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 (61, 62). 
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     ,   
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0,2  30 mg/kg           -
 (76). Buendía-Valverde  . (77)   -

 , .       
   .    Rosaceae 

    ,    0,6, 
   Polygonaceae  0,04.    

, 0,8,     Solanaceae,     
     .     -
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   1000 mg Li/kg (78).     -
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         -

    ,      
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  ,     -
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 (60).
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   ,   
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  , ,    , 
  ,  ,  

.   ,    
      /  -

  (81). 

       -
  ,       Pencillinum  

Aspergillus         
.

         
     .    

   (  17,5–24 mg/L)  ,  
  ,      

;   24 mg/L     
 (62).     

LiCl         
,        

   (82).      
   ,    ,  

          
 (83).       

  14,3 g/kg   (61).   
,      
        (84).

       
,       

       
  .      

    ,     
   . ,   
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     ,  

a  (85).    
        

;      
80% ,   20%   . 

    

 (B)  ,      
,     15 mg/kg   

.         5  
30 mg/kg      .   

          
     .  

 ,     ,  
,    (86).     

 (Na2B4O7  10H2O),  (Ca2B6O11  5H2O),  
(NaCaB5O9  8H2O),  (Na2B4O6  3H2O)    

 .        
        ,  

     . 
        

        .

   ,       
,        

   (87). 

       
 ,  ,  

  ,         
  4,5 mg/L,         

     (88, 89).   
        

          
 .          

  ,       -
  (86).      

     300.000  
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  .        
 ,        

       . 
       .

       . 
    1,5   

        
, ,  , , 

  , ,  , 
       (90).  

         
,        

,      
   ,      
       (91, 92).  

        
,          , 

      509 mg/kg (93). 

       0,5 (  )  80 
ng/m3 (    20 ng/m3),    10 o 300 
mg/kg,     30 mg/kg.   

        0,1 (  
)  0,5 mg/L,        

     . 

  

       -
       .    

13.  ( ,   , IIIa )  
        (94). 

       ,  -
       

 .
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  10  11      20 : 80,   

     10,81 g/mol (95).   -
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   ,        (96). 
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 B(OH)4-,       -
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 ,     ,  
    : B 2

-, B4 7
2-, H2B 3

-  B(OH)4
- (97).

-        

       -
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 ,   .     -
   65%–85%      -

    4,6 mg/L,     0,52 mg/L 
    9,57 mg/L  .   

        
, , ,      -

 .       -
    .     

 ,          
 .          

    ,     -
     (98).

      , 
 ,   ,   -

   .     
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 :  , pH   . -
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        . 
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       (99). 
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         -

.        , 
: 1)   , 2)   

 , 3)   , 4) -
        

5)     .     
    pH    7,  -

       pH.   
         pH 

  7,        
   (100). 

        
           

  .       -
,      ,   

      .  
          

      (101).     
      ,  

,  ,  ,  -
    .     -
        -

 .       , 
          

      -
.          

       -
    ,      

     (60).

,     . -
         -
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 ,     -
  (102),     -

       . 

       -
     0,5 mg/kg.  -

         
:         -

 .

       -
   pH .      

   pH  7.    
     pH.   

         . 

   ,    -
;    , ,   -
,       (60).   

  ,       
     . , -

      , 
  ,     

       -
.       (   

  )      
  : (1)   

        
, (2)    (3)     

     /  . -
          -

 0,3 mg/L     2–4 mg/L     
   .

     Pinus sp.,    
   ,     -

          
(86).          -

       -
      (60).     -

   ,     
      (103).   
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   , ,   
    

         
.

 

         
   .    

     Oncorhynchus mykiss.  
        1 

mg/L     (86, 92).     
  ,    

   (Americamysis bahia)      
     ( )     

      . 

  ( )    
        

       3%   
  .      Scendesmus 

quadricauda  0,16 mg/L,    Entosiphon sulcatum 0,28 
mg/L. o      

     10 mg/L    
(93).

   

      , 
ISO, (104)        

 75 m       ,   
      . 

        
     ,  

,     ,   
      ,  

, , ,   .  
    (105, 106). 

