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    .     

 (  2 / ),       ,  

 (2-14  )  .    ,  

    -  ,    , 

    .       

  ,     . 

    ,    

   ,     

.          -2.  

 2016 .        

  ,     .  2018 – 

2019 .          

  ( )     

 Spyrogira sp.,        

        

.        

    .      

  2018-2019 . .     ,  

      .  

        . 

       

 (   )    [45],  

        

        

       .  

  –       

      .    

    .   : 1)  
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 , -        

      ; 2)   

      ; 3)   

, -         

         

    ,    .  

      .  
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 1  Ы 

1.1  

  « »  . .  «...  

       , 

  ( )      

    » [6]. ,    

    ,  ,  

 ё         

   ,   

ё   [7]. 

    ,   ,    

      19-  .     

 , ,        

 .  (1900).       

 3 : 

1)   ,   ,   ; 

2)   ,    , —  

; 

3)     ,       

     [57]. 

       . .  

(1950).           

       ё   : 

1.    ,        

,    1)   2) . 

2.        ,  

    .      

. 

3. -   —     [57]. 
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 ,         , 

 ,     , ё  . 

.  (1961): 

1-   — -  ,    

  ,   ё     ,    

    . 

2-   —  ,     : 

)   )   —      

 ;   . 

3-   —   . 

4-   —     . 

5-   —      . 

6-   —  ,    

 (Agrostis stolonifera, Carex acuta, Galium palustre, Persicaria minus). 

7-   —       

(Eleocharis acicularis). 

8-   —  .    ,   

    (Bidens tripartita, Deschampsia caespitosa  .) [57]. 

      

   [36].    

         : , 

,     [37].   

   ,   

,    ,    

 ,         

        [57]. 

       , 

         [48]. 

          

 .       

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/macrophyte
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/ecosystems
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/primary-productivity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/primary-productivity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/nutrients
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/habitats
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/macroinvertebrates
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mammals
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   ,       

           

 [50]. 

        -

  -         

     ё  : 1)  

 ,       ; 2) 

   ,      

     ; 3)   -

  ,     

  [13]. 

        

 [13].        

  ,      

      -    

 -   /     

     .    

    ,    

,    - ,   

            

 [39].          

     , , , 

      .    

  ,     ,   

        -  
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( , ,  , ),   

        

 .      

        

       [39]. 

       

            

   .      

     :   

.   ,    

     .      

  ,       

   .   ,   

      .     

         

  ,       [40]. 

 

1.2  
 
    (  . aqua –   cultura – , 

) –    ( )      

( , , , , )   

     ,      

         

  ,      

  [1].  

         

  .      
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 ,         

          [1]. 

       , 

       : 

,   ,     

   : , 

   [2].   ,   , 

    ,    

,      20%      , 

        , 

     [4]. 

          

    -  [3]. 

 ,    ,   

        

   .   ,     

  (         

)    ,   ,  

          

[5]. ,    ,   :  97% (  

N),  98,7% (  P)  90%    (OC). 

    37% N, 10% P  15% OC, . 

N, P  OC    ,     

52 %, 76 %  65% .       

2,22 ± 0,66   N, 0,40 ± 0,15  P,  21,01 ± 6,4  OC   

  [4].  ,    

     . 
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1.3  

       

       [13].  

         

,         

      ,    

 . ,     

         

  100 / ,   50 /  [14]. 

 ,       

,        

.   N      

       

 (   )   . 

 -   

( )    (  

 ,     )   

N  ,         

. ,    NH4
+–N  NO2 -  

 NO3
- – N       

  .      -  

  NO3
- – N  NO2

-, NO  N2O  N2,   

  ,    

   [29].  

 N      

.       

 190  240       ,     

  120          [27].  

 N        ,  
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   ,      

 [27]. 

          

.   ( , , ,  

, ),        N [29]. 

 N       ,   

  ( ,    ). N 

   NH4
+-N  NO3     

,      .   

