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Forensic Science vs Physical Science

e Create a historic narrative

e Must be communicated &
accepted in a non-
scientific environment

 Emotionally charged
practice

Make future predictions

Peer-reviewed
communication

Intellectually laden
practice



Cultural Considerations

Sensational

Collegial
Cruise Ship Academia
Rigorous
Forensic
Testimony
Basic
Gossip Column Training

Adversarial



“The” NAS Report




The Literature Search




The Debate -- The 15t 12 Months

NUH-UH .

YES-HUH!




The Assighment

Scientific method refers to the body of
techniques for investigating phenomena,
acquiring new knowledge, or correcting
and integrating previous knowledge. It is
based on gathering observable, empirical
and measurable evidence subject to
specific principles of reasoning.

Isaac Newton

“Rules for the study of natural
philosophy,”

Philosophiae Naturalis Principia
Mathematica
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Recommendation 3 — NAS Report
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Peer-reviewed research on uncertainty, accuracy and reliability
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Words Should Have Meaning
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SWGDRUG

SCIENTIFIC WORKING GROUP FOR THE
ANALYSIS OF SEFED DRUGS (SWGDRUG)
RECOMMENDATIONS

RECOMMEMDATIONS INCLUDE:
CODE OF PROFESSIOMNAL FRACTICE
EDUCATION and TRAINING
METHODS OF AMALYSIS
QUALITY ASSURANCE
UNITED STATES DEPARTMENT OF JUSTICE
DRUG EMFORCEMENT ADMIMISTRATION
EXECUTIVE OFFICE OF THE PRESIDENT

QOFFICE OF NATIOMAL DRUG CONTROL POLICY
COUNTERDRUG TECHMNOLOGY ASSESMENT CENTER

Revision &, 2011-July-7

PART I B

METHODS OF ANALYSIS/IDRUG IDENTIFICATION

1 Introduction

The purpose of PART Il B is to recormmend minimum standards for the forensic
identification of commonly seized drugs. It is recognized that the cormect identification of
a drug or chemical depends on the use of an analytical scheme based on validated
methods (see PART IV B — Validation) and the competence of the analyst. Itis
expected that. in the absence of unforeseen circumstances, an appropriate analytical
scheme effectively results in no uncertainty in reported identifications (see PART IV C -
Uncertainty). SWGDRUG requires the use of multiple uncomelated technigues. [t does
not discourage the use of any particular methed within an analytical scheme and it is

accepted that unique requirements in different jurisdictions may dictate the practices
followed by a particular |aboratory.

2 Categorizing analytical techniques

Technigues for the analysis of drug samples are dassified nto three categones (see
Table 1) based on their maximum potential discriminating power. Howewer, the
classification of a technigque may be lower, if the sample, analyte or mode of operation
diminishes its discriminating power.
Examples of diminished discrminating power may inchude:
* an infrared spectroscopy technique applied to a mixture which produces a
combined spectrum
* amass specirometry technique which only produces molecular weight
information

Table 1: Categories of Analytical Technigues

Category A Category B Category ©

Infrared Speciroscopy Capillary Electrophoresis | Color Tesis

Mass Spectrometry Gas Chromatography Fluorescence Spectroscopy
Muclear Magnetic

Resonance Spectroscopy | lon Mobility Spectrometry | Immunoassay

Raman Spectroscopy Liguid Chromatography Melting Point

X-ray Diffraciometry Microcrystalline Tests Uliraviclet Spectroscopy

PAHT Il B - Mathods of AnalystsDnig |oentificaton
Recommendations
& SWEDRLIG 201 1-July-7 — All rights reserved Page 14



The “Gold Standard” — DNA

Unrestricted

All combinations of alleles are deemed
possible (relative peak height differences
are not utilized)

A A AB+AC+AD+BC+ BD+CD

A B CD Restricted

Based on relative peak heights, alleles are
paired only where specific combinations
of alleles are deemed possible

AB + AC+ AD + BC+ BP + CD




Survey of the Literature — A good, bad idea!
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Article Review — Another good, bad idea!

