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ABSTRACT 
 

The purpose of this contribution is to present the result of first systematic multi-

element soil characterisation along the Stavnja River (Bosnia and Herzegovina), known 

for its iron mining and processing, polymetallic ore mining and brown coal mining. 

Attention to trace metal contamination associated with mining activities has risen in the 

last few decades because of the associated health hazards and risks. 

The goal of this work is the presentation of chemical composition of soil along the 

entire valley in relation to lithological backgrounds, dominant natural and anthropogenic 

and other influential factors. The evaluation has been done on the basis of 111 sampling 

sites, where topsoil (0-5 cm) and subsoil (20-30 cm) of automorphic and hidromorphic 

soil were sampled. The sampling design has been initiated to provide high quality 

environmental geochemical baseline data for the Stavnja Valley. The geochemical 

baseline data are based on soil samples collected from industrial, urban, and rural 

environments. High quality and consistency of the obtained data are ensured by using 

standardised sampling methods and by treating and analysing all samples at the same 

way. Analysis of 36 chemical elements (Ag, Al, As, Au, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, 

Fe, Ga, Hg, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Sc, Se, Sr, Th, Ti, Tl, U, V, W and 

Zn) was performed at the ACME, Ltd. laboratory in Vancouver, Canada. In the work, 

distributions of aforementioned chemical elements have been evaluated. 

The concentration ratios according to the main lithological units and determined 

zones of contaminations as well as the tests for statistical significance and assumptions 

have been performed. According to the results of multivariate statistics (such as cluster 

analysis, principal component analysis (PCA) and factor analysis (FA)), four dominant 
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geochemical associations of elements were recognized. The spatial distributions of 

particular elements across the urban and industrial as well as countryside were 

determined using the universal kriging method. The proportions of anthropogenic and 

geogenic impact to metal concentrations in topsoil and subsoil was assessed. 

The association Pb-Zn-Hg-Cd-Cu-Bi-Ag-Sb-Mo-W-Mn-Ba-Fe-Tl represents the 

chemical elements mostly anthropogenically entered into environment. Distribution of 

this association represents the consequences of influences mining and metallurgical 

activities in the past. Three natural geochemical associations: Ni-Cr-Co-Mg; Th-La-As-

Sc; and Al-Ti-V-Ga, are mainly influenced by heterogeneous lithology which content is 

determined by the parent material and soil properties. 

 

Keywords: Trace elements, soil contamination, anthropogenic impact assessment, remains 

minefields, the Stavnja River Basin, Bosnia and Herzegovina 

 

 

1. INTRODUCTION 
 

Mineral processing and extraction have a huge influence on the environment due to the 

fact that metals are present in minerals low concentrations, and after their processing left a big 

amount of waste, that still contain minute amounts of heavy metals and chemicals. 

Consequences of smelting and metallurgic processes are: a) gaseous emission; b) solid 

particle emission; c) waste water; and d) waste mineral deposits. Billion tons of waste-rocks 

and waste material are exposed to oxidation conditions on the earth surface. This led to two 

parallel processes: formation of acidic waste water and mobility of dangerous metals, 

respectively (Siegel, 2002). The environmental concern in mining areas is primarily related to 

the physical disturbance of the surrounding landscape, spilled mine tailings, emitted dust and 

acid mine drainage transported into rivers. The adverse effects of mining and smelting 

activities in the environment have been addressed by many authors in many parts of the world 

(Budkovič et al., 2003; Lee, 2003; Bhattacharya et al., 2006; Bretzel and Calderisi, 2006; 

Gomes and Favas, 2006; Stafilov et al., 2010b, 2010c; Alijagić and Šajn, 2011).  

Due to the non-biodegradability of heavy metals and their long biological half-lives for 

elimination, their accumulation in the food chain will have a significant effect on human 

health in the long term (Fuge, 2005). Trace metal are present in soils at background levels 

from non–anthropogenic origins, and can become mobile as a result of changing 

environmental conditions or saturation beyond the buffering capacity of soils (Facchinelli et 

al., 2001), but their concentration drastically increase due to human impact what became an 

important issue in recent years (Micó et al., 2006; Fritsch et al., 2010; Alijagić and Šajn, 

2011). Accumulation of trace metals in soils has the potential to inhibit soil functioning, 

causing toxicity to plants, contaminate the food chain, and promote heavy metal transfer to 

humans.  

The Stavnja river valley is known with intensive mining and metallurgical activities for 

more than 100 years, but the first metallurgical activities dating back to the Bronze Age. Long 

period of ore mining and processing had left significant consequences on the whole valley. 

Beside the mining and processing activities, the valley has been selected for studying due to 

several more reasons, such as unique background rocks, especially the metallogenic belt, the 

geomorphological characteristics and remain minefields from the last war, 1992-1995. In the 

municipality of Vareš, three abandoned iron ore deposits (Smreka, Brezik and Droškovec), 
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abandoned lead, zinc and barite deposit Veovača and abandoned ironwork Vareš are located. 

The city Breza is located in the southern part of the study area, known with brown coal 

mining.  

High concentrations of particular elements are released into the environment not only by 

anthropogenic activities, but also by natural erosion and weathering reactions of parental 

rocks that adds to the complexity of the environmental assessment. The study area has a very 

interesting geology, which can be represented by isolated lithological units where the oldest 

units are on the north and younger on the south of the study area. This regular layout is quite 

unique and makes this study area more interesting and challenging for the geochemical 

investigation. The valley is very narrow, particularly in its upper and middle part and 

surrounded with steep hills, causing the contamination particles to be transported down to the 

river and accumulate into alluvial sediments. Problems of contamination along the river can 

be demonstrated as anisotropic appearance between the layered (isotropic) lithological units. 

The problem is quite complex and has been discussed for the last several decades. Some 

problems can be solved by using denser and more regular sampling grids, but due to the 

remaining minefields in this case is not possible. A much better solution for such a problem is 

the use of the advanced linear and non-linear method described in PhD thesis Alijagić, J. 

(2013). During the last war (1992–1995) the study area had been a place of intensive military 

operation between three major ethnic groups in Bosnia and Herzegovina. This made the 

sampling quite difficult and very restricted. According the available maps, about 5.7 km
2
 or 

5.5% of the study area is covered by remain minefields. 

The purpose of the study was to present the result of first systematic research of multi-

element characterisation in Stavnja Valley (Bosnia and Herzegovina). For this reason, four 

specific purposes of the present study were (1) to determine the trace metals concentration 

levels in soil the entire valley, (2) to separate a natural enrichment from anthropogenic 

impact, (3) to identify a main geochemical associations by using multivariate statistical 

analysis, and (4) to construct a spatial distribution of particular elements using modelling 

techniques (universal kriging and segment kriging). 

 

 

1.1. Soil and Soil Processes 
 

Soil is product of weathering and may or may not contain organic matter but quite often 

contain air and water or soil is natural body that contain mineral particles, organic matter, 

living organisms, water and air, and include physical, chemical, and biological processes 

(Gerrard, 2000). Rocks and minerals change because of the processes of weathering, which 

typically cause mineral materials to disintegrate into smaller parts. The elements released as 

products of weathering may form new secondary minerals. Weathering products that are 

loose or not consolidated are called soil. Chemical weathering of bedrock and soil formation 

are important geological processes and play a critical role in maintaining terrestrial 

ecosystems. The processes include: oxidation and reduction (of great importance for iron-

containing minerals), carbonation (dissolution of minerals in water that has been made acidic 

by carbon dioxide), hydrolysis (when water splits into hydrogen and hydroxide, and one or 

both components participate directly in the chemical process), and hydration (when water is 

incorporated into the crystal structure of a mineral, changing mineral properties). Minerals 

differ greatly in their resistance to weathering. The conversion of bedrock to soil not only 
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provides habitat for the vast majority of terrestrial organisms, but also supplies nutrients 

available to primary producers for food production. In addition, chemical weathering acts as a 

buffer to acidification of catchments caused by acid precipitation at regional scales (Drever 

and Hurcomb, 1986; Johnson et al., 1981; Gerrard, 2000 Huang et al., 2013). In spite of the 

importance of chemical weathering and soil formation for natural environment and for 

sustaining life on earth, our knowledge of many aspects of these processes is still limited. For 

example, accurate weathering and soil formation rates in natural environment and their 

quantitative dependences on environmental factors (such as the prevailing acid precipitation) 

are still poorly understood. 

However, this kind of information is indispensable for the understanding of the 

biogeochemical cycling and for the development of sustainable landuse strategies. The rates 

at which weathering and soil formation proceed depend on the environmental factors, such as 

climate, vegetation, parent material, topography, and soil age. Soil materials are often 

transported vertically within the soil profile. Materials can be added (such as humus from 

plants or sediments added by wind or water) or can be lost (such as by erosion or by leaching 

through the soil profile). Although numerous studies have been performed to investigate the 

effect of various environmental factors on chemical weathering rates (White and Blum, 1995; 

Von Blanckenburg, 2005; Guicharnaud and Paton, 2006; Taylor et al., 2012), much of the 

literature isolated one predominant factor by assuming that other factors remain constant and 

did not assess the synergistic effects of several factors functioning together. Physical 

weathering is the most pronounced in cold and dry climates. Physical processes include 

effects of temperature. Most notable is the force exerted by the expansion of water as it 

freezes. Another physical process is abrasion caused by bombardment of minerals by 

materials suspended in wind and flowing water. Finally, plant roots established in the crack of 

rocks often exert a force strong enough to cleave the rock. However, in soil environments 

physical, biological, and chemical processes are not independent processes but rather 

interactive processes (Gerrard, 2000). 

The soil as a physical, biological, and chemical filter is nature's purifying agent and place 

where pollutant sinks. This signifies the important role soils play in cleansing our 

environment of contaminants in terms of our food, surface water, and groundwater resources. 

There are several dynamic interactive processes, which in turn can be influenced by various 

biogeochemical factors that govern metal behaviour rendering the predictability of the fate 

and effects of trace elements in the environment rather cumbersome. These include abiotic 

and biotic processes and factors in heterogeneous environmental media. Therefore, a 

background understanding of the various biogeochemical processes, i.e., from the landscape 

to the molecular level, and relevant factors is in order (Adriano, 1986, 2001; Siegel, 2002). 

 

 

1.2. Distribution of Trace Elements in Soil 
 

Soils contain trace elements of various origin: lithogenic elements are those that are 

directly inherited from the lithosphere; pedogenic elements which are of lithogenic origin 

also, but their concentration and distribution in soil layers and soil particles are changed due 

to pedogenic processes; and anthropogenic elements are all those deposited into soil as direct 

or indirect results of man's activities. The behaviour of trace elements in soil and in 

consequence their bioavailability differs as to their origin. However, regardless of the forms 
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of the anthropogenic trace elements in soil, their phytoavailability is significantly higher than 

those of pedogenic origin (Kabata-Pendias , 2010). 

Trace elements are group of elements having specific gravities greater than 5 g/cm
3
. To 

this group belong very toxic such as Pb, Cd, Hg, As and U, which have negative influence on 

living organisms. Among them, exist also elements that are essential for the organisms such 

as Cu, Mn, Fe, Zn, Co, Cr, Se, B and Mo (Baudo, 1987). Stumm and Morgan (1996) 

distinguish atmophile and lithophile trace elements. As, Pb and Cd, which are easier 

transported by air than by water, belong to the first group. Because of that, the main source of 

environmental contamination with these elements is air transportation. The main 

representatives of lithophile trace elements are Co, Cr and Mg, which are more likely 

transported by water than by air. For this reason, the main source of contamination with these 

elements is water transportation. Many properties such as pH, Eh, organic matter in soil, 

cation exchange processes, and part of clay minerals and oxides of Fe, Mn ad Al, affect the 

trace elements mobility. Most of the metals in upper layer of soil are present in adsorbed 

form. Simple ions are changed into solution, become mobile and accessible to the plants. 

Some of the trace elements are easily transported from surface to ground water (Kabata-

Pendias and Pendias, 2010). 

The most frequent cause for soil pollution with trace elements is diffuse pollution, where 

soil is polluted over air, not only locally, but also in larger distance from source of pollution 

in the surroundings of industrial and urban centres. Trace elements are usually present in the 

air at low concentration, and they are less dangerous (Yaron et al., 1996). Different emissions 

of substances to the air in gaseous, liquid, or solid state are transported by the air and fall on 

the soil surface according to time circumstances, there because of constant pollution 

accumulate in soil. 

 

 

1.3. Impact of Metal Ore Mining and Processing 
 

The impact of metal ore mining and processing are responsible for some of the largest 

releases of trace elements into the environment. This type of industry include several 

important source of trace elements from: a) the mining and milling operations with problems 

of grinding, concentrating and transporting ores, and disposal of tailings along with mine and 

mill waste water and b) the smelter refinery process with problems of concentrating, haulage, 

storage, sintering, atmospheric discharges and blowing dust (Dudka and Adriano, 1997; 

Singh et al., 2005; Navarro et al., 2008). The environmental concern in mining areas is 

primarily related to physical disturbance of the surrounding landscape, spilled mine tailings, 

emitted dust and acid mine drainage (AMD) transported into rivers. Excessive accumulation 

of trace elements in agricultural soils around mining areas, resulting in elevated trace metal 

uptake by food crops, is of great concern because of potential health risk to the local 

inhabitants (McLaughlin et al., 1999; Adriano, 2001; Pruvot et al., 2006). 

Most metals in the soil upper layers appear in adsorbed form. Free ions go over to 

solution, become mobile and accessible to plants. They can go over to surface and 

groundwater. Contamination of soil is strongly endangering vegetation. High share of toxic 

substances can appear in plants, and through nutritive cycle reach human being. Particles of  

household dust that do not fall down on soil can accumulate directly in human organism 

through inhaling or ingestion and cause poisoning (Fergusson, 1992). The consumption of 
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plants produced in contaminated areas, as well as ingestion or inhalation of contaminated 

particles is two principal factors contributing to human exposure to metals. Potential health 

risks to humans and animals from consumption of crops can be due to trace metal uptake 

from contaminated soils via plant roots as well as direct deposition of contaminants from the 

atmosphere onto plant surfaces (McBride, 2003). Mining has some unique features such as 

natural background contamination associated with mineral deposits, industrial activities and 

contamination in the three-dimensional subsurface space, problem of long term remediation 

after mine closure, problem of secondary contaminated areas around mine sites, land use 

conflicts and abandoned mines. These problems require special tools to address the 

complexity of the environmental problems of mining related contamination (Jordan, 2009). 

Natural background contamination, often present in mining areas due to underlying 

mineralisation, adds to the complexity of the environmental assessment of contamination at 

mining sites. Knowledge of the mineralogy of trace metal bearing phases is important in 

understanding their stability, solubility, mobility, bioavailability and toxicity, modelling their 

future behaviour, and developing remediation strategies (Hudson-Edwards, 2003). 

Mines produce large amounts of waste because the ore is only a small fraction of their 

total volume of the mined material. Even in high grade ores is generally just a several 

percentage of their total mass.  

Mining itself affects relatively small areas but the tailings and waste rock deposits close 

to the mining area are important sources of contamination In many areas worldwide present 

and historical mining and smelting activities are causing a variety of environmental problems 

such as elevated metal concentrations in soils/sediments, dispersion of toxic metals in soil and 

water and ecological damage caused by extensive metal contamination (Ashton et al., 2001; 

Lee, 2003; Navarro et al., 2004; Gomes and Favas, 2006; Chopin and Alloway, 2007; 

Navarro et al., 2008; Ţibret and Šajn, 2008; Jordan, 2009; García-Lorenzo et al., 2012). 