,    ,    

     ,   

,    . N    

    ,    

( , A   AT ),   (   )  

  ( , ).     N-  

    ,      

    [30]. 

  ( ) —    р- ,   

.      ,   

  — ,    .  

        

. , N,     2-  , V-A  [29].  

     ,   , 

,      [32]. 

  P    N,   P    

 -     .   

        , , ,  

  .  P        

    ,      

  .   , P        
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   .     P   : 

    .     

      ,   

  .        P 

          (H2 

PO4 
-, HPO4

2-  PO4 
3-)      [33]. 

     P,   

,   :    ,    , 

  ,      

    . [34].      

  50 / ,      [35].  

  P     ,   

       [36]. 

  P     

   ,    « »   

,    ,    

  [34]. 

   –   ,  

        .  

      ,   

        [36].  

    , , N      

 ,  ,       

,   ,    ,     

,   ,      pH,   

    N   [17]. 

 

1.4.  

  ( )       

      -   .   
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        , 

     .   

   20,   (>5 / 3)   

   .    

       ,  

 ,   ,    

    [26].     

 ,     40  , 

         

(   - , , , , ,   .) [52]. 

 -   ,   , 

, ,      

    [39].   

  (Kabata-Pendias, 2011; Handbook of plant nutrition, 2015 .  

Anishchenko et al., 2020)        

:  (  )   (K, Ca, Mg, N, P, S, 

C, Mn, Fe, Cu, Zn, Mo, Ni, B, Br, Cl, F, I, Rb, Si,  Na, Al, Co, Ti, V)  

 (         

)  (Pb, Cd, Tl, Be, Ba, Bi, Sn, Sb, Sr, Cr, Li).» [43].  1970-  ,  

 ,      

   .      

           

  [43].      

 ,      

.     , , 

  ,      ,    

 ,      [44]. 

,       ,  

  .     

 ,    ,  
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  ,   / , 

 , ,     [45].  

        

   Ulva lactuca     

   (Mn),  (Fe),  (Cu),  (Zn)   (Pb). 

        

 [17]. 

         , 

        

    ,     

[15]. 

        , 

   (Cu),  (Pb)   (Hg).   , 

     ,  ,  

 ,        

     [21].  

  ,         

        . 

   As, Co, Cr, Cu, Fe, Mn  Ni   

 ,         - 

 ,       [22]. 

        ,  

     .       

,    Fe, Mn, Zn, Cu, Mo , , Ni [47]. -

 ,   , , ,    

        [46].  

  , ,      

      Azolla filiculoides, 

      .  , 

     30%     

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/animal-excrement
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/volcanism
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/fuel-combustion
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/oil-spill
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/aquifer
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 1,5   95%    3,5  4,5.  ,  

     ,     

    30%    ,  

     400 / .   

 ,      90%   

 10  50 ° ,    (4–8 / )      [45]. 

          

   Elodea canadensis  Potamogeton natans.  

,         

 . Al, Cd  Pb       

.  Eichhornia ,   Cd   

      ,     (72 

).     2  5  ,    ,   

 pH  ,        

 [52].       

     Cr6+  . 

,      (  ,  

,  )    Cr6+  

  pH ,  6,    – pH = 12.  pH  

         Cr6+ [49].
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 2   Ы  

2.1.   я 

 

    (55°59' . ., 92°51' . .)   

 .       .   

    ,     

.        ,  

         ( . 1). 

 
 

. 1.          [52] 
 

        

,         

 .        
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.  

         

    ё     

2.  ,         

.    -  . -   

   ,   35    

,     .  

        

[52]. 

          

-  2019   4    .     

    3 . 

 1 -    ,      

  , 500   ,  ,  

   ; 

 2 –      ,   ,  

      ,    

,     ; 

 3 –      500   2,   

     2,  ; 

 3  –        3,  

  ,  ; 

 4 -    ,    

,  500    ,    , 

 . 

