instruments such as DNA automation
(robotics); (6) grant management comprised of budgeting, time
management, and writing grant proposals; (7) training/instructional
design including mentoring; (8) quality control/quality assurance,
encompassing DNA/ASCLD inspections and root cause analysis;
(9) innovative approaches to casework such as reviewing old cases
with new technology: (10) report reviews; and, (11) Combined DNA
Index System (CODIS) Administration.

Learner-centered instruction is designed with the end goal
in mind based on formulation of key concepts. Important factual
knowledge (e.g., DNA interpretation principles, CODIS regulations,
etc.) and discrete skills (e.g., use of statistics, spreadsheet use,
error analysis methodologies, etc.) are taughtin a sequence to make
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them applicable to each lesson content. Transferable skills that can
be related from one major topic to the next (e.g., use and evaluation
of research data bases, mentoring/instructional planning, etc.), and
more complex processes (e.g., creative leadership, innovative
approaches to case work, etc.) are integrated into the lesson plans
which are developed to supplement lecture and provide a means
of practicing the techniques and applying them to new situations.
From this synthesis of ideas, one can develop a few central themes
(e.g., leadership and innovation, technical competence, validation,
task analysis, instruction and mentorship) by which the individual
modules of instruction can be linked.

Designing learner-centered instructional material is
difficult.’ Even for experienced professionals, sorting out the
key aspects of laboratory operation, presenting them in a logical
fashion, and designing instructional content around these central
ideas is difficult. Taking advantage of published worksheets and
training aids for developing material for classroom presentation
can be helpful. The technical facts and the sometimes abstract
central concepts can then take on new meaning when they can be
integrated into some type of real-life performance strategy.??

Assessment of student learning is an important aspect of
course design which has traditionally been measured by multiple-
choice questions which have emphasized lower level skills, such
as retention of isolated facts and concepts, at the expense of
higher-order skills, such as reasoning and evaluation. Once key
skills are identified, they can be used to identify key underlying
concepts, and the relative value of these concepts can be assessed
to determine the cognitive level at which test questions should be
asked, strategies for improving performance can be implemented,
and contexts in which the skills are to be utilized can be identified.
References:

1. Fink, L. Dee (2003), Creating Significant Learning

Experiences: An Integrated Approach to Designing

College Courses. San Francisco, CA: Jossey-Bass.

2. Wiggins, Grant and Jay McTighe (2005), Understanding
by Design, 2™ ed. Upper Saddle River, New Jersey:

Prentice Hall.

3. Wiggins, Grantand Jay McTighe (2004), Understanding by

Design Professional Development Workbook. Alexandria,

VA: Association for Supervision and Curriculum
Development.

DNA, Instruction, Validation

A84 Trends of Small DNA Units in Local

Jurisdictions: Pros and Cons

Sarah E.H. Foster, BS* Colorado Springs PD Metro Lab, 705 S
Nevada Avenue, Ste B200, Colorado Springs, CO 80903

After attending this presentation, attendees will be
informed of both the obvious and the often-overlooked issues facing
small DNA units within local jurisdiction laboratories. Data will be
shared regarding trends in the number of DNA requests, cost,
inherent advantages and disadvantages, staffing requirements,
and how common challenges are amplified by limited staffing.

This presentation will impact the forensic science
community by providing valuable metrics to those jurisdictions
considering adding DNA units to existing laboratories. The Colorado
Springs Police Department Metropolitan Forensic Laboratory DNA
Unit has been in operation since the fall of 2008. This retrospective
study is a historical and candidly informative view of the first five
years post-implementation.

The increased demand for rapid-turnaround DNA testing
by state forensic laboratories has led to a greater backlog of cases
and much slower turnaround times. Many local jurisdictions are

now adding DNA units to their existing local crime laboratories
in the attempt to reduce turnaround times, backlogs, and to
gain investigative information while cases are still warm. Due
to the infrequency of new DNA units being created, often local
jurisdictions have limited resources available to them for planning
and to accurately forecast various needs. Attendees of this
presentation will be provided a five-year retrospective of the design
and execution of a two-person DNA unit to support investigations
for a population of approximately 640,000 people in a land mass
of greater than 2,100 square miles. A detailed assessment of
casework produced between 2008 and 2013 will demonstrate the
unit's overall administrative and quality-assurance functionality,
and will determine if the long-term goals have been met.

In 2001, the first serious discussions occurred regarding
the creation and implementation of a DNA unit within the Colorado
Springs Police Department Crime Laboratory. Initial funding for the
unit was provided in 2004 and 2005 from the department’s general
fund. The startup of the Colorado Springs Police Department
Crime Laboratory would not have been possible without the fund-
matching grants funded by National Institute of Justice (NIJ)
Award #2004-RC-CX-K019 awarded by the National Institute of
Justice, Office of Justice Programs, U.S. Department of Justice.
Additional funding was appropriated from local Public Safety
Sales Tax (PSST) in 2006, which was the same year renovation
began of existing laboratory space and the DNA technical leader
was hired. Renovation was completed at the end of 2007 and
a second DNA analyst was hired. Validation of chemistries and
instrumentation were performed and the unit was accredited by
Forensic Quality Services (FQS) to the International Organization
for Standardization/International Electrotechnical Commission
(ISO/IEC) 17025:2005 standards in October 2008. Forensic DNA
laboratories are required to have at least two DNA analysts, one of
which must serve as the DNA Technical Leader. Staffing shortfalls
in the DNA unit occurred in 2010, 2011, and 2012, with a resulting
dramatic reduction in cases completed during that time span.

This presentation will provide much-needed metrics to
illustrate the administrative burden of validating and implementing
new technologies, maintenance of quality assurance and
accreditation requirements, and the realistic capabilities of
casework completion for a minimally-staffed, two-person serology
and DNA unit. In addition, a historical evaluation of planning, cost
analysis, and investment of time and resources will be discussed.
A discussion of the benefits and challenges of grant funding will
be included (free money is never free — there is always a cost).
The presentation will also touch on what happens when you're
the victim of your own success. Finally, the inherent benefits of
working closely with investigators will be described to benefit other
small jurisdictions.

The  opinions, findings, and conclusions  or
recommendations expressed in this presentation are strictly those
of the author and do not necessarily reflect those of the National
Institute of Justice or the Colorado Springs Police Department
Metro Crime Laboratory.