T ,  ,     
   .    
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 ,   2

         
,           

 (107).         
         

  .     
,      

      .    
       (108),  

        . 

 ( . Particulate Matter, PM)    
  ,   .    

      10 m  
100 m,     30 m  

 (109)     
 2,5 m  10 m, PM2,5-10 (110).  , PM2,5,  

   2,5 m,        
0,1 m (109).        

  .      
         
  350 m (105),       

   (111). PM10      
   100 km ,    ,  

PM2,5       ,   
  (112). 

        
,    , a    

     (106).   
     500 m,      

 ,        
    ,     (113).  

  ,      
        

 (108, 114). 

        
   ,     

     ,     
 , International Agency for Research on Cancer 

– IARC,    (115).    
     ,     . 
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,    .  , 
   ,  
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      (39). 
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Chironomidae – 0,44  0,38 mg/kg;  Tipulida – 0,84  

  0,63 mg/kg   ;  Ephemeroptera 
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    1,08 (Gammaridae)   14 mg/kg  
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 ,  

 7

     
   „ “     
      

•    e    (As),  (B)  
 (Li)       

   [LiNaSiB3O7(OH)]     
    . 

•         
     271,5 g/L,  

3617,65 mg/L   735,75 65 mg/L.
•         

        
       0,1 m3/s  0,25 m3/s, 

.
•           

       
     0,26 g/L  969,64 g/L,  

   3,43 mg/L o 12.058,83 mg/L,   
    0,70 mg/L  2.452,50 mg/L. 

•     ,  Chondrostoma nasus, 
 Barbus barbus,  Squalius cephalus   

Alburnoides bipunctatus   .
•        

 ( - )     
    0,08 mg/L,   

2 mg/L    1 mg/L     
 ,    ,    

          
.

•     ,   , 
    , , 

,   ,   
  ,    . 
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 7 ,  

•        , 
  :   Eudontomyzon sp. 

   Zingel streber,        
       .

•        
  NH4

+,   
-       

      
.

•          
   .
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        „ “  
         

, - -   
[LiNaSiB3O7(OH)],   2004.    -

      (  1)     
  .  „ “     

   -  (Li2CO3)    -
  -  .  ,  -

         (BO3
-)  

-  (Na2CO3)      
      ,   -

       .   -
        

        (1). -
    ( )   -
        
    Li2CO3     

     2027. .  -
     40 ,      
  2,3 x 106 t Li2CO3.

        -
         

  271,5 g/L.    2.404,7 mg/L  2.865,9 
mg/L   (Li)  273,5 mg/L  269,5 mg/L   -

        482 m  
     4.600 mg/L  1.200 mg/L, -

        
   (2).   ,    -

           
     -  -

.            
  0,038 m3/s,         

   0,02 m3/s,       
      ,  0,1 

m3/s,         (2).

  . (2024) (3)     -
     ,   -

    53,29–172,70 g/L, 537,73–846,70 mg/L 
 283,38–319,15 mg/L, ,      

         -
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 7 ,  

 (2),         
.

       . 
        

   .   -
    192 m3/s   2001. ,  -

      105,4 m3/s,    -
    8,21 m3/s (4).   (5) -

     0,03 m3/s   2012, 
     219 m3/s  a  2014.  

    7,79 m3/s.    
(6)          

       0,12 m3/s,    -
  6,8 m3/s.      

         -
 (4)          

 .

Rio Tinto  (6)        
      -

            
0,145  0,290 m3/s,    0,23–0,53 m3/s 

        
0,25 m3/s       -

         . 
 ,        

        
      (2) .

         
„ “ (2, 7)         

        -
 ,     .   -

      ,  
      Squalius cephalus (Linnaeus, 1758), 

 Alburnoides bipunctatus (Bloch, 1782),  Barbus 
barbus (Linnaeus, 1758),   B. balcanicus (Kotlík, 
Tsigenopoulos, Ráb & Berrebi, 2002),  Chondrostoma nasus 
(Linnaeus, 1758),  Barbatula barbatula (Linnaeus, 1758), -

  Cobitis elongata (Heckel & Kner, 1858)   C. 
elongatoides (B cescu & Mayer, 1969),     -



~ 110 ~

        „ “  
         

  . 