  2019    ,  ,   

   ( . 1).    

    3  4    ,    

, ,      1.  ,    
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 3  4   ,   . 1,    

    ( . 1)    5 ˚ ,   

    ,   [55].  

           2.  

 

 1. -     

   , -  2019 . 
/   №  , 0   , 

2 /  
28.05.2019 1 9,5 8,4 11,4 

2 9,5 8,5 9,3 
3 21,8 8,2 10,2 
4 19,0 9,0 10,9 

27.06.2019 1 15,6 8,4 11,1 
2 17,7 8,3 10,4 
3 25 8,3 9,8 
4 26,1 8,7 12,1 

23.07.2019 1 12,9 8,3 11,1 
2 14,7 8,0 8,7 
3 21,1 8,5 9,4 
4 22,3 8,6 10,3 

27.08.2019 1 16,1 8,2 10,0 
2 15,2 7,8 7,6 
3 24,8 8,0 7,6 
3  24,5 8,0 9,4 
4 23,4 9,4 18 

10.09.2019 1 11,7 7,9  
2 12,2 7,8  
3 18,8 7,8  
3  19,0 7,9  

4 17,9 8,6  

1.11.2019 1 6,9 7,4 8,2 

2 7,1 7,7 6,8 

3 14,4 7,8 8,0 
3  10,3 7,9 7,2 

4 13,2 7,6 7,1 

15.11.2019 1 2,1 7,7 6,1 
2 3,8 7,4 6,1 
3 10,8 7,4 12,6 
3  7,7 7,4 12,8 

4 10,5 7,4 12 
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 pH  –         

      .    

     7-8,        4 

    ,   9  .  

      , 

  2  10,9  12,1 /     4,   

      10,3,      

     18 /  ( . . 1).   

       3.   1     

  , 1 ,   ,   

 8,2 / ,  15     6,1 / . 

 

2.2.    

2.2.1.   

         

   ё  .     

           

  30 30  [54]. 

          

.      Long-Stem 

Thermometer, F/C, 8 (Cole-Parmer, ),    – 

 HI 9142 (Hanna Instruments, ), pH –   

 pH-  PB-11 (Sartorius, ).     

 01.11.2019  15.11.2019     

      [52].  

   (    )     

   ADCP  (614.4 ) WorkHorse Sentinel 600 (RDI 

Equipment, ).     .  

       [52].  
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      . 

     25.07.2019 – 01.08.2019    

 I, II     III , IV, V, VI , VII , VII ,   

 1    2. 

 
 2.   (  ± )  6   2  

(25.07 – 1.08.2019)   . .  
  

/ 
 

 
 

 
 

( ) 

     
( / ) 

 

I 1.9 483.9 ± 20.8 

II  1.4 463.3 ± 20.9 

III  2.3 551.4 ± 27.6 

IV  1.8 356.9 ± 51.1 

V 2.7 457.1 ± 21.1 
VI  2.1 416.4 ± 21.7 
VII  1.0 536.8 ± 45.7 
VIII  1.3 480 ± 32.2 

 

    (   ), 

   2,    360 – 550 /     

      (F = 1.84, p < 0.075). 

 

2.2.2.    

       

      100 .   

    :   –  

     440  [53];  

      [24]  

,      ,  

  ,      

, ,      1- , 

   .    
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     520 .    

    0,002 / 3. 

        

  [23]  ,    

        

     .  

    520 .  

        

 [25]  ,    

         

 ,    

        

  .    

    882 . 

         

    : Spirogyra sp., Elodea canadensis, Myriophyllum 

verticillatum, Ceratophyllum demersum, Potamogeton perfoliatus.   

        

 .      , 

         105 ,  

   .      

 ,     

         105 .  0,2  

      ,  7   

       « -6» (  

« », - ),    : 

      , 

      ,  

  ,       

  .        
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    : 1) t - 150ºC, P – 15 ; 2) t - 180ºC, P – 20 

. 

