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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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   5,0  (60). Wallace  . (79)   
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         -

    ,      
 . 
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      4  40 mg Li/kg  -
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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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   .     
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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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 ,   2

 ,     -
  (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 
– 1,98  0,60 mg/kg,   Helobdella sp. – 1,07  
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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).    -
         

„    “  „ “  .



~ 122 ~

        „ “  
         

1. Rio Tinto (2021). Project Jadar. https://www.riotinto.com/operations/
projects/jadar (  15  2022).

2.  (2021a).       
      . : Rio Sava 

Exploration.
3. or evi , D., Tadi , J. M., Grgur, B. et al. (2024). The in  uence of explo-

ration activities of a potential lithium mine to the environment in West-
ern Serbia. Sci nti  c Reports. 14: 17090. https://doi.org/10.1038/
s41598-024-68072-9

4. , ., , ., , .  , . (2012). 
  HBV       

.  44: 257-263.
5. , .  - , . (2019).   

       
    „ “.    

    . :   
      , 

    , .
6.  (2021b).      . 

 . : Rio Tinto Group.
7. , ., , ., , .  , . (2003). 

      
 „ “   2003–2007. . : 

   –  .
8. Malik, A., Khalid, F., Hidait, N., Anjum, K.M., Saima, Razaq, A., Azmat, 

H., Bin Majeed, M.B. (2023). Arsenic Toxicity in Fish: Sources and Im-
pacts. In: Imamul Huq, S.M. (ed.). Arsenic in Environment – Sourc-
es, Implications and Remedies. http://dx.doi.org/10.5772/inte-
chopen.1001468

9. Byeon, ., Kang, H.-M., Yoon, C., Lee, J.-S. (2021). Toxicity mecha-
nisms of arsenic compounds in aquatic organisms. Aquatic Toxicolo-
gy. 237: 105901. https://doi.org/10.1016/j.aquatox.2021.105901

10. ANZG (2021). Toxicant default guideline values for aquatic ecosys-
tem protection: Boron in freshwater. Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality. CC BY 4.0. Canberra 
and Oukland: Australian and New Zealand Governments and Austra-
lian state and territory governments.

11. Eisler R. (1990). Boron Hazards to Fish, Wildlife, and Invertebrates: 
A Synoptic Review. Biological Reports 85(1.20). Contaminant Hazard 
Reviews, Report 20. Washington: US Fish and Wildlife Service.



~ 123 ~

 7 ,  

12. Soucek D.J., Dickinson E. and Koch B.T. (2011). Acute and chronic 
toxicity of boron to a variety of freshwater organisms. Environmental 
Toxicology and Chemistry 30:1906–1914. https://doi.org/10.1002/
etc.578

13. Gü lsoy N., Yava   C. and Mutlu Ö . (2015). Genotoxic effects of boric 
acid and borax in zebra  sh, Danio rerio using alkaline comet assay. 
EXCLI Journal 14: 890-899. https://doi.org/10.17179/excli2015-404

14. Topal A., Oruç  E., Altun S., Bu  rahan Ceyhun S. and Atamanalp M. 
(2016). The effects of acute boric acid treatment on gill, kidney and 
muscle tissues in juvenile rainbow trout. Journal of Applied Animal 
Research, 44(1):297-302. https://doi.org/10.1080/09712119.2015.1
031784

15. Tkatcheva V, Poirier D., Chong-Kit R., Furdui V., Burr C., Leger R., Parmar 
J., Switzer T., Maedler S., Reiner E., Sherry J. and Simmons D. (2015). 
Lithium an emerging contaminant: Bioavailability, effects on protein 
expression, and homeostasis disruption in short-term exposure of 
rainbow trout. Journal of Aquatic Toxicology 161:85-93. https://doi.
org/10.1016/j.aquatox.2015.01.030

16. JCWI (2019). Jadar Mine, Jadar Project, Wastewater Discharge Study. 
Jaroslav erni Water Institute, Final Report.

17. Kaczor, D. (2006). The salinity of groundwater in Mesozoic and Ceno-
zoic aquifers of NW Poland – origin and evolution. Studia Geologica 
Polonica 126: 5-76.

18. Simonovi , P., Povž, M., Piria, M., Treer, T., Adrovi , A., Škrijelj, R., Ni-
koli , V. and Simi , V. (2015). Ichthyofauna of the River Sava system. 
Pp. 361-400. In: Mila i , R., Š an ar, J. & M. Paunovi  (eds.). The Sava 
River. The Handbook of Environmental Chemistry, 31. Springer-Verlag, 
Berlin-Heidelberg. https://doi.org/10.1007/978-3-662-44034-6_14

19.  (2010).       
     ,  

 .     5/2010; 47/2011; 
32/2016  98/2016.



~ 124 ~

 - ,  

 8

T   , ,   
       

  

•   ,   , 
   ,    

    ,     
  ,    . 

     ,  
        

 .     
     .



~ 125 ~
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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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