
Introduction 

Rapid urbanisation and industrialisation, along 
with globally fast developmental processes, have all 
contributed to environmental degradation [1]. In some 
regions, industrial development has led to a significant 
increase in air pollution [2]. During the ХХ century, 
the changes brought about created a process which was 
having a permanent influence on almost all earthly 

organic creatures [3]. The intensive exploitation of 
mineral sites was a major reason for an increase in soil, 
air, and water pollutants [4-16]. Ever growing human 
population worldwide is due to an irrational use of the 
planet’s limited resources. Some of the most important 
issues caused by humans include environmental 
pollution, narrower living space, global climate changes, 
and species’ extinction due to the ever exceeding  
human desire to exploit resources [17]. The papers 
published by scientists predict that the number of world 
population living in cities should exceed the the range 
of 60-90% by 2030s [18]. Air pollution is considered 
one of the most important problems in the environment, 
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and it impacts essential prerequisites for a healthy life in 
a negative fashion [19-21]. The air pollution represents a 
global issue, and worldwide estimates point to it being 
the cause of at least 1 to 8 death cases of humans. 
All the facets of air pollution impact human health 
significantly, and therefore air pollution investigations 
are really necessary for residential areas [19].  

Asbestos (gr. ἄσβεστος  -non-combustible) is the 
universal name for all asbestos minerals, and represents 
an integral part of the natural surroundings in the 
soil, rock masses and sediments [22], and it belongs 
to a group of silicate minerals with fibrous and crystal 
structure in the form of long, thin, and flexible fibers, 
resistant to traction and almost chemically inert  
[23-29]. Ever since the Stone age, humans have been 
using asbestos minerals [30] in small quantities and 
intermittently for thousands of years. In 1880, a modern 
industrial application began, with Quebec chrysotile 
fields being exploited, at the beginning of the XX 
century, there was a gradual increase and application of 
asbestos [31]. Asbestos mineral fiber is affordable and 
geographically ubiquitous [32]. In nature, it appears as 
polyfilamentous fiber bundles, and presents a unique 
morphology [33]. Because of its unique characteristics, 
as well as chemical and physical features, asbestos 
represents a wide spectrum for industrial raw materials, 
including construction industry, as well as products 
resistant to heat and abrasion [33, 34]. By the time the 
industrial usage of asbestos reached its peak, there had 
been more than 3000 different kinds of products [35, 36], 
even though most of these products are not produced 
today [37]. Asbestos is the term applied to certain 
fibrous minerals, and it appears in two forms naturally 
- serpentine and amphibole [23, 28-39]. Chrysotile 
belongs to the serpentine family, whereas other forms 
of asbestos belong to a subgroup of the amphibole 
family [40, 41]. Worldwide, chrysotile asbestos is the 
most widely used (90%-95%) [42]. Chrysotile, as the 
main form of commercial asbestos, better known as 
white asbestos, has been used as a raw material in the 
production of brake pads and clutch pads of automobiles 
since the 1900s [43, 44]. Based on its characteristics, 
such as high heat resistance and flexibility, chrysotile is 
most often used for the production of ceramics, thermal 
and acoustic insulation, films, papers, textiles, asbestos 
cement, adsorbents and catalysts [45-50].

Morphological composition of asbestos is shown in 
Table 1.