        

          

 105 ° .     0,2     

   100      

       (1:1)   . 

   (Al, Ca, Cd, Co, Cr, Cu, Fe, K, Mn, Mg, Na, Ni, 

Pb, Sr, Sb, Tl, Ti, V, Zn)         

      -  

 iCAP 6300 Duo (Thermo Scientific, ) [16].   

  -     3. 

           

     10 .     

     Flash 2000 NC Soil Analyzer 

(Thermo Fisher Scientific, ).     

       , 

        

   .      

  ,    900°    . 

  ( )      

.     -  ( )   

   (t 680ºC),   

.     CO2  N2 ,   

   ,   ,    

   .   

.         

   .       

    .  
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 3.   ( / ) -   , 
   .  

 λ, nm    

Al  396.152 0.0002 - 0.0002 
 394.401 - 0.01 - 
As 189.042 0.001 0.001 0.001 
B 249.678 0.0003 0.0003 - 
Ba 455.403 0.000006 0.000006 0.000007 
Ca 317.933 0.004 0.002 0.003 
Cd 214.438 0.00009 - 0.0001 

  228.802 - 0.0003 - 
Co 228.616 0.0002 0.0002 0.0002 
Cr 267.716 0.0002 0.0002 0.0002 
Cu 324.754 0.0001 0.00009 0.0001 
Fe 259.940 - 0.002 0.0001 
  271.441 - - - 
  238.204 0.0001 - - 
Ga 417.206 0.0004 - 0.0004 
K 769.896 0.03 0.02 0.03 
Li  670.784 0.000005 0.000004 0.000005 
Mg 279.079 0.04 0.03 0.03 
Mn 257.610 0.00003 0.0004 0.00003 
Mo 202.030 0.0003 0.0004 0.0003 
Na 589.592 0.005 0.003 0.004 
Ni 231.604 0.0005 0.0005 0.0005 
P 213.618 0.002 - 0.03 
  214.914 - 0.02 - 
Pb 220.353 0.001 0.001 0.001 
S 180.731 - 0.3 - 
 182.034 0.6 - 0.4 
Sb 206.833 0.0009 - 0.003 
Sr 421.552 0.000005 0.00007 0.0008 
Ti 334.941 - - - 
  337.280 0.00008 - - 
Tl 190.856 0.0009 - 0.0009 
V 268.796 0.0002 - 0.0002 
  292.402 - 0.0001 - 
 Zn 213.856 0.0001 0.0001 0.0001 

 

       

 PAST (Paleontological Statistics).    
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   ,     

    - ,   

 . ,      

      .  
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     .  

    ,  ,   

  [55].       -  

   , ,  2011-2012 . 

      . ,   

 ,   ,    

 [69].     ,   NH4  NO3  

  ,   NO2     

  4,        3 . 

        ,  

      ,   

    2,5 .       

,    .    

   Mn, Fe, Co, Zn (  4 ), Sr (  20 ), Mo,  

 Pb      2  .  

 2005-2007 .        

.   .  ( -  ) [72].    

       . , 

,  Ca, Mg, Fe, Mn, Cr, Pb      

,   Pb   4  ( .16).  K, Na, Zn, Cr 

,    ,   Zn  .    2 , 

 Cr  6  ,      . 

  Cu  Co   ,     

         

 [72].  

 

 16. -       . , /  [72] 
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K Na Ca Mg Fe Cu Zn Mn Cr Ni Pb Co 

0,64±0,
02 

2,66±0,
13 

21,49± 
1,45 

3,41± 
0,32 

0,081± 
0,02 

0,004± 
0,002 

0,012± 
0,002 

0,007± 
0,002 

0,003± 
0,002 

0,0053± 
0,00014 

0,00014
± 
0,00005 

0,00015
± 
0,00008 

 

2003-2012 .         

     .  [71].    