On the territory of present day Bosnia and Herzegovina, mining and metallurgy are 

counted among the oldest forms of industry. The earliest recorded evidence of this dates back 

to the Neolithic Age, but major mineral exploration and mine development are began during 

Medieval times. Throughout Bosnia lead, copper, and silver mines have opened. The most 

important mines were situated in middle Bosnian basin (Kamenica, Olovo, Dusina and 

Deţevica) and in eastern Bosnia basin (Srebrenica and their surrounding). The mines attracted 

foreign entrepreneurs who established settlements, colonies, and caravan parks. Large natural 

resources – especially coalmines (Tuzla, Doboj, Banovići, Ugljevik, Gacko, Breza, Kakanj, 

Zenica, etc.), Fe mines (the Majdan Mountain, Vareš, Ljubija) Pb and Zn mines (Olovo, 

Vareš and Srebrenica) bauxite mines (Buţim, Jajce, Mostar and Vlasenica) led Bosnia to total 

prosperity. First ironworks, steelworks, and smelters were built during the Austro-Hungarian 

period. Between the two World Wars, the stagnation of industrial production is noticed; 

anyway, during the Communism, industrialization of Bosnia and Herzegovina increased. 

During the war in Bosnia from 1992 to 1995, most major mineral production facilities were 

damaged significantly, and pre-war levels of production had only recently been achieved by 

some producers. Aluminum producer, Aluminij d.d. Mostar and iron and steel producer, 

ArcelorMittal Zenica were the most economically important companies in the mineral 

industry in terms of the value of their output in last couple of years (Brininstool, 2009). 

 

 

 



Impact Assessment of Mining and Metallurgical Activities on the Distribution … 145 

1.4. Geochemical Investigations in Areas of Former Military Operations 
 

Geochemical investigations in areas of former military operations are very complex and 

difficult; especially challenge is preparing a sampling design and sampling itself. From our 

experience, we could not set out any regular sampling grid, but many sampling sites were 

moved according to suggestions of local residence. 

For the sampling in the remained minefields there is no one rule or several rules for safe 

sampling, only advices. Rather, we say that only rule is that there is no rule. The study site 

has been the place of military operation during the last war (1992-95). In the valley, three 

ethnic groups (Orthodox, Catholics and Bosniaks) were lived close to each other, what 

resulted to massive conflict, destruction, killing and burning. The maps of minefields are 

useful but there are not 100% confident, only about 70-80%. If your entire life depends on 

such maps, you realise that their confidence is not as high as it should be. Due to this fact is 

necessary to talk with local people who spend their time during and after the war there. 

Otherwise they can provide you some incorrect information. Once it happens, at one sampling 

point we received two completely opposite information about demining clearance, but later 

on we realised that one person who provided the information lives as refugee in other country. 

Other good example is that some people used a garden near their house for cultivation for 

several years before a tractor activated an unexploded projectile. This means you are never 

safe in such areas. 

At places of intensive military operations so many minefields are still remained, 

especially parts of the strategic importance such as roads, industrial objects, bridges, etc. 

Before such sampling, it is important: to learn as much as possible about the sampling site 

(political situation, ethnic groups); to have a map with remained minefields and possible 

minefield; talk to the local people, and be aware of any object that looks like a mine, such as 

the wire or small tins, etc. Also good advice about sampling itself is not recommended to go 

alone, rather in group of two or three people maximum, if possible with one local. Distance 

between the persons who are doing sampling should be around 40 m, in case that one activate 

remained mine that another can help to injure person or call for help. 

 

 

Figure 1. High risk sampling locations. 
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Figure 2. Appropriate sampling locations. 

Sampling around burned houses or similar object is not recommended as well, because of 

possibility that some unexploded projectiles are present (Figure 1). Also never do sampling 

around the bridges, because they are usually the objects that divide two military sides/ 

conflict groups and quite often around them are the remained minefields. On a way to the 

sampling point and on a way back is good to use the same route, avoiding any bushes, high 

grass or forest. If possible use existing routes, or hard surface. For soil sampling is safer to 

choose open areas such as meadows and pastures (Figure 2), the places used for grazing 

livestock (cows, sheep, goats, etc.). During the digging of soil profiles, everyone should be 

aware that unexploded mine can be activated. Sampling in such areas is very risky, because 

during the sampling a spade is stabbed into depth of 30 cm. Total number of sampling sites is 

111, but each sampling site is composed by minimum five subsamples. Then can be easily 

calculated the sampling risk. 

Same can be applying in sampling of stream sediments. Here is problem that some 

unexploded projectiles can be transported far from the minefields, and can be embedded in 

deeper layers of some thicker sediment. Also everyone should be aware of any wires or mine 

look like objects. In 2014, the Bosnia and Herzegovina suffered tremendously from the flood. 

This caused that many warning signs were toppled and in many cases, the land mines were 

dislodged. Loose mines are not danger for Bosnian people, but this can create an international 

problem if floodwaters carry the explosives downstream through southeast Europe, or can be 

stuck in the turbines of a hydroelectric dam. 

Generally, the whole territory of Bosnia and Herzegovina is covered with minefields 

(about one million of land mines) that are cast away everywhere in nature. Even The 

Stabilization Force (SFOR) several years after the war organized anonymous action for 

collecting any kinds of weapons, but unfortunately, many people decided to cast off , dig or 

hide them in surrounding rivers, forests, etc. 

 

 

1.5. Similar Geochemical Investigations in Former Yugoslavia 
 

The environmental geochemical researches in the countries formed by breakup of 

Yugoslavia are pretty intensive and strengthened during the last decade. The researchers are 

mainly focused on mining and metallurgical processes which are obviously the biggest 
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destructors of environment. The obtained results can be used in determination of local and 

regional geochemical conditions, allowing us to understand a main processes and causes of 

the environmental changes and finally their contribution to the sustainable spatial planning. 

Obtaining and interpreting utilization data about chemical composition can be used in 

environmental protection and sustainable development of particular country, as well as for 

determination of pollution impacts to the human health, agriculture, forestry and future land 

use. Comprehensive approaches in investigation, understanding environmental issues, natural 

background and human impact on the environment is very important for development in earth 

and environmental sciences. 

Due to successful scientific cooperation network so many areas have been investigated: 

Bosnia and Herzegovina (Ironworks Zenica; Ironworks Vareš and Fe mines - Smreka, 

Droškovac, Brezik, Pb-Zn-Ba mine Veovača); Croatia (the Drava Valley; Experimental 

geochemical map of Slovenia and Croatia); Kosovo (Pb- Zn mine Trepča and Pb smelter 

Zvečan–Kosovska Mitrovica); Macedonia (Cu mine Bučim, Pb-Zn mines SASA and 

Toranica, As-Sb-Tl mine Alšar), Pb smelter Veles; FeNi – Kavadarci; thermoelectric power 

plants (Kičevo and Bitola), alluvial deposits of the Vardar River, geochemical map of 

Skopje); Srbija (Mine and flotation Bor, the Ibar Valley, the Timok Valley); Slovenia (Pb-Zn-

Mo mine Meţica, Pb smelter Ţerjav, Ironworks Ravne, Ironworks Jesenice, Ironworks Štore, 

Zn smeter Celje, Hg mine Idrija, Pb-Zn mine Sitarjevec, Pb smelter Litija). 

The contamination transport by river can be seen in following examples. The study case 

Drava covers the Valley from Slovenian-Austrian border to the confluence of the Mura and 

Drava Rivers. The Drava River with tributaries is passing through important mining and 

smelting territories such as Bleiberg-Kreuth (Austria), Cave de Predil (Itally) and Meţica 

(Slovenia). They left a significant impact on the chemical composition of alluvial sediments. 

More than 133 km
2 

of the assessed area is critically polluted according to Slovenian and 

Croatian legislation (Peh et al., 2008; Šajn et al., 2011).  

Enrichment of the Holocene alluvium of the Crna Reka (Macedonia) is likely enough due 

to the natural erosion from the As-Sb-Tl mine Alšar, but also due to mine activities in the 

past. The extremely high concentrations in surface soil and bottom soil are found at two sites. 

One site is west of the village Šivec (surface soil: 24 mg/kg As, 5.5 mg/kg Sb, 1.1 mg/kg Tl; 

bottom soil: 24 mg/kg As, 4.7 mg/kg Sb, 1.1 mg/kg Tl), and second site is located southwest 

of the village Palikura (surface soil: 32 mg/kg As, 4.8 mg/kg Sb, 1.4 mg/kg Tl; bottom soil: 

30 mg/kg As, 4.2 mg/kg Sb, 1.4 mg/kg Tl). Contaminated alluvial sediments are transported 

down to the river Vardar, where the increased concentrations of aforementioned elements are 

detected (Ţibret et al., 2012; Stafilov et al., 2013. Bačeva et al., 2014). 

In the Meţica valley (Slovenia), 300 years of lead and zinc ore mining and smelting had a 

very negative impact of the environment. During the period of operation (1665-1994) about 

19.000.000 tones has been excavated and more than 500.000 tons of Pb has been produced. 

The area is strongly polluted with Pb and Zn but also with Ag, As, Cd, Cu, Hg, Sb, and Sn. 

After soil survey, the concentrations of trace elements in surface soil exceed the official limits 

in 24km
2
, which concentrations are up to 71 mg/kg Cd, 2.7% Pb and 0.42 % Zn in topsoil 

(Vreča et al., 2011; Šajn 2002; 2006). 

In the vicinity of towns of Zvečan and Kosovska Mitrovica (Kosovo), the anthropogenic 

trace elements exceed the Standard values in 152 km
2
 the investigated area. The 

contamination includes several extremely high concentrations with following ranges: Pb 34-

35000 mg/kg, Zn 32-12000 mg/kg, Cd 0.10–47 mg/kg, and Hg 0.02-11 mg/kg. According to 
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the European averages for soil, Pb is higher 19.6 -fold, Cd 11-fold, Hg 5.4-fold, Zn 4.5-fold 

(Stafilov et al., 2010a; Šajn et al., 2013). 

Veles is the most polluted city in Macedonia in which center is located lead and zinc 

smelter. The Macedonian Institute for Health Protection reported in 2003, when the factory 

still operated, that Veles was absorbing 62.000 tons of Zn, 47.300 tons of Pb and 120.000 

tons of SO2 annually. Typical for the elemental assemblage (As, Cd, Cu, Hg, In, Pb, Sb, and 

Zn) is the enrichment in surface soil versus European topsoil, from 2.2-times for the Sb to 27-

times for the Cd. In the areas of main pollution, the city center and near the smelter 

respectively, the average concentration of Cd exceeds the European average for Cd more than 

110 times (Stafilov et al., 2008b; Stafilov et al., 2010c). 

In Celje, the Zinc smelter was operating for 100 years (1874-1970), with Zn production 

about 580.000 tons. The contamination is not caused by production of raw Zn but also by 

suphuric acid. At the beginning, the ore had been excavated from local mines (Litija), but 

later the ore was imported from the Trepča mine (Kosovo) and Veles (Macedonia). Due to 

monitoring results, the maximum values of SO2 reached 2.056 g/m
3
 as hourly average 

during the winter 1968. The emissions into the atmosphere from the plant are estimated up to 

the 1700 tones. The geochemical background for that area is estimated to the 124 mg/kg of 

Zn and 0.5 mg/kg of Cd in surface soil. Concentrations of trace elements in surface soil 

exceed the official limit of critical concentration in 18 km
2
. (Šajn, 2006; Ţibret and Šajn, 

2005; Ţibret, 2012). 

The Idrija mine has been the second largest mercury mine in the world surpassed only by 

the Almaden mine. The mine is located in the narrow valley of the Idrijca River and its 

confluent Nikova. After more than 500 years of mining, the mine is in the final stage of its 

gradual shut down because of lack of reserves, low ore grade, and environmental reasons. 

During the operating period, 107.000 tons of mercury were produced but the losses during 

both, mining and smelting are estimated to 147.000 tones. Concentrations of mercury in soil 

exceed the critical values for soil (10 mg/kg) on 21 km
2
 according to the NewDutch list 

(ESDAT, 2013) but the mean value for Hg (8.6 mg/kg) is 5 times higher than the Slovenian 

average (Miklavčič, 1999; Gosar et al., 2006). 

The town Zenica is located in the valley of the river Bosna, about 70 km north from 

Sarajevo (Bosnia and Herzegovina). Construction of the iron and steelworks begun in 1892 

and until the end of 50’s, becomes the biggest construction site in the former Yugoslavia. 

Expansion of production reached the record of 1.72 million tons of pig iron and 1.91 million 

tons of crude steel in 1986. At the beginning of 90’s production was completely stopped but 

production was continued with less capacity at the end of last century. Anthropogenic 

pollution that associate high concentrations of As, Cd, Cu, Hg, Pb and Zn, exceed critical 

level on c. 2 km
2
 in both soil horizons. Maximal values of Cd (1.8 and 2.3 mg/kg) are found 

in the urban zone, around the ironworks and surrounding settlements in NW of the study area. 

Critically polluted area is mainly situated on the Miocene coal layers on the NW side of the 

study area and refers to As distribution (Alijagić and Šajn, 2011). 

In the area of Jesenice (Slovenia), the impact of centuries long lasting ironworks 

activities in a narrow alpine valley is investigated. According to data the daily emission from 

ironworks before the modernization in 1971 has been up to 48 tons of dust and 270 tons of 

ash daily. It was estimated that the emission from Steelworks 1, Steelworks 2 and the plants 

for regeneration of hydrochloric acid emit daily approximately 2 t dust and 950 kg SO2. 

Traffic and communal emissions contribute during heating season about 7 t SO2 daily. After 
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the soil survey it was found that contents of Pb, Hg, Cd and Zn are strongly increased at more 

than 13 km
2
. Content of Zn in surface soil exceeds the Slovenian averages for 3 times, Cd 

more than 4 times, and Pb 8 to 9 times (Šajn and Gosar, 2007). 

In the aforementioned selected publications, the authors try to separate between the 

human impact and natural enrichment in soil, using different multivariate statistical methods 

and spatial distribution of particular elements or the main synthetic groups as a result of factor 

analysis, obtained by universal kriging methods. Beside the soil, so many localities have been 

covered by other sampling materials such as attic dust and house hold dust, some of them by 

moss and lichens. They are good indicators for studying an atmospheric pollution, i.e. the 

attic dust is good for reconstruction of historical pollution but moss and lichens for present air 

pollution (Bačeva et al., 2014; Balabanova et al. 2012, 2014; Stafilov et al., 2012, 2014, Šajn 

et al, 2014). 

 

 

2. DESCRIPTION OF STUDY AREA 
 

2.1. Geographical Description of Study Area 
 

The Stavnja River has a length about 35 km, located in the Central Bosnia and 

Herzegovina, northern from the capital Sarajevo (Figure 3). In its valley lives approximately 

30.000 inhabitants, mostly settled in the two small cities Vareš and Breza. The valley belongs 

to temperate continental mountain climate zone, whit cold winters and moderately warm 

summer. In general, autumn is warmer than spring. The Stavnja catchment area is large about 

180 km
2
, including only three bigger tributaries on left side, the Mala River, the Ponikva and 

the Ţalja but the study area is large c. 104 km
2
. The river valley is very narrow valley 

surrounded with steep hills with average width about 5 km. According to a north base line, 

the whole valley has an azimuth 17 degrees. The river Stavnja springs at 1080 m, but ends at 

430 m. Most of the study area is covered with forest 57 km
2
 or 55%. Meadows, pastures and 

cultivated land cover 37.4 km
2
 or 36%, settlements 4.5 km

2
, industrial zone 1.2 km

2
, and open 

mine pits 3.6 km
2
 (Figure 4). 

The study area is rich with archaeological findings from different epochs. In the 

municipality of Vareš were found the remaining of metallurgical activities dating back to the 

Bronze Age. On several surrounding locations are found remains of copper artefacts from 

prehistorically period, the mining tools and lamps from the Roman era. Ottoman government 

has been pried with this region because of craftsmen and their very qualitative products. 

With the arrival of Austrians all area had a biggest prosperity. Even the Saxons moved in 

the new industrial area. In the town centre itself, there is an old stone arched bridge from 

Ottoman period, the oldest preserved Catholic Church of St. Michael in Bosnia and 

Herzegovina. The church are among the oldest preserved in Bosnia and date back to 1643. 