Small DNA lab, Pros and Cons, Local Jurisdiction

A85 Real-Time DNA Analysis at the Crime
Scene From the Perspective of the Crime
Scene Officer

Anna Mapes, MSc*, Weesperzijde 190109DZ, Amsterdam, Noord
Holland, NETHERLANDS; Ate D. Kloosterman, Netherlands
Forensic Institute, Laan van Ypenburg 6, The Hague 2497 GB,
NETHERLANDS; Christianne J. de Poot, MD, Weesperzijde
1901097DZ, Amsterdam, Noord Holland, NETHERLANDS; and

*Presenting Author
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Tialda de Wolff, BSc, Science Park 9041098XH, Amsterdam,
NETHERLANDS

After attending this presentation, attendees will have
insight concerning how the future introduction of mobile DNA
technologies will change the work of the crime scene officer and
what impact this technology can have on the criminal justice
system.

This presentation will impact the forensic science
community by providing information on the current and future
process for the search, collection, and selection processes of DNA
traces and how analysis results from real-time mobile technologies
are handled by the crime scene officer.

It is anticipated that mobile technologies for real-time DNA
analysis on the crime scene will become available in the near future.
The decision-making process on the actual introduction of mobile
DNA technologies in criminal investigations is, among others,
dependent on the performance characteristics of the existing DNA
analysis technology. A crucial performance characteristic of any
forensic analysis system is the turnaround time. By evaluating
the criminal files from 67 serious and 176 high-volume crime
cases in one of the police regions in the Netherlands, the actual
DNA analysis turnaround time was assessed. The results of this
evaluation show an average DNA analysis turnaround time of 66
days for traces from the serious crime trajectory and 44 days for
traces from high volume crime trajectory. The data also show that
a relatively large number of crime scene samples that have been
secured and submitted for DNA analysis fail to produce informative
DNA-profiling data. Thirty-eight percent of the samples from the
serious crime trajectory and 17% of the samples from high-volume
crime trajectory generated no DNA-typing results.

Before the actual implementation of mobile DNA
technologies, it is important to understand how this technology can
be optimally integrated in the work of the crime scene officer. To be
able to compare the processes at current and future crime scene
investigations, observation studies were performed in a mock crime
scene. Crime scene officers in the experimental group (n=20) had
the opportunity to make use of fast DNA-analysis, whereas the
crime scene officers in the control group (n=20) performed their
research under normal conditions. The results show that there is
a positive attitude of the crime scene officer toward mobile DNA
technologies. There were no significant differences between the
number of traces that were secured by the two groups from the
mock crime scene; however, the number of samples that was
analyzed through real-time DNA analysis by the experimental
group exceeded the number of samples that were selected by the
control group for laboratory analysis.

The results of this study are presented in the context of
the main goal of this study: to create a comprehensive platform
that allows for the introduction of mobile DNA technologies.

Real-Time DNA Analysis, Crime Scene Officer, Forensic
Process

A86 Back to the Start: Visual Attention
of Crime Scene Officers During Their
Exploratory Rounds and the Influence of
Mobile Identification Techniques on the
Perception of Traces

Madeleine de Gruijter, MSc*, Weesperzijde 190, Amsterdam,
Noord-Holland 1097DZ, NETHERLANDS; Christianne J. de Poot,
MD, Weesperziide 1901097DZ, Amsterdam, Noord Holland,
NETHERLANDS; and Henk Elffers, De Boelelaan 1077a,
Amsterdam 1081HV, NETHERLANDS

After attending this presentation, attendees will learn
about visual attention processes of crime scene officers during
their explanatory rounds and the influence of fast identification
techniques that can be used at the crime scene on these processes.

This presentation will impact the forensic science
community by contributing to the understanding of basic visual
attention processes at the crime scene. Therefore, it provides
a base of evidence for developing the methods of crime
scene investigation and for making informed decisions about
implementing new rapid identification techniques. The ultimate
goal is to improve the quality of crime scene investigations. Crime
scene investigation plays a crucial role in police investigations, yet
the body of evidence in forensic science is primarily focused on
technology and laboratory processes that follow the crime scene
investigation and less on the crime scene investigation itself.

In the near future, technological developments will make it
possible to conduct DNA, chemical and fingerprint analyses at the
crime scene, and to directly compare obtained profiles to a database.
This development will certainly speed up the investigation, but it will
also entail risks, because the investigation might more easily focus
on the wrong subject when the analyzed traces are not related to
the crime. Afocus on certain traces, and consequently on a certain
person, might be already developed during the first phase of the
investigation. The interpretation of the scene and its traces already
starts during the first, exploratory round in which the crime scene
officers observe the scene and after which they draw up a plan
based on what they have seen. The availability of, for example,
a fast DNA technique might change the focus of the officer, with
the consequence of looking for biological traces to conduct fast
DNA analysis without reconstructing what these traces mean and
without considering their relevance. The same goes for fingerprint
techniques or chemical techniques such as a spectral camera:
the focus might become focused more on fingerprints at the crime
scene or possible blood traces and not on the initial reconstruction
of the (alleged) criminal act through verification and falsification.
So, the effect of the new technologies might be that attention of
the crime scene officers changes, depending on the technology
available. In order to understand visual attention and the influence
of fast identification techniques, a study was conducted in a mock
crime scene with 30 crime scene officers. Three conditions were
created: (1) the control group conducted a traditional investigation;
(2) the second group was able to use fast identification techniques
for biological traces and fingerprints; and, (3) the third group was
able to use a device, a spectral camera, for fast chemical analysis of
traces and could get an indication of the age (time since deposition)
of blood stains. During their investigations, the crime scene
officers were observed. In order to gain insight into their thought
processes and attention processes, officers worked with a trainee
(one of the researchers). The data consist of video and audio
recordings of the crime scene investigations, information about
thought processes and attention processes of the investigators,
and interviews conducted after the investigation was finished. The
results show how traces are perceived and judged by the different
groups of crime scene officers.

Crime Scene Investigation, Fast Identification Techniques,
Visual Attention

A87 Latent Heat Thermography Imaging: A
New Visualization Tool for Forensic
Science

Stephen L. Morgan, PhD*, University of South Carolina, Dept of
Chemistry & Biochemistry, 631 Sumter Street, Columbia, SC
29208; Michael L. Myrick, PhD, University of South Carolina,
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Dept of Chemistry & Biochemistry, 631 Sumter Street, Columbia,
SC 29208; Wayne O’Brien, MS, University of South Carolina,
Dept Chemistry & Biochemistry, 631 Sumter Street, Columbia,
SC 29208; Nicholas D. Boltin, BS, University of South Carolina,
Dept Chemistry & Biochemistry, 631 Sumter Street, Columbia, SC
29208; Raymond G. Belliveau, BS, University of South Carolina,
Dept Chemistry & Biochemistry, 631 Sumter Street, Columbia, SC
29208, Emory J. Straub, BS, University of South Carolina, Dept
Chemistry & Biochemistry, 631 Sumter Street, Columbia, SC
29208; Stephanie A. Dedong, BS, University of South Carolina,
Dept Chemistry & Biochemistry, 631 Sumter Street, Columbia,
SC 29208; Brianna M. Cassidy, BS, University of South Carolina,
Dept Chemistry & Biochemistry, 631 Sumter Street, Columbia, SC
29208; and Zhenyu Lu, BS, University of South Carolina, Dept of
Chemistry & Biochemistry, 631 Sumter Street, Columbia, SC 29208

The goal of this presentation is to present studies
establishing the scientific basis and practical application of latent
heat thermography for detection of bloodstains in the presence
of other background materials that might be present at a crime
scene. Attendees will learn about the development of a novel and
sensitive infrared system for rapid and nondestructive visualization
of bloodstains.