  ,    .  

,       ,   .  , 

  ,    –  . ,   

    11  ,    

  2  –     .  

 ,   ,      

 .  

           

  ,       , 

  2003-2004 .  ё   ,    

  . .       

     -   

,  ,      .   

      0,10  0,58 %,  , 

      [60].  

  [60]   ,    

   ,  ,    ,  . 

    .       

    1,24-7,46%,    

  Potamogeton perfoliatus.  

         

    . ,    

  (  )    

 .   ,   
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. ,      

 ,        [62]. 

      . 

       

     2010  [63].   

  Mn, Co, Cu, Zn,   ,   

     ,     

       ,   

 Co (23,4 / ).  

        

    [73]  ,     

      Mg (98,4%)  Co (90%). 

        

        .     

,          

 ,     . 

   -     

,  ,      

 .   [68]    

         

 .   [69]     

         

      

. 

 ,        

 .       3  4. 

       

,    .    

     ,   

 .  
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  ,   u.  

     1, 3  4.   

 ,       

,  , , -     

-          

 .  

      0,15  0,30 %. 

     ,   

 .      2,3-3,91%,  

,      .   

 ,        

,   , ,  ,   

         

 [66, 67].        

 ,   37,94 %.   

     ,    

     3  4.       

 3        .  

        ,  

       .  

   -     

    3  4.  ,   ,  

 ,        -  

 ,       

      .  , 

      ( )   

( )  -       

       .   
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Ы Ы 

1.          

     ё   

 u.    (Ca, Cu, Li , Mg, Mn, Sr)  

   ,    , 

  ,     . 

2.       6  

   (  ),    

 ,      Spirogyra sp.    

     ,   

 .       

  ,      

.  

3.       

   ,     . 

4.  P, Ba, Ca, Cr, Cu, Li , Pb  Zn    

 Al , B, Ba, Ca, Cr, Cu, Fe, Li , Na, Ni, Pb, Sr, V   , Ba, Ca, Cu, K, 

Na, Ni, Pb, Sr, Zn      ,   

 ,       

  .  

5.     ,  

        

.       

        . . 

6. ,      

 ,        

,  ,  .   

 



31 

 

  

1.     « » 

http://fish.gov.ru/otraslevaya-deyatelnost/akvakultura (   

10.12.2018).  

2.     .    

   //    

  , , 2012. 3 . 

3.  . .        

-  //   ,  

  , , 2011. 54-55 .  

4. Adhikari S., Sahu B. C., Mahaparta A. S., Dey L. Nutrient Budgets and Effluent 

Charateristics in Giant Freshwater Prawn (Marobrachium rosenbergii) Culture 

Ponds // Bull Environ Contam Toxicol. New York, 2014. 509 .  

5.  . .,  . .,   . .,  . . ,  . .. 

        

 //   , , 2015. 105 .  

6.  . .     // . . 

1978. . 14. № 3. . 20—26. 

7.  . . ,    (  ) // 

 . .  .   -  : . 

. , 1977. . 91—94. 

8.  .   . , 1900. 917 . 

9.  . .  . .: . , 1950. 374 . 

10.  . .      

    « »: . . ... . . 

. .: -  , 1961. 17 . 

11. Jeppesen, E., Sondergaard, M., Sondergaard, M., Christofferson, K. (Eds.), The 

Structuring Role of Submerged Macrophytes in Lakes // Springer 2012, Vol. 131. 

http://fish.gov.ru/otraslevaya-deyatelnost/akvakultura


32 

 

12. Ryan, S., McLoughlin, P., O'Donovan, O. A comprehensive study of metal 

distribution in three main classes of seaweed // Environ. Pollut. 167, 2012, .171–

177. 

13.  . . -    

      //     

«apriori. c :    », № 1, 2014. 2 . 

14.  . .,  . .     

  //    

, . 12, 2015. 73 . 

15.  . .,  . .  . . .  . 

