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Preface

Forensic Science is an emerging discipline. Today, the world is revolving around
multidisciplinary aspects. Forensic Science is such a field where it consists of science, technology,
social science, and law. The aim of this book is to provide substantial knowledge to the reading
fraternity about how Physics, Chemistry, Biology and Computer Science involved in the process
of forensic examination.

The book is organized into 11 chapters. Chapter 1 gives introduction to overview of forensic
science and ethics of forensic expert. Here, it has glimpses of FSL and historic people who
contributed to forensic science.

Chapter 2 gives principle of forensic photography and different crime marks and impression.
It emphasizes on procedure for proper documentation.

Chapter 3 describes various types of fingerprints, ridges characteristics and identification.
This chapter also gives insights on detection of latent fingerprints.

Chapter 4 mainly involves on blood, saliva and semen. Here, composition and functions of
blood, saliva and semen are discussed. Various tests and their mechanism of detection of blood,
saliva and semen are explained here.

Chapter 5 deals with Forensic Odontology and Hair. This chapter broadly explains about
forensic aspects of teeth and hair.

Chapter 6 provides information on DNA and structure and functions of the DNA. This
chapter illustrates the importance of DNA in paternity issue.

Chapter 7 deals with various abusive drugs and their ill-effects. This chapter extensively
gives knowledge of how to detect various abusive drugs using chemical and instrumental
technique.

Chapter 8 describes gunshot residue formation mechanism. This chapter explains GSR
collection and its detection using SEM/EDX and other colour-based methods.

Chapte 9 involves explosives and their classification. This chapter describes about properties,
preparation and detection of various explosives such as RDX, TNT, PETN, etc.

Chapter 10 gives various methods to approximate time of death.
And last Chapter 11 details out digital forensic. Mainly, this chapter involves email and

cellphone forensic.
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Introduction to Forensic
ScienceCHAPTER

1

1.1 History
The history of word forensic rooted to way back Latin time where it was known as “forensis”.

By and large it sounds as a legal phrase. We know that in age old time delivery of justice mainly
depended on oral evidence which are most unrealistic, hostile. With emergence of modern science,
Chemistry, Biochemistry, Physics and Biology, today we can produce most sophisticated
evidence of ballistic, blood, biological testing material, hazardous substance, DNA fingerprint,
odontology, serology, geology, narcoanalysis, etc., which makes justice delivery fairer and more
scientific.

Scope of forensic science: Our ancestors may not be well versed with modern type evidence
collection, establishment, and investigation but then and there we have seen from the time of
Kautilya to fictional episode of Sherlock Home or Byomkesh Bakshi and how they used scientific
temperament in the investigation of crime. Forensic science is known as universal science where
many other Science and Engineering branches involve for the investigation. to summarize
following branches, have contribution to forensic science.

Chemistry – Density, mixtures, toxicology, fibres, fire, explosive, DNA, toxicology

Physics – Blood splatters/patterns, trajectory, speed, light

Biology – DNA, Genetics, Entomology, Botany, Zoology

Anatomy – Fingerprints, hair, skeletal-bones

Math – Measurement, Ratios, Algebraic formulas, Graphing, Distance

Ballistic – Gunshot, firearm

Explosives – Bombs, IED

Narcotics – Abusive drugs

Serology – Blood, sweat, semen

Psychology – Human behaviour

Odontology – Dentistry

Photography – Evidence collection at crime scene
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Instrumentation – IMS, GC, TLC, etc.

Computers – Email, messages, data storage

Social Studies – Law, Forensic History

Sophisticated equipment like microscopy, spectrography, spectrophotometry, atomic
absorption spectrometry, different type of chromatography, electrophoresis, mass spectrography,
NMR and polarography are increasingly being used in the crime investigation. While using most
of these methods/techniques for a forensic expert a sound knowledge of Chemistry is essential for
the better accuracy, skill, and performance. As a topic of interest, we can see usage of many
chemicals during forensic test, few are listed here.