This presentation will impact the forensic science
community by describing a simple method for nondestructively
imaging dilute (1,000X) latent bloodstains on cloth with a thermal
infrared camera following exposure of the fabric to water vapor.

An important task in a criminal forensic examination is to
identify potential biological fluid stains on materials of evidentiary
value (e.g., clothing from a crime scene). The most sensitive
available methods (e.g., luminol) risk damaging and contaminating
DNA evidence, while the most nondestructive (e.g., alternate light
sources) are also among the least sensitive. Infrared imaging
modalities are being developed to visualize blood and other bodily
fluids on fabrics and other substrates. Developing techniques for
the visualization of biological fluid stains on common surfaces has
been a continuing goal for numerous forensic studies.’? The ideal
device would be small, relatively inexpensive, easy to operate
and maintain, and portable; enhancement reagents would not be
necessary; the method would be nondestructive; further, the device
would detect trace levels of blood and operate indoors or outdoors
under ambient lighting. It is well known that fabrics adsorb/desorb
water depending on humidity. Differential contrast was observed in
the thermal response of bloodstained and clean fabrics on exposure
to water vapor generated from a hand-held steamer of the type
used by travelers to remove wrinkles from garments. Because
this phenomenon is related to the enthalpy of adsorption of water
vapor, the technique is called Latent Heat Thermography (LHT)
imaging. Evidence suggests that the mechanism of visualization
is the differential rate and extent of vapor absorption. The present
scope of this study has been to find conditions that best visualize
bloodstains on fabrics, and to understand the mechanism(s) by
which dilute bloodstained fabric is distinguished from unstained
fabric.

Initial testing used two fabric samples. The first was a
coarse, dyed, unpatterned acrylic fabric with symbols drawn using
diluted rat blood. The symbol “I” in undiluted blood was easily
observed; “X” in 10-fold diluted blood and “V” in a 25-fold diluted
blood were also observable; the “L” and a “C” drawn in 50- and
100-fold dilutions of blood on the second line were not visually
observable. The second fabric sample tested was black polyester
with hexagonal glittery skull-and-crossbones appliques clearly
visible from both sides. This fabric has two handprints created
by a latex-gloved right hand pressed into a shallow pan of blood
solution and then laid on the fabric. Neither handprint was visually
observable. One handprint was made with blood diluted by a factor
of 100 with water, the other with blood diluted by a factor of 1,000

with water.
A trained forensic scientist with the South Carolina State
Law Enforcement Division using two alternate light sources for blood
detection was able to observe stains down to 100X dilution on the
unpatterned acrylic fabric. Neither of the stains on the patterned
polyester fabric were detected by the investigator, even knowing
that they were present and observing a repetition of the vapor
exposure experiment in person. All stains were easily visualized
by steaming with water vapor, illuminating the target with Infrared
(IR) light, and observing the light reflected from the samples. Data
processing included lock-in amplification and image processing to
enhance discrimination as done in earlier work. Other experiments
have shown that stains of materials having varying hydrophobicity
show contrast, and it is expected that vapors with chemical
properties distinct from water would show different effects from
those observed with water. Likewise, there is no reason to believe
that fabrics are the only substrates on which stains or coatings are
observable, but this has not been investigated to date.
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A88 Identification of Body Fluid Traces Using

Raman Microspectroscopy: Substrate
Interference and Contaminations
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The goal of this presentation is to describe the development
of a novel method for nondestructive, confirmatory identification of
body fluid traces on the crime scene and in the laboratory. Specific
attention was focused on the most recent development of the
method for characterization of contaminated samples and substrate
interference. After attending this presentation, attendees will have
a better understanding of the recent advances of this application of
Raman spectroscopy. The implementation of advanced statistics
for automated 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 improving 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 have false positives. Semen is similar in that there are
destructive presumptive tests as well as confirmatory tests. Saliva,
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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
need of a reliable, non-destructive, 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, nondestructive 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, nonresonance
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 the identification at
the crime scene.

This study concerns 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, vaginal
fluid, semen, saliva, and blood have been reported earlier. The
ability of the method to detect and identify small amounts of
semen and blood in mixed samples has been also demonstrated.
A method that allows for differentiating menstrual and peripheral
blood will be presented.” Combined software for the identification
of all major body fluids and the evaluation of the accuracy and
reliability of the conclusions made will be demonstrated. The
method was expanded for the application to blood and semen
samples contaminated heavily with sand, dust, and soil.? Potential
interference  of commonly encountered 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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and Detection by Surface Enhanced
Raman Spectroscopy (SERS) for
Forensic Applications
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After attending this presentation, attendees will be able
to assess and appreciate the significant advantages that the
techniques of Surface Enhanced Raman Spectroscopy (SERS)
will bring to crime scene investigations for the rapid, on-site
identification of human body fluids such as blood, semen, urine,
saliva, vaginal fluid, and body fluid mixtures.

This presentation will impact the forensic science
community by introducing a well-established analytical
spectroscopic technique for the rapid, on-site, sensitive confirmatory
identification of human body fluids. The capability of this optical
methodology has never previously been demonstrated, and offers
several advantages relative to current confirmatory methodologies
in terms of ease-of-use, cost, sensitivity, and specificity.

Body fluids are among the most important and
most common evidence collected at crime scenes. New and
developing technologies can provide forensic crime investigators
with increasingly powerful methodologies for more accurate and
increasingly rapid means for identifying body fluids. In turn, such
advances contribute to faster confirmation of crime scene events,
crime time lines and perpetrator apprehension. This presentation
will illustrate the fundamental capabilities of SERS for the
detection, identification, and characterization of trace amounts of
blood, semen, vaginal fluid, saliva, and their mixtures for forensic
purposes. In contrast to current forensic science techniques,
subsequent development of this methodology can lead to a single
optical platform for the rapid, sensitive, easy-to-use, cost-effective,
on-site, non-destructive detection and identification of human body
fluids at a crime scene. No such platform is currently available for
this purpose. Furthermore, although Raman spectroscopy has just
recently been employed to address the challenges of body fluid
identification for forensic science applications, SERS has not been
previously used as a forensic tool for trace body fluid analysis and
offers significant advantages, as will be demonstrated here."”

