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DNA Profiling Bill 2007 and the future of paternity disputes

Vinitha Johnson
Student of the National Law University, Jodhpur

Abstract

DNA Profiling is receiving recognition as a highly accurate
means of scientific evidence; the Profiling Bill of 2007 espouses
setting up Data Banks all over the country with such
safeguards as to prevent privacy concerns. One of the most apt
applications of this technique happens to be resolving
paternity disputes; however the bar against disproving the
Presumption of Legitimacy of a Child as granted by the Indian
Legislature through Section 112 of the Indian Evidence Act
may be disproved by limited means. Until the position of law
changes, paternity being disproved is a difficult issue with or
without scientific aid. However, considering the intent of the
Legislature to prevent lllegitimating a child, it is observed that
some things are better left unchanged.

Keywords

DNA Profiling, Paternity, Privacy, Scientific Evidence

Admissible Scientific Evidence: DNA Profiling

DNA profiling is a powerful technology which identifies a
person with the aid of his body substance sample. It is useful
in establishing relationships between people. DNA profiling
helps to identify dead bodies of the unidentified- identification
can be made through the cells of not only the person but also
the relations. Clues can be identified inter se, i.e. bone marrow
source to affirm semen etc, identification of skeletal remains.
The use of such an all pervasive, and highly accurate
technology has to be monitored keeping in mind privacy and
security concerns of the people.

In the USA, the Frye Standard of admissibility of scientific
evidence, which placed credence on how well-accepted among
the Scientific Community a method was gave way to the
Daulbert standard. The Daubert Standard placed reliability on
the variability of a result produced by a scientific method; the
likelihood of a similar result being produced with accuracy how
many ever times the test was conducted and enumerated the
accuracy, universality and reliability of scientific evidence
submitted.

Phenomenon of ‘Social
Biological parentage

parentage’ over

Section 112 of the Evidence Act says that in the event of
separation between husband and wife over a period of ten
months, the child borne cannot be that of the father’s. Widely

'Smt. Kanti Devi & Anr. Poshi Ram AIR 2001 SC 2226
2Section 52 of the Bill
3Section 53 of the Bill

used in Paternity and Matrimonial disputes in our country
despite its contradiction with the provision in the Evidence
Act', the Supreme Court has gone toward accepting DNA
evidence even without corroboration whereas earlier
corroboration was insisted on. Compulsory DNA testing was
advocated at the All India Meeting of Chief Justices of High
Courts on Women Empowerment.

The DNA draft profiling bill 2007

The DNA profiling bill creates a DNA profiling board and
sets standards for DNA laboratories all over the county to
adhere to on matters regarding collection of DNA samples,
maintenance of the technology and the man power. It also
envisages the setting up of National and State level DNA data
banks and outlines the possible situations wherein the data
could be misused and advocates penal action for the same.
Object: DNA profiling is a powerful technology which allows
identification of a person with the aid of his body substance
sample and in establishing relationships between people. The
use of such an all pervasive technology has to be monitored
keeping in mind privacy and security concerns of the people.
The DNA profiling bill creates a DNA profiling board and sets
standards for DNA laboratories all over the county to adhere to
on matters regarding collection of DNA samples, maintenance
of the technology and the man power. It also envisages the
setting up of National and State level DNA data banks and
outlines the possible situations wherein the data could be
misused and advocates penal action for the same.

DNA Profiling Board - Powers and Conduct of Business: The
powers and functions of the DNA profiling Board which are to
advise the Central Government on locations of DNA
laboratories, set standards for the manpower and techniques
deployed, funds to be given, and to supervise and inspect
materials after taking into account new research, to further
facilitate communication between law enforcing agencies, to
recommend privacy protection statutes, international
instruments on privacy and ethical concerns. It also has the
Power of Delegation?. The head office of the DNA Profiling
Board shall be situate at the Centre for DNA Fingerprinting and
Diagnostics, Hyderabad. The Board shall be constituted for a
period of five years. by persons of integrity possessing in-depth
knowledge in related fields like molecular biology and law.
Matters regarding Board conduct such as situations arising out
of vacancy, registration, meeting, quorum, non-attendance
and participation of interested members are regulated. The
Chief Executive Officer is responsible for the day to day
management and submission of financial reports and
statements. The Board also has to submit the Financial Report
at the end of a financial year®.

Rules made by Central Government: Central government can
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supersede the DNA profiling board when the need arises on
account of default, incompetence or in public interest. Both
rules made by the Central Government and the regulations
made by the DNA profiling Board under the act, if passed and
the rules shall have to be laid out before the parliament within
30 days. The Central Government can also make rules about
the judicial admissibility of evidence?, ethical norms, and about
access to information in the DNA Data Banks. The members of
the DNA profiling board, ‘public servants’ as under the IPC
1860 shall have acts done by them deemed to be in ‘good
faith’ and are such pre-empted from legal action. Allegations
under other legislations are, however maintainable.

DNA Laboratories: An Application for approval to the DNA
profiling board along with the requisite fee following
inspection by the board is essential before they start
functioning. Board may inspect their books, and equipment.
Fee, infrastructure, methods employed, documented evidence
system, validation methods employed, are set down by
regulations by the DNA profiling board®. Fee for operation is to
be levied as per regulations. Approval to operate may be
withdrawn, and resort to be had by approaching the central
government. A bar to jurisdiction operates except the Supreme
Court and a High Court exercising writ jurisdiction. The DNA
labs are obligated to maintain a documented quality system®,
maintain standards for quality assurance for DNA testing, and
the Indices as per regulations. It is also essential the security to
minimize contamination of the samples and a documented
evidence control system to control physical evidence different
from that of the Indices is well conducted. A quality manual
has to be maintained which lays down their managerial goals,
objectives, the qualifications of the personnel and specifies the
efforts taken toward proper validation, analytical procedures,
calibration and maintenance and the conduct of audits. The
DNA laboratory shall be headed by a person possessing
educational qualifications of Ph. D Degree in Life Sciences with
knowledge specific to the purpose. Knowledgeable staff, who
keep abreast of new developments are to be employed,
Training of staff t keep up with fresh developments and their
safety is regulated.

Offences under the Act and Penal Action: An employee who
is guilty of passing on the information about the DNA samples
to another party, or who misuses the same, or any other
unauthorized person who willfully obtains such information
will be liable to a fine of Rs 10,000 and imprisonment for three
years. Similarly, destruction, tampering or altering the
biological evidence is also punishable with a fine of Rs 20000
and an imprisonment of 5 years. In case of a company being
the offender, the director will be held liable.

DNA Data Bank: Data Banks were initially born out of a need
to arrest the activities of child sexual offenders; gradually the
scope of offences widened to include felonious offences.
Different countries store data of offenders on varying
parameters such as necessity of conviction, consent etc.
Portugal is ambitious in wanting a Universal DNA profiling
system. On the lines of CODIS, the UK National Data Bank
which is the largest database in the world, the creation of a
National Data Bank by the Central Government and the State
Data Bank by the State Govt is envisaged.

The DNA samples shall be stored in a format as per
regulations. Indices for various categories of data such as
crime-scene index, suspects’ index, an offenders’ index, missing
persons’ index, unknown deceased persons’ index, volunteers’
index, and other indices as may be specified by regulations.

4Section 55(3)
5Section 56 of the Bl

The DNA profiles along with the identity of the person from
whose body substance the profile was derived in case of the
offenders index shall be stored. In other profiles, the case
reference number of the investigation associated with the body
substance or body substances from which the profile was
derived shall be stored.

Access to the data bank is monitored by the Data Bank

Manager and usage of data is restricted. If on receiving a
sample, it is found the sample is already present in offenders
index, then any authorized user will be informed. Related
information to the sample will be released only to courts, legal
tribunals etc. The role of the Data Bank Manager can be likened
to that of the Custodian in other countries: one who supervises
and maintains the collection system and monitors information
release. Release to International organizations is to be done
with the prior approval of the Central Government’.
Nature of Information and Use: DNA Samples, records and
profiles are ‘confidential’. The Use is only inquiry into a
‘specified’ offence, but allowed for accidents, missing persons
etc. Following the Tsunami and the pandemonium of lost
persons, Alec Jeffreys, the Godfather of DNA profiling recently
advocated a universal DNA database to facilitate constructive
action in cases of disasters. Information on the DNA data base
system cannot be used to get the identity of a person, but is
available for inquiry, forensic comparison and population
statistics, identification for police purposes and judicial
proceedings if it is admissible under the law of evidence and to
facilitate decisions in cases of criminal prosecution and
defense.

Records of those convicted, A sensitive issue, as seen in the

furor kicked up over Proposition 69 in the State of California
which stated that the privacy of all citizens was being infringed
by the DNA database - it was subsequently clarified to only
include felons are stored on a permanent basis, unless
acquitted by a ‘Final’ order of the court as is dependant on
provisions of limitation and appeal. On receiving order of
acquittal, DNA analysis of such person is removed. ‘Post
Conviction DNA testing’, as defined in the Bill — in UK
jurisidiction, Criminal Justice and Public Order Act 1994
(CJPOA) and Police and Criminal Evidence Act 1984 (PACE) set
out conditions for intimate and non-intimate sample collection
in the UK is used for exonerating one of an offence punishable
with death or imprisonment wherein identity was a core issue
after swearing his innocence on oath, if the DNA test not
attempted earlier and not waived voluntarily, or there is the
genesis of a new method which is in concordance with his line
of defense. Entry of data into the database is also regulated.
The provision of a one time keyboard search allows comparison
with the index without entering information about the sample
into it.
Offences and Sources for Collection — Specified in Schedule
to Bill: The Schedule to the Bill enlists the offences for which
DNA sample collection is allowed, which are criminal, civil and
relating to organ transplantation, and the sources from where
collection is permitted. Intimate Body Samples can only be
performed by a Registered Medical Practitioner who has
fulfilled certain conditions under the Indian Medical Council
Act.

Sec 112 of the Indian Evidence Act, 1872

The section makes the legitimacy of the child conclusive

5Best Practices to be followed as also suggested by the Final Report of the Interpol European Working Party on DNA Profiling

’Section 35 of the Bill
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and allows one kind of disproof, that the parties to the
marriage had no access to each other. The period of 280 days
is referred to as the ‘period of gestation’ in which the birth of
the child may not be otherwise disproved. Even in the event of
the child being born in the first two or three months, the child
is deemed to be legitimate, though contrary to the biological
laws.

The Indian Evidence system presupposed three kinds of
presumptions; the ‘May’, ‘Shall’ and ‘Conclusive’ presump-
tions; the ‘may’ and ‘shall’ presumption allow room for
disproof, however the conclusive presumption is that which
the court has no choice but to believe in; unless disproved by
the specific conduit allowed by the section, which deals with
proving non-access.

In Chilukuri Venkateswarlu v. Chilukuri Venkatanarayana?,
in a suit for partition by a son of a first wife, the father denied
he was the son by relying on certain documents such as the
deed to pay his first wife maintenance during his wedding with
his second wife, a gift of a house and lastly a civil suit decree
wherein the father had cancelled the maintenance following
certain disputes wherein the father had stated that since his
marriage with the second wife there was no intercourse with
the first. The court on refusing to admit the documents as
evidence reiterated that the only admissible disproof against
the conclusive proof envisaged by section 212 was that of non-
access, which could be proved through any form of evidence,
circumstantial or direct.

Again in a suit denying legitimacy of a step-son by the step
wife, the Supreme Court held® that the conclusive presumption
could only be defeated by proving the father had no access to
the wife at any time the child could have been begotten.

In Goutam Kunder v. State'® observed that the conclusive

8AIR 1954 SC 176

Ammathayee v. Kumaresan AIR 1967 SC 569
9(1993) 3 SCC 418

111924 AC 687

presumption could only be defeated by a strong prepond-
erance of evidence, not a mere preponderance of possibilities.
The maxim pate rest que nuptie demontrant (he is the father
whom the marriage indicates) received weight. Access was
clarified to mean opportunities for cohabitation, not cohabi-
tation itself.

In English Law, as per Russel v. Russel'!, neither a husband
or a wife is permitted to give evidence of non-access after
marriage to bastardise a child born in lawful wedlock. It is
apparent that the intent of the legislature is to keep from
bastardizing the child as far as possible.

Conclusion: Admissibility of DNA Evidence

As regards the admission of evidence such as DNA evidence
and blood tests to dispute or affix paternity, it will be allowed
only if Section 112 is amended as regards paternity disputes as
the only available disputable evidence is of that of non-access.
However, in issue is of identity, or when two women claim a
child, this evidence can be allowed. The Law Commission
Review of the Evidence Act does suggest that other modes of
disproof such as DNA evidence be allowed to break the
Conclusive Presumption drawn under Section 112 of the Indian
Evidence Act; however the suggestion affirms that the
allowance be done only subject to utmost severity.

References

1. Sharma BR, Forensic Science in Criminal Investigation and
Trials, 4th Ed. Universal Law Publishing Co. Pvt. Ltd; Delhi,
2002: 1118

2. The DNA Profiling Bill 2007

Vinitha Johnson / Medico-Legal Update. January - June 2009, Vol. 9, No. 1 3



Fatal mechanical asphyxia
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Abstract

An autopsy study of fatal mechanical asphyxia was
undertaken in the Department of Forensic Medicine, Kasturba
Medical College, Manipal, South India, over a period of 13
years. (1992 to 2005) Out of 2093 cases autopsied, 6.6% of
the deaths were due to mechanical asphyxia. Manner of death
was suicidal in 63.3% of cases. Hanging is the commonest
method (51.8%) followed by drowning. Young adults (45%)
and male sex (67.6%) predominated. About 80% of the victims
died within one hour of the incident.

Key words

Fatality, hanging, manner of death, mechanical asphyxia.

Introduction

Deaths from asphyxia pose many challenges to the forensic
pathologist. The determination of cause and manner of death
in such cases can be an equally daunting task. In some
instances, many questions remain unanswered even after a
meticulous postmortem examination.

Although deaths due to asphyxia are commonly
encountered in this part of the world, the data regarding the
same is meager. So a study was attempted to generate a
comprehensive data for the common problem encountered.

The data, thus, generated may help the authorities in
initiating preventive measures.

Materials and method

The present study is a retrospective research carried out at
the Department of Forensic Medicine, Kasturba Medical
College, Manipal, India.

Postmortem reports, inquest reports from the police and
hospital case sheet formed the basis for the study. The
information regarding age, sex, manner of death, diurnal and
seasonal variation, method of asphyxia and duration of survival
were noted from the aforementioned documents. The data
obtained was tabulated and analysed.

Results

Total number of autopsies conducted at the mortuary of
Kasturba Medical College, Manipal during the period (1992-
2005) was 2093, out of which, 139 cases were deaths due to
asphyxia accounting for 6.6% of deaths. Deaths due to suicide
predominated (Fig.1). Forty victims belonged to 21-30 years of
age (Table 1). Ninety-four victims (67.6%) were males. Majority

Table 1: Age of the victims.

Age (Yrs) No (n=139) %
Upto 10 7 5.0
11-20 22 15.8
21-30 40 28.8
31-40 23 16.5
41-50 15 10.8
51-60 20 14.4
Above 60 12 8.6

Fig. 1: Manner of death.

70 63.3

Percentage
N
o
o

10 3.6 43
0+

Suicide Accident Homicide Unknown

Manner

of the victims died during day time (Fig.2). Asphyxial deaths
were more common during the summer months (Fig.3).
Hanging was the most common method employed (Fig.4) and
112 victims survival for less than an hour after the incident
(Table 2).

Discussion

In the present series, it was observed that the deaths due

Table 2: Duration of Survival.

Time No ( n=139) %
Upto 1 hr 112 80.6
1-12 hrs 8 5.7
12-24 hrs 5 3.6
1-7 days 9 6.5
Not known 5 3.6

Fig. 2: Diurnal Variation.

g Day time (BAM-6PM) [ Night (BPM-6AM) 7] Not known
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Fig. 3: Seasonal Variation.

Fig. 4: Type of Mechanical Asphyxia.

O Summer (MarJune) [@Rainy (July-Oct) FWinter (Nov-Feb)

to asphyxia were 6.6% of the total postmortem examination
performed at Kasturba Hospital morgue during the study
period. This is lower when compared with other work'.
Majority of the deaths in the present study was suicidal in
nature. Our findings are in concurrence with the study from
Bengal'. Less than 4% (3.6%) were homicidal in nature which
indicates a lower crime rate in this part of the world. The
manner was unknown in 6 cases on account of inadequate
information. More than one-fourth (28.8%) of the victims were
in their third decade of life. This finding is in concurrence with
observations made elsewhere'3. The predominance of this age
group in suicidal deaths is their vulnerability to the stresses and
strains of life in the form of financial constraints, employment,
marriage, family etc. More than two-thirds (67.6%) of the
deceased were males. Similar findings were observed from
other reported works'246. Female victims predominated in
Delhi® and Jordan’. Males have more responsibility to shoulder
in the social system prevailing in this geographical location.
When they are unable to meet the needs raised, there is an
increased tendency to end their lives because of frustration.
Majority of the incident occurred during the daytime. It is
reported from Sweden? that fatalities among children seemed
to occur more frequently either in early morning or in the
afternoon. It was estimated that tendency for incidents
involving ailing and/or inebriated persons to occur at night,
while work related accidents occurred during the afternoon?.
The incident commonly occurred during the summer
season in our work. Suicidal hanging steeply increased during
the month of September just before the Durga Puja season and
a sharp fall during the Puja season (October) in North Bengal
region'. More than half (51.8%) of the victims died due to
hanging. It was followed by drowning (45.3%). Manual
strangulation and ligature strangulation were seen in 2 cases
each. Similar findings were seen in the work from Bengal'.
Accidental strangulation was more common in the work
reported from Sweden? and 18% of the victims aged 15-24
years terminated their lives by hanging, as reported from Paris®.
Overwhelming majority of the victims (80.6%) died within
one hour of the incident. Nine victims survived for more than
a day after the incident. Survival was noted upto 17 days in
the study from Delhi®>. More than one-third of the victims
(36.4%) were dead on arrival in one of the work®. The findings

607 518

50 - 453
g, 40+
8
S 30
5
204

101 1.4 14

0
Hanging Drowning Throttling Ligature
strangulation
Type

of our study indicates that early and prompt resuscitative
measures are required for a good prognosis in such cases.