2 ke S, Vol 108 Mo 1, Jasary 2006, pp. 2555 @ Indfam Academy of Sciomcen

Fluorescence resonance energy transfer (FEET) in chemistry and
biology: Won-Farster distance dependence of the FRET rate

SANGEETA SAINL" HARTINDER. SDNGH' and BIMAN BAGCHI

Solid Sale and Sireciursl Chemitry Unil, Ialas Inainle o Sceece, Bagaloe 560 012
*Farmansen! sddrew: Depariment of Chemintry, Fasjah University, Chandigah 160 014
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Abstract.  Fluseonse mesmmnis encrgy basder (FRET) & & popslar ool 1o study equilibrien aml
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which predicts [L/8") distancs dependence of fhe eacrgy tranafer rale. However, crilical salysis shiws
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1. Introducdom

Resomemcs wargy tamsfar (RET) is a widely preva-
lqntphnbop]::,uca]pu’mlﬂn‘o‘ughwhﬁhmn]m
pically excted ‘doncr’ molemle transfem it
SECiiRtion earEy tv an “zoceptor’ mwlecals (a5 de-
picted in Hgure 1) snch that the excited state lifetime
of the doner deoreanas.™* If the domor happees to ba
a flucsoscant moleuls RET & refarmed to a5 Huomes-
cance reonancs enargy ansfr, FRET. The accep-
tor howerer may or mary oot be fuorsscant.

Solving the enipm serounding fuorescemca
gesncking sxparimants revsaled the phanomence of
FEET and led J Paerin’ to proposs dipole—dipols in-
taractiom as the mechamizm viz which moleceles cam.
imtaract withont collisions at distances greater than
thar molacelyr dizvees S 20 years biwr, Forser’
bezilt upem Prerin’s ddea to put forward an elegant
theory wiich provided a quantitative sxplanation for
the nom-radiative: enagy s in eoms of his fSmmons
expreszion given by

iy = k(s Y, (2

Diedicated ko Prof § Gropalskriskon on ki S2nd bty
*For commpondexc
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mitscle. Hers we rnd 178 distamee dg::nd:m:.ll lage scparaticas, complelely difTessnl
e ali discuss recenl spplication of A R

ET iz sludy palymer conlirmatiomal dynsmic

Flusrescence ieasnimce cncrgy bamder (FRET), nom-Foriler regime,; single soleule spod-

whare kys b the rdistive e (hypically less than
10%5™) mnd Hp is the well-knowm Forster mdins
givan by the spectral ovarlap betoeen the foores-
cancs spectrim of the domor and the absorpbon
specam. of the acosptor. Since then the techmiqoe
of FRET has come & long way finding applications
in mest of the disciplines, which by itself significs
the irportance of Férstar's fommlation and msafel-
ness of this techniqne.

Undoubtedly, undarstanding amy phencoenon oo
2 mclecalar scale has always bean one of the major
poals of all phrysical, cheevical and biologhical qassts.
Heowsver, 2t presant when thers is great infarest in
charactarizing nanc-materials, its achisvensst ha
mined Immenss pranty a5 e e To ondanmd

s phemomanon om 3 molemnlar scale repeires infor-
mation sbout the spatial mlsticmhips betwsan the
molaculss. 2zd this is where FRET s parformmmss
the best, e bo guentitatively measume distance be-
‘twean molocules in the range of 10-100 A, tharshy
providing m with imahsbls information abomt
struciures and dynamyics of macromel sonles.

In this papar, we shall address several aspects of
FRET. The arphecis of tis paper is on the distnoe-
dependiance of the fnomscencs anergy tramsfar. Fe-
camt wmdies have choun that the wsmlhy accepted &7
distance dependance cam be sasily violated wien the

b



Annotated Bibliographies — The real good idea!

Foundational Forensic Science Annotated Bibliographies

Overview

In response fio the 21 NAZ nepart on Forensic Science, a fedeml, sisiz and local Inferagency Inkathve was estabiished o expione polides, procedures end plens releted o forensic sdence I the oriminal justice snd medical examinericoraner systems. In sopgart of this inftietive, 2 specfic effort was Kenifled tc debe Inbo Issues related to forensic sdence research, development, tsting & evaluation. A key ectiviy of Sis.
work included the agsambiage of sxisiing foundstional fonansic Sclencs mesarch in the form of acnctai=d Kiblogrphiss. This information was arganizad by disdpine and susenitiac on behal of 8 prof=csional organization or ofer antity Such =5 & Scensfic Working Eroup (ZIE) which reprassnts 8 soechic fonengic scienoe discipine. The Hollograghic IMormation was subeitisd by extemal andties and has not undegaons
review of enplysis, and b not necommendad or endorsed iy the fadersl gaversment. 1t i provided on this website 25 8 reference for Inerested stakehokiers for Informational pUDases only.

