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FORENSICS

» Definition —Application of scientific methods and
techniques to the investigation of crime.

Forensic medicine — Application of knowledge of
medicine in administration of justice.

Forensic Science- — Application of knowledge of science in
administration of justice.



Criminal trial

» Homicides

» Sexual assaults

» Dowry deaths

» Narcotics & Psychotropic substances use
» Assault/ accident cases

» Cases of poisoning including alcohol



Civil trial

» Insurance

» Paternity tests

» Negligence - Documentation/consent

» Accident causation

» Age estimation( for consent, retirement Etc )



Role of Forensic evidence

» When no eyewitness is present
» To prove beyond reasonable doubt

Scientific facts cannot be denied.

DNA — conclusive of presence of culprit ...



Locard’s Exchange Principle

The Locard Exchange Principle states that
whenever two objects come into contact, a mutual
exchange of matter will take place between them.

VICTIM ¢ > SUSPECT
PN PN

PHYSICAL EVIDENCE
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.




LOCARDSs Principle of Exchange

» Locard's exchange principle holds that the
perpetrator of a crime will bring something into the
crime scene and leave with something from it, and that

both can be used as forensic evidence.

» "every contact leaves a trace"
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Forensic Ballistics

* Forensic Ballistics is
the science of
analyzing firearms,
bullets and bullet
Impacts.

 Ballistic fingerprinting
IS analyzing firearm
evidence to determine |
If that particular
firearm was used in
the crime.
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Forensic Serology
Forensic serology deals with the scientific study of blood and other bodily fluids

that are found at crime scenes. This 1s primanly performed for the detection and
identification of biological material (iLe., blood, semen, saliva, and urine} on
physical evidence in order to:

. Link suspect(s) and victim(s) to each other and/or to the scene(s)

2. Include or exclude potential suspect(s) or victimis)
3. Establish cnme scene(s)

4. Idenufy weapon(s)

5. Corroborate case circumstances

6. Narrow down the samples for further analysis




Examination of Clothings

Injury/ tear
|dentification
Sexual assault
Firearm
Homicide
Hanging
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The clothings are examined for
Blood
Stains-mud, grease etc
Semen stains
Tears to correlate injury.
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ENTOMOLOGY

The life evele of a blowtly

B ruewi I.I-Il.l.rrlluwl-m.l. & bovmy Bz ki b R
iy D0 i rgrlai i Dy, Gl O [ it kg bl
H L SRt P T e B O A B RN L

{imedren i haees on 3 coneesnd iemcersione i
Ml dppraen
|I
- -' .-.. -I
]

I TO WEEKS

vl Hy E'"l:'ll'rt'l'l.l'_'l'l‘

lapnagpe Sl PR
o Ly
L

e 1|8
-h_! { l.
e -
= Thei measimes s N
cprhe alzar foromaic l;&’,»"\ll

STy eefzmelog il — ey
] o B e [ ey X 1
Cadase miaay g victier g e
= bazed on the drosoamrmal
[lnf nlorge 21 Thean Biorw s achan

Uiz Loy v b S E et

s Py M‘SH

@ oS3

DL Sy, il P——y
e R R THE PLA M DR

IF vou ginT Beiarimg,.. WELL Finp

? l:l-r':‘llmrll.l
end, 2 oaiond b

sl el Dggivg
B Late s R T

fanhiErn



poisons £
toxiclogy
=u:mvesl|gal|un"1“|ﬂﬂ|ﬂuu

dalermmmg aluuhnl

Sforensic”e

=

m_tmuculugu

@
[= L]
E
labor

-"-’-3"3



Forensic DNA




] DNA Ev1dence

i
. . e HQW can DNA be used to solve

Crimes?
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MISCELLANEOUS CRIME
SCENE SAMPLES

Clothing’s, pillows, sheets- blood, semen, saliva, hair
Bullet- blood

Cigarette butt- saliva

Condom- semen, vaginal secretions

Envelope-saliva

Fetal and maternal tissue- separate at the time of collection
Urine

Sweat

Nasal secretions

Faecal stains

Vomitus

Tissue ( bone marrow, muscle, spleen, fingernail scrapings)
Mouth swabs



» Within the non-coding region of an individual's genome,
there exists satellite DNA - long stretches of DNA made

up of repeating elements called short tandem repeats
(STRs)