It, thus, seems necessary to impart information and
practical training in cardiopulmonary resuscitation to a broad
spectrum of general public. Public knowledge of accident
mechanisms related to asphyxia, may increase the awareness
of safeguarding in dangerous situations and activities.
Programs aimed at suicide prevention should be actively
promoted. An awareness of the considerable variability that
occurs among populations in suicide methods and rates is
important in determining local requirements for prevention of
suicide campaigns.

References

1. Gupta Saibal, Roychowdhury Udaybasu, Deb Prabir Kumar,
Moitra Rumi, Chhetri Dibyakar. Asphyxial deaths in North
Bengal region. Medicolegal Update 2004; 4(3): 95-98.

2. Flobecker P, Ottosson J, Johansson L, Hietala MA, Gezelius
C, Eriksson A. Accidental deaths from asphyxia. A 10-year
retrospective study from Sweden. Am J Forensic Med
Pathol 1993; 14(1): 74-79.

3. Verma SK, Aggarwal NK, Kohli A. Accidental ligature
strangulation deaths in East Delhi (India). Med Sci Law
2005; 45(1): 47-51.

4. Byard RW, Hanson KA, Gilbert JD. Suicide methods in the
elderly in South Australia 1981-2000. J Clin Forensic Med
;2004; 11(2): 71-74.

5. Wirthwein DP, Barnard JJ, Prahlow JA. Suicide by drowning:
A 20-year review. J Forensic Sci 2002; 47(1): 131-136.

6. Goren S, Gurkan F, Tirasci Y, Kaya Z, Acar K. Foreign body
asphyxiation in children. Indian Pediatr 2005; 42(11): 1131-
1133.

7. Abder-Rahman HA, Abu-Alrageb SY. Killing tools in
mechanical asphyxia. Leg Med (Tokyo) 1999; 1(1): 2-5.

8. Lecomte D, Fornes P. Suicide among youth and young
adults, 15 through 24 years of age. A report of 392 cases
from Paris, 1989-1996. J Forensic Sci 1998; 43(5): 964-968.

Vikram Palimar / Medico-Legal Update. January - June 2009, Vol. 9, No. 1 5



Medicosocial & medicolegal aspects of sexual offences: The
current scenario in an urban location of Western India

Lavlesh Kumar*, Swapnil S Agarwal*, Tapaswi Puwar**, Krishnadutt H Chavali***

*Assistant Professor, Department of Forensic Medicine & Toxicology, KLE University’s J N Medical College, Belgaum, Karnataka,
India, **Research Associate, Indian Institute of Management, Ahmedabad, Gujarat, India, ***Senior lecturer, Department of
Forensic Medicine & Toxicology, Govt. Medical College, Chandigarh, India.

Abstract

Sexual harassment of females is a dark reality that routinely
inflicts on daily lives but in a majority of cases it goes unnoticed
and unreported on account of the innocence of the victim,
stigma attached to the act and callousness and insensitivity of
the law enforcement agencies. A prospective study was done
on 65 cases of females brought for estimation of age at New
Civil Hospital, Surat, Gujarat via medical examination and then
analyzed statistically with EPI 6 software. These cases were
brought as part of investigation of alleged victims of
abduction/ kidnapping and sexual assault. On analysis of these
cases, a surprising trend was observed, reflecting the active
participation of subjects in elopement and involvement with
consent in illicit sexual relationships, which they later deny on
being caught. This is quite contrary to the usual belief of a
predominantly conservative Indian society that the male is
almost always the culprit in such offences. Most of these
subjects were in age group where they are considered as a
‘child’. An attempt has been made here to highlight this
emerging trend.

Key words

Child, kidnapping, abduction, elope, sexual assault,
consent

Introduction

According to the definition of WHO, every individual less
than 18 years old is regarded as a child'. Also the Article 1 of
the Convention of the Rights of the Child, defines “child” as
“every human below the age of 18 years unless under the law
applicable to the child majority is attained earlier”. In the
Indian legal system, “child” has been defined differently in the
various laws?. Kidnapping/ abduction of females with their
sexual harassment is a dark reality that routinely inflicts on
daily lives but in a majority of cases it goes unnoticed and
unreported on account of the innocence of the victim, stigma
attached to the act, callousness and insensitivity of the law
enforcement agencies.

As per Section 361 IPC, whoever takes or entices any minor
under 16 years of age in case of a male, or under 18 years of
age in case of a female [under 15 yrs in State of Manipur], or
any person of unsound mind, out of the keeping of the lawful
guardian of such minor (or person of unsound mind), without

Address For Correspondence:

Dr. Lavlesh Kumar, MD

A-1/1, INMC Campus, Nehru Nagar
Belgaum, Karnataka, 590 010, India
lavleshkumar@hotmail.com

the consent of such guardian, is said to kidnap such minor (or
persons) from lawful guardianship. Punishment prescribed for
the offence is imprisonment of either description that may
extend upto 7 years with fine.

As per Section 362 IPC, whoever by force compels, or by
any deceitful means induces, any person to go from any place,
is said to abduct that person.

Section 366 IPC provides for punishment for kidnapping or
abducting any woman with intent to compel or with the
knowledge that she shall be compelled to marry other person
against her will or in order to be forced or seduced to illicit
sexual intercourse. The section prescribes a punishment of
imprisonment of either description that may extend upto 10
years with fine.

As per Section 369 IPC, to constitute a crime of kidnapping
or abducting a child with the intention of taking dishonestly
any moveable property from its person, the age of such child
should be below 10 years. Punishment of the offence is
imprisonment of either description that may extend upto 7
years with fine.

As per the provisions of Section 375 of the IPC, a man is
said to commit rape if he has sexual intercourse even with the
consent and will of a girl below 16 yrs of age, she not being his
wife [below 15 yrs if his wife] or against the will and without
the consent of a girl above 16 yrs of age>.

Material and method of the study

A study was done on 65 female cases brought to
Department of Forensic Medicine & Toxicology, Government
Medical College & New Civil Hospital, Surat, Gujarat, India.
These cases were brought for estimation of their age as part of
investigation in cases of kidnapping/ abduction with sexual
harassment as alleged by the parents/guardians of the
examinees. Age of these subjects was concluded after noting
the preliminaries [name, alleged age, occupation etc along
with consent for examination and identification marks etc.],
detailed history about the whole incident, general body
examination [build, height & weight], physical examination for
the presence of secondary sexual characteristics, dental status
and appropriate radiological examination to visualize presence/
fusion of various epiphyseal centers in bones.

Later all these 65 cases were analyzed statistically, studying
various variables, using EPI 6 software.

Findings of the study

Majority of the victims (76%) were under 18 years of age
[alleged age as well as estimated age].

Average duration of gap (valuable time lapse — in days) in
incident occurring and reporting to authority is 19. 9 with
standard deviation of 53.44.

On eliciting history of the incident, of all the 65 cases
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Table 1: Shows distribution of type of offences.

Table 5: Shows type of offense and socio-economic status.

Type of offences Frequency Percent Socio-economic status
Eloped and had intercourse 36 55.4% Type of offences Lower Middle Total
Sexual Assault 13 20.0% Eloped and had intercourse| 28 8 36
Kidnapped 8 12.3% Eloped but no intercourse 4 2 6
Eloped but no intercourse 6 9.2% Kidnapped 5 3 8
Abducted 2 3.1% Abducted 1 1 2
Total 65 100.0% Sexual Assault 8 5 13
Total 46 19 65
Table 2: Shows type of offense and alleged age.
Alleged Age Table 6: Shows type of offense and literacy status.
Type of offense >18 years|<18 years | Total Type of offense llliterate | Literate | Total
Eloped and had intercourse 7 29 36 Eloped and had intercourse 18 18 36
Eloped but no intercourse 1 5 6 Eloped but no intercourse 3 3 6
Kidnapped 1 7 8 Kidnapped 5 3 8
Abducted 1 1 2 Abducted 2 0 2
Sexual Assault 5 8 13 Sexual Assault 6 7 13
Total 15 50 65 Total 34 30 65

Table 3: Shows mean age as per type of offense.

Table 7: Shows distribution of subjects according to

Table 4: Shows type of offense and marital status.
Marital status

Type of offense Married | Unmarried |Total
Eloped and had intercourse 6 30 36
Eloped but no intercourse 0 6 6
Kidnapped 0 8 8
Abducted 0 2 2
Sexual Assault 5 8 13
Total 11 54 65

studied, 42 subjects (64.6%) had eloped voluntarily. Out of
these 42 subjects, 33 females (78.6%) were below 18 years of
age [age range varying from 11-18 yrs]. Majority of the
subjects of the study (36 out of 65, 55.4%) revealed eloping
and having sexual intercourse with consent. This was the most
striking revelation of this study. Out of these 36 cases, 29 were
below 18 years of age (80.55%) and out of these 29 cases, 10
(34.48%) were below 16 years of age, the legal age of consent
for a female for sexual intercourse as per provisions of Sec. 375
IPC. Out of 65 cases, there were 6 cases (9.23%) that had
eloped but had had no sexual intercourse; only 2 amongst
them being above 18 years of age.

20% of the subjects complained of having been sexually
abused in one or other way (13 cases out of 65 cases). Out of
36 subjects who had eloped and had sexual intercourse with
consent, as per their own version, 29 cases were below 18
years of age with 10 being below 16 years of age.

Of these 10 subjects below 16 years of age, 1 got married
to the same person after eloping; 8 were illiterate (80%) while
9 belonged to low socioeconomic class (90%).

Of the 19 subjects between 16-18 years of age, one got
married to the same person after eloping; 13 were illiterate
(68.42%) and 13 belonged to low socioeconomic class
(68.42%).

Type of offences | Alleged Mean Age | Standard Deviation occupation.

Eloped and had 16.1 1.7 Occupation Frequency Percent
intercourse Household work/ housewife 50 76.9%
Eloped but no 15.5 2.1 Labourer 7 10.8%
intercourse Student 6 9.2%
Kidnapped 15.6 1.7 Job 2 3.1%
Abducted 17.5 4.9 Total 65 100.0%
Sexual Assault 17.0 5.7

Of 7 subjects falling into the more than 18 years age group,
3 got married to the same person after eloping, 4 belonged to
low socioeconomic class (57%) while 6 were illiterate (85.7%).

Literacy had no relation to the incidents as both the literate
and the illiterate equally were involved in the incidents of
elopement with or without intercourse (Table 6).

Discussion

There is a large child population in India and a large
percentage of this population is vulnerable to abuse,
exploitation and neglect. The phenomenon of ‘Teenage
sexuality’ having its widespread prevalence in western society
seems to make a strong foothold in Indian society too®. This
seems to prosper in 21st century as a consequence of free
mixing between members of the opposite sex; exposure to
increasingly uninhibited mass media; more permissive
family/home environment and the desire to “indulge in it just
for the heck of it".

The study reflects the victims being more frequent among
low socioeconomic class, illiterates and slum dwellers (table 5,
6 & 7) young girls. It is characterized by inadequate sexual
knowledge and much it is attributed to a desire to runaway
‘from the mundane to something new’. Elopement and later
active participation in sexual activity may be a quick decision
but founded on many factors, as it may make them feel free,
unsupervised or it may be a rebellion against adults and
against authorities. Electronic media like the television and
internet may to some extent serve as a surrogate to generate
attractants and designs. Movies and magazines with high
sexual content are increasingly providing a source for sexual
stimulation and experimentation.

The more involvement of adolescent age group can be
explained by the exploitation of the younger girls by the
opposite sex coupled with inquisitiveness, less maturity and
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less resistance on the part of the victim®.

Proposed changes in IPC 376 — (a). New subsection 3 is to
be added for rape on girl less than 10 years punishable with
death and (b). New subsection 4 is to be added for incestuous
rape punishable with death may generate vivid reactions
among population but authors are strongly positive towards
these proposed changes to be incorporated.

Conclusion

The primary responsibility of protecting children from
abuse and neglect lies with the families or the primary
caregivers. One strong key to control the prevalence and
eventually getting rid of this situation is empowering children
with knowledge in general and about their own bodies and
what constitutes appropriate and inappropriate behaviour and
contact with person they interact with. They also need to be
made aware of Indian laws pertaining to consent for sexual
intercourse, marriage, kidnapping and abduction.

The parents can contribute in a major way to make these
children stay at home, one simple ‘win over’ gesture is to
communicate, listen, help, understand, and try solving the

problems patiently. After all, children wish to see themselves as
mirror images of their parents.
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Acute poisoning, a common clinical emergency, is one of
the important causes of morbidity and mortality in the world.
Whole range of complex poisons like medicines, occupational
poisons, house hold poisons, chemical poisons in the form of
pesticide used in farming, affect the population. Death may be
either suicidal, accidental or homicidal. Sometimes people may
die due to overdose of drug or even therapeutic dose of drug
may end the valuable life. Usually doctors manage these
patients on the basis of presumptive diagnosis that may be
based on patients’ relative statement or some circumstantial
evidences of the event that took place. So this is very difficult
for a doctor to predict and make specific management plan in
accordance with poisons and drugs what the person has
consumed? Toxicological detection by various analytical
methods would be reliable in these cases.

Analytical support is often necessary to confirm the
diagnosis and management of poisoning cases'. Analytical
toxicologist will play an important role in diagnosis of specific
poisons and management of these patients. Only toxicologist
who knows the basic skill in clinical domain and knowledge of
different analytical methods of detection of specific poisons
and drugs can help hospital wing for predicting the prognosis
of the patients?.

Need of analytical methods

Study of Poisons is nearly always analytical in nature
because the interpretation of the actions and effects of drugs
depend on the qualitative and quantitative estimation of
consumed poisons. Many scientific analytical methods have
recently been developed for detection of poisons. There are
many medical or medico legal aspects that require toxicological
analysis of biological samples. Like ......

* To assess the outcome (prognosis) of a case of poisoning.

* When negative results puzzle the pathologist.

*  When drugs are the direct cause of death (confirmation of
toxic exposure).

e The cause of death is known but nature of drugs is needed
to clarify the circumstances (the type of poisons)3.

Here we will look into the applications of analytical
toxicology to the problem of testing biological samples of
poisons and drugs.

Sample collection

Toxicologist routinely test blood & urine specimen, and
when available, various other fluids like eye fluid, stomach
contents and bile*. Usually in living subjects, blood, urine and
even hair can be taken as sample, while in postmortem cases,
these samples would most likely supplemented by tissues from
different organs of body®. Enzymatic and colorimetric methods
or TLC method are used as an initial or screening test for
poisons or drugs (qualitative detection).

Chromatographic method like, HPLC, GC, GC-MS are used
for quantitative testing of specimen for drugs and poisons®.
For heavy metals poisoning such as arsenic, mercury, cadmium
and lead, can be assessed by AAS. So a variety of modern tools
are available in analytical laboratory to detect and quantify
poisons. The most common instruments include TLC, HPLC, GC,
GC-MS and AAS. Immunoassay testing can be used for
screening both blood and urine specimen for a variety of drugs
likes opiates, amphetamines, barbiturate. Benzodiazepine &
cocaine.

Comparison of Analytical Methods in Toxicity’

S.No. Method Specificity | Sensitivity| Speed
1. |TLC + + + + + +

2. | HPLC + + + + + + +

3. | GC + + + + + + +

4. | Spectrophotometry| + + + + + +
5. | GC-MS ++++ [+ ++ 4+ [+

6. Immunoassays + + + + + + ++ 4+ +

Various Analytical Methods in Poisons or
Drugs Detection

Thin Layer Chromatography

Thin Layer Chromatography (TLC) is a qualitative separation
technique that can analyze many samples simultaneously®. In
TLC, a mobile phase (a mixture of organic solvent) is run across
a stationary phase (silica gel spread on gloss plate), the sample
to be analyzed are spotted near the bottom portion of the
plate, about one centimetre from the base and allowed to dry®.
The plate is then dipped in to a suitable solvent, such as
ethanol and water, and placed in a sealed container. The
mobile phase will move up across the plate by capillary action.
As the solvent moves past the samples, the component of the
samples will migrate and speed of migration depends upon
the relative affinity of the component for the mobile phase
compared to the stationary phase, when the leading edge of
the solvent reaches the top of the plate, then it is removed
from the chamber and allowed to dry. The location of the
sample component can then be visualized. As the chemical
being separated may be colorless, several methods are used to
visualize the spots. It is convenient to use iodine vapors for
initial visualization of spots'®. Often a small amount of a
fluorescent compound, usually manganese-activated zinc
silicate, is added to the adsorbent that allows the visualization
of spots under a black light (UV254). Once visible, the Rf value,
or Retention factor, of each spot can be determined by dividing
the distance traveled by the product by the total distance
traveled by the solvent (the solvent front)''. These values
depend on the solvent used, and the type of TLC plate, and are
not physical constants.
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High Performance liquid Chromatography

HPLC is a form of column chromatography used in
analytical toxicology to separate, identify, and quantify
compounds. HPLC is similar to TLC and GC in that there is both
mobile phase and stationary phase, sample components are
separated on their relative affinity for the two phase.

Types of HPLC"?

