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The main aim of the study was the definition and assessment of the influence of mining industry on soil 

pollution using different pollution indices. As far as heavy metals are nondegradable and accumulating 

contaminants that may pose a wide range of chronic toxic effects to public health we selected for 

investigation 7 risky sites and 1 control site in the surroundings of Zangezur Copper and Molybdenum 

Combine (ZCMC) operating in Kajaran town. 13 points for soil sampling were chosen in the area under 

consideration. Sampling was performed from A and B horizons of soil. Before the analysis all samples 

were processed appropriately. Total concentration of heavy metals was determined using Aqua regia 

extraction. The determination was performed by atomic absorption spectrometry method using Atomic 

absorption spectrometer PG990 (PG Instruments LTD). Eleven metals and non-metals were 

investigated during the study. It was revealed from the correlation analysis of data obtained that the 

changes in contents of some elements (Cu, Mo etc) had the analogous trend that was indicative of the 

common source of pollution for these elements. Soil pollution degree was assessed by determination of 

Pollution load index (PLI) and Enrichment factor (EF). It was found out that the surroundings of ZCMC 

and the northern territories of the open mine were the most polluted sites. Cu and Mo contained in large 

quantities in the ore processed at the combine and spreading in surrounding territories in the form of 

dust were the main pollutants. Considering the fact that heavy metals can accumulate through food 

chains in human organisms causing serious maladies it is necessary to implement the continuous 

monitoring of the soils around the ZCMC as well as to develop the effective methods of soil quality 

reclamation. 
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Introduction 

Soil as a part of the ecosystem has a crucial role in the biogeochemical cycle and plays the important 

function as storage, buffer, filter, and transformation compartment supporting the interrelationship 

between biotic and abiotic components (Merian et al. 2004; Tumuklu et al. 2007). In recent years, human 

activities such as mining and smelting of metals, result in a large input of heavy metals into the 

environment. Heavy metal contamination of soils around smelteries and open mines has become one of 

the most dangerous geoenvironmental problems (Li et al. 2001; Chen et al. 2005; Wong et al. 2006; 

Farmaki and Thomaidis 2008). With the rapid development of mining industry in Armenia, the 

contamination of the environment by heavy metals has increased dramatically and has become a major 

environmental problem also in our country (Ghazaryan et al. 2016). 
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Mining industry introduces heavy metals to the environment in quantities many times exceeding 

natural soil background concentrations (Selim and Sparks 2001; Selinus 2013). According to some 

studies, regions within the industrial areas show the highest heavy metal concentration, followed by 

commercial and residential districts (Wong et al. 1996).  

In the last decades the environmental impact of heavy metals due to human activities has been 

frequently investigated (Sheppard et al. 2000; Burt et al. 2003; Li et al. 2014). Although some heavy 

metals, such as Mo, Cu, Cr, Ni, Zn, and Mn are considered as essential microelements for various forms 

of life, they can pose a wide range of chronic toxic effects when they are contained in excess. Heavy 

metals can be very harmful to the growth and development of plants, also contaminants can enter the food 

chains with consequent risks to animal and human health (Zarcinas et al. 2004; Intawongse and Dean 

2006; Koedrith et al. 2013). 

The total concentration of heavy metals in the soil can be a useful parameter for the evaluation of 

contamination intensity. The present study was conducted with the aim to evaluate the soil pollution 

degree by potentially toxic metals in areas around the Zangezur Copper and Molybdenum Combine 

(ZCMC) operating in Kajaran town. In order to explore the cause (or the source) of the high content of 

metals and to reveal the nature of pollution, the upper (0-20 cm) as well as comparatively deeper (30-50 

cm) layers of soil were investigated. Only after such investigations it would be possible to find out the 

share of soil-forming mother rocks and anthropogenic factor in high content of heavy metals in soil. 