Test Chemical

Fluorescent dye stains for fingerprint
visualization

Safranine O
Rhodamine 6G
Sudan Black
Acid Fuchsin
Fluorescein

Fingerprint visualization chemicals Ninhydrin
Phenolphthalein
Amido Black
Lycopodium Powder

Blood detection reagents Luminol
O-Tolidine
Tetramethylbenzidine

Blood grouping reagent Seraclone Murine Monoclona

Tissue or cell fixative
(Fixative - a medium such as a solution
or spray that preserves specimens)

Formalin
Alcohol
Mercuric chloride
Potassium dichromate
Sodium sulfate

Protein stains Coomassie Brilliant Blue G
Crystal Violet
Oil Red O

DNA separation by electrophoresis Polyacrylamide gel

Presence of semen/seminal fluid BCIP
(5-Bromo-4-chloro-3-indolyl phosphate)

Presence of saliva Phadebas (Amylase)

Vaginal fluid Periodic acid Schiff reagent

Identification of urine para-dimethylaminocinnamaldehyde
(DMAC)
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People of Historical Significance
Mathieu Orfila – Father of Forensic Toxicology, published a Treatise on the detection of poisons

Francis Galton – Laid the foundation of modern fingerprints

Karl Landsteiner – Discovered Rh factor of human blood

Calvin Goddard – Ballistic technique

Edmond Locard – Locard exchange principles

Alec Jeffreys – DNA forensic science

1.2 Definition
According to Alfred Lucas, “forensic Chemistry may be defined as Chemistry applied to the

solution of certain problems that arise in connection with the administration of justice. It is
Chemistry exercised in the service of the law”.

1.3 Seven Laws of Forensic Science

1. Law of Individuality
Every object which is natural or manmade is unique. For example, if we consider alike

apples, it may differ at least in size, taste, etc.

2. Law of Exchange Principle
Any person or his weapon which commits crime will almost always leave or take something

away. For example, if a car hit to a person, there is possibility of car paint and victim blood may
exchange.

3. Law of Progressive Change
“Everything changes with the passage of time”. Its impact on forensic science is immense.

The criminal, the crime scene and objects involved in the crime all undergo changes, hence may
become unrecognizable. Its responsibility of forensic expert to avoid any possibilities of such any
changes.

4. Law of Comparison
Like should be compared with like. It is universal truth that one should not start comparing

jackfruit with mango, such comparison leads to nowhere.

5. Law of Analysis
Analysis can be no better than the sample analyzed. the law emphasizes the correct sampling

and packing for effective application. Without analysis of the sample one should not arrive at
conclusion.
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6. Law of Probability
All conclusions may be derived after analysis of probability of maximum occurrence.

Forensic expert before coming to any conclusion on identity of source, event, etc., he must find
probability of maximum occurrence. Probability is a mathematical concept, given by equation,

P = Ns/Ns + Nf

Where, P = probability, Ns = number of successful occurrences of an event and Nf = number
of possibilities of an event get fail. Succeses rate of probability ‘P’ depends on Ns AND Nf.

7. Law of Circumstantial Fact
It states that men may tell lies but not fact. It is not advisable to go blindly with evidence

given by eyewitness or victim. Factual evidences must be investigated in professional way before
arriving conclusion. Truth of an event only realized after proper investigation of evidence only.

1.4 Procedure for Forensic Testing

Crime Scene Examination &
Recording Evidence Collection

Analysis

InterpretationReporting

1.5 Collecting Forensic Evidence
Producing promising proof to court depends on how safely specimen collected from the

crime spot. Hence, it is very important to adopt certain procedure while collecting critical
evidence.

1. At any coast ensure that specimen collected from crime spot should not get
contaminated with other material. Sensitive modern instrumental tool may give errors
with contaminated biological, chemical samples. Take care while preserving digital
evidence also. Any errors of contamination can make the cases to failure at court of law.

2. When any crime happens Collect the specimen as early as possible. For example,
collection of biological samples in case of drugs, sexual offences after week or month
may not give good result. Ideally, specimens should be collected within 24 hours of the
incident.

