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ABSTRACT 

Objective: The objective of this study was to i) investigate the distribution 
characteristics of heavy metals, ii) examine their relationships with basic soil 
properties, and iii) characterize their potential sources and ecological risks. 

Material and Methods: A total of 85 samples were collected from the surface 
horizon (0-15 cm) of Chernozem soil in a representative agricultural area located 
in the Lesser Caucasus Mountains (Gadabay district), and heavy metal contents 
and basic soil properties were determined. 

Results: The mean of the heavy metals followed a decreasing order: 
Mn>Zn>Cu>Cr>Ni>Co>Pb>As>Se>Cd and some heavy metals (As, Cd, Se) 
exhibited a fragmented distribution. Co, Cr, Mn, Se and Zn contents were higher 
than the background concentration, while others (As, Cd, Co, Cu, Pb and Zn) 
exceeded the maximum permissible concentration. 

Conclusion: The spatial distribution of heavy metals was characterized by their 
typical and element-specific distribution. The noted variability was likely related to 
geologic features (soil mineralogy), mining history and agricultural practices. 
Notably, the presence of limestone and clay minerals contributed to the association 
of Cd, Cu and Se and Mn and Pb, respectively. Sand content influenced the 
mobility of Cr and Cu. The relations between pH and Cr, Ni and Se was the 
indication of the influence of the parent material on the distribution of these metals. 

 
ÖZ 

Amaç: Amaç: Çalışmanın amacı, i) ağır metallerin dağılım özelliklerini 
araştırmak, ii) temel toprak özellikleri ile ilişkilerini incelemek ve iii) potansiyel 
kaynaklarını ve ekolojik risklerini karakterize etmektir. 

Materyal ve Yöntem: Kafkas Dağları'nda (Gadabay bölgesi) yer alan temsili bir 
tarım alanında Çernozem toprağının yüzey katmanından (0-15 cm) toplam 85 
örnek toplanmış, ağır metal içerikleri ve temel toprak özellikleri belirlenmiştir. 

Araştırma Bulguları: Ağır metallerin ortalamaları azalan bir sıra izlemiştir: 
Mn>Zn>Cu>Cr>Ni>Co>Pb>As>Se>Cd ve bazı ağır metaller (As, Cd, Se) 
parçalı bir dağılım sergilemiştir. Co, Cr, Mn, Se ve Zn içerikleri arka plan 
konsantrasyonundan daha yüksek iken diğerleri (As, Cd, Co, Cu, Pb ve Zn) izin 
verilen maksimum konsantrasyonu aştı. 

Sonuç: Ağır metallerin uzaysal dağılımı, tipik ve elemente özgü dağılımlarıyla 
karakterize edilmiştir.. Belirtilen değişkenlik muhtemelen jeolojik özellikler 
(toprak mineralojisi), madencilik geçmişi ve tarımsal uygulamalarla ilgilidir. 
Kireçtaşı ve kil minerallerinin varlığı sırasıyla Cd, Cu ve Se ile Mn ve Pb'nin 
birlikteliğine katkıda bulunmuştur. Kum içeriği Cr ve Cu'nun hareketliliğini 
etkiledi. pH ile Cr, Ni ve Se arasındaki ilişkiler, ana materyalin bu metallerin 
dağılımı üzerindeki etkisinin göstergesiydi. 
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INTRODUCTION 

Heavy metal contamination and accumulation is a serious problem around the world due to the 

potential threat to food safety and its detrimental effects on human and animal health (Hu et al., 2017). The 

natural concentrations of metals in soils tend to remain low depending on the geological parent material 

composition (Shan et al., 2013). However, as reported by Borůvka et al. (2005) and Kabata-Pendias (2011), 

the main sources of heavy metals in the soil beside geogenic also includes various anthropogenic factors. 

As known, heavy metal content and distribution in soils are influenced by several factors including organic 

matter content, types of land management, particle-size distribution, parent material, drainage, soil age, 

vegetation and aerosol input (Esser et al., 1991; Lee et al., 1997; Sun et al., 2019). Understanding the 

presence and origin of specific heavy metals in soils is a priority for the European Union, as it aligns with its 

goals of promoting sustainable agriculture and restoring landscapes. Thus, monitoring land quality in 

mountain areas affected by agricultural practices and mining require a systematic investigation of heavy 

metal concentrations in the soils, since (i) mountainous ecosystems provide the vital functions and services, 

such as water supply and biodiversity conservation, and (ii) contribute to local food security, and directly 

impact downstream and lowland areas through ecosystem services.  

Although most of agricultural lands are related to livestock production (e.g., pastures and hays), in the 

mountainous areas of the Caucasus region, yet the dry farming agriculture is the main type of practice in 

these areas. However, long-term intensified and blind use of mineral fertilizer and manure, driven by 

variable soil fertility level, runoff and erosion damage (i.e., onsite and offsite impact), has raised concerns 

about increased heavy metal pollution. Excessive use of agrochemicals and manure, as documented by 

Nicholson et al. (2003) and Hani & Pazira (2010), can lead to elevated levels of toxic heavy metals like 

Pb, Ni, Cr and Zn in agricultural soils. Such practices further complicate the assessment of soil health or 

quality in mountainous regions due to a critical lack of data on spatial and temporal variation of heavy 

metal content (Zinn et al., 2020; Mammadov et al., 2022).  