For more than a hundred years, asbestos has been 
widely used commercially [51, 52], while globally, 
some 125 million people are occupationally exposed 
to it every year [53]. Asbestos fibres are heat and fire-
resistant [54], and it also has antiseptic and insulating 
properties [55], not disintegrating by means of biological 
methods, not dissolving in water, and not evaporating, 
asbestos fibres do not have a distinctive taste or odour, 
and show high strength and a good “flaking ability” 
[56-58]. Asbestos has been attracting ever greater 
attention due to possible health risks associated with it 
[22]. The investigations carried out in the past tell us 
of an important relationship between the air pollution 
and illnesses such as cardiovascular diseases, asthma or 
lung cancer [19] as well as an increase in early death 
rates [4, 8, 10, 20, 59, 60]. Asbestos is not harmful 
because of its chemical composition, but because of its 
needle-shaped structure, which could easily penetrate 
lung membranes, which presents a danger. One of the 
emerging risks is presence of its fibres in the air that 
humans can be exposed to [22, 61] as such, they can be 
inhaled into the lungs, stomach or body [62] and cause 
diseases that mainly affect the respiratory system [63]. 
Particles may be defined as liquid or hard substances 
floating in the air [64]. The hard substances are 
researched in such a great volume because one of the 
most important reasons for such practice is their being 
of tiny sizes. These tiny particles present a significant 
concern, and are investigated due to their ability to 
penetrate deeply into the lungs or to be inhaled and 
absorbed in the bloodstream, causing serious health 
problems [19]. The investigations show that exposition 
to those particles could lead to a significant increase 
in illness and death rates, particularly including those 
already contaminated with heavy metals [65-70]. Heavy 
metals, even in small concentrations, can have toxic and 
cancerous influence on humans, and remain in nature 
for a long time without being decomposed – they also 
bio-accumulate in living organisms, which may perish 
with their higher concentrations [2, 71]. Consequently, 
continual investigation of heavy metals’ pollution is of 
utmost importance [72]. There are two ways in which 
the environment is polluted – natural and anthropogenic 
(human-caused), including pollutants emitted through 

Regulatory Name Mineral Name Mineral Group Ideal Chemical Formula

Chrysotile Chrysotile Serpentine Mg3Si2O5(OH)4

Tremolite Tremolite Amphibole Ca2Mg5Si8O22(OH)2

Actinolite Actinolite Amphibole Ca2(Mg,Fe2+)5Si8O22(OH)2

Anthophyllite Anthophyllite Amphibole Mg2Mg5Si8O22(OH)2

Crocidolite Crocidolite Amphibole Na2(Fe2+
3, Fe3+

2)Si8O22(OH)2

Amosite Cummingtonite- Grunerite Amphibole Mg2Mg5Si8O22(OH)2 – Fe2Fe5Si8O22(OH)2

Table 1. The Regulated Asbestos Minerals [40].
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industrial activities, which remain in nature for a long 
time and have a harmful influence on people’s health 
[66]. Asbestos fibers, fine dust (particles) and heavy 
metals in regions with natural asbestos can be emitted 
into the atmosphere from natural and anthropogenic 
sources, naturally from rocks and soil containing 
asbestos and artificially through human activities that 
have a significant impact on the environment [73-81]. 
The use of chrysotile fibers is regulated, and in some 
countries its even banned (more than 50 countries) [82, 
83], since asbestos is now known to be carcinogenic 
and it causes lung cancer, larynx and ovary cancer, 
asbestosis and pleural mesothelioma [84-88]. The air 
surrounding us impacts our everyday lives significantly, 
and the air we breathe should be clean in order to 
live a healthy and productive life, not to mention 
the importance of soil [89, 90]. The soil has quite a 
significant role in the functioning of the ecosystem [89]. 
The greatest risk of air pollution can be found at vast 
abandoned asbestos mines, whose asbestos waste causes 
serious environmental pollution [22, 91]. Considering 
the importance of environmental monitoring, especially 
in cases of an identified polluter, the aim of this paper is 
to assess a possible negative impact of the deposit and 
slag heap on people’s health and the environment, and 
verify the relevance of the SCREENVIEW software 
programme, which is used for simulation modelling of 
the environmental pollution, by means of investigation 
and analysis of physical, chemical, and mineralogical 
composition of real samples taken from the sediments 
closest to the mine and slag heap. In order to calculate 
the range of pollution and the pollutants’ concentration 
at close distances from the source, a specialised 
software package has been used. SCREEN3, version 3.0 
of the SCREEN model has been developed to provide a 
method for obtaining pollutant concentration estimates 
by performing all short-term calculations for a single 
source, and, especially, for estimating maximum 
ground-level concentrations and the farthest distances, 
including the effects of flat and elevated terrains on 
maximum concentrations, and modelling the effects 
of simple volume sources using a virtual point source 
procedure.