Raman scattering, the inelastic scattering of incident laser
light resulting in unique vibrational signatures due to the molecular
components in sample mixtures, is a well-known optical technique
that is ideally suited for many bioanalytical applications owing to its
high-information content, speed, ease-of-use, portability, and label-
free character; however, it is a relatively weak effect. The use of
SERS overcomes this limitation by enhancing Raman efficiencies
by typically 108-108 for molecules close to nanostructured metal
surfaces, thus making this Raman probe exquisitely sensitive to
some analytes at low concentration as well as enhancing molecular
specificity.?! Both of these attributes play a large role in this
application for the detection and identification of trace amounts of
body fluids. Further advantages of SERS relative to normal Raman
for forensic science include no fluorescence and greater signal
reproducibility.

High-quality SERS spectra of dried human blood, semen,
vaginal fluid, saliva, and urine have been obtained and will be
displayed. All of these body fluids exhibit unique SERS vibrational
signatures. These spectra are acquired on previously developed,
in-situ  grown, Au nanoparticle-covered SiO2 substrates and
identification is accomplished by the previously developed second
derivative based “barcode” statistical analysis methodology.®"°
These SERS substrates are inexpensive to produce, provide
strong signal enhancement, and have been successfully used for
a number of bioanalytical identification applications. Blood has
been extensively studied by Raman for forensic applications, but
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improvements in sensitivity and homogeneity (spatial and spectral)
resulting from SERS will be shown and lead to greatly improved
Raman-based blood identification capabilities.”*¢” In addition to
trace blood detection and identification, SERS may also be used
for bloodstain age determinations. Distinctions between human,
dog, rat, and cow blood will be described as well.

Preliminary results show that SERS offers more
consistent results for saliva, semen, and vaginal fluid identification
than normal Raman, provides a distinction between spermic and
aspermic samples, and can identify mixtures of vaginal fluid and
sperm.24® SERS data acquisition is accomplished in the time
frame of minutes, and the use of a portable Raman device such as
the unit built for this research allows these procedures to be carried
out at crimes scenes. Plans for the subsequent development of
this methodology will be described.

References:

1. Virkler, K, Ledney, IK. Raman spectroscopy offers great
potential for the nondestructive confirmatory identification
of body fluids, Forensic Sci Int 2008: 181 (1-3): e1-5.

2. \Virkler, K, Ledney, IK. Raman spectroscopic signature of
semen and its potential application to forensic body fluid
identification, Forensic Sci Int 2009: 193 (1-3): 56-62.

3. Virkler, K, Ledney, IK. Raman spectroscopic signature of
blood and its potential application to forensic body fluid
identification. Anal Bioanal Chem 2010: 396 (1): 525-34.

4. Virkler, K, Ledney, IK. Forensic body fluid identification:
the Raman spectroscopic signature of saliva, Analyst
2010: 135 (3): 512-7.

5. Sikirzhytskaya, A, Sikirzhytski, V, Lednev, IK. Raman
spectroscopic signature of vaginal fluid and its potential
application in forensic body fluid identification, Forensic
Sci Int 2012: 216 (1-3): 44-8.

6. De Wael, K, Lepot, L, Gason, F, Gilbert, B. In search of
blood—Detection of minute particles using spectroscopic
methods, For. Sci. Int. 2008: 180: 37-42.

7. Boyd, S, Bertino, MF, Seashols, SJ. Raman spectroscopy
of blood samples for forensic applications, Forensic
Science International 2011: 208 (1,Ai3): 124-128.

8. Dieringer, JA, McFarland, AD, Shah, NC, Stuart, DA,
Whitney, AV, Yonzon, CR, Young, MA, Zhang, X, Van
Duyne, RP. Surface enhanced Raman spectroscopy:
new materials, concepts, characterization tools, and
applications, Faraday Discuss 2006: 132: 9-26.

9. Premasiri, WR, Moir, DT, Klempner, MS, Krieger, N,
Jones I, G, Ziegler, LD. Characterization of the Surface
Enhanced Raman Scattering (SERS) of Bacteria, J. Phys.
Chem. B 2005: 109: 312-320.

10. Patel, IS, Premasiri, WR, Moir, DT, Ziegler, LD. Barcoding
bacterial cells: A SERS based methodology for pathogen
identification, J Raman Spectrosc 2008: 39 (11): 1660-
1672.

SERS, Body Fluids, Confirmatory Identification

A90 Toward a Portable, Universal Mass
Spectrometer: Simultaneous Elemental,
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After attending this presentation, attendees will gain an

understanding about current research efforts toward development
of field-portable mass spectrometers capable of “universal’
analysis and an appreciation for the capabilities of ambient mass
spectrometry.

This presentation will impact the forensic science
community by providing a method for simultaneously acquiring
isotopic, elemental, and molecular information about a sample
using ambient ionization mass spectrometry. This method furthers
efforts in bringing mass spectrometers directly to crime scenes to
provide comprehensive, real-time analysis.

When the chemical composition of evidence is studied, it
can be analyzed on different instruments dedicated to determining
a specific aspect of the sample. If elemental or isotopic
information is needed, typically Inductively Coupled Plasma/Mass
Spectrometry (ICP/MS), X-Ray Fluorescence (XRF), or Scanning
Electron Microscopy/Energy-Dispersive X-Ray Spectroscopy
(SEM/EDX) are used and to acquire molecular information
about the sample, it is analyzed separately using a method
such as Liquid Chromatography/Mass Spectrometry (LC/MS),
Gas Chromatography/Mass Spectrometry (GC/MS), or Fourier
Transform Infrared Spectroscopy (FTIR). Recent research has
shown that combining elemental (e.g., lead, barium, antimony) and
molecular information (e.g., diphenylamine) about gunshot residue
enables enhanced GSR information; analysts using this technique
could differentiate the caliber of weapon from which the GSR
originated." Simultaneous analysis of multiple aspects of a sample
with a mass spectrometer could be a powerful tool in forensics,
combining aspects of trace analysis (elemental composition) with
chemistry (molecular properties). To facilitate such analyses with
mass spectrometry, appropriate ionization sources need to be
developed and tested.

