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Abstract

Soil has an important influence on human health, especially for children, due to more frequent dermal contact,
ingestion, and inhalation. Urban playgrounds are of particular concern, because of the presence of a multitude of
dust particles of natural or anthropogenic origin, which could enter or interact with the toddlers” body. In this
work, the soil samples were collected from important playgrounds from the city of Galati, Romania, being
subjected to a mineralogical investigation by Total Attenuated Reflectance Fourier Transform Infrared
Spectrometry (ATR-FTIR) technique using a BRUKER TENSOR 27 FTIR spectrometer coupled with a
diamond ATR device. Preliminary results of ATR-FTIR analyses of the soil samples highlighted the presence of
montmorillonite, kaolinite, quartz, and calcite as soil mineralogical constituents. The main aim of this paper was
to observe if the characteristic peak of Chrysotile, a component of asbestos, can be identified in the spectra of the
investigated target urban soils from playgrounds.
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1. INTRODUCTION

Soil is considered to be the sink of the numerous pollutants released in the environment by many
types of natural or anthropic sources [1,2]. Due to the interconnectivity between the environmental
components and humans, the soil quality can negatively affect the human state of health, but the most
sensitive are the children [3].

In addition to food and drink, children are exposed to trace and toxic elements via many ways,
such as ingestion of soil from gardens or playgrounds, indoor and outdoor dust known to its tendency
to collect a series of toxic elements, all contaminated by natural or anthropic sources [4].

The soil ingestion by children can occur intentionally, due to the pica tendencies, or
unintentionally by physical disturbing of the soil, the lack of hand washing, or the removal of the dirt
beneath the fingernails. Usually, if the particle size is thinner than 2 mm adheres very strongly to the
hand and so the ingestion rate is higher [3].

Concerning the impact of the polluted soil on the children's health, the quantity of ingested soil
is important, too. The study of Figueiredo et al. (2011) [5] revealed that the daily soil intake for
children, was calculated to be between 39-270 mg per day, and for the children that attend day-care
centres, was found to be up 90 mg per day. Grouped by age, USEPA (the United States Environmental
Protection Agency) concluded that children between the age of 1 and 6 years old may ingest 50 mg per
day of soil and if the child has pica tendencies the amount can up to 1000 mg per day [3].

Due to their needs and to sustain a normal physical and mental development, children from the
urban areas are spending the time outside, usually in playgrounds, playing and socializing. In this
environment, they tend to have significant contact with the soil and dust. The urban soils usually
present high concentrations of contaminants such as heavy metals, pesticides, and other harmful
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compounds obtained from various activities. Important sources of soil pollution in urban areas, besides
natural occurrence and industrial ones, can be particle deposition due to road traffic, fuel combustion,
waste disposal, and corrosion of building materials [4]. The last source of pollution can release
important quantities of asbestos [3]. Moreover, the dust existent to a large extent in public playgrounds
can represent a hazard for children’s health due to the presence of a multitude of natural and
anthropogenic particles [6].

Asbestos is formed by a series of natural mineral fibres and is divided into two main groups:
serpentine and amphibole. Chrysotile (Mgs(Si2Os)(OH)4) is the most widely used and belongs to the
serpentine group; from the amphibole group, the most common are Amosite and Crocidolite. Almost
95 % of all produced asbestos is Chrysotile. Due to its physical and chemical properties, it became one
of the most important inorganic materials for industrial usage and technological applications.
Chrysotile qualities are: acoustic properties, fire-proofing, and decorative purpose. It was used from
1950 up to 1970 as a primary material in the construction of many types of buildings or in isolating
many types of sanitary or electric installations. With time, it becomes friable and easily suspended in
the air by the wind, but in soil usually occurs from the dumping of asbestos containing waste and
during demolition activities [7].

Nowadays, asbestos is considered to be a real hazard for human health because long-term
exposure can develop lung cancer, pleural mesothelioma, and many other specific problems at the
level of the respiratory system such as asbestosis [8]. Regarding children, they should not be exposed
to pollutants during the most delicate phase of their life cycle. Compared to adults, children are more
exposed because they breathe with a high frequency and usually on the mouth, spend more time on the
floor level where are exposed to dust and fibres and also they often put dirty hands in the mouth [7].

Due to the negative effects on human health, the Environmental Protection Agency (EPA)
classifies any material that contains more than 1 wt % asbestos as asbestos-containing material. These
negative effects on the health of humans, developed by the asbestos fibres, led to law regulations for
soil pollution in many countries. In Italy for example, the limit concentration must not exceed 1 g of
free fibres for every kilogram of dry soil [8]. In Romania, the asbestos situation is under the Directive
1999/77/CE that bans the use of any type of material that contains asbestos, since 1 January 2005, and
the Directive 2003/18/CE forbidden the extraction and production of asbestos products [9].

This paper represents a preliminary study, where was investigated the potential of the Attenuated
Total Reflectance Fourier Transform Infrared Spectrometry (ATR-FTIR) technique to characterize the
soil mineralogy and to provide a qualitative determination of Chrysotile in soil samples collected from
ten popular playgrounds from the city of Galati, SE Romania.

FTIR represents a modern approach for an efficient, fast, and accurate method for soil
characterization. Due to the fact that many of the soil analysis are time-consuming and are depending
on many protocol steps, the new trend is to use methods for rapid screening (low human error) of a
large number of samples. In this category is found to be spectroscopy from near-infrared and mid-
infrared ranges which, due to the fact that the spectra have specific bands, can be directly associated
with organic as well as inorganic functional groups.