In this case, the calculation has been done for AREA 
source, and includes the following initial data:
–– emission rate - determined as emission rate per unit 

area, in this case (mg/m2/s), in controlled laboratory 
conditions, 

–– source release height determined from the terrain 
cross-section,

–– larger side length of rectangular area:  2510 m, 
–– smaller side length of rectangular area: 860 m,
–– analysis of the range of wind directions: The 

maximum concentration of the pollutant should 
be observed in the direction downwind from the 
landfill. 
For the purpose of modelling, the landfill is 

envisioned to be a rectangular area, and the downwind 
direction is calculated against the larger side length. 

The research has been expanded on all stability classes 
and wind directions, so as to find the maximum impact. 
The site chosen for investigation is Korlaće asbestos 
mine in Serbia. 

Near Brvenik in the Ibar valley, on the slopes of 
Korlaće stream and at the altitude of 600-800 m there 
is a deposit of chrysotile-asbestos [92, 93]. Asbestos 
ore was discovered in this area in 1939 [94]. Korlaće 
mine began working during WWII, and the regular 
production started after the war, in 1946 [95]. Korlaće 
stream divides the deposit into two parts - there are 
“Leštak” and “Stanilovica” on its right slope, in the NW-
SE direction, and “Pogrebine” and “Bučje” on its left 
slope in the NE-SW direction [96]. The mineral subsoil 
with chrysotile-asbestos was formed in the crushed 
zone between serpentinite and dacito-andesite in the 
length of up to 1500 m [92]. The deposit comprises 
serpentinite groups and belongs to transverse-fibrous 
variety. Asbestos belongs to the reticulate type of 
minerals, and within the deposit it is found in rimmed 
veins [94]. The most characteristic physical feature 
of Korlaće serpentinites is their colour with all the 
shades of greenish-white to dark (almost black) green 
[96]. Their colourful appearance mostly depends 
on the presence of iron oxides and hydroxides [96].  
The Fig. 1 shows a Korlaće serpentinite which  
displays all the colour shades characteristic for that 
kind of ore.

Based on the intensity and level of damage, three 
zones may be distinguished - the first zone includes 
better preserved serpentinites with larger blocks; the 
second one is a zone of crushed serpentinite; and the 
third one being a zone of superficially decomposed 
and ground serpentinite [96]. At the factory, where 
the ore was processed, it contained 1-2% of asbestos 
[97]. The ore was broken, crushed, and turned into 
the tiniest dust from which fibrous asbestos was 
extracted [97]. The ore’s dust was to be found on all 
factory and mine premises, and it was a major harmful 
factor [97]. Asbestos exploitation was conducted in 
the vicinity of the mine, and slag heaps were places 
where the processed serpentinite residua, carrying  

Fig. 1. Korlaće serpentinite.
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a certain percentage of asbestos residua, were disposed 
of. The Fig. 2a) shows the ore-processing factory, which 
represents one of the most harmful factors, due to the 
presence of the tiniest dust both inside the factory itself 
and in its immediate surroundings, and it is emitted 
into the atmosphere. The Fig. 2b) shows a part of  
the serpentinite deposit.

Material and Methods

For the purpose of this site’s investigation and 
demonstration of the constancy of asbestos in the 
immediate surroundings of the asbestos mine itself,  
a sampling adapted to the terrain morphology has been 
carried out. In total, 30 different samples have been 
analysed. 