In these experiments, Desorption Electrospray lonization
(DESI) and Direct Analysis In Real Time (DART®) were assessed
as soft ambient ionization techniques for acquiring mass spectra of
molecular and soluble inorganic species while laser ablation was
studied for determination of elemental information. The ionization
sources were coupled to an ion trap mass spectrometer. While all
of these experiments were performed in a laboratory setting, the
methods were chosen such that they were amenable to portable
instrumentation; DESI and DART® have previously been used with
portable ion trap mass spectrometers for field work.?3

This research focused on samples relevant to gunshot
residue, explosives, and nuclear forensics. Using DESI and
DART®, common organic and inorganic explosive compounds
were analyzed, while laser ablation was used to acquire elemental
and isotopic information. Both organic gunshot residues and metal
primer components were detected using this method. The error
in isotopic ratio measurements was ~10%, which is not accurate
enough for determining variation in stable isotopes, but is adequate
for nuclear forensics to determine levels of isotopic enrichment for
radionuclides. In testing mock Radiological Dispersion Devices
(“dirty bombs,” RDDs), both the explosives used for dispersion
(molecular) and the radionuclides (elementallisotopic) were
detected in one analysis.

In conclusion, by combining soft (DART® and DESI) and
harsh (laser ablation) ionization techniques, elemental, isotopic,
and molecular information was acquired simultaneously. Further,
the methods used are readily amenable to incorporation in portable
instrumentation.
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A91 In Situ Differentiation and Identification

of Perylene Pigments in Automotive
Finishes Using Extended Range (4000-
250cm-1) Fourier Transform Infrared
(FTIR) Spectroscopy

Edward M. Suzuki, PhD* WA State Patrol Crime Lab, 2203 Airport
Way, S, Bidg A, Ste 250, Seattle, WA 98134-2045

The goal of this presentation is to enable the identification
of perylene pigments in situ in automotive and other types of paint
using infrared spectroscopy. This can be useful for classification,
differentiation, and identification of automotive paint.

This presentation will impact the forensic science
community by providing forensic paint examiners with information
regarding identification of some pigments used in red and brown
metallic and nonmetallic automotive finishes, as well as other
materials that might be encountered as trace evidence.

The perylenes are a family of high-performance organic
pigments that occur mostly in red, violet, and brown shades.
Owing to their high color strengths, good thermal stabilities, and
excellent lightfastness and weather-fastness properties, they are
very common in automotive finishes. Perylenes were commercially
introduced in the 1950s and Perylene Maroon (Pigment Red 179)
and Perylene Red (Pigment Red 178) were first marketed in 1959
and 1966, respectively.

Seven perylenes have been cited as automotive paint
pigments by various authors, but only five of these, Perylene Maroon
(Pigment Red 179), Perylene Red (Pigment Red 178), Perylene
Vermilion (Pigment Red 123), Perylene Red Y (Pigment Red 224),
and Perylene Bordeaux (Pigment Violet 29), were being marketed
for this application when this study began in 1997. The purpose
of this investigation was to determine which of the five are actually
used in automobile Original Equipment Manufacturer (OEM)
finishes (1974 to present), and how they can be differentiated and
identified in situ based on their infrared absorptions in paint spectra
(4,000 to 250cm™). Usage information, including the colors and
the types of paints (metallic or nonmetallic) they are found in, the
commonalities of their use, whether they occur as masstones (that
is, undiluted without other pigments present), which other pigments
they are typically combined with, and if relevant, approximate time
frames in which they were used, was then sought.

Perylene Red Y appears to be unique among organic
pigments in having an acid anhydride functional group, and this
moiety is responsible for the strongest absorption of this pigment,
which occurs at 1,774cm-'. This is higher in frequency than the
binder ester carbonyl absorption (1,735cm™), and because it is
so unusual and conspicuous, this one absorption can often serve
— by itself — to indicate the presence of this pigment. Perylene
Red Y was much more prevalent in monocoats than in basecoats
and use of this pigment has been declining because it is prone to
hydrolysis in alkaline solutions. Consequently, it is not formulated
into water-based basecoats, which are becoming more widely used

due to environmental regulations. Perylene Red Y is used in both
metallic and nonmetallic finishes, although it is more common in
the former.

Perylene Maroon was found to be, by far, the most
common perylene, and it was identified in 87 of the 98 (89%) red
or maroon metallic basecoats (1977 to present) examined in this
study. Itis used predominately in metallic finishes, although it was
also identified in a few nonmetallic red or maroon basecoats.

Perylene Red was only identified in a dozen or so
nonmetallic monocoats and basecoats, mostly from the late 1980s.
It is no longer used much and was largely supplanted by another
organic pigment, DPP Red BO. Perylene Bordeaux is used in both
metallic and nonmetallic finishes and was found in a dozen dark
maroon finishes. Perylene Vermillion was not identified in any
finishes examined in this study.

A large number of different pigment combinations
involving perylenes were identified in this study. They include
formulations of perylenes combined with each other (Perylene
Maroon with either Perylene Red Y or Perylene Bordeaux) and
with other color-imparting organic (quinacridones), inorganic (ferric
oxide), and effect pigments (Red Mica), as well as with inorganic
extender pigments (barium sulfate and kaolin). These different
compositions result in infrared spectra that exhibit a very wide
diversity of absorption patterns and examples of this diversity are
presented and discussed.

Paint, FTIR, Perylenes

A92 The Utilization of Forensic Science
Principles and Microscopic Trace
Evidence Techniques to Unequivocally
Prove That a Long-Suspected Painting
by Jackson Pollock Was Crafted at the
Pollock-Krasner Home and Studio — a
National Historic Landmark
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Kobilinsky, PhD, John Jay College/CUNY, 445 W 59th Street, New
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After attending this presentation, attendees will: (1) know
how to use trace evidence methods to authenticate works of fine
art; and, (2) learn a new approach to the unbiased verification of
questioned works of art.

This presentation will impact the forensic science
community by presenting new genera for the use of forensic trace
evidence analytical techniques in the certification of works of fine
art.

Normally, questioned works of art are authenticated by
considering an array of factors. First, an object’s or painting’s
history of ownership or provenance is typically of prominent
importance. Next, features such an artist's technique, marks,
patterns, and designs formed by placement of the medium with a
palette knife or paint brush are crucial to their endorsement. Other
important aspects including microscopic and chemical analyses
of the types of materials (i.e., canvas, paint pigments, and resins)
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used to produce a work are vital to its legitimacy. Fractal analysis
has also been employed to authenticate some artists’ works.
Often, less scientific forms of proof, such as the analysis of an
artist’s signature or the identification of a partial fingerprint, leads
only to confusion, misinformation, and misidentification. This type
of problem often arises because the examinations are conducted
by self-trained individuals who lack the required known standard
such as handwriting exemplars, fingerprint standards and DNA
specimens. Finally, scholarly opinion and connoisseurship, if given
by an accepted expert, can often be the deciding factor.

When questions still remain concerning a work’s
authorship, forensic methods involving a systematic evaluation
of the potential trace evidence embedded in the questioned work
still remain a valuable, yet untapped, source of data and unbiased
proof of its creator.

