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PRESIDENTIAL ADDRESS

FORENSIC PHYSICS

President - Ran B. Singh™
SECTION OF PHYSICS

[ am grateful 1o the Physics Community of the Indian Science
Congress Association for electing me the sectional president for
this session. Since I am fully conscious of my inadequacics, and
the greatness of many stalwarts who presided over the physics
section in the previous sessions of the Science Congress, I have
continually wondered how the members of the sectional commitiee
could have decided to give this great honour 0 a person from ap-
plied field. However. I never doubted your generosity and grace. I
accept this honour with all humility and thank you very much.

The simplest and straightforward relation which I can derive
amongst Science, Technology, and Industry is :

« Director. Forensic Science Laboratories. Uttar Pradesh.
Mahanagar. Lucknow - 226 006.
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Section Il = Pirvsics
Technology is application of science,
&
Industry is practice of technology.

In fact, technology is the totality of human knowledge used to
provide things and means necesssary for human susicnance and
comfort. In view of this and the focal theme "Science, Technology
and Industrial Development in India’ of the Indian Science Con-
gress this year, out of the options which I could have had for the
presidential address in the Physics Section, I found Forensic Phys-
ics 10 be more compatible with the focal theme,

If we define physics as the study of the properties of matter:
that is the study how the matter behave under different circum-
stances, there are probably few fields in which the applications of
physics arc as varied as in the scientific investigation of crime.
Forensic Physics can be defined, as the application of the methods
and techniques of physics to produce evidence-objectives and cir-
cumstantial - for the judicial and social justice. Such evidences do
not suffer from the various admitted weaknesses of personal testi-
mony.

This application of science (technology) 1s an endeavour 10
solve crimes in society and reaffirm confidence in the social system
for better living. Though. not in use in any industry, it has some
indirect impact on the quality of many industrial products and
thereby on the industrial developments. It plays important and sig-
nificant role in protecting the interests of consumers of industrial
products. For example, substandard building materials and other
manufactured products, spurious products, imitations, et cetera are
routinely examined in the forensic science laboratories.

The most important role of forensic science is to convert sus-
picion into reasonable certainty of cither guilt or inpocence. The
applications of forensic physics. as all other branches of forensic
science, may conveniently be divided into comparative and defini-
tive (absolute) ones. There are instances when source COrrespan-
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dence has 1o be established between the physical clue materials
found at the scene of crime and those collected from the suspected
person / tools / firearm / vehicles ete. The most important task in
this context is, therefore, to discover whether or not the two samples
are indistinguishable by all the tests that can be devised. Such
applications fall under the category of comparative ones. The de-
finitive examinations on the other hand are those in which the in-
formation sought rests on an accurate qualitative identification or
quantitative analysis of questioned samples.

In a general report such as this one, it is not possible either to
cover the whole range of subject or to give lruly comprehensive or
detailed account of any one part. Therefore, an effort has been made
here 10 introduce the methods and techniques of Physics used in
crime investigation and give a few examples of the possible
applications.

Gross Macroscopic and General Studies

In some cases, a naked-eye examination is all that is needed 10
produce evidence of vital importance. If any thing gets broken or
torn in committing a crime, and if one of the pieces is found at the
scene of crime and the other.can be linked with the suspect, the
fitting together of the broken edges of these pieces may provide the
most incontrovertible evidence to link criminal with the crime. The
uniqueness of the randomly generated irregular contours of the
broken edges can be inferred intuitively as well. However, Walls'
has put forth a staustical concept of random breaking 1o prove the
uniqueness of broken edges. while Thornton® has used computer
generated fraclal surfaces as midels of evidence physical matches
and has assessed the degree of uniqueness of the broken edges in
terms of the complexity of the model surfaces. The complexity of
the surface has been measured in terms of the time required for the
calculation of the fractal surlace parameters.

The mechamcal fitting of randomly broken irregular edges of
screw drivers. chisels. pliers, cast metal, door handles, wood,
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plastics, fabrics, paper. adhesive tapes, idols. bamboo sticks cte.
have provided valuable evidences in many cases. In a case of bur-
glary, the recovered ornaments were found wrapped in a picce of
saree and a torn saree was found in the burglarized premises. The
irregular torn sides of the two pieces of the saree litted exactly
which established their source correspondence. The boarder de-
sign, weave pattern, and print of the pieces of saree were also found
to match.

The radial and concentic cracks, crater shaped hole on the bro-
ken glass, and characteristics rib marks and hackle marks on the
edges of the glass pieces yield very valuable information about the
type of projectiles, nature of breaking force, ‘and direction of ap-
plied force etc used for breaking the glass. The mechanism of glass
fracture has been discussed by Thornton and Cashman’ in detail.
The technigue of physical comparison of fragments of glass by
characteristics of their edges or cross section is well established
but one runs into difficulty when faced with glass fragments, the
edges of which can not be fitted. Von Bremen* has described the
technique for the matching of noncontiguous glass fragment by in-
visible heterogeneities within them. Ream or card are glassy inclu-
sions whose physical and chemical properties differ from those of
the surrounding glass. The demonstration of rim and card is ac-
complished by means of shadowgraph. These are produced by point
source that cast a shadow of the sample on photopgraphic film.
Glass fragments can be related by their heterogencous inclusions,
even when they are separated by several cenimeters.

In many cases invisible information is made visible with gamma
rays, X-rays, ultraviolet and infrared radiations : and filtered vis-
ible light with the help of special arrangements, equipments, and
techniques. The interaction of electromagnetic radiation with mat-
ter results into its reflection, scatiering, selective / differential ab-
sorption, transmission, and photoluminescence caused by it. These
phenomena, though simple in nature. are extremely useful for pre-
liminary interrogation of samples and provide, at times, conclusive
results. Sometimes, it is required to extract relevant information
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obscured in multicolored surface, for example the cancellation date
on postage stamps. In such cases the observation / photography
through suitable filters provides proper contrast by suppressing or
highlighting some of the colors. In cases of obliterated writings, the
infrared reflection photography is of much help. There are a num-
ber of inks and dyes which are transparent 10 infrared while others
are opaque (o it. If the obliterating ink / dye transmits infrared and
the host ink / dye is infrared reflecting. the infrared photography
will reveal the hidden writings. Similarly, two objects looking similar
in colour in visible light may have widely different reflectivity 10 be
photographed in varying shades in ultra violet radiation. For ex-
ample, white pigments titanium oxide and zinc o%ide photograph
white and black respectively, in ultra violet radiation because tita-
nium oxide is a good uv reflector and zinc oxide is a poor uv reflec-
tor. The selective transmission / reflection of ultra violet, visible,
and infrared radiations by different materials are thus very helpful
in the preliminary examination of forensic samples for decipher-
ment and comparison.

The X-rays, hard and soft, have been in use for the internal
interrogation of objects opague to the other radiations, since their
discovery. The forensic scientists use soft X-rays for the ¢xamina-
tion of clothes and fabrics. paper, powder patterns around bullet
holes. documents, leather, jewelry, art, currency notes etc, and hard
X-rays for the examination of suspicious packages, structural de-
fects, counterfeit coins, dead bodies, guns etc. The hard X-rays are
used for electronography also. In this technique, metallic clements
arc made to produce a recordable emission when irradi ated with a
high kilovolt monochromatic X-ray beam. All metallic elements
have different emission points. In the case of lead the ejection point
is 90 KV. The electronography has advantageous applications in
developing fingerprint on skin and multicolored back ground. in-
dented writings. non destructive differentiation of inorganic pig-
ments in paintings ctc. The gamma rays from radioactive sources
like cobalt-60 have also been used for shadowgraphy,
clectronography, and autoradiography.
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Cason® has suggesied the use of neutron radiography in foren-
sic science. The absorption of neutron is a combination of produc-
tion event (absorption) and neutron scatter. Both processes remove
neutrons from the incident neutron beam and hence contribute to
absorption. The high scatier of ncutrons by light clements seems 0
be particularly advantageous for discrimination between several
materials which have similar X-ray absorption coefficients.
Californium-252 has been found to be a suitable source for neutron
radioagraphy.

