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Abstract - Soil samples are often sent to Forensic Science
Laboratories (FSLs) as exhibits to determine the presence of
explosive residues in post-blast cases. This work focuses on the
trace analysis of nitrate ion (NO3 ) content in the soil samples
using lon Chromatography (IC), an essential technique for
inorganic explosives ion detection and confirmation. Soil was
collected from the Talegaon area in Pune for spiking the
standard case sample and to use as control soil to compare and
find out the homogeneity of explosive content in the soil
matrix. Soil samples of varying quantities - 50g, 40g, 30g, 20g
and 10g were collected to assess the minimum sample mass
required for reliable nitrate ions detection. A sensitive ion
chromatographic method was used to detect the presence of
nitrate ions. The findings provide crucial insights into the
sampling and threshold soil mass necessary for the analysis of
nitrate ions in trace amounts. Our study aligns with the
development of standardized forensic protocols for explosive
residue identification in post blast soil samples.
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1. Introduction

1.1. Background of forensic explosive analysis in soil

Explosives play a crucial role in various industrial, military,
and criminal activities, making their forensic investigation an
essential aspect of security and law enforcement [1-3]. Forensic
soil analysis involves the examination of soil samples to aid in
criminal investigations. It is based on the principle that soil is a
unique, non-homogenous and variable material that can affect
the detection of inorganic explosive residues due to its matrix
effects. Among the diverse classes of explosives, nitrate-based
explosives such as ammonium nitrate, ammonium nitrate fuel
oil (ANFO), urea nitrate, potassium nitrate mixtures, etc., are
widely used due to their availability, cost-effectiveness, and
explosion potential. The forensic examination of post-blast
residues is critical for identification of the trace elements in
explosive ingredients used, reconstructing the blast event, and
linking suspects to the crime scene [4-7].

1.2. Importance of nitrate detection in post-blast scenarios

Among various chemical markers, nitrate detection is
particularly significant because nitrates serve as oxidizers in

many explosive formulations, such as ammonium nitrate,
ammonium nitrate fuel oil (ANFO), urea nitrate, potassium
nitrate-based mixtures, etc.,. The identification and
quantification of nitrate residues provide valuable information
for a forensic examination report, aiding in criminal
investigations, counterterrorism efforts, and environmental
assessments [8,9].

1.3. Objectives of the study

The primary objective of this study was to develop a reliable
and sensitive method for the trace analysis of nitrate content in
the post-blast soil samples using lon Chromatography (IC) to
enhance forensic investigations. The study was conducted to
optimize sample collection for post-blast soil samples and to
check the effectiveness of lon Chromatography (IC) as a
precise analytical tool for detecting and quantifying nitrate ions
in post-blast soil samples.

2. Materials and Methods

Soil sample collected were nearby area of the Central
Forensic Science Laboratory (CFSL), Talegaon, Pune;
Demineralised water (DM) procured from Labogen Fine Chem
Industry, Ludhiana; Syringe filter (0.22 um); and Filter paper
procured from Clairofilt (India), Bhiwandi.

For lon Chromatography, standard solution of inorganic
anions (F~, CI", NO;~, SO427, POs%") were prepared from the
10 ppm stock solution from Sigma Aldrich (Switzerland) to
standardize the instrument. The eluent for anion analysis was
prepared using analytical grade sodium bicarbonate and sodium
hydrogen carbonate from Merck (Germany), and Acetone from
Advent Chembio Pvt. Ltd., Navi Mumbai. Regeneration
solution for suppressor was prepared using analytical grade
sulfuric acid solution obtained from Sigma Aldrich
(Switzerland); The IC system used was Metrohm Advanced IC
system by Metrohm Ltd. (Herisau, Switzerland); Metrosep A
Supp 19 anion exchange column of hydrophilic
polystyrene/divinylbenzene  copolymer with quaternary
ammonium groups was used for the analysis.

2.1. Methodology for obtaining spiked soil samples

To carry out spiking of soil and control soil, within 10m
radius in an agricultural land from Talegaon Pune was chosen
for soil sample collection. The soil was collected carefully in
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an self-sealing polythene packet using spatula to avoid any Table 2 : Effect of soil matrix in the Nitrate concentration
Contamlnatlon and the CO”ected Samples were kept for drylng Sample ID Sample Observed Probable Conc. of | Expected | Observed | Recovered
. . .y Quantity Conc. of the Std in the Conc. Conc. Conc.
overnight under normal atmospheric condition at room ® Control | Spiked Sample | (ppm) |  (ppm) %
temperature e e L L L L
' ,ﬂ;:jil d 0.250 NA 1266.809 1266.809 | 1266.809 100
- . | Sample Al | 50 9.281 | 1266.809 1276.09 |  890.108 69.753
2.2. Sample collection and preparation |_SampleBl | 40 11.251 | 1013.447 1024.698 | 682320 66.587 |
Sample C1 30 8.636 760.085 768.741 | 569.606 | 74096
. R | Sample D1 20 3.594 506.724 510.318 474.698 93.020
For spiked samples, the collected bulk soil sample was Sumple El 10 4967 253.362 258329 | 202644 | 78444