A         
,      -

 ,       , 
     ,   

      .   -
            

        
,   ( ),     

        -
.    ,    

   (As-V)    ,  
   .    -

      (AsB) 
    .   

       .  -
     0,08 mg/L   -

 (8),        2,25 
mg//L    .   

     ,  
      , -
  ,     

      - ,   -
        9,64 

mg/L    , -
,     (8).   

      
   (9)        

        -
  .

      2 mg/L   
 ,    -

      pH ( )  
DH ( ) .     -

 (Cl-)     4.058 mg/L (2),    
        -

 (10).          -
   , ,    -

    .  ,  
      , -
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 7 ,  

    .   
          

   1 mg/L,    -
          -

    10 mg/L.      -
        

  1,8 mg/L – 14 mg/L  ,  2,4 mg/L – 29 mg/L 
 ,  15 mg/L – 56 mg/L   (10).  
      -
 Pimephales promelas     13 mg/L 

    (10, 11).   
, 24–48-    Danio rerio 

  H3BO3   Na2[B4O5(OH)4]·8H2O  -
 1 mg/L – 64 mg/L     

    (12).   -
   102 mg/L  103 mg/L,    

Oncorhynchus mykiss       
, ,     -

  ,    (13).

     
      1 mg/L 

           
(14).          

      ,     
 ,       -

 . ,   
(Na+, Ca2+, Mg2+, K+  NH4

+)        
  ,       . 

         
        

        
       (14). 

       
      „ “,     -
      (2).     -

  (  ,   
  .),          -
         -
    .    -
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        „ “  
         

       . ,   
      ,  -

  ,       
        

 ,    .

 „ “        
      .  

         -
     .     
         -

     .     
        -

       -
,      . 
           

         -
     .  ,     
         

  ,     
         -

         
.

  

    „ “   -
       2021. -

,    Rio Tinto      
       -

         , 
          

    .     
   ( .     

          
     ,     -

   ),    -
       
      (   -

 )      -
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 7 ,  

 .        
         

      ,  
        

   ,       -
          

        . 
    Rio Tinto (2, 6)      

        
          

 ,       
           

       
         
 .         -

   (3),       ( . 
„ “)         

     ,   
        -

   „ “  (2).

         
     „ “   

 11.  2021.     
 AquaTech IG200 1 (  12 V   

   15A DC,  500 V    
65 P/s).       (  1):  
    (N 44o26’10,36’’; E 19o26’43,80’’), 
    (N 44o30’19,07’’; E 19o24’44,76’’)  

       (N 44o34’51,16’’; E 
19o18’02,0’’).          100 
m ,           

    .    
        

( , , ,  ,   .).   
        (30–

35 C),      .    
     (SL)   0,5 cm 

   („ “)   (m)  
    1 g,      

    .
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        „ “  
         

 ,      -
          -
      (2)    

       
,     ,    

  271,5 g/L, 3617,65 mg/L  735,75 mg/L   
,   ,     -

 .        
(CS)           

 (DS). M    0,07 m3/s    7,60 
m3/s        
    (4, 5, 9),      -

    105,4 m3/s (4).    -
       (D)  0,1 m3/s (2)  

0,25 m3/s (6).       
:

CS=DW/DS*CW

 DW/DS    CW  , 
     .

 1.        
  (1. ; 2. ; 3. ).
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 7 ,  

      
         

   0,1 m3/s        
        -

  0,26 g/L  387,86 g/L,      3,43 
mg/L o 4.823 mg/L,         
0,70 mg/L  981 mg/L.     

    0,25 m3/s,       
          

0,64 g/L  969,64 g/L,      8,58 mg/L 
o 12.059 mg/L,         1,74 

mg/L  2.452 mg/L (  1).

 1.  ,          
          

           
,      .