Materials and Methods 

Description of Sampling Area 

The study area is situated in the south part of Armenia (the surroundings of Zangezur Copper and 

Molybdenum Combine). The soils of study region belong to mountain cambisol (mountain brown forest 

soils). Generally, this soil type in Armenia is distributed on 500-1700 meters above sea level but n 

southern dry slopes it extends to a height 2400 meters (for example, in our research area this type of soil 

was spread on altitude 2145 meters). The relief of study area is multifarious and is characterized by many 

heights and trenches. The degraded structures of porphyrites, dolomites, limestone, conglomerates, sand, 

and granodiorites are the main soil-forming rocks of mountain brown forest soils. These soils are mainly 

represented by weathered carbonic and strong basic sand clay, rarely by clay, the layer of which can reach 

to 1.5-2 m. In this region the annual mean precipitation ranges to 450-560 mm. The mean annual air 

temperature is 8-12°C, in August it can increase up to 37°C and in January decrease to -23°C.  

Soil Sampling and Analysis 

During the study 13 observation posts from 7 very risky areas and 1 checkpoint area in the surroundings 

of Zangezur Copper and Molybdenum Combine were selected for investigation:  

1. processing plant (samples  Q-F-01, Q-F-04, Q-F-11), 

2. open mine (samples  Q-OM-02, Q-OM-03, Q-OM-06, Q-OM-07), 

3. Darazam recultivated tailing dump (sample  Q-DA-05), 

4. Pkhrut recultivated tailing dump (sample  Q-PT-08), 

5. school in Lernadzor village (sample  Q-LD-09), 

6. Voghji recultivated tailing dump (sample  Q-VT-10), 

7. Artsvanik tailing dump (sample  Q-AT-12), 

8. control site (sample  Q-CONT). 
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Before the soil sampling, the coordinates of sampling sites and the altitude of sites above sea level 

were recorded by GPS. The sampling in all sites was performed by the method of the envelope. Sampling 

was performed from A and B horizons of soil. 

After the removal of stones and plant material from the soil in laboratory, the samples were air-dried 

at room temperature (20–22°C). Before the analysis the samples were processed appropriately (USEPA, 

1996). The soil was grounded in a mortar with a pestle to pass a 0.42 mm nylon mesh. The total 

concentration of heavy metals was determined using Aqua regia (HCl-HNO3, 3:1) extraction method (3g 

of soil sample were digested for 2h at 180°C). The determination was performed by atomic absorption 

spectrometry method using Atomic absorption spectrometer PG990 (PG Instruments LTD). 

Calculation of PLI and EF 

The degree of soil pollution by heavy metals was assessed by two contamination indices: Pollution load 

index (PLI) and Enrichment factor (EF) that had a worldwide practical application. 

PLI was calculated by the following formula (Tomlinson et al. 1980): 

 

PLI =               (1) 

 

                                                          Cf
i
= Cs

i
 /Cb

i        
                                (2) 

 

where, 

n is the number of metals studied, 

Cfi is  the contamination factor calculated as described in (2), 

Csi is the concentration of heavy metal i in the sample, 

Cbi is the background value of heavy metal. 

The PLI provides simple but comparative means for assessing a site quality. 

The value of EF was calculated using the modified formula given by Loska et al. (2004) based on the 

equation suggested by Buat-Menard and Chesselet (1979). EF is based on the standardization of a studied 

element in comparison with reference element. A reference element is one characterized by low 

occurrence variability (Reimann and De Caritat 2000). In our studies aluminum was used as reference 

element since it is a lithophylic element and has a high chemical resistance to the weathering. 

EF value was calculated using the following equation: 

        (3) 

where, Cn is the concentration of n element in soil, Cref is the content of the reference element in the 

examined environment, Bn is the content of examined n element in the reference environment and Bref is 

the content of the reference element in the reference environment. 

The assessment by means of PLI and EF was implemented according to Table 1. 

Table 1. Different types of model and the categories for the description of soil contamination 

Model Class Description 

Pollution load index 

(PLI) 

PLI < 1  Perfection  

PLI = 1  Base line level of pollution  

PLI > 1  Deterioration of site quality  
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Enrichment factor  

(EF) 

EF  2 Depletion to minimal enrichment suggestive for or minimal pollution 

2 < EF  5 Moderate enrichment, suggestive of moderate pollution 

5 < EF  20 Significant enrichment, suggestive of a significant pollution signal 

20 < EF  40 Very highly enriched, indicating a very strong pollution signal 

EF > 40 Extremely enriched, indicating an extreme pollution signal 

Statistical Analysis  

Analysis of variance was used to compare the mean metal concentrations among the sites. Further 

evaluation was done via Duncan’s multiple range tests. The statistical analysis was performed using SPSS 

software, version 15. 