S. No.| Types of HPLC
1. | Normal Phase

Chromatography

Remarks
Stationary Phase—Polar. Mobile
phase — Non-Polar. It is based on
polarity. It operates on the
principle of polarity interactions
StationaryPhase—NonPolar Mobile
phase — Polar
It operates on the principle of
hydrophobic interactions
It separates particles on the basis

2. | Reversed Phage
Chromatography

3. | Size Exclusion

Chromatography | of size, e.g. Heparin
4. |lon Exchange Retention is based on the
Chromatography | attraction between solute ions
and charged sites bound to the
stationary phase. lons of the
same charge are excluded.
5. | Bioaffinity It is based on the property of
Chromatography | biologically active substances to

form stable, specific, and
reversible complexes

The stationary phase in HPLC is a column paced with solid
particles and the mobile phase is a liquid solvent. The sample
to be analyzed is injected in small volume to the stream of
mobile phase and is retarded by specific chemical or physical
interactions with the stationary phase as it traverses the length
of the column'3. The amount of retardation depends on the
nature of the analyte, stationary phase and mobile phase
composition. The retention time is considered a reasonably
unique identifying characteristic of a given analyte. The use of
pressure increases the linear velocity (speed) giving the
components less time to diffuse within the column, leading to
improved resolution in the resulting chromatogram. Common
solvents used include any miscible combinations of water or
various organic liquids (the most common are methanol and
acetonitrile). Water may contain buffers or salts to assist in the
separation of the analyte components, or compounds such as
trifluoroacetic acid which acts as an ion pairing agent.

A further refinement to HPLC has been done by varying the
mobile phase composition during the analysis; this is known
as gradient elution. A normal gradient for reversed phase
chromatography might start at 5% methanol and progress
linearly to 50% methanol over 25 minutes, depending on how
hydrophobic the analyte is. The gradient separates the analyte
mixtures as a function of the affinity of the analyte for the
current mobile phase composition relative to the stationary
phase.

HPLC column may be coupled with any one of a number of
different detectors that identify the presence of compounds
eluting from the columns. Refractive index detectors compare
refraction of light between the solvent alone and the solvent
coming off the column, while other detectors measure light
absorption or florescence. HPLC like GC can also be attached
with mass spectrometer to create HPLC-MS combination

Gas chromatography-Mass spectrometry
Gas chromatography is a type of chromatography in which
the mobile phase is a carrier gas, usually an inert gas such as

helium or an uncreative gas such as nitrogen, and the
stationary phase is a microscopic layer of liquid or polymer on
an inert solid support, inside glass or metal tubing, called a
column. The instrument used to perform gas chromatographic
separations is called a gas chromatograph'™. Gas
Chromatography is different from other forms of
chromatography (HPLC, TLC, etc.) because the solutions travel
through the column in a gas state. The interactions of these
gaseous analytes with the walls of the column (coated by
different stationary phases) causes different compounds to
elute at different times called retention time. The comparison
of these retention times is the analytical power of GC. This
makes it very similar to HPLC. A detector then produces a signal
as sample components exit the column. Flame ionization
detector is most common types of detector used with GC. The
ions generated in this process produce electronic signal that
can be measured.

Mass spectrometry is one of the effective technique, which
is often used in combination with GC in analytical toxicology.
As sample components exit the GC column, these are siphon
off into a vacuum chamber in mass spectrometer, where they
are hit by beam of electrons. These release electrons from
sample molecules, creating positive ions and breaking them
into fragments. These ionized fragments are then passed
through an electromagnetic field, which separates them by
their mass/charge ratio, the resulting graph between
abundance and mass/charge ratio is specific for particular
poison or drug'®.

Atomic Absorption Spectroscopy

Atomic absorption spectroscopy (AA or AAS) is one of the
commonest instrumental method for analyzing metals and
some metalloids'®. AAS function is based on Beer-Lambert
law?2. Atomic absorption spectroscopy (AAS) determines the
presence of metals in liquid samples. Metals include Fe, Cu, Al,
Pb, Ca, Zn, Cd and many more. It also measures the
concentrations of metals in the samples. In their elemental
form, metals will absorb ultraviolet light when they are excited
by heat. Each metal has a characteristic wavelength that will be
absorbed. The AAS instrument looks for a particular metal by
focusing a beam of UV light at a specific wavelength through
a flame and into a detector'. The sample of interest is
aspirated into the flame. If that metal is present in the sample,
it will absorb some of the light, thus reducing its intensity. The
instrument measures the change in intensity. A computer data
system converts the change in intensity into an absorbance and
help in estimation of concentration of particular metal. So AAS
technique makes use of absorption spectrometry to assess the
concentration of an analyte in a sample.

Immunoassays

An immunoassay is a biochemical test that measures the
concentration of a substance in a biological fluid, typically
serum or urine, using the reaction of an antibody or antibodies
to its antigen. The assay takes advantage of the specific
binding of an antibody to its antigen (drug or toxicant). Most
common immunoassay is Enzyme —Multiplied Immunoassay
Technique (EMIT)'®. This is frequently used to detect the
presence of drugs in urine. In EMIT, the first step is to prepare
a labeled version of the drug or toxicant of interest. Here the
label is enzyme that is attached to drug or toxicant. The labeled
drug or toxicant is then combined with an antibody prepared
against it, and binding is allowed to occur, which inactivate
enzyme. Then the sample being tested is added, and if it
contains the drug or toxicant of interest, it will displace some
of labeled drugs or toxicant from binding to the antibody. This
displacement will the be detected by an increase in activity of
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enzyme

Various Analytical Methods & Toxicological Diagnosis'

S. No.| Poison or Drug Analytical Method for
Detection of Poison
1. | Antipsychotics TLC, HPLC, GC, GC-MS
2. | Acetaminophen GC
3. | Anticholinergics TLC, HPLC, GC, GC-MS
4. | Alcohols TLC,GC,GC-MS
5. | B- blockers TLC,GC,HPLC
6. | Carbon monoxide | SM
7. | Cyanide SM
8. | Heavy metals AAS
(As Ld, Hg etc)
9. |[lron SM
10. | Narcotics TLC,GC,GC-MS
11. | Oral hypoglycemic | TLC, HPLC, GC
12. | Organophosphates| TLC
13. | Ranitidine TLC (20)

14. | Sedatives

TLC, HPLC, GC, GC-MS (21)

15. | Salicylates

HPLC, GC, GC-MS

16. | Theophylline

HPLC, SM

Summery & Conclusion

The practical applicability of these techniques are not only
limited to detection of poisons and drugs in patient, but has
broader domain then these. We can apply same techniques in
monitoring purity of drugs & medicine supplied by
Pharmaceuticals Company to hospital. If is there any
adulteration, then up to what percent it has been adulterated
or what is the real constituents of drug (i.e. drug monitoring)?

Second role is in environmental toxicology- like detection
of heavy metal like arsenic, mercury, lead etc. in drinking water,
soils, flora and fauna of that place, and whether food and
water resources for us, are free from toxic substances or not ?
So, Analytical toxicologist can help in many ways to our society
and help in keeping us free from poisons or drugs hazards.
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Identification

Do’s

Establish a perimeter and maintain security during the on-
the- scene investigation.

Have consecutive numbers for bodies and related personal
effects in mass disasters.

Establish and maintain a chain of custody for physical
evidence.

Obtain consultative assistance of physical anthropologists,
dentists, radiologists, and other specialists, as indicated, if
required.

Obtain all available and relevant records for review and
correlation with the investigation and pathologic findings.
Examine, describe, record and tabulate results of
examinations for comparison with known information.
Obtain photographs, X-rays and other special studies
required for identification.

Don’ts

Do not consider the burned, decomposed, mutilated, or
skeletal remains as unsuitable for examination.

Do not fail to recognize artifacts and postmortem injuries.
Do not attempt to examine commingled skeletal remains
as such without segregating the bones and arranging
them in anatomic order.

Do not rely only upon personal identification by relatives or
friends.

Do not place specimens for toxicological studies in
formalin solution.

Do not confuse the remains of animals with human
remains.

Do not fail to prepare a contingency plan for a disaster in
your community.

Potmortem changes and artefacts

Do’s

12

Visit the scene of death and look for associated evidence in
all cases where the length of postmortem interval or time
of injury or death may be in question.

When pertinent record the rectal temperature at the onset
of the investigation and at intervals thereafter in order to
establish the cooling curve and hence the time of death.
Look for the tracks of the “silent absent” invaders such as
mice, rats, roaches, crabs, fish, turtles, which may explain
peculiar lesions on the body surfaces.

Collect and properly preserve specimens of larvae, beetles,
etc. in appropriate cases.

Beware of hasty conclusions of ante mortem injury in fire
victims where heat artifacts are frequently misleading.
Exercise extreme care in removing neck organs to prevent
artifacts of art factual fractures of hyoid bone or the
thyroid cornua.

Don’ts

Do not fail to photograph in both and colour and
black&white all unusual lesions which are not readily and
surely identified and refer to consultants who may assist
you in correct interpretation of the findings.

Do not led into premature guesses of the time of injury
without evaluating all available evidence and taking into
account the possible interval of survival from injury to
death.

Never use mallet and chisel to remove the calvarium if
there is a possibility that death may have resulted from
cranial injury.

Never open the skull in a suspected cranial injury case until
the circulation has been decompressed by opening the
heart.

Autopsy (Procedures)

Don’ts

Do not assume the cause of death prior to actual
completion of the autopsy.

Do not confuse time of death with time of infliction of fatal
injury.

Preservation of medico- legal evidence

Do’s

Do prepare before hand.

Do protect the scene.

Do allow wet clothing to dry.

Do identify all specimens.

Do provide information and adequate instructions in
regard to specimens so as to assist and direct chemical
analyst (or evaluation of laboratory findings.

Do know to whom you give any evidence.

Do collect adequate samples.

Do store and transport specimens properly.

Do use clean container.

Do take all medicinal and substances found on and about
the body and at the scene.

Do evaluate all the evidence before making conclusion.
Do examination of clothing before removing from the
body and then remove and preserve any loose items.

Do have photographs prepared of the body and the scene.

Don’ts

Do not alter the scene needlessly.

Do not put objects through defects in clothing/ wounds.
Do not cut, tear or otherwise alter clothing.

Do not use instruments contaminated with embalming
fluids to collect specimens.

Do not unite knots or cut knots or cut material; make notes
so that reassembly is possible.
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Time of death — Time of injury Don’ts
* Do not attempt to narrowly define time of death on

Do’s physical evidence only.

« Document by objective description and photography all * Do not categorically state an injury is ante or postmortem
evidence of trauma. without adequate descriptions, photographs and

 Take adequate microscopic sections of questionable items. microscopic sections.

e Take accurate temperature readings of the body and the
surroundings in which it is found.
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Abstract

Background

The day was March 7, 2006, when Varanasi the Hindu holy
city of Uttar Pradesh-India's biggest state was rocked by twin
blasts at around 6.20 P.M. The first blast took place inside the
famous Sankat Mochan temple. The sound of explosion was
heard even inside writer's house which is 3 kilometers away.
The bomb was of high intensity. Within few minutes a similar
explosion in the lounge of the Varanasi Railway station
followed. The impact of blast at railway station was so
powerful that it left a deep crater on the platform. The area
was splattered with blood and human remains.

Method

The data for this study was collected from the dead bodies
brought into the mortuary of our department.

Results

Sixteen bodies came to the mortuary of our Department
for autopsy. Six victims died due to shock and hemorrhage,
two victims died due to coma, one victim died due to coma
and hemorrhagic shock both and seven victims succumbed to
death instantaneously as a result of blast effect to vital and
visceral organs.

Conclusion

Bombs were planted inside the pressure cooker. Forensic
tests confirmed the use of ammonium nitrate and RDX in both
explosions.

Introduction

Terrorism is an act of violence, mostly directed at civilian
populations and aimed at inflicting mass casualties’. Terrorists
mainly exercise unpredictable destruction to attack the citizens
of government they oppose, causing uneasiness and fear in
those societies?.
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Violence, considered as a sort of communication module
for terrorists is made of aggressiveness derived from personal
unresolved conflicts®.

Terrorists choose bombing as a tactic for its potential to
inflict mass casualties and therefore to subsequently exert
political pressure to achieve their aim. Targets of choice are
busy public places with poor security and where mass
casualties at likely to occur'.

According to Pear and Williams the highest terrorist risk
emanates from extremist Islamic groups’ 2,756 people died in
terrorism related violence in India in 2006*. Terrorism is that
threat that affects us all equally. It takes a daily toll across the
world. It is the most vicious among international crimes, the
most pervasive, pernicious and ruthless threat to the lives of
men and women in open societies and to international peace
and security®.

The aim of this report is to provide a detailed analysis of the
autopsy findings of victims of Varanasi Railway station and the
famous Sankatmochan Temple bombings in 2006 and
emphasize the importance of scene investigation and autopsy
procedure for deaths due to terrorist bombings.

Methods

The data of the materials was collected from the sixteen
deceased that were brought for medico legal postmortem
examination. 16 cases for the present study were selected from
the dead bodies brought into the mortuary of Department of
Forensic Medicine, Institute of Medical Sciences, Banaras Hindu
University, Varanasi, India. We also reviewed police records and
reviewed the published accounts in newspapers o the incident
from eyewitnesses’ interviews. Ethical consent for the report
was obtained from the review board at BHU.

Chronology of events on March 7, 2006

Two powerful bombs went off within minutes of each
other at the famous Sankat Mochan temple and the
cantonment railway station in Varanasi on Tuesday evening,
killing at least 10 people and injury 60 others. Late night
reports said the death toll could be higher. The first blast took
place at the Sankat Mochan temple, near the Banaras Hindu
University around 6.30 p.m. About 4,000 devotees had
assembled at the temple to offer Tuesday aarti. Around 20
minutes later, another powerful bomb rocked the waiting
room on platform number one at the Cantonment railway
station. Reports said at least six were killed and over 40 people
were critically injured in the blast. Even before the city
recovered from the state of shock, four more live bombs were
recovered from, different areas of the city. The modus operandi
of all the blasts was similar with pressure cooker used for
planting explosives. Packed with explosives, the humbler
cooker became a deadly force multiplier. The bomb is triggered
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by an alarm clock completing a circuit. The blast wave from an
RDX explosion travels at over 8,000 meters per second from
the confined of a cooker the wave has thrice the force. Nepal’s
Maoists first used cookers in a wave of attacks, which led India
to ban their export in 2003. They were first used in the Varanasi
blast of March 7, 2006 killing 21 (unofficial death toll). This
was the second major terrorist attack in Uttar Pradesh in less
than one year. Earlier, Jaish-e-Mohammed militants carried out
a suicide attack at the Makeshift Ram temple in Ayodhya.

Explosive used wax oil fuel based ammonium nitrate, nitrite
and charcoal containing bomb laced with small quality of RDX.
The nature of explosive materials used became clear after
examination of unexploded live bomb planted at various areas
of the city and scene of crime by forensic team, later on the
sketches of the suspected victims of these blasts were drawn
after interviewing owner of a shop where they had left a
pressure cooker bomb and other eye-witnesses.

Results

e Most of the victims of this blast were male(94%)[Table 1]

e Majority of them belonged to age group 21-40 years (57%)
followed by 0-10 years of age group (13%) and 12% of the
victims were in the age group 61-70 years [Table 2]

* The cranial region was found to be the most common in
single body region injuries- 2 cases, while the combination
of head, chest and abdominal region has the highest
frequency in multiple body region injuries 3/ 16 cases
[Table 3]

e Of the sixteen victims with bodily injuries, seven died
instantaneously as a result of the blast effect to vital and

Table 1: Sex of victims.

Sex of Victims No of cases %
Male 15 94

Female 1 6
Total 16 100

visceral organs. Three victims survived for one day and two
victims survived for more than two days. Four victims of
blast injury collapsed within an hour to half a day.[Table 4]

* OQut of total 16 victims of this blast incident, 7 died on
spot(i.e. the event place), 7 succumbed to death during
treatment in the hospital and 2 unfortunate victims died
on the way to hospital.[Table 5]

e As a result of blast effect to various body parts, 7 victims
out 16 died immediately at the event place. Among the
remaining victims shock and hemorrhage alone or in
combination with coma was the commonest cause of
death (7 victims) followed by coma (2 cases) [Table 6]

In addition to these findings depicted by the tables there
was the evidence of body tissue penetration in almost all the
victims by molten metallic pieces of pressure cooker (i e splinter
material). Intense heat energy liberated from explosion which
results in secondary blast injuries. During autopsy these molten
metallic parts of pressure cooker were recovered from the
different body parts of the victims. Residues of explosive
material were deposited on the body surface of the blast
victims. Even handle of pressure cooker was recovered from
the event place which clearly indicates the modus operandi of
this blast.

Discussion

Terrorism kills many innocent people in the world every
year.

Out of total 16 victims, 15 victims (94%) male. male
predominance nay be attributed to the presence of basically
males as the target of terrorists supported by M S Yavuz et al®
(Table 1).

Although the age of the cases varied from 0-70 years, most
of the cases (57%) were between 21-40 years. This finding is
supported by Kumar M et al'", who stated that most of them

Table 4: Period of survival in the victims of bomb blast.

Table 2: Number and percentage of total victims. Period of survival No of victims (cases) %
Age (in years) | No. of victims (case) % Instantaneous death 7 44
0to 10 2 13 Within one hour 2 12
11to 20 1 6 Within half day 2 12
21to 30 3 19 One day 3 19
31 to 40 6 38 Two days and above 2 13
41 to 50 1 6 Total 16 100
51 to 60 1 6
6110 70 2 12 Table 5: Places of death of victims of bomb blast.
total 16 100 Place of death No of Victims %
On Spot 7 44
Table 3: Disjcri_bu_tion of sixteen cases according to body regions On the way to Hospital 2 12
faced fatal injuries. | .
- — n the Hospital 7 44
Body region Parts No. of victims Total 16 100

Injury to head 2

Injury to neck

Table 6: Cause of death of blast victims.

1
Injury to thorax 1 Cause of death Number | Percentage
Injury to abdomen 0 of cases of cases
Injury to single Injury to extremities 0 Coma 2 12
body region Shock and hemorrhage 6 38
Head, chest and abdomen 3 Coma and hemorrhagic shock 1 6
Head and chest 1 (both)
Chest and abdomen 1 Instantaneous death 7 44
Injury to multiple|  Abdomen, Neck and 1 Asphyxia 0 0
body regions Extremities Total 16 100
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belonged to the age group 13-35 (71%) which is the main
productive age group’ (fig. 1).

