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Abstract
In the present paper, we explain the importance of the analytical instrument used in the field of forensic science for the analysis of the
trace evidences collected from the scene of occurrence. The forensic scientist has to rely upon these instrumental analyses of trace amount
of materials like drugs, toxicological specimens, GSR, fibers, glass, paints, soil etc. Variation in the manufacture of chemical composition and
allows considerable discrimination even with very small fragments are observed. More emphasis on GSR, Sometime GSR analysis become very
important to get a proper direction of investigation, from where the GSR is collected and from which surfaces the GSR accumulated, played
an important aspect of investigations. Through this paper, reviews on these techniques which are extensively used in forensic sciences have
been reported. Our report summaries on the basis of analytical problem facing for a forensic expert and techniques employed to tackle them
like chromatography, XRD/XRF, inductively coupled plasma (ICP) techniques, Raman spectroscopy and microscopy (optical, , GRIM, electron
microscopy) etc.

Introduction
The analysis of a crime scene involves the participation of
experts in both the physical and biological sciences as well as
in many areas of technology and law enforcement. Forensic
chemists study fingerprint patterns and fiber, glass, gunshot,
and other types of residues; analyze drugs and poisons; examine
possible forgeries; analyze residues for possible arson and
explosive crimes; and carry out DNA analyses to identify possible
criminal suspects.
Today the term Criminalistics is often used to describe the
work that forensic chemists and other forensic scientists do.
The term means virtually the same as does the more common
phrase forensic science. Some number of examples will be
presented that illustrate the ways in which forensic chemists can
contribute to the solution of crimes, with special emphasis on
recent developments in techniques they use and the methods.
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In this paper, we have tried to explain the available analytical
instruments available for analysis of trace evidence analysis.

Toxicological chemistry examination using different
Chromatography
In almost all experimental studies in toxicology, an agent,
generally a single chemical substance is administered in known
amounts to an organism. It is universally acknowledged that
the chemical under study must be pure or the nature of any
contaminants must be known to interpret the experimental
results with validity [1]. However, it is common practice to
proceed with the experimental study without verifying the
purity of the compound. A scheme of separation for poisons
from tissues by steam distillation and differential solvent
extraction is shown in Figure 1. The analytic techniques initiated
by forensic toxicologists have continued to expand in complexity
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and improve in reliability. Many new analytic tools have been
applied to toxicology problems in almost all areas of the field,
and the technology continues to open new areas of research [2].

in the search and examination of physical traces. This evidence
can be useful for establishing (or debasing) a link between
suspect, crime scene, and/or victim. The physical traces can
commonly include paint flakes, glass fragments, fibers, slivers
of metal, soils, building materials, stains of any description,
corrosion products, loose powdered materials, gunshot residue
(GSR), etc [6-8]. Possible applications of the XRF/XRD technique
on different kind of forensic samples are summarized in the
Figure 2.

Inductively coupled plasma (ICP) mass spectrometry
technique

The discrimination of sheet glass exposed to high
temperature by the determination of trace impurities using
ICPMS was reported. The determination of iron in glass by laser
ablation and solution sampling comparing dynamic reaction
cell-ICPMS and high resolution (sector field) ICPMS was also
reported [9]. Several reports on the analysis of glass by LIBS,
including a comparison of the results from LA-ICPMS, μXRF,
and LIBS for the analysis of the same set of samples [10], the
comparison of different irradiation wavelengths for the analysis
of glass [11], and two other research studies on the application
of LIBS to glass analysis [12] were published.

Raman Spectroscopy Techniques

Figure 1: Flow chart for separation of poisons from tissues
available in literature [1].

Elemental Chemical analysis using XRD/XRF

Figure 2: Summary of use of X-ray techniques in forensic
sciences [6].