Forensic Science Disciplines

1. Firearms & Toolmarks Analysis

The ennztated bisilograzhy was B joint submizsion oy the Assccietion of Firearm and Tool Mark Exsminers (AFTS) and Sclentfic Wiorking Sroup far Firesms and Tecimares [SWEEUN) mmoehvad on June 14, 3044, Flesse use mae foliowing link 1o scoass the snnotated bisilogrash:

2. Handwriting Analysis

The ennatated bisllograghy IS pending SUDMISsIon iy the SCEntic 'Warking Geoup for Forensic Document Examination (SWEDOC). Once avallaie, it wil be posied on s wesis

3. Biternark Analysis

The ennatated pisilog rashy was suomined on OCtober 2, 2019, by e Amarican Scand of Fonensic Odomioiogy (ASFO). Fleass use tha folicwing IIn 10 scoass e annotated piolograssy:

4_Hair Analysis

The ennatated bisllography was Susminsd on S=ptemier 21, 2012, by the SCentic Workng Gnoup for MatEnals Anelysis (SMWSMAT). Pizase use the folowing Iink 10 acoess the annctaled Diliography:

arate.nktgm

3. Fiber Analysis

The ennatated pinilog raghy was suominiad on Octo

fNC Working G roup for Matsrisls Anaksy

ACAAAT). Fisase use the foilewing INk to Access tha annoteisd oibiogrephy:

B Latent Print Analysis

The ennatated pisilograghy was susminad on November

by the Scienttic Warking Geoup on Friction Risge Anaiysis, Stucy and Technology (SVWEFAST). Fiesss use e falowing INk 10 access e annotated bisliograph:

7. Bloodstain Pattern Analysis

The ennatated biollography was Susminsd on S=ptemier 25, 2011, by the Sdentic Warkng Group on Bicodsiein Feltem Analysis (SWESTAIN). Please use fe foliowing link 10 acoess the annotbed bisliograg!

8. Shoeprint & Tire Tread Analysis

The ennatated piilograghy was Suominiad on Novemiber 1€, 2011, by the SCientfic Warking Geoup for Shoeprat and Tire Tread Evidence [SWGETREAD). Fissss uss e falowing link 10 acoess e annotated Disllograshy:

9. Paint & Other Coatings Analysis

The ennatated bisllography was Susminsd on S=ptemier 21, 2012, by the SCentic Workng Gnoup for MatEnals Anelysis (SMWSMAT). Pizase use the folowing Iink 10 acoess the annctaled Diliography:




Annotated Bibliography — Hair Analysis

EDT&E IW G Hair Analyss Questions

What literature exists that addreszes the use of miDNA analysis in conjunction with
conventional merpholegical hair comparisons?

Houcle, M. M, BEndowle, B. (2002). Correlation of Microscopic and Aitochondrial
DNA Hair Comparisons. Jowrmal aff Forensic Scignces, 47, B64-067.

The authers used data from human badrs submitted to the FBI Laboratory for analyzis
berween 1996 and 2000. Of the 170 microscopical hair examinations, there were 80
associations, and of these, 9 were exchuded by mitochondrial DA (miDMNA) analysis.

(45 hairs that were considered efther unsoftable for meaningfil mirrescopical analysis ar
yielded inconchsive mirroscopic associations provided DA resuls.

Cmly § bairs did oot provide sufficient miDMNA and cnly 3 yielded inconchsive miDNA
resuls. Comsistency was obsarved m the exculpatory resulis between the two procedures.
This study demonstrates the wtility of micrescopical hair examinations and the strength of
combming microscopic amalysis with mDMNA sequencing.

Bisbing, . E., Wolner, AL F. (1984). Microscopical Discrimination of Twins' Head
Hair. Jewrnal af Forensic Sciences, 10, THO-T84.