Soil quality is related to the physical, chemical and biological soil properties, and hence to soil 

fertility, which is traditionally managed by applying organic amendments and mineral fertilizers. Healthy 

soil with high organic matter can enhance biological (microbial activity and community) and physical (bulk 

density, water holding capacity, infiltration and drainage capacity) and chemical properties (Celik et al., 

2004; Herencia et al., 2011; Li et al., 2018). However, not only soil organic matter content and fertility 

elements (e.g., N, P, Ca, K), but also concentration of heavy metals should be considered, since the 

elevated concentration of the heavy metal and its availability (i) can be associated with certain soil 

chemical properties, land use and environmental processes, (ii) can negatively affect plant development, 

soil biota and biological processes and quality, and (iii) create various environmental and ecological risk 

(Sungur et al., 2014; Kars & Dengiz, 2020; Kandziora-Ciupa et al., 2021).  

In this study, it was studied to evaluate heavy metal content of agricultural soils in the Gadabay 

district, Azerbaijan. It is a typical mountainous agricultural land, a representative of those situated in the 

Lesser Caucasus Mountains. The study area, has been long cultivated with predominantly potato, 

cereals, and to some extend cabbage, beet and carrot, yet the majority of lands are used under pasture 

and hay depending on slope conditions. The cultivated lands are distributed on mountain plateau where 

typical soil groups are Chernozems (with high soil organic matter) according to the International Soil 

Classification System (IUSS, 2015). This region is well-known with its mineral deposits (Ismayil et al., 

2018; Veliyev et al., 2018) and historical mining activity (started as long as 2000 years ago). More recent 

activity was during 1849-1917 when the Mekhor Brothers, followed by the German Siemens Bros 

Company developed and operated a copper mine in Gadabay. The area includes the first operating gold 

mine as well as a number of exploration targets in Azerbaijan. An open pit mine and a conventional heap 

leach activity commenced once more in 2008 and it is presently operational.  
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As obvious, the studied region is rather complex in terms of the combined effect of these factors. A 

long-term mining activity, traditional agricultural practices, blind use of mineral and organic fertilizers, land 

use variety in association with erosion processes and parent material diversity make this region more 

impedimental area in view of soil health and regular soil monitoring. Given that the region was not studied 

in view of the impact of the long-term mining as well the agricultural practices on soil properties, it can be 

stated that the present pioneering study may play an important role in future environmental studies. Thus, 

the determination of background levels of heavy metals is an important approach to prevent 

environmental pollution and physiological disorders in plant and grazing animals, and to establish an 

initial or modified threshold levels for studying heavy metal concentrations (Kabata-Pendias, 2011; 

Bayraklı & Dengiz, 2019). Furthermore, the basic soil properties, such as texture (clay), pH, organic 

matter, carbonates and salinity significantly affect the concentrations and availability of heavy metals in 

the soil (Omran, 2016; Kars & Dengiz, 2020; Lasota et al.. 2020; Mammadov et al., 2022). Therefore, the 

basic soil properties were also studied. The objectives of this study were to (i) asses the concentrations of 

heavy metals in the study area, (ii) evaluate relationships between heavy metal concentration and basic 

soil properties, and (iii) estimate the level of environmental and ecological risk posed by heavy metals and 

sources of heavy metals in agricultural lands. 
 

MATERIALS and METHODS 

Study area 

The study site is situated within the administrative area of Gadabay district (Figure 1), known for its 

abundant mineral deposits in the Caucasus region. Geographically located in the western part of 

Azerbaijan, within the Lesser Caucasus Mountains, the site spans elevations ranging from 1060 to 3271 

m above sea level. In general, the study area is complicated due to the tectonic structure of anticlinal 

pattern and magmatic occurrences in three different periods as Bajocian, Batonian (Middle Jurassic) and 

Upper Jurassic-Early Cretaceous (Karimov, 1976).  

 

Figure 1. Geographical location of the study area and sampling points. 

Şekil 1. Çalışma alanının coğrafi konumu ve örnekleme yerleri.  
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Therefore, in the geological setting of the area alluvium of Quaternary, quartz porphyry and 

granodiorite-diorite of Upper Jurassic and Lower Cretaceous, andesitic tuff-conglomerate, andesite, 

rhyolite and rhyodacite of Middle Jurassic/Bathonian stages played an important role. The study area is 

characterized by predominantly grasslands, mountainous forests, cultivated lands and locally occurring 

shrubbery areas. Given the region’s extensive involvement in agriculture, soil erosion is typical, and all 

rates of soil erosion occurred in the region. The climate in the region is moderate, featuring dry winters. 