Dr. Edmond Locard, the founding father of forensic trace
evidence analysis, noted in 1929 that whenever a person commits a
crime there is always a mutual transfer of trace evidential materials
between the people, places, and things involved in the crime. The
forensic science literature is filled with case studies where various
categories of trace evidence transferred between the persons,
places, and objects involved in a crime are used to reconstruct the
crime itself. Dr. Locard’s principle holds true when an artist creates
a work of art.

An artist’s intimate contact with his or her work permits
the primary, secondary, and tertiary transfer of trace materials
between the artist, the environment within which the work is
created, and the work itself. Materials such as hairs, fibers, skin
cells, fluid droplets, soil, dust, mineral fragments, glass fragments,
seeds, plant materials, and other debris can be intentionally and/
or inadvertently transferred and subsequently embedded into the
work. This can occur in a variety of ways: from the artist to the
painting; the painting to the artist; the environment to the artist;
the environment to the painting; from the environment to the artist
then to the painting; and so on. These tiny traces of particulate
matter, hairs, fibers, and fluid droplets can be a valuable source of
unbiased, scientific data and proof relating to who created the work,
the time period during which the work was created, and where the
work was created.

In this study, a painting believed to be the last known
work of Jackson Pollock was forensically examined and processed
for trace evidence. Items of trace evidence were removed from
the painting and compared to materials obtained from the Pollock
home and his personal property. Hairs, fibers, and other particles
of trace evidence collected from the painting provided unbiased
scientific data and proof that the work was produced at the Pollock
compound.

Forensic, Fine Arts, Authentication

A93 Computational Methods Supporting
Particle Combination Analysis:
Application to Very Small Particles on
the Surface of Carpet Fibers
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After attending this presentation, attendees will appreciate
the powerful support that computational methods provide to the
analysis of particle combinations found as dusts on and within
virtually any item of evidence. Attendees will understand the
distinction, contribution, and requirements of Particle Combination
Analysis as compared to more commonly used approaches in

forensic investigations.

This presentation will impact the forensic
science community by increasing awareness of Particle
Combination Analysis as a new source of forensic
investigative information and provide insight into how
computational methods assist in the approach. This
presentation will also allow program managers and
policy makers to recognize the potential contributions
of Particle Combination Analysis and to understand
the requirements for implementation using existing
resources. This will lead to the exploitation of an
extraordinarily useful form of physical evidence that is

virtually ignored by current forensic science practices.

Particle Combination Analysis is a new approach that uses
co-occurring particles to test alternative attribution hypotheses.
Simply put, Particle Combination Analysis exploits the particles in
dusts, which are ubiquitous and in infinitely varying combinations,
to solve a wide range of problems with varying case specifics.
This approach can provide a game-changing capability to forensic
investigators, working alongside existing investigative methods and
using portions of evidence that are typically discarded or ignored.

The approach utilizes existing staff and laboratory
resources in a fundamentally different way; it does not require
major investments in training, equipment, or retention of outside
experts. It does, however, require a change to the way existing
resources are used.

An International Criminal Police Organization (INTERPOL)
case involving contraband elephant ivory will be used to contrast
approaches currently used in most forensic investigations and show
how and why a different approach resulted in significantly better
results. The same approach can make significant contributions to
a wide range of investigations and cases.

Conventional approaches to forensic investigation
include: (1) direct comparison to a specific suspected source;
(2) classification using a reference library of potential sources; (3)
application of a pre-determined analytical tool; and, (4) analysis of
specific components of the specimen. Each of these approaches
can be useful and makes an important contribution, but each also
has requirements that restrict its applicability; none of them fully
exploits the available specimen, and their contributions are only
serendipitously sufficient to address the needs of any particular
investigation.

In contrast, Particle Combination Analysis has no
requirement of comparative analysis, no pre-determined restriction
on the type of analytical tool, and no pre-determined restriction on
the components within the specimen that can be exploited. Rather,
standing protocols are used for specimen assessment. The results
determine the range of potential contributions to the resolution of
case questions. Specific specimen components are analyzed,
using modular validated protocols that are not pre-selected, but
are strategically chosen based on their potential to resolve case
questions.

Using Particle Combination Analysis, dusts from within a
shipment of contraband ivory were analyzed to help determine the
original location where the ivory was packed. Key findings were the
types of minerals, soil, and vegetation represented in the dust, as
determined using a combination of light and electron microscopy,
energy dispersive X-ray analysis, infrared microspectroscopy,
palynology, and non-human DNA analysis. Beginning with a
possible origin within the continent of Africa, first-stage analysis of
the recovered dusts was able to eliminate environments comprising
approximately 91% of the area, including all areas of 36 countries.
Of the remaining 12 countries, the analysis was able to eliminate
72% of their area, allowing the investigations to be focused within
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portions of these countries. Next steps were defined to further
reduce the possible origins of the dust based on more detailed
regional analyses.

The Particle Combination Analysis approach resulted
in useful information arising from many different particle types.
Different combinations of particles resulted in environmental,
geographical, and land use “signals” that addressed specific
investigative questions in this case. Particle Combination
Analysis is a general capability. It is not restricted to questions of
geographical origin, to African elephants (or any type of wildlife),
to sealed crated shipments, or to specimens containing any
specific type of particles. Rather, it is an approach that extracts
case-relevant information (for virtually any type of case) from the
complex assemblage of particles that are found (on virtually any
specimen).

Requirements for successful implementation using
existing staff and resources include administrative protocols driving
the facile use of multiple disciplines, incorporation of a case-level
scientific investigative methodology, and parallel adjustment of
institutional norms.

Augmentation of existing practices with this new capability
will result in major contributions to many case investigative
problems. The primary challenge is institutional willingness to use
existing staff and equipment in a different way.

This project was supported by Awards No. 2010-DN-
BX-K244 and 2012-DN-BX-K041 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 presentation are those of the authors and do not
necessarily reflect those of the Department of Justice.

Particle Combination Analysis, Carpet Fibers, Computational
Methods

A94 Evaluation of Within-Roll Variability in
Duct Tape Physical Characteristics

Kiersten E. LaPorte, BS*, 306 Horseshoe Barn Road, Saint Albans,
VT 05478; and Robyn Weimer, MS, 700 N Fifth Street, Richmond,
VA 23219

The goal of this presentation is to reveal the within-roll
variation present in the following physical characteristics of 55 duct
tape rolls: backing color, backing texture, adhesive color, total tape
thickness, backing-only thickness, tape width, scrim pattern, scrim
count, warp yarn offsets, and the number of backing layers. This
presentation is focused on the within-roll variation in the physical
attributes of duct tape.