» These repeating sequences can be excised to form
fragments, by cutting with a variety of restriction
endonucleases (which cut DNA at specific sites)

» As individuals all have a different number of repeats in a
given sequence of satellite DNA, they will all generate
unique fragment profiles

» These different profiles can be compared using gel
electrophoresis
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Gel Electrophoresis

Diraction of
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Comparison of DNA samples from crime scene to
that of different suspects

Crime scena Suspact 1 Suspect 2 Suspeact 3
DNA — —
—
sample e — —
from
— -_—— — —
the ——
crime —
scene
-_—— *
— _— —
m— -——
— | — m—

matches



Case: 456789 MOTHER CHILD Alleged FATHER
Name Jane Jenny John
Date Collected: 11/2010 1/1/2010
Test No. 4567839-10 456789-30
Locus ] Allsls Sizes Aligls Sizaz
D8S1I78 155 10 (14 ) 1 (13)
D2i1s1 202 27 29
D75820 147 (8) 10 (10) 1
CESF1PO 185 12 12
D3S1368 188 14 17 14 15
THIN 282 6 9.3 T 9
D135317 343 13 11
D165538 332 9 12 11
D2s1338 433 19 20 23 24
DigS433 223 13 13 14
vINA 3482 14 17
TPOX 1868 " 8
D18S51  3.06 15 17 13 14
D55818 135 12 13 L 12
FGA 335 21 2 21 24
Amslogenin X X Y
Interpretation; N Te206
Combined Patemity hdex: 323,769 Probability of Patemnity: 00,0006 0,
The alleged father is not excluded as the biological father of the tested child. Based on testing results obtained from
analyses of the DNA loci listed, the probability of patemity is 99.9996%. This probability of patemity is calculated by
comparing to an uniested, unrelated, random individual of the Caucasian population (assumes prior probability equals
0.50).




CHILD Alleged FATHER
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Interpretaton:

Combnad Patarmity Index

333 A4TS

Probability of Patemity 99 .9998%

The alleged fother 15 not excluded as the brological father of the tesied child Based on testng resulis obtamned from
analvses of the DNA loci histed, the probabihity of patermty 15 99 9998% This probability of paternuty 15 calculated by
companag to an untested, unrelated. random mdividual of the Caucasian population (assumes prior probability equals

0.50)
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COLLECTION OF SAMPLES COMMONLY
USED for DNA IN FORENSIC PRACTICE

» Liquid blood: 2-5 ml of iv drawn blood in sterile, leak-
proof, screw capped bottles containing heparin or EDTA
along with an identification card.

» Semen samples: sterile cotton ear buds moistened with
sterile water should be used to take swabs (from genital
and other body parts) completely air dried, placed in
sterile tubes, sealed and labelled.

» Stains from crime scenes: stains should be swabbed
with cotton buds moistened with sterile water.



» Blood/semen from individuals under field conditions:
can be collected in a sterile tube and same should be spread
on a sterile bandage cloth folded several times so as to
absorb all the fluid, air dried, placed in a clean envelope,
sealed labelled and sent to DNA lab at room temperature.

» Bones: long and intact bones, e.g. femur /humerus are most
suitable.

» Visceral samples: Muscle is the most ideal source. Approx
100 gms in wt should be dissected out and placed in sterile
glass tube containing normal saline as preservative. (Dimethyl
sulphoxide/DMSQO is a better preservative)



In exhumation cases: if dry tissue is present, should be
placed in sterile bottle without preservative and sent to lab
at room temperature.

Teeth: molar teeth are generally used. If not available, any
other teeth may be used. For teeth and bones no
preservative is required.

Hair: preferably with roots, to be packed in clean paper,
sealed and sent at room temperature.

Finger nail scrapings: sterile needle or tooth pick to be
used to scrape the inside of finger nails. Material should be
collected in clean paper envelopes and sent to lab without
preservatives.