The annual precipitation is 650 mm, and average air temperature is 7.8°C. 

Soil sampling and chemical analyses 

As the lack of previous information on heavy metal content of soils in this study area, a simple 

sampling procedure was applied to avoid deliberate bias and partially fill the data gaps in this region. The 

elevation of sampling site varied between 1450-1800 m. The samples (85) were randomly collected from 

the soil surface horizon (0-15 cm) of the representative land uses (pastures, hays, cultivated-potato, 

wheat, cabbage, carrot and beet) within Gadabay district, including neighboring agricultural lands of the 

copper-gold mine (Figure 1). The cultivated lands primarily were small patches associated with traditional 

land tenure. Soil samples were subjected to microwave acid digestion with HNO3 (Moral et al., 1996), and 

the concentration of heavy metals (As, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Se, and Zn) was measured 

through ICP-OES analysis. In addition to heavy metals content, basic soil properties were analyzed to 

characterize relationships between heavy metals and basic properties. The soil organic carbon (SOC) 

was determined by Walkley-Black method (Nelson & Sommers, 1996), soil reaction (pH) by using a pH-

meter, CaCO3 content by a pressure-calcimeter method (Sherrod et al., 2002), and texture (sand, silt and 

clay contents) by the hydrometer method (Gee & Bauder, 1986). 

Statistical analysis and environmental risk assessment 

Descriptive statistics of environmental variables, especially the concentration of heavy metals in 

soil is important in view of the nature and spatial distribution. Therefore, the results of chemical tests were 

analyzed in terms of minimum (Min), maximum (Max), mean, median, standard deviation (SD) and 

coefficient of variation (CV). The CV values were classified as low (<15%), medium (15-35%) and 

moderate (>35%) according to Mallants et al. (1996). To elucidate the relations between basic soil 

properties and heavy metals the Spearman Rho correlation coefficients were calculated. Furthermore, 

different environmental indexes were calculated to characterize the nature, sources and environmental 

risk of heavy metal content of the soils in the area.  

A single pollution index was calculated to characterize the present status of each heavy metal 

concentrations. The pollution index (Pi) was computed as the ratio between the metal concentration and 

its reference value (national criteria of the metal). 

Pi = Ci/Si 

where, Pi is the pollution index, Ci is the metal concentration in a given sample, and Si is the 

maximum permissible concentrations (MPC) of pollutants established by Azerbaijan legislation (GN 

2.1.7.2041-06, 2000). 

An enrichment factor (Ef) was used to assess the contribution of anthropogenic sources to natural 

levels of heavy metals in the soil: 

Ef=
Ci/Cr

Bi/Br

 

where, Ci and Cr are the concentrations of the target metal and the reference metal in the sample, 

while Bi and Br are the background concentrations (BC) of the target metal and the reference metal for the 

natural soils of the study area. In this study, the BC values for target heavy metals were adopted from the 

Azerbaijan legislation (GN 2.1.7.2041-06, 2000) which referred to the existing studies. Commonly, the 



Heavy metal content of mountainous agricultural soils and ecological risk assessment in Gadabay district, Azerbaijan 

77 

concentrations of immobile elements such as, Al, Ti, Fe and Mn are used to compute enrichment factor 

(Hu et al., 2013). Thus, in this study, the concentration of Mn was used as the reference.  

The geoaccumulation (Igeo) and potential ecological risk indexes were calculated to evaluate the 

environmental and ecological risk for the soils of the study area. The geoaccumulation index was introduced 

by Müller, (1979) and is widely used to assess the contamination level of heavy metals in soils: 

Igeo=log2 (
Cn

1.5Bn

) 

where Cn is the measured concentration of the given heavy metal, Bn is the local geochemical 

background concentration. It is commonly accepted that the constant of 1.5 can minimize the possible 

variations in the background concentration derived from lithological effect.  

Ecological risk index (Ri) was also computed to assess the potential risk of the given heavy metal 

according to Hakanson (1980):  

Ri= ∑ Ei , Ei=Tifi=Ti

Ci

Bi

 

where, Ei is the risk factor of the given element i, Ti is the toxic effect factor of the given metal i, fi is 

the measured concentration of the given metal (Ci), Bi is the background concentration. 

The maximum permissible and background concentrations (BC) of heavy metals in the soils of 

Azerbaijan as well the values of Ti for the given heavy metals were adopted from the national standard 

((GN 2.1.7.2041-06, 2000)) and presented in Table 1. The values of the pollution and geoaccumulation 

indexes (Igeo), enrichment (Ef) and potential ecological risk (Ri) factors (Table 2) were classified according 

to Hakanson (1980) and Brady et al. (2015). 