The remaining of the medieval royal city and castle Bobovac is located close to the Vareš. In 

the city centre Breza are preserved ruins of Basilica from the 5
th

 Century. On several 

locations of the study area are preserved lots of monumental medieval tombstones. 

In the region of Vareš, mineral exploitation begun already in the Antique period but with 

arrival Austrians to Bosnia, Vareš admire revival in economy aspect. Three iron ore deposits 

Smreka, Brezik, (Figure 5, A and B) and Droškovac,are situated in municipality of Vareš. 
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The abandoned open pit Smreka has been the biggest Fe open pit in Bosnia and Herzegovina. 

In 1991, the open pit’s reserves and resources in three ore deposits were approximately 169 

million tonnes. Apart the Fe in hematite and siderite there are present another oligoelements 

such as Cu, Pb, Zn, As, Sb and Sn. Lead, zinc and barite Veovača open pit is situated about 

10 km eastern of the town Vareš. Sulphide mineralization is associated with layers of barite 

and have volcanogenic – sedimentary genesis. 

 

 

Figure 3. Location of Study area. 
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Figure 4. Landuse map of the study area. 
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Figure 5. Iron open pits, Smreka (A) and Brezik (B); Ironworks Vareš (C), Breza coal mine (D). 

Hydrothermal processes, inside of these deposits minor veins have formed. In area of 

Vareš, Pb–Zn mineralization is associated with Droškovac Fe deposits. Together with main 

minerals galena, sphalerite and barite are associated another minerals such as pyrite, 

marcasite, tetraedrite, antimonite, chalcopyrite, cinnabar, realgar, calcite, quartz, limonite, 

covelline, etc. 

Construction of the ironworks (Figure 5, C) and metal foundry in Vareš started in 1891, 

and until 1991 has operated within one company called ―Mine and Ironworks Vareš‖. Vareš 

ironworks were the second largest ironworks in Bosnia and Herzegovina. All activities in the 

ironworks have ended in 1998, when two furnaces were overthrown because of disuse 

technology and unprofitability. Metal foundry still works but with much reduced capacity. 

The ironworks are situated in middle part of the river Stavnja, under the urban zone. A town 

Breza with surrounding settlements is developed on river terraces of the river Stavnja. It is 

known with brown coal underground and surface (Figure 5, D) mining. This coal basin 

belongs to the Central Bosnian coal basin that lies along the river Bosna. Comparing to the 

mines and ironworks in municipality of Vareš where all industry is abandoned, this mine is 

still active. 
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2.2. Geological Description of Study Area 
 

Geology of the study area is taken from Basic Geological Map, sheets Vareš (L 34-133) 

and Sarajevo (K 34-1), scale 1: 100,000 (Jovanović at al., 1977; Olujić et al., 1978; Pamić et 

al., 1978). The study area is a part of the Durmitor nappe. The most important geotectonic 

unit of Vareš metallogenic district belongs to the Central ophilote zone.  

Advanced rifting magmatism produced spilites, ophitic basalts and diabases, and scarce 

keratophyres, interlayered with Ladinian sedimentary rocks. Deposits related to magmatism 

include cinnabar deposits, Mn-oxide deposits, monomineralic and polymetalic barite deposits, 

and siderite–hematite deposits. The deposits are placed within a sigmoid shaped curved belt, 

2 to 5 km wide and 25 km long (Palinkaš et al., 2008). The outcropping stratigraphic 

sequence exposes rock formations spanning from the Upper Triassic to more recent times. 

Ten major lithological units are present in the study (Figure 6). The river Stavnja 

perpendicularly crosses the lithological units, from the oldest one in the north to the youngest 

in south of the study area. The younger Quaternary layers are developed along present 

watercourse or something higher in gravel–conglomerate terraces.  

The oldest Upper Triassic clastite rocks (T1) are represented by slate, quartz–mica–

chlorite schists, metasandstone, and chert. These rocks also include sandstone, subordinate 

shale and marly shale. Lower and Middle Triassic (T2,3) is represented by massive and thick 

bedded limestone with chert noduls. There is a part with Anisian limestones and dolomites, 

hematite and siderite shale. These are followed by crinoide limestone and dolomitic 

limestone. Same ages are spilite and tuff (tuffaceous sandstone), which are founded on a north 

of the city Vareš. Unseparated volcanic sedimentary formations represent about 1000 m thick 

complex of rocks. Jurrasic–Cretaceous Jurassic and Cretaceous clastic carbonate series (J,K) 

have direction NW–SE and are represented by marly shale, limestone, sandstone, 

conglomerate, breccia, and chert). Jurassic and Cretaceous Pogari series is formed by breccias 

and sandstones JK). Most of the study area is covered with flysh sediments. Turonian–

Senonian flysch (K2
2,3

) is built-up of conglomerate, breccia, limestone, marle and siltstone. 

Cenomanian–Turonian flysh (K2
1,2

) is represented by limestone breccias, limestone, sandy 

limestone, shale, sandstone and chert (Pamić et al., 1978). 

On the south is developed the Oligo clastite complex (Ol). Those sediments are 

represented by variegated series (conglomerate, sandstone, limestone, marl, and clay) and 

sandstone conglomerate and limestone with coal beds. Older Miocene transitional zone (
2
M2) 

represented by thin-bedded marl and sandstone and roof limestone zone (
1
M2) includes sandy 

limestone with roof coal bed. The youngest sediments are Holocene ages and are represented 

by Quaternary terraces (t) and Quaternary alluvium (a1). Younger Quaternary layers are 

developed along present watercourse or something higher in gravel-conglomerate terraces 

(Pamić et al., 1978). 

Vareš, siderite–hematite sedimentary exhalative (SEDEX) deposits, Smreka, Droškovac 

and Brezik, are locus typicus mineralisation of the Mid Triassic, advanced Tethyan rifting 

phase (Red Sea stage). The deposits contain hydrothermal, stratiform siderite–hematite–chert 

beds. The mineralisation form part of the Anisian and Ladinian sequences and displays a 

distinct vertical zoning, reflecting a gradual change of redox conditions in the depositional 

environment. The sequence starts with bituminous, thinly bedded shales with pyrite and base 

metal sulphides, overlain by barite and siderite, deposited under reducing conditions. 

Overlying clastics and oolithic limestone are succeeded by hematite shale, hematite ±chert 
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beds, deposited in oxidizing environment. Major minerals are siderite, manganese rich 

hematite, barite, pyrite, marcasite, chalcopyrite, galena, sphalerite, tetrahedrite and Pb-

sulphosalts. Veovača Pb, Zn, Ba deposit contains ore breccia or ore conglomerates with dm to 

m sized clasts cemented by barite and Pb–Zn sulphides. Microcrystalline dark barite is 

accompanied with galena and sphalerite. The barite from Veovača, is typical for Triassic 

SEDEX deposits elsewhere in the Dinarides (Palinkaš et al., 2008). 

 

 

Figure 6. Map of Basic lithological units. 
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3. MATERIALS AND METHODS 
 

3.1. Sampling Design 
 

The sampling grid had been designed that the soil profiles are set out transversely 

according to the river flow, considering the major purpose of research, determination of 

natural distribution of chemical elements and anthropogenical anomalies. However, several 

important issues had to be concerned during the sampling campaigns such as the dell, terrain 

inaccessibility and presence of minefields, formation and arrangement of bedrocks, position 

of mining and industrial zones. With this sampling grid several following concerns were 

determined: a) changes of environmental chemisms according to distance from the source of 

contamination; b) change in altitude; c) transport mode. 

Even the study area is covered with the minefield at relatively small percentage (5.5%), 

possibility of their present is much higher due to fact that a reliability of the mine maps is 

relatively low. In such situation is important to communicate with local residence. At the 

same time, the sampling grid has been designed that the main lithological units are covered by 

sampling sites. The lithological units are enriched with various chemical elements, which are 

released into soil during the natural processes. This will help in reconstruction of 

anthopogenic and geogenic influence on the chemism of the entire valley. 

The sampling was done into two campaigns. During the first sampling campaign in 2009, 

the entire valley has been covered with 12 profile lines set to cross a river flow. But in urban 

and industrialized areas the sampling grid was denser (Figure 7). The second sampling 

campaign was performed in 2011. The campaign includes a sampling on the edges of study 

area, and on several following lithological units: the Triassic spilites and tuffs, the Oligocene 

clastite complex, the Miocene carbonate and clastites series, which are not covered well by 

sampling during the first campaign. Total number of soil samples sites from the both 

sampling campaigns is 111, where topsoil (0-5 cm) and subsoil (20-30 cm) are collected. 

The Figure 7 provides also the main determined zones. Zone 1 is concerned as a probably 

most polluted area and it is located in the upper part of the Stavnja valley. There are collected 

only automorphic soil at 24 sampling sites. Those sampling locations are mainly situated in 

the industrial zone and represent the area with biggest expected anthropogenic influence on 

environment. This zone is marked with the ellipse. The Zone 2 is determined as unpolluted 

zone. This zone is divided into two zones, Zone 2a and Zone 2b, respectively. Zone 2a is 

located around the Zone 1, and there are collected soil samples at 27 sampling sites. Zone 2b 

is situated around the Zone 3, covered whit 50 sampling sites. The last zone is Zone 3, located 

in the lowest part of the Stavnja valley. This zone is concerned as contaminated zone, with 

high content of trace elements. In this zone, soil samples are collected solely at the alluvial 

plain, at 10 sampling sites. 

From the geological view, 10 soil sampling sites are located on the Quaternary alluvium, 

9 on the Quaternary river terraces, 8 on the Miocene clastic series, 5 on the Miocene 

carbonate series, 6 on the Oligocene clastite complex, 28 on the Cretaceous flysch, 16 on the 

Jurassic and Cretaceous clastic carbonate series, 6 on the Jurassic and Cretaceous breccias 

and sandstones, 19 on the Triassic limestone and 4 samples on the Triassic clastites, spilites 

and tuff. 
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Figure 7. Sample locations and determine zones. 

 

3.2. Soil Sampling 
 

In geochemical studies, soil represents the most widespread sampling material for 

environmental assessment due to their availability and relatively undemanding sampling 
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method. Disadvantage is only high variability of soil chemism, which can be dispatched by 

taking composite samples.  

According to mentioned sampling problem, one soil sample represents the composite 

material collected at the central sample point and at least four points within the radius of 50 m 

around it. At each sampling point, topsoil (0 - 5 cm) and subsoil (20 - 30 cm) are collected in 

mass of 1 kg (Borůvka et al., 2005; Chen et al., 2005; Salminen et al., 2005; Bretzel and 

Calderisi, 2006; Tembo et al., 2006; Alijagić, 2008). 

The distribution of elements that can reflect natural processes are indicated by elements 

that rarely or never participate in technogenic processes. Their contents usually change 

gradually across the landscape. Naturally caused chemism of soil is characteristic for deeper 

soil horizons. For the anthropogenic accumulation of chemical elements is characterized by 

explicit increase in concentration, appearing from the relatively low natural background. The 

anomalies occur close to industrial zones, mines, smelters and ironworks (Šajn, 2005; 

Alijagić and Šajn, 2006; Cappuyns et al., 2006; Stafilov et al., 2008a, 2008b). High 

concentrations of anthropogenically entered chemical elements are characterized mainly for 

surface soil horizon. 

According to the sampling sites collected soil can be genetically divided into two main 

groups, the automorphic soil and alluvial soil, respectively. Automorphic soils (FAO, 2006) 

are defined as well drained soils. All automorphic soils belong to the Cambisol (type of 

developed soil), collected at meadow and pastures. Total number of collected cambisol 

topsoil (0 - 5 cm) and subsoil (20 - 30 cm) is 202. The soils developed only on alluvium (the 

youngest Quaternary material), are called fluvisol (FAO classification). The fluvisols are 

poorly drained soils, which are form because of the permanent or periodical presence of 

groundwater, precipitation, or floodwater in or on the soil profile. The alluvial soils are 

collected at 10 sampling sites. 

After sampling, each soil sample is described into separate inscription list. The each 

inscription list contains following information: ID number, Sample label, Sampling material, 

Sample coordinates: Lon (WGS84), Lat (WGS84), and Altitude, Name of location, Year of 

sampling, Area, Landuse, Lithology, Pollution, Soil Texture, Soil Structure, Soil Skeleton, 

Soil org. matter. 

 

 

3.3. Sampling Preparation and Analyses 
 

The samples were air dried to begin with, and subsequently were completely dried in a 

fan drier at 40°C. The sample preparation have been done in several following steps: (1) 

Disintegration – manual grinding of solid samples using a ceramic mortar and pestle; (2) 

Homogenizing – breaking of samples down into smaller parts and blending to make them 

more uniform in texture and consistency; (3) Removing roots and/or rock fragments – manual 

separation of impurities; (4) Splitting – reducing the weight of samples to less than 0,5 kg 

after grinding or disintegration procedure; (5) Quartering – dividing of the disintegrated 

granular sample into subsamples with identical quality and quantity; (6) Sieving – dry manual 

passing of samples through a 2 mm nylon mesh and (7) Pulverizing mechanically breaking 

down the particles of dry samples (Salminen et al., 2005). 

All samples were analysed in at the ACME, Ltd. laboratory in Vancouver, Canada 

(ACME Labs, 2010, 2011). Determination of 36 chemical elements (Ag, Al, As, Au, B, Ba, 
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Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, Hg, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Sc, Se, Sr, Th, 

Ti, Tl, U, V, W and Zn) was performed by inductively coupled plasma mass spectrometry 

(ICP-MS) after aqua regia digestion (mixture HCl, HNO3 and water). Sample splits of 0.5g 

are leached in hot (95°C) Aqua Regia for one hour. At the ACME Analytical Laboratories, 

quality control was ensured by analyzing duplicate samples and blanks. The measurement 

accuracy was determined by measuring certified standards in each analytical set: DS7 and 

OREAS45PA for the first set of samples (2010) DS8 and OREAS45CA for the second set of 

samples (2011). 

 

 

4. DATA PROCESSING 
 

All data processing and calculations, geostatistical data interpretation and visualization 

(mapping) have been performed by using following softwares: Statistica (Stat Soft Inc., 

2012), Autodesk MAP 3D (Autodesk Inc., 2012), ArcINFO (ESRI Inc., 2004) and Surfer 

(Golden Software Inc., 2012). 

 

 

4.1. Basic Statistic Parameters 
 

Much of statistics therefore, deals with the organization, presentation, and summary of 

data. One of the most common and useful presentation of data sets is the frequency table and 

its corresponding graph, the histogram. The important features of most histograms can be 

dividing into three categories: measures of location (mean, geometric mean, median, etc.), 

measures of spread (standard deviation) and measure of shape (skewness, kurtosis and the 

coefficient of variation). 

The mean (X), is the arithmetic average of the data values. The geometric mean (XG) is 

the product of all scores to the power of 1/n (one over the valid number of cases). The 

geometric mean is useful in instances when we know that the measurement scale is not linear. 

Note that if a variable contains negative values or a zero (0), then the geometric mean cannot 

be calculated. The median (Md) value is the value that "splits the sample in half," given the 

respective variable. Fifty percent of the cases will fall below the median, and fifty percent 

will fall above the median. If the median value is very different from the mean, then the 

distribution of data is skewed (Isaaks and Srivastava, 1989). The standard deviation (S) is 

simply the square root of the variance. It is often used instead of the variance since its units 

are the same as the unit of variable being describe. The standard error of the mean (SX) gives 

an indication of how close a sample mean might be to the population mean. The standard 

error of the sample mean is given by the square root of the sample size. This means that the 

larger the sample size, the smaller the standard error of the mean. More specifically, the size 

of the standard error of the mean is inversely proportional to the square root of the sample 

size (Harris, et al., 2005). 