Nowadays, FTIR spectroscopy is considered to be a powerful analytical tool for studying in a
nondestructive way and with little or no sample preparation, the organic and inorganic compounds of
the soil, the soil minerals and humic substances [10], or even providing a forensic soil characterization
[11].

2. EXPERIMENTAL
2.1. STUDY AREA

The soil samples were collected in October 2019, from 10 parks with playgrounds from Galati,
Romania. The playgrounds were chosen due to their size and popularity regarding the high number of
families with small children that are using them for recreational purposes. In Figure 1 it is presented
the location and the geographical coordinates of the chosen parks.
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Sample Location North East Altitude

ID (m)

1 Liberty Park 45926°27" 28°02'16" 459
2 Rizer Park 45926'57" 28°02'38" 590
3 Public Garden 45027°04" 28°03'08” 234
4 Viva Park 4592526" 28°02'32" 184
5 IFR Park 45926'21" 28°01'57" 338
6 Siderurgists Park | 45°26'14" 28°01°08" 158
7 Micro 17 Park 45925'07" 28°00'43" 244
8 Children City Park | 45%25'32" 28°02'56" 197
9 Closca Park 45025'31" 28°01°27" 573
10 ANL 13 Park 45026'55" 28°00'50" 249

Fig. 1. Sample locations (Google Earth) and geographical coordinates

For soil sampling were used a shovel, plastic bags, and labels. The soil samples were collected
from the surface of the soil (1 - 2 cm), from the playground sites found in the park. The sample
location was established with a GPS phone application. In the laboratory, the samples were air-dried,
all the stones and vegetal derbies were removed, and afterward, the soil was grounded and sieved
through a < 250 um mesh. The remaining material was labelled and stored for future determination of
the soil properties.

2.2. FTIR ANALYSIS

Nowadays, Fourier Transform Infrared Spectroscopy (FTIR) is a preferred method that provides
fast and accurate information that can be used to characterize the soil’s organic and inorganic
compounds.

Regarding the FTIR analysis, the small amount of soil sample used in this process can represent
in a small percentage the general state of the studied area. This problem can be solved by submitting
the soil samples to complementary analysis, or by accomplishing a high number of analyzes on the
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same sample. Because of the limited depth of penetration, perfect contact between the soil sample and
crystal is required [12].

The infrared spectra of the soil samples were registered from 4000 to 400 cm™, at 2 cm™
resolution by the Attenuated Total Reflectance Fourier Transform Infrared Spectrometry (ATR-FTIR)
technique, using a BRUKER TENSOR 27 FTIR spectrometer coupled with a diamond ATR device.
This spectrometer belongs to the INPOLDE research center from “Dunarea de Jos” University from
Galati, Romania [13,14]. The use of very hard crystals, such as diamond, has an advantage for soil and
other solids analysis, due to the fact that dilution with KBr is no longer necessary. In this way, the
analysis becomes non-destructive and allows the sample to be analyzed by other types of methods
[10]. The soil samples were placed directly on the crystal, and the soil powder was pressed to achieve
an even contact and distribution [13].

3. RESULTS AND DISCUSSION

The results of the ATR-FTIR spectroscopic analysis present specific absorption bands that can
be attributed to some characteristic functional groups. For all the 10 soil samples, the ATR-FTIR
analysis presented similarity in absorption bands, with slightly different intensity values, as seen in
Figure 2. The soil samples presented minerals such as: montmorillonite, kaolinite, quartz, and calcite,
their characteristic absorption bands are presented in Table 1. Besides the information on the contents
of clay groups, non-clay-minerals, organic substances, ATR-FTIR results highlight the presence of
Chrysotile (3694 cm™) [8].

Absorbance Absorbance
0.4

ooooo

Fig. 2. ATR-FTIR spectra of all the soil samples (wavenumbers from 400 to 1800 cm™and
from 3000 to 3800 cm™)

The authors, Moraru et al. (2019) [14] put in evidence the linear dependence between the
intensity of the absorbance band and the concentration of calcite (1435 cm™) in soils. In our case, high
concentrations of calcite can be observed for samples 9, 6, and 2, moderate concentrations for samples
5, 8, and 3, and very low to nothing for the rest of the samples (Figure 2).

Table 1. Band assignments of ATR-FTIR spectra of soil samples

Type of mineral (chemical formula) Characteristic
absorption bands (cm™)
[14]
Clay Montmorillonite 511; 826; 912; 1632;
minerals [ ((Na,Ca)o.s3(Al,MQ)2(Sis010)(OH)2-nH,0) 3390; 3620
Kaolinite (Al;Si>0s(0H)4) 912; 1031; 3617; 3692
Non-clay Quartz (SiOy) 457; 692; 775;791;
minerals 1110; 1168
Calcite (CaCOs) 708; 872;1435
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4. CONCLUSIONS

In this study, using ATR-FTIR soil samples collected from playgrounds from Galati city were
analyzed. Besides the study of clay and non-clay minerals, the presence of Chrysotile was also
investigated.

The spectrum of the soil samples was very similar in structure to those obtained in previous
studies [14]. Generally, ATR-FTIR analysis of the soil sample presented montmorillonite, kaolinite,
quartz, and calcite, but Chrysotile did not present any concluded results. In order to complete this
research, a future X-Ray Diffraction analysis is needed, also for mineralogical and elemental
constituents, and to confirm the presence or absence of Chrysotile in soil samples.

As future directions of this study will be the use of multivariate statistics such as Cluster
Analysis (CA) or Principal Component Analysis (PCA) with FTIR data, to obtain quantitative
indicators of the composition of the soil components [13].

In conclusion, FTIR spectroscopy represents a useful and low-cost technique in soil quality
assessment and monitoring.
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