The Betagraphy® has also been used. in addition to soft X-ray
and transmitted light. for the detection of alterations in documents.
Carbon-14 in thin sheets of organic polynfers (Methyl C-14 Meth-
acrylate / Buly] C-14 Methacrylate) is used as {lat source, produc-
ing beta particles of slight energy. The questioned document is placed
between the source and the photographic film to get the betagraph.
The technique can be used to study the distribution of fibers in
papers,’ reproduction of water marks, thinning down of the texture
of paper in the case of mechanical erasures, and additions with inks
more or less composed of heavy pigments. Radioactive 35-Sulfur
dioxide gas may be used to develop unintended handwriting im-
pressions in underlying layers of papers. The uptake of sulfur di-
oxide is greater for surfaces which have been damaged, for instance
by pressure. than for the unchanged surrounding area. An autorad-
iography of the 35-sulfur dioxide exposed paper sheet reveals a
positive image of characters written on the preceding sheet .

Amongst other method of developing indented impressions, the
electrostatic imaging technique is quite popular. In this method the
document is used as dielectric element in a capacitive arrangenents.
The electrostatic image of the variations in capacitance resulting
from indentations in the document is converted into visible images
with the help of clectrophotographic developers. Behmen and
Nelson® have shown that for indented writing best result is obtained
by first developing them by electrostatic method and then enhanc-
ing the lift using a high pass sharpening filiers by digital image
processing methods.
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Tang’ has developed a compulter aided system for the dis-
crimination of seals by digital image processing. The system is non-
destructive, fast, and offers good accuracy. It can compare the ge-
ometry and the intensity variations. while the conventional method
is limited to the geometry match.

There are many substances which absorb radiation of one wave
length and in its place emit radiation of another wavelength. This
phenomena is known as, in general, photoluminenscence. Phospho-
rescence and fluorescence are special cases of photoluminesence.
Phosphorescent radiation continues atrer exciting cause has been
removed and fluorescent radiation stops when exciting cause is re-
moved. The ultraviolet radiation causes thousands of sustances 10
emit characteristic fluorescence. Most of these are in the visible
region. Some of the substances have invisible uv fluorescence™ also.
The uv fluorescence is extensively used for the examination of a
variety of samples like biological stains. glass, gem, finger nails,
teeth. polish. cosmetics, dyes, pigments, minerals, paper, ink, chemi-
cal erasures. secrel writings, wax seals. counterfeit tickets, and
coupons etc. Similarly visible luminenscence (commonly referred
to as intrared luminescence) where exciting radiation is in the vis-
ible region and luminescence is in the infrated region, is used for
the examination of inks, obliterations. alterations. overwritings. and
erasures. Hardcasde and Hall”' have shown that the luminescnece
of ink in infrared may be considerably enhanced by cooling to lig-
uid nitrogen temperature. Sensi and Cantu'* have observed that the
examiners should use extreme caution in using these methods be-
cause contamination of writings with various substances like per-
spiration, milk. water, acetic acid, and other solutions found i
household may alter the fluorescent character of inks, leading ©
wrong conclusions. Today, many video spectroscannner sysiems
are available to facilitate the recording and observation of
photoluminescence, which are difficult to record otherwise.
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Microscopic Studies

The traditional picture of a forensic scientist is 2 man with a
lens. the microscrope is its further extension. In fact, many meth-
ods in forensic investigations rely heavily upon microscopy as a
medium for identification and comparison of physical clue materi-
als. All types of optical microscopes are needed for some purpose
or the other in the routine laboratory examinations. Low power
microscopes for determination of certain physical constants
(melting points and refractive indices etc), and examination of
fingerprints, hand writing. metal filing, tears or incisions, paper.
paint chips, labels, crasures, cloth pattern gtc ; high power micro-
scopes for fibers. plant matcrials, spermatozoa and other microor-
ganisms elc ; fluorescence microscopes for dyed textile fibers, fluo-
rescent particles, diatoms etc : polarizing microscrope for fibers,
minerals, soils, rocks etc ; comparison microscopes for compari-
son of tool marks. fired cartridge cases, rifling marks on bullets
etc. Microprocessors and various digital image processing systems
have added new dimensions in the utility of microscopes as diag-
nostic and analytical tools. The microscopic images can be stored,
retrieved, added. substracted, superimposed, enhanced. and com-
pared in juxtaposition, as and when desired, for deriving required
information.

Scanning electron microscopy (SEM) of opaque specimen per-
mits a much better resolution and depth of field than optical mi-
croscopy. Spacious specimen chambers are also available now with
SEM to accommodate larger samples and special stages. The SEM
have been used for the morphological study of a variety of samples
of forensic interest”’. For example : cystolithic hairs of the upper
epidermis of a cannabis sativa leaf* , paint chips, fine structure
and ultra fine structure of hair, counterfeit dots on coins, firing pin
impressions, identification of burnt matches, foreign material on
bullets, transfer of PVC  plastisol in collision between vehicles,
identification of chironomide larvae, microstructure of bones, dried
blood. comparison of splinters of wood, and gunshot residue etc.
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In the examination of questioned documents some umes it
becomes very important 1o know the sequence of crossed lines which
decide the relative age (before and after) of the lines. The enormous
depth of field available with the SEM makes it possible 10 sce the
deposits of a second writing instrument on a frist and the details of
the fine structure. It has been observed that this method yields very
good results in most of the heterogeneous crossings. The homog-
enous intersection of lines made with liquid inks are not always
revealed successfully. Waeschle and others suggested to cut the
crossing zone from the document and mount them on the stage of' a
SEM afier suitably coating with metal layer to make them conduc-
tive. The cutting of the disputed intersection damage the document,
which is not desirable. Singh et al* used imp{o'viscd document
holder to mount the folded document. The portion with the relevant
crossed lines in the documents is kept on the top and the crossing
zones are exposed by cutting suitable windows in the cover. In this
manner only crossing zones are coated and rest of the document
remains in its original form. In a case, the body of a hand writien
deed was erased chemically after execution, and fresh matter was
written in its place. A few strokes of the new writings crossed the
preexisting signature, at places. The knowledge of the sequence of
the strokes at the crossings was most important in this case. This
could be determined by examining the crossings under scanning
electron microscope. The document mount, described above. was
used to place the deed in the specimen chamber of the microscope.
It was clearly observed that the strokes of the signature were below
the strokes of the writings at the crossings. It may be mentioned
here that the coating obliterates the sample, making it impossible 1o
examine the crossed lines again with the other methods. Singh et
al'” used anode spacers for observing the crossed lines without
coating. This method can be used for quick observation by the op-
erator examining the crossing zone.

Singh and Aggarwal™ made a detailed swdy of the cut end of
the wires using SEM and have shown that matching of extrusion
marks. correspondence of breakage at the edges of the cut ends.
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and correspondence between the fine structure on the opposite sur-
faces revealed by SEM can be used Lo investigale source corre-
spondence between questioned and known cut pieces of wires. Sehgal
et al examined topography of cut ends of wires in detail using
SEM., They have observed that SEM would be of much help in the
examination of tool marks caused by extremely sharp blades of
cutting tools. Ueyama and Ishyiama® have studied the morpholo-
gies of blasting caps, and the fragment associated with their deto-
nation by scanning electron microscope and optical microscope.
They have demonstrated that the characteristic ‘'dimple” patterns
and 'knife-edge’ patterns present in the morphology of fragments
indicate their close connection with explosive devices.