The most commonly used statistic for summarizing the symmetry is a quantity called the 

coefficient of skewness (A). The coefficient of skewness suffers even more than the mean and 

variance from sensitivity to erratic high values. A single large value can heavily influence the 

coefficient of skewness since the difference between each data value and the mean is cubed. 
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In geochemical data sets, positive skewness is typical when the variable being described is the 

concentration of a minor element. The coefficient of kurtosis (E) is a measure of how "wide" 

or "skinny" ("flat" or "peaked") the distribution is for the respective variable, relative to the 

standard normal distribution (for which the kurtosis is equal to 0). It is also sometimes 

referred to as the fourth moment of the distribution. Higher kurtosis means more of the 

variance is the result of infrequent extreme deviations, as opposed to frequent modestly sized 

deviations. The coefficient of variation (CV) is a statistic that is often used as an alternative to 

skewness to describe the shape of the distribution. It is used primarily for distribution whose 

values are positive and whose skewness is also positive; though it can be calculated for other 

type of distribution, its usefulness as an index of shape becomes questionable. It is defined as 

the ratio of the standard deviation to the mean. A coefficient greater than one, indicates the 

presence of some erratic high sample values that may have a significant impact on the final 

estimation. 

The Kolmogorov – Smirnov test (KS) is nonparametric test of equality of one 

dimensional probability distributions used to compare a sample with a reference probability 

distribution (one-tiled KS test), or to compare two samples (two-tiled KS test). Simply, KS 

test tries to determine if two datasets differ significantly. The advantage of this test lies in the 

fact that in a comparison with a continuous theoretical distribution it is not necessary to 

construct discrete classes first since here one measures the maximum difference between the 

cumulative distribution function. The Kolmogorov–Smirnov test can be modified to serve as 

a goodness of fit test. The Chi-Square test (χ
2
) is a statistical test commonly used to compare 

observed data with data we would expect to obtain according to a specific hypothesis. This 

test checks the null hypothesis that a set of measurements can be taken as a sample of a 

random variable with a given distribution. (Honerkamp, 2002; Stat Soft Inc., 2012). 

 

 

4.2. Data Transformation 
 

Transforming data means performing the same mathematical operation on each piece of 

original data. If the original data is simply multiplied or divided by a specific coefficient or a 

constant is subtracted or added we talk about linear transformations. But these linear 

transformations do not change the shape of the data distribution and, therefore, do not help to 

make data look more normal. 

It is often observed that environmental variables are Log-normal (Krige, 1951, 1960; 

Rose at al., 1979) or positively skewed (Zhang et al., 1995; Zhang and Selinus, 1998), and 

data transformation is necessary to normalise such data sets. Logarithmic transformation is 

widely applied in order to normalise positively skewed data sets. However, it is observed that 

data sets in environmental sciences do not always follow the Log-normal distribution (Zhang 

C.S and Zhang S., 1996; Zhang and Selinus, 1998). In such cases, a power transformation is 

needed, and Box–Cox transformation is one of the most frequently used of these (Box and 

Cox, 1962; Jobson, 1991; Zhang C.S. and Zhang, C. 1996; Zhang et al., 1998; McGrath, et 

al., 2004). Each data transformation can dampen the difference between extreme values 

(Gringarten and Deutsch, 2001). 
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The Box-Cox transformation is given by: 

 

   
    

 
        (1) 

 

    ( )         (2) 

 

where y is the transformed value, and x is the value to be transformed. For a data set (x1, x2 

… xn), the parameter λ is estimated based on the assumption that the transformed values (y1, 

y2 … yn) are normally distributed. When λ=0, the transformation becomes the logarithmic 

transformation. 

 

 

4.3. Analysis of Variance (ANOVA) 
 

Analysis of variance is the most widely used tool of modern (post-1950) statistics by 

researcher workers in the substantive fields of biology, chemistry, sociology, education, 

agriculture and so forth. The methodology was originally developed by Sir Ronald A. Fisher 

who gave the name of ―analysis of variance‖. Nowadays, the analysis of variance models are 

widely used to analyse the effects of the independent variables under study on the dependent 

variable or response measure of interest. It is a technique by which variations associated with 

different factors or defined sources may be isolated and estimated. The purpose of analysis of 

variance (ANOVA) is to test for significant differences between means by comparing 

variances. More specifically, by partitioning the total variation into different sources 

(associated with the different effects in the design), we are able to compare the variance due 

to the between groups (or treatments) variability with that due to the within groups 

(treatment) variability. Under the null hypothesis (that there are no mean differences between 

groups or treatments in the population), the variance estimated from the within groups 

(treatment) variability should be about the same as the variance estimated from between 

groups (treatments) variability (Sahai and Ageel, 2000). 

F-test is any statistical test in which the test statistic has an F-distribution under the null 

hypothesis. It is most often used when comparing statistical models that have been fit to a 

data set, in order to identify the model that best fits the population from which the data were 

sampled. Exact F-tests mainly arise when the models have been fit to the data using least 

squares. 

 

 

4.4. Enrichment Ratio 
 

The enrichment ratio (ER), defined as the ratio of grade of a metal element in a deposit to 

the crustal abundance of the metal, is proposed for assessing mineral resources. According to 

the definition, the enrichment ratio of a polymetallic deposit is given as a sum of enrichment 

ratios of all metals (Shoji, 2002). This ratio has been calculated by dividing the average 

concentrations regarding to sampling material, determined zones or soil layer. This simple 

ratio does not need any normalization, because it is based on previously defined the groups of 

elements. These calculations the contribution of anthropogenic influence with trace has been 
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detected, and makes this ratio very useful. Using these ratios it was possible to reveal an 

increase or decrease between various sampling material such as soil, attic dust, moss, stream 

sediments or between material that contain background values and increased values. Even it is 

very simple ratio, but provides a much better measure for comparison and has been used in 

many studies (Balabanova et al., 2010; Stafilov et al., 2010b, 2010c; Bačeva et al., 2011; 

Balabanova et al., 2011; Šajn et al., 2012). 

 

 

4.5. The Multivariate Statistical Method 
 

Multivariate analysis involves observation and analysis of more than one statistical 

variable at a time. The technique is used to perform trade studies across multiple dimensions 

while taking into account the effects of all variables on the responses of interest. 

 

4.5.1. Bivariate Statistical Method (Correlations) 

Statistical relationships between two variables can be measured by correlation. 

Correlations are useful because they can indicate a predictive relationship that can be 

exploited in practice. In general statistical usage, correlation can refer to any departure of two 

or more variables from independence, but most commonly refers to a more specialized type 

of relationship between mean values. Measure of the correlation between two variables is 

expressed by correlation coefficient, and the most common is Pearson correlation coefficient 

(r), which is mainly sensitive to a linear relationship between two variables. Other correlation 

coefficients have been developed to be more robust than the Pearson correlation, or more 

sensitive to nonlinear relationships. 

The correlation coefficient (r) is actually a measure of how close the observed values 

come to falling on a straight line. If correlation r = +1, then the scatterplot will be a straight 

line with a positive slope; if r = -1, then the scatterplot will be a straight line with a negative 

slope. For |r| < 1 the scatterplot appears as a cloud of points that becomes fatter and more 

diffuse as |r| decreases from 1 to 0. It is important to note that r provides a measure of the 

linear relationship between two variables. If the relationship between them is not linear, the 

correlation coefficient may be a very poor summary statistic. 

 

4.5.2. The Cluster Analysis 

Cluster analysis is a generic name for a variety of mathematical methods, numbering in 

the hundreds that can be used to find out which objects in a set are similar. Mathematical 

methods of cluster analysis accomplish this mathematically. Instead of sorting real objects, 

these methods sort objects described as data. Objects with similar descriptions are 

mathematically gathered into the same cluster. For a variety of research goals, researches 

need to find out which objects in a set are similar and dissimilar. The best known of these 

research goals is the making of classifications. One reason that cluster analysis is so useful is 

that researches in all fields need to make and revise classification continually. 

Most common applications used certain methods of hierarchical cluster analysis. 

Methods of hierarchical clustering follow a prescribed set of steps, the main ones being: (1) 

collect a data matrix whose columns stand for the objects to be cluster analysed and whose 

rows are the attributes that describe the objects; (2) optionally standardize the data matrix; (3) 
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using the data matrix or the standardized data matrix, compute the values of a resemblance 

coefficient to measure the similarities among all pairs of objects; (4) use a clustering method 

to process the values of the resemblance coefficient, which results in a diagram called a tree, 

or dendrogram, that shows the hierarchy of similarities among all pairs of objects. From the 

tree the clusters can be read off. But within these steps there is the freedom to choose among 

alternative ways of standardizing the data matrix, of choosing a resemblance coefficient, and 

of choosing a clustering method (Romesburg, 2004). 

Cluster analysis is not one method, but type of proceedings, that is used to arrange a set 

of cases into clusters. The aim is to establish a set of clusters such that cases within a cluster 

are more similar to each other than they are to cases in other clusters (Templ et al., 2008). 

Known is more cluster techniques, which are based on agglomeration more elements 

according to their composition, giving different results. Hierarchical clustering is chosen 

based on correlation coefficient (r). 

 

4.5.3. The Factor Analysis 

Factor analysis is not a single statistical method but rather represents a complex array of 

structure analysing procedures used to identify the interrelationship among a large set of 

observed variables. Factor analysis can be used for theory and instrument development and 

assessing construct validity of an established instrument when administered to a specific 

population. Once the international structure of a construct has been established, factor 

analysis may also be used to identify external variables that appear to relate to the various 

dimension of the construct of interest. 

There are two basic types of factor analysis: exploratory and confirmatory. Exploratory 

factor analysis (EFA) is used when the researcher does not know how many factors are 

necessary to explain the interrelationship among a set of characteristics, indicators, or items. 

Therefore, the researcher uses the techniques of FA to explore the underlying dimensions of 

the construct of interest. In Contrast, confirmatory factor analysis (CFA) is used to assess the 

extent to which the hypothesized organization of a set of identified factors fits data. It is used 

when the researcher has some knowledge about underlying structure of the construct under 

investigation. CFA could also be used to test the utility of the underlying dimensions of a 

construct identified through EFA, to compare factor structures across studies, and to test 

hypotheses concerning the linear structural relationship among a set of factor associated with 

a specific theory or model (Pett et al., 2003). 

Factor analysis (FA) derives from numerous variables a smaller number of new, synthetic 

variables called factors (Le Maitre, 1982). The factors contain large part information of 

original variables, and they may have certain meanings. The factor analysis was performed on 

variables standardized to zero mean and unit of standard deviation (Davis, 1986; Reimann et 

al., 2002; Filzmoser, 2005). As a measure of similarity between variables, the product 

moment correlation coefficient (r) was applied. For orthogonal rotation, the varimax method 

was used. 

 

 

4.6. Kriging Methods  
 

Since the methods were first developed by Krige for use in the mining industry and 

formalized by Matheron (1971), various forms of kriging have been devised. The Kriging 
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interpolation algorithms are an important group of geostatistical techniques, which have 

played an important role in many geological fields (Van Beers and Kleijnen, 2004). Over the 

last 20 years, geostatistical methods like kriging have been used successfully to investigate 

the spatial variability of continuously varying environmental parameters and to incorporate 

this information into mapping (Burrough and Mc Donnell, 1998). Geostatistics provides an 

advanced methodology which facilitates quantification of the spatial features of soil 

parameters and enables spatial interpolation (Stein et al., 1997; Carlon et al., 2001). In 

addition, geostatistics has become a useful tool for the study of spatial uncertainty and hazard 

assessment (Goovaerts, 1999, 2001). 

The geostatistics approach consists of two parts: one is the calculation of an experimental 

variogram from the data and the model fitting, and the second is the estimation or prediction 

at unsampled locations. The variogram model mathematically specifies the spatial variability 

of the data set and the resulting grid file. The interpolation weights, which are applied to data 

points during the grid node calculations, are direct functions of the variogram model. 

A variogram (or semi-variogram) is used to measure the spatial variability of a 

regionalized variable, and provides the input parameters for the spatial interpolation of 

variogram kriging (Webster and Oliver, 2001). It can be expressed as: 

 

 ( )  
 

  ( )
∑ [(   )   (    ) ]

 ( )

   
 (3) 

 

where γ(h) is the semivariance at a given distance h; Z(xi) is the value of the variable Z at the 

xi location, and N(h) is the number of pairs of sample points separated by the lag distance h. 

If the variogram rises and stabilises around some value, then it has reached a sill (C); i.e. 

theoretically the sample variance. It could be the case that the variogram does not reach a sill, 

indicating that it corresponds to phenomena with an unlimited capacity for dispersion. The 

distance at which the variogram reaches the sill is called the range (a); beyond it, data are 

independent. Discontinuities at the variogram origin could be present; such an unstructured 

component of variation at h=0 is known as nugget effect (Co) which may be due to sampling 

errors and short scale variability. The calculation of the variogram is done in several 

orientations to assess if the spatial variability is the same in all directions. If it is, the 

distribution is called isotropic, otherwise it is anisotropic. Then, the variogram plot is fitted 

with a theoretical model, such as spherical, exponential, linear or Gaussian models. It is 

possible to have a combination of two or more models (nested structure), with a total variance 

result of added variances of each model. The fitted model provides information about the 

spatial structure as well as the input parameters for kriging interpolation. Among the several 

estimation methods, kriging is the most popular because it ―is a collection of generalised 

linear regression techniques for minimising and estimating variance defined from a prior 

model for a covariance‖ (Olea, 1991). 

Kriging is not just used to estimate unsampled areas, it is also used to build probabilistic 

models of uncertainty about the unknown, but estimated predicted values (Deutsch and 

Journel, 1998). The kriging estimates can be mapped, to reveal the overall trend of data. Maps 

provide helpful visual displays of the spatial variability in the field and can be used for the 

summarization and representation of soil properties where natural hazards can be identified 

(Goodchild et al., 1993). As in conventional statistics, a normal distribution for the variable 

under study is desirable in linear geostatistics (Clark and Harper, 2000). To increase the 
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accuracy of the geological model, Kriging on a large data set is a necessity but also 

computationally demanding. Although the storage requirements only scale linearly with the 

number of observations in the dataset, the computational complexity in terms of memory and 

speed, scale quadratically and cubically respectively (Ingram and Cornford, 2010). 

Beside the universal kriging method, a slightly modified method of kriging is used. This 

method is developed due to fact that the geological composition of the study area is known 

from the geological maps. The innovative predicting method is basically the kriging in 

individual units, and can be performed only in case that one isolated unit is showing extreme 

difference comparing to surrounding population. In this study is possible to isolate a several 

lithological units with very different chemical composition by comparison with neighbouring 

lithological units. Quite good examples are: natural distribution of Cr and Ni on the Jurassic 

and Cretaceous clastic carbonate series, natural distribution of Ti on the Triassic clastites, 

spilite and tuff or anthropogenical distribution of Pb in the Quaternary alluvium which 

concentrations are much higher than in automorphic soil. Using this method we are entering 

some kind of subjectivity, but we avoid so called ―Bull’s effect‖, which is typical in such 

cases. Extremely high differences on small distances cannot be properly solved by any 

polynomial. 

 

 

5. RESULTS AND DISCUSSION 
 

5.1. Reliability of Analyses 
 

All samples and replicates were submitted to the laboratory in a random order. This 

procedure assured an unbiased treatment of samples and a random distribution of possible 

drift of analytical conditions for all samples. 

Sensitivity of the analysis, in the sense of the lower limit of detection for 222 samples, 

was adequate for 33 out of 36 determined elements, i.e. B (222 samples), S (124 samples) and 

Se (118 samples) were below the lower detection limit and were removed from the final 

database used in the statistical analysis, since their contents in the majority of analysed 

samples were below the lower detection limit of the analytical method or on detection limit of 

the analytical method (Table 1). Exceptions are Ag and W because it has less than one third 

under DL, and is used in further statistical analyses, because of their high content grouped 

and clearly show certain geochemical trends. 