The x-ray fluorescence (XRF)/ X-rays Diffarction techniques
have been used in forensic science for several decades [3]. Unlike
many other analytical techniques, XRF does not affect samples as
it is a non-destructive method [4,5]. This alone can be extremely
valuable as certain specimens require confirmatory analysis
by another group of scientists to validate integrity of the data.
Forensic science involves the application of science to law. In
numerous criminal cases, forensic scientists are often involved
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There has been resurgence in Raman spectroscopy for its
application in forensic science. This method allows for the
measurement of the inelastic scattering of light due to the
vibration modes of a molecule when irradiated by an intense
monochromatic source such as a laser. The Raman technique
presents advantages such as its non-destructive nature, its fast
analysis time, and the possibility of performing microscopic in
situ analyses. In its forensic application, it is a versatile technique
that covers a wide spectrum of samples such as drugs of abuse,
trace evidence, fibers and inks. Instruments characterized by
a high sensitivity and coupled to light microscopes supply a
high potential for the micrometric and in situ analysis of many
types of materials of forensic interest. The analysis of textile
fibers constitutes a clear example. In this field several studies
have been carried out (e.g. Bouffard et al. [13]; Keen et al. [14];
Miller and Bartick [15]; Jochem and Lehnert [16]; Thomas et al.
[17]. The usefulness of this technique for the forensic analysis of
fibers mainly focuses on the detection of dyes.

Microscopy and Electron Microscopy

Microanalysis is the application of a microscope and micro
scopiea \ techniques to the observation, collection, and analysis
of micro evidence that cannot be clearly observed or analyzed
without such devices. Microanalysis today generally deals with
samples in the milligram or microgram size ranges. Microscopes
and the techniques to be discussed will be limited to those that
employ light in the visible, ultraviolet (UV), and infrared (IR)
frequency ranges or use electrons for illumination. Analysis with
a microscope may be limited to observations of morphology or
involve the collection of more sophisticated analytical data, such
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as optical properties, molecular spectra, or elemental analysis
[18,19]. A wide verity of microscopes is available for use in a
forensic laboratory and they can examine a wide variety of
materials.
Traces such as fragments of glass, paints or gunshot residues
most often occur in very small quantities. Thus, sensitive
analytical methods are required in order to obtain satisfactory
results from small amounts of sample. For the selection of proper
analytical methods one should take into account the fact that
the method is not allowed to destroy the samples because the
material might be re-used. One of these non-destructive methods
is scanning electron microscopy with an energy dispersive X-ray
spectrometry (SEM–EDX) [18]. It is a powerful tool for forensic
purposes because one can examine objects considering their
morphology and the elemental composition. Moreover, the
obtained results can be evaluated by using suitable methods of
chemometric analysis [20]. The paint coat of a car body consists
of a number of successively overlaid paint layers. These layers
differ from each other in terms of their ingredients, i.e., resin,
pigments and fillers. The number of layers making up a car
covering depends on its type. In brand new cars and in those that
have not been repainted there are only three to four layers. Paint
coverings of renovated cars consist of a larger number of layers
(sometimes even more than a dozen), including not only enamels,
but also putties, painters’ putties and ground undercoats. In
identification and comparative studies of paint chips, scientists
define their macroscopic properties colour, shade and texture
and their microscopic properties relating to their morphology
[21]. SEM measurement have also been reported on fiber and
hair sample by Sharma and Jha [22].

Emphasis on GSR analysis

Few experienced experts all over the world undertake the
task of identification of the type of ammunition taking into
account the qualitative differences in chemical composition of
GSR (personal communication R Keeley, London Metropolitan
Laboratory, Forensic Science Service, 1997). Attempts at
an objective and systematic approach to that analysis as
systematic study of gunshot residues originating from selected
types of ammunition by means of SEM-EDX and utilization of
chemometric methods for interpretation of the obtained results
were presented by Niewoehner [23] and Broiek-Mucha et al.
[24,25]. In their first work was basically based upon quantitative
analysis of one hundred particles arbitrarily chosen from all of the
preserved gunshot residues from different components of bullet
(i.e. including the primer, case, projectile, projectile jacket etc.),
whereas in the last two publications frequencies of occurrence
of primer particles of particular chemical classes were taken
into account and experimental study were performed. Through
those both attempts results revealed the possibility of group
identification of the ammunition used based on GSR study.
It is worthwhile mentioning that a growing attention is being
paid to chemical composition of gunshot residue originating
003

not only from the primer, but also from the propellant [2629] and the projectile [30]. More sensitive than SEM-EDX,
analytical techniques are being introduced also to study the
chemical content of primer residue such as Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) [31,32], providing more
discriminative data. However, only SEM-EDX is the most specific
for GSR analytical method providing information on both, their
morphology and the main elemental contents thus remaining a
reliable tool for GSR examinations [33-35].