The diagnosis of drowning is one of the most difficult task in
the investigations, the diatoms test provides supportive evidence of
drowning specially in putrefied bodies where no other tests are pos-
sible. Pachar and Cameron® have descried a simple and rapid
method of processing organs and water samples, and have used
SEM for identification and classification of diatoms. They have
demonstrated scanning clectron microscopy to be the most effec-
tive technique for photographic record and taxonomic analysis of
diatoms.

A detailed microscopic study of the separated edges of culs
and tears on clothing have been made by Monhan and Hardy* .
They have suggested guide lines for the interpretation of the dam-
age. Stowell and Card”® have used SEM 1o identify cuts and tears
in nylon fabrics on the basis of features on the fiber ends. The
margins ol incised wound in human skin have been studied by Luna
et al** using SEM 1o assess its diagnostic ability in such cases. It
was not found very useful in identifying a weapon, however, the
determination of entrance margin in incised wound could be done
better.

Different methods using various components of fingerprint
material have been devised and tested. and at the same time search
is on for efficient and better procedures to develop and record
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fingerprints. Garner et al** , and Sethi et al** have made efforts 10
detect and photograph latent fingerprints on non porous smooth
surface using SEM. The fingerprints could be recorded without
any treatment (application of powders etc). The results were inde-
pendent of the background colors. Ulmanski et al*” made a SEM
study on fingerprints taken with dental impression materials and a
replica tape. The SEM records of fingerprints are VEry encourag-
ing and may be used 0 study the population and distribution of
pores in the ridges.

Laser applications

Lasers have proved to be most important.research tool in the
field of science and technology. They have been used to solve many
scientific. technological, industrial. military, medical, and other
problems. In forensic field, lasers have been used for zonal appli-
cation of photons 1o analyze clemental composition of minute
samples : fluorescence of fingerprints, chemical erasures, chemical
and biological stains etc ; recording of corneal turbidity for deter-
mination of time lapsed after death, particle size distribution analy-
sis, time lapse photography, Raman Laser Probe, crime scene in-
vestigations etc. The possible laser applications for the detection of
indentations in documents. recording of footprints on rugs. com-
parison of fingerprints, crime scene photography, stress and fa-
tigues in metals, and recording of striations for contour analysis
have also been explored.

The pulsed lasers can provide enormous power densities for a
brief instant. In a focal small point, the pulsed power densities can
exceed a million watts per square centimeter. If the substance ab-
sorbing light is reasonably opaque, all the energy is delivered to a
very small volume so that the rate of rise of temperature may be as
much as 10" degrees per second or more. The heating is so rapid
that itis only superficial. The great rapidity of the selective heating
ensures that the surface layer is evaporated completely and not just
its more volatile components. The vapor can be excited by a spark
or can glow brightly enough by utself so that its spectrum can be
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observed mﬁpcctmchcmical analysis performed. By control of the
focus, itis possible to restrict the depth of pits to permit analysis of
surface films** . Fhe laster probe excitation® has been used ©
study clemental composition of paint layers*'* , gunshot residues?*
ink on documents™ , metallic fragments. body fluid stains” , gold -
plating® etc. In a case. one coin was found 1o be genuine but there
were some coatings / stains on it. The surface coatings were analysed
using high power laser source 1 vaporize it, and it was found to
contain lead, tin, and antimony. This information was consistent
with the suspicion that the coin had been used 0 make mould for
counterfeiting.

Lasers have been used extensively fof the detection of latent
fingerprints by inherent fi n&crprim luminescence and with the use
of fluorescent dusting powers and other chemicals. Palmer sweat
contains a variety of components like salts, amino acids, lipids,
proteins, and vitamins etc. Some of these compounds such as ribo-
flavin and pyridoxin show inherent fluorescence. In fingerprint de-
posits such compounds are present rather in small quantities and
hence they do not shof' appreciable luminescence with weak source
of excitation. Dalrympl et al * studied the excitation-emission
spectra of fingerprint material and observed that the absorption
band responsible for the yellow green fingerprint luminescence and
the 514.5 nm argon laser line are almost ideally matched. They
demonstrated the use of cw argon ion laser by detecung finger print
on paper. knife blades, cups. glass boule. paper towdfl: living skin
elc.

The inherent fingerprint luminescence was found 1o be of
limited use since background luminescence from surfaces holding
fingerprint often dominate the inherent fingerprint luminescence.
In order to overcome such problems a number of procedures’!
were soon explored. These include dusting fingerprint with
fluorescent or phosphorescent powder, staining with fluorescent
dyes, treatment with certain chemicals, and vapor deposition of
fuorescent compounds, which react with fingerprint residue to form
luminescent products.
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[t was observed that in some cases the conventional method
using ninhydrin was better than laser methods for detecting latent
fingerprints. The ninhydrin treated fingerprint did not show signifi-
cant fluorescent under argon ion laser but the continuous wave dye
(Rhodamine 62) laser tuned to about 580 nm yielded clearly ob-
servable redfluorescence of such prints . The treatment of finger-
prints with a combination of ninhydrin and trypsin as well as nin-
hydrin followed by treatment with zinc chloride were also experi-
mented. It was found that the ninhydrin-zinc chloride procedure
gave good results. However, a very pronounced enhancement in
detectability of reasonably fresh latent fingerprint was observed
when the ninhydrin method was combined With enzyme treatment*.
Chemical developments with dansyl chloride and vapor staining
with 9-methyl anthracene was found to be suitable for the detection
of the fingerprints on substrate like card board, wood, leather. some
metals, and plastics®. The copper vapor laser, frequency doubled
Nd : YAG laser, and several ninhydrin analogous*+* have also been
used for the detection of the latent fingerprints. The latent finger
prints treated with ninhydrin/zinc chloride were found to be unsuit-
able for the doubled frequency Nd : YAG laser. Cheng® observed
that Nd : YAG laser was suitable for the visible bloody finger print
treated with ninhydrin / zinc chloride.

Warrener et al *' found that strongly luminescent fingerprint
can be produced on paper by initial treatment of latent fingerprint
with the chemical reagent NBD chloride (4-chloro-7-nitrobenzo
furozan) followed by the excitation with 150 Watt Xenon ar¢ lamp
filtered to transmit light in the 475 nm spectral region. This method
was found to be more sensitive than ninhydrin for moderately old
fingerprints™.

A number 0f body fluid stains fluoresce under ultra violet and
laser light sources. which arce valuable tools in the screening of
crime samples for body secretion stains. Auvdel™ evaluated the
argon ion laser and a high intensity quartz arc tube for their detec-
tion limit for biological stains. The scrial dilutions made from se-
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men, saliva, axd sweat specimens were used for the evaluatons.
Both the light sources were found 0 be comparable to each other.
However, the high intensity quartz arc tube should be preferred if
the cost, power consumption, lack of mobility, and replacement
cost of plasma tube of the argon ion laser is taken into consider-
ation.

Creer™* used argon ion laser and dye laser extensively for the
examination of forensic samples and reported that fingerprints,
shoeprints, erased writings. difference in inks, transfer of ink 0
other surfaces, effect of correcting fluids, stains on clothings, fire-
arm residues, difference in paints. fibers, and interference patterns
in glass, among other things, have all been either detected or en-
hanced by the use of lasers as a source when conventional tech-
nique have failed. A computer controlled scanner for laser enhanced
photography has also been developed®. It provides for variable
speed, step size. and angle of radiation and has proved o be very
effective method of controlling the movement of laser beam during
photography. It is particularly useful when the angle of lighting is
critical or when very long exposures are required.