Table 1. Background concentration and maximum permissible concentration of heavy metals in Azerbaijani soils 

Çizelge 1. Azerbaycan topraklarındaki ağır metallerin arka plan konsantrasyonu ve izin verilen maksimum konsantrasyonu 

Element BC MPC considering BC MPC (without BC) Ti 

As 
Cd 
Co 
Cr 
Cu 
Hg 
Mn 
Ni 
Pb 
Se 
Zn 

15 
3 
8 

40 
100 
0.4 
250 
45 
20 
0.1 
70 

2 
2* 
5* 
6 
3 

2.1 
1500 

4 
32 
3 

23* 

2.0 
2.0 
5 
6 
3 

2.1 
1500 

4 
32 

 
23 

10 
30 
5 
2 
5 

40 
1 
5 
5 
 

1 

* MPCs according to other standards  

 

Table 2. The classification of pollution (Pi), enrichment (Ef) and geoaccumulation (İgeo) indexes and potential ecological risk (Ri) 

Çizelge 2. Kirlilik (Pi), zenginleşme (Ef) ve jeoakümülasyon (İgeo) endekslerinin sınıflandırılması ve potansiyel ekolojik risk (Ri) 

Pi Ef Igeo Ri 

<1 
Unpolluted/weakly 
polluted 

<2 
Depletion to mineral 
enrichment 

<0 
Unpolluted/slightly 
polluted 

<40 
Low potential ecological 
risk 

1-3 Moderate-strong 2-5 
Moderate 
enrichment 

0-1 Moderately polluted 40-80 
Moderate potential 
ecological risk 

3-6 Strong 5-20 
Significant 
enrichment 

1-3 
From moderately to 
strongly polluted 

80-160 
Considerable potential 
ecological risk 

>6 Very strong 
20-40 

Very high 
enrichment 

3-5 Strongly polluted 160-320 
High potential 
ecological risk 

>40 
Extremely high 
enrichment 

>5 Extremely polluted >320 
Very high potential 
ecological risk 
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RESULTS and DISCUSSION 

Descriptive statistics of the reference data 

The descriptive statistics of basic soil properties and heavy metals are tabulated in Table 3, and the 

heavy metals in Chernozem soil samples with the clay-loam and loam-clay texture showed their both 

typical and element-specific distribution. Except soil pH, the spatial distribution of basic soil properties and 

heavy metal concentration was characterized with medium and moderate variation. Among others, only 

the pH (mean value of 6.4) showed a low variability (10%), i.e., smooth spatial continuity. The soil 

reaction were charasterized as slightly acidic, however 6% of the samples were slightly alkaline, showing 

the importance of land use and soil processes, and local environmental condition (Mammadov et al., 

2022). Soil clay, CaCO3 and SOC content were moderately, while sand and silt content were medium 

variable. As the main driver for many processes in soil medium, the large variation in SOC (1.3−9.1%) 

was related to elevation, vegetation cover, land use and slope (Mammadov et al., 2021). 

The CaCO3 content varied in between 1% to 15% in surface soils owing to parent material, erosion and 

slope condition (Table 3). Recent studies in the adjacent district revealed that CaCO3 content was typically 

associated with parent material, elevation, slope and land use (Mammadov et al., 2021; Mammadov et al., 

2022,). The mean value of CaCO3 content (8.6%) was an affirmative indication of carbonate-rich parent 

material and its dominance in the study area (Ismayil et al., 2018). However, silt content (20−45%), which 

has CaCO3 size, showed medium variation (16.5%), while sand (16−65%) and clay (9−47%) content 

displayed medium and moderate variation, respectively. The mean value (21%) of clay content was lower 

than those of silt (33 %) and sand (45%) content. This can be attributed to erosion and selective transport of 

eroded particles in the surface soils, typical of the study area (Mammadov et al., 2021). 

Based on the mean values, the heavy metals followed the sequence of Mn > Zn > Cu > Cr > Ni > Co > 

Pb > As > Se > Cd. The Hg was not detected in the samples (Table 3). The content of As (detected in 31 

samples) varied in a narrow range (7.10-19.70 mg/kg) and its overlapping mean and median values as 

well skewness value confirmed unimodal distribution (Table 3, Figure 2). Among the tested soil samples, 

the concentration of As in one sample slightly exceeded the MPC that might be related to mining activity. 

Occurrence of elevated As level is typical to soils around gold and copper mines, and As occurs as 

arsenopyrite (FeSAs), realgar (As2S2) and orpiment [As2S3] in gold bearing rock (Fashola et al., 2016).  

The Cd was detected in 24 out of 85 samples which confirms its fragmented distribution, whereas 

its histogram showed unimodal distribution (Figure 2). One of the tested samples (very close to mining 

area) exceeded the MPC. Cd is reported as one of the most toxic heavy metals to most organisms and 

occurs in gold bearing orebodies as an isometric trace element in sphalerite and its concentration 

depends on the concentration of the sphalerite in the ore body (Fashola et al., 2016). The specific 

distribution of Cd is presumably associated with the local geology, topography and soil moisture regime. 

As reported by Han et al. (2007) soil moisture could greatly affect the solubility, toxicity, bioavailability, 

and mobility of Cd and cause it redistribution in soils. 