 
  

( ) 
DS (m3 s-1)

0,1 0,25 0,1 0,25 0,1 0,25

  
  

CW

271,5 g/L 271,5 g/L 3,6 g/L 3,6 g/L 735,7 g/L 735,7 g/L

 - 
  

DW (m3 s-1)
CS [As ( g/L)] CS [B (mg/L)] CS [Li (mg/L)]

 
 DS

0,07 387,86 969,64 4823,53 12058,83 981,00 2452,50

 
 DS

7,60 3,57 8,93 47,60 119,00 9,68 24,20

 DS 105,40 0,26 0,64 3,43 8,58 0,70 1,75

          
    (  2).       

   ,    (Cyprinidae),  
(Leuciscidae),  (Gobionidae),  (Acheilognathidae)  

 (Cobitidae),     -
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        „ “  
         

.         10 cm SL, 
        20 cm SL,   

      15 cm  20 cm SL.

 2.          -
   -  ,    

      

 CYPRINIDAE

 Barbus barbus 10  6 18

 LEUCISCIDAE

 Squalius cephalus 13 11 6
 Chondrostoma nasus  6
 Alburnoides bipunctatus 18  8 7

 Rutilus rutilus 1

 GOBIONIDAE

 Gobio obtusirostris 3

 ACHEILOGNATHIDAE

 Rhodeus sericeus 4 7

 COBITIDAE

 Cobitis elongatoides 1

   ,       
         

       Rio Tinto  
 -    Rio Sava Exploration,   

        
    ,     

 , .   -
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 7 ,  

      -
     .

  0,1 m3/s     -
 ,         
       -
. K        -

 a        (2, 15). 
   0,25 m3/s       -

        . 
       (6),    -

        
,         

         
       50    

     .      
,      ,    

 ,        -
 ,        -

 ,    ,    . 
           

(1, 2, 6)         -
:        ,   -
          -

    (H2SO4). , 
          

  ,       
         

  ,     -
  .         

         
         -

,          ,  
,   ,     

           -
        -

.

          
    ,      

      -
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        „ “  
         

(6)    .     , 
        (3),  

        
         

  ( .   H2SO4) 
      .  , -
,        

       -
 .       

         
,     .

     1,1 g/L, 6,9 
g/L  3,9 g/L  ,        

        (3), 
      

      –     103 
    106     (  1).  -

          
,  1,5 km  .     -

           
        -

     (6),       
   .     -

     (  )  -
  375 m  613 m  15 g/L,      

    1,3 x 104 t   
 .  - -  

         -
      –  .  

   ,    
 ,         

     (16)    -
   ,      

      ,     
  .

        
 ,     

    4  -
        II  , 
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 7 ,  

      (6). ,     
  ( .       -

  )    -
       , 

  ,        
.        

    70%     -
         (6),   
  ,      -

     ,    
  -      

       -
  .    , 

       -
        -

 ,       ,    
     .

       o 0,08 mg/L, 
  2 mg/L    1 mg/L    

  ,  ,  -
        -

      ,   
      - , 
  -   (4).     -

,      ,   
     .   -

       -
    0,7–1,75 mg/L    

       , 
        (13, 14), 
           

 Pimephales promelas (11, 12).       -
         

 ,       
,      

        . 
   2021.      

       -
 (2, 7).        

  (  Eudontomyzon sp.,  Alburnus 
alburnus,   Barbus balcanicus,   Cobitis 
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        „ “  
         

elongata,   Sabanejewia balcanica    
Zingel streber)   ,     -

    :   -
   ,   ,    

    2   .   
         

        , 
   .      

        -
          (17)  

       -
        -
 Pimephales promelas.      

           
      ,  - -

   .  -
          
         . 

   (Cl-)   (HCO3-) -
         -

     ,   ,  
         -

 (4).           
         -

    . ,   
         
          -

         , 
. ,         

    .      
       -

,     (18),     
,       , -

      , 
. .        -

           
.     ,  

,      ,      -
 ,          

 ,          -
    ,      -
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 7 ,  

     .    
       ,   
    ,    

 .         
       , 

          -
  ,    -

   .    
     -  

      (NH4+),    
         

      . -
        -

         
           

       -
 .  ,      -

         
        

       . -
,  ,       
 ,    ,    -

      ,  
    .