Chemical analyses of the Korlaće site samples 
have been done by using SEM-EDS on JEOL  
JSM-6610LV. Quantitative chemical analysis has 
been done by using an EDS detector (model: X-Max 
Large Area Analytical Silicon Drift connected with 
INCAEnergy 350 Microanalysis System) with element 
detection possibilities of Z≥5 and detection limit  
of ̴ 0.1 mas. %, with resolution of 126 eV. The analysing 
process has made use of standard natural minerals of 
aluminosilicates of the MAC company. As a source of 
electrons, a W filament has been used. Analyses have 

been conducted in ultra high-vacuum conditions, with 
20kV of electron acceleration voltage and 10mA of 
current power. The XRD analyses have been carried 
out for the purpose of detection of phases present in 
the examined samples, and they have been done by 
using a D2 PHASER device of the Brucker company. 
The device was equipped with a dynamic scintillating 
detector and a ceramic X-ray Cu tube (KFL-Cu-2K)  
in the range of 2θ from 5o to 75o. 

The contents of major and trace elements were 
determined by inductively coupled plasma optical 
emission spectrometry (ICP-OES). ICP-OES 
measurement was performed using Thermo Scientific 
iCAP 6500 Duo ICP (Thermo Fisher Scientific, 
Cambridge, United Kingdom). For total dissolution 
of samples was performed on Advanced Microwave 
Digestion System (ETHOS 1, Milestone, Italy) using 
HPR-1000/10S high pressure segmented rotor. After 
the addition of the appropriate concentrated acids, 
the samples were then heated with microwave energy 
for 30 min. The temperature was gradually raised to 
220ºC in the first 10 min, remained at 220ºC in the next  
20 min, and then decreased rapidly to room temperature. 
All reagents were analytical grade reagents purchased 
from Sigma Aldrich, Germany. Four plasma standard 
solutions were used to prepare calibration solutions for 
ICP-OES measurement: Multi-Element Plasma Standard 
Solution 4, Specpure®, 1000 µg/ml (purchased from 
Alfa Aesar GmbH & Co KG, Germany) and SS-Low 
Level Elements ICV Stock, ILM 05.2 ICS Stock 1 and 
Hg Calibration Stock (10 mg/L Hg) (purchased from 
VHG Labs, Inc-Part of LGC Standards, Manchester, 
NH 03103 USA).

The software used was an ArcGIS Desktop 
software, ArcMap 10.8.1 licensed software, of the ISRI 
company. It is used for creating maps, conducting geo-
spatial analyses, and for management and presentation 
of geographical data.

Apparatus for the measuring of solid particles 
carried by the wind is composed of the fan type 
ABVE-3,5 with flow of 3600 m3/h, vacuum of 200 Pa, 
used for air flow simulation, gravimetric sampler of 
the respiratory dust, the sample set in shallow metal 
plate, measuring scale for the residual solid particles 
on the filter paper and digital anemometer (DA-4000).  
The measurements are performed with material 
set in the air flow direction from the fan, and 
before the apparatus for polluted air vacuuming.  
The measurements were performed in wind velocity of 
3 m/s, as average in the given area. The humidity in the 
laboratory was 20%.

Results and Discussion

For the purpose of the site’s investigation and 
demonstration of the constancy of asbestos in the 
immediate surroundings of the asbestos mine itself,  
a sampling adapted to the terrain morphology has been 

Fig. 2. Abandoned asbestos mine – Korlaće, a) former factory,  
b ) a site section.

a)

b)
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carried out. In total, 30 different samples collected 
at the site have been analysed. The investigated site 
Korlaće belongs to Raška district, situated between 
43°36′-43°38′ and 20°63′-20°71′ in the southwestern 
part of Serbia (Fig. 3). According to the 2002 census, 
it had 529 inhabitants [98]. Korlaće is located  
11 kilometres downstream from Raška, on the right 
bank of the Ibar River. As a community cadastre, 
it covers an area of 1022 ha. Along the extended 
Kopaonik massif, it is blocked by Pogrebina to the east, 
to the north it is separated from villages Piskanje and 
Kuriće by the Kuriće stream, to the south is the village 
of Zutice, and the Ibar to the west [99]. 