Geologic standard materials DS7 (n=7), DS8 (n=5), OREAS45CA (n=7) and 

OREAS45PA (n=5) were used for estimating trueness (ACME Labs, 2010, 2011; GeoRem, 

2013; NIS,2013). Trueness of the analytical method for the 36 elements was estimated by 

calculation of the relative systematic error between the determined (XA) and recommended 

values (XP) of geological standards using following equation: 

 

T=
|XA - XP |

XP

 100 [%   (4) 

 

Most of the elements show very low deviations from the recommended range of the 

values, i.e. the mean of all determined elements in the standards generally differs by less than 
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15% of the recommended values. Large absolute deviations were observed only for B, Mo, 

Sb and Na (Figure 8). 

Precision is a measure of repeatability of determining a parameter in the same sample 

regardless of deviation from the true value (Rose at al., 1979). Precision (P) was tested by 

relative differences between pairs of analytical determinations (x1, x2) of the same sample 

using equation: 

 

P=
2|X1 - X2|

(X1 X2)
 100 [%  (5) 

 

Fifteen (2010, 2011) randomly selected samples were replicated for estimation of 

precision. Precision was considered good, since of the 36 elements only Na, V, Se and S 

showed large deviations greater than 15%. A very large deviation (> 50%) shows only the 

analysis of Au (Figure 9). Estimation of trueness and precision of two analysed set of data 

had been performed by t-test (Harvey, 2000) (Table 2). According to the provided results of 

precision, it is clear that there is no significant differences between particular elements in both 

analysed sets of data (2010, 2011) but results of trueness showing several significances: Au, 

Hg, Sb, and Sr (DS7); Cr, Mn, Mo, and Sb (OREAS45PA); and Co, Na, and V 

(OREAS45CA). The reliability of analytical procedures was considered adequate for majority 

of analysed elements for using the determined elemental contents in further statistical 

analyses. Four following elements Au, B, S and Se are removed from the further statistical 

analyses. In order to reduce dimensionality of tables and images beside the aforementioned 

four elements (Au, B, S and Se), following six elements Ca, K, Na, P, Sr, and U were 

eliminated from the further analysis, in case they are not showing a logical connection with 

other chemical elements or their tendency to form independent cluster or factors in the 

application of multivariate statistical analysis. So following 26 elements: Ag, Al, As, Ba, Bi, 

Cd, Co, Cr, Cu, Fe, Ga, Hg, La, Mg, Mn, Mo, Ni, Pb, Sb, Sc, Th, Ti, Tl, V, W and Zn have 

been used in further statistical treatments. 

 

 

Figure 8. Average absolute trueness of analysed chemical elements. 
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Figure 9. Precision of analysed chemical elements (n=15). 

 

5.2. Basic Chemical Properties of Sampling Materials 
 

The methods of parametric and nonparametric statistics were used and normality of data 

distributions were tested (Snedecor and Cochrane, 1967). Test of normal and Log-normal 

distribution in soil samples is showed in Table 3. According to the results of normality tests 

as well as visual inspection of histograms for 26 elements in 222 soil samples, only 3 

elements (Sc, Th, and V) have natural distribution. Normality for the other elements (Ag, Al, 

As, Ba, Bi, Cd, Co, Cr, Cu, Fe, Ga, Hg, La, Mg, Mn, Mo, Ni, Pb, Sb, Ti, Tl, W and Zn) was 

considered using logarithms values. 

 

Table 1. Number of measurements under DL and above UL (n=222) 

 

 Unit DL UL Min Max N (DL) 

Ag mg/kg 0.1 100 <0.10 11 74 

Al % 0.01 10 0.62 3.8 - 

As mg/kg 0.5 10000 3.7 590 - 

Au µg/kg 0.5 100 <0.50 11 29 

B mg/kg 20 2000 <20 <20 222 

Ba mg/kg 1 10000 41 1700 - 

Bi mg/kg 0.1 2000 0.10 6.1 - 

Ca % 0.01 40 0.070 16 - 

Cd mg/kg 0.1 2000 0.10 7.2 - 

Co mg/kg 0.1 2000 1.9 64 - 

Cr mg/kg 1 10000 10 460 - 
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 Unit DL UL Min Max N (DL) 

Cu mg/kg 0.1 10000 5.3 360 - 

Fe % 0.01 40 0.98 10 - 

Ga mg/kg 1 1000 2.0 10 - 

Hg mg/kg 0.01 50 0.040 2.7 - 

K % 0.01 10 0.060 0.37 - 

La mg/kg 1 10000 2.0 40 - 

Mg % 0.01 30 0.070 4.1 - 

Mn mg/kg 1 10000 200 >10000 - 

Mo mg/kg 0.1 2000 0.10 7.9 - 

Na % 0.001 5 0.001 0.15 - 

Ni mg/kg 0.1 10000 4.0 500 - 

P % 0.001 5 0.015 0.20 - 

Pb mg/kg 0.1 10000 25 1700 - 

S % 0.05 10 <0.050 0.51 124 

Sb mg/kg 0.1 2000 <0.10 88 5 

Sc mg/kg 0.1 100 0.70 11 - 

Se mg/kg 0.5 100 <0.50 1.4 118 

Sr mg/kg 1 10000 4.0 320 - 

Th mg/kg 0.1 2000 0.40 6.6 - 

Ti % 0.001 5 <0.001 0.23 12 

Tl mg/kg 0.1 1000 0.10 2.3 - 

U mg/kg 0.1 2000 0.20 3.7 - 

V mg/kg 2 10000 9.0 130 - 

W mg/kg 0.1 100 <0.10 5.2 78 

Zn mg/kg 1 10000 43 3100 - 

DL – Detection limit; UL – Upper limit; Min – minimum (all samples), Max – Maximum (all samples); 

N (DL) – number of measurement under DL 

 

Table 2. Estimation of trueness and precision on the basis of t-test regarding to analysed 

set of samples 

 

 Precision Precision DS7 DS8 OR5PA OR45CA 

 (2010) (2011) (2010) (2011) (2010) (2011) 

Ag 0.04
 NS 

-0.02
 NS 

-1.59
 NS 

-0.64
 NS 

-1.37 
 NS 

-0.25
 NS 

Al 0.07
 NS 

-0.03
 NS 

1.04
 NS 

-0.41
 NS 

-0.93
 NS 

0.48
 NS 

As 0.15
 NS 

0.01
 NS 

1.69
 NS 

1.72
 NS 

0.49
 NS 

-0.07
 NS 

Au -0.10
 NS 

-0.81
 NS 

-2.68
 * 

-0.10
 NS 

-1.78
 NS 

-0.76
 NS 

B –
 

–
 

-1.00
 NS 

–
 

–
 

–
 

Ba 0.02
 NS 

-0.11
 NS 

2.11
 NS 

-1.83
 NS 

0.19
 NS 

-0.90
 NS 

Bi -0.01
 NS 

0.21
 NS 

0.61
 NS 

0.61
 NS 

–
 

–
 

Ca -0.01
 NS 

-0.05
 NS 

0.29
 NS 

-0.69
 NS 

-1.30
 NS 

-1.02
 NS 

Cd 0.00
 NS 

0.00
 NS 

-0.69
 NS 

-0.15
 NS 

-0.40
 NS 

–
 

Co 0.14
 NS 

0.23
 NS 

-0.33
 NS 

-0.95
 NS 

0.41
 NS 

-3.34
 * 
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Table 2. (Continued) 

 

 Precision Precision DS7 DS8 OR5PA OR45CA 

 (2010) (2011) (2010) (2011) (2010) (2011) 

Cr 0.04
 NS 

0.09
 NS 

0.90
 NS 

-1.21
 NS 

-5.07
 * 

-0.51
 NS 

Cu 0.02
 NS 

0.13
 NS 

-0.12
 NS 

-0.57
 NS 

-0.99
 NS 

-0.15
 NS 

Fe 0.01
 NS 

-0.05
 NS 

-0.23
 NS 

-0.46
 NS 

-0.96
 NS 

1.30
 NS 

Ga 0.42
 NS 

0.40
 NS 

-0.35
 NS 

-0.20
 NS 

-1.30
 NS 

-0.22
 NS 

Hg -0.01
 NS 

0.08
 NS 

-2.52
 * 

0.00
 NS 

-1.00
 NS 

0.41
 NS 

K -0.05
 NS 

-0.04
 NS 

-0.38
 NS 

-1.00
 NS 

0.57
 NS 

-0.22
 NS 

La -0.03
 NS 

-0.13
 NS 

2.12
 NS 

-0.37
 NS 

-1.75
 NS 

0.61
 NS 

Mg 0.02
 NS 

0.01
 NS 

-1.25
 NS 

-1.23
 NS 

0.57
 NS 

0.15
 NS 

Mn 0.06
 NS 

-0.03
 NS 

-0.52
 NS 

-0.29
 NS 

-4.24
 * 

-1.74
 NS 

Mo 0.05
 NS 

0.00
 NS 

0.36
 NS 

-1.08
 NS 

4.21
 * 

-1.63
 NS 

Na 0.08
 NS 

-0.03
 NS 

2.20
 NS 

-0.67
 NS 

-0.23
 NS 

4.69
 * 

Ni 0.02
 NS 

0.05
 NS 

0.17
 NS 

0.23
 NS 

0.18
 NS 

-0.32
 NS 

P 0.05
 NS 

-0.14
 NS 

-0.96
 NS 

-0.65
 NS 

-1.08
 NS 

-1.61
 NS 

Pb -0.01
 NS 

-0.03
 NS 

-0.27
 NS 

-0.19
 NS 

-0.82
 NS 

0.62
 NS 

S 0.07
 NS 

-0.09
 NS 

0.62
 NS 

-0.50
 NS 

–
 

–
 

Sb 0.04
 NS 

-0.04
 NS 

4.59
 * 

-0.61
 NS 

5.48
 * 

–
 

Sc -0.02
 NS 

-0.16
 NS 

-1.10
 NS 

0.76
 NS 

-1.35
 NS 

-2.66
 NS 

Se -0.20
 NS 

0.50
 NS 

0.21
 NS 

0.03
 NS 

-0.52
 NS 

0.17
 NS 

Sr 0.04
 NS 

-0.08
 NS 

2.71
 * 

-0.21
 NS 

-0.19
 NS 

0.87
 NS 

Th -0.08
 NS 

0.13
 NS 

0.49
 NS 

0.67
 NS 

0.53
 NS 

-0.84
 NS 

Ti 0.04
 NS 

-0.12
 NS 

0.31
 NS 

-0.34
 NS 

1.13
 NS 

-0.30
 NS 

Tl 0.05
 NS 

0.27
 NS 

-0.06
 NS 

-0.36
 NS 

–
 

–
 

U 0.02
 NS 

–
 

0.35
 NS 

–
 

-1.16
 NS 

–
 

V 0.04
 NS 

-0.19
 NS 

-0.47
 NS 

-1.84
 NS 

-1.80
 NS 

-5.66
 * 

W 0.00
 NS 

-0.49
 NS 

0.91
 NS 

1.21
 NS 

–
 

–
 

Zn 0.08
 NS 

0.03
 NS 

-1.07
 NS 

-0.75
 NS 

-0.64
 NS 

0.49
 NS 

NS – no significance; * – significance at p<0.05. 

 

The distribution of the data was tested for normality by skewness (A), kurtosis (E), 

Kolmogorov–Smirnov (KS) test, and Chi Square test (χ
2
). The shape of physical and chemical 

properties distribution was described by skewness. The skewness and kurtosis are positive for 

elements that have the normal distribution. Similar pattern is observed for the Log-normal 

distribution, only several elements have a negative skewness or kurtosis. The positive kurtosis 

indicates a relatively peaked distribution whereas the negative one indicates a flat distribution 

compared to the normal distribution. The significance level tested at p<0.01 and p <0.05. 

Descriptive statistical parameters are used to describe all basic information of the data set 

includes in entire study. This method helps us to simply describe large amounts of data in a 

sensible way. Simpler summery data for soils are provided in Tables 4. Three summary tables 

that are providing average concentrations through the determined zones (1, 2a, 2b and 3) and 

soil horizons (Table 5), average concentrations of elements through the basic lithological 
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units in topsoil (Table 6), and average concentration of elements through basic lithological 

units of subsoil (Table 7) are presented as well. 

 

Table 3. Tests of Normal and Log-normal distribution – soil samples (n=222) 

 

Normal Log-normal 

 
Dis A E KS χ2 A E KS χ2 

Ag Log 3.61 16.05 0.37 ** 193.9 ** 1.09 -0.03 0.25 ** 28 ** 

Al Log 0.77 0.78 0.08 NS 20.5 * -0.17 -0.24 0.05 NS 3.8 NS 

As Log 5.2 30.62 0.3 ** 215.9 ** 0.44 0.6 0.07 NS 8.2 * 

Ba Log 1.95 2.89 0.31 ** 379.1 ** 0.89 -0.19 0.16 ** 48.1 ** 

Bi Log 3.47 13.87 0.35 ** 444.4 ** 1.41 1.84 0.24 ** 47.5 ** 

Cd Log 2.73 8.73 0.29 ** 312.4 ** 0.62 0.21 0.15 ** 26.7 ** 

Co Log 1.47 3.6 0.1 * 39.7 ** -1.09 6.1 0.15 ** 11.5 ** 

Cr Log 2.61 7.94 0.23 ** 104.8 ** 0.28 0.43 0.08 NS 12.3 ** 

Cu Log 3.45 14.14 0.23 ** 135.5 ** 0.51 1.77 0.08 NS 11.3 ** 

Fe Log 2.26 8.13 0.17 ** 52.8 ** 0.16 3.29 0.1 * 15.3 ** 

Ga Log 0.66 0.5 0.15 ** 26.2 ** -0.22 -0.24 0.15 ** 16.3 ** 

Hg Log 3.04 9.07 0.33 ** 104 ** 1.34 1.01 0.18 ** 39 ** 

La Log 1.5 3.64 0.16 ** 38.9 ** -0.12 0.58 0.09 NS 6.4 NS 

Mg Log 2.51 7.82 0.2 ** 148.9 ** 0.08 -0.62 0.07 NS 0.8 NS 

Mn Log 2.42 6.24 0.21 ** 168.6 ** 0.44 1.22 0.1 * 26.6 ** 

Mo Log 4.7 26.2 0.3 ** 71.9 ** 1.3 2.55 0.14 ** 22.2 ** 

Ni Log 1.99 4.46 0.19 ** 87.5 ** -0.49 1.14 0.07 NS 4.4 NS 

Pb Log 2.69 8.24 0.31 ** 303.8 ** 1 -0.21 0.18 ** 22.9 ** 

Sb Log 4.36 24.66 0.34 ** 264.8 ** 0.36 -0.17 0.11 * 15.8 ** 

Sc N 0.73 1.79 0.08 NS 13.2 * -1.22 2.97 0.12 ** 33.6 ** 

Th N 0.42 0.61 0.08 NS 4 NS -1.31 2.54 0.13 ** 31.6 ** 

Ti Log 5.12 29.17 0.34 ** 231 ** 0.77 0.96 0.16 ** 2.2 NS 

Tl Log 2.79 10.5 0.26 ** 26.9 ** 0.52 0.07 0.2 ** 7.6 * 

V N 1.58 4.82 0.11 * 18.3 * -2.17 16.36 0.09 * 17.2 ** 

W Log 5.18 29.58 0.38 ** 82 ** 1.83 2.85 0.3 ** 8.4 * 

Zn Log 3.32 13.03 0.31 ** 58.3 ** 1.22 0.59 0.2 ** 14.3 ** 

Dis. – distribution (N – Normal, Log – Log-normal); A – skewness; E – kurtosis; KS – Kolmogorov-

Smirnov test; χ
2
 – Chi-Square test; NS – no significance; * – significance at p<0.05; ** – 

significance at p<0.01. 