A number of workers®* have used different lasers to study the
fluorescence of ink strokes for differentiation of inks with varying
degrees of success. Von Bremen® used an argon ion laser and a dye
laser excited by it for locating lumirescing inclusions and fibers in
paper matches. The size, color, and intensity of luminescence var-
ied from match to match and provided a good parameter for their
discrimination. It was observed that the argon laser produced more
luminescing inclusions whereas the dye lasers excited more fibers.
A technique of utilizing time-lapse photography in conjunction with
fiber optic and helium neon light source for recording the striac
appearing along the edges of single counterfeit currency note have
been described by Cain®. Papers cut by the same hydraulic or
manual paper cutting blade exhibit consistent striae details m rela-
tive position and depth perspectives. Thornton and Cashman® used
laser beam interferometry for the reconstruction of fractured glass.
Anorgan ion laser was used to produce reflection inlg/ogmms from
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glass pieces. The Fizeau m observed in the reflection images
are, in essence, microtopographical contour maps in the up and
down directions. The interference patterns shown by dilferent picces
of glass are unique and the application of Fizeau fringes 1o the
reconstruction of fractured glass is easily achieved. The technique
Is not suitable for disannealed or tempered glass. Raman laser mi-
croprobe is another powerful technigue which can be suitably used
for the examination of micron sized samples. This can greatly aid
authentication of historic art objects with no major damage to them.
Guineau® used this method with argon laser source to identify
inorganic pigment used in ancient manuscri pts. ,

-

Double exposure hologram interferometry provides a means
of detecting very small disturbances. Instead of a single exposure
the plate is exposed in two steps and when the developed plate is
viewed the observer sees two images. If the object does not change
in any way between the exposures the two images are identical and
superimposed but if slight change in shape or position has taken
place then the two images interfere and the regions of disturbance
arc delincated by interference fringes. This technique®™ has been
suggested for deciphering indented impressions in paper. A special
document holder has been described to produce the required change
in the depth of impression, between the exposures. The holographic
method has been suggested (o record hard-to-see foot prints on car-
pets” also. The minute movement of carpet fiber returning to their
positions after the compression are recorded on the holographic
plate as a series of contours outlining the footprint. The rate, fiber
movement can also be measured by the double exposures to esti-
mate approximately. the time when the impression was made, Ho-
lography can be used to speed up fingerprint identification®® also:
since a hologram is made by two interfering light sources either
source can be used to reconstruct the other. Fi ngerprints on micro
films can be used as the scene to illuminate the hologram of the
suspect’s fingerprint. If any of the known fingerprint correspond
with the unknown one a bright spot of light would be seen on the
output screen. The holographic methods described above have not
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been put 1o use for obvious reason of the lack of development of
suitable equipments which can be operated simply in a routine
manner. However, when such equipments are available, the pro-
posed methods could solve many problems which are very difficult
otherwise.

The cornea gradually turns opaque after death. This is one of
the important indications for estimating the time of death. A laser
apparatus® has been developed o have an objective estimate of the
comeal turbidity so that the time of death can be predicted more
accurately. Wanogho et al™ have used laser diffraction technique
for particle size disrtribution analysis, of sub-63 um fraction ob-
tained by wet sieving of soil samples. The results obtained suggest
that a combination of organic matter, and laser diffraction analysis
could be usefully employed to be routine analysis of soils in foren-
sic work.

Peterson™ has described a method for examining the contour
of striated tool marks. Laser light is focused on tools Striation mov-
ing at a constant rate. Due to irregularities in the tool mark surface,
the incident light is reflected at various angles and intensities. The
different levels of light thus obtained are recorded using photo de-
tector system. The graphical representations of the reflected light
may be used to compare tool marks.

Portable lascr sources have been developed to facilitate their
use at the scenes of crime for locating latent fingerprints. hairs,
fibers, body fluid stains, gunshot residucs and other physical clue
materials.

Trace Element Analysis

The physical evidence can be examined with regard to both
their class characteristics and their individual characteristics. The
class characteristics served to categorize the evidence. Although
the class characteristics are useful. the greatest value of physical
evidence lies in its ability to individualize. The more individual
characteristics an item has the smaller the probability is that it can
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occur twice in the same form. The inevitable trace impurities present
in the material provide usable class and individual characteristics
for forensic comparison in many cases.

The major (10-100 percent) as well as minor ((0.1-10 percent)
constituents of natural and manufactured products are controlled
precisely, in general. by the nature or the manufacturer, but the
trace impuritics (1-100 ppm) make their ways into these products
uncontrollably in the process. In forensic context, very significant
trace impurity can also be present owing to contact transfers. The
trace clements are anlyzed to get information regarding the
presence and level of a specific element or a £roup of clements in a
sample depending upon the specific goal of the analysis. The popu-
laton and levels of trace elements in the samples are studied to
profile the material for its individual characteristics and establish-
ment of source correspondence between two or more specimens.

The characterization of a substance by means of its inevitable
trace impuritics 1o establish as firmly as possible the probability
that two or more specimens of a given type being compared do or
do not have a common origin is known as trace element character-
ization. The population of trace clements in a given type of sample
is explored and their quantitative variation within and between the
samples of the same type is studied (o evaluate the discriminating
power ol the various trace impurities present in the sample. This
provides background data for characterization of the sustance be-
ing investigated. This technique is used for different kinds of foren-
sic problems. For example, determination of source correspondence
between the pieces of transmission wires seized from the culprits
and the pieces taken from the poles in the wire theft cases. The
techniques of atomic emission Spectroscopy, atomic absorption
Spectroscopy, energy dispersive X-ray analysis, neutron activation
analysis, and other methods are used for trace element character-
1zation.

The atomic emission spectrography has been used tradition-
aliy in most of the moderately equipped forensic science laborato-
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ries for the analysis of trace elements and it still serves its pur-
poses. In many cases very small quantity of samples are received
for analysis and one has to be very careful in handling them. The
microbrush abrasion technique may be used to recover trace mate-
rials for spectrographic analysis. A small sample could also be
compressed in the tip of a graphite pellet and burnt in the arc or the
carrier distillation method can be used for better sensitivity. The
spectrongraphic method has been used for the analysis of paints.
metallic trace transfers, glass, wires, soil, fillers in papers and plas-
tics, poisonous metals in toxicological analysis, minerals, and nu-
merous other materials. These analyses arc.alu ays qualitative or
at least semiquantitative, since the condition and v ariety of samples
10 be examined makes the normal quantitative method impossible.
However, if two samples analyzed under identical conditions yield
identical spectra, that is a prima facie evidence that they are identi-
cal in composition, even though one can not quote a percentage
figure for any of the constituents. Emission spectrography is one
of the oldest techniques in forensic science and has been used in
innumerable cases for qualitative analysis. Methods for quantita-
tive spectrongraphic analysis have also been developed for a few
types of samples like glass, copper wires, aluminum wires etc.

Chan and Li™ used spectrographic method for comparison of
single stranded copper wires in a telegraph wire theft case by quan-
titative estimation of seven clements : Sb, Pb, Fe, As, Mn, Sn, and
Ni in parts per million level. The results were used to opine on the
source correspondence of various samples in the case.

The trace element content of glass samples were measured us-
ing cmission spectrongraphy by Andrasko and Machly™. The el-
emental ratios were calculated from the intensities of the clemental
lines for semi gnantitative analysis. No variation in chemical com-
position was detected within panes of sheet glass. The samples [rom
different panes could be differentiated successfully. Blacklock et
al™ analyzed about two hundred glass samples and determined lev-
cls of Al, Ba, Ca, Fe. Mg, and Mn by emission spectrography. Six
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standard glasses were prepared with varying concentrations of cho-
sen elements and were used for guantitation of the element present
in cach sample. They have demonstrated that this method could
provide useful information for the classification of glas~ samples
into container, sheet, and tableware categories. The discrimination
between a large number of samples could also be achieved. It was
further observed that calcium with its high degree of correlation
with refractive index is of no value for either classification or dis-
crimination.