This region is characterised by temperate 
continental climate, with average annual temperature of 
about 14ºC and precipitation being 32-97 mm (Republic 
Hydrometeorological Institute of Serbia). The site’s 
altitude reaches 582 m, whereas sampling altitudes 
were between 500 and 810 m. The sampling locations 
were selected by using the hypothesis of a progressive 
subsidence of the chosen elements’ contents with an 
increase in distance against the industrial facility.

The sampling methodology itself has been conducted 
in accordance with the IUPAC recommendations on soil 
sampling [100]. The grounds have been sampled with  
a stainless-steel probe at the depth of the soil (0-20 cm), 
where the largest mass of roots has been found. Upon 
obtaining a composite sample, leaves, non-dissolvable 
residua, rocks, roots, and other visible impurities have 
been removed. The dust in the facility’s immediate 
surroundings has been sampled in accordance with 
regulations [101] by wearing adequate equipment 
necessary for proper sampling of asbestos. Each sample 
weighs 0,5 g for the purpose of SEM-EDS analyses, 
whereas the XRD analysis required the sample’s mass 
to weigh 1 g. 

In order to examine the distribution of asbestos 
fibres and heavy metals as per grain shapes and sizes, 
the samples collected at the investigated site have 
undergone a scanning electron microscopy. All the 
samples, shown in Table 2, having been thoroughly 
examined, the search for eventual heavy metals has 
continued by dot scanning. Chemical composition and 
form of the compound have been determined with more 
accuracy. The first examined sample (sample 1, Table 2)
is a combination of samples taken at the facility itself 
and in its immediate surroundings. The sample is dim 
greenish with white colour impurities, and it has been 
determined to compose of microscopically thin flossy 
fibres whose size measures 4-50 μm of the plate and 
column parts. SEM-EDS analysis reveals that the sample 
is mostly made up of quartz, talc, magnesite, magnetite, 
and of serpentinite. The samples do not present bright 
particles with contents of heavy metals, which has been 
corroborated by the composition shown in Table 2. 
In the sample 1’s microphotography, magnified by 
2000 times (see Fig. 4a), one can observe a fibrous 
texture of fibriform minerals overlapping one another. 
The manner of appearance of the mineral, its crystal 
form and chemical composition, all indicate that the 
examined mineral belongs to the serpentinite group. 
The arrow points to fibrous filament of asbestos. Based 
on the sampling location of the collected sample, 
it is quite clear that the sample contains chrysotile,  
so-called white asbestos, the morphology of which 
is made up of thin and flexible fibres. The Fig. 4b) 
demonstrates a proportionally large column-like part 
of antigorite, whereas the Fig. 4c) shows the plate-like 
part of lizardite. This confirms the fact that in the past 
the Korlaće mine exploited asbestos as a raw material 
for manufacture of thermal insulators, bricks for high-
temperature furnaces, or pipes for construction industry.

Fig. 3. Studied area map with sampling locations.
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Fig. 5 shows an XRD diffractogram of the 
sample 1. On the basis of the EDS chemical analysis 
and XRD diffractogram, it can be concluded that  
the investigated sample from Korlaće site belongs to 
the serpentinite group. Based on their morphology and 

XRD analysis, three types of serpentinite have been 
determined:
–– antigorite, with proportionally the largest presence in 

the sample, and naturally it is green, greenish-blue, 
brown or black in colour, 

Table 2. EDS analysis of the surface of the sample Korlaće.