3. Always handle with appropriate care. Pack/store the specimen in a clean cover with
clear mentioning name of the sample. It should be transported carefully. Whenever
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required specimen should be refrigerated without any delay. In case of sexual/sensitive
cases don’t forget to take consent of the party or related enforcement agency.

4. Label the specimen accurately. All specimens must be clearly labelled with the victim
(or suspect) name and date of birth, the type of specimen details, and the date and time
of collection.

5. Once specimen collected and stored ensure proper security. Only authorized people
should be assigned with specimens’ examination.

6. Once a specimen has been collected, it is always advisable to record further handling of
the specimens. Brief to local authority about protocol followed during recording.

7. Forensic expert must realize that, merit of the case depends on how best proof submitted
to court. Therefore, it is sacrosanct to collect and compile all documents as itemized list
and details of when, and how forensic examination carried out with detailed conclusion
of the process.

General specimen/materials to be collected are as follows:

Specimen/Materials Case Site Tools

Semen Sexual offence Rectum
Genital
Mouth

Cotton swabs, microscope
Slides
Rinse mouth with water and
collect in sterile container

Blood Drug
DNA profile

Venous blood
Blood

Appropriate tube

Urine Drug Genital Sterile container

Clothing All Victim/Suspect Paper bag

Hair All Victim/Suspect Sterile container

Saliva Appropriate Mouth Cotton swabs

Nails Appropriate Victim/Assailant Sterile clippers
Electronic items Cyber/ all Victim/Assailant Tamper proof cover

1.6 Central Forensic Laboratories in India (CFL)

There are seven central forensic laboratories in India, at Hyderabad, Kolkata, Chandigarh,
New Delhi, Guwahati, Bhopal and Pune. These CFL provide services such as;

General toxicology – Various samples collected at autopsy with blood, urine, and stomach
contents and analyzed.

Firearms – Firearm test firings, distance determinations.

Toolmarks – Impressions or scuffs produced on surfaces.
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Questioned documents – Handwritten, typed, copied, computer-generated materials that are
examined for evidence of forgery.

Explosive materials – Liquids, solid material, or burned debris for the identification of
explosive residues.

Controlled substances – Plant materials, powders, tablets, capsules, or other preparations
for identification.

Biological/serology screening – Blood, semen, or saliva in liquid or dried form.

Finger, palm, and footprints – Visible or latent prints lifted or casted from various surfaces
for identification and comparison. Tire and footwear impressions are often.

1.7 Ethics of Forensic Science
We must have ethics in our professional and personal life. The success of the organization/

labs/services depends on ethical standards of individual performing there. Ethics is the study of
ideal human behaviour and the principles which guide that behaviour. The philosophy of ethics
deals with moral issues of right versus wrong behaviours and good versus bad outcomes and
consequences. Ethics is vital to ensuring justice. Unethical forensic scientists can support his own
agenda rather than to promote truth and knowledge. Unethical behaviour wrongfully determines
the fate of an individual. Jury heavily influenced by results of forensic evidence and expert so
evidence should be allowed to accurately speak for itself free of error and/or manipulation. The
manipulation, mishandling, and misinterpretation of forensic evidence can have damaging effects
on criminal cases; therefore, expert must be competent in their duties.

Common ethical standards for forensic scientists are:

1. Forensic scientist must be of good moral and ethical character.
2. Accurate representation of qualifications.
3. Maintain the integrity of the evidence.
4. True and accurate representation of data.
5. Clear and complete documentation.
6. Impartiality of the examination.
7. Impartiality of testimony.
8. Confidentiality and disclosure.
9. Reporting of colleagues who violate the profession’s ethical code.

Review Questions

1. Define forensic science. Give different areas of forensic sciences.
2. Discuss history of forensic science.
3. Give an account for seven laws of forensic laws.
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4. List out some test involved in forensic examinations. Give chemicals required for such test.
5. Explain flow chart of general procedure involved in forensic testing.
6. Enumerate importance of ethics in forensic science.
7. Discuss steps followed in collection of forensic evidence.
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