Discussion

The analytic techniques initiated by forensic experts have
continued to expand in complexity and improve in reliability.
Many new analytic tools have been applied to analytical problems
in almost all areas of the field, and the technology continues to
open new areas of research. Over the last two decades, a new
analytical tool has been developed. Forensic examiners continue
to be concerned about conducting unequivocal identification of
toxic substances in such a manner that the results can withstand
a legal challenge. The problems of substance abuse, designer
drugs, increased potency of therapeutic agents, and widespread
concern about pollution and the safety and health of workers
present challenges to the analyst’s skills. Today investigators
have a wide range of analytical tests and sophisticated
equipment with which to study microscopic pieces of evidence
collected at such crime scenes. As disgruntled individuals and
terrorists continue to use fire and explosives to disrupt society,
forensic chemists will go on developing methods for identifying
the persons responsible for such events.

References

1. Hayes AW (1991) Principles and Methods of Toxicology, (3rd edn),
Raven Press, New York, USA.
2. Ottobani MA (1991) The Dose Makes the Poison, (2nd edn) Von
Nastrand Reinhold Company, New York, USA.
3. RE Van Griken, AA Markowicz (1992) Handbook of X-Ray Spectrometry,
Marcel Dekker, New York, USA. Also R. Jenkins, An Introduction to
X-Ray Spectrometry, Heyden, London (1970).
4. JM Jaklevic, JR French, TW Clarkson, MR Greenwood (1978) Adv. X-Ray
Anal. 21: 1971.

5. R Jenkins, An Introduction to X-Ray Spectrometry, Heyden, London
(1970); R. Jenkins, Comparison of Wavelength and Energy Dispersive
Spectrometers. In: X-Ray Fluorescence Spectrometry, (2nd edn), WileyInter science, New York, USA, pp. 111-121 (1999).
6. Shailendra Jha, M Sharma, RK Kothari, BK Sharma (2009) Role
of importance of X-ray fluorescence analysis of forensic Samples,
Proceedings of ICNX – 2009, Malaysia.

7. Shailendra Jha, M Sharma (2016) X-Ray Fluorescence Analysis: Useful
For Forensic Examination J Forensic Sci & Criminal Inves 1(1): 1- 5.

8. Kotrlý M (2006) Application of X-ray diffraction in forensic science
Kristallogr. Suppl 23: 35-40.

9. Suzuki Y, Kikkawa HS, Kasamatsu M, Higashikawa Y, Suzuki S Anal
(2008) Forensic discrimination of sheet glass exposed to high
temperature by the determination of trace impurities using ICP-MS.
Sci 24(6): 745-749.

How to cite this article: Mukesh S, Rajveer, Deepak K S, R K Mishra, R S Tiwari. Analytical Instrument in Trace Evidence Analysis used in Forensic
Sciences. J Forensic Sci & Criminal Inves. 2017; 5(3): 555668. DOI: 10.19080/JFSCI.2017.05.555668.

Journal of Forensic Sciences & Criminal Investigation
10. Castro W, Trejos T, Naes B, Almirall JR (2008) Comparison of highresolution and dynamic reaction cell ICP-MS capabilities for forensic
analysis of iron in glass. Anal Bioanal Chem 392(4): 663-672.

11. Naes BE, Umpierrez S, Ryland S, Barnett C, Almirall JR, (2008)
Spectrochim Acta, 63B(10): 1145-1150.

12. Barnett C, Cahoon E, Almirall JR (2008) Spectrochim Acta 63B(10):
1016-1023.
13. Bouffard SP, Sommer AJ, Katon JE, Godber S (1994) Use of Molecular
Microspectroscopy to Characterize Pigment-loaded Polypropylene
Single Fibers. Applied Spectroscopy 48(11): 1387-1393.

14. Keen IP, White GW, Fredericks PM (1998) Characterization of Fibers by
Raman Microprobe Spectroscopy. Journal of Forensic Sciences 43(1):
82-89.
15. Miller J, Bartick E G (2001) Forensic Analysis of Single Fibers by Raman
Spectroscopy. Applied Spectroscopy 55(12): 1729-1732.

16. Jochem G, Lehnert RJ (2002) On the Potential of Raman Microscopy
for the Forensic Analysis of Coloured Textile Fibres. Science & Justice
42(4): 215-221.
17. Thomas J, Buzzini P, Massonnet G, Reedy B, Roux C (2005) Raman
Spectroscopy and the Forensic Analysis of Black/Grey and Blue Cotton
Fibres: Part 1: Investigation of the Effects of Varying Laser Wavelength.
Forensic Science International 152(2-3): 189-197.

