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Abstract

For forensic purposes, sometimes, it is necessary to analyze the soil few years after the initial case has been
closed. Soil can leave traces on any item such as shoes, car tires, clothes etc. In this paper 60 soil samples are
analyzed. 48 soil samples were taken in three locations in the city of Tetovo in 2016. Three years later (in 2019)
12 additional soil samples from the same locations were collected. All samples were dried at 110 °C, and then
their infrared spectra (IR) were recorded.

The infrared spectra were recorded on Fourier-transform infrared spectrophotometer Perkin-Elmer System 2000.
The collected IR spectra we analyzed carefully analyzed in the part of the fingerprint region (in the range 1450-
450) in order to examine the changes in the spectra which have resulted from the changes of the weather and the
anthropogenic influence.

The detailed examination of all spectra showed that no visible changes were found in the newly collected spectra.
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1. Introduction

The use of soil in forensic studies to date has shown that there is a strong link between soil and
humans. The soil of the body or property of the person can be used as evidence in the form of
traces in a number of criminal cases. As a type of evidence most often found in the form of traces,
soil plays an important role in forensic examinations [1]—[4].

The studies have shown that soil usually contains 40—45% inorganic minerals, 5% organic
minerals, 25% water and 25% and air [5]. The studies on agrogenesis and anthropogenesis in the
changes on the physical and physicochemical properties of the soil are becoming increasingly
relevant [6]—[8]. The complexity of the soil composition, however, provides an extremely large
variety of soils. Actually, there is considerable variation among soil components even within a
particular area where a pedogenic ally uniform soil is distributed, allowing us to differentiate soil
samples [9].

In forensic science, when taking samples at the crime scene, researchers take care that the samples
taken do not change over time, this is very important because in many cases it is necessary to take
samples at the scene even after several years and to analyze with the evidence obtained at the time
when the crime was committed, each time the question arises, how long a soil, after the sampling,
can be stored without experiencing any change in chemical properties?

Many techniques are used in soil analysis for forensic purposes such as scanning electron
microscopy, inductively coupled plasma, gas chromatography, X-ray diffraction, Raman
spectroscopy and infrared spectroscopy [10]-[16].
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In this paper the FTIR technique is used, this instrumental technique is based on the measurement
of signals related to the interaction of infrared radiation with the analyzed samples. The advantage
of infrared microscopy is that the method is not destructive. Alternatively, infrared microscopy in
forensic science is commonly used for qualitative and quantitative analysis of microtexes such as
soil analysis, paint particles, plastics, fibers, rubber and adhesives, etc. [17] Infrared spectroscopy
(IR) is also used to identify minerals of inorganic origin and is a reliable method for forensic soil
tests [18],[19].

2. Experimental

The samples were taken from three parks in the city of Tetovo, which are often visited by the
inhabitants of the city. The location of these parks is shown in Figure 1a and Table 1.

Table 1. Locations of the parks from which the analyzed samples were taken.

2016 2019
B House of Culture 16 samples 4 samples

State University of Tetova 16 samples 4 samples

E Mosha Pijade High School 16 samples 4 samples

In order to have representative samples whose quality would not depend on (1) the current
conditions in the park, as well as on (2) possible short-term pollution, this part of the experiment
was performed as follows:
e A total of 16 samples were taken from each park in 2016 and 4 additional samples in 2019
from the soil;
e All samples were collected from each location at a distance of one about one meter from
the nearest sample (Figure 1b);
The spatial arrangement of the samples is in the form of a matrix up to 4 x4 samples
e Each of the samples was taken from the top layer of soil to a depth of about 10 cm.
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Figure 1. The parks from which the samples were taken and the scheme according to which the soil samples
are taken, a) urban locations, b) Scheme according to which soil samples are taken, x1, ..., x4 places of samples
taken after 3 years.
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Before the IR spectra were recorded the soil samples were prepared in a suitable way. The
preparation of the samples involved removing the largest impurities using sieve. Then the samples
were placed in a dryer for one hour at a temperature of 110 °C. The dried samples are then stored
in a desiccator until further analysis. The dried samples were then used to record infrared spectra.

3. Results and discussion

The IR spectrum of the soil samples were recorded in the region between 4000400 cm-1. In this
paper the spectra were analyzed only in the fingerprint region 1450—450 cm-1, due to the fact that
basic vibrations of the components present in the soil samples are mainly silicates or carbonates
but can also include minor minerals components such as sulfates which might be more helfull for
discrimination of the different samples.

On the following figure (Figure 2) all recorded spectra are presented. At the bottom of the figures
the original 48 samples collected and recorded in 2016 are presented. At the top of this figure the
samples collected in 2019 are presented (four additional samples from each location).

16 soil samples of 2016
B11,B12 B4as

vF

1450 1350 1250 1150 1050 950 850 750 650 550 450
Location B- park in front of the House of Culture

- D44

16 soil samples of 2016
D11, Dz

1450 1350 1250 1150 1050 950 850 750 650 550 450



Location D - park near the State University of Tetovo

1350 1250 1150 1050 950
Location E - park in front of the

Mosa Pijade High School

Figure 2. Spectra from FTIR, from the locations in the three parks of the city of Tetovo, in black the spectra from
the samples taken in 2016 while in red the samples taken in 2019.

In all samples of urban locations, the park in front of the House of Culture (label B), the park near
the State University of Tetovo (label D) and the park in front of the Mosa Pijade High School
(label E) we will discuss the specific signals of the infrared spectra. Critical observation of the
spectra of the first 16 samples and the additional 4 samples taken three years later for each location
shows that the information obtained from the most intense region where the bands emanating from
the stretching vibrations are strong bands close to 1000 to 1050 cm™ for silicates [20],[21].
Estimation of the relative amount of Si-O-Si and Si-O-Al bonds developed during their formation
[22] can be explained by the published spectra of well-crystallized individual minerals. This
information could be extracted from the signals obtained below 600 cm™. The dioctahedral layer
silicates containing octahedral aluminum all have strong bands in the 520 to 540 cm™' region, which
are absent in the ferruginous forms and in trioctahedral minerals [23]—[25]. In soil these stretching
vibrations arise from the combination of minerals and are usually not very diagnostic of the
specific minerals present, but the model is representative of the soil and may be useful for
discrimination. Usually vibrations below 900 cm™ can be used to identify similar minerals such as
calcite, aragonite and dolomite [26],[27]. Some minerals, such as quartz, can be identified by their
deformation vibrations which are weak. The band for these vibrations could be found in the region
around 800 cm™ and 780 cm’!, and for albite at around 730 cm™ and 650 cm™ [28],[29].

4. Conclusion

Foruier-transform infrared spectroscopy is a powerful tool for studying soils and characterizing
inorganic ions and minerals on the earth's surface. The results presented here are based on the
analysis of infrared spectra of the samples for urban soils from (1) the park in front of the House
of Culture (label B), (2) the park near the State University of Tetovo (label D) and (3) the park in
front of the Mosa Pijade High School (label E). From the analysis of soil similarity with changing
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atmospheric conditions over three years show that, climatic conditions and the anthropogenic
influence do not have induce significant change on the composition of these soils.

The detailed analysis of the infrared spectra presented here shows that for forensic purposes we
cannot find any difference between the originally collected spectra and those collected three years
later.
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