Sample O wt.% Mg wt.% Al wt.% Si wt.% Ca wt.% Fe wt.% Cu wt.% Na
wt.% K wt.% Total

1. 56.50 21.63 0.55 17.04 0.48 3.45 0.35 0.00 0.00 100.00

2. 56.04 22.38 0.49 16.34 0.25 3.55 0.95 0.00 0.00 100.00

3. 56.82 21.71 0.50 17.28 0.38 2.62 0.69 0.00 0.00 100.00

4. 47.44 19.83 1.19 29.08 0.29 2.17 0.00 0.00 0.00 100.00

5. 53.88 24.23 0.52 19.80 0.00 1.57 0.00 0.00 0.00 100.00

6. 54.32 21.33 0.73 19.75 0.00 3.31 0.56 0.00 0.00 100.00

7. 51.74 16.90 2.89 20.32 0.69 6.53 0.93 0.00 0.00 100.00

8. 55.01 23.13 0.39 19.41 0.00 2.06 0.00 0.00 0.00 100.00

9. 55.75 8.13 4.89 21.58 1.99 5.94 0.00 1.72 0.00 100.00

10. 55.69 8.54 5.36 20.41 1.73 6.81 0.00 1.46 0.00 100.00

11. 57.44 19.97 0.52 15.75 3.39 2.93 0.00 0.00 0.00 100.00

12. 51.07 4.48 4.89 19.25 1.11 6.02 0.00 1.18 0.00 100.00

13. 52.36 21.05 0.87 21.24 0.67 2.98 0.83 0.00 0.00 100.00

14. 54.58 19.94 1.79 19.14 0.54 4.01 0.00 0.00 0.00 100.00

15. 52.91 19.86 1.41 19.67 0.67 4.51 0.97 0.00 0.00 100.00

16. 53.52 5.78 6.48 23.80 1.26 7.68 0.00 1.48 0.00 100.00

17. 54.79 17.89 1.90 17.58 2.54 5.30 0.00 0.00 0.00 100.00

18. 53.71 4.49 6.77 23.68 1.27 6.38 0.82 1.18 1.70 100.00

19. 52.72 5.66 5.93 24.55 1.02 7.45 0.32 1.39 0.96 100.00

20. 53.08 5.50 5.99 23.71 1.06 7.73 0.75 1.16 1.02 100.00

21. 54.36 5.47 6.08 22.79 0.95 7.36 0.46 1.32 1.21 100.00

22. 53.78 4.98 6.71 22.38 1.04 7.71 0.85 1.32 1.23 100.00

23. 54.12 4.76 5.78 23.51 1.48 7.37 0.64 1.19 1.15 100.00

24. 53.55 5.30 6.25 22.10 1.04 8.63 0.91 0.77 1.45 100.00

25. 51.09 5.15 6.68 24.07 1.06 8.03 0.87 1.57 1.48 100.00

26. 52.96 4.62 6.10 23.96 1.68 7.89 0.35 1.37 1.07 100.00

27. 54.08 4.18 6.38 23.15 1.37 7.56 0.52 1.35 1.41 100.00

28. 52.98 21.03 0.96 16.98 2.85 4.02 0.00 1.18 0.00 100.00

29. 53.97 5.87 6.26 22.08 1.58 6.36 0.87 1.54 1.47 100.00

30 53.54 2.63 7.89 25.34 1.23 6.67 0.00 1.03 1.67 100.00

Mean 53.79 12.55 3.77 21.19 1.12 5.49 0.42 0.74 0.53 100.00

St. Dev. 1.96 8.00 2.69 3.09 0.81 2.16 0.39 0.68 0.67 100.00

Minimum 47.44 2.63 0.39 15.75 0.00 1.57 0.00 0.00 0.00 100.00

Maximum 57.44 24.23 7.89 29.08 3.39 8.63 0.97 1.72 1.70 100.00
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–– chrysotile, the sample's second component after 
antigorite, presents one of the biggest problems due 
to its needle-shaped structure, and 

–– lizardite, light-yellow to greenish-brown in colour. 
Besides serpentinite Mg3Si2O5(OH)4 the sample 

contained talc Mg3(OH)2Si4O10, quartz SiO2, magnetite 
Fe3O4 and fosterite (Mg0.6 Fe0.4)2SiO4. 