.. . - . 2 C=1266.809*A/50 for les Al to EI. D=B+C. sF = 100-((D-E)*100/D)
divided into five portions of 50gm each. They were labelled as AT

A, B, C, D and E. 0.25 gram of case exhibit containing nitrate
ions was spiked into each of the samples (A, B, C, D & E) and
thoroughly mixed to ensure homogenous distribution of the
case exhibit. Weighed portions of the samples were taken for
further analysis - 50gm of A (labelled as Al), 40gm of B
(labelled as B1), 30gm of C (labelled as C1), 20gm of D
(labelled as D1), and 10gm of E (labelled as E1). The same Anions _

HS/em

Figure 1 (a to f): Chromatograms obtained from spiked
soil samples and standard through IC

(a) Case Exhibit sample (Standard)

method followed for collection for control samples of Al to E1. w00 | 5

2

For extraction of nitrate ions from the soil samples, DM 000 1 :
Water was added into beakers containing the weighed portions 400.0 -

as follows — 100ml each for A1, B1, C1, D1, E1 and its control
soil samples (Al to E1). The extracts were subjected to
filtration using filter paper. The samples Al to E1 were washed
thoroughly with 100ml of DM water, twice, to collect nitrate
content completely and the filtrates collected from samples (Al “A . . : : . : : .
to E1) were evaporated to dryness. It was then reconstituted in B R Re RGBT e IR0 8
100ml of DM Water and mixed to ensure uniformity. The same

method was followed to control samples and 0.25 grams of case

exhibit sample was taken as standard. Syringe filtration was (b) Sample Al

conducted to remove minute impurities and 1ml of the filtrate Anions
was collected for each sample. It was further diluted ten times Kvem
of its volume using DM Water. The diluted extract was used 4000
for IC analysis of nitrate ions.

Phosphate 14.70

Nitrate 11.88

2.3. Methodology used in lon Chromatography 2400 1

The IC system comprised of Methrohm 830 IC interface,
819 IC detector (conductivity detector), 820 column w00 Ko oe
thermostat, 818 IC pump, separation column and Metrosep A
SUPP 4/5 guard column. The column used for anionic
separation was Metrosep A Supp 19, 150 x 4.0 mm with 4.6 pm
particle size, and Hydrophilic polystyrene/divinylbenzene
copolymer with quaternary ammonium groups as column (¢) Sample B1
packing material. The flow rate was set at 0.7 mL/min. The
anionic eluent used was 8.0mM Na2CO3 + 0.25mM NaHCO3 o
[12].
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3. Observation a0

Table 1: Data obtained from ion chromatography 1600

Sample ID Sample Retention Area Height Observed |
Quantity | time (min) | (uS/cm) (nS/cm) Conc. 1 g

(€3] X min (ppm) | + .

Case 0250 11872 | 1140021 | 223636 | 1766.800 b0 20 40 60 80 m

Standard

Sample Al 50 11.875 80.1746 230.933 890.108
Sample B1 40 11.555 61.4656 197.083 682.320
Sample C1 30 11.570 51.3171 171.249 569.606
Sample D1 20 11.650 42.7717 78.391 474.698
Sample E1 10 11.630 18.2764 428.265 202.644
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Nitrate 11,57
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Figure 2: Scatter plot showing nitrate recovery from

different amount of soil
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4. Results and Discussion

The concentration of nitrate ion was found in the spiked soil
samples were 890.108, 682.320, 569.606, 474.698, and
202.644 ppm for sample A1, B1, C1, D1, and E1 respectively.
The concentration of the nitrate content in the case exhibit
(Standard) sample was 1266.809 ppm.

The concentration of the nitrate content in the control soils
for the above samples were 9.218, 11.251, 8.656, 3.594 and
4.967 ppm.

The Table-2 gives the detailed calculation of the probable
concentration of the nitrate in the spiked soil sample, expected
concentration of the nitrate and observed concentration of the
same. It was observed that only 66.587% to 93.020% of nitrate
concentration were recovered from the spiked soil samples Al
to E1. Remaining 6.980% to 33.414% of the nitrate content
were not recovered from the soil due to it’s matrix effect.
Further observed that there was no uniformity in the
concentration as per the order of the sample taken from 50g to
10g even though the spiked soil samples were thoroughly
mixed.