This presentation will impact the forensic science
community by improving forensic examiners’ evaluations of the
significance of physical property differences found within duct tape
samples and, as a result, be beneficial for the disassociation of
questioned and known duct tape samples.

Research has shown variation in physical and chemical
properties between duct tape products, manufacturers, and
batches."? Although research has shown there are no significant
within-roll variations in chemical composition, no data has
previously been presented which evaluates the within-roll variation
of physical characteristics. The current Scientific Working Group
for Materials Analysis (SWGMAT) Guideline for Assessing Physical
Characteristics in Forensic Tape Examinations states, “the
analyst must decide what is within an acceptable tolerance” when
determining if physical characteristics are consistent between
questioned and known duct tape samples.®* No values are
provided in terms of expected or acceptable within-roll variability.
The lack of research-supported numerical tolerances for these

physical characteristics may have been part of the reason why
several respondents failed a recent tape proficiency test in which
differences in physical characteristics such as warp yarn offset,
width, scrim count, and scrim pattern were cited.*

Fifty-five rolls of duct tape, including tape from the four
major tape manufacturing companies in North America (Berry®
Plastics Corporation, Shurtape®, 3M™, and Intertape Polymer
Group®), were obtained. Each was sampled at ten equally-spaced
distances down the length of the roll. The 550 samples were
randomly numbered to remove examiner bias and the following
physical characteristics were then measured or recorded: backing
color, backing texture, adhesive color, total tape thickness, backing
only thickness, tape width, scrim pattern, scrim count, warp yarn
offsets, and the number of backing layers. The variation of total
tape thickness, tape width, scrim count, backing only thickness,
and warp yarn offsets were statistically evaluated using Microsoft®
Excel® software. The possibility of setting tolerance levels with
and without uncertainty was evaluated for the disassociation of
questioned and known duct tape samples. The following tolerances
are recommended based on their ability to include at least 99.5% of
within-roll samples without incorporating uncertainty: total thickness
+12%, width £0.15mm, scrim count +1, backing only thickness
+35%, and warp yarn offset +0.61mm. R statistical software was
used to determine if any relationships exist between quantitative
and non-quantitative physical characteristics; however, backing
texture was the only non-quantitative physical characteristic that
had enough representation to evaluate these relationships. No
statistically significant relationships were found between backing
texture and any of the quantitative measurement variations. This
work will improve forensic examiners’ evaluation of the significance
of physical property differences found within duct tape samples,
and as a result, be beneficial for the disassociation of questioned
and known duct tape samples.
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A95 The Simultaneous Development of
Latent Prints on the Adhesive and
Non-Adhesive Sides of Tape Using a
Rhodamine 6G in Tween 20 Solution
After Cyanoacrylate Fuming

Aldo Maldonado*, 1328 Neel Street, Huntington, WV 25701;
Stephen C. King, 725 Jefferson Road, South Charleston, WV
25309; and Catherine G. Rushton, MS, 1401 Forensic Science
Drive, Huntington, WV 25701

After attending this presentation, attendees will learn of a
method to develop latent prints on both adhesive and non-adhesive
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sides of tape simultaneously using a solution of Rhodamine 6G,
Tween® 20, and water.

This presentation will impact the forensic science
community by providing a fast, inexpensive, and simple alternative
of processing latent prints on both adhesive and non-adhesive
sides of tape simultaneously.

Forensic laboratories process a wide variety of adhesive
tapes for latent prints because tapes are commonly used in the
binding of victims, the preparation of drug packages, and the
manufacture of improvised explosive devices. Even when the
tape is touched with latex gloves, latent print evidence can still be
recovered. The non-adhesive side of tape is a standard surface
for latent print examination with plenty of effective and thoroughly
tested development methods, and the adhesive side can be
developed with commonly used techniques such as Gentian Violet,
TapeGlo™, Sticky-Side Powder™, Wetwop™, and similar powder
suspension methods; however, both sides of the tape have to be
processed separately, which requires more time and steps for the
examiner, and more materials. This study proposes a method by
which latent prints can be developed on both adhesive and non-
adhesive sides of the tape simultaneously. Strips of a common
brand of original-strength duct tape were cut to approximately
15cm in length. Prints from the tips of the thumb, index, middle,
and ring fingers of both hands were deposited on both adhesive
and non-adhesive sides of the duct tape. The duct tape was then
fumed with cyanoacrylate for five minutes, dipped in a solution of
Rhodamine 6G, Tween® 20, and de-ionized water for 15 seconds,
then rinsed with cool tap water. The prints were visualized using
a green (500-525nm) alternative light source and recorded using a
digital SLR camera with a 1% orange-red (549nm) long pass filter.
The concentrations of Rhodamine 6G, Tween® 20, and de-ionized
water were optimized and reliability studies were performed. The
optimized solution was then used to process different brands
and types of tapes, such as masking tape, electrician’s tape,
packing tape, etc. Results were compared to standard methods
of processing such as TapeGlo™, Wetwop™, and black powder. All
results and statistics were calculated by comparing every fingerprint
to a custom Likert-type scale where one equals no visibility and five
equals excellent visibility. This method results in clear, identifiable
prints that are comparable to standard processing methods, yet
requires less time and materials.

Latent Print, Adhesive, Tape

A96 Strengthening Research Methodology
for New Latent Fingerprints Development
Techniques by Means of Design of
Experiments (DoE)

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

After attending this presentation, attendees will learn how
forensic sciences-related research activities can be significantly
strengthened and optimized by using Design of Experiments (DoE)
and Analysis of Variance (ANOVA) techniques, which represent an
efficient procedure based on powerful statistical tools, for planning
research experiments so that the obtained data can be analyzed to
yield valid and objective conclusions.’

This presentation will impact the forensic science
community by pointing out the importance of accurately planning
the experimental activity, which is the basis of every new research.

Although multivariate statistical analysis of experimental data is
already widely diffused in several forensic science disciplines, it is
usually limited to mere analysis of data obtained by experiments
organized by changing one variable at a time. In this way,
fundamental relationships and interactions between the factors
affecting the process under study can be lost, leading to a relative,
not absolute, optimization, which does not always lead to the best
solution.

In this framework, DoE can be applied in order to create
a predictive model, which is able to describe the relationships
existing between the input variables and the responses, which
have been selected for a particular process or methodology.
Usually, experimental design can be subdivided into the following
steps: define the main objective of the experiments; identify the
response variables (the dependent ones); select the input variables
to be investigated; choose the levels of each input variable; select
the appropriate design; perform the experiments; and, analyze the
results and create a predictive model.

As far as the choice of the appropriate design is
concerned, it strictly depends upon the studied objective, which
can be a preliminary screening investigation or an optimization of
a known process.