In our study the ratio of multiple traumas was 38% (in six
victims). In a study conducted in Paris on a bomb explosion,
the ratio of multiple traumas was reported as 57%°58.
Polytrauma are frequent with bombing. They mentioned that
per patient, 5.4% body regions were injured in the most
severely injured group?® (Table 3).

Out of the studied 16 victims of this terrorist bombing, 7
victims (44%) had died instantaneously and 2 victims were able
to survive up to one hour, hence maximum mortality took place
within an hour after blast event i e 9 cases (56%). Arnold et al
reviewed 29 terrorist bombing between 1966 and 1988
causing a total of 8364 casualties of which 903 died
immediately. He found that, on average, immediate death
occurred in 4% of victims in open air spaces, as compared to
8.3% of victims in confined spaces, however this figure
dramatically increase to 25% when structural collapse
occurred’ (table 4).

Fig. 1: Number and percentage of total victims.
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Fig. 2: Cause of death of blast victims.
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Fig. 3: Places of death of victims of bomb blast.
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Image 1: Pressure cooker bomb.

Image 2: Mechanism of detonation of a pressure cooker
bomb.

The Mechanism

Image 3: A deep crater created at the blast site of Varanasi
railway station.

Image 4: Scattering effect of splinters and corresponding
surface trauma features on posterior aspect of body with
charring effect at entrance wound.
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Image 5: Blown away half of the body parts due to high
intensity explosive blast.

Image 6: Extensive deposition of explosive material in a thin
layer of whitish brown color with scorching, tattooing and
splinter caused trauma effects.

Image 7: Explosive splinter effect of various size & shape and
exposed thoracic and abdominal cavity (omentum visible).

Amongst the 16 victims of bomb blast, 7 victims (44%) had
died immediately in the event place (i e spot death), 7 cases
succumbed during treatment at hospital and 2 victims (12%)
died on the way to hospital. Frykberg et al reported that 234
(68%) of 346 casualties immediately died after 1983 Beirut
Airport terrorist bombing. In the study conducted by M S Yavuz
et al on 120 cases they found that 87 (72.5%) of the cases had
died immediately in the event place and 33 of cases (27.5%)
had died at hospital® (fig. 2).

7 victims (44%) died instantaneously as a result of blast
effect to various vital body parts. The remaining 9 victims

succumbed either due to shock and hemorrhage alone or in
combination with coma (44%), and 2 victims (i. e. 12 %) died
exclusively due to coma.

Although it was reported that head injuries are the leading
cause of deaths due to bomb explosions, and thoracic injuries
and burns follows it® (fig. 3).

Foreign materials removed from the corpses are very
important in determining the attribution of the events and
types of the bomb. | have observed that radiology is important
for postmortem identification. While conducting our study, we
saw that although those scenes were investigated by
experienced police man and those autopsies were performed
by experience forensic examiners there were some
inadequacies at scene investigation and at autopsies of corpses
died as a result of bombings®.

Conclusion

Terrorist bombing have emerged as a constant threat.

A thorough understanding of detonation and blast
dynamics by the treating teams is required to better correlate
the injury patterns presented. Help in preserving the scene of
crime so that Forensic Experts can come to the conclusion
easily as terrorist violence is criminal and requires an expert
forensic investigation. In short, terrorism has gone global. It
can only be defeate4d by organized international action and it
should be the primary task of all open and plural societies to
develop collective means for tracking this menace of terrorism.

Or why not call terrorism something else and perhaps it
might still convey the stench of the worst unimaginable cruelty
humankind has ever known. But hey, can terrorism and the
death of innocent people ever be justified.
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Abstract

Drowning is one of the common causes of death. Nature of
drowning has been categorized as suicidal, accidental and
homicidal. A record of drowning of any particular place can
reveal the information about the exact number and types of
drowning. Simultaneously, the most common age group and
gender of drowned victims can also be traced. The present
work has been carried out in order to make comparison of
various drowning cases happened in various district of Punjab
in year 2005 and 2006. Information regarding the drowning
causalities was collected from the police records and this data
was used in the elucidation of the percentage database charts
revealing age groups of drowning persons, nature of
drowning, types of drowning site, gender type of drowned
persons and percentage of drowning cases in a particular area.
This study is supposed to be of immense help in understanding
the patterns of drowning in Punjab. Forensic investigators and
other Law enforcement agencies can take benefit of this study.

Introduction

Drowning is one of the leading causes of death. Punjab
state has a big trap of the rivers and canals, which enhances
the scope of drowning cases. Therefore, a large numbers of
cases of drowning are reported every year in Punjab. According
to Srivastava et al. (1987) drowning is most common means of
death in India. Warneke et al. (1994) found that patterns of
drowning vary by geographic area, depending on the local
physical and social environment. Other earlier studies made by
Walker and Crawford (1968); Park et al. (1974); Srivastava et al.
(1987); Howland et al. (1996); Joseph et al. (2003); Lunetta et
al. (1998 & 2004) have also analyzed drowning to determine
their relationship with age, race, alcohol, preexisting disease
and other factors. Stevenson (2003) conducted a study to
investigate the causes of child drowning. This 12-year
observational period (1988-2000) revealed that 50 children
younger than 5 years drowned in private swimming pools in
Western Australia.

This study examines annual counts of deaths from Punjab
data for a period 2 years (2005 & 2006). This study has
provided potentially useful data concerning victims and
circumstances of drowning in Punjab. The present study is
based on the observation taken from the score of variables that
includes type of drowning site, nature of drowning, age
groups, and gender type of drowned victim. Significant
seasonal drowning patterns were found in all of the age and
cause of death groups. This 2-yearly study has revealed some
important facts about drowning cases occurred in Punjab. This
effort is supposed to be of immense help in various medico-
legal studies related with drowning cases but need for more
valid information and for further studies along various lines is
also emphasized.

Methodology

Collection of Data
The data related to the drowning cases was collected from
the various district offices of Senior Superintendent of Police.
Chandigarh (capital of Punjab) was also undertaken for this
study. The study is based on the interpretation of drowning
cases recorded by the police in two years i.e. 2005 & 2006.
Following seventeen districts along with capital of Punjab
were surveyed for the collection of data:-
Amritsar
Kapurthala
Baranala
Mansa
Bathinda
Mohali
Faridkot
Mukatsar
Fatehgarh sahib
10. Nawanshahar
11. Ferozpur
12. Patiala
13. Gurdaspur
14. Roopnagar
15. Hoshiarpur
16. Sangrur
17. Jalandhar
e Chandigarh (Capital)

LoNOUAWN =

Interpretation of Data

After collecting information about the drowning cases, the
data was interpreted and percentage of various parameters
applied for this study was calculated. These parameters include
gender ration (male and females); mode of drowning
(accidental, suicidal, homicidal and unknown) and age group.
District wise and state wise interpretations were made and
database has been prepared separately and collectively in both
years.

Following score of variables (parameters) were set for
preparing database:-
1. Total number of drowning cases happened in Punjab in
2005 and 2006
. Individually
. Collectively
2. District wise Percentage of drowning
. Among males and females
o Suicidal, homicidal, accidental and unknown
3. District wise percentage of drowning
. District with highest percentage
. District with lowest percentage
4. Mode of Drowning (State level and District wise)
. Suicidal
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. Homicidal

. Accidental

. Unknown
5. Age group of drowned victims

. Children (1-14 years)

. Adult (15-25 years)

. Older (more than 25 years)
6. Types of drowning site

o Rivers
. Canals
o Wells
. Ponds
Results

The information was gathered and extracted in variable
scores like gender type, nature of drowning, area type of
drowning and age group of drowned deceased. Comparative
study of two years (2005 & 2006) has provided some
noticeable facts about the drowning cases happened in
Punjab. It is evident from Table-1 and Graph-1 that a significant
change occurred in the drowning percentage of gender type.
Database has been presented both separately and collectively
of year 2005 and 2006. About 536 cases of drowning were
reported in Punjab (2005 to 2006), and 269 and 267 cases of
drowning were reported individually in these two years
respectively. No significant difference was observed in the total
number of cases held in year 2005 & 2006 but there was a
significant change to be noted here was the variation in the
gender of drowned victims. On the verge of an average, both
collectively and individually, about 80% of the drowned victims

Graph 1: Showing percentage of drowning in male and

were males while remaining 20% were found to be females in
both selected years. Table-2 reveals the district wise survey of
drowning in both years. Roopnagar district was found the hub
region with maximum number of drowning cases i.e. 72
(14.28%) in two years. Most of the male deceased were of age
group of 15-25 years. Most of the drowning took place in
rivers and canals while a few cases occurred in wells and
ponds.

Another detail survey has revealed that maximum number
of drowning cases i.e. 37 (15.04%) took place in Roopnagar
district particularly in year 2005. In Table-1 and Graph-2
interesting observations about the number of drowning
percentage could be traced. In the same year (2005),
accidental drowning was recorded with highest percentage i.e.
54.8%, followed by other unknown or miscellaneous cause i.e.
30% collectively in both years, while homicidal drowning was
recorded lowest in percentage i.e. 4.5 only, and few suicidal
cases of drowning were also reported. Year wise distribution
revealed that highest percentage of accidental drowning i.e.
190 (73.08%) took place in year 2005. Only 6 homicidal
drowning happened in this year with least percentage ratio
(2.30%). Maximum number of males 27 (13.91 %) and females
(10) i.e. 19.23% drowned in the Roopnagar district during this
particular year, Table-2, Table-3 and 4.

Year 2006 had another story. Maximum numbers of
drowning i.e. 37 (15.35%) were reported in Mukatsar district
in year 2006, and both Kapurthala and Barnala districts were
engaged with the least count of drowning i.e. 4 (1.65%).
Maximum number of drowning cases of males (31) 12.86 %
was reported in Mukatsar district, while percentage wised, 10

Graph 2: Showing percentage of accidental, suicidal,
homicidal and unknown drowning in year 2005, 2006 and
collectively (2005 & 2006).

females in year 2005, 2006 and 2005-06. 80-
100 07
6011 -
801 ‘ l 50 OAccidental
601 401 E Unknown
301
40} O Males 20l O Suicidal
204 WFemales 101 it W Homicidal
0+ 0+
2005 2006 2005- 2005 2006 2005-
06 06
Table 1: Showing some noticeable digits of drowning.
Yearly Drowning Percentage of Gender
Year Total Males Females
2005-06 536 432 104
80.5% 19.5%
2005 269 213 56
79.1% 20.9%
2006 267 219 48
82% 18%
(Mode Of Drowning Collectively In 2005 & 2006)
Accidental Homicidal Suicidal Unknown & miscellaneous
294 24 54 164
M F M F M F M F
292 2 13 11 45 9 77 87
54.8 4.5 10.0 30%

Symbols- [M-Male, F- Female]
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Table 2: Showing district wise percentage of Males and Females drowning.

DISITRICT/YEAR NO. OF NO. OF TOTAL PERCENTAGE PERCENTAGEE
MALES FEMALES OF MALES OF FEMALES
Amritsar/2005-06 10 3 13 76.92% 23.08%
Baranala/2005 2 0 2 100% 0%
Baranala/2006 4 0 4 100% 0%
Bathinda/2005 19 3 22 86.36 13.64
Bathinda/2006 17 10 27 62.96% 37.03%
Faridkot/2005 13 4 17 76.47% 23.53%
Faridkot/2006 12 2 14 85.71% 14.29%
Fatehgarh sahib/2005 19 3 22 86.36% 13.64%
Fatehgarh sahib/2006 10 3 13 76.92% 23.07%
Ferozpur/2006 8 0 8 100% 0%
Gurdaspur/2005-06 38 14 52 73.07% 26.92%
Hosiharpur/2005 15 7 22 68.19% 31.82%
Hosiharpur/2006 16 1 17 94.12% 5.89%
Jalandhar/2005 3 0 3 100% 0%
Jalandhar/2006 9 0 9 100% 0%
Kapurthala/2005 5 0 5 100% 0%
Kapurthala/2006 3 1 4 75% 25%
Mansa/2005 11 03 14 78.57% 14.29%
Mansa/2006 9 02 11 81.82% 18.18%
Mohali/2005 3 1 4 75% 25%
Mohali/2006 6 0 6 100% 0%
Muktsar/2005 18 3 21 85.71% 14.29%
Muktasar/2006 31 6 37 81.82% 18.18%
Nawashahar/2005 8 6 14 57.14% 42.86%
Nawashahar/2006 5 2 7 71.42% 28.57%
Patiala/2005 21 3 24 87.5% 12.5%
Patiala/2006 16 3 19 84.21% 15.79%
Roopnagar/2005 27 10 37 72.97% 27.70%
Roopnagar/2006 28 7 35 80% 20%
Sangrur/2005 17 4 21 80.95% 19.04%
Sangrur/2006 21 3 24 87.5% 12.5%

Table 3: Showing number and mode of drowning among males.

District Cases Accidental Homicidal Suicidal Unknowns
Amritsar/2005-06 10 9 1 - 0
Baranala/2005 02 - - - 2
Baranala/2006 04 - - - 4
Bathinda/2005 19 13 5 1
Bathinda/2006 17 14 1 2 0
Faridkot/2005 13 13 - - 0
Faridkot/2006 12 12 - - 0
Fatehgarhsahib/2005 19 16 - 3 0
Fatehgarhsahib/2006 10 1 - 9
Ferozpur/2006 08 8 - - 0
Gurdaspur/2005-06 38 18 1 19 0
Hosiharpur/2005 15 9 2 2 2
Hosiharpur/2006 16 1 2 2 2
Jalandhar/2005 3 1 - - 2
Jalandhar/2006 9 4 - 5
Kapurthala/2005 5 4 - - 1
Kapurthala/2006 3 3 - - 0
Mansa/2005 11 2 - - 9
Mansa/2006 9 4 - - 5
Mohali/2005 3 3 - - 0
Mohali/2006 6 4 2 - 0
Muktsar/2005 18 13 - 1 4
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females (10) i.e. 21.27% drowned in Bathinda district. Again
common mode of drowning was accidental 176 (69.84%), and
only a few persons committed suicidal (2.78%), Table-1, 3 and 4.

Being capital of Punjab, Chandigarh database was
interpreted separately. A total of 26 drowning cases were

District Cases Accidental Homicidal Suicidal Unknowns
Muktasar/2006 31 21 - 1 9
Nawashahar/2005 8 8 - - 0
Nawashahar/2006 5 5 - - 0
Patiala/2005 21 18 - 3 0
Patiala/2006 16 14 - 2 0
Roopnagar/2005 27 26 - 1 0
Roopnagar/2006 28 22 2 3 1
Sangrur/2005 17 14 1 1 1
Sangrur/2006 21 12 1 - 8

Table 4: Showing number and mode of drowning among females.

District Cases Accidental Homicidal Suicidal Unknown
Amritsar/2005-06 3 2 - - 1
Baranala/2005 - - - - 0
Baranala/2006 - - - - 0
Bathinda/2005 3 - 2 1 0
Bathinda/2006 10 - 4 - 6
Faridkot/2005 4 - - 4
Faridkot/2006 2 - - 2
Fatehgarh sahib/2005 3 - 1 - 2
Fatehgarh sahib/2006 3 - - - 3
Ferozpur/2006 - - - - 0
Gurdaspur/2005-06 14 - - - 6
Hosiharpur/2005 7 - 2 - 5
Hosiharpur/2006 1 - 1 - 0
Jalandhar/2005 - - - - 0
Jalandhar/2006 - - - - 0
Kapurthala/2005 - - - - 0
Kapurthala/2006 1 - - - 1
Mansa/2005 3 - - - 3
Mansa/2006 2 - - - 2
Mohali/2005 1 - - - 1
Mohali/2006 - - - - 0
Muktsar/2005 3 - - 2 1
Muktasar/2006 6 - - 4 2
Nawashahar/2005 6 - - - 6
Nawashahar/2006 2 - - 2
Patiala/2005 3 - - - 3
Patiala/2006 3 - - - 3
Roopnagar/2005 10 - - - 10
Roopnagar/2006 7 - - - 7
Sangrur/2005 4 - - - 4
Sangrur/2006 4 - 1 2 1

Table 5: Showing drowning cases happened in Chandigarh  reported here in two years (2005 & 2006), out of which 15 and
(Capital). 11 cases took place in respective years. Ratio of male drowning
Year Total Males Females was higher i.e. 69.23% (18) in comparison to females i.e.
2005-06 26 15 11 30.76% (8), Table-5. Most of these drowning were with
57 7% 42 3% unknown cause and happeqed mostly in Suk.hna Lake, the
2005 15 10 5 popular water body and touring spot of Chandigarh.
66.6% 33.3%
2006 " 8 3 Conclusions
72.7% 27.2%

The analyzed data of drowning provided very important
information related with variations in the drowning
frequencies of sex, mode, area, age and site of drowning. This
was only a preliminary attempt, which was based exclusively
on the information gathered from police record. Database of

Mukesh Kumar Thakar / Medico-Legal Update. January - June 2009, Vol. 9, No. 1 21



only two years have been interpreted and very useful
information has been extracted. This information can be
utilized by any Law enforcement agency or forensic wing in
order to get an idea about pattern of drowning at any
particular locality. Increasing number of years can further
enhance this study.
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Abstract

Age determination of fetus is a major problem in
postmortem cases. The age determination is done by various
established methods but sometimes the body of fetus is
decomposed or mutilated and then we do not have the routine
features which can help in determination of the age. The data
is available for determination of age from femur and Biparietal
diameter of the skull but every time we see a dead fetus
particularly when it is decomposed and mutilated femur or
intact skull may not be available. Length of kidney is also used
to find the gestational age. To overcome such situation data
of length of humerus was collected along with other
established parameters of ultrasonography. This study was
done so that collected data may be utilized to ascertain the
age of the fetus in such cases particularly in the Indian
scenario.