To enhance forensic investigations, laboratories should
adopt comprehensive sampling strategies, implement robust
analytical techniques, and ensure proper documentation to
maintain the integrity of evidence. These measures will
improve the reliability of post-blast residue analysis and
contribute to more accurate forensic conclusions.

5. Conclusion

Forensic trace analysis of post-blast soil samples presents
several challenges, including sample heterogeneity,
contamination risks, and the degradation of explosive residues
due to environmental factors. Handling such samples requires
standardized protocols to ensure the accurate detection and
identification of explosive materials.

The homogenous nature of pit soil is under question. This
study indicates the amount of soil sample to be collected for
analysis of ions. Thus, appropriate sample collection is crucial
for forensic analysis of explosives.

There is a scope for further research focusing on control
soil sample collection in such cases. Optimization and
validation studies can also be conducted for standardization of
the method.

Conflict of interest
The authors declare no conflict of interest.

Acknowledgement

We would like to thank the Director of Central Forensic
Science Laboratory, Pune, for providing necessary support and
infrastructure for conducting this work.

© 2025, IJSREM

| www.ijsrem.com

DOI: 10.55041/IJSREM43475 | Page 3


http://www.ijsrem.com/

#gég’ 38

International Journal of Scientific Research in Engineering and Management (IJSREM)

HSRE
W Volume: 09 Issue: 04 | April - 2025

SJIF Rating: 8.586

ISSN: 2582-3930

References

1.

10.

11.

12.

© 2025, IJSREM | www.ijsrem.com

M.K. Mishra Analysis of Post Blast Residue Material
in Soil Sample for Forensic Consideration.” IOSR
Journal of Pharmacy and Biological Sciences (IOSR-
JPBS), vol. 12, no. 4, 2017, pp. 50-52.

Burmeister, S. G. McCord, B. R., Hargadon, K. A.,
Hall, K. E. (1994). Forensic Analysis of Explosives
Using Ion Chromatographic Methods. Anal. Chem.
Acta 288: 43-56.

Byall. E., B. 2001. Explosives Report 1998-2001.
Detection and Characterization of Explosives and
Explosive Residue: A Review. 13th INTERPOL
Forensic Science Symposium, Lyon, France, October
16-19, 2001.

Beveridge A. (1998). Forensic Investigation of
Explosions. London: Taylor & Francis Ltd.
TWGFEX(Technical Working Group for Fire and
Explosives),Laboratory Explosion Group: Standards
& Protocols Committee, Recommended Guidelines
for Forensic Identification of Post-Blast Explosive
Residues.

Van der Voort, M.M., van Wees, RM.M., Brouwer,
S.D., van der Jagt-Deutekom, M.J.,

Verreault, J., 2015b. Forensic analysis of explosions:
inverse calculation of the charge

mass.  Forensic  Sci. Int. 252, 11-21.
https://doi.org/10.1016/j.forsciint.2015.04.014
Akhavan, J. 2004. Classification of Explosive
Materials. The Chemistry of Explosives. 3th Ed.
Cambridge: Royal Society of Chemistry. [6] Agrawal,
J. P. 2010. Pyrotechnics, in High Energy Materials:
Propellants, Explosives and Pyrotechnics. Wiley-
VCH Verlag GmbH & Co. Weinheim, Germany.
Thurman, James T., 2011. Practical Bomb Scene
Investigation, second ed. Taylor and Francis Group,
LLC.

Beveridge, A., 2012. Forensic Investigation of
Explosions, second ed. CRC Press, Taylor and Francis
Group ISBN978-1-4200-8725-3.

Verolme, E. K., Van der Voort, M. M., Smits, R.,
Weerheijm, J., Koh, Y. H., & Kang, K. W. (2018). A
method for backward calculation of debris in a post
blast scene. Journal of Loss Prevention in the Process
Industries, 51, 54-64.

Weerheijm, J., Van Wees, RM.M., de Bruyn,
P.C.AM., Karelse, JW. 2002. The Fireworks
Disaster in Enschede, Part 1: Overview and
Reconstruction. DoD Explosives Safety Seminar.
Ahmad, U. K., Liew, C. Y., Huri, M. A. M., &
Abdullah, S. A. A. S. (2013). Forensic Analysis of
Inorganic Anions from Post Blast Pyrotechnic
Residues. Jurnal Teknologi (Sciences &
Engineering), 62(3).

BIOGRAPHIES

¢

The Author had joined in the
Ministry of Defence, Government
of India in the year 2002, Ministry of
Railways in the year 2008, has been
working as Scientist under the
Ministry of Home Affairs from 2017
and completed 22 years of service in
the Scientific/Technical field.

DOI: 10.55041/IJSREM43475 | Page 4


http://www.ijsrem.com/