The typically distributed in the study area, Co content (not detected only in one sample and 

symmetric unimodal pattern, Figure 2) varied between 6.48 and 34.30 mg/kg with a mean value of 18.91 

mg/kg (Table 3). Given that the BC, Co content was double higher than the MPC in 36 samples. It was 

assumed that the noted higher Co concentration is typical to the study because the BC for Co according 

to Azerbaijani legislation is 8 mg/kg and additionally MPC for Co is not indicated from unknown reasons. 

Therefore, other standards from other regions were used (Table 1). As well, mean concentration of Co in 

Europe is reported to vary between 1 and 20 mg/kg and this range can be higher in geologically Co-rich 

areas (Angelone & Bini, 2009). The concentration of Co in soil is dependent on several factors, such as 
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local geological features, precipitation and Co-rich dust, soil moisture regime, soil age and texture, land-

use and application of chemicals. Bradley, (1980) reported that Co concentration exceeds the value of 

2500 mg/kg in Northern Wales and the ecosystem of those areas have been adapted to such high 

concentration and healthy. Thus, geological setting of the region and the existence of gold-copper mine in 

Gadabay district presumably causes high Co concentration in the study area. 

Table 3. Descriptive statistics of basic soil properties and heavy metals 

Çizelge 3. Temel toprak özellikleri ve ağır metallerin tanımlayıcı istatistikleri 

Element Min Max Mean Median SD CV 

Basic soil properties 

CaCO3 (%) 

Sand (%) 

Silt (%) 

Clay (%) 

pH 

SOC (%) 

1.06 

16.00 

20.00 

9.00 

5.31 

1.32 

15.00 

65.00 

45.00 

47.00 

8.30 

9.10 

8.61 

44.85 

33.69 

21.46 

6.36 

4.34 

9.00 

46.00 

33.00 

21.00 

6.30 

3.94 

3.98 

12.18 

5.56 

8.81 

0.67 

2.02 

46.25 

27.15 

16.51 

41.05 

10.50 

46.61 

Heavy metals 

As (mg/kg) 

Cd (mg/kg) 

Co (mg/kg) 

Cr (mg/kg) 

Cu (mg/kg) 

Mn (mg/kg) 

Ni (mg/kg) 

Pb (mg/kg) 

Se (mg/kg) 

Zn (mg/kg) 

7.10 

0.58 

6.48 

5.30 

34.59 

326.08 

11.49 

3.60 

0.63 

4.90 

19.70 

6.60 

34.30 

110.00 

180.20 

1214.27 

67.00 

77.90 

3.02 

2655.09 

10.81 

1.08 

18.91 

44.28 

68.73 

690.26 

37.74 

12.26 

1.48 

107.15 

10.68 

0.76 

17.40 

42.26 

67.00 

653.40 

38.20 

10.89 

1.33 

71.51 

2.63 

1.17 

5.52 

18.09 

25.40 

204.51 

10.82 

9.01 

0.58 

282.23 

24.33 

108.56 

29.19 

40.85 

36.95 

29.63 

28.68 

73.53 

39.52 

263.39 

In the study area, Cr was detected in all tested samples, ranging from 5.30 to 110 mg/kg and the 

content exceeded the BC in 50% of the samples (Table 3). The unimodal and symmetric distribution (Figure 

2) showed its typical distribution that was attributed to the geological features of the study area 

(Karimov, 1976). 

The Cu was the third abundant heavy metal in terms of mean value (67.32 mg/kg, Table 3). Its 

moderate variability and bimodal distribution (peaks centered around 40 and 75 mg/kg, Figure 2) 

evidently reflected local geological features of the study area (Figure 2). The Cu concentration 

exceeded the MPC in 9 samples that can be attributed to the lithological features of the parent 

material or mining as Cu is widely distributed in sulphides, arsenites, chlorides and carbonates 

(Fashola et al., 2016). On other hand, gold mining leads greatly increased Cu concentration in the 

environment which upon release binds to particles of organic matter, clay minerals and sesquioxides 

leading to great accumulation in the soil (Fashola et al., 2016). 

The most abundant heavy metal, Mn ranged from 326 to 1214 mg/kg with a mean value of 690 mg/kg 

(Table 3). Overall, Mn content in the study area was averagely higher than the BC, however the tested 

samples showed no values exceeding the MPC. The medium variability and unimodal, yet large spread 

pattern (Figure 2) showed its typical distribution. A similar distribution pattern was also found for Ni, the 

fifth abundant heavy metal with a mean value of 37.74 mg/kg. However, Ni content slightly exceeded the 

MPC in some samples. The noted high concentration for heavy metals such as Ni, Co and Cr was in line 

with previous studies (Bayraklı & Dengiz, 2019; Kars & Dengiz, 2020). Such characteristics of the heavy 

metals are associated with the nature of parent material as reported by Chen et al. (2005), the Ni 

concentration in volcanic rocks is 20-40 times greater as compared to other ones.  
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Figure 2. Histogram of the tested heavy metals. 