Key words

Age determination,
Ultrasonography

Femur length, humerus length,

Introduction

Measurement of various fetal body parts is known is fetal
biometry. There are many uses of Ultrasonography during
pregnancy. One of the uses of Ultrasonography is
measurement of various fetal parts. If the exact date of LMP is
known then it can be useful in correlating the length of the
femur, kidney and Biparietal diameter with gestational age.

When the autopsy is done on body of fetuses, in some
cases all parameters are not available particularly when body is
decomposed or mutilated. Sometimes only bones are available.
Then there is no other option except to find out the age from
bones. Measurement of length of bone at autopsy is very easy,
less time consuming and a cheaper way of finding out the age
of the fetus. In many cases we may not have all the bones. If
femur is present then we have data for the same but in case
the femur is not available then we may have to find out the
age from other bones e.g. humerus. By doing this study we
will be able to provide data to solve such cases but still
simultaneously having the data of length of femur to avoid
venturing into a very new parameter.

Review of literature

Measurements of bi-parietal diameter help in determi-
nation of age of fetus. Other useful measurements in the fetus
are femur length, abdominal circumference and head circum-
ference’ and measurement of length of kidney?. If more than
one parameter is taken in determining the age of fetus it is

considered better as reliance is not kept on one parameter’.

Bi-parietal diameter measurement is in less common use
after 20 weeks of gestation1 (Hohler, 1984). Measurement of
kidney length is useful between 24th to 38th weeks2 (Konje et
al, 2002). Prior to 36 weeks femur length and BPD have more
value but after 36 weeks head circumference and femur length
has more value'. in the third trimester length of femur is a
better parameter as compared to BPD for determination of age
of fetus>.

Measurement of femur length is considered a sensitive and
precise variable for determination of age of fetus and the error
is + - 5days in the gestational period of 25-35 weeks* and is
considered better method as compared to BPD°. The
measurement increased from a mean femur length of 15.9 mm
at 14 weeks' gestation to 75.0 mm at 40 weeks' gestation®.

Material and Methods

The cases coming to outpatient wing of Obstetrics and
Gynaecology department of Gian Sagar Medical College for
routine checkup during pregnancy will be studied for length
of femur, humerus, kidney and Biparietal diameter by
Ultrasonography. This will be a random case study. 121 cases
were taken in this study. Only those cases were taken where
there was no mistake for last menstrual period. Consent of
every volunteer will be taken. Fetus with congenital and
developmental abnormalities will be excluded. During
Ultrasonography length of femur and humerus will be noted.
LMP of these cases will be recorded.

Results
With the help of ultrasonography length of femur,

Humerus, kidney and Biparietal diameters were measured in
mm and they are given below in tabulated form.

Femur

Minimum length of the femur at 15 weeks of pregnancy
was 16.7 mm and maximum length of femur at 39 weeks of
pregnancy was 74.2 mm.

Humerus

Minimum length of the humerus at 15 weeks of pregnancy
was 17.6 mm and maximum length of humerus at 39 weeks
of pregnancy was 63.8 mm.

Kidney

Minimum length of the kidney at 24 weeks of pregnancy
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Table 1: Average length of femur in relation to lunar months

of pregnancy

of pregnancy.

Table 3: Average length of humerus in relation to lunar months

Lunar Months Average length Lunar Months Average length
4 20.77 4 21.21
5 27.6 5 27.01
6 38.75 6 36.3
7 49.64 7 44.21
8 58.54 8 52.42
9 66.96 9 57.74
10 70.3 10 60.85

Fig. 1: Length of femur with lunar months of pregnancy. Fig. 3: Length of humerus with lunar months of pregnancy.
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Table 4: Average length of humerus in relation to weeks of

pregnancy. pregnancy.

Weeks of Average Weeks of Average Weeks of Average Weeks of Average

Pregnancy Pregnancy Pregnancy Pregnancy
15 17.85 28 53.73 15 18.65 28 48.77
16 21.75 29 54.9 16 22.07 29 49.62
17 23.48 30 58.68 17 22.74 30 52.35
18 26.9 31 59.25 18 26.52 31 52.95
19 30.72 32 64.4 19 29.52 32 57.17
20 31.85 33 61.63 20 32.4 33 52.86
21 35.85 34 66.28 21 33.88 34 57.61
22 37.44 35 68.8 22 35.78 35 60.02
23 40.8 36 69.87 23 38.55 36 60.7
24 42.74 37 65.9 24 38.84 37 58
25 43 38 70.55 25 39.96 38 60.8
26 48.7 39 74.2 26 44.03 39 63.8
27 58.5 27 47.1

Fig. 2: Length of femur with weeks of pregnancy.

Fig. 4: Length of humerus with weeks of pregnancy.
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Table 5: Average length of kidney in relation to lunar months
of pregnancy.

Table 7: Average Biparietal diameter of skull in relation to lunar

of pregnancy.

Lunar Months

Average length

Lunar Months

Average length

4 4 35.36
5 5 42.21
6 23.95 6 54.71
7 27.38 7 66.06
8 31.66 8 76.78
9 34.03 9 84.35
10 36.6 10 89.65

Fig. 5: Length of kidney with lunar months of pregnancy.
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Fig. 7: Biparietal diameter with lunar months of prgnancy.
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Table 8: Average Biparietal diameter in relation to weeks of

pregnancy. pregnancy.

Weeks of Average Weeks of Average Weeks of Average Weeks of Average

Pregnancy Pregnancy Pregnancy Pregnancy
15 28 29.16 15 31.35 28 69.83
16 29 30.51 16 36.7 29 73.61
17 30 30.17 17 36.3 30 76.22
18 31 32.43 18 42.42 31 78.7
19 32 33.72 19 44.96 32 80.6
20 33 30.97 20 49.75 33 83.03
21 24.6 34 33.57 21 52.53 34 80.27
22 35 34.72 22 54.2 35 87.2
23 36 37.23 23 56.45 36 88.95
24 23.3 37 24 57.16 37 83.7
25 25.8 38 36.6 25 59.08 38 89.95
26 26.93 39 26 67.25 39 95
27 27.9 27 71.56

Fig. 6: Length of humerus with weeks of pregnancy.

Fig. 8: Biparietal daimeter with weeks of pregnancy.
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was 23.3 mm and maximum length of kidney at 38 weeks of
pregnancy was 36.6 mm.

Biparietal diameter of skull

Minimum Biparietal diameter of skull at 15 weeks of
pregnancy was 30.1 mm and maximum Biparietal diameter of
skull at 39 weeks of pregnancy was 95 mm.

Discussion

Graphs were prepared from the available data. From this
data trend line was drawn. These graphs and trend lines can be
utilized to solve the cases of age determination in medico legal
cases.

Measurements of bi-parietal diameter, femur length,
abdominal circumference and head circumferencel and
measurement of length of kidney? are considered useful
parameters. Keeping in view these observations length of
femur, kidney and Biparietal diameter of the skull were studied
in this work. In addition to these parameters length of
Humerus was studied in the present work. According to Hohler
(1984) if more than one parameter is used to find out the
gestational age accuracy is morel. In this study one more
parameter was developed to increase the level of accuracy. In
this study length of kidney was studied from 24th to 38th
weeks as according to Konje et al (2002) measurement of
kidney length is useful between 24th to 38th weeks only2.

Good curves in the graphs were obtained with one axis
being the Length of humerus and other axis being the lunar
months. The trend lines can be useful guidelines to ascertain
the gestational age.

Minimum length of femur in the present study is 16.7 at 15
weeks and maximum length of femur observed was 74.2 at 39
weeks where as femur length of 15.9 mm at 14 weeks'
gestation to 75.0 mm at 40 weeks' gestation has been reported
which is quite similar to the present study in spite of that study

being done in a different geographical areas®. This indicates
that this data is useful in different races and different
nationalities.

Conclusions

In this study very useful graphs and trend lines were
obtained for determination of age from the length of the
femur, humerus, kidney and Biparietal diameter of the skull.
Two axes of the graphs being gestational lunar months and
length of one of the variants studied i.e. femur, humerus,
kidney and Biparietal diameter of the skull. If one variable is
known other variable can be easily calculated using these
graphs and trend lines.
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Abstract

Death is inevitable and reporting of death to the concerned
authority is mandatory as mortality statistics are key indicators
of the health trend in the population. World Health
Organization (WHO) has designed 2(two) numbers of medical
part of cause of death certificates i.e FORM NO. 4 & FORM NO.
4A. Registered Medical practitioners have to certify the cause
of institutional deaths and non institutional deaths in FORM
No. 4 and FORM No. 4A respectively and send them to the
Registrar of Births & Deaths who after receiving them along
with the FORM NO. 2 (death report form), filled up by the legal
informant of the death, will issue the death certificate where
cause of the death will be kept confidential. The data on cause
of death contained in these certificates are essential for

assessing the effectiveness of various public health
programmes and also for better health planning &
management.
Key words

Death, Institutional death, Non-Institutional death,

Immediate cause, Antecedent cause.

Introduction

Medical certification of cause of death (MCCD) scheme has
been implemented in most of the states in a phased manner to
provide reliable data of cause of death. However, the coverage
of MCCD scheme is not uniform in all states. In order to take
forward the MCCD scheme in a systematic manner in all the
states, the office of the REGISTRAR GENERAL OF INDIA has
issued instructions in April, 1999 to all the state Government
to bring all Govt. hospitals, Private hospitals, Nursing homes,
Maternity homes, Private practitioners in urban & rural areas of
the state under the coverage of the MCCD scheme. The local
branches of INDIAN MEDICAL ASSOCIATION of all states have
also been addressed to sensitize their members about the
importance of the medical certification of cause of death and
come forward in improving the recording of cause specific
deaths.

Concept of death

Death has been defined in Registration of Births and Death
Act 1969 Sec 29 (B) as the permanent disappearance of all the
evidence of life at any time after live birth has taken place. As
per section 46 of Indian penal code- The word death denotes
the death of a human being unless the contrary appears from
the context. The definitions are clearly in adequate and make
the task of medical practitioner extremely precarious and prove
to gave legal consequences.

Death occurs is two stages (1) Somatic or clinical death
(2) Cellular/molecular death. The term death as commonly
employed means somatic death which has been defined as
permanent and irreversible cessation of functions of the three
interlinked vital systems of the body (the tripod of life), namely
the nervous, circulatory and respiratory systems. After somatic
death, the tissues & cells continue to survive for varying period
dependency upon their oxygen requirements and when these
individual tissues & cells die, it is termed cellular or molecular
death. Molecular death is usually complete with in 1 to 2 hours
of the somatic death. Nervous tissue dies rapidly in about 3 to
8 minutes but the muscle live up to 2 hours. Medically & legally
the concept of death was that of heart & respiration death i.e
stoppage of spontaneous heart & breathing functions. With
the advent of heart lung by pass medicines, mechanical
respirators and other devices however have changed this
medically is favour of a new concept “brain death”. During
past few decades brain related criteria in defining death have
gained increasing support, statutory recognition and judicial
approval in many parts of the world. With the passage of
Transplantation of Human organ Act, 1994, India has also
given statutory sanction to the concept of brain stem death.
The act defined Brain stem death as the stage at which all
function of the brain stem have permanently and irreversibly
ceased.

Issuance of cause of death certificate

A cause of death is disease, abnormality, injury or
poisoning that contributed directly or indirectly to death.

Registered medical practitioner can issue cause of death
certificate.
i) When the doctor attended the patient during his last
illness.
ii)  In medico-legal cases after conducting postmortem
examination the certificate can be issued by the doctor
on the basis of post mortem finding noticed by him.

Registered medical practitioner should not issue cause of
death certificate
i) When the doctor is not sure of cause of death, or if there
is the least suspicion of foul play.
ii)  If the doctor was not in attendance of the patient during
his last illness at least in the fortnight before his death.

Issuance of death certificate

The Registrar of Births & Deaths issue death certificate after
receiving cause of death certificate along with duly filled up
death report form no.2 and the information on cause of death
is kept confidential and not indicated on death Certificate.
However in case of natural death where no medical attention
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was received before death, in such cases death certificate may
be issued by the register of the births and deaths depending
upon the information furnished in the death report form no. 2
by the informant.

Specific instruction for filling up cause of
death certificate

There are two numbers of format for issuing cause of death
certificate.
(i) Form No. 4- which is required to be filled up in case of
institutional death. (i.e. hospital, nursing home etc.)
(ii) Form No. 4 (A) is used for non institutional death.

The medical part of the certificate is designed by the WHO
to facilitate reporting the underlying cause of death and to
obtain information of the casual and pathological sequence of
events leading of death. It consists of two parts, the first
relating to the sequence of events leading of death, and the
second to other significant conditions that contributed to the
death. Beside the medical part (cause of death), the form also
includes some minimum demographic and identification
particulars about the deceased. The forms have a detachable
portion separated by perforation mark containing information
on fact of death without disclosing the cause of death is
handed over to the relatives of the deceased for the cremation
and other purposes. The form of medical certificate of cause of
death is to be sent to the local Registrar of Births and Deaths
along with the death report (Form No.2) in the prescribed
format within 21(twenty one) days.

Name of the deceased

To be given in full. Do not use initials. Also give name of
father (or husband in case of married female) after the name
of the deceased, using appellation S/o or D/o or W/o. In case of
infants not yet named, write son or daughter of, followed by
names of mother and father.

Age

If more than a year old, give age in years last birthday
(completed number of years). If under one year, give age in
months and days. If under 24 hours, give in hours and minutes.

Cause of death

The certificate of cause of death consists of Part-1 & Part-II.

Part-1 of the cause of death statement

The Part-l is divided into three lines, (a), (b) & (c). Only one
cause is to be entered on each line of Part I. The underlying
cause of death should be entered on the lowest line used in
this part. The underlying cause of death is the condition that
started the sequence of events between normal health and the
(direct) immediate cause of death.

Line (a): Immediate cause

The direct or immediate cause of death is reported on line
(a). This is the disease, injury or complication that directly
preceded death. It can be the sole entry in the statement if only
one condition was present at death. There must always be an

entry on line (a). The mode of dying (e.g. heart failure,
respiratory failure) should not be stated at all since it is no
more than a symptom of the fact that death occurred and
provides no useful information.

Line (b): Due to (or as a consequence of)

If the condition on line (a) was the consequence of another
condition, record that in line (b). This condition must be
antecedent to the immediate cause of death, both with respect
to time and etiological or pathological violence or
circumstances of accident is antecedent to an injury entered
on line (a) and should be entered on line (b).

Line (c)

The condition, if any which gave rise to the antecedent
condition on line (b) is to be reported here. The remarks given
for line (b) apply here also. If the condition on line (b) is the
underlying cause, nothing more be entered on this line.
However, if the sequence of events comprise more than three
stages, extra line (and entries) may be made in part-l1. However
many conditions are involved, write the full sequence, one
condition per line, with the most recent condition (immediate
cause) at the top, and the earliest (the condition that stared
the sequence of events between normal health and death) last.
Normally the condition or circumstance on the lowest line used
in part | will be taken as the basis for underlying cause
statistics.

Part-II: Other significant conditions

Enter, in order of significance, all other diseases or
conditions believed to have unfavourably influenced the course
of the morbid process and thus contributed to the total
outcome but which were not related to the disease or
condition directly causing death.

There will be cases where it will be difficult to decide
whether a condition relevant to death should be recorded as
part of the fatal sequence in part-l or as a contributory
condition in part-1l. Conditions in part one should represent a
distinct sequence so that each condition may be regarded as
being the consequence of the condition entered immediately
below it. Where a condition does not seem to fit into such a
sequence, consider whether it belongs in part-II.

Interval between onset and death

Space is provided, against each condition recorded on the
certificate, for the interval between the presumed onset of
morbid condition and the date of death. Exact period should
be written when it is known; in other cases approximate
periods like “from birth”, “Several years" or “unknown” should
be indicated. This provides is a useful check on the sequence of
causes as well as useful information about the duration of the
illness in certain deceases.

Manner of death

Deaths not due to external cause should be identified as
“Natural”. If the cause of death is known, but it is not known
whether it was result of an accident, suicide or homicide and
is subject to further investigation, the cause of death should
invariably be filled in and the manner of death should be
shown as ‘Pending investigation’.

Female death

Information of pregnancy and delivery is needed in case of
death of women in the child-bearing age (15 to 49 years) even
though the pregnancy may have had nothing to do with the
death.
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Examples of certification

1. Case history

On 03.01.1995, a 60 year old female was admitted with a
“Strangulated Femoral Hernia” which had started 4 days
earlier. She came complaining of abdominal pain and fecal
vomits. Apparently, the small intestines were perforated even
before. On 4th January, she underwent a release of hernia and
the resection of the Intestines, with an end to end
“Anastomosis”. On 5th January, she started developing sings of
“peritonitis”, and following that dies on 14.01.1995.

Statement
PART-I | (a) Peritonitis, acute 12 days
(b) Perforation of small intestines 15 days
(c) Strangulated Femoral Hernia
PART-I| o

Explanation: Clearly, acute peritonitis led directly to death and
therefore appears on lime (a). Perforation of small intestines
gave rise to the immediate cause shown in line (a) and
therefore appears next in line (b). Strangulate Femoral Hernia
was the cause of intestinal perforation and was the cause
which initiated the chain of events leading to death and this is
the underlying cause which is written on line (c).

2. Case history

A man of 63 years had been treated for some years for
malignant hypertension and developed hypertensive heart
disease and chronic renal failure. While seriously ill with the
heart condition, he developed acute appendicitis, and the
appendix ruptured. Appendicectomy was carried out
successfully but the heart condition deteriorated further and
he died 2 weeks later.

Statement
PART-I | (a) Congestive heart failure 2 weeks
(b) Cardiac hypertrophy Some years

(c) Malignant hypertension

PART-1l| Appendicectomy for acute condition
and rupture of appendix, hypertensive
renal failure.