Benefit OF DNA AS AN EVIDENCE

» Reliable
» Scientific
» Unbiased

A man can lie but science doesn’t




Interpreting Results of DNA Analysis

in Criminal Investigation

» 1) Inclusion: When the DNA profile of a known individual (A
victim or suspect) matches the DNA profile from the crime
scene evidence, the individual is “included” as a potential
source of that evidence.

» 2) Exclusion: When the DNA profile from an individual (A
victim or suspect) does not match the DNA profile
generated from the crime scene evidence, the referenced
individual is “excluded” as the donor of the evidence.

» 3) Inconclusive: Inconclusive results indicate that DNA
testing did not produce information that would allow an
individual to be either included or excluded as the source of
the biological evidence.




Touch DNA

» Touch DNA is a forensic method for analysing DNA
left at the scene of a crime.

» It is called "touch DNA" because it only requires
very small samples, for example from skin cells left on

an object after it has been touched or casually
handled.

» The technique has dramatically increased the number
of items of evidence that can be used for DNA
detection.

» Touch DNA doesn’t require you to see anything, or
any blood or semen at all. It only requires seven or
eight cells from the outermost layer of our skin.



DNA AS AN EVIDENCE

» Presence of an individual’s DNA on an item does not
prove their guilt;

» conversely, a lack of DNA does not necessarily prove
their innocence.



ISSUES and LIMITATIONS Cons of
DNA profiling as a Forensic Tool

» Tests unreliable if quantity is less or the sample is
degraded.

» Cost effectiveness.
» Lack of qualified experts.

» New techniques of DP can give incorrect results due to
errors like cross contamination



DNA BILL PASSED In INDIA

el 15% @17:21

Feall 15% B 17:22 Aeall 15% 0 17:22
X @ Lok Sabha passes DNA tech... 0 i )
From thehindu.com - delivered by Goog : Lok Sabha passes “The DNA X @ Lok Sabha gives consent to ... 0 .
: . From m.economictimes.com - deliveret *
— SEEIom Technology (Use and Application)
— THE TR HINDU Regulation Bill - 2019” < Palitics and Nation
NATIONAL 08 January 2019 | News Lok Sabha gives consent to DNA bill
LOk Sabha passes DNA o e m = ‘t’ > By PTI | Updated: Jan 08, 2019, 04.06 PM IST

technology B]_ll The purpose of thi.f: Bill is to ex!Jand the application of @ @ @ @ <3\
_ DNA-based forensic technologies to support and =4
’ m‘ . strengthen the justice delivery system of the country =

The Bill would allow use of DNA technology The Lok Sabha has passed “The DNA Technology (Use and

for establishin 1dentity of persons like Application) Regulation Bill - 2019". The Bill has been

vi(_;t'u_ng, offen ers, suspects, undertrials formulated recognizing the need for regulation of the use = . 5 5

missing persons and unknown decease and application of  Deoxyribonucleic  Acid According to the government, the bill seeks to expand

persons. | Photo Credit: Reuters (DNA) technology, for establishing identity of missing the application of DNA based forensic technologies to
persons, victims, offenders, under trials and unknown support and strengthen justice delivery system.

Special Correspondent
NEW DELHI 08 JANUARY 2019 17:46 IST

deceased persons.

UPDATED: 08 JANUARY 2019 22:38 IST The purpose of this Bill is to expand the application of NEW DELHI: The Bill that provides for regulation
1 = DNA-based  forensic technologies to support and of use and application of Deoxyribonucleic Acid
o o \= strengthen the justice delivery system of the country. The (DNA) technology far establishing the identity of

' ' . o ] < certain categories of persons, including

/[\r

= | . .
° — [ offenders, victims, suspects and undertrials was

passed in Lok Sabha Tuesday.
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FORENSIC MEDICINE

» Deals with medical aspects of law

Everything to do with HUMAN BODY & Psyche( Living
or Dead) By a medical man
Injuries
Sexual Assault
Age estimation
Clinical toxicology
Dying declaration
Certification for disability, mental illness etc

AUTOPSY.
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Drug abuse

Sexual assault Exam




FORENGSICS IN LIVING

. Injury examination
Examination of sexual
assault cases

. Age estimation




INDURY EXAMINATION

The Injury report is useful in investigation

» To know the type of weapon used

» To know the no. of assailants

» To know the type of hurt
» To match the injury with suspected weapon

» In cases involving sec 320-326 IPC.