 

Table 4. Descriptive statistics of automorphic soil (n=202) and alluvial soil –  

fluvisol (n=20) 

 

 
Automorfic soil 

 
Alluvial soil (Fluvisol) 

 
EU X Md Min Max EU X Md Min Max 

Ag 0.26 0.39 0.10 0.05 7.1 - 3.4 3.0 0.1 11 

Al 5.8 1.7 1.6 0.65 3.8 5.5 1.5 1.5 1.2 2.1 

As 7.0 46 30 3.7 590 6.0 38 36 28 59 

Ba 380 270 150 41 1500 380 630 580 200 1700 

Bi - 0.58 0.40 0.10 4.3 - 1.7 1.3 0.60 6.1 

Cd 0.15 0.79 0.50 0.10 5.2 0.30 2.7 1.9 1.1 7.2 
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Table 4. (Continued) 

 

 
Automorfic soil 

 
Alluvial soil (Fluvisol) 

 
EU X Md Min Max EU X Md Min Max 

Co 7.8 23 21 7.2 64 7.0 15 15 11 17 

Cr 60 84 60 10 460 59 71 73 45 90 

Cu 13 50 39 5.3 360 17 110 92 46 270 

Fe 2.5 3.5 3.2 0.98 10 2.3 3.7 3.5 2.8 5.9 

Ga 14 5.0 5.0 2.0 10 11 2.7 3.0 2.0 3.0 

Hg 0.037 0.19 0.10 0.040 2.6 0.045 1.4 1.1 0.54 2.7 

La 24 12 11 2.5 40 25 11 11 9.0 14 

Mg 0.46 0.60 0.38 0.070 4.1 0.72 0.89 0.90 0.69 1.1 

Mn 500 1700 1500 200 4900 550 6800 6600 4400 10000 

Mo 0.62 0.71 0.40 0.10 7.9 0.62 1.4 1.1 0.80 3.4 

Ni 18 120 87 10 500 22 93 95 59 110 

Pb 23 140 59 25 1000 22 740 550 300 1700 

Sb 0.60 2.9 1.0 0.050 39 0.74 29 23 8.8 88 

Sc 8.2 4.4 4.3 0.70 11 - 4.1 4.0 3.1 5.1 

Th 7.2 2.7 2.7 0.40 6.6 8.0 2.2 2.2 1.8 3.1 

Ti 0.34 0.012 0.003 0.001 0.23 0.29 0.023 0.024 0.013 0.038 

Tl 0.66 0.34 0.20 0.10 2.3 0.37 0.68 0.50 0.30 1.9 

V 60 43 40 1.0 130 56 42 42 32 58 

W - 0.24 0.1 0.05 5.2 - 0.51 0.40 0.05 2.0 

Zn 52 260 120 43 3100 65 820 710 400 1800 

EU – European average (Salminen et al., 2005), X – mean; Md – median; Min – minimum; Max – 

maximum; (%); Values of Al, Ca, Fe, Mg Na and Ti are in %, remaining elements in mg/kg. 

 

Table 5. Averages of the chemical elements concentrations through the determined 

zones (polluted and unpolluted) and soil horizons 

 

 Zone 1 Zone 2a Zone 2b Zone 3 

 
Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil 

Ag 1.3 1.3 0.12 0.072 0.100 0.085 3.4 4.2 

Al 1.9 2.0 1.9 2.2 1.3 1.5 1.5 1.6 

As 29 31 8.9 9.5 69 79 37 39 

Ba 720 600 210 120 140 140 740 530 

Bi 1.2 1.4 0.35 0.31 0.37 0.37 1.5 1.9 

Cd 1.9 1.7 0.51 0.28 0.52 0.50 2.6 2.9 

Co 23 24 22 27 21 24 15 14 

Cr 92 92 100 120 63 72 72 69 

Cu 90 92 30 33 40 43 100 110 

Fe 4.4 4.6 2.8 3.3 3.0 3.5 3.6 3.8 

Ga 5.3 5.4 5.2 6.3 4.3 4.7 2.8 2.7 

Hg 0.46 0.44 0.11 0.078 0.12 0.13 1.4 1.3 

La 13 14 7.8 9.6 13 15 10 11 

Mg 0.99 1.0 0.83 1.0 0.24 0.24 0.89 0.89 

Mn 2600 2600 1400 1500 1300 1500 6500 7200 

Mo 1.6 1.5 0.40 0.34 0.49 0.50 1.4 1.4 

Ni 130 130 120 140 100 110 96 89 
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 Zone 1 Zone 2a Zone 2b Zone 3 

 
Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil 

Pb 400 410 60 50 52 51 680 800 

Sb 9.1 9.2 1.0 0.73 1.2 1.0 27 31 

Sc 4.1 4.4 3.1 4.1 4.4 5.2 4.0 4.2 

Th 2.6 3.0 1.3 2.1 2.8 3.7 2.0 2.4 

Ti 0.020 0.021 0.017 0.022 0.003 0.003 0.022 0.024 

Tl 0.55 0.57 0.19 0.21 0.30 0.34 0.65 0.72 

V 46 49 40 48 39 44 41 43 

W 0.81 0.78 0.069 0.059 0.066 0.058 0.56 0.53 

Zn 740 740 130 110 110 110 770 870 

Zone 1 – polluted area, automorphic soil, the upper part of the Stavnja valley (n=24); Zone 2a – 

unpolluted area, automorphic soil, the upper part of the Stavnja valley (n=27); Zone 2b – 

unpolluted area, automorphic soil, the lower part of the Stavnja valley (n=50); Zone 3 – polluted 

area, alluvial soil, the lower part of the Stavnja valley (n=10) ; Values of Al, Fe, Mg and Ti are in 

%, remaining elements in mg/kg. 

 

Table 6. Averages of the chemical elements concentrations through the basic lithological 

units – topsoil (0 - 5 cm) 

 

 

Clas. 

(JK) 

Clas. 

(T) 

Carb. 

(T) 

CCS 

(JK) 

Fly. 

(K) 

Clas. 

(Ol) 

Carb. 

(M) 

Clas. 

(M) 

Terr. 

(Q) 

All. 

(Q) 

Ag* 0.083 0.20 0.10 0.14 0.10 0.083 0.060 0.094 0.13 3.4 

Al 2.1 2.9 1.5 2.0 1.3 1.3 1.1 1.4 1.5 1.5 

As* 8.7 6.2 6.9 11.1 72.0 98.3 38.7 37.9 48.3 36.7 

Ba 170 240 200 290 120 90.5 87.2 140 250 740 

Bi 0.37 0.33 0.39 0.31 0.38 0.33 0.30 0.39 0.39 1.5 

Cd* 0.57 0.50 0.42 0.50 0.51 0.62 0.50 0.44 0.60 2.6 

Co 15.7 23.9 13.5 36.5 20.4 23.2 22.4 19.2 21.2 14.7 

Cr 54.5 68.4 31.7 220 50.9 96.5 83.0 43.8 66.6 72.4 

Cu* 30.7 19.6 17.4 42.3 43.4 36.9 29.8 34.2 40.8 100 

Fe* 2.9 3.5 2.0 3.3 3.0 3.2 2.6 2.9 3.1 3.6 

Ga 5.7 7.8 4.7 5.5 4.2 5.0 3.6 4.3 4.6 2.8 

Hg* 0.083 0.17 0.091 0.15 0.10 0.11 0.14 0.13 0.12 1.4 

La 6.3 7.3 10.8 10.5 13.3 14.3 11.2 11.1 14.6 10.4 

Mg 0.49 1.6 0.55 1.5 0.21 0.20 0.19 0.36 0.34 0.89 

Mn* 1500 1300 1200 1600 1500 1400 930 1100 1500 6500 

Mo* 0.46 0.28 0.33 0.44 0.46 0.52 0.36 0.58 0.57 1.4 

Ni 41.5 88.1 39.2 280 80.7 130 130 85.6 110 96.3 

Pb* 55.0 74.2 68.4 58.8 47.4 51.8 46.4 47.4 69.3 680 

Sb* 0.84 0.97 1.1 1.3 1.1 0.55 0.40 1.0 1.9 27.2 

Sc 0.84 6.1 2.5 4.8 4.3 5.0 3.9 3.8 4.6 4.0 

Th 1.2 1.1 2.1 2.1 2.7 2.6 2.1 3.0 3.2 2.0 

Ti 0.014 0.14 0.005 0.012 0.003 0.005 0.003 0.003 0.004 0.022 
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Table 6. (Continued) 

 

 

Clas. 

(JK) 

Clas. 

(T) 

Carb. 

(T) 

CCS 

(JK) 

Fly. 

(K) 

Clas. 

(Ol) 

Carb. 

(M) 

Clas. 

(M) 

Terr. 

(Q) 

All. 

(Q) 

Tl* 0.17 0.18 0.20 0.21 0.34 0.33 0.20 0.21 0.24 0.65 

V 46.0 88.8 27.1 51.7 41.2 50.8 32.6 24.8 36.1 41.5 

W 0.050 0.050 0.075 0.081 0.073 0.058 0.050 0.050 0.072 0.56 

Zn* 140 160 140 130 110 100 99.2 100 140 770 

Clas. (JK) – Jurassic and Cretaceous breccias and sandstones (n=6); Clas. (T) – Triassic clastites, spilite 

and tuff (n=4/2*); Carb. (T) – Triassic limestone; (n=19/8*); CCS (JK) – Jurassic and Cretaceous 

clastic carbonate series (n=16/8*); Flysch (K) – Cretaceous flysch (n=28/25*); Clas. (Ol) – 

Oligocene clastite complex (6); Carb. (M) – Miocene carbonate series (n=5); Clas. (M) – Miocene 

clastic series (n=8); Terr. (Q) – Quaternary river terraces (n=9); All. (Q) – Quaternary alluvium 

(n=10). * – In assessing the background of Ag, As, Ba, Bi, Cd, Cu, Fe, Hg, Mn, Mo, Pb, Sb, Tl, W 

and Zn (automorphic soil) only samples from the Zone 2 (unpolluted area) were respected; Values 

of Al, Fe, Mg and Ti are in %, remaining elements in mg/kg. 

 

Table 7. Averages of the chemical elements concentrations through the basic lithological 

units – subsoil (20 - 30 cm) 

 

 

Clas. 

(JK) 

Clas. 

(T) 

Carb. 

(T) 

CCS 

(JK) 

Fly. 

(K) 

Clas. 

(Ol) 

Carb. 

(M) 

Clas. 

(M) 

Terr. 

(Q) 

All. 

(Q) 

Ag 0.058 0.050 0.069 0.10 0.076 0.067 0.060 0.069 0.14 4.2 

Al 2.4 3.3 1.7 2.3 1.5 1.6 1.1 1.4 1.7 1.6 

As 9.0 5.4 7.3 12 82 110 41 41 54 39 

Ba 100 110 130 130 110 85 90 140 270 530 

Bi 0.27 0.20 0.38 0.28 0.39 0.33 0.28 0.38 0.38 1.9 

Cd 0.22 0.35 0.28 0.29 0.41 0.53 0.54 0.44 0.68 2.9 

Co 20 30 15 40 24 27 27 21 24 14 

Cr 66 80 33 240 59 110 97 45 74 69 

Cu 33 21 17 48 48 42 31 33 44 110 

Fe 3.5 4.5 2.5 3.9 3.6 3.7 3.0 3.1 3.5 3.8 

Ga 6.3 9.3 5.1 6.3 4.8 5.7 3.6 4.0 5.0 2.7 

Hg 0.077 0.065 0.060 0.097 0.11 0.12 0.23 0.13 0.12 1.3 

La 7.5 9.5 12 12 15 16 13 12 16 11 

Mg 0.56 1.8 0.58 1.7 0.21 0.23 0.17 0.37 0.34 0.89 

Mn 1600 1300 1200 1700 1600 1500 1100 1200 1700 7200 

Mo 0.40 0.20 0.28 0.37 0.46 0.48 0.40 0.54 0.59 1.4 

Ni 53 110 42 310 94 160 160 92 120 89 

Pb 42 63 67 42 44 51 48 46 71 800 

Sb 0.60 0.30 1.0 0.82 1.1 0.31 0.36 0.80 1.8 31 

Sc 3.3 7.4 2.9 5.4 5.2 6.3 4.8 4.0 5.3 4.2 

Th 1.8 1.7 2.7 2.7 3.5 3.8 3.2 3.7 3.8 2.4 

Ti 0.021 0.17 0.005 0.012 0.003 0.004 0.003 0.003 0.004 0.024 

Tl 0.17 0.20 0.23 0.24 0.40 0.40 0.18 0.23 0.27 0.72 
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Clas. 

(JK) 

Clas. 

(T) 

Carb. 

(T) 

CCS 

(JK) 

Fly. 

(K) 

Clas. 

(Ol) 

Carb. 

(M) 

Clas. 

(M) 

Terr. 

(Q) 

All. 

(Q) 

V 52 110 28 59 47 58 37 26 41 43 

W 0.050 0.050 0.063 0.069 0.062 0.050 0.050 0.050 0.061 0.53 

Zn 100 150 120 110 100 99 99 94 130 870 

Clas. (JK) – Jurassic and Cretaceous breccias and sandstones (n=6); Clas. (T) – Triassic clastites, spilite 

and tuff (n=4/2*); Carb. (T) – Triassic limestone; (n=19/8*); CCS (JK) – Jurassic and Cretaceous 

clastic carbonate series (n=16/8*); Flysch (K) – Cretaceous flysch (n=28/25*); Clas. (Ol) – 

Oligocene clastite complex (6); Carb. (M) – Miocene carbonate series (n=5); Clas. (M) – Miocene 

clastic series (n=8); Terr. (Q) – Quaternary river terraces (n=9); All. (Q) – Quaternary alluvium 

(n=10). * – In assessing the background of Ag, As, Ba, Bi, Cd, Cu, Fe, Hg, Mn, Mo, Pb, Sb, Tl, W 

and Zn (automorphic soil) only samples from the Zone 2 (unpolluted area) were respected; Values 

of Al, Fe, Mg and Ti are in %, remaining elements in mg/kg. 

 

Table 8. Results of Analysis of Variance (ANOVA) between the determine zones 

(polluted and unpolluted), the lithological units and the soil layer (18 selected elements) 

 

 F (Zone) F (Lito) F (Layer) 

n 222 222/154 222 

As 1.3 
NS 

13 
 ** 

0.3 
 NS 

Bi* 118.6 
 ** 

3.9 
 ** 

0.1 
 NS 

Cd* 123.8 
 ** 

3.7 
 ** 

3.6 
 NS 

Co 11.3 
 ** 

42.6 
 ** 

6 
 * 

Cr 0.2 
 NS 

76.6 
 ** 

1.1 
 NS 

Cu* 46.6 
 ** 

16.8 
 ** 

0.3 
 NS 

Fe* 20.7 
 ** 

9.4 
 ** 

8.7 
 ** 

Hg* 180 
 ** 

2.9 
 ** 

0.3 
 NS 

La 2.3 
 NS 

6.5 
 ** 

4.8 
 * 

Mn* 161.4 
 ** 

3.9 
 ** 

0.9 
 NS 

Mo* 73.8 
 ** 

6.5 
 ** 

0.8 
 NS 

Ni 0 
NS 

63.5 
 ** 

1.1 
 NS 

Pb* 484.2 
** 

5.8 
 ** 

0.1 
 NS 

Sb* 170.7 
 ** 

4.1 
 ** 

1.8 
 NS 

Sc 0.4 
 NS 

14 
 ** 

9.2 
 ** 

Th 2.2 
 NS 

9.1 
 ** 

26.2 
 ** 

Tl* 49.2 
 ** 

2.5 
 * 

0.9 
 NS 

Zn* 302.9 
 ** 

3.7 
 ** 

0.4 
 NS 

n – number of observation; F – ratio (ANOVA); NS – no significant; (* – significance at p<0.05; ** – 

significance at p<0.01. ). * – In the example of distribution of Ag, As, Ba, Bi, Cd, Cu, Fe, Hg, Mn, 

Mo, Pb, Sb, Tl, W and Zn (automorphic soil) only samples from the Zone 2 (unpolluted area) were 

respected. 