     Simonovi , P., Deki , R., Nikoli  
V. (2022), Treatise on assessment of risk on aquatic ecosystem of 
the River Jadar owing to exploitation of boron and lithium in the 
Project “Jadar”. Acta Scientifica Balcanica 3 (2): 23-34. doi: 10.7251/
ASB220302023S.      

     ,   
  (  . 451-03-68/2022-14-200178  

. 451-03-68/2022-14/200007).    -
         

„    “  „ “  .
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      oj -
         ,  

   .    -
       : ,    

   ,  ,    , , 
    .    

          
        -
    (1, 2). ,   

       
  .

       
   .    , -

,         -
     (3).      

           
    ,       

  . ,      
      

 ,       
(4). ,       

      .

       -
       ,  -

        -
  – , , ,     

 ,      (5).    -
       (  -

  ,     -
   ,    ) 
        -

.          
         

      -
  (6). ,    

 ,      -
      , 
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T   , ,      
      

      -
  (7).  ,  ,   -

           
   ,       -

.

         
         -

  „ “    ,   
        

  / .    -
        

   „ “ –    
  (   )  „ “ – 

     ( ).   
 ,      -

,           
         

      ,     
   .    -
,    ,    ,  

        
  ,      /

    ,     
         (8).

       

   –  , , / -

        -
   ( : Ambystoma punctatum 

– a A. maculatum, A. tigrinum,     
Ambystomatidae;      (Ranidae): Rana 
clamitans – a Aquarana clamitans, R. sylvatica – a Boreorana 
sylvatica, R. catesbeiana – a Lithobates catesbeianus/Aquarana 
catesbeianus  R. pipiens – a L. pipiens)   

  (   0,17%–0,7%)  
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 8 - ,  

 (       -
 ,       , -

     , ,  
 ) (9).     -

        
  (10).  4- , 32-  
     (Rana ridibunda –  

Pelophylax ridibundus,    Ranidae),    
     - , -
      .  

          
  ,   o 
,         

   (10).     
       

    (Xenopus laevis,  
Pipidae)      -

        -
.   -    
  100 mg/L       

:          
       ( ) (11). -

          -
       

     (12).  -
       –   -

       
 .     

         -
 . 

       
  -     -

      Lithobates 
catesbeianus (  Aquarana catesbeiana)    

 (Ranidae),       -
  (       – Pelophylax 

ridibundus,    ,  P. lessonae,   -
 ,      – Pelophylax kl. esculentus, 

   ) (13). Lithobates catesbeianus -
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T   , ,      
      

          
         -

  (14, 15).   L. catesbeianus 
         

,         , 
         
  ,      -

    . Lithobates catesbeianus -
       ,  

     .   
        -

    L. catesbeianus     
    ,       

 . 

Pinto-Vidal      -
 L. catesbeianus    -  -

      2,5 mg/L (16, 17).  21. 
         -

    26%     (   
      - ),  

      55%     
  48%       ; , 

a      ( -
)         

 -  (16).   , 
  ,    -

    L. catesbeianus   -
   -    -
,   :      

       -
     ,    -
;        

       ,   -
        

 (16).

       -
  -      -

        
(Bufonidae) – Rhinella arenarum,      
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 8 - ,  

,         -
       (Bufo 

bufo)   ,        
   (18, 19).  R. arenarum  
        

    (2,5 mg/L ) (20).  
    (   

 – ),     -
,  (   ),  

      
   (  48   )   

  .   
-        -

    119,09 mg/L   72 
   56,51 mg/L   96  ,  

     50%    319,52 mg/L 
  72   66,92 mg/L   96  . 

       48  
(  )      412,5  321,75 mg/L 

.

   –   ,  
 

      -
      ,  -

       
      .  

  , ,     -
      (Pelophylax ridibundus) (21).

       

   –  , , / -

       
  (Xenopus laevis)   -
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T   , ,      
      

   (5,0; 7,5; 10,0  15,0 mg /L ,  
   28,5; 42,8; 57,0  85,5 mg  -

/L ) (22).      
     .