Results 

It is well known that the mining industry has a number of negative effects on the environment as long as it 

produces a huge amount of ore dust, useless ore, and wastes that could be the source of pollution of the 

environment by heavy metals. The inclusion of heavy metals in the main list of environmental pollutants 

is due to their stability and biological accumulation ability. Their accumulation leads to initiation of toxic 

effects on ecosystems that are obviously seen by now.  

The presence of heavy metals in the soil and water can also be a threat to human health. They have 

an impact on hematogenesis process of organisms causing immun deficiency disorder. Long-term 

exposure to some heavy metals and their compounds can cause malignant tumorogenesis. 

Taking into consideration the above-mentioned we carried out the determination of the contents of 

some metals and non-metals in all soil samples. These contents (mg/kg) are presented in Table 2.  

Table 2. Content of some heavy metals, non-metals, and aluminum in studied soil samples (mg/kg) 

Sample 

number 
Fe As Mo Cu Mn Pb Zn Al Re Cr Ti Stotal 

Q-F-01-A 53000 12.06 124.85 1951.25 323.1 9.35 41.85 53000 
not 

detected 
22.3 3840 610.95 

Q-OM-02-A 32000 5.96 24.18 200.0 390.7 17.9 50.5 72540 
not 

detected 
38.5 3120 803.2 

Q-OM-03-A 46000 108.3 128.8 888.8 571.0 25.6 85.4 75960 
not 

detected 
40.4 4320 1050.3 

Q-F-04-A 52000 17.74 72.8 1155.5 601.1 21.9 99.6 68160 
not 

detected 
11.8 4080 1475.9 

Q-DA-05-A 52000 32.7 35.1 155.5 631.2 16.6 70.5 77900 
not 

detected 
48.4 4320 590.3 

Q-OM-06-A 54000 23.40 12.3 818.8 811.5 15.0 90.3 81400 
not 

detected 
14.9 4800 645.3 

Q-OM-07-A 48000 19.50 13.1 818.8 826.5 11.9 81.8 83340 
not 

detected 
13.6 4320 974.8 

Q-PT-08-A 44000 41.60 12.8 777.5 691.3 22.0 77.7 69660 
not 

detected 
31.9 4320 782.6 

Q-LD-09-A 44000 55.70 41.3 839.3 601.1 24.5 106.0 55100 
not 

detected 
81.5 4080 514.8 

Q-VT-10-A 40000 59.60 18.9 675.5 571.0 22.1 76.6 53660 
not 

detected 
55.2 3600 521.7 

Q-F-11-A 64000 51.05 1526.5 3480.3 661.2 19.1 72.7 70360 
not 

detected 
36.4 4320 1633.8 
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Q-AT-12-A 34000 44.18 17.0 61.4 480.9 20.0 71.8 53240 
not 