Druplicate head bair samples from 1 7 pairs of twins and one set of triplets were compar=d
in a blind study. Each hair sample was separated into two mounted slides, sach
confaining 25 hairs. Using macrescopic and mirroscopic charactenistics of the head
hairs, the researchers were able to comectly associate the specimens with the duplicate
sample and newver with a twin. In a second part of the study, sinmlated foremsic
Comparisons were performed  Seven tests were preparsd where questioned hairs wers
compared to several andomly selected known samples. In thi part of the shady nope of
the known pools mndomly selected acmally contained the comesponding known sample
from the questioned har. In the seven tests, the first examiner comrectly excluded 47 out
of 51 samples and the second examiner comredly exchided 40 out of 52 samples.
Althouzh no DMA testing was conducted on the samples, it should be noted that all of the
twins will have the same mitochondrial DA and all of the dentical twins will bave the
same maclear DHA

*It should be noted that throughout this shady, the hairs were mounted only between two
plazs mirroscope slides. In a fiull microsropical anabvsis, the hairs would be mounted in a
mounting media which allows for greater resokution of the microscopic characteristics.

Linch, C. A, Smith 5. L, Frahlow, J. A (1998). Evaluation of the human hair root
for DNA typing subsequent to microscopic companson. Jowrnal af Forensic
Sctemces, 43, J05-314.

Linch, C. A, Whitinz, D. A, Holland, M. AL {2001). Human hair histogeness for
the mitochondrial DNA forensic scientist. Jonmal of Foremsic Sciences, 46, 844-853.

[

Melton, T, Dimick, G, Higgins, B, Lindstrom, L., Nelson, E. (2005). Forensic
Mitochondrial DNA amalysis of 691 casework bairs. Jowrmal of Forensic Scignces,
20, 73-80.

Roberts, K A Calloway, C. (2007). Mitechondrial DNA amphfication success rate
a5 2 fonction of hair morphology. Jourmal of Forensic Sciemces, 52, 40-47.

Seldgmchi, K| Hajime Sato, EKasal, K (2004). Mitochondrial DNA heteroplasmy
among hairs from single individoals.

What literanure exists that evaluates and reports on the investizative vahe of bair
evidence and the types of questions that can be answered by microscopic hair
Comparisons?

Robertson, J. (1999). Forensic Examination of Hairs. London: Taylor and Francs.

This text ook covers aspects of hair examination inchidmg the micrescopical
comparison of hairs. Other chapters m this fext inchade the zrowth and mompbolozy of
Tuman hair, ONA derived from hairs, elemental analysis of hair, dnag analysis using hair,
Cosmetic ireatment that can be performed on hairs and finally a chapter on the evidential
wahe of hair examinations.

Bisbing B E. (2001). Forensic Science Handbook Volume 1 2™ Edition: Chapter 7 -
The Forensic Identification and Association of Human Hair. Edited by Safersfein,
E., New Jersey: Frentice-Hall Inc.

This text has chapters on many fields of forensic science. The chapter on boman bair
identification and assocition mckodes topics on hair stucure, identification and
comparison, collection, conchisions and repont wrsting and presentation of the evidence
in cout.

Hicks, J. W, (1977). Microscopy of Hairs: A Practical Guide and Mannal Issne 1.
‘Washington, DC: Federal Burean of Investization.

Deedrick, D, Koch, 5. L (2004). Micrescopy of Hair Part 1: A Practical Guide and
Afannal for Human Hairs. Quantico, VA: Federal Burean of Investzation.

In an introductory posde to forensic hair examirations, the mthor details the
characteristics observed between the different races and the different body areas. Also
detailed in the guide is the basic stmacture of hair and the characteristics that are found
usefil]l when performing microscopical bair comparisons.

Deadman, H A (1985). Human hair comparisons based on microscopic
characteristics. Proceedings of the International Symposium on Forensic Hair
Comparisons, 45-49.



“Grading” of Annotated Bibliographies

* Proposal
— Describe approach to reviewing the articles
— Composition of team members
— Criteria for assessing scientific merit
— Venue for the review process
— Cost
— Schedule
— Potential risks

e Deliverables

— An evaluation of the scientific foundation of the
forensic science discipline.

— A roadmap of suggested research projects that will best address
the identified gaps and needs.
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The Future

Next Generation DNA Sequencing
Phenotypic Information
ldentification of Body Fluids

Aging of traditional forensic materials (e.g.,
when was the fingerprint deposited; what is
the PMI £ minutes?).

Physical science measurements replace
gualitative judgments



Challenges & Way-Ahead

* Examiner Participation
e Portfolio vs Program Management
* Appropriate Delivery and Use of Results
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