 

Looking for differences between and within determined zones (Zone 1, 2a, 2b and 3) and 

determined lithological unit, we have used the ANOVA method (Table 8, Figures 10 and 11). 

The development of the theory of the ANOVA, the variance between the means of the 

determined zones and geological unit vs. the variance within each mean of particular element 

the F ratio (between/within) is calculated. Average concentration levels of particular elements 
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for the soil depths are used because significant difference is not noticed. However, they are so 

small compared to ranges through the complete study area. 

It can be observed that statistically significant difference is between natural distributions 

and anthropogenic distributions. Generally, the natural distributions are having a pretty low F 

ratio by comparison with anthropogenic distributions (Figures 10 and 11). Among the 

anthropogenically introduced elements, the lowest F ratios have Fe, Cu, Tl, and Mo (between 

20 and 70). The highest F ratios have Zn, Ag, and Pb (between 300 and 500), what is several 

times higher than average ratio for this group of elements. However, completely different 

situation is provided by distribution of F ratio between isolated lithological units. Two highest 

ratios have Ni and Cr because their origin is completely natural and depends solely from the 

parental material  

 

 

Figure 10. Distribution of F ratios (ANOVA) through the determined zones (n=222). 

 

Figure 11. Distribution of F ratios (ANOVA) through the lithological units (n=154). 
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Enrichment Ratio (ER) is measure for comparison, which was used in this study for 

comparison between determined zones. The ER between two zones, polluted Zone 1 and 

unpolluted Zone 2 in automorphic soil (Figure 12) reveals concentration levels of particular 

elements between anthropogenic contamination and natural enrichment. Their ratio represents 

a level of human activities in study area. This comparison shows that the most of 

anthropogenic elements is strongly enriched in the Zone 1, especially the five following 

elements Ag, W, Sb, Pb, and Zn. Their ER is between 6 and 14 times, whereas natural 

elements only have between 1 and 2. This means that they do not show significant deviation, 

and their distribution depends on the geology. 

 

 

Figure 12. Enrichment ratio of Zone 1 (polluted area – automorphic soil) vs. soil of Zone 2 (unpolluted 

area – automorphic soil). 

 

Figure 13. Enrichment ratio of Zone 3 (polluted area – alluvial soil) vs. soil of Zone 2 (unpolluted area 

– automorphic soil). 
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Table 9. Matrix of correlation coefficients (group of 14 selected principally 

anthropogenically distributed elements, n=222) 

 

Ba 0.83 1.00             

Ag 1.00              

Bi 0.86 0.74 1.00            

Cd 0.80 0.69 0.79 1.00           

Cu 0.70 0.61 0.77 0.67 1.00          

Fe 0.45 0.46 0.53 0.42 0.77 1.00         

Hg 0.84 0.69 0.80 0.74 0.74 0.47 1.00        

Mn 0.74 0.60 0.69 0.70 0.70 0.49 0.70 1.00       

Mo 0.77 0.71 0.80 0.75 0.78 0.65 0.74 0.67 1.00      

Pb 0.94 0.81 0.86 0.86 0.65 0.45 0.82 0.73 0.76 1.00     

Sb 0.87 0.79 0.77 0.78 0.65 0.42 0.75 0.69 0.80 0.88 1.00    

Tl 0.57 0.43 0.65 0.71 0.54 0.44 0.48 0.63 0.61 0.62 0.55 1.00   

W 0.86 0.78 0.87 0.75 0.77 0.58 0.81 0.65 0.84 0.86 0.82 0.54 1.00  

Zn 0.92 0.83 0.89 0.85 0.72 0.57 0.81 0.74 0.80 0.96 0.85 0.65 0.89 1.00 

 Ag Ba Bi Cd Cu Fe Hg Mn Mo Pb Sb Tl W Zn 

 

Table 10. Matrix of correlation coefficients (group of 13 selected principally naturally 

distributed elements, n=222) 

 

Al 1.00             

As -0.25 1.00            

Co 0.27 0.10 1.00           

Cr 0.29 0.07 0.80 1.00          

Ga 0.79 -0.17 0.38 0.24 1.00         

La 0.15 0.53 0.21 0.14 0.17 1.00        

Mg 0.69 -0.40 0.14 0.38 0.34 -0.18 1.00       

Ni 0.19 0.22 0.82 0.93 0.16 0.22 0.29 1.00      

Sc 0.28 0.43 0.60 0.57 0.29 0.45 0.03 0.65 1.00     

Th -0.07 0.55 0.21 0.05 0.02 0.63 -0.29 0.18 0.41 1.00    

Ti 0.46 -0.10 0.05 0.28 0.16 0.08 0.54 0.17 0.18 -0.26 1.00   

Tl 0.22 0.52 -0.02 0.09 0.02 0.39 0.17 0.13 0.25 0.25 0.27 1.00  

V 0.48 0.13 0.49 0.55 0.45 0.30 0.19 0.45 0.57 0.05 0.59 0.24 1.00 

 Al As Co Cr Ga La Mg Ni Sc Th Ti Tl V 

 

Similar observation is noticed comparing the soil from Zone 3 (alluvial soil) and Zone 2 

(Figure 13). Alluvial soil represents an amount of transported material down the river. The 

presented results are showing that the alluvial plains are depleted by chemical elements in 

topsoil, what is logical if we consider the fact that the ironworks Vareš do not operate two 

decades and did not contribute additional contamination. Strongly enriched are Hg, Pb, Sb, 

and Ag, from 10 to 40 times. Most of anthropogenic elements have the ER between 5 and 15. 

 

 

5.3. Geochemical Associations and Their Distribution 
 

The degree of association between chemical elements in soil was assessed with the linear 

coefficient of correlation r (Le Maitre, 1982) according to their contents in the samples. It was 

qualitatively assumed that the absolute values of r between 0.5 and 0.7 indicate good 
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association and those between 0.7 and 1.0 strong association between anthropogenically 

distributed elements (Table 9). The correlation coefficients between naturally distributed 

chemical elements represent opposite situation. Only several good or strong correlations are 

showed in Table 10. Based on a several stronger correlation coefficients (0.8 - 0.93) is 

possible to extract the group that associate Co, Cr. With this group relatively good correlation 

has Sc. Second correlation that merge Ga and Al have matrix of correlation coefficient 0.79. 

Tl is showing both distributions, natural and anthropogenic respectively. 

The hierarchical agglomerate clustering was pronounced for the combination of Pearson r 

distance with Ward’s method (amalgamation rule). The results of cluster analysis are showed 

in form of dendrogram (Figure 14). The dendrogram of cluster analysis gives results for the 

26 remaining chemical elements and their mutual connecting to four groups. Firs group links 

Al, Ga, ti, Sc, and V, second group links Mg, co, Cr, and Ni, third group links Fe, Cu, Mo, W, 

Ba, Ag, Sb, Hg, Mn, Bi, Zn, Cd, and Pb, and the last group links As, Tl, La, and Th. First two 

groups join on 75%, but third and fourth groups on 80%. These two subgroups join to each 

other at 100%. 

 

 

Figure 14. Cluster analysis dendrogram showing element relationship (n=222, 26 selected elements). 

In the factor analysis (FA), 222 samples of soil for 26 selected elements were considered. 

FA isolated five synthetic variables F1 - F4, which are connected regarding to geochemical 

similarities, with principal total variability of 75% (Table 11). 

The Factor 1 (F1) is strongest and represents 38% of entire variability of remaining 

elements. The F1 associate the high concentration of Pb, Zn, Hg, Cd, Cu, Bi, Ag, Sb, Mo, W, 
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Mn, Ba, Fe, and Tl. The group represents chemical elements that are the most probably 

anthropogenically distributed, associated to the city Vareš (the main industrial and mine zone) 

and alluvial sediments found downstream of the river Stavnja. Three next factors, F2, F3, and 

F4 respectively, conduct elements that are most probably naturally distributed in 

environment. The second strongest factor F2 includes 13.5% of entire variability. This factor 

associates Ni, Cr, Co, and Mg. F3 associates Th, La, As, and Sc, including 10.4% of entire 

variability. The last factor is F4. This factor scores last four elements Al, Ti, V, and Ga, 

including 13% of entire variability. 

The results of principal component analysis (PCA) (Figure 15) are providing similar 

information as the results of factor analysis. From the factor loading plot can be concluded 

even when the factor groups have been compared within each other (F1 vs. F2 and F1 vs.F3), 

aforementioned geochemical asociations are clearly agglomerated. But same as in the factor 

analysis several elements show both distributions, natural and anthropogenic, respectively. 

Talium is one typical example, where several results discover double origin, but in this study 

an anthropogenic origin is prevailing compare to natural. Similar tendency can be noticed for 

Fe, Mg, and Sc. 

Distribution of F1 scores regarding to the determined zones provides very high 

concentration of Pb, Zn, Ag, Sb, Hg, Cd, W, Bi, U, Mo, Mn, Ba, Sr, Ca, Cu, Tl, Fe and As 

which are found around the mining and industrial zone (Figures 15). However, the highest 

concentrations of those elements are determinate in the alluvial sediment (Zone 3). 

Distribution of F1 scores in all soil samples according to the basic lithological units and soil 

layer. This distribution shows that the highest concentrations of those elements are again 

determinate in the alluvial sediment (Zone 3). If we only consider the samples from Zone 2 

(unpolluted area) which represents background of automorphic soil we can see their low 

concentrations according to different lithological units (right). But again the highest 

concentrations are associated to the alluvial soil (Quaternary alluvium). 

 

 

Figure 15. Factor loadings plots: Factor 1 vs. Factor 2 (left) and Factor 1 vs. Factor 3 (right). 

According to the depth of sampling, there is no observed significant difference. In the 

area of the Zone 1, those differences are minimal what can be attributed with strong 

anthropogenic influence. The higher values of F1 in topsoil are noticed on the sites of Zone 2, 
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which are typically anthropogenically introduced chemical elements. In the Zone 3 (alluvial 

soil) is reverse situation. 

 

Table 11. Matrix of dominant rotated factor loadings (n=222, 26 selected elements) 

 

 
F1 F2 F3 F4 Comm 

Pb 0.95 -0.08 -0.04 0.09 91.3 

Zn 0.94 0.08 -0.02 0.05 89.1 

Hg 0.92 -0.03 -0.07 -0.04 84.7 

Cd 0.91 -0.07 0.08 0.07 85.0 

Cu 0.91 0.22 0.11 -0.04 87.9 

Bi 0.89 0.01 0.04 0.04 79.5 

Ag 0.86 -0.10 -0.08 0.01 75.9 

Sb 0.85 -0.06 -0.08 -0.03 72.9 

Mo 0.83 0.18 0.08 -0.07 73.5 

W 0.81 0.23 0.00 -0.06 71.6 

Mn 0.75 -0.16 0.00 0.07 59.2 

Ba 0.73 0.08 -0.11 -0.05 55.5 

Fe 0.68 0.39 0.26 0.23 73.6 

Tl 0.57 -0.08 0.49 0.19 60.4 

Ni 0.07 0.95 0.04 0.12 92.1 

Cr 0.08 0.93 -0.07 0.18 90.3 

Co -0.11 0.89 0.15 0.19 86.0 

Mg 0.21 0.54 -0.36 0.52 73.8 

Th -0.05 0.03 0.77 -0.13 61.7 

La 0.01 -0.07 0.75 0.08 57.8 

As -0.01 0.04 0.71 -0.04 51.3 

Sc 0.00 0.36 0.62 0.46 73.3 

Al 0.05 0.16 -0.02 0.88 80.7 

Ti 0.09 -0.06 -0.21 0.81 71.4 

V 0.08 0.30 0.25 0.80 80.3 

Ga -0.24 0.22 0.14 0.79 74.6 

Prp.Totl. 38.1 13.5 10.4 13.1 75.1 

Expl.Var 9.90 3.50 2.71 3.42  

Eigen. 10.02 4.86 2.61 2.05  

F1 ... F4 – Factor loadings; Com – Communality in %; Prp.Totl – Principal total variance in %; Eigen – 

Eigenvalues; Expl.Var – Expalanated variance; Red color represent anthropogenically distributed 

geochemical association. 

 

Increased values of F1 are found in subsoil (Figure 16). The background values include 

the automorphic soil from the Zone 2. Their values are marked with dark red and green 

colour, and their concentrations are at some lithological units similar or lower but much lower 

in alluvium and Jurassic and Cretaceous clastic carbonate series. Distribution of F1 scores in 

soil according to the river distance showing that the increased concentrations are found 

almost along the entire river valley (Figure 17). Rapid increase of elements is noticeable 

around the mines and ironwork, but once again the increased values are found in alluvial 

sediments. 
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Figure 16. Distribution of Factor 1 scores (Pb, Zn, Hg, Cd, Cu, Bi, Ag, Sb, Mo, W, Mn, Ba, Fe and Tl) 

through zones and lithological units in soil layers. Background values of the Zone 2 (dark coloured 

bares). 

 

Figure 17. Distribution of Factor 1 scores (Pb, Zn, Hg, Cd, Cu, Bi, Ag, Sb, Mo, W, Mn, Ba, Fe and Tl) 

in soil according to the river distance. 

Distribution of F2 scores according to the depth and determined zones is showing 

opposite situation than F1 (Figures 18). Concentration of Cr, Co, Ni, and Mg are almost the 

same in Zone 1, because they do not depend on the parental rocks in that part of study area. 

But in Zone 2 their concentrations are increase in subsoil, in depth that is closer to the 

parental material. They decreased values are found in alluvial sediments, this means that 
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some amount of those elements is transported down to the river. Distribution of F2 scores 

according to the isolated lithological units clearly shows that the highest concentration of Cr, 

Ni, Co, and Mg are found in the Jurassic and Cretaceous clastic carbonate series. Those 

elements are introduced in the environment during natural processes, processes of weathering 

and erosion. This can be explained with the fact that concentrations are usually higher in 

deeper soil horizons of each isolated lithological unit, except in Quaternary alluvium. 

Values of F3 scores (As, La, Sc, Th, and Tl) according to the zones are showing similar 

observation as the previous Factor score. In all three zones their concentrations are increased 

in subsoil. The highest concentrations are found in Zone 2b (Figures 19). Their distributions 

are increasing to the downstream, and highest values are found in Oligocene clastite complex, 

than in Cretaceous flysch and the Quaternary river terraces. Even for the distribution of F2 is 

characterized that increased values are found in subsoil of all isolated lithological units. Very 

interesting increase in background values is noticed through the Zone 1 and especially in 

Zone 2. In the main industrial zone background concentrations are lower comparing to 

concentration of automorphic soil, in all alluvial soil concentration of Th, La, As, and Sc are 

decreased compering to the automorphic soil of Zone 2. 

 

 

Figure 18. Distribution of Factor 2 scores (Ni, Cr, Co and Mg) through zones and lithological units in 

soil layers. 

Distribution of F4 scores (Al, Ti, V, and Ga) according to the depth, the determined 

zones and the main lithological units are provided in Figure 20. It is very interesting that their 

concentrations are not varying a lot between the soil horizons. Significant difference is 

observed only in the Triassic clastites, spilite and tuff. Their distribution is strongly affected 

by weathering processes, same as in the two previous factors. Beside the four main patterns of 

geochemical associations also exist two secondary associations with very weak correlations, 

Ca and Sr (high concentrations related to the Miocene Carbonates and Quaternary alluvium), 
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and P and K, enriched in topsoil, but without clear spatial distribution pattern. According to 

the rule that for association is needed minimal 3 elements, these two sub-associations are not 

concerned as particular geochemical groups. 

 

 

Figure 19. Distribution of Factor 3 (Th, La, As, Sc and Tl) through zones and lithological units in soil 

layers .Background values of the Zone 2 (dark coloured bares). 

