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AN ASSESSMENT OF GROUNDWATER QUALITY IN TERRITORIES  

WITH VARIOUS ANTHROPOGENIC INFLUENCE 
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1 ORCID: 0000-0002-7728-4502; 

1, 2, 3, 4 Kazan Federal University, Kazan, Russia 

* Corresponding author (kharlyamov[at]gmail.com) 

Abstract 

The article examines the quality of groundwater in the area of the villages of Nizhnyaya Uratma and Prosti of the 

Nizhnekamsk district of the Republic of Tatarstan with samples taken in the autumn period at seven control points. After the 

appropriate sample preparation, the researchers measured the hydrogen index, specific electrical conductivity and 

mineralization. The content of 25 different elements (including heavy metal ions) was determined via atomic emission 

spectroscopy. It was found that the pH values in all the studied groundwater samples correspond to the pH value for drinking 

water, no deviations in the indicators of specific electrical conduction and mineralization (according to NaCl) were detected. 

The data obtained from the results of calculations of the indicator of the multiplicity of excess of maximum permissible 

concentration for the studied groundwater elements in the area of the villages of Nizhnyaya Uratma and Prosti indicate 

increased contamination of samples in both areas for 6 elements: vanadium, strontium, copper, zinc, calcium, aluminum. In all 

water samples, the study detected significant excess of the maximum permissible concentration for vanadium with the 

multiplicity of exceeding the maximum permissible concentration ranging from 1.3 to 9.1. The study also identified an excess 

of the maximum permissible concentration of strontium in the groundwater samples of the village of Nizhnyaya Uratma with 

the multiplicity of the excess ranging from 2.5 to 6.4. In sample No. 1 (Nizhnyaya Uratma), there was a maximum permissible 

concentration excess for zinc - 2.1, in samples No. 5 and 6 (Prosti) an excess in copper equaled 1.2 and 1.7, respectively. Based 

on the results of processing the obtained data on the multiplicity of the maximum permissible concentration for each sample, 

the water pollution index index was calculated with vanadium, strontium, copper, nickel, barium, aluminum, calcium, 

magnesium selected as priority elements. The obtained values of the water pollution index for the measured elements indicate a 

high level of groundwater pollution in the area under study. The presence of elements such as vanadium, copper, and zinc in 

groundwater samples indicates the presence of a possible hidden anthropogenic source of pollution presumably associated with 

the disposal of industrial waste as well as the inflow of pollutants into run-off.  

Keywords: groundwater, groundwater pollution, atomic emission spectroscopy, heavy metal ions. 

 

 



 -   ▪ № 2 (116) ▪ Ч  2 ▪  

 

29 
 

 

       , ,  ,  
      .     

     ,       
,     ,    , ,  , 

        Д1Ж.  
          .   

    :  ,    , 
     ;      ; 

   ;    .    
  ,      ,   ,   

   Д2Ж.  
            Д3Ж, 

   ,      , 
      ё   ( ).  

    ( , , , , , , ,   .)    
 .          

,   ,          
.  ,   ,       
            
     Д4Ж.         

  ( , ,  ,  ) Д5Ж.  
             .  
 :   ,       

     .     ,   
  ,      ,    Д6Ж, Д7]. 

            
-             

. 
 

    
     ё        

 .   ‒    ,  . ,  40      
.    ,  ,   .  , 
  , ё     « - ». 

     ,     ,  3    
   11    .         

« »,   « »,     
«   « ».  

           Д8Ж.      
 : 

-     :  №1-  ,  №2 -  ,  №3.1 -  
 (  ),  №3.2 -   (    ); 

-    :  №4 -  ,  №5 -  ,  №6 -  
 (     ). 

     «  »    .  
  (pH),   ( )     pH-

/   «  – 4100»,   ( )   (  NaCl)  
  «  – 7051». 

     (   )   -  
        «Agilent 720 ICP-OES»    Д9Ж.  
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1

1 n

i

i i

C

n
 (2) 

 

 n –  ,     (n = 6). 

 

   

       ˗   1   ЩH, 
   (  NКCХ)      . 

 

 1 –  pH,    (  NaCl)          

№    ± Δ, .   ± Δ, /  
 (  NaCl) 

± Δ, / 3 

1 №1  8,1±0,2 382±15 182±15 

2 №2 7,7±0,2 437±17 211±17 

3 №3.1  7,9±0,2 456±18 219±18 

4 №3.2 8,0±0,2 396±16 189±15 

 

     Д12Ж,        6  9 
 ,     (  )       

1000 / 3.         Д12Ж.  
             . 

  (  )       . 
     Na+, K+, Ca2+, Cl-, SO4

2-, HCO3-
.     

  .   , , Fe3+, Fe2+, Mn2+, Al3+, NO3-, HPO4-, H2PO4- 

    ,           ( , 
    -   ).    

    2 /  (1000 / 3)  3 /  (1500 / 3)  
   (    NaCl),    (    CaCO3) ) Д13Ж. 

  2    pH,    (  NaCl)   , 
    . 

 

 2 –  pH,    (  NaCl)          

№    ± Δ, .   ± Δ, /  
 (  NaCl) ± Δ, 

/ 3 

1 №4 8,5 ± 0,1 442 ± 18 210 ± 9 

2 №5 8,1 ± 0,1 1177 ± 47 564 ± 23 

3 №6 8,2 ± 0,1 458 ± 18 218± 9 

 

,         ,     ,    
  ,      .     

  (  NaCl)  . 