3. Case history

On February 1st, a 58 year old man presented at a clinic
complaining of long duration “haemoptysis” and loss of
weight. On examination he was found actually anaemic and
therefore admitted in hospital. The diagnosis was advanced
pulmonary TB, reactivation type with cavitations, perhaps of 8
year duration. The patient also suffered from generalized
arteriosclerosis, probably of long duration. He also had
moderate varicose veins of the lower extremity. On admission,
the patient had acute and massive pulmonary haemorrhage
and he died that evening.

Statement
PART-I | (a) Pulmonary haemorrhage 10 hours
(b) Advanced pulmonary TB 8 years
(€) ten e
PART-Il| Generalised arterioscelerosis and
varicose veins of lower extremity.

4. Case history
A 75-year-old male had a 10-year history of chronic
bronchitis associated with smoking two packets of cigarette a

day for more than 40 years. When seen by his physician
approximately 2 years prior to his terminal episode, he had
moderately reduced FEV and FVC with no response to
bronchodilators. During his last year, he required
corticosteroids to prevent wheezing and coughing at night,
however, he was unable to reduce his smoking to less than one
packet of cigarettes per day. When seen three months prior to
his terminal episode, he had significantly reduced FEV and FVC
with no response to bronchodilators. He awoke one evening
complaining to his wife about coughing and worsening
shortness of breath. He was taken to the emergency room
where he was found to have an acute exacerbation of
obstructive airways disease. He was admitted to the hospital.
At the patient's request, no mechanical ventilation was
employed, and he died 12 hours later in respiratory arrest.

Statement
PART-I | (a) Acute exacerbation of obstructive | 12 hours
airways disease
(b) Chronic bronchitis 10 years
(€] et
PART-Il| Cigarette smoking

Explanation: In this case, respiratory arrest is considered a
mode of dying, and it would not be listed as the Immediate
Cause of Death

5. Case history

A 30-year-old, gravida-six, para-five woman, with gesta-
tional hypertension, reported to the emergency room at 36
weeks into her pregnancy. She had experienced 12 hours of
abdominal cramping and vaginal bleeding with the passage of
large clots. A presumptive diagnosis of abruptio placenta was
made. She continued to bleed from her vagina as well as from
phlebotomy sites, and she rapidly went into profound shock.
No fetal heart sounds were audible. The patient was
experiencing disseminated intravascular coagulation. Despite
administration of blood and clotting factors, intravascular
pressure could not be maintained. The mother and fetus both
died 1 hours admission. Autopsy findings confirmed the clinical
diagnosis.

Statement
PART-l1 | (a) Disseminated intravascular Hour
coagulation
(b) Haemorrhage 13 hours
(c) Abruption placenta Over 13 hours
PART-Il| Gestational hypertension

Explanation: Gestational hypertension would be considered a
factor that contributed to the death. However, it would not be
in the direct casual sequence of Part-l, so they would be placed
in Part-Il.

Conclusion

Mortality statistics form an integral part of the vital
statistics system. They are one of the basic components of
population growth. Further, the cause specific mortality rates
are key indicators of the health trends in the population and
are provided on scientific basis by the system of medical
certification of cause of death. The data on cause of death
contained in the certificate serve many purposes as they help
in assessing the effectiveness of pubic health programmes and
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provide a feed-back for future policy and implementation. They 2. R.K Sharma (2008) Medico-legal aspects of patients care,

are essential for better health planning and management and 3rd edition, page no 60- 65.
for deciding priorities of health and medical research 3. K.S Narayan Reddy (2005) The essential of Forensic
programmes. Medicine & Toxicology 24th edition, page no 110-111

4. M.S Sagar, et al. 1996 - Indian criteria of brain death,
Journal, Medico-Legal Update. Jan-June 1996, page no 11-13.
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FORM NO. 4
(See Rule 7)
MEDICAL CERTIFICATE OF CAUSE OF DEATH
(Hospital In-patients. Not to be used for still births)
To be sent to Registrar along with Form No.2 (Death Report)

INAME OF the HOSPILAL ....oviieiieiiiiiciiceee ettt ettt ettt b e e seesbe s st e beesbesbeess e s e essessaenseeseensessaenseessesseensesseansens
I hereby certify that the person whose particulars are given below died in the hospital in Ward No........................
o) TP R AL AM./PM
For use of
NAME OF DECEASED statistical office
Sex Age at Death
If 1yr. or more, age | Ifless than 1 yr., age | If less than month, age | Ifless than 1 day, age
in years in Months in Days in Hours
1. Male
2. Female
CAUSE OF DEATH Interval between

onset & death approx
1. Immediate cause () et e | e
State the disease, injury or complication which ~ due to ( or as a consequences of)
caused death, not the mode of dying such as

heat failure, asthenia, etc.

Antecedent cause (D) |
Morbid conditions, if any, giving rise to the due to ( or as a consequences of)
above cause, stating underlying conditions last.

I1. Other significant conditions contributing to  ........oiiiiiiiiiiiiiiiiiiiiee | e
the death but not related to the disease or
conditions causing it

Manner of death How did the Injury occur ?
1. Natural 2. Accident 3. Suicide 4. Homicide

5. Pending Investigation

If deceased was female, was pregnancy the death associated with ? 1. Yes 2. No

If yes, was there a delivery 2 1. Yes 2. No

Name and signature of the Medical Attendant certifying the cause of death
Date of Verification............o.oiiiii i

SEE REVERSE FOR INSTRUCTIONS

(To be detached and handed over the relative of the deceased)

Certified that Shri/ Smt/ Kum ...........cooiiii i S/W/D of SHIT ..
RIO was admitted to this hospital on ...
ANd EXPITE ON ..e.eeet ittt

(Medical Su perintendent
Name of the Hospital)




FORM NO. 4A
(See Rule 7)
MEDICAL CERTIFICATE OF CAUSE OF DEATH
(For non-institutional death. Not to be used for still births)
To be sent to Registrar along with Form No.2 (Death Report)

I hereby certify that the deceased Shri/Smt/KUm....... .....oiiiii e
Son of/Wife of/Daughter of...................coooiiiiiii, resident of...................o was under my treatment
from.......coooiiiiii £O e and he/she died on....................... ate.ooveiinn, AM./PM
NAME OF DECEASED For use of
statistical office
Age at Death
Sex Age in completed If less than 1 yr., age | If less than month, age | If less than 1 day, age
years in months in days in Hours
1. Male
2. Female
CAUSE OF DEATH Interval between
onset & death approx
I. Immediate cause 2 TS P
State the disease, injury or complication which due to ( or as a consequences of)

caused death, not the mode of dying such as
heat failure, asthenia, etc.

Antecedent cause (D)
Morbid conditions, if any, giving rise to the due to ( or as a consequences of)
above cause, stating underlying conditions last.

I1. Other significant conditions contributing to  ....o.iiiiiitiiiii e eeeis | e
the death but not related to the disease or
conditions causing it

If deceased was female, was pregnancy the death associated with ? 1. Yes 2. No
If yes, was there a delivery ? 1. Yes 2. No

Name and signature of the Medical Attendant certifying the cause of death
Date of verification.............coooviiiiiiiiiiii

SEE REVERSE FOR INSTRUCTIONS

(To be detached and handed over the relative of the deceased)

Certified that Shri/ Smt/ Kum ... S/W/D Of SHIT ..eviiiiiiii e
RIO was under my treatment from ..................... B0t
and he/ she eXpired ON ...... ..ot AL e e AM/PM

Signature & address of Medical practitioner/

Medical attendant with Registration No.




Survival period in fatal road traffic accidents
Harnam Singh', S K Dhattarwal?, Gaurav Sharma’, Shilekh Mittal', Rakashdeep Aggarwal’, Rahul

Chawla’

"Assistant Professor, Forensic Medicne, M M Institute of Medical Sciences & Research, Mullana, Ambala, 2Professor, Forensic

Medicne, Pt. B. D. Sharma Pgims, Rohtak, Haryana.

Abstract

The intervals between injury and death in 450 fatalities
after road accidents were analyzed and correlated with other
data. Pedestrians were commonest group involved (28.7%)
followed by occupants of cars (25.8%) and Motorcyclists
(23.1%). In round figures, a third of series died with in half an
hour, two third by 12 hours and three Quarter by 48 hours
after accidents. Ninety percent of victims died with in one
week. The pattern of survival time could be divided into three
phases .There was an early steep decline the 38.4% dying
during first half an hour and 40% with in one hour of accident.
This was followed by longer stage during which rate of dying
decreased progressively in logarithmic fashion. The cumulative
tolls were 60.2% by 6 hours, 67.8% by 12 hours, 77.1%by 24
hours and 90% by 7 days. Between 7 to 14 days another 7 %
died.

The remaining 3% succumbed during subsequent weeks,
the longest survival period being thirty days and 15 hours.
46.6% of vehicle occupants and 31.9% of pedestrians died
with in an hour of injury and the excess of rapid deaths was
mainly due to a higher proportion of head injuries. Serious
cerebral trauma dominated all groups of road user and
multiple injuries were common.

Key words

Road Accidents, Survival Period, Fatal Injuries.

Introduction

While medical science has conquered the ravages of many
diseases, accidents have become a new epidemic of public
health importance calling for equal effort for control and
prevention'. Among all types of accidents, those caused by
motor vehicles claim the largest toll of life and tend to be the
most serious. There are all most 8, 85,000 deaths from road
accidents annually and total casualties Number up to 10
million. 80,000 people were killed in India in 1998 in road
accidents. Studies done by WHO show that road accidents
account for 2.5% of all deaths in world. But in the age group
of 15 to 44 years, it is as high as 10 % and is among the six
leading causes of death?. Keeping this global epidemic of fatal
road traffic accidents in mind, various studies have been
conducting world over but the interval between the accidents
and death have received little attention. A systematic and
comprehensive study of survival time is required to reduce the
number of deaths by adopting suitable preventive and curative
measures.

Material and methods

The analysis is based on 450 deaths after road accidents
during one-year period. Various epidemiological characters

related to road accidents deaths were recorded. The factors
related to accidents were place of accidents, date and time of
accidents, time of death, type of vehicles involved, type of road
user killed, cause of accidents, treatment or first aid received
on the spot, time required to reach hospital and survival
period. The factors related to victims were age, sex, occupation
and socioeconomic status. The information regarding victim
and accidents was obtained directly from the police officials,
relatives or friends accompanying the dead body and detailed
postmortem examination. The data thus collected was
analyzed statistically.

Results

Pedestrian were predominate among all victims comprising
129(28.7%) cases followed by occupants of cars and jeeps
116(25.8%) and motorcyclists 104(23%).

The most common age group involved was 12 to 30 years
(27.3%) followed by 31 to 40 years (20.6%) and 11 to 20 years
(17.3%) respectively. Males outnumbered females in ratio of
9:1.

More than half of accidents (58.7%) occurred on high-
speed state and national highways

The maximum cases occurred between 8 to 10 A.M.
(14.9%) closely followed by 6 to 8 PM. (14.7%) and 12to
2P.M.(13.1%). Majority of accidents (46.2%) occurred in winter
season.

Only 4.2 % of all cases reached hospital between first 15
minutes of accidents. 15.4% of victims died on the spot.
Remaining one forth (24%) victims reached hospital in first half
an hour, one-half (57%) in next one hour and remaining 19%
were rushed to hospital in more than one and half hours.

The greatest proportion of deaths occurred with in first half
an hour when 173 subjects (38.4%) had died. They consisted
of 40 pedestrians (31.1%), 34 Scooterists (32.7%), 15 cyclists
(46.9%). 53 occupants of cars (45.7%), 11 occupants of MTVs
(57.8%), 9 occupants of HTVs (45%) and 8 occupants of other
vehicles (47.1%).147(32.7%) died with in 24 hours of
admission to hospital out of which 93(20.7%) died with in 1-
6 hours. Out of remaining patients, 88(19.6%) survived for a
week and only 10(2.2%) survived more than two weeks the
longest survival period was 30 days and 15 hours.

All together 39.5% of victims had succumbed with in an
hour, about two third by 12 hours, 3 quarters by two days,
90% by one week and 97.7% were dead by two weeks. About
half of pedestrians (54.4%) were dead by 6 hours, One-third
(68.3%) by 24 hours and Three Quarter (76.1%) by Three days.
Similar trends were observed in motorcyclist showing 48%
deaths with in 6 hours, 61% deaths by 24 hours and about
Three Quarter (78.8%) by three days. In occupants of cars and
jeeps one half (46.6%) had died with in one hour, two third
(67.3%) by 6 hours, three fourth (75.1%) by twelve hours and
99.1% by two weeks of injuries.

The progressive increase in number of deaths is associated
with decrease in rate of dying; suggestive of logarithmic
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Table 1: Type of Road User Killed in Road Accidents (n=450).

Type of road user killed Males Females Total
No. of Cases %age No. of Cases %age No. of cases %age
Pedestrians 108 26.9 21 43.8 129 28.7
Cyclists 31 7.7 1 2.1 32 7.1
Motorcyclists 99 24.6 5 10.4 104 23.1
Occupants of cars and jeeps 102 25.4 14 29.2 116 25.8
Occupants of medium 17 4.2 2 4.1 19 4.2
transport vehicles
Occupants of trucks and buses 16 4.0 4 8.3 20 4.4
Others 17 4.2 0 0 17 3.8
Unknown 12 3.0 1 2.1 13 2.9
Total 402 100 48 100 450 100
Table 2: Age and Sex Distribution of Cases (n=450).
Age group Males Females Total
(in years) No. of cases %age No. of cases %age No. of cases %age
0-10 27 6.7 8 16.7 35 7.8
11-20 76 18.9 2 4.2 78 17.3
21-30 110 27.4 13 27.1 123 27.3
31-40 91 22.6 2 4.2 93 20.6
41-50 46 11.4 8 16.7 54 12.0
51-60 28 6.9 9 18.7 37 8.3
61-70 20 5.0 5 10.4 25 5.6
71-80 3 0.8 1 2.0 4 0.9
81-90 1 0.3 0 0 1 0.2
91-100 0 0 0 0 0 0
Total cases 402 100 48 100 450 100
Table 3: Time Required to Reach Hospital.
Time Pedestrians | Scooterist Cyclist Occupants | Occupants | Occupants | Others [Unknown | Total
required of car of M.T.V. of HTV
to reach and jeep
hospital
15 min 9(7) 7(6.7) 3(9.4) 0(0) 0(0) 0(0) 0(0) 0(0) 19(4.2)
15-30 min 22(17) 20(19.2) 6(18.8) 15(12.9) 4(21.1) 3(15) 3(17.6) 0(0) 73(16.2)
30-45 min | 27(20.9) 23(22.1) 9(28.2) 22(18.9) 2(10.5) 1(5) 1(5.9) | 2(15.4) |87(19.3)
45-60 min | 16(12.4) 13(12.5) 1(3.1) 13(11.2) 2(10.5) 2(10) 4(23.5) 1(7.7) |52(11.6)
1-1.5hrs 20(15.5) 17(16.4) 5(15.6) 22(18.9) 1(5.3) 6(30) 4(23.5) | 3(23.0) | 78(17.3)
1.5-2 hrs 9(7) 3(2.9) 0(0) 11 (9.5) 4(21.0) 0(0) 1(5.9) 1(7.7) 29(6.4)
2-2.5 hrs 8(6.2) 2(1.9) 1(3.1) 5(4.3) 2(10.5) 1(5) 1(5.9) 1(7.7) 21 (4.7)
2.5-3 hrs 1(0.8) 3(2.9) 1(3.1) 3(2.7) 0(0) 0(0) 1(5.9) 0(0) 9(2)
>3 hrs 3(2.3) 3(2.9) 1(3.1) 3(2.7) 0(0) 0(0) 1(5.9) | 2(15.4) | 13(2.9)
Spot deaths| 14(10.9) 13(12.5) 5(15.6) 22(18.9) 4(21.0) 7(35) 1(5.9) | 3(23.1) |69(15.4)
Total cases 129 104 32 116 19 20 17 13 450
Table 4: Survival Period.
Survival Pedestrians | Scooterist Cyclist Occupants | Occupants | Occupants | Others |Unknown Total
period of car and of M.T.V. of HTV
Jeep
0-0.5 hr 40(31.1) 34(32.7) 15(46.9) 53(45.7) 11 (57.8) 9(45) 8(47.1) | 3(23.1) [173(38.4)
0.5-1 hrs 1(0.8) 1(0.9) 0(0) 1(0.9) 0(0) 1(5) 1(5.9) 0(0) 5(1.1) .
1-6 hrs 29(22.5) 15(14.4) 9(28.1) 24(20.7) 4(21.0) 5(25) 4(23.5) | 3(23.1) | 93(20.7)
6-12 hrs 11 (8.5) 9(8.7) 1(3.1) 9(7.8) 0(0) 2(10) 1(5.9) 1(7.7) 34(7.6)
12-24 hrs 7(5.4) 5(4.8) 0(0) 1(0.9) 1(5.3) 0(0) 0(0) 1(7.7) 15(3.3)
24-48 hrs 6(4.7) 11(10.6) 2(6.3) 6(5.2) 1(5.3) 0(0) 1(5.9) 0(0) 27(6.0)
48-72 hrs 4(3.1) 7(6.7) 1(3.1) 3(2.5) 0(0) 0(0) 0(0) 0(0) 15(3.3)
3-5 days 11 (8.5) 10(9.6) 2(6.3) 7(6.0) 1(5.3) 1(5) 0(0) 1(7.7) 33(7.3)
5-7 days 4(3.1) 3(2.9) 0(0) 4(3.4) 0(0) 0(0) 1(5.9) 1(7.7) 13(2.9)
7-14 days 11 (8.5) 9(8.7) 1(3.1) 7(6.0) 1(5.3) 1(5) 0(0) 2(15.3) 32(7.1)
>14 days 5(3.8) 0(0) 1(3.1) 1(0.9) 0(0) 1 (5) 1(5.9 | 1(7.7) 10(2.2)
Total cases 129 104 32 116 19 20 17 13 450
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Table 5: Cumulative Percentage of Dead by Various Times after
Accidents.