   –   ,  
 

     ,   
    (   

   )    
  (Xenopus laevis)     

      (23). 
         

   50 mg/L      -
       ,    

     .    
    100 mg/L   500 mg/L 

,           
      -
.         

        
 (   )   -

      -
.      500  

 mg/L        -
   ,    ,  -

 .     
          -

     . ,  
  1.000 mg/L       

    ;   -
        

      , , ,  
 .

       
        -

        
       . -

        -
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 8 - ,  

 (Xenopus laevis)    -
  (5,0; 7,5; 10,0  15,0 mg /L ,   

  28,5; 42,8; 57,0  85,5 mg  /L ) 
(22).         

 15,0 mg/L        
  –      , 

       -
         

    .  
     .   

          
       

      10 mg/L . 
            

        -
 ,       

    . 

       

   –  , , / -

    – - , 
NaAsO2 –   ,       

      Hynobiidae 
–   (Hyn bius leechii)   -

   (Onychodactylus fisheri) –   
       

   (24).        -
  - .      

          
   (  p53).   -
      ,    

   /     
.

  (      
(HNa2AsO4)     10  1.000 g/L )  
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T   , ,      
      

      Rana 
pipiens (  Ranidae),       

    ,      
    : 10 g/L, 20 

g/L, 150 g/L, 500 g/L  1000 g/L (25).     -
       -
        .

        -
-         -

     (Rhinella arenarum) (26).  
       -

  0,01 mg/L  15 mg/L.      
    24,3 mg/L    

 .      -
          

       
  . ,   
,     ,   -
 ,      .  -

   ,  -
     , 

      
     .  

,        NaAsO2,  
  4  17      46 mg/L  50 mg/L, 

   50%     (27). 
       -

  (30 mg/L)    NaAsO3   -
   .

      NaAsO2   -
  100  400 g/L     

  (Rana limnocharis,  Ranidae) –  26.  
28.      (28, 29).  

       -
-   200 g/L  400 g/L  , 

        
  ;        

   . ,  
  NaAsO2  100 g/L  400 g/L 

     .
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 8 - ,  

        Rana 
hexadactyla (  Ranidae)   (30).   -

   50%      96  
    0, 249 mg/L.

       -
       -

    Anaxyrus boreas 
(  Bufonidae)    -

 (31).        
    (3866,9 mg/kg  , 

 315,0 mg/kg  ).    -
  ,        

         -
.         

       -
   .    

          
   .   

          -
      , 

       
.

   –   ,  
 

    – - , 
NaAsO2,        -

 (Hyn bius leechii)      
(Onychodactylus fisheri)       

    (24).     -
  ,    ,  

        , 
  53      

     .    -
,          
       

       -
     

.
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T   , ,      
      

      -
       -

    (Fejervarya limnocharis,  
Dicroglossidae)   (32).    

         
  0,35 mg/kg       -

  ( ).

    

     Rana catesbeiana 
(  Lithobates catesbeianus)      -

     -
   2,5 m     -

  ,     ,   
     (33).    

       
          -

   .   -
     , , -
  .

      -
 , ,    , -

   ,       
        
,    .   ,  

 ,    ( ,   -
  ),      
.      

    .    
      -

,         
       
    .  -

 ,        -
   ,   -
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 8 - ,  

          -
 (         -

),      . 

      
         -

  (34–38).      
          , 

,        
        

    (Ranidae)    (Bufonidae), 
 , ,      -
,  je      -

         
(39).      

    ,   
   ,       -

       ,    
  ,         

  ,       -
   ,    -

  (40, 41).     
    ,  -

      , 
         -

  .

      ,   
     ,   

      -
          

;    ,  ,  -
   (Bufonidae)   (Bombinatoridae) (42). 

,       -
       , -

    , ,      
,   ,    -

       -
 (42–45).     
        -

 ,        
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T   , ,      
      

        -
   ,  ,   

 / ,       
    .

1. Dunson WA, Wyman RL, Corbett ES. A symposium on amphibian de-
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