          .  
  -           

[9].    25  (  )         
   3  4. 

 

 3 –            

 . ., / 3 
, / 3 

№1 №2 №3.1 №3.2 

Al 0,04 0,044 0,009 0,017 <0,01 

Ba 0,74 0,106 0,096 0,139 0,090 

Be 0,0003 
<0,0001 

Cd 0,005 

Co 0,01 <0,001 <0,001 <0,001 <0,001 

Cr 0,02 <0,001 <0,001 <0,001 <0,001 

Cu 0,001 <0,001 <0,001 <0,001 <0,001 

Fe 0,1 <0,05 <0,05 <0,05 <0,05 

Mn 0,01 <0,001 <0,001 <0,001 <0,001 

Mo 0,001 <0,001 <0,001 <0,001 <0,001 

Ni 0,01 <0,001 <0,001 <0,001 <0,001 

Pb 0,006 <0,001 <0,001 <0,001 <0,001 

Sb - <0,005 <0,005 <0,005 <0,005 

Se 0,002 <0,005 0,010 <0,005 <0,005 

Si - 5,19 7,15 6,58 6,24 
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  3 –            

 . ., / 3 
, / 3 

№1 №2 №3.1 №3.2 

Sr 0,4 0,233 0,385 0,287 0,151 

Ti 0,06 <0,001 <0,001 <0,001 <0,001 

V 0,001 0,0031 0,0036 0,0032 0,0026 

Zn 0,01 0,021 <0,005 <0,005 <0,005 

Ca 180 105 117 135 123 

B 0,5 0,031 0,030 <0,01 <0,01 

Mg 40 12,5 16,3 13,2 11,1 

Ag - <0,005 <0,005 <0,005 <0,005 

Tl - <0,005 <0,005 <0,005 <0,005 

As 0,05 <0,005 <0,005 <0,005 <0,005 

 

            
        3  4     

  Д10Ж. 
 

 4 –           

 . ., / 3 
, / 3 

№4 №5 №6 

Al 0,04 0,011 0,014 0,012 

Ba 0,74 0,042 0,064 0,056 

Be 0,0003 
<0,0001 

Cd 0,005 

Co 0,01 <0,001 <0,001 <0,001 

Cr 0,02 <0,001 <0,001 <0,001 

Cu 0,001 <0,001 0,014 0,002 

Fe 0,1 0,028 0,015 0,042 

Mn 0,01 0,002 0,008 0,004 

Mo 0,001 <0,001 <0,001 <0,001 

Ni 0,01 0,005 0,007 0,005 

Pb 0,006 <0,001 <0,001 <0,001 

Sb - <0,005 <0,005 <0,005 

Se 0,002 <0,001 <0,001 <0,001 

Si - 3,34 9,85 5,15 

Sr 0,4 0,339 0,496 0,354 

Ti 0,06 <0,001 <0,001 <0,001 

V 0,001 0,0013 0,0091 0,0028 

Zn 0,01 <0,005 <0,005 <0,005 

Ca 180 151 370 161 

B 0,5 0,040 0,071 0,051 

Mg 40 10,7 23,0 11,3 

Ag - <0,005 <0,005 <0,005 

Tl - <0,005 <0,005 <0,005 

As 0,05 <0,005 <0,005 <0,005 

 

             
    ( i).      5  6. 

 

 5 –     (Ki)        

 
Т 

№1 №2 №3.1 №3.2 

Al 1,11 0,21 0,42 - 

Ba 0,14 0,13 0,19 0,12 

Sr 3,88 6,41 4,79 2,52 

V 3,10 3,60 3,20 2,60 

Zn 2,14 - - - 

Ca 0,58 0,65 0,75 0,68 

B 0,06 0,06 - - 

Mg 0,31 0,41 0,33 0,28 
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 6 –     (Ki)       

 
Т 

№4 №5 №6 

Al 0,28 0,35 0,29 

Ba 0,06 0,09 0,08 

Cu - 1,23 1,67 

Fe 0,28 0,15 0,42 

Mn 0,18 0,78 0,43 

Ni 0,49 0,71 0,54 

Sr 0,85 1,24 0,88 

V 1,3 9,1 2,8 

Ca 0,84 2,06 0,89 

B 0,08 0,14 0,10 

Mg 0,27 0,58 0,28 

 

,             
    ,       6 : V, Sr, Cu, Zn, Ca, 

Al.          :  
 i=9,1    №5 (  ),     2,5  ,    

     №2 ˗ i=3,6 (   ).      
       (Ki  2,5  6,4).   №1 (   ) 

   Zn ˗ Ki = 2,1,   №5  6     –  Cu Ki=1,2  1,7 
. 

              
 (  7).               

 Al, Ba, Sr, V, Ca, Mg,      – Al, Cu, Ni, Sr, V, Ca. 

 

 7 –            

 

.   .  

№1 №2 №3.1 №3.2 №4 №5 №6 

6,1 7,2 6,2 5,0 2,1 9,6 5,4 

 

             
 .         , ,   

      ,    
  ,         . 

  

 

     ё         
.          .   

    ,    . 

 -     25   (   
 ).  

,              
  ,       (  NaCl)  . 

,           
         ,      

    6 : , , , , , .      
    :     1,3  9,1.     

         ˗     2,5  6,4.  
 №1 (   )      – 2,1 ,   №5  6 (  ) 

–   – 1,2  1,7  .  
              

   .       , , , 
, , , , .        

         .  

  
 . 
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