Deaths | Pedestrians % | Motorcyclist % | Occupants | All road
within of cars and | users %
Jeeps %
0.5 hours 31.1 32.7 45.7 384
1 hours 31.9 33.6 46.6 39.5
6 hours 54.4 48.0 67.3 60.2
12 hours 62.9 56.7 75.1 67.8
24 hours 68.3 61.5 76 71.1
48 hours 73.0 72.1 81.2 77.1
72 hours 76.1 78.8 83.7 80.4
5 days 84.6 88.4 89.7 87.7
7 days 87.7 91.3 93.1 90.6
14 days 96.2 100 99.1 97.7

relationship over much of the time. There is a reasonable
straight line relationship for all road users surviving for periods
between six hours and seven days after injury after which line
flattens into a terminal stage. The survival curve for pedestrians
and occupants of cars lies above and below respectively for
that of all road users and are all most parallel to each other
with steep slopes in 1-6 hours and 7-14 days. The curve for
motorcyclists lays above all other road users and show a less
slope at 1-6 hours and more steeper slope at 24-72 hours and
7-14 days in all road users steep slope at 1-6 hours and all most
a straight line at 12 hours to 7 days was noted. Thus, survival
period of all road users is divided into three phases, an early
steep decline, a flattening of curve between 6 hours to 7 days
followed by longer and flatter tail.

Gives the distribution of various fatal injuries at different
times of death. One, Two or even three fatal lesions were found
in many cases, especially in those dying with in first 1-6 hours.

Table 6: Relation Between Fatal Injuries And Survival Period (n=450).

Head injuries Thoracic injuries Abdominal injuries
Survival | Total |Fracture|Ct.LW| EOH | SOH | SAH | Herniation |Lungs| Heart|Liver | Spleen|Kidney | Gut | Cervical | Multiple
period [No. of| skull |brain spine |Fractures
cases in Lower
Limbs
Onspot | 69 42 27 6 18 | 18 0 29 10 | 31 17 6 4 3 0
60.9 [39.1 | 8.7 26 | 26 0 42 | 145 (449 246 | 8.7 58| 43 0
B.I.D 104 64 46 11 30 | 32 0 52 6 46 26 6 7 13 0
615 (442 | 1 29 | 31 0 50 5.8 |44.2| 221 | 58 |67 125 0
1 hr 5 3 1 0 4 4 0 1 0 1 0 1 0 1 0
60 20 0 80 | 80 0 20 0 20 0 20 0 20 0
1-6 hrs 93 41 18 7 44 | 29 7 26 1 20 7 6 5 3 0
441 (194 | 75 47 | A 7.5 279 1.1 215 75| 65 | 54 3.2 0
6-12 hrs | 34 17 5 3 23 10 10 7 0 9 2 0 0 2 0
50 |14.7 | 8.8 68 | 29 294 20.6 0 [26.5] 59 0 0 5.9 0
12-24 hrs| 15 4 1 2 9 8 3 1 1 4 2 0 1 0 1
26.7 | 6.7 13 60 | 53 20 6.7 6.7 267 134| O 6.7 0 6.7
24-48 hrs| 27 11 1 5 15 9 6 3 0 6 3 0 0 1 2
40.7 | 3.7 19 56 | 33 22.2 11.1 0 222 1141 0 0 3.7 7.4
48-72 hrs| 15 8 3 5 6 4 4 4 0 1 1 0 1 1 0
533 | 20 33 40 | 27 26.7 26.7 0 6.7 6.7 0 6.7 6.7 0
3-5days | 33 9 1 0 28 | 13 13 4 0 3 3 2 4 3 2
27.3 3 0 85 | 39 39.4 12.1 0 9.1 9.1 6.1 12 9.1 6.1
5-7 days | 13 8 0 0 7 7 5 0 0 0 1 0 2 1 1
615 | 0 0 54 | 54 38.5 0 0 0 7.7 0 15 7.7 7.7
7-14 days| 32 4 2 1 15 5 13 3 0 2 0 1 1 5 6
125 | 6.3 3.1 47 | 16 40.6 9.4 0 6.3 0 3.1 3.1 | 15.7 18.8
>14 days| 10 3 0 0 3 4 6 0 0 1 0 1 1 0 3
30 0 0 30 | 40 60 0 0 10 0 10 10 0 30

The victims who died on spot had fracture of skull in 60.9%
cases with laceration of brain in 39% cases and subdural and
subarachnoid hemorrhage in 26.1% cases each. The rupture of
liver and lung was seen in 44.9% and 42% cases respectively.
The victims who were declared dead on arrival also showed
similar trend with fracture of skull 61.5% cases, laceration of
brain in 44.25 cases and subdural and subarachnoid
hemorrhage in 28.8% and 30.8 % cases respectively, where as
50% had laceration of lung and 44.2% cases had laceration of
liver. Those surviving for more than 24 hours, the incidence of
injury to brain and vital organs decreased (6.7%) where as the
incidence of SDH and herniation of brain increased (60%) and
(20%) respectively. In patient surviving for 7-14days, 46.9%
had SDH consequent to which 40.6% had herniation of brain
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and 18.8 % cases had multiple fractures of lower limbs. Those
surviving for more than 14 days most common lesion was
herniation and cerebral compression (60%).

Discussion

The present study was conducted at medical colleges in
Haryana. Three national high ways run across the state and
majority of deaths due to road accidents are reported on this
stretch. In the present study pedestrians, motorcyclists and
occupants of car are majority of road user killed which is also
reported by other authors like Sevit*4, Chandra et al’,
Srivastava and Gupta®, Maheshwari and Mohan’. The
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commonest age group involved is (21 to 30 years) which is the
most productive age group. Males out numbers females in
ratio of 9:1 this is because females in our region do not venture
out. Majority of fatal accidents on National and state
highways is because the traffic on these roads is maximum and
people travel at high speeds especially during off peak hours as
well as during hours of darkness is in agreement with study of
Srivastva and Gupta6. Maximum cases occurred a during
winter seasons due to foggy conditions and between 6 to 8
A.M. and 6 to 8 PM. being rush hours as suggested by
Novaman (1962)'. Only 4.2 % victims were rush to hospital
with in 15 minutes of accident. More over none of the victims
received any first aid or treatment at the side of accidents, this
delay is due to lack of initiated in rushing a victim to nearest
hospital. There were no mobile vans or police patrol vans to
aid in transport of accidents victims. Similar observations were
made by Maheshwari and Mohan’ (1989). The greatest
proportion of deaths occurred in first half an hour when 38.4%
victims had died. 32.7% died in 24 hours of admission to
hospital, out of which 20.7% died with in 1-6 hours. Out of
remaining patients 19.6% died with in a week and only 2.2%
survived more than two weeks. Similar trends in survival period
were noted by other workers likes Sevitt (1973)%, Chandra et al
(1979)° Srivastava and Gupta (1989)°. The severe brain injury
and serious laceration of liver and lung accounted for early
deaths where as in the first week SDH and Cerebral
compression were a common cause of death. In victims
surviving more than two weeks fractures of legs and herniation
of brain accounted for the death. These findings are in
concurrence with those of Sevitt (1973)% So it is concluded
that even after three decades of study of Sevitt (1973)* the
situation regarding fatal road accidents remain the same. There
is no improvement in quick transport of accidents victims and
provisions for their proper treatment at the earliest.

Suggestions

e They should be provision of traffic aid posts at suitable
distances on the high-risk national and state high ways
with provisions of quick transport necessary first aid.

e There should be stationing of ambulances equipped with
paramedical staff, Oxygen and life saving drugs and
equipments at strategic points.

* The hospitals along major high ways should provide
prompt and efficient treatment by an experienced surgical
team.

* Trauma centers providing integrated services of surgery,
neurosurgery, orthopedics and anesthetic experts with
modern investigative procedures, as C-T SCAN is the best
solution.

* The single most important thing a person can do to stay
healthy and alive is to pay close attention to the way he or
she drives and walks.
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Abstract

Mono-nucleotide and di-nucleotide repeats are observed
to have high levels of allelic diversity and as such considered as
mutational hot-spots. Such repeats are also found in the hyper-
variable regions (HVR) of human mitochondrial DNA (mtDNA).
A poly-cytosine (poly-C) stretch located within the HVR1, HVR2
and HVR3 regions exhibits high degree of polymorphism.
Another highly polymorphic stretch of CA-repeat is located in
HVR3. To assess the discrimination power of the alleles at these
loci and their cumulative capability to provide interpersonal
information, we have screened 200 Indians that belong to the
Indo-European ethnicity. We have determined the distribution
of different length variants in the given population and the
frequency of the variant in these individuals. We identified 39
mtDNA haplotypes when all the length variants within these
four regions were considered. The frequency of length
heteroplasmy was very high in HVR2 (55.5%) as compared to
HVR1 (6.5%) and HVR3 (1%). The increased knowledge
concerning mtDNA length variations and heteroplasmy is
believed to offer an applicable method of determining genetic
identity due to increased mtDNA haplotype diversity.

Keywords

mtDNA; Length heteroplasmy; HVR1; HVR2; HVR3; di-
nucleotide repeats; homopolymeric tract; poly-nucleotide
stretch; (CA)n repeats

1. Introduction

Sequence analysis of human mitochondrial DNA (mtDNA)
has been routinely performed in forensic identification since
the discovery of hypervariable regions within the mtDNA
genome in 1983". The properties of mtDNA such as high copy
number per cell, maternal inheritance, lack of recombination
and high mutation rate, provides advantages over analyzing
nuclear DNA in some special analytical cases where putative
remains or maternal relatedness is in question®34. Moreover,
the mtDNA control region has become an essential tool in
forensic applications for the genetic analysis of degraded
material>® or samples containing little or no genomic DNA,
notably hair shafts’”. The mtDNA control region has three
hypervariable stretches-HVR1, HVR2 and HVR3. These stretches
show the highest degree of variability among the individuals of
the same species. In these regions, apart from high level of
sequence polymorphism, length variability is also observed in
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the homopolymeric Cytosine-tract (poly-C tract) or di-
nucleotide CA repeats that are located at positions
16180-16193 for HVR18, 303-315 for HVR2%'%"" and 515-524"2
and 568-573 for HVR3.

According to Anderson et al.”*>, HVR1 consists of a poly-
nucleotide stretch of cytosine residues at position
16183-16193, interrupted by a thymine residue at position
16189. The variability in this region is caused due to the
transition of 16189 T to C giving rise to an uninterrupted
stretch of C-residues. These mononucleotide repeats are
mutational hotspots, potentially due to the slippage of DNA
polymerase during replication. This results in inter-individual
DNA length variants as well as intra-individual variations and
length heteroplasmy. This high degree of variability gives rise
to various haplotypes of the poly-C stretches within closely
related populations and between populations. Approximately,
10-15% samples are found to produce such an uninterrupted
homopolymeric tract with 8-14 cytosine residues®'*'>6, The
effect of heteroplasmy in HVR1 is not restricted to poly-C
stretch but is also observed in 4 adenine residues preceding
this stretch. Other sequence polymorphisms are also seen in
this stretch which further complicates the interpretation of
heteroplasmic pools.

The HVR2 region of the mtDNA also consists of a poly-C
stretch at position 303-315, interrupted by a T at position 310.
Unlike HVR1, where T—C transition is the main cause of inter-
and intra-individual variability, the polymorphism in HVR2 is
mainly due to insertion of 1 or more C residues in 303-309,
followed by T at 310, giving rise to multiple length variants of
mtDNA. In HVR2, T at 310 is less frequently missing as
compared to HVR™'.7 The human population is almost
equally divided into those with either 7 or 8 C residues
preceding 310T, most individuals showing some degree of
length heteroplasmy with mixture of C; and Cg. Where 9 or
more C’s precede the 310T, the heteroplasmy becomes
increasingly pronounced and creates the characteristic
difficulty in sequence interpretation downstream, particularly
where the proportion of different length templates are equal
or similar. Although this region also has 3 adenine residues
preceding the C stretch, but it rarely shows variations as seen
in HVR1.

HVR3 is comparatively less polymorphic in nature than
HVR1 and HVR2. The length variations can be observed in AC-
repeats at position 515-524'2 and a small poly-C stretch at
position 568-573. The revised Cambridge Reference Sequence
(rCRS) of mtDNA contains 5 AC repeats. The variation in di-
nucleotide stretch of AC is generally caused by insertion or
deletion of 1 or more AC di-nucleotides. The heteroplasmic
variants are generally rare in this region. The poly-C stretch in
HVR3 consists of 6 C's (rCRS) and shows variations due to
insertion of 1 or more C residues which can be homoplasmic or
heteroplasmic.

The variations in these regions result in different length
variants among the individuals of a population as well as
within the individual. Typing of these length variants can
greatly facilitate screening of large number of traces for their
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relevance during forensic investigations. HVR1 and HVR2 show
wide level of polymorphism between unrelated individuals. In
HVR1, these variations seem to be maintained in each lineage
but instability of HVR2 length heteroplasmy has been reported
between one or few generations. In recent years, mtDNA
sequencing has been performed on many populations and
database has been made available to the forensic
geneticists'®'920, But the occurrence of high degree of
variability in the poly-nucleotide stretches and di-nucleotide
repeats of hypervariable regions, at both the inter-individual
and intra-individual level, has made the interpretation of data
a difficult task. The availability of a larger database
encompassing these variations?' has reduced the difficulties of
mtDNA data interpretation. In this study we analyzed 200
Indo-Europeans sampled from Northern Indian region (Delhi
NCT and NCR), belonging to different states of North and
central India. We performed the qualitative and quantitative
analysis of mtDNA poly-C stretch length variability and di-
nucleotide repeat variations occurring in the given population.

2. Materials and Methods

2.1. Samples and DNA Extraction

Peripheral blood was drawn from each of the 200
individuals sampled from Delhi NCT and NCR region. The Blood
was collected and stored in EDTA containing vacutainers. DNA
extraction was performed by using Flexigene DNA extraction
kit (Qiagen, Germany). The protocol followed was as per the
manufacturer’'s guidelines. The concentration of DNA was
determined by measuring fluorescence using the dsDNA
intercalating dye Picogreen (Molecular Probes, Invitrogen, USA)
Estimation Assay on Floustar Optima Fluorescence Detector
(BMG Labtech, Germany).

2.2. Amplification and Sequencing

The primers used for amplification and sequencing of the
desired regions were selected from the work done elsewhere??.
Amplification of HVR1 (16024-16365) was performed using
the primer pairs L15900 and HO0159 that resulted in the
amplicon of size 828 bp. The HVR2 (73-340) and HVR3 (438-
576) segments were amplified together using the primer pair
L00015 and HO0599 that gave an amplicon of size 585 bp. PCR
was performed in a total volume of 12.5 ul and consisted of 1
X PCR buffer (ABI, USA), 1.5 mM MgCl2 (ABI, USA), 200 uM of
each dNTPs (GE Healthcare, UK), 0.2 uM of each primer set, 0.5
U AmpliTag DNA polymerase (ABI, USA) and 25 ng of template
DNA. PCR was performed in Gene Amplifier PCR system 9700
(ABI, USA). The reaction cocktails were heated at 950C for 15
min. and then put through 40 reaction cycles: 950C for 15 sec,
620C for 30 sec and 720C for 1 min, followed by a final
extension phase at 720C for 10 min. PCR amplicons were
purified by treating with 4 units of Exonuclease | (GE
Healthcare, UK) and 2 units of Shrimp Alkaline Phosphatase
(GE Healthcare, UK) and incubating at 370C for 2 hrs, followed
by 850C for 15 min to denture the enzyme.

The PCR amplicons were directly sequenced by cycle
sequencing with Big Dye Terminator sequencing reagents (ABI,
USA). Sequencing was carried out in a final volume of 10 ul
containing 0.5 ul of BDT RR mix (ABI, USA), 1.75 ul of 5X
dilution buffer (ABI, USA), 1 pM of sequencing primer and 2 ul
of PCR product. The sequencing mix was first denatured at
960C for 1 min and subjected to 40 cycles of denaturation at
960C for 10 sec and annealing and extension at 500C for 4
min. HVR1 was sequenced in forward direction using the
primer L15900 and in reverse direction using the primer
H16410. The amplicon containing both HVR2 and HVR3 were

sequenced in forward direction using the primer L00015 and
in reverse direction using H00599. Some samples had an un-
interrupted poly-C stretch due to T—C transition, and did not
produce full sequence or gave mixed data after the stretch.
Such samples were then re-sequenced by primers L16196 and
H16174 in case of HVR1 and by primers L00318 and H00290
in case of HVR2 and HVR3. The sequenced products were
purified by sodium acetate-ethanol precipitation. The
sequenced products were then separated by size based
capillary electrophoresis and analyzed on Genetic analyzer
3730 (ABI platform).

2.3. Data Analysis

The sequences of the required regions of all the samples
were aligned and compared to the revised Cambridge
Reference Sequence (rCRS)?*> and with each other using
Sequence alignment and mutation detector tool SeqScape
v.2.1.1 (ABI). All the sequences were analyzed for their poly-C
stretches of HVR1, HVR2 and HVR3 and the (CA)n repeats in
HVR3. The comparative analysis was done and observations
were drawn following the international guidelines of mtDNA
typing?425:26,

3. Results and Discussions

In this study we have focused on both the inter-individual
and intra-individual polymorphisms in the poly-C stretches of
HVR1, HVR2 and HVR3 and the (CA)n repeats in HVR3, the
distributions of different length variants and their frequency
in the study population.

3.1. Inter-Individual Variations

By thorough analysis of poly-cytosine stretches in HVR1,
HVR2 and HVR3 and (AC)n repeats of HVR3, we could
characterize different length variants in these regions.

The poly-cytosine stretch identified in HVR1, spanning
nucleotide position (np) 16180-16193, have been expressed as
AXCXTCx, where x is the number of given nucleotide residues
occurring concurrently. The mtDNA reference sequence (rCRS)
contains the mtDNA of type A4C5TC4. The reason of variability
in this stretch is mainly due to T—C transition at np 16189 and
also due to other sequence polymorphisms at other sites in this
region. We included the 4 adenine residues as part of the
polymorphic region because the intra-individual poly-C
variability extended to these 4A's, resulting in a different
variant. We have identified 14 different length variants of poly-
C stretch in HVR1 in the given Indian population, out of which
4 variants were showing heteroplasmy in all the samples. Table
1 summarizes the types of HVR1 poly-C length variants and the
frequency of each type in the given population.