Şekil 2. Test edilen ağır metallerin histogramı.  
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The soils in the study area can be considered abundant with Pb content, e.g., the range (3.60-77.90 

mg/kg, Table 3) was concordant with a range of 10-67 mg/kg in surface soils worldwide (Fashola et al., 

2016). The Pb content showed moderate variability and associated with Mn and Zn. In addition, the 

elevated concentration was found for one sample and exceeded the MPC that maybe related to the 

parent material in severely eroded pastureland.  

Unlike other heavy metals, Se content showed specific distribution, and it was not detected in 3 

samples. Its content varied from 0.63 to a maximum of 3.02 mg/kg and the mean value (1.48 mg/kg) was 

ten times higher than the BC according to the native regulation (Table 1 and Table 3). Besides that the 

MPC is missing in the native regulation. A unimodal symmetric pattern and spatial continuity may confirm 

its naturally higher concentration in the study area. On the other hand, we assume that significant gaps 

exist in compiling native regulation of BC and MPC as noted in Vodyanitskii (2016). 

As there exists data scarcity on Se content of soils in Azerbaijan, it is important to provide a brief 

overview from different study examples. According to the studies from different regions of the world, Se 

content ranges between 0.1-0.6 mg/kg and the background value of 0.4 mg/kg (Fordyce, 2013). It was 

reported that Se content in Canada varies from 0.02 to 3.70 mg/kg with a mean value of 0.30 mg/kg 

(Haluschak et al., 1998). Tan (1989) and Dinh et al. (2018) reported that Se content is in toxic level in the 

Hubay region of Chine, mean concentration is about 2.3 mg/kg. Another characteristic making Se specific is 

the narrow range between Se toxicity and deficiency. According to Fleming (1980), a high Se concentration 

and its main origin in soil is associated with limestones, shales and other volcanic rocks of the Jurassic and 

Cretaceous stages. Summarizing above-mentioned studies and considering predominating rocks in the 

study region, the noted Se content maybe related to the nature of the study area. 

The soils in the Gadabay district are characterized by a remarkable high Zn content, the second 

abundant element following Mn. A large range (4.90-2655 mg/kg) and high CV value made its distribution 

different from others (Table 3). The mean content (107.15 mg/kg) was higher than the BC (70 mg/kg). 

According to the national standards (GN 2.1.7.2041-06, Table 1), the present status of Zn content in the 

study area is indicative of massive pollution. Because the MPC is accepted 23 mg/kg considering BC, in 

this case the Zn concentration of majority of the samples is higher than the MPC. Therefore, it would be 

reasonable to pay attention to the MPC of other standards. For example, MPC for Zn in Soil Code 

DEFRA standard is 200 mg/kg. This level is also accepted in other standards. Bos et al. (2005) found that 

the toxic effect of heavy metals on soil ecosystem is dependent on soil type and considering the changes 

in BC of Zn depending on soil types, the authors prepared special methodology for determining MPC for 

Zn content. The presented approach showed that the difference between BC of Zn for different soil types 

reaches to 7.5 times thereby MPC ranges from 44 mg/kg to 208 mg/kg depending on soil type. 

Summarily, the distribution of heavy metals in the study area was basically attributed to the 

geologic settings and heavy metal levels were to some extent higher compared to the BC both in 

nationally and internationally. The presented study found that the content of some heavy metals such as 

Co, Se and Zn is considerably higher, however the comparisons made between the studies from different 

regions of the world showed that there is great need to study those elements in the country and the native 

standards need to be improved. 

Relations between the soil properties and heavy metals 

The significant correlations were found not only between basic soil properties themselves, but also 

between basic soil properties and heavy metals (Table 4). As expected, very close relations were found 

between the particle sizes, sand content was inversely correlated with silt (r = -0.76) and clay (r = -0.91) 

while the silt and clay (r = 0.45) occur associated in soil medium. This is in line other studies and typical 

case for the region where calcareous parent material occurs (Mammadov et al., 2022).  
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The relations between CaCO3 and sand content (r = 0.45), CaCO3 and SOC (r = -0.56), SOC and 

clay content (r = 0.72) apparently represent characteristic features of soil-forming processes in the 

mountainous temperate climate where a favorable ratio of precipitation to temperature in the background 

of topography and parent material formalize Chernozems. Meanwhile, the significant relationships 

between clay and pH (r = -0.34), sand and pH (r = 0.29), SOC and pH (r = -0.39) well characterize soil-

forming environment and weathering process. These relations also ascertained the relations between 

basic soil properties and heavy metals. 