18. Pouchou JL, Pichoir F (1985) “PAP”, Procedure for Improved
Quantitative Microanalysis. Microbeam Analysis Proc, Armstrong, JT
(Edn.), San Francisco Press, USA, pp. 104-106.

19. Pouchou JL, Pichoir F (1984) A New Model for Quantitative X-ray
Microanalysis, Part I: Application to the Analysis of Homogeneous
Samples., Rech Aerosp 3: 13-38, 1984.
20. G Zador, Z Brozek-Mucha (2003) SEM–EDX-a useful tool for forensic
examinations Materials. Chemistry and Physics 81: 345-348.

21. G Zadora, Z Bro˙zek-Mucha, A Parczewski (2001) A Classification of
Glass Microtraces. Prob Forensic Sci p. 1-7.
22. Mukesh Sharma, Shailendra Jha (2010) Role of Electron microscope in
Forensic Science, BARC during 8th-10th .
23. Niewoehner L (1998) Chemometrlc Analysls of GSR data - first results,
ENFSI Flrearms Working Group Meeting, Metropolitan Laboratory,
The Forensic Science Service, London, UK, 1.10.
This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/JFSCI.2017.04.555668

24. Broiek-Mucha Z, Jankowicz A (2001) Evaluation of the possibility of
differentiation among various types of ammunition by means of SEMEDX method. Forensic Science international 123: 39-47.

25. Broiek-Mucha Z, Zadora G (2001) Frequency of occurrence of GSR from
various ammunition types. Z Zagadnien Nauk Sadowych (Problems of
Forensic Sciences) XLVI: 281-287.

26. Reardon MR, Mac Crehan WA, Rowe WF (2000) Comparing the additive
composition of smokeless gunpowder and its handgun fired residues.
Journal of Forenslc Sciences 45(6): 1232-1238.

27. MacCrehan WA, Patierno ER, Duewer DL, Reardon MR (2001)
Investigating the effect of changing ammunition on the composition of
organic additives residue (OGSR). Journal of Forensic Sciences 46(1):
57-62.
28. MacCrehan WA, Patierno ER, Duewer DL (2001) A qualitative
comparison of smokeless gunpowder measurements. Journal of
Forensic Sciences 47(5): 996-1000.

29. MacCrehan WA, Patierno ER, Duewer DL (2002) A quantitative
comparison of smokeless gunpowder measurements. Journal of
Forensic Sciences 47(6): 1283-1287.
30. Randich E, Duetfeldt W, McLendon W, Tobin W (2002) A metallurgical
review of bullet lead compositional analysis. Forensic Science
International 127(3): 174-191.

31. Koons RD (1998) Analysis of gunshot primer residue collection swabs
by ICP-MS. Journal of Forensic Sciences 43(4): 748-754.

32. Chelyan P, Dobney AM, Wiarda W, Beijer R, van Leuven B (2001)
Comparison of Gunshot residues samples: variation of GSR
composition along the gun to target path. 8th ENFSI Firearms Working
Group Meeting. Brugge, Belgium, 23.09-26.09.

33. Lebiedzik J, Johnson DL (2000) Rapid search and quantitative analysis
of gunshot residue particles In the SEM. Journal of Forensic Sciences
45: 83-92.

34. Lebiedzik J, Johnson DL (2002) Handguns and ammunitions indicators
extracted from the GSR analysis. Journal of Forensic Sciences 47: 483493.
35. Gulson EL, Eames JC, Davis JD (2002) Evaluation of exhibits from a
murder case using the lead Isotope method and scanning electron
microscopy. Journal of Forensic Sciences 47: 1015-1021.
Your next submission with Juniper Publishers
will reach you the below assets
• Quality Editorial service
• Swift Peer Review

• Reprints availability
• E-prints Service

• Manuscript Podcast for convenient understanding
• Global attainment for your research

• Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

• Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

004

How to cite this article: Mukesh S, Rajveer, Deepak K S, R K Mishra, R S Tiwari. Analytical Instrument in Trace Evidence Analysis used in Forensic
Sciences. J Forensic Sci & Criminal Inves. 2017; 5(3): 555668. DOI: 10.19080/JFSCI.2017.05.555668.