Singh et al™ used emission spectrographic technique for char-
acterization of aluminum wires. Levels of B, Cr, Cu, Fe, Pb, Mg,
Mn, Ni, Ti, and V were determined in cleven wires from different
sources. The concentration of trace elements along the length of a
hundred meter wire was found to be uniform. The intercomparisons
of different possible pairs formed from the samples revealed sig-
nificant differences between the wires. It was found that Ni, Cr, B,
Mn, and Fe had better discrimation power for intercomparisons of
aluminium wires.

The development of plasma sources for the excitation of emis-
sion spectra renewed the interest of analysts in the atomic emission
spectroscopy and the Inductively Coupled Plasma - Atomic Emis-
sion Spectrometry (ICP-AES) has been used by a number of work-
ers for trace element determinations, and characterization of samples.

Carpenter and Till" used ICP-AES for quantitative determi-
nation of Zn. Pb, Ni, Mn, Fe, Sn, Cu, and Al in thirty seven samples
of brass. The pattern recognition techniques of hierarchic cluster-
ing and non linear mapping were applied to the data for the classi-
fication of the brass samples. Koons et al” determined the barium
concentration in gunshot residue (GSR) collection swabs. They have
observed that ICP-AES is superior to atomic absorption spectro-
photometric technique for barium determinations in GSR swab
extracts. The [CP-AES technique was used for the determination
of the concentration of Al, Ba, Ca, Fe, Mg, Mn, Na, Sr. and Ti in
184 colorless container and sheet glasses by Koons and co-
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workers *. They were able to classify 180 of the 184 samples using
pattern recognition technique. Good discrimination among sources
of glass within a class was also achieved. Hickman analyzed 1350
glass samples of various types by ICP-AES and determined the
levels of Mn, Fe, Mg. Al. Sr. and Ba. The multivarient statistical
techniques were used to classify the samples. Singh and _ga—_work—
ers™* have used ICP-AES for quantitative analysis oflevels of
Inorganic poisons in visceral tissues. The methods for the determi-
nation of copper™ anci arsenic™ in body tissues namely stomach,
lever, kidney etc. havc,pcvc oped and used for the analysis of case
exhibits.

An analytical procedure using Atomdc¢-Absorption Spectros-
copy (AAS) was developed by Hughes et al * for the determination
of Manganese and magnesium in glass fragments of approximately
I mg. The levels of concentration of these elements in glass were
found to be very useful for classification and discrmination. In a
casc, a man claimed that he had been hit over the head with a milk
bottle. Picces of glass found in his scalp were analyzed by AAS
and compared with the glass from broken bottle found at the scene.
The elemental analysis showed that not only did the suspect and
control glass have the same magnesium and manganese concentra-
tions but also that magnesium concentration was typical of a con-
tainer glass. Koons ¢t al** have developed methods for accurate
determination of antimony and lead concentrations on cotton tipped
swab used for gunshot residue collection. using flameless ASS ;
the ICP-AES technique was used for the determination of barium
by them. A procedure of preparing spiked standard swabs, their
storage and use has also been discussed. Singh et al # analyzed
many samples of different types of copper wire for Sb, Cd. Mn. Ni,
and Zn by ASS and concluded that Sb and Zn are more useful in
discriminating the samples.

The Spark Source Mass Spectrometer (SSMS) was used for
the analysis of small glass fragment encountered in forensic appli-
cations by German and Scaplehorn®. Fifteen clements were found
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(0 occur most frequently at levels greater than | ppm in the glass
samples. The results proved that the technique has suitable preci-
$10n 10 show thagthe concentration of trace elements varied signili-
cantly between the modern production glasses. This method was
used to analyze® many glass samples indistinguishable on the basis
of refractive index and density. The data was statistically analyzed
and it was found that the method provided an increased discrimina-
tion in the glass samples. Butterworth et al* analyzed trace cle-
ments present in vehicle headlamp and agxiliary lamp glass using
SSMS. It was observed that a pattern of trace element levels exists
with in the glasses of different manufacturegs-such that it is pos-
sible 1o idently their glasses, although there are sufficient differ-
ences that enable glass of similar physical propertics 1o be sepa-
rated. A comparative study of trace elements in window glasses
was conducted by Haney * using isotope dilution SSMS. This
method yields accurate, and absolute elemental concentration with-
out the use of standards. It was found that potassium, strontium.
Zirconium, and barium were distributed uniformly over the win-
dow panes. The SSMS was used for the analysis of the high purity
copper wires taken from the electrical cables by Locke et al . The
characteristic elements were in the concentration range of (.1 to 35
ppm with Ag, Fe, Pb, and Zn being most prominent. The elements
Mn, Ni. As, Sc, Sb, and Bi were also frequently detectable. The
cxperimental and sample variation within and between various elec-
trical conductors were studies and a good discrimination was
achieved between the samples by this technique.

Caldwell * analyzed PVC coated copper cable in a theft case
by neutron activation analysis (NAA) technique. The cable con-
sisted of nineteen strands of copper wire twined together. Only four
trace elements Ag, Au, Co, and Sh were present in both the control
and the suspected stolen samples, The average of several determi-
nation of both the samples were compared. Thirty nine samples
recovered from a junk dealer and twenty nine samples taken from
the ends of the wires left on the poles were examined by Weaver
and Bowmen™ using NAA, in a copper wire theft case. On the
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basis of the results obtained, the salvage yard wires could be linked

with some of the wires from the pole. Chan™ also used NAA for
KL TER 5 . )

the analysis of copper wires. In the case of muh*randcd cable only

the central strand of the cables were analyzed and compared. These

studies were based on the assumption that trace clement concentra-

tion was uniform along the length of the wires.

Singh and Singh™ made a detailed systematic study to verify
the above assumption. The elements determined were Ag, Au, Se,
and Sb. The variation of trace element concentrations along the
length of a wire and between the wires from known different sources
were sdudied and the usefulness of the NAA technique in the com-
parison of copper wircs was demonstrated. They also analyzed three
different nincteen-stranded cables™. Each strand of the cable was
analyzed separately. It was observed that the levels of trace ele-
ments in various strands of a cable varied significantly. The aver-
age of the quantities of trace clements in all the strands of a cable
was also calculated and compared. Two of the three cables were
found to be indistinguishable on the basis of the above average
values. Thus, neither the analysis of all the strands together nor
that of only one strand, as adopted by the earlier workers, was
found adequate. The analysis and comparison of all the correspond-
ing strands was recomended for a conclusive opinion in the cases
of multi-stranded cables.

Chattopadhyay and Singh™ analyzed aluminium wires by NAA
technique and determined concentration of nine elements Mn, Cu,
Ga, La, Sm, Cr, Fe, Hf, and Sc. The variation within and between
the aluminium wires were studied. The results revealed that these
clements were uniformly distributed along the length of a long wire.
The method was found quite useful for characterization of alu-
minium wires.

Schlesingr and Settle” conducted a large scale study of papers
by NAA technique. Thirteen elements Ti, Al, Ca, Mn, Na, Cl, Ta,
Zn, Sb. Cr. Sc, Au and La were detected in 129 samples drawn
Irom nine manufactures and analyzed by them. The positive source
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identification based on trace clement profile, establishment of a
common source Of two or more paper samples. and allied problems
have been discussed. Blanchard and Harrison™ analyzed twelve
different clays used as a pigment fillers in papers. It was observed
that clays vary substantially in their trace element profile and pro-
vide a database for the identification of unknown filled papers. The
nine elements chosen for the study were Al, S¢, Th, Co, Cr, Ce,
Sm, Eu, and La. Successful identification of unknown clay filled
sheets indicates that analysis of fine papers by NAA utilizing trace
clement profile and concentration ratios is a viable instrumental
technique which can provide useful supportive evidence. The NAA
technique was used for the analysis of glass™ samples also. Ina
case of theft of silverware, minute fragments of glass recovered
from the under side of the shoe of the suspect, were found to be
consistent with the glass from the broken window with respect to
. their density and refractive index. The elemental analysis of the
samples was taken up to fix the source correspondence and levels
of some eighteen elements were determined and compared on the
basis of which it was concluded that glass from the shoe and the
control sample came from the same batch of manufactured glass.