Among the latent fingerprint development techniques,
Electrophoretic Deposition (EPD) of inorganic nanoparticles was
recently proposed as an innovative and promising procedure to
be applied on conductive substrates.?® Briefly, it consists in the
application of an electric field between two electrodes and in
the subsequent migration of charged suspended nanoparticles
toward the oppositely charged electrode bearing the latent print to
be visualized.* The visualization process exploits the inherently
present electrical conductivity discontinuities, which are due to the
presence of the organic residue.

In this work, this innovative technique was accurate with
the main objective of obtaining fully detailed fingerprint patterns.
The level of detail produced by the development process and the
number of minutiae were considered the responses to be analyzed.

A screening design was first considered in order
to establish the most significant variables and the possible
interactions among them, affecting the development process, i.e.,
the responses. Particularly, pH, distance between the electrodes,
suspension concentration, and applied potential were considered
and varied between two levels. After the screening step, only the
key factors were considered in the optimization procedure, for
which a response surface methodology was applied.

The presented rigorous systematic research methodology,
based on DoE technique, will clearly appear as easily applicable
to research activities in several forensic sciences sub-disciplines.
Moreover, it fully agrees with the 2009 National Academy of
Sciences Report, which recommended strengthening of all the
forensic science disciplines. Indeed, this experimental design
approach allows evaluating the reproducibility of the studied
method and the validity of the chosen model, obtaining from the
very beginning full control of the newly undertaken study.
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A97 A Method for the Analysis of Lotions
Using Direct Analysis in Real-Time Mass
Spectrometry (DART®-MS)

Derek Dorrien, BS*, 4930 N 31st Street, Forest Park, GA 30297;
and Edward Sisco, MS, 6819 Old Waterloo Road, Apt 1035,
Elkridge, MD 21075

After attending this presentation, attendees will understand
and be able to implement a rapid, simple method for the analysis of
complex mixtures such as lotions and the subsequent identification
of the components comprising the mixture. Comparison of
the results to an analysis using Gas Chromatography/Mass
Spectrometry (GC/MS) will be elucidated to evaluate sensitivity
and selectivity.

This presentation will impact the forensic science
community by providing a validation study for the use of a new
methodology in the analysis of forensic samples related to sexual
assault investigations. This methodology can result in a more rapid
testing and screening of forensic samples to improve laboratory
efficiency.

Examination of items of evidence from sexual assaults
may, in some instances, require the detection and comparison of
materials from lotions and other skin care products used in the
commission of the crime. Additionally, understanding the types
of components present in lotions will improve the knowledge
of background materials expected when analyzing evidence
from sexual assault cases to aid in differentiating those types of
components from possible condom or sexual lubricant components.
Improvements in the ability to detect these types of materials, as
well as the ability to rapidly screen items of evidence, will lead to
more efficient processing of sexual assault casework.

The validation of a method for the rapid analysis of lotion
samples using Direct Analysis In Real Time-Mass Spectrometry
(DART®-MS) will be presented. This study included determining
reproducibility of the analysis, determining the limit of detection
for certain lotion components, blind sampling of unknowns, and
the creation of a comprehensible search list. Currently, GC/MS is
employed to analyze chemical extracts from lotion samples. While
it offers significant specificity, it also requires longer running times.
Using DART®-MS, the components of a lotion sample are able to
be detected simultaneously using a much shorter analysis time.
All components which have been analyzed by GC/MS have been
found to be detectable by DART®-MS. Additionally, components
that were not detectable by GC/MS were detectable by DART®-
MS, demonstrating the increased specificity of this method. The
implementation of this method can allow for the rapid screening
of multiple samples, which will benefit laboratory efficiency without
compromising sensitivity. This technique will prove valuable to
forensic science laboratories involved in performing analyses for
cases requiring the detection of lotions and their components.

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.

Names of commercial manufacturers or products included
are incidental only and inclusion does not imply endorsement by the
authors, Department of the Army, or the Department of Defense.
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A98 Differentiation of Human Hair by Color
and Diameter Using Digital Imaging and
Discriminant Analysis

Morgan E. Mills*, 1600 Lehigh Parkway, E, Apt 8N, Allentown, PA;
and Lawrence Quarino, PhD, Cedar Crest College, Dept of Chem
& Physical Sci, 100 College Drive, Allentown, PA 18104

After attending this presentation, attendees will be
introduced to a novel method that offers the potential of providing
objective criteria to microscopic hair comparison. The method
combines hair diameter with numeric characterizations of red,
green, and blue color content determined with the use of digital
imaging at defined locations of the hair. Data from different hairs
are then compared using discriminant analysis.

This presentation will impact the forensic science
community by providing a quantitative means of hair analysis
that aims to minimize the subjectivity involved in microscopic hair
examinations and strengthen the scientific credibility of conclusions
drawn from the comparison of hair samples.

Since hairs are continually shed and are easily removed
from an individual, they are a common source of transfer evidence
in most types of criminal assaults. Although hair can have
important evidentiary value in indicating that contact occurred
between individuals, or between an individual and a crime scene,
the associative value of hair is often questioned when comparative
analysis is based on microscopic comparison, due largely to the
subjective nature of the examination.

To assess the viability of this method, ten hairs from each of
five participants, all with naturally colored brown hair, were mounted
on microscope slides with Meltmount® (refractive index of 1.539)
and examined on an Olympus BX53® polarizing light microscope
under Kohler illumination. Digital images were viewed with an
Olympus DP72® camera at 400x after white balance correction.
Using Olympus cellSens Entry® software, the diameter of the hair
was measured at the following distance intervals from the base of
the root: 500-600um, 600-700um, 700-800um, 800-900um, 900-
1,000um, 1,000-1,100um, 1,100-1,200um, 1,200-1,300um, 1,300-
1,400um, and 1,400-1,500um. A minimum distance of 500um
was selected because previous validation indicated that color
measurements begin to show consistency at this point. At each
distance interval, a quantitative value for red, green, and blue was
determined by the software at three points where the hair diameter
was measured. In an additive color model, various combinations
of red, green, and blue are used to describe a wide range of colors.
The software uses a Red Green Blue (RGB) color model to define
each pixel on an image by its principal color components of red,
green, and blue. The intensity of each component is provided as an
integer ranging from 0-255. Lower values represent less intensity
and thus a darker shade of that color component. Therefore,
the color gray is described by equal intensities of all three color
components relative to each other, while the particular shade of
gray is dependent upon how high or low these intensity values are.
The intensity of the source was preset to ensure that illumination
remained constant prior to the start of hair examination each day
during the study. In addition, consistency of the illumination was
verified by testing a standard hair to ensure that color values did
not fluctuate from day to day.

All diameter and color values for each hair were
compared using discriminant analysis (XLSTAT®). Results showe