 

Figure 20. Distribution of Factor 4 scores (Al, Ti, V, Ga and Mg) through zones and lithological units 

in soil layers. 
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5.4. Distribution of Lead 
 

Lead is common anthropogenic chemical element, which concentrations depend mostly 

on human activities. The mean value of Pb in automorphic soil is 140 mg/kg and 740 mg/kg 

in alluvial soil, the median values are 59 mg/kg are 550 mg/kg for automorphic and alluvial 

soil. The maximum concentration is found in alluvial soil 1700 mg/kg and 1000 mg/kg in 

automorphic soil, respectively. However, the minimal value found in alluvial sediment is 300 

mg/kg, what is 14 times higher than EU average 22 mg/kg, but in automorphic soil, the 

minimal value (25 mg/kg) corresponds to EU averages, 23 mg/kg (Table 4). The F ratio for 

Pb in ANOVA is deviate significantly from the other anthropogenic elements, and showing 

its anthropogenic nature (Figure 10). Table 5 is clearly presenting the average concentrations 

in all three determined zones. In the Zone 1, its concentrations are basically the same in both 

soil horizons (400 and 410 mg/kg). In the Zone 2 the concentrations are significantly lower, 

between 50-60 mg/kg, but in the Zone 3, its concentrations are drastically increased to 680 

mg/kg in topsoil and 800 mg/kg in subsoil, respectively. High concentrations in alluvial soil 

are consequences of long lasting mining and smelting in upper part of valley, which is 

transported by Stavnja River and its tributaries. It is very interesting for anthropogenic 

element that concentrations are higher in subsoil but it can be explained by fact that almost all 

activities stopped more than 20 years ago. 

 

 

Figure 21. Distribution of Lead through zones and lithological units in soil layers. Background values 

of the Zone 2 (dark coloured bares). 

Enrichment ratio between determined zones and sampled material is clearly showing 

human impact in study area. ER between the contaminated zones (Zone 1 and Zone 3) and 

uncontaminated Zone 2, are higher 8 and 15 times (Figures 12 and 13), and it is noticeable 

that are alluvial soil highly influenced by human impact. 



Jasminka Alijagić, Robert Šajn and Duška Rokavec 184 

 

Figure 22. Distribution of Lead in soil according to the river distance; Background values of the Zone 2 

(dark coloured bares). 

Distribution of Pb is showing significant anomalies in Zone 1 and Zone 3 (Figure 21). 

This distribution is consequences of human activities in main industrial zone and river 

transport downstream. Extreme mobility of Pb causes that concentration varying between sol 

depths, from 700-800 mg/kg, respectively. Increased values in subsoil are due to fact that 

intensive mining and ore processing activities were 20 years ago. Comparing to the 

NewDutch list (ESDAT, 2013), its values are higher 9 times in topsoil and 10 times in 

subsoil. Background values (dark red and green columns) through the lithological units are 

less than 80 mg/kg. The lowest values are found in Jurassic and Cretaseous clastic carbonate 

series, Cretaceous Flysch, Oligocene clastite complex, Miocene carbonates, Miocene 

clastites, and Quaternary river terraces. To assess a background values for the Zone 2, only 

soil samples from automorphic soil were considered. The background values are presented 

with more intensive colours. 

Distribution of Pb according to the distance is provided in Figure 22. Here we can see 

that extreme concentration 1700 mg/kg is noticed in the central part of mining and smelting 

area. Its concentration is decreasing slowly downstream in form of finest grains. Even in the 

lower part of the Zone 2 Pb content do not decrease above 400 mg/kg. How big contrast 

between natural enrichment (green colour) and human impact (blue and light read) is also 

provided in same figure. Along the entire valley, natural enrichment is about 50 mg/kg. This 

means that human impact increased its concentration for more than 30 times. 

The predictions of spatial distribution of Pb concentrations in soil using universal kriging 

and segment kriging is presented in Figure 23. Both predicting models are showing 

arrangement in concentrations across the study area, identifying the hotspots with high 

concentration. For a graphical display of spatial distribution, the maps with percentile 

distribution have been used, where different colours represent different concentration 

arrangements. The spatial distribution pattern of Pb is reconstructing its main pathway in 
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study area. These models are providing similar pattern of Pb concentration hotspots, 

indicating the same source of contamination. In the upper part of study area, both models are 

providing the same shape of contamination areola. This part of the study area is surrounded 

by steep hills, and the contamination areola is caused by the main wind direction which is N-

S. River transport of clay fine grain is transported down into alluvial sediments. Eroded 

material has been transported down the river and embedded in alluvial plain of urban zone 

Breza, where intensive agriculture is present. The model B is improved and more clearly is 

showing the contamination along river than the model A. the contamination is continuous and 

not presented in form of discontinuous circles (so called ―Bull’s eye effect‖). The 

arrangement in the second model is more realistic than the first one. 

 

 

Figure 23. Spatial distribution of Lead using: A – Universal kriging; B – Segment kriging. 
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5.5. Distribution of Nickel 
 

The mean value of Ni is 120 mg/kg in automorphic soil and 93 mg/kg in alluvial soil. 

Comparing to EU averages 18 and 22 mg/kg, the nickel mean concentrations exceeds the EU 

averages for 6 and 4 times. Its concentrations depends on parental rocks in deeper soil 

horizons what proves its natural enrichment. The maximum value is found in automorphic 

soil, 500 mg/kg.  

Even the minimum concentration in alluvial sediments exceeds the EU averages for 2 

times (Table 4). The value of F ratio is more than 60 times higher comparing to other 

naturally distributed chemical elements (Figure 11). Only Cr has the F ratio higher than Ni. 

The average concentrations for three determined zones (Table 5) are showing that there are no 

significant differences between values among them. This can be explained with fact that 

determined zones contain more isolated lithological units. Natural anomalies are usually 

connected to the one or two lithological units, and the average values are much lower and not 

showing the real concentrations. 

Tables 6 and 7 are providing average content of Nickel in topsoil and subsoil. Here is 

possible to see increase and decrease in its average content within the isolated geological 

units. Difference in concentration through the soil horizons is claiming that this element is 

naturally introduced into environment. Its concentrations are increasing with depth, but 

maximum average levels are found in the Jurassic and Cretaceous clastic carbonate series, 

280 mg/kg and 310 mg/kg, respectively. 

Distribution of Nickel in soil samples (Figure 24) according to the determined zones is 

not showing significant anomalies within the determined zones. Only slight anomalies are 

noticeable in subsoil of Zone 2a.  

 

 

Figure 24. Distribution of Nickel through zones and lithological units in soil layers. 
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Figure 25. Spatial distribution of Nickel using: A – Universal kriging B – Segment kriging. 

Distribution according to the lithological units is showing more precisely which parental 

material is enriched with Ni. Natural enrichment is higher than target (8 - 9 times) and 

intervention values according to the NewDutch list (ESDAT, 2013). The lowest enrichment 

found on Jurassic and Cretaceous breccias and sandstones and Triassic carbonates, about 50 

mg/kg. Even this low values are higher than the target values. 

Spatial distributions of Ni within two predicting methods are provided in Figure 25. 

Arrangement of Ni across the study valley is pretty well identify by the models. This 

distribution is clearly conducted to the parental material in upper part of study area. The 

highest concentrations are found in Jurassic and Cretaceous flysch series composed by marly 

shale, limestone, sandstone, conglomerate, breccia, and chert. Northern from the city Vareš, 

enrichment is present only on Triassic clastites. The models are presenting a significant 

enrichment through all study area but more on Miocene carbonates and Oligocene clastites. 
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5.6. Distribution of Titanium 
 

The minimum value of Ti in automorphic soil is 0.001% and 0.013 mg/kg in alluvial soil, 

respectively. The maximum values are found in automorphic soil 0.23 %, especially at 

particular isolated lithological unit, indicating its natural enrichment (Table 4). Its maximum 

values in alluvial soil are much lower than in automorphic, but comparing to other parameters 

is possible to see Ti mobility as well as its ability for incorporation into finest clay size 

particles and transportation downstream into alluvial sediments. However, the average 

concentrations of Ti across the major lithological units are showing that there is no difference 

in concentrations through the depth (Tables 6 and 7). Enrichment ratio between determined 

zones (Figures 12 and 13) is not showing a significant enrichment because it is conducted to 

only particular geological units and what cause results more smooth. 

Distribution of Ti through zones and lithological units in soil layers four following 

conclusions: a) the lowest values are in Zone 2b; b) there is no big difference between two 

soil depths; c) the highest values are found only in one lithogical unit; and d) increased values 

in alluvial sediments claims its good mobility, pretty far from the source of origin (Figure 26).  

 

 

Figure 26. Distribution of Titanium through zones and lithological units in soil layers. 

The extreme increase is conducted to the Triassic Clastites, in range 0.14 - 0.17%. It is 

clear that this parental material contains much more Ti than other in study area. Those rocks 

are the main source of Ti, which is transported by water in alluvial sediments. 

The prediction models for spatial distribution of Ti are isolating the highest 

concentrations in Triassic clastites and tuffaceous sandstones, but also along the entire 

alluvial sediments (Figure 27). The spatial distribution obtained by segment kriging is 

improved and more realistic than the spatial distribution obtained by universal kriging 

method. Especially, in the second model the Bull Eyes effect is reduced, and mobility of Ti is 

presented. There is clear that Ti is transported down the river and eroded material is 

embedded in alluvial plains around the city Breza. 
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5.7. Distribution of Arsenic 
 

In this study, the Arsenic is a good example of vague distribution, showing of both 

influences, human and natural, respectively. Its mean value in soil is 45 mg/kg, the median 

value is 32 mg/kg, and the maximum value is 590 mg/kg (Table 4) what is more than 10 

times higher than intervention values according to the NewDutch list (ESDAT, 2013).  

 

 

Figure 27. Spatial distribution of Titanium using: A – Universal kriging; B – Segment kriging. 
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Figure 28. Distribution of Arsenic through zones and lithological units in soil layers. Background 

values of the Zone 2 (dark coloured bares). 

 

 

Figure 29. Distribution of Arsenic in soil according to the river distance. 

However, the highest concentrations in soil are conducted to the outcropping rocks, what 

claims its natural origin. The highest values are found in the unpolluted Zone 2b (Table 5), 

where average concentration in topsoil is 69 mg/kg and in subsoil 79 mg/kg. The lowest 

values are found in Zone 2a, 8.9 mg/kg in topsoil and 9.5 mg/kg in subsoil. Tables 6 and 7 are 
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providing average content of Arsenic in topsoil and subsoil for each particular lithological 

unit. The Cretaceous flysch and Oligocene clastite complex have the maximum 

concentrations. 

 

 

Figure 30. Spatial distribution of Arsenic using: A – Universal kriging; B – Segment kriging. 

Distribution of Arsenic in both soil horizons through the zones and basic lithological 

units is showed in Figure 28. Arsenic has a similar distribution as F3 scores. Its increased 

values are found in lower part of unpolluted area (Zone 2b), on two isolated lithological units 

K-Flysch (70 mg/kg in topsoil and 80 mg/kg in subsoil) and Ol-Clastites (100 mg/kg in 

topsoil and 110 mg/kg in subsoil). The average value of As is between 70-80 mg/kg in Zone 

2b. The lowest observed concentrations are in Zone 2a or J,K-Clastites and T-Clastites. 
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Distribution of Arsenic along the Stavnja, from source to the mouth is representing 

significant enrichment in the mining area between 20-55 mg/kg (Figure 29). But extremely 

high enrichment is found around 20th km from the source where As is released from the 

outcropping rocks. Maximal average concentration of As is more than 170 mg/kg, or 5.5 

times higher than optimum value or more than 3 times higher than intervention value 

comparing to the NewDutch list (ESDAT, 2013). 

The spatial distribution of As using two prediction methods is represented in Figure 30. 

These prediction models are providing arrangement in concentrations that is not clearly 

conducted to any isolated lithological unit, comparing to Ni.. Applied models show 

interesting trend in concentration increase from North to South. Slight enrichment with As is 

visible around the mining area what can be explained with weathering of arsenopyrite (iron 

arsenic sulphide, FeAsS), which is common mineral in Fe mines. 

This special type of spatial distribution cannot be applied to any other distribution, either 

anthropogenic or natural used in study area. The vague distribution of Arsenic can be 

probably explained with its enrichment in independent outcropping rocks. The highest 

concentrations are found in Oligo-Miocene variegated series with coal layers in direction 

NW-SE. This is direction of the main Central Bosnian coal basin that lies between Sarajevo 

and Zenica, along the river Bosna. 

 

 

CONCLUSION 
 

Intensive mining and smelting activities have occurred for more than 100 years along the 

Stavnja Valley. Diverse mineral occurrences, especially iron deposits and lead-zinc deposits 

make this study area interesting for geochemical research. Also, the study area has been a 

place of intensive military operation during the last war (1992-1995) which resulted in 

numerous remained minefields, and made this research more complex. The study has been 

carried out to establish baseline data regarding the trace metal levels in the Stavnja Valley. 

Assessment of natural background according to lithology and influence of mining and 

metallurgical activities on distribution of trace elements along the valley have been 

determined. For this purpose, automorphic and alluvial soil were sampled. At 111 sampling 

sites, 222 soil samples from topsoil (0-5 cm) and subsoil (20-30 cm) have been collected. 

Analysis of 36 chemical elements (Ag, Al, As, Au, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, Hg, 

K, La, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Sc, Se, Sr, Th, Ti, Tl, U, V, W and Zn) was 

performed at the ACME, Ltd. laboratory in Vancouver, Canada. 

All data was treated with various statistical methods in order to extract as much 

information as possible about natural and anthropogenic processes. One anthropogenic and 

three geogenic geochemical associations were established on the basis of visually indicated 

similarity of geographic distribution of elemental patterns in the topsoil and subsoil; 

comparisons of basic statistic parameters, comparisons of enrichment ratios, correlation 

coefficient matrices, results of cluster and factor analyses were carried out. Factor associates 

the high concentration of Pb, Zn, Hg, Cd, Cu, Bi, Ag, Sb, Mo, W, Mn, Ba, Fe, and Tl. The 

group represents chemical elements that are the most probable anthropogenically distributed, 

associated to the main industrial and mine zone, and alluvial sediments found downstream of 

the river Stavnja. The next three factors, F2 (Ni, Cr, Co, and Mg), F3 (Th, La, As, and Sc), 
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and F4 (Al, Ti, V, and Ga) are associating elements that are most probably naturally 

distributed and influenced by lithology. 

Spatial distributions of particular trace elements are helping in reconstruction of its main 

pathway in study area, but simultaneously isolate their hotspots. The problem of 

contamination along the river represents an anisotropic appearance between the isotropic 

lithological units, and cannot be solved completely by standard interpolation kriging methods, 

based only on sparse soil measurements. For this purpose, the method of segment kriging was 

developed. This improved the data interpretation and led to better understanding the processes 

related to some certain period of time. These modelling techniques help us in reconstruction 

of several processes that influenced the entire area. The main purpose is not only the isolation 

of hotspots with highest concentrations, but simultaneously they distinguish between natural 

and anthropogenic influences. 

The following elements Pb, Ni, and As have been chosen for further detailed inspection. 

Lead is a typical anthropogenic element, introduced solely by mining and smelting activities. 

Two isolated hotspots are the mine industrial zone and alluvial sediments, respectively. Its 

maximum detected value is 1700 mg/kg compared to the target value of NewDutch list 

(ESDAT, 2013), Pb exceed for 20 times, and even three times compared to the intervention 

value. The spatial distribution of this trace element is a good example of river transport, 

where the fine grained materials are transported far from the source of contamination and 

embedded in alluvial sediments. Nickel is typical natural element, whose enrichment depends 

mainly of the parental material degradation. All three applied isolated clearly the lithological 

units with their highest concentrations. Comparing these values to the target and intervention 

values of NewDutch list, natural enrichment exceed 14 times, respectively. Contrary to these 

two cases, distribution of Arsenic is pretty ambiguous because it does not belong to any 

specific isolated lithological unit or group of units; it is independent of outcropping rocks rich 

with this trace element. According to the NewDutch list, its concentrations exceed 3 times 

target value and 2 times intervention value. 
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