The second examined sample (sample 16, Table 2) 
is mostly brown in colour, with a small quantity of 
microscopically detected plant residua mixed with some 
fine-grained matter. The grain size is about 2-10 μm, 

with occasional agglomerates as big as 100 μm.  
The agglomerates are rounded, while some more 
magnified individual grains present agglomerates 
with irregular edges. The Fig. 6 shows the SEM 
microphotography of the sample 16.

The map (Fig. 3) displays the location for the sample 
16 in the immediate surroundings of the abandoned 
mine - it is an arable area. SEM-EDS analysis reveals 
the sample to be made up mainly of a mixture of 
quartz, clay minerals, iron oxides, and aluminium. In 
Fig. 6b), with a 200x magnification and dot scanning, 
the presence of antigorite has been determined, and 
confirmed by the XRD analysis. On the basis of the 
chemical composition given in Table 2, (sample 16) 
and the XRD analysis, the presence of the following 
chemical compounds has been determined: quartz 
SiO2, antigorite Mg3Si2O5(OH)4, hematite Fe2O3, 
talc Mg3(OH)2Si4O10, malliss clay Ca-Mg-Al-Si-O, 
magnesium silicate Mg2(Si2O6), corundum Al2O3 and 
kaolinite Al2(Si2O5)(OH)4 (Fig. 7).

The third examined sample (sample 30, Table 2) is 
brownish in colour, with differently sized agglomerates 
(5-10 μm), and some larger ones may be observed  
(Fig. 8). This sample contains some vegetal residua. 
SEM-EDS analysis reveals the sample 30 to be made up 
of quartz and clay minerals.

On the basis of the SEM-EDS chemical analysis, 
the following results have been obtained: the sample 
contains quartz SiO2, talc Mg3(OH)2Si4O10 and clay 
CaMg2AlSi4(OH)2·H2O (Fig. 9).

Besides the SEM-EDS chemical analysis and the 
XRD compound detection, some samples have been 
analysed by means of ICP-OES in order to detect 
trace elements. For the purpose of examination of the 
sample’s chemical composition on ICP-OES, the ground 
samples have been homogenised and dried at 105ºC, 
in an agate mortar. The first sample is a crushed 
serpentinite collected from the factory building location 
(sample 1, Table 2), and the second examined sample is a 
separated chrysotile, so-called white asbestos (sample 8, 
Table 2). The Table 3 shows detected concentrations of 

a)

b)

c)

Fig. 4. SEM-EDS analysis of the sample 1: a) SEM image of the 
chrysotile, b) SEM image of the antigorite and c) SEM image of 
the lizardite. 

Fig. 5. XRD diagram of the sample 1.
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elements (in ppm) in the samples of serpentinite and 
asbestos.

Besides the main elements that form the composition 
of serpentinite and chrysotile, such as Mg, Ca, Al in 
traces, 20 additional chemical elements have been 
discovered - B, Ba, Cd, Co, Cr, Cu, Fe, Hg, K, Li, Mn, 
Mo, Na, Ni, Pb, S, Sb, Se, Sr, and Zn, many of which are 

extremely dangerous for the environment and people’s 
health. Inhalation of airborne fibres presents a risk 
for human health. Depending on the size, particularly 
dangerous are dust particles in the size range of 2,5 µm 
and less, which may penetrate pulmonary alveoli. Once 
introduced into the organism/lungs, never again can 
they be eliminated [102]. 

a) a)

b) b)

Fig. 6. SEM-EDS analysis of the sample 16: a) SEM image of 
the soil, and in b) antigorite pointed to with a arrow.

Fig. 8. SEM-EDS analysis of the sample 30 (a, b - SEM image of 
the soil with magnification of x100 and x300).