detected 
110.4 3360 384.4 

Q-CONT-A 40000 26.05 9.91 71.6 841.6 17.5 171.3 58180 
not 

detected 
55.1 4080 439.4 

Q-F-01-B 60000 17.30 86.8 3582.5 330.6 11.7 49.5 59920 
not 

detected 
38.7 3840 837.5 

Q-OM-02-B 36000 20.0 17.3 634.6 330.5 18.0 47.9 68120 
not 

detected 
73.1 3360 549.2 

Q-OM-03-B 44000 75.6 93.4 2250.0 541.0 18.2 64.0 73080 
not 

detected 
101.2 4080 775.7 

Q-F-04-B 60000 13.2 34.0 1343.7 826.5 21.3 99.5 63660 
not 

detected 
33.7 4320 748.2 

Q-DA-05-B 55200 37.1 22.6 179.2 882.9 18.0 77.0 73380 
not 

detected 
84.7 4560 370.7 

Q-OM-06-B 52000 4.00 12.2 143.4 695.0 8.7 57.5 80780 
not 

detected 
27.1 4560 562.9 

Q-OM-07-B 50000 15.60 15.3 152.2 1089.5 11.06 81.2 82120 
not 

detected 
41.2 5040 336.3 

Q-PT-08-B 42000 39.80 17.3 152.2 901.7 22.0 73.9 70840 
not 

detected 
54.0 3840 631.5 

Q-LD-09-B 40000 57.00 23.5 107.5 716.8 20.6 86.6 57600 
not 

detected 
96.7 3840 521.7 

Q-VT-10-B 44000 45.80 17.3 89.6 638.7 20.0 71.1 57140 
not 

detected 
93.5 3360 569.7 

Q-F-11-B 72000 45.90 1595.5 3137.5 657.5 18.9 67.4 77600 
not 

detected 
28.8 4080 1668.2 

Q-AT-12-B 34000 40.20 15.8 44.75 582.3 19.3 60.1 52560 
not 

detected 
107.4 3360 212.8 

Q-CONT-B 48000 23.20 13.1 53.7 1052.0 19.4 177.9 65760 
not 

detected 
51.1 3600 741.4 

In general, for studied metals and non-metals, the largest quantities as compared with control were 

observed in the case of copper and molybdenum. In particular, in A horizon of soil, the content of copper 

in the vicinity of open mine (Q-F-11) was 48.6 times higher and the content of molybdenum was 154 

times higher than in control sample, whereas in B horizon – 58.4 and 121.8 times higher, respectively. 

This circumstance is explained by the fact that the ore is rich by mentioned heavy metals and that the 

observation point Q-F-11 is located at a distance of 250-300 meters from ore mills of processing plant and 

undergo the strong influence of anthropogenic factor. It should be noted that in A horizons of almost all 

soils the high content of total sulfur was observed as compared with the control that is also conditioned by 

the high concentration of this element in the ore. 

For ascertainment of pollution degree of studied territories by different metals and non-metals two 

assessment indices PLI and EF mentioned above were used.  

On the assumption of PLI values (Fig. 1) of soils of the upper A horizon we can conclude that the 

soil samples Q-OM-02-A (0.87) and Q-AT-12-A (0.98) were generally not polluted. The highest degree 

of pollution was observed for the samples Q-OM-03-A (1.86) and Q-F-11-A (2.53). The mentioned 

observation posts were also the most polluted sites according to analysis results for soils of B horizon. 

Such type of pollution of sample Q-F-11-A could be explained by the proximity to the processing plant, 

in particular to the rock mills whereas the high degree of pollution of sample Q-OM-03-A – by the 

nearness to the open mine and ore transportation paths (as compared to sample Q-OM-02-A), by the 

direction of winds and as compared with samples Q-OM-06-A and Q-OM-07-A – by lower location. 

According to PLI values of soil samples from A and B horizons (Fig. 1, 2) almost in all sites, the A 

horizon was more polluted than the horizon B that confirmed the fact that contamination of soils was 

caused by anthropogenic factors.  



426 Heavy Metals in the Soils of the Mining Regions of Kajaran, Armenia: A Preliminary Definition ...

Figure 1. De

Figure 2.

egree of polluti

non

. Degree of pol

non

ion of soil upp

n-metals accord

llution of soil B

n-metals accord

er A horizon b

ding to Pollutio

B horizon by h

ding to Pollutio

by heavy metal

on load index

heavy metals, a

on load index

ls, aluminum an

aluminum and s

nd some  

some  

 

 



Karen A. Ghazaryan et al. 427

According to EF values (Tab. 3) the soil sample Q-F-01-A was significantly polluted by Mo (13.83) 

and very strongly polluted by Cu (29.92), the soil sample Q-OM-02-A was moderately polluted by Cu 

(2.24), the soil sample Q-OM-03-A was moderately polluted by As (3.18) and significantly polluted by 

