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Abstract 
The present research was conducted to investigate the possible resource of contamination from trace 
elements and to determine the hydrochemical properties of water resources in the area of the Mazraeh 
copper mine. The monthly sampling from water cources in in the study area was performed to achieve 
the objectives of the research. Measured parameters included pH, electrical conductivity, major and 
minor ions, and trace elements. The results of the chemical analysis of elements showed an excessive 
concentration of elements of cadmium, lead, and cobalt, and also Piper and Stiff diagrams showed the 
existence of two types of bicarbonate and sulfate water in the area, which was under the formations 
and geological conditions of the area. Findings from factor analysis also showed 4-factor groups 
effective in the quality of water resources in the Mazraeh copper mine area. The second and the third 
factors are geogenic and the first and the fourth factors are affected by both anthropogenic and 
geogenic factors. In general, the majority of trace elements in water resources are affected by 
formations and water-rock interactions. The order of clustering method was used to classify the 
hydrochemical data. The EC  sulfate and calcium in the first cluster was more than the second 
cluster, which indicates the dissolution of sulfide minerals in the area. 
 
 
 
 
Keywords: Contamination of water resources, Trace elements, Mazraeh Ahar copper mine, 
Multivariate statistics  
 
 
 
 
 Corresponding Author:  Email: nadiri@tabrizu.ac.ir 



Journal of Environmental Studies 
Vol. 47, No. 4, Winter 2022 

462 

Introduction 
Investigating contaminations of a region is one of the most significant and basic issues in studying 
water resources quality. Thus, the contamination must be determined, prior to using any surface or 
groundwater resources for industry, agriculture and drinking demands. It is essential to ensure if any 
contamination including trace elements exists in water courses. The trace elements term refers to a 
general class of elements that exist in low concentration in the environment and their concentrations 
exceeds the WHO standard permitted for drinking, they could pose risks. This contamination could be 
exist in aquatic, sedimentary media or animal or plant tissues. These elements cause a major part of 
the contaminations in nature and analyzing them in the media provide a proper criterion to evaluate 

the first include elements like zinc, copper, chromium, nickel, cobalt etc. which are necessary in very 
little amounts for a healthy life of living creatures; however, the second group are elements such as 
mercury, lead and arsenic which could be extremely harmful for living creatures even in the slightest 
amounts. This harmfulness comes from the sustainable nature they have for they do not disappear 
easily and concentrate in animal and plant tissues which later on causes problems for the ecosystem 
and human health. The origin of these elements could be either geogenic or anthropogenic. The origin 

and its anthropogenic origin could be from industrial, agricultural and mining activities. 
Contamination emissions in mines are mainly the result of mining and processing.   
 
Materials and Methods 
Case study 
Study area covered the area of Mazraeh Copper Mine in the north of East Azerbaijan province of Iran 
on southern altitudes of Mogan Plain. It is a mountainous region surrounded by Ahar in the south, 
Varzeghan in the west and Kaleibar, Arasbaran Mountains and Mogan Plains in the north. It is 
northwestern part reaches Sungun copper mine. Study area is part of structural unit Alborz-Azerbaijan. 
The oldest geological units in study area refers to the Cretaceous era and the rocks forming this unit 
are Marnie sandstones and limestone.   
 
Sampling and Hydrochemical Analysis  
In the present study, 16 samples were collected monthly on average from surface and groundwater 
resources of the Mazraeh Copper Mine. These samples included eight water samples from 
piezometers, one sample from tailing dam, one sample from the overflow of the tailing dam, one from 
the well of the nearest village to the mine and the remaining from springs in the region.  
From  the  point  of  view  of  hydrochemistry,  nonorganic  constituents  of  water  resources  could be 
classified into three classes of major elements, minor elements and trace elements. Some 290 water 
samples collected were poured into separate polyethylene bottles to measure their composition of 
major, minor and trace elements along with their chemical parameters. In order to prevent 
sedimentation of trace elements, about 2 cc of 65% Nitric Acid was added to the samples. The pH and 
electric conductivity variables were measured in site. On the other hand, various techniques were 
applied to measure major, minor and trace elements; however, cation-anion balance calculation was 
utilized to validate results from analysis of major elements. 
 