Krishnan™ has described in detail the methods of collecting
GSR from hands of a suspect and has used NAA for the detection
of Sb and Ba and AAS for lead. A very interesting case involving
gunshot wounds in which the firing distance and firing angle were
determined using NAA technique has been described by Capannesi
et al.”. The Sb pattern around the bullet entrance hole on the gar-
ment of the victim was determined to evaluate the distance and the
angle of firing. Hair is one of the most extensively studied material
by NAA technique and the results have been presented in the pro-
ceedings of many conferences, and publications in scientific jour-
nals . Even the hair from the head of Napoleon was subjected
10 activation analysis for the determination of arsenic. Once it was
thought that NAA techniques could provide such data on hair that
it would be possible to individualize persons on its basis. However,
amongst other problems of trace analysis, the natural products have
their own limitations.
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The X-rays methods of elemental analysis have also been used
extensively for identification and characterization of forensic
samples. Thirty single layered household paints sample, ten from
each of the three colours red, green, and white were analyzed by
Howden at al ' using Energy Dispersive X-ray (EDX) Fluores-
cence Spectrometry. The reproducibility of X-ray fluorescence spec-
tra was investigated. In cases wherce the spectra was qualitatively
similar the spectra were further examined by determining the el-
cmental peak area ratios. Discrimination of all the paints within the
red and green color groups was achieved. The white paint flakes
were discriminated into nine groups. The EDX Spectrometry was
used 1o analyzed 1974 automotive paints alsd, and its ability to
discriminate among similarly colored samples was demonstrated’.
Reeve et al'™* analyzed 81 glass samples using EDX for the cle-
ments Ca, Mn, Fe, Cu, Zn. As, Rb. Sr, and Zr. The net counts of
the elements were ratioed to the Ca net count in cach sample. The
consistency of the elemental composition across a pane of window
glass was demonstrated. The EDX was used for the examination of
glass samples by Andrasko and Maehly"” also. Harada ** ana-
lyzed nine types of black inks using X-ray micro analysis tech-
nique and demonstrated that all the inks could be identified on the
basis of traces of characteristics metallic clements. It is excepted
that this method should give good results in the case of computer
ribbon ink also. Polk et al * applied the technique of micro probe
analysis to the characterization of plain paper, and Totty et al'"
analyzed coated papers used in photocopying processes. Their work
demonstrated the usefulness of the method in the examination of
papers. Cain et al'' studied major mineral constituents Fe, Ti, Al,
Ca, K, Si. Mg, and P of pencil lead using wave length dispersive
X-ray fluorescence spectrometric technique. Comparisons of se-
lective elemental ratio of various clay material permit identifica-
tion among the different lead products.

Winstanley'" used simulated stomach contents matrix to de-
termine the lower level detection for the sixteen metals using EDX
technique. All of thie metals could be detected at the levels which
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might be expected for the acute fatal doses. However, where small
doses are administered over a prolonged period this method may
not be sulficiently sensitive. The above method was applied 10 a
case of fatal poisoning by the ingestion of mercuric chloride. In this
case mercury was also detected and determined at highly signifi-
cant level in blood and lever as well. Colored and opaque
polyethylene bags can not be examined and compared by infrared
spectroscopy owing to their strong pigment absorption supcrim-
posed on the polycthylene spectrum. Colored polythylenc bags arc
manufactured by blending smalil quantity of pigments with poly-
cthylene. Nir-EI'” studied elemental profile of colored polyethyl-
ene bags using X-ray fluorescence spectroscopy., Homogeneity in
single bags and reproducibility of bags in a batch were ascertained.

Scanning electron microscopy combined with Energy disper-
sive X-ray analysis (SEM-EDX) has been uscd very extensively as
a technique for elemental analysis of a variety of forensic samples
including gun shot residues (GSR)"™ " . When a fire arm 1s dis-
charged, very small (micron sized) particles of the various compo-
nents of ammunitation are formed under high temperature and pres-
sure. These particles deposit on the shooters hand and other sur-
faces in the immediate vicinity. Basu'® has studied the GSR for-
mation in detail. These particles have a characteristic structure and
are formed by rapid cooling from s cxtreme temperature and
high pressure. The primer vapor constituents lead, antimony, and
barium may condense uniformly and concurrently or irregularly
and discontinuously or as a layer of lead around a nucleus of barium
and animony.

SEM-EDX technigue has been used by many workers for the
identification of the bullet holes and shooters'*'*'. Booker et al™
analyzed a sct of priming mixtures and found that they have widely
varying barium and antimony compositions. Therefore. one should
be very cautious using predetermined thereshold levels of barium
and antimony to identify the presence of GSR. The main disadvan-
tage to GSR analysis utilizing SEM-EDX technique is the exces-
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sive operator time required for the search and identification. In view
of this automated particle recognition and characterization pro-
grams"**"” for unattended GSR search and identification have been
developed. The system allow for automatic matrix search, particle
sizing, chemical typing and spectral acquisition with subsequent
storage of data to disk for later review and verification. Varetto'>
has suggested an effective method of removing organic materials
from adhesive tapes. employed for collecting particles on the hands,
using plasma ashing. The method oj’does not alter the morphology
or composition of GSR.

The particles of foreign material embedded jn or adherent to
bullets provide critical information in the reconstruction of a crime
scene. Di. Mio et al ** have used SEM-EDX technique in two cases
to identify mineral fragments and bone fragments, respectively and
have demonstrated the usefulness of the technique. The proton in-
duced X-ray emission (PIXE) analysis was used by Fischbeck' 10
verify the presence of lead in the finger bone of a murder victim.
The bone was scanned with a 1.5 MeV proton beam, PIXE analy-
sis showed that lead was present only in the vicinity of the f; ragment
previously detected in the radiographs. The ease of sample prepa-
ration and the capability to analyzc large objects nondestructi vely
make PIXE an attractive alternative to other trace element analysis
methods, if an accelerator facility is available. Hellmiss et al ™ has
used Augar Electron Spectroscopy for the analysis of GSR par-
ticles. It is a surface sensitive technique and offers the feasibility of
detecting many other useful elements than Sb, Ba and Pb in GSR.

Ultraviolet, Visible and Infrared Spectroscopy

Absorption spectrometry covers a group of methods which are
very uscful for the identification and determination of a wide vari-
cty of compounds. This technique is indispensable t any adeguately
equipped forensic science laboratory. These methods investigate
the properties of substances to absorb ultraviolet, visible, and in-
frared radiations.



Proc. 82nd Ind. Sc. Cong. Part Il : Presidential Address 27

The ultra violet-visible spectrophotometry is used routinely in
the forensic science laboratories for classification and provisional
identification of various chemical compounds. There are many sub-
stances which show a change in the ultra violet absorption curve
with change in pH and provide another parameter for their identifi-
cation and comparison. The availability of uv-vis spectrophotom-
eter with derivative accessory and microprocessor has made this
technique more useful and it can be used for identification and dif-
ferentiation of compound with very similar uv-vis spectra. The con-
version of first order spectrum into a derivative spectrum has the
effect of transforming shoulders and inflections points into new
peaks, which provide more points of comparison®for visual com-
parison of a known sample with that of questioned sample.