Mo (9.95) and Cu (9.51), the soil sample Q-F-04-A was moderately polluted by Stotal (2.87) and 

significantly polluted by Mo (6.27) and Cu (13.78), the soil sample Q-DA-05-A was moderately polluted 

by Mo (2.65), the soil samples Q-OM-06-A, Q-OM-07-A and Q-PT-08-A were significantly polluted by 

Cu (8.17, 7.98 and 9.07, respectively), the soil sample Q-LD-09-A was moderately polluted by As (2.26), 

Mo (4.40) and significantly polluted by Cu (12.38), the soil sample Q-VT-10-A was moderately polluted 

by As (2.48), Mo (2.07) and significantly polluted by Cu (10.23), the soil sample Q-F-11-A was 

moderately polluted by Stotal (3.071) and extremely polluted by Mo (127.37) and Cu (40.19), the soil 

sample Q-AT-12-A was moderately polluted by Cr (2.19). 

Table 3. The degree of pollution of soil upper A horizon with heavy metals and some non-metals according to EF 

Sample 

number 
Fe As Mo Cu Mn Pb Zn Cr Ti Stotal 

Q-F-01-A 1.45 0.51 13.83 29.92 0.42 0.59 0.27 0.44 1.03 1.53 

Q-OM-02-A 0.64 0.18 1.96 2.24 0.37 0.82 0.24 0.56 0.61 1.47 

Q-OM-03-A 0.88 3.18 9.95 9.51 0.52 1.12 0.38 0.56 0.81 1.83 

Q-F-04-A 1.11 0.58 6.27 13.78 0.61 1.07 0.50 0.18 0.85 2.87 

Q-DA-05-A 0.97 0.94 2.65 1.62 0.56 0.71 0.31 0.66 0.79 1.00 

Q-OM-06-A 0.96 0.64 0.89 8.17 0.69 0.61 0.38 0.19 0.84 1.05 

Q-OM-07-A 0.84 0.52 0.92 7.98 0.69 0.47 0.33 0.17 0.74 1.55 

Q-PT-08-A 0.92 1.33 1.08 9.07 0.69 1.05 0.38 0.48 0.88 1.49 

Q-LD-09-A 1.16 2.26 4.40 12.38 0.75 1.48 0.65 1.56 1.06 1.24 

Q-VT-10-A 1.08 2.48 2.07 10.23 0.74 1.37 0.48 1.09 0.96 1.29 

Q-F-11-A 1.32 1.62 127.37 40.19 0.65 0.90 0.35 0.55 0.88 3.07 

Q-AT-12-A 0.93 1.85 1.87 0.94 0.62 1.25 0.46 2.19 0.90 0.96 

According to EF values (Tab. 4) the soil sample Q-F-01-B was significantly polluted by Mo (7.27) 

and extremely polluted by Cu (73.22), the soil sample Q-OM-02-B was significantly polluted by Cu 

(11.41), the soil sample Q-OM-03-B was moderately polluted by As (2.93), significantly polluted by Mo 

(6.42) and very strongly polluted by Cu (37.70), the soil sample Q-F-04-B was moderately polluted by 

Mo (2.68) and very strongly polluted by Cu (25.85), the soil samples Q-DA-05-B, Q-OM-06-B, Q-OM-

07-B and Q-PT-08-B were moderately polluted by Mo (2.99, 2.17, 2.27 and 2.63, respectively), the soil 

sample Q-LD-09-B was moderately polluted by As (2.80), Mo (2.05), Cu (2.29) and Cr (2.16), the soil 

sample Q-VT-10-B was moderately polluted by As (2.27) and Cr (2.11), the soil sample Q-F-11-B was 

extremely polluted by Mo (103.21) and Cu (49.51), the soil sample Q-AT-12-B was moderately polluted 

by As (2.17) and Cr (2.63).  

Comparing the values of pollution degree of all soil samples from A and B horizons by heavy metals 

and some non-metals (according to EF), it is safe to say that the high contents of all elements in the soil with 

the exception of Cr and Ti are connected with anthropogenic factor, in particular with mining industry that is 

developed in the region under study (the ore is reach by copper and molybdenum). It should be noted that 

the pollution of deeper layers of soil was also registered which is explained by long-term mining activities, 

the condition of soil and its texture as well as by some physicochemical characteristics of soil (low capacity 

of A horizon, slight content of humus, eroded state etc). In addition, according to results of our studies, the 

high content of biologically available forms of elements was detected especially in the case of copper and 

the migration into comparatively deeper parts of soil has occurred. 
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Table 4. The degree of pollution of soil B horizon with heavy metals  and some non-metals according to EF 

Sample 

number 
Fe As Mo Cu Mn Pb Zn Cr Ti Stotal 

Q-F-01-B 1.37 0.82 7.27 73.22 0.34 0.66 0.31 0.83 1.17 1.24 

Q-OM-02-B 0.72 0.83 1.27 11.41 0.30 0.90 0.26 1.38 0.90 0.72 

Q-OM-03-B 0.82 2.93 6.42 37.70 0.46 0.84 0.32 1.78 1.02 0.94 

Q-F-04-B 1.29 0.59 2.68 25.85 0.81 1.13 0.58 0.68 1.24 1.04 

Q-DA-05-B 1.03 1.43 1.55 2.99 0.75 0.83 0.39 1.49 1.14 0.45 

Q-OM-06-B 0.88 0.14 0.76 2.17 0.54 0.37 0.26 0.43 1.03 0.62 

Q-OM-07-B 0.83 0.54 0.94 2.27 0.83 0.46 0.37 0.65 1.12 0.36 

Q-PT-08-B 0.81 1.59 1.23 2.63 0.80 1.05 0.39 0.98 0.99 0.79 

Q-LD-09-B 0.95 2.80 2.05 2.29 0.78 1.21 0.56 2.16 1.22 0.80 

Q-VT-10-B 1.05 2.27 1.52 1.92 0.70 1.19 0.46 2.11 1.07 0.88 

Q-F-11-B 1.27 1.68 103.21 49.51 0.53 0.83 0.32 0.48 0.96 1.91 

Q-AT-12-B 0.89 2.17 1.51 1.04 0.69 1.24 0.42 2.63 1.17 0.36 

Conclusions 

In general according to pollution level decrease (PLI values) the soil samples of A horizon are arranged in 

the following order: Q-F-11-A > Q-OM-03-A > Q-LD-09-A > Q-F-04-A > Q-PT-08-A > Q-VT-10-A > 

Q-DA-05-A > Q-F-01-A > Q-OM-06-A > Q-OM-07-A > Q-AT-12-A > Q-OM-02-A, and B horizon soil 

samples make the line: Q-F-11-B > Q-OM-03-B > Q-F-01-B > Q-F-04-B > Q-DA-05-B > Q-LD-09-B > 

Q-PT-08-B > Q-VT-10-B > Q-OM-02-B > Q-OM-07-B > Q-AT-12-B > Q-OM-06-B. The study revealed 

that from the riskiest 7 sites in surroundings of Zangezur Copper and Molybdenum Combine the 

observation posts Q-F-11 and Q-OM-03 were the most polluted areas according to PLI values. The first 

site is situated in the vicinity of the processing plant and at a distance of 300 meters from ore mills. The 

territory of sample Q-OM-03 is located very close to open mine and it is also a heavily polluted site due 

to the strong influence of mining activities. 

During the process of assessment of soil pollution degree (according to EF) it was found out that in 

studied territories the copper and molybdenum were the main pollutants and that the pollution of soils was 

the direct consequence of human activities (the content of mentioned metals in the ore was very high and 

they entered the environment during mining operations). 

Our studies showed that the soils in the mining region were widely and extremely polluted by some 

heavy metals as a result of long-term industrial activities, and more attention should be paid to the 

pollution and its environmental consequences. It is necessary to carry out intermittently in this region the 

monitoring of pollution degree of soils by heavy metals as well as of underground and surface waters, and 

plants taking into account the mobility of heavy metals. Thereupon on the assumption of monitoring 

results, it is vitally important to take measures for reducing soil pollution level (specifically by the 

implementation of phytoremediation of soils). 
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