The positive correlation coefficients between clay and Mn, clay and Pb confirmed the importance of 

clay mineralogy. The study conducted in the adjacent district found out the similar relations between clay 

content and plant available forms of Mn and Pb (Mammadov et al., 2022). However, Cu, Cr and Co 

showed inverse relations, e.g., decrease with increasing the clay content. Among the studied heavy 

metals, solely Cr and Cu was found associated with sand content, their concentration increases with sand 

content. The impact of calcareous parent material on heavy metal content was evident through the 

correlation coefficients found between CaCO3 and solely three elements (Cd, Cu and Se). The elements 

As, Zn and Ni showed no significant relationships with basic soil properties. As regards the relationships 

between pH and heavy metals, the significant correlations were solely found for Cr, Ni and Se. Although 

the total content of most heavy metals showed no relations to pH in our study area, the availability of Cd, 

Pb and Mn content was significantly affected by pH in this region (Mammadov et al., 2022). 

The correlation coefficients indicated that most heavy metals occur associated in soil medium, e.g., 

As content increases with increasing the content of all heavy metals (Table 4). The tested heavy metals 

presented evident grouping e.g., Pb and Mn, Pb and Zn, Cr and Ni, Cd and Zn couples showed 

significant relations that was presumably attributed to the geogenic factor leading to their similarly 

bonding in parent material and soil (e.g., Karimov 1977). The close relations found between those 

couples were in line with other studies (Hadzi et al., 2019, Mammadov et al., 2022). Hadzi et al., (2019) 

reported associated distribution of Cd and Zn in surface soil of mining areas. As well, Mammadov et al. 

(2022) found significant relations between Zn and Pb, Pb and Cd in the surface soils of the Caucasus 

Mountains. In addition, the relations found between other heavy metals (for example Co, Cu, Mn and Ni; 

Cd, Se and Zn; Cr, Ni and Cu) were in line with previous studies. The associated distribution of Cd, Cr, 

Cu and Zn was reported regardless of land use types (farmland, grassland and woodland) in Southwest 

Chine (Sun et al., 2019). 

Environmental risk assessment 

According to the mean value of pollution index, the studied samples were related to the unpolluted and 

weakly polluted class (Pi<1.0) except Co, which was characterized with moderate-strong (Pi = 1.44) 

pollution (Table 5). As noted before, the MPC for Co is missing in the national standard, and the MPC 

value was taken from another country’s standard. The interpretation of Pi values of individual samples 

also showed a moderate-strong point-source pollution: the pollution was noted in one location for As and 

Cd, and in four locations for Zn. The three Zn-polluted samples were in mine-adjacent areas that may be 

linked to mining activity (Omwene et al., 2018). The contamination levels of heavy metals and other major 

elements (Pb, As, B, Cd, Zn, Cr, Mo, Co, Ni, Cu, and Ag) in surface sediments and their possible pollution 

sources was studied in Mustafakemalpaşa catchment in Türkiye. The highest Igeo values were recorded 

for Cr, B, Ni, As and Zn, and occurred near urban settlements and mining sites. The sources of Pb, Zn 

and Cu in the sediments were attributed to weathering of sulfide ore minerals (Omwene et sl., 2018). 

Thus, the gaps in the national standards for MPCs of heavy metals and absence of earlier soil data (one 

or several decades ago) appeared as a limiting factor in calculating and evaluating other environmental 

indices (Han et al., 2021). Han et al. (2021) encountered the similar issue to study spatial distribution of 

soil salinity and heavy metals in the lowland region of Azerbaijan. The study found that among the studied 

20elements Ca, Cl, and S and the heavy metals Cr, Ni, and Pb were classified as problematic on the 
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basis of Igeo index, and As was also identified as posing a possible risk on the basis of the potential 

ecological risk index. Soil guideline values were proposed to monitor soil pollution in lowland areas of 

Azerbaijan (Han et al., 2021), however to fill the gaps concerning the monitoring of mountainous regions 

an extensive study is required. 

 
Table 4. The Spearman Rho correlation coefficients between soil properties and heavy metals 

Çizelge 4. Toprak özellikleri ile ağır metaller arasındaki Spearman Rho korelasyon katsayıları 

 CaCO3 Sand Silt Clay pH SOC As Cd Co Cr Cu Mn Ni Pb Se 

CaCO3 
Sand 
Silt 

Clay 
pH 

SOC 
As 
Cd 
Co 
Cr 
Cu 
Mn 
Ni 
Pb 
Se 
Zn 

 1 
 0.45** 
-0.27* 
-0.43** 
 0.12  
-0.56** 
-0.04 
 0.51** 
-0.25* 
 0.24 
 0.44** 
-0.46** 
-0.03 
-0.35** 
 0.33** 
 0.18 

 
 1 
-0.76** 
-0.91** 
 0.29** 
-0.65** 
 0.18 
-0.13 
 0.12 
 0.31** 
 0.40** 
-0.44** 
 0.06 
-0.62** 
 0.11 
-0.13 

 
 
 1 
 0.45** 
-0.08 
 0.31 
-0.13 
 0.07 
 0.10 
-0.09 
-0.22* 
 0.35** 
 0.12 
 0.42** 
 0.02 
 0.15 

 
 
 
 1 
-0.34** 
 0.72** 
-0.16 
 0.19 
-0.27* 
-0.36** 
-0.41** 
 0.35** 
-0.16 
 0.60** 
-0.17 
 0.13 