Fig. 7. XRD diagram of the sample 16. Fig. 9. XRD diagram of the sample 30.
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Experimental evidence of an epidemiological 
study present indications for a possible occurrence of 
lung cancer due to the impact of heavy metals [101-
104]. Ni, Cr, Zn, Pd, and Cd are mostly carcinogenic 

and are industry-based [66]. Due to their impact and 
a potential toxicity, Hg, Pb, and Cd belong with the 
most poisonous heavy metals [105, 106] even in small 
concentrations [107]. Mn, Cr, Cu, Fe, Ni, and Zn may 
also have a detrimental impact in high concentrations 
[106]. On the basis of the obtained results, a special 
attention is dedicated to heavy metals, such as Cr, 
Ni, Co, Zn, Pb, and Hg, according to their impact on 
human health [108, 109]. One of the elements that 
represents serious consequences for human health is 
Pb, if the body absorbs the impact on the digestive and 
respiratory system [110]. Previous medical research 
has not linked the development of lung cancer due to 
Co exposure but it has been shown that Co is absorbed 
into the bloodstream or muscle tissue and can cause 
several cardiovascular, endocrine and neurological 
deficits [111]. Asbestos fibers and trace elements Mn, 
Co, Ni, Co reach the environment due to natural or 
anthropogenic activities, which leads to environmental 
contamination and endangering human health [112-
115]. It may be concluded that the examined samples 
contained increased concentrations of Ni and Cr [112, 
116, 117], which can have a negative impact on the 
human health and the environment [118, 119]. 

The laboratory tests for dust loading were performed 
for the asbestos bearing mining waste. The results 
obtained for climate conditions of stable weather when 
the actual measurements are performed are included 
as initial data in SCREENVIEW software, and the 
diagram showed reasonable agreement with measured 
values from the Fig. 10, in given climate conditions 
(wind speed 3 m/s, relative humidity 20%). Based on 
that assumption, the laboratory data are included for the 
untreated and solidified asbestos bearing waste for all 
stability classes for the full meteorology and the results 
are shown in Fig. 10. It is clearly observed that MAC 
for airborne dust loading for untreated asbestos waste 
deposit is reached after 450 m for the average wind 
speed of 3 m/s. 

Taking into consideration all the wind classes, the 
results of airborne dusting (mg/m2/s) in the laboratory, 
as initial data, for a relative humidity of 20 %, are 
presented in Fig. 11.

Table 3. Composition determination of trace elements (ppm) by 
using ICP-OES.

Elements Sample 1 - Korlaće 
(ppm)

Sample 8 – Korlaće 
(ppm)

Al 4642.01 6219.63

B 39.65 33.71

Ba 3.36 0.32

Ca 11189.02 171.19

Cd 0.33 0.11

Co 52.64 29.72

Cr 929.29 10.65

Cu 11.08 /

Fe 31404.31 15170.07

Hg 0.02 0.01

K 141.32 24.67

Li 1.80 0.26

Mg 1745.51 1682.22

Mn 519.95 188.14

Mo 0.36 0.26

Na 2.94 10.18

Ni 1083.84 821.19

Pb 21.21 8.57

S 562.91 102.33

Sb 21.55 0.57

Se 0.27 0.01

Sr 5.43 /

Zn 33.67 19.48

Fig. 10. Calculated concentration of Asbestos bearing particles for the relative humidity of 20% in the full meteorology conditions.
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Conclusions 

Asbestos bearing mining waste Korlaće is proven 
to be environmental hazard due to the small grained 
particles containing asbestos. The simulation made by 
using software application can be useful in environmental 
impact assessment as the abandoned deposit is situated 
in a remote mountain area, and the regular monitoring 
was not set on site. According to the simulation, the 
asbestos bearing particles concentration has exceeded 
the MAC of 0.1 g/m3 for the distance of 450 m for the 
single relatively stable wind class of 3 m/s, and for the 
distance of 2500 m for the full meteorology conditions, 
i.e. all stability classes. By analyzing the results of the 
calculation, it can be seen that the calculated values 
show the maximum ground-level concentration of the 
pollutant in the same area, and shows a reasonable 
agreement with the measured values on the ground. That 
suggests that using the SCREEN application is of help in 
initial analyses and facilitates ascertainment of land use 
and land management in an affected area. 
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