The absorption spectra in the infrared are much more charac-
teristic than uv-vis ones. Identification of very small amounts of
organic compounds can be achieved by infrared absorption spec-
troscopy. A infrared spectrum may be divided into two parts ; the
region of group frequency from 4000 cm to 1350 cm’, and the
fingerprint region from 1350 cm* to 650 cm’. In the region of group
frequencies many spectra have some strong bands only, which cor-
respond to stretching vibration of definite bonds. The frequency is
quite independent of the effect of other parts of the molecules. In
the fingerprint region, however, there are additional absorption bands
due 10 molecule as a whole. An infrared spectrum rich in detail
embodies so many structure parameters that two spectra identical
in all features can have been obtained only for the same compound.

Microspectrophotometers were developed for recording absorp-
tion / reflectance spectra of micron sized samples and are quite
useful. An objective study of the spectra over the entire useful spec-
tral regions can be done for microscopic samples.

The dispersive infrared photometers are relatively slow and
less sensitive, also the transmission method of recording IR ab-
sorption spectra is not suitable for the recording of infrared spectra
of many substances. With the development of interferometric
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(Fourier Transform) infrared spectrophotometers. the above limi-
tations of the conveniional infrared spectroscopy could be over-
come 10 a very great extent. This technique has greater energy
through put, higher resolution. and better wave length calibration,
higher signal 10 noise ratio as compared with the conventional tech-
nique. Hundreds of scans can be run and added together in just a
few minutes. In forensic context, the increase in sensitivity made
possible by interferometric technique lead to newer applications
like recording of reflectance spectra, development of quantitation
methods. and use of microspectrophotometers etc.

Microspectrophotometry has been used for identification and
characterization of various types of salxlplcs’-"*"’:s'likc paints, fi-
bers, rodenticides etc. A rapid method for preparing and mounting
paint fragments for visible microspectrophotometry and FTIR mi-
croscopy was developed by Wilkinson et al . In both the cases
Spectra are obtained in transmission from the paint sections, Infra-
red spectra can be produced from the nanogram sized samples by
this method. It was observed that the transmission measurement
can provide more discrimination than those in reflectance. The use
of ultraviolet, visible, and infrared spectroscopy for the examina-
tion of the base and dye composition of plastics of side light units
of vehicles was explored by Krikwood and Isaacs'®. These meth-
ods have limited use in discriminating side light plastic fragments.
Zeichner and Glattstein™ studied visible transmitted spectra of inks
and observed that transniission spectra of small samples of inked
paper fibers smeared (crushed) on glass slides resemble spectra of
smeared ink deposits and are more reproducibie than spectra of
mnked fibers in mounting media.

A large numbers of fiber samples using microscopy and mi-
crospectrophotometry ete for dye batch variation were examined
by Wiggins et al'*. Degrees of variations were found. The results
and their implications for the court going officers have also been
discussed. It was demonstrated by Grieve'™ that infrared Spectrom-
ciry and microspectrophotometry of cosmetic and decorative
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glitter particles are quite useful in their characterization. The nec-
essary sample preparation for the infrared spectroscopy has also
been discussed in detail. A method has been developed by Cousins
et al ** for the prediction of pesticide type from the small samples
found in case work, using a microspectrophotometer to obtain re-
flectance spectra of the dyes or pigments used in these products.
These spectra are then compared with those obtained from known
samples.

The infrared spectra of toners (ink) used in plain paper photo-
copying machine may be studied using small samples removed from
the paper surface. Kemp and Totty '* recorded and compared ab-
sorptiop bands of the toners from different sources. The method
could jscriminate between different sources of toners only with mod-
erate success. Williams' analyzed the infrared group frequency in
the spectra of toners to identify and characterize the major chemi-
cal compositions of toners. Smalldon* studied pyrolysis products
of resinous material using infrared spectroscopy. The uscfulness of
the method in forensic examination was demonstrated with case
examples. In a hit and run case '’ a piece of an automobile rubber
bumper guard was found at the scenc of crime. It was compared
with the sample obtained from the front bumper guard from the
suspected vehicle. The samples were examined by atienuated total
reflectance spectroscopy using FTIR. The two sample had identi-
cal spectra indicating common source of their origin. Cleverly™
studied the infrared spectra of low density polyethylene plastic bags.
All the polyethylene have similar absorption bands between 4000
o 1800 em*. Which are mostly due to C-H stretching modes and
the remaining bands are over tones and combinations. The minor
levels in the spectra of low densitypolyethylene in the region 1600-
400 cm* show significant differencg and are useful for their
characterization. The frequencies, shapes. and relative intensities
of infrated absorption bands are compared for matching and iden-
tification.

Zicba'* studied the infrared spectra of oil samples extracted
from textile and characterized them by the absorbence ratio of soiie
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bands. The method enables the objective evaluation of the statisti-
cal significance of differences between the spectra. The rate of oil
degradation in cars during their use was also studied by him '
using IR spectroscopy. Significant changes in the intensity of some
absorption bands were observed. These changes are due to the oxi-
dation and degradation products of the oil components. A compaii-
son of the absorbence of these bands make it possible to differenti-
ate oil samples of different degrees of decompositions.

The Fourier transform infrared spectrophotometric (FTIR)
analsysis of five monomethylated fentanyl compounds, widely
abused designer drugs, in vapor phase was done bysSuzuki¥'. He
found that infrared spectra alone was not enough for discrimina-
tion for isomers. However, the structural configuration of illicit
street drugs are determined by FTIR, in general. Wielbo and
Tebbett™ have used this technique for the determination of inter-
ference by common diluent and adulterents of these dru gs and have
shown that little or no interference is contributed by these excipient
substances at greater than 20% drug concentration.

With the availability of rapid scanning FTIR spectrophotom-
eter, it could be possible to perform routine diffuse reflectance
measurements in the infrared region. Suzuki and co-workers 143147
have used diffused reflectance FTIR spectroscopy for the charac-
terization of a variety of samples of forensic interest. This tech-
nique is very sensitive and require a minimal sample preparation. It
has been used for analysis of various types of tablets, capsule con-
tents, other powders, polymer foams, and metallic paints etc.
Brenner'* et al used the FTIR spectroscopy for differentiating be-
tween treated and untreated human hair. The treatments n.[; an Oxi-
dative nature for example dyeing or coloring, bleaching, llliﬁ'g per-
manent waving etc were considered. The presence of the 1044
¢y sulphonic acid absorption peak was shown 1o be a result of the
oxidation of sulfur bonds in human hair. It was suggested that this
peak may be used to differentiate between treated and untreated
hair samples. Normal hair color, moisture and age of hair sample
were found (o have little or no effect.
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In many cases of identification and comparison of samples of
forensic interest, the knowledge of the crystal structure and the
nature of molecule is of critical importance. In such cases the
X-ray diffraction technique provides a valuable supplement to
spectrochemical methods of analysis. The X-ray diffraction tech-
niques are very useful in the identification as well as comparison of
forensic samples. As this method can be used only for crystalline
materials, the non-crystalline impurities do not interfere with the
identification. The method is non destructive allowing samples to
be reexamined if the need arises. and has a wide range of applica-
tions. The XRD method is used for the idcmiﬁcaﬁ(;h of minerals,
COTrOSion pr()ducLs:, fillers in plastics and papers, clay [ractions of
soil. mortar, brick, dust, paint pigments, drugs and narcotics etc.
The synthetic textile fibers also give characteristic diffraction pat-
terns when slightly tensioned to orient their molecules. There are
certain substances which exist in forms differing only in the atomic
lattice, these can be identified only by XRD. For example. rutile
and anatase are two forms of titanium dioxide, which is used as
pigment in make-up creams, and paints. Recent advancements in
computerization have made diffraction a more attractive technique
because of the enhanced probability of identification of multi com-
ponent mixtures. It may be advantageous to compile data file of
forensically relevant substances for selective searches'™.