 
 
 
 
 1 
-0.38** 
 0.22 
-0.11 
 0.04 
 0.25* 
 0.05 
-0.14 
 0.37** 
-0.15 
-0.29* 
-0.01 

 
 
 
 
 
 1 
-0.11 
-0.01 
-0.37** 
-0.22* 
-0.38** 
 0.24* 
-0.11 
 0.40** 
 0.04 
 0.04 

 
 
 
 
 
 
 1 
- 
0.54** 
0.30 
0.42* 
0.48** 
0.44* 
0.38* 
0.30 
0.48** 

 
 
 
 
 
 
 
 1 
-0.27* 
-0.02 
 0.16 
-0.23* 
-0.13 
 0.17 
 0.42** 
 0.46** 

 
 
 
 
 
 
 
 
 1 
 0.24 
 0.35** 
 0.35** 
 0.32** 
-0.12 
 0.10 
-0.10 

 
 
 
 
 
 
 
 
 
 1 
 0.24* 
-0.28** 
 0.75** 
-0.20 
 0.01 
-0.19 

 
 
 
 
 
 
 
 
 
 
 1 
-0.24* 
-0.05 
-0.37** 
 0.31* 
 0.16 

 
 
 
 
 
 
 
 
 
 
 
 1 
 0.16 
 0.45** 
-0.04 
 0.08 

 
 
 
 
 
 
 
 
 
 
 
 
 1 
 0.10 
-0.05 
-0.05 

 
 
 
 
 
 
 
 
 
 
 
 
 
 1 
-0.05 
 0.44** 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 1 
 0.41** 

** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level 

The geoaccumulation index for Se (3.19) showed strong pollution (3.0<Igeo<5) while Igeo values for 

As, Cd, Cr, Cu, Ni, Pb and Zn presented unpolluted or slightly polluted class (Igeo<0). Based on Igeo, the soils 

were moderately polluted with Co and Mn. According to Ef values, Co and Cr were in the moderately 

enrichment class (2.0 < Ef < 5) while other heavy metals showed a depletion to mineral enrichment 

(Ef<2.0). The potential ecological risk for all the studied heavy metals was low while moderate for only Se 

(Table 5). The result was in line with other studies showing the impotance of land use (Sun at el., 2019) 

and mining history on onsite and offsite pollution potential (Omwene et al., 2018), as well water erosion 

and aeolian processes.  

Table 5. Environmental indices calculated for the heavy metals 

Çizelge 5. Ağır metaller için hesaplanan çevresel endeksler 

Element BC Pi Ef İgeo Ri 

As 
Cd 
Co 
Cr 
Cu 
Mn 
Ni 
Pb 
Se 
Zn 

15 
3 
8 

40 
100 
250 
45 
20 
0.1 
70 

0.63 
0.35 
1.44 
0.96 
0.67 
0.46 
0.77 
0.24 
0.48 
0.53 

1.24 
0.99 
3.34 
2.35 
1.63 
1.00 
1.80 
0.53 
1.14 
1.41 

-1.09 
-2.35 
0.57 
-0.56 
-1.22 
0.81 
-0.90 
-1.50 
3.19 
-0.53 

7.21 
10.75 
11.72 
2.21 
3.44 
2.76 
4.19 
3.06 

72.70 
1.53 

BC-background concentration, Pi-pollution index, Ef-enrichment factor, Igeo-geoaccumulation index, Ri-ecological risk factor  

 
CONCLUSIONS 

The spatial distribution of heavy metals in the study area was characterized by their typical and 

element-specific distribution. The order of means, and medium to moderate variation of heavy metal 

concentrations in this mountainous area were intricated and related to land use and past mining history, and 



Sadig 

84 

erosion and aeolian processes, along with environmental condition and geologic features. The 

concentration of heavy metals were (i) fragmentary (As, Cd and Se), (ii) higher than the BC (Co, Cr, Mn, Se 

and Zn), and (iii) higher than MPC (Co: 36, Cu: 9, and Zn: 47 samples). The correlation between basic soil 

properties and heavy metals concentration revealed their association with CaCO3 (Cd, Cu and Se), clay (Mn 

and Pb), sand (Cr and Cu), SOC (Co, Mn, Pb) and pH (Cr, Ni and Se). The significant correlations with pH 

were attributed to the bedrocks and parent material. The soils were non- and slightly-polluted (excluding 

three metals). Except two, the metals displayed as depletion to mineral enrichment. In general, the potential 

ecological risk for the studied heavy metals was low. Moreover, the sole weathering effect of parent material 

and anthropogenic activity in the regions leaded to high spatial heterogeneity of heavy metals in the soil, 

thus increasing the difficulty of extrapolation uncertainty by descriptive statistical method.  

The evaluation of pollution and ecological risks was impeded by the gaps in the national standards. 

Further studies are needed to thoroughly investigate the impact of agricultural practices and mining by 

means of extensive, purposive sampling and cluster analysis.  
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