  // , 2009. 56, 71 . 

16.  . .,  . .,  . .  . . .  

  Phragmites australis trin. Ex steud  Potomogeton pectinatus l.  

   // Journal of Siberian Federal University. 

Biology 3 (2015 8) 347-361. . 347-360. 

17. Gong X., Xu Z., Lu W., Tian Y., Liu Y., Wang Z., Dai C., Zhao J.  Z. Li. Spatial 

Patterns of Leaf Carbon, Nitrogen, and Phpsphurus Sroichiometry of Aquatic 

Macrophytes in the Arid Zone of Northwestern China // Frontiers in plant science, 

2018.  

18. Farias D., Hurd C. L., Eriksen R. S.  Macleod C. K. Macrophytes as bioindicators 

of heavy metal pollution in estuarine and coastal environments // Marine pollution 

Bulletin, 2018, №128. 175 . 

19. Guan J., Wang J., Pan H., Yang C, Qu J., Lu N.  X. Yuan. Heavy metals in 

Yinma River sediment in a major Phaeozems zone, Northeast China: Distribution, 

chemical fraction, contamination assessment and source apportionment // Scientific 

reports, 2018. 4 . 

20.  Al-Senani G. M., Al -Fawzan F. F.  Adsorption study of heavy metal ions from 

aqueous solution by nanoparticle of wild herbs // The Egyptian Journal of Aquatic 

Research, 2018,Volume 44, Issue 3. 187 . 

../../../господин/AppData/Roaming/Asus/Users/Asus/Desktop/Р”РёСЃСЃРµСЂС‚Р°С†РёСЏ/S1687428518300463.htm#!
../../../господин/AppData/Roaming/Asus/Users/Asus/Desktop/Р”РёСЃСЃРµСЂС‚Р°С†РёСЏ/S1687428518300463.htm#!
../../../господин/AppData/Roaming/Asus/science/journal/16874285
../../../господин/AppData/Roaming/Asus/science/journal/16874285
../../../господин/AppData/Roaming/Asus/science/journal/16874285/44/3


33 

 

21. Chu W., Dang N., Kok Y., Yap K., Phang S, Convey P. Heavy metal pollution in 

Antarctica and its potential impacts on algae // Polar Science, Available online 17, 

October 2018. 167 . 

22. Wen X, Lu J., Lin Y, Luo Y. Influence of coastal groundwater salinization on the 

distribution and risks of heavy metals // Science of The Total Environment Volume 

652, 20 February 2019. 267 . 

23.  52.24.380-2006 «     .  

       

        

 .    

  «  » (  « »). 

ё       10.01.2018 № 1. - -

, 2017. 

24.  52.24.381-2006     .  

      . 

  «  ».   

«  »,    № 32.24-2005  

30  2005 . - - , 2006. 

25.  52.24.382-95 «  .    

        

.   «  ».   

      «  

» 15.02.2005 . N 33.24-2005 . - - , 2006. 

26. T.V. Ramachandra,  P.B. Sudarshan, M.K. Mahesh, Vinay S. Spatial patterns of 

heavy metal accumulation in sediments and macrophytes of Bellandur wetland, 

Bangalore // Journal of Environmental Management 206 (2018). p. 1204.  

27. Vymazal, J., 2007. Removal of nutrients in various types of constructed wetlands //  

Sci. Total Environ. 380, .  48–65. 

28. Smith, V.H., Schindler, D.W., 2009. Eutrophication science: where do we go from 

here? // Trends Ecol. Evol. 24, . 201–207. 

https://www.sciencedirect.com/science/journal/18739652
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697/652/supp/C
https://www.sciencedirect.com/science/journal/00489697/652/supp/C


34 

 

29. Paranychianakis, N.V., Tsiknia, M., Kalogerakis, N., 2016. Pathways regulating the 

removal of nitrogen in planted and unplanted subsurface flow constructed wetlands