Canfield and De Forest *** have described a method for analyz-
ing and identifying a single crystal of explosive as small as 30 um
in diameter of an explosive residue. The method uses the Gandolfi
X-ray diffraction camera to produce a detailed X-ray diffraction
pattern of the small crystal which is directly comparable with the
data obtained by the powder diffraction method. Samples of known
explosive compounds and formulations were run on both the Debye-
Scherrer and Gandolfi X-ray diffraction cameras. The information
derived from a given explosive substance was essentially the same
for either method, although the sample size necessary for the
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Gandolfi camera is as much as three orders of magnitude smaller.
The role of this technique in an over all scheme for explosive resi-
due analysis has also been discussed. Tassa et al’®! have used
X-ray diffraction complemented by scanning electron microscopy
and energy dispersive X-ray analysis for characterization of gun-
shot residues. The results have been used to elucidate the GSR
forming process.

The idenfication and characterization of papers is often re-
quired in the forensic examination of questioned documents. Many
methods depending upon physical properties and chemical com-
position of paper have been suggested as characjerizing parameter,
most of which are non specific or destructivé or both. Foner and
Adan™ investigated the X-ray diffraction technigue for character-
izing paper samples. The crystallinity of the cellulose constituent
of paper is a function of raw material used and manufacturing pro-
cesses. Hence to explore the utility of this parameter, the crystallin-
ity index and crystallinity ratio for a varicety of paper samples were
studied and it wad demonstrated that different papers have varying
crystallinities and one can distinguish a high quality paper from a
medium quality or a poor quality one. They also examined the min-
eralogy of the inorganic component of papers and have shown that
very useful and informative data can be obtained by X-ray diffrac-
tion analysis of the minerals used in the manufacture of paper. This
technique can be applied to the routine testing of stamps, currency
notes. and security documents etc.

Diffraction data on some seventy one pigment have been ob-
tained by Debye-Scherrer powder photography'*. The d-spacings
of the three most intense diffraction lines of each pigments are listed
in a form 1o allow identification using the Hanawalt search-and-
match technique. The diffraction data acquired for pure pigments
can be used to identify pigment in paints. if their concentration in
the paint is sufficient for detection by XRD.

Lynch and Kerrgan' reported use of X-ray diffraction analy-
sis in the identification of single fiber sample. In cases where the
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fiber is small and the confirmation is required or when the microspic
features are obscured by wear or the presence of dyes, XRD analy-
sis can be most helpful. The use of X-ray diffraction analysis in
routine investigation into the illicit drugs have been demonstrated
by Folen'®, and Barrick et al **. The most useful aspect of XRD in
drug arca is the identification of the diluent used for providing bulks.
Rendel and Connett™ have detected the presence of glucose
monohydrate / sodium chloride complex in a powdered mixture
containing diacetylmorphine hydrochloride etc by XRD. In a case,
two samples of mica were compared using XRD to determine their
source correspondence by Schgal and Garg '™,

Marumo et al ** have used XRD technique, 1nter alia, other
analytical methods for clay-mineralogical analysis of soil for esti-
mation of sites. It has been suggested by Hashimoto et al* that
X-ray diffraction line profile may also be studied to determine mi-
crocrystalline structure for the discrimination of ceramics. Adul-
teration in cement is nOL Very uncommon, sometnies two or more
adulterant are blended in such a way that values of the basic con-
slituents remain within limit preseribed in the specifications and
therefore the analysis of these constituents by conventional chemi-
cal methods may not always be of much help. In such cases the X-
ray diffraction method is used to identify the adulterant. In one of
such cases ' XRD analysis revealed presence of o-quartz, hema-
tite, Ca(OH), and CaCO, confirming the presence of fuel ash and
lime as adulterant. In a case of hit and run accident’™ the grease
deposits on the dead body were compared with the grease taken
from the rear axle arca of the suspected vehicle. These were found
10 be similar on the basis of spectroscopic and other examinations.
but their source correspondence could not ascertained. The hydro-
carbons were extrated from the grease samples and the resultant
insoluble fractions were examined using X-ray powder diffraction
echniques. These fractions were, in fact, a composite sample of all
the different soil samples which have adhered to the grease over a
long period of ime and thus formed a soil of unique composition.
The components identified included quartz, feldspars. chlorite. mica,
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gocthite, haemaetite ctc. All the components were found in rela-
tively similar proportions. This could provide most significant evi-
dence to link the particular vehicle with the crime.

With all the above positive factors it is indeed strange that
XRD is not yet popular technique in forensic science laboratories
in the country. In fact there is a dearth of equipments and trained
manpower in this field in these laboratories. I hope this will attract
the attention of the physics community here and we can except
collaborative work in this field and generate local database on dif-
ferent kinds of samples of forensic interest.

Photo Accustic Spectroscopy, Electron Spirf Resonance Etc.

Photo acoustic spectroscopy is a nondestructive technique suit-
able for small sized samples. It is also advantageous that no sample
preparation is required and samples in the form of powders, gels,
liquids, fibrous material etc can be studied. If electromagnetic ra-
diations in ultraviolet, visible or infrared region is absorbed by the
sample, provided the sample does not fluoresce or degrade photo-
chemically. it reappears as heat at the surface of the sample and
Can cause a periodic pressure wave in the gas in a closed cell con-
taining the sample. Singh et al ' employed the near infrared
photoacoustic spectroscopy for the examination of the natural and
synthetic fiber and have demonstrated the usefulness of this tech-
nique. It can be used for a wide variety of samples like paint, ink,
fibers, fabrics, powders etc.

There are many difficult but very important problems in crime
investigation which defy accurate determination. For example, if
the time lapse after bleeding could be estimated from the diied blood
stains, it would be of great help in many cases to fix the time of the
commission of crime It has been shown ** that the intensity of
electron spin resonance signals of methemoglobins, non heme ions
and organic radicals in dried human blood increases with the time.
Thus, electron spin resonance studies of dried blood stains can pro-
vide an estimate of time lapse afier bleeding.
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The thermoluminescence methods can also be used for the com-
parison of forensic samples'™. If a material is exposed to natural or
laboratory ionizing radiation at or below the temperature at which
heating 1s started, the radiant energy displaces some electrons in
the solid which are trapped in imperfections and vacancies in the
crystal lattice. These trapped clecirons escape with the emission of
light when the temperature is raised 1o supply the kinetic energy
required to get them out of the traps. The color or wave length
distribution of the light may vary over the entire visible spectrum
and appears at different temperatures depending on the basic crys-
tal structure, preSgsre of impurities or trace components, and the
radiation, thermal and pressure histories of the,materials. This can
be very useful as discriminating method for differentiating between
the samples of several types of material including glass, soils, safe
insulation, salts, and other non-metallic solids.

Raman spectroscopy is complementary technigue to infrared
spectroscopy and has been used. though sparingly in forensic stud-
ies. The Fourier transtorm Raman technique is very powerful for
detecting small differences in chemical structure, orientation and
conformational isomerism and even the residual internal stresses of
solid materials. The high reproducibility and wave number accu-
racy inherent in the founier transform methodology make the detec-
tion of these differences with reliability a routine practice. This
technigue can be advantageously employed'* for the examination
of gemstones, antinque inorganic paints, automotive paint coatings,
papers. polymer lens materials etc,

It was my intention to focus attention of a large number of
physicists to the possible applications of physics to detection, in-
vestigation, and solution of ¢rime so that forensic scientists and
law enforcement agencies may share the knowledge, facilities, and
expertisc available in the country. I hope my presentation was
commensurate with my intentions.

I thank you’again [or the honor and for the patience you have
shown in listening (o me today.
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