Examination of injury cases

» Number

» Type of injury

» Site/location

» Size

» Any foreign body present
» Age of injury

» Manner of infliction

» Simple or grievous

» Antemortem/postmortem
























AGE ESTIMATION

N
Physical,
J
o
Clinical,
J
)
Dental
J
)
Ossification test




Dental

12 Years
(+ 36 months)

10 Years
(+ 30 months)

%
11 Years 15 Years
A

(+ 30 months) (+ 36 months)



Ossification Test

X-ray Shoulder Joint




Hip Joint (X-ray AP View) Wrist Joint and Hand




EXAMINATION OF S.

CXUAL ASSAULT

548




AUTOPSY




Examination of bones

» Are they really bones?

» Are the remains human or
animal?

» How many individual?

» How long dead? -Recent
or old

» Cause of death?
» Time since death?




» What is the race of the individual?

» What is the sex of the individual?

» What is the age of the individual?

» What is the stature of the individual?
» What traumas did the individual

» What individual traits did the individyf/ 1
have?




SCHOUR AND MASSLER METHOD

DECIDUIOUS DEMTITION
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permanent dentition
describing 21

chronological  steps
from 4 months to 21
years of age.

The chart do not have
separate survey for
male and female.
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GUSTAFSON’S METHOD
Gustafson (1950) and Thoma (1944)

» He described the age changes occurring in the dental
tissues and recorded six changes.



‘" i Enamel

Mantle dentin

Circumpulpal dentin

Tertiary (irregular
secondary) dentin

regular secondary dentin

A - Attrition of
incisal/occlusal
surface

P — Periodontitis

S — Secondary
dentin

C — Cementum
apposition

R — Root
resorption

C — Cementum
apposition

R — Root
resorption

T — Root
transparency

Acellular cementum layer
Callular-fibrillar cementum layer
Acellular cementum layer
Mineralization front

Cellular-fibrillar cementum
layer

Sharpey fibers
Fibroblasts

Cementoblasts
Mineralization front
Camentocyta




Age from skull sutures




Stage 6: 30-35 years old Stage 7: 35-30 years old Stage 8: 39-44 years old 5tage 9: 44-50 years old Stage 10: 50+ years old

Todd's (1920) ten age phases of pubic symphysis modification in adult white males. © Pieter Folkens
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» DETERMINATION OF SEX




Female
Supraorbital

Ridges — Sharp Orbital

. Extreme slight Border

Pronounced
Muscle
' Attachments

Square Chin Round Chin




Perimortem Injuries

Injury occurred at or around the time of death and may have
even caused the death












Skull-Photograph Superim position

1. (a) Skull 1.{b) Photograph

1.{c)y Wiped image 1.(d) Mixed imags






Reasons for reluctance of courts to
use Forensic evidence

1. Mismanagement of Forensic evidence
Ignorance
Improper collection
Improper preservation
Non collection of clue evidence
Non maintenance of chain of custody
Delayed dispatch for analysis




2. Not sending the accused for Medico-legal
examination

» Non lifting of fingerprints or evidences (especially
biological)by I.O.
» Non preservation of ceased material.

3. Technical lacunae in scientific evidence
» Test not done meticulously.

» No supportive data provided by expert

» Delayed examination by the expert.

» Delayed Report writing



Limitations of Forensic evidences

» Probative value is more rather than
corroborative value in crime in dealing with
circumstantial evidence

» More often comparative rather than absolute...

» Based on facts and its interpretation.



To Summarise

Forensic evidence is either dealt by scientist or
medical person depending on type of evidence.

Forensic evidence is based on Locard's principal
of exchange

Forensic evidence is factual and is thus unbiased.

Forensic evidences have their limitations as it is
scientific .....
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