The analysis of poly-C stretch of HVR2, encompassing np
300-315 also revealed differing length variants. The HVR2 poly-
C stretch has been expressed as AyCyTCy, where y is the
number of given nucleotide residues occurring concurrently.
While the rCRS has C7TC5, almost all other individuals of other
populations have C7TC6 or C8TC6, such that the notation
315.1C is found in most haplotypes where C is the last
nucleotide in the C6 stretch. Thus, all of the 200 individuals in
the present study had the mtDNA type with 315.1C. There are
two main phenomena explaining the occurrence of length
variations in this stretch. The most common type is the
insertion of one or more C residues between np 303-309.
These C insertions can be homoplasmic but the heteroplasmic
insertions are more common. The second type of length variant
is observed due to 310 T—C transition resulting in un-
interrupted poly-C stretch. Such samples generally contain a
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Table 1: Length variants of homopolymeric C-stretch in the HVR1.

Length Variant Sequence Homoplasmy Heteroplasmy Total
(16180-16193)

rCRS AAC5TC4ATGC 173 0 173

16181 A—>G AGA2C5TC4ATGC 1 0 1

16183 A—>G A3GC5TC4ATGC 1 0 1

16183 A—C A3C6TC5ATGC 1 0 1

16193.1C

16183 A—C A3C11...ATGC 0 3 3

16189 T-»C

16183/84 AC—»CA A3CACI....ATGC 0 3 3

16189 T-»C

16184 C>T AATCATCAATGC 1 0 1

16185 C>T AACTCS.....ATGC 0 1 1

16189 T-»C

16186 C>T A4C2TC7ATGC 1 0 1

16189 T-»C

16188 C>T AACAT2C4ATGC 2 0 2

16189 T»C A4C10...ATGC 0 6 6

16192 C>T AAC8TCATGC 2 0 2

16189 T-»C

16192 C>T AAC5TC3TATGC 1 0 1

16193 C>T AACS5TC2TCATGC 4 0 4

SUM 187 13 200

Total 14 length variants were detected in the poly-C stretch of HVR1 in given 200 Indo-Europeans.
(Cx....) represents heteroplasmic pool of >x cytosine residues, where x tends to any number x.....n

pool of mtDNA poly-C length variants of type Cg, C1g, Cq1, or
even up to Cq4. We could identify 7 different length variants
in poly-C stretch of HVR2 in the given population. Table 2
outlines the types of variants and their frequency in 200
Indians.

HVR3 was found to be less polymorphic as compared to
HVR1 and HVR2. In our population, we detected 4 variants of
AC-repeats at np 515-524 (Table 3). The variations in HVR3's
AC-repeats were due to presence of an increased or decreased
number of AC-repeats compared to the rCRS. We could also
identify 4 variants of poly-C stretch at np 568-573 (Table 4).

When all these variations at four loci were considered
together, we identified 39 distinct haplotypes. There were 2
major haplotypes with frequency between 0.24 to 0.25, two
having the frequency of 0.09 to 0.1, three between 0.02-0.06
and the remainder having the frequencies lower than 0.01
(Table. 5). Most of the haplotypes (30/39) were shared
distinctly within only 1 or 2 individuals. Although the length
variations at these poly-C stretches of mtDNA hypervariable
regions are more frequent and common, making their power
of discrimination much lower than sequence polymorphisms,
the analysis of these regions can facilitate the screening of
large number of traces for their relevance during the forensic
investigations. The cumulative consideration of sequence
polymorphism and length variations can increase the
discrimination power for genetic identity due to increase in the
mtDNA haplotype diversity.

3.2. Intra-individual length heteroplasmy

DNA polymerase slippage and errors during replication not
only induces variation among the individuals of a population or
between different populations but also causes variations
within the individual. This results in occurrence of a
heteroplasmic pool of mtDNA that may show sequence
polymorphism at 1 or 2 positions. Such heteroplasmic
occurrence is also very common in the poly-C stretches of HVR1

and HVR2 resulting in heteroplasmic length variants. The
length heteroplasmy in C-stretch HVR2 is more common and
diverse than HVR1. As discussed earlier, the cause of length
variants in HVR2 is more due to insertion of 1 or more C

Fig. 1: HVR1 length heteroplasmy due to 16189 T—C: DNA
polymerase slippage during replication results in heteroplasmic
pool of Cg, C1g, C11, Cq2 and more
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Table 2: Length variants of homopolymeric C-stretch in the HVR2.

Length Variant Sequence Homoplasmy Heteroplasmy Total
(300-315)

rCRS A3CTCs 0 0 0

315.1C A3C7TCq 87 0 87

315.2C A3C7TCy 1 0 1

309.1¢C? A3C8TC6 0 90 90

315.1C

309.2Ct A3CqTCg 0 18 18

315.1C

309.1C A3CgTCg 0 1 1

315.1C

315.2C

315.3C

311 CoT A3C7TTCq 1 0 1

315.1C

315.2C

310 T>C A3Cq1.... 0 2 2

SUM 89 111 200

Total 7 length variants were detected in the poly-C stretch of HVR2 in given 200 Indo-Europeans

(Cy..... ) represents heteroplasmic pool of >y cytosine residues, where y tends to any numbery.....n

asamples with 309.1 C insertion shows heteroplasmy of C7, Cg and Cq type; Cg>Cg>>Cy

Psamples with 309.2 Cinsertion shows heteroplasmy of Cg, Cq and Cq type; Cg>Cg>Cq(, C7 is seen occasionally in very low

proportion

Fig. 2: HVR2 length heteroplasmy due to 1 or 2 C insertions
between position 303-309
(a) 309,1C, heteroplasmic for A3C7TCq
A3C8TC6 and A3C9TC6 type; C82C9> >C7
(b) 309, 2C, heteroplasmic for A3CgTCg
A3C9TC6 and A3C10TC6 type; C9>C8> >C10
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residues in 303-309, whereas in HVR1, the length
heteroplasmy is mostly observed due to 16189 T—C transition.

The 16189 T—C transition in HVR1 provides a non-
interrupted poly-C stretch. In an individual, during the

i muil WLl L

replication of DNA, DNA polymerase may cause errors in
incorporating additional C residues, and thus resultant DNA
molecules differ in the number of C residues. This results in a
pool containing multiple HVR1 alleles. Such individuals showed
mtDNA alleles of C10- €11, €1 or even up to Cq4 residues in
the region (Fig. 1). In samples where there is a 16183 A—»C
substitution, heteroplasmy was also observed in the 4 A's
preceding the poly-C stretch. Table 1 discusses the occurrence
of length heteroplasmy in mtDNA HVR1 and its frequency in
the given population. We could identify 4 length variants that
had the 16189 T—C transition, along with other sequence
variations in the region. There were 14 samples that were
heteroplasmic at HVR1 poly-C stretch.

In HVR2, the heteroplasmy is observed due to
heteroplasmic insertion of 1, 2 or 3 Cytosine residues in 303-
309 position. The population is almost equally divided into
those with either 7 or 8 C residues preceding 310T (Table 2),
but where there are 8 or more, most individuals were showing
some degree of length heteroplasmy with mixture of C5, Cg,
Cg or Cqq. As compared to 8 C’'s, when 9 or more C's precede
the 310T, the heteroplasmy becomes increasingly pronounced
and creates the characteristic difficulty in sequence
interpretation downstream, particularly where the proportion
of different length templates are equal or similar. Although this
region also has 3 adenine residues preceding the C stretch, but
it rarely shows variations as seen in HV1. It was observed that
individuals with heteroplasmy with a 1 C insertion (309.1C),
represented as A3C8TC6 as the major haplotype, the A3CITC6
haplotype was present in similar proportion (Fig.2a). A3C7TC6
also existed as the third minor allele in comparatively low
proportion. Individuals with heteroplasmy for the 2 C
insertions, represented as A3C9TC6 as major haplotype,
contained A3C8TC6 and A3C10TC6 with reduced frequency
(Fig. 2b). We had identified 4 types of variants and 111
samples that were heteroplasmic at poly-C stretch of HVR2
(Table 2). The data here suggests that a homopolymeric stretch
of 7 cytosine residues seems to be much more stable than a
stretch of 8 or more cytosine residues, and thus a minimum of
8 C’s are required to occur concurrently for polymerase to
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Table 3: Length variants of (AC)n repeats in the HVR3.

Length Variant Sequence Homoplasmy Heteroplasmy Total
(515-524)

rCRS (AQ)g 134 0 134

1 AC insertion (AQ)g 13 0 13

2 AC insertion (AQ)7 1 0 1

1 AC deletion (AQ)» 52 0 52

SUM 200 0 200

* Total 4 length variants were detected for (AC)n repeats in HVR2 in given 200 Indo-Europeans;

* No heteroplasmy was seen

Fig. 3: HVR2 length heteroplasmy, 310T—Ctransition, heteroplasmic pool of variable number of C’s ranging from C11 to C14.
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undergo slippage and cause replication errors. This is evident
from the observation that quantity of C7 type DNA decreased
with a concurrent increase in the number of C insertions and
the proportion of heteroplasmic variants. If a stretch of poly-C
is interrupted by a T or any other point mutation, it generally
does not lead to polymerase slippage and thus heteroplasmy
is prevented. In our population of 200 individuals, only 2
individuals showed heteroplasmy due to 310 T—C transition
(Fig. 3).

In the present study, we have not detected any (CA)n
length heteroplasmy in 200 samples despite several other
studies having reported a considerable (CA)n length
heteroplasmy frequency of 3 in 500 individuals?’” and 34 in
2458 individuals'. Due to the sample size of 200 in the present
study, we cannot conclude the absence of (CA)n repeat length
heteroplasmy in the Indian population. Thus to effectively
study the allele distribution of (CA)n repeats and the frequency
of each allele, a larger sample size shall be analyzed in a
subsequent study.

The poly-C stretch at np 568-573 in HVR3 showed a slight
degree of length heteroplasmy (Table 4). Two samples showed
heteroplasmic insertion of one or more cytosine residues that
resulted in out-of-phase sequence after the insertion point (Fig.
4). These samples mainly represented a pool of poly-C stretch
varying from Cq to Cy 5.

4. Conclusion

Databases of mtDNA sequences have been established for
various populations to assess the frequencies of haplotypes

42

and to estimate random match probabilities?®. The observation
that the number of haplotypes increases with sample size
validates the need to expand these databases using larger
powered cohorts. In this study we analyzed 200 Indians
belonging to Indo-European ethnicity, contributing
information to the mtDNA database available to forensic
geneticists on this population. Although, poly-C length
variation in mtDNA hypervariable regions is a common
occurrence in most of the population and thus provide less
discrimination power, but its cumulative effect with other
sequence polymorphisms greatly enhances its power of genetic
identification and interpersonal discrimination. In the present
study, we had identified 37 haplotypes considering just the
length variants at four loci. Studies with increased sample
numbers are required to identify additional mtDNA haplotypes
and better estimate their frequencies. This information would
further reduce the current complexity in interpreting mtDNA
data making this technique easier to incorporate in forensic
studies. India is comprised of various castes and religious
communities, thus forming a heterogeneous population
group. We have performed a preliminary study on the
heterogeneity of length variations in a given North-Indian
population, formed by various caste and religious groups. The
precise information, if specific length variations can be linked
to some definite caste groups, can be drawn by performing
the analysis on larger samples of a particular group.

In the forensic field, the existence of point and length
heteroplasmy, and differences in the proportion of compo-
nents between generations or within individuals, has made
interpretations of mtDNA sequences more difficult. Also, the
existence of germline as well as somatic heteroplasmy greatly
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Table 4: Length variants of homopolymeric C-stretch in the HVR3.

Length Variant Sequence Homoplasmy Heteroplasmy Total
(568-573)
rCRS Ce 195 0 195
573.1C insertion Gy 2 0 2
2 or more AC C10....... 0 2 2
1 C deletion Cy 1 0 1
SUM 198 2 200
* Total 4 length variants were detected in the poly-C stretch of HVR3 in given 200 Indo Europeans
*2Samples are heteroplasmic for the no. of cytosine residues, ranging from Cqg to Cq4
Table 5: Cumulative genotypic information from length variants at four loci in HVR1, HVR2 and HVR3.
HAPLOTYPE HVR1 HVR2 HVR3 HVR3
NO. OF 16180-16193 300-315 515-524 568-573
INDIVIDUALS
1 A4C5TCy A3C7TCq (AQ)4 Ce 17
2 A4C5TCy A3C;TCg (AQ)s Ce 48
3 A4C5TCy A3C7TCq (AQ)g Cs 1
4 A4C5TCy A3C;TCq (AQ)g Ce 4
5 A4C5TCy A3CgTCq (AQ)4 Ce 21
6 A4C5TCy A3CgTCq (AQ)s Ce 49
7 A4C5TCy A3CgTCq (AQ)g Ce 8
8 A4C5TCy A3CgTCg (AC)7 Ce 1
9 A4C5TCy A3CqTCq (AQ)4 Ce 4
10 A4C5TCy A3CqTCg (AQ)5 Ce 11
11 A4C5TCy A3C7TCy (AQ)4 Ce 1
12 A4C5TCy A3C7TTCg (AQ)s Ce 1
13 A4C5TCy 310 T»C (AQ)g Ce 1
14 A4C5TCy 310 T-C (AQ)g Ce 1
15 A4C5TCy A3C7TCq (AQ)4 Cs 1
16 A4C5TCy A3C;TCq (AQ)s Cy 1
17 A4C5TCy A3CgTCq (AQ)g Cy 1
18 A4C5TCy A3CgTCg (AQ)s >C10 1
19 A3CgTCs A3CqTCq (AQ)g Ce 1
20 A4C4TTCA A3CTCq (AQ)s Ce 1
21 AgChTTCy A3CgTCq (AQ)g Ce 1
22 AQTCATCy A3C;TCq (AQ)s Ce 1
23 A4C5TC,TC A3C7TCq (AQ)4 Ce 2
24 A4C5TC,TC A3CgTCg (AQ)4 >C10 1
25 A4C5TC,TC A3CqTCq (AQ)g Ce 1
26 A4CsTC3T A3CTCq (AQ)s Ce 1
27 A4CTCg A3C7TCq (AQ)g Ce 1
28 A4CgTC A3CgTCg (AQ)5 Ce 2
29 AgCHTC A3C7TCq (AQ)g Ce 1
30 A3CACq A3C7TCq (AQ)g Ce 2
31 A3CACq A3CqTCq (AQ)g Ce 1
32 A4Cro. A3C7TCq (AQ)g Ce 3
33 A4C10... A3C7TCq (AQ)4 Ce 1
34 AqCro. A3CgTCg (AQ)4 Ce 2
35 A4C10... A3CgTC6 (AQ)4 Ce 1
36 A3Cqq. A3C7TCq (AQ)4 Ce 2
37 A3Cqq. A3C7TCq (AQ)g Ce 1
38 AGA;C5TCy A3C;TCg (AQ)g Ce 1
39 A3GC5TCy A3CgTCq (AQ)g c6 1
TOTAL 200

39 haplotypes were identified from combined length variations in HVR1, HVR2 and HVR3. Haplotype has been named on the

basis of major constituent mtDNA variant in case of heteroplasmic samples.
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Fig. 4: HVR3 length heteroplasmy, heteroplasmic insertion of
variable number of C’s resulted in sequence-die out after the
insertion point
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affects the mtDNA data interpretation. We need to enhance
our knowledge regarding the maternal inheritance and
segregation of different mtDNA types during the germline
bottleneck effect and also the inter-tissue differences in mtDNA
types.

As shown in published guidelines?* and recommen-
dations?®, in poly-C stretch heteroplasmy, determining the
number of cytosine residues is difficult and exact number
should not be considered, if a characteristic out-of-phase
pattern downstream of the first C stretch is observed. However,
profiles lacking the exact number of cytosine residues
sometimes contain enough information to be considered
useful for identification purposes. In terms of leading to the
conclusion (inclusive, exclusive or inconclusive), comparison of
length heteroplasmic profiles can be valuable and informative.
Recently various new strategies have been validated to
efficiently and accurately identify poly-C stretch length
variants. Restriction fragment analysis provides more accurate
compositional information of the length variants present in the
heteroplasmic pool. The technique is able to identify 1 base
pair difference accurately and thus can distinguish between
the poly-C length variants more efficiently':?°. In a study done
by Bonengal et al."?, length variations and heteroplasmy in HV2
region of mtDNA in 120 individuals were studied using three
different approaches: direct sequencing, restriction fragment
analysis and cloning. Using direct sequencing approach, they
had identified 48 out of 120 Germans appearing totally
homoplasmic, 46 belonging to C7TC6 type and 2 belonging to
C8TC6 type, 34 belonging to C8TC6 type being slightly
heteroplasmic, 35 belonging to C8TC6 type but clear
heteroplasmic having very discriminating T peak with a C peak.
They had observed three individuals having 310 T—C
transition. The restriction fragment analysis of these samples
revealed heteroplasmic nature in 2 samples categorized as
homoplasmic C8TC6 by direct sequeincing. Similarly,
heteroplasmic character of other samples was also revealed by
restriction fragment analysis with more accuracy. Thus
restriction fragment analysis was found to be more sensitive
in uncovering the heteroplasmic nature of the sequence.
Electro-spray ionization time-of-flight mass spectrometry is the
latest discovered strategy for distinguishing qualitatively and
quantitatively both sequence and length heteroplasmic

variants®.

The development of new accurate analytic strategies and
subsequently increasing the populations analyzed in mtDNA
databases would add to the current knowledge of mtDNA
genetics and its applicability and interpretation in forensic
investigation.
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