Discussion of Results 
Hydrochemistry  
The results of water sample analysis show the pH level of samples ranged from 6.69 to 7.99 which 
indicates a water with neutral characteristics. Electric conductivity varied between 254 and 1774 
µS/cm which was clearly above standard rate of 1000 µS/cm for drinking in some samples. Higher 
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concentration of major cations and anions based on their means went down from Potassium, 
Magnesium, Sodium and Calcium for cations and Sulfate and Bicarbonate for Anions. Concentration 
of fluoride in none of these samples was above standard level for drinking. Results for analysis of 
trace elements revealed that for some samples, concentration of elements like Cadmium, Lead and 
Cobalt exceeded WHO standard Level.     
Piper Diagram 
Considering the position of samples from the  region in the Piper Diagram,  it could be  concluded that 
water resources in the region were of two hydrochemical types: (1) Magnesium, Sulfate and Chloride 
and (2) Calcium, Bicarbonate and Sulfated. Most of the samples however were classified in the second 
class with Calcium, Bicarbonate and Sulfate which concord with the geological formation of the 
region.  
 
Stiff Diagram  
According to Stiff Diagram, two origins are detected for the waters in the study area. The dominant 
type of the samples has Carbonated Calcium type which concord with geological formations of the 
region; however, some samples were a sulfated type which is a proof for the presence of Sulfide 
minerals like Pyrite and Chalcopyrite in this region.      
 
Multivariate Statistical Models 
Factor Analysis 
According to the results of factor analysis, all four factors were then investigated to analyze and 
interpret them in study area. effective variables on the first factor include Calcium, Magnesium, 
Sulfate, Nickel, Bromine and EC which is a sign of effect of solvency of sulfide minerals of the region 
in surface and underground waters and solution of minerals of existing minerals in these formations. 
Besides, due to the impact electric conductivity has on this factor, it is the most important reason 
behind its salinity. Concomitance of Nickel as a trace element with major mineralizers of the region in 
the first factor proof its natural origin. The second factor included Bicarbonate, Mercury, Manganese, 
Iron, Chromium and Cadmium. The presence of Bicarbonate shows it has a rainwater type. Moreover, 
presence of trace elements like Iron and Manganese are indicated that weathering of rocks and 
minerals containing the same elements.The third factor includes Sodium, Potassium, Magnesium, 
Lead, Chloride, Fluoride and Nitrate. Finally, the fourth factor includes Cobalt, Copper, Zinc and pH 
with a negative loading bar. Negative loading bar for pH demonstrates lack of effect of increase in pH 
in hydrochemistry of the region which in turn proves increased solubility of elements and particularly 
cations with the decrease in pH level. 
 
Cluster Analysis 
Most of the samples taken from water resources in case study were placed in the first cluster. The 
samples in this cluster were divided into subgroups for some of the samples had some similarities in 
some of their parameters and in other cases like concentration of trace elements they were different. 
The first cluster included most of the samples taken. The second sample however, consisted of all the 
piezometers in the region. The rate of EC of the Sulfate and Calcium in the first cluster was much 
higher than the second cluster which demonstrates the effect of solution of Sulfide minerals like Pyrite 
and Chalcopyrite in this region. On the other hand, the amount of Zinc and Iron elements in the second 
cluster was much higher than the first cluster which could be attributed to penetration of these 
elements from piezometer tubes to the water inside them.    
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Conclusion 
According to the findings observed in Stiff and Piper diagrams designed for water samples taken from 
the region, water type is mainly divided into the sulfated and bicarbonate types which reveal the origin 
of waters in the region is based on its geological formation. The results from chemical analysis and 
measurements of some 290 water samples demonstrated that the rate of some trace elements like 
Cadmium, Lead and Cobalt exceeded WHO permitted level of drinking. In this study, probable origin 
of some of the trace elements were detected using multivariate statistics. Findings of factor analysis 
proved four of the factors to be effective on the quality of the water resources in the region of Mazraeh 
Copper Mines of Ahar. The second and third factors were geogenic; yet, the first and fourth factors 
were a combination of geogenic and anthropogenic and the result of the presence of Bromine, Zinc 
and Nitrate. In general, most of the trace elements found in water resources are the outcome of 
geological formations and the water-rock Interaction. Hierarchical clustering put water samples in two 
groups. The amount of EC of Sulfate and Calcium in the first cluster as much higher than the second 
cluster which was a proof to the effect of solvency of Sulfide minerals like Pyrite and Chalcopyrite in 
this region. The amount of Zinc and Iron in the second cluster was much higher in the second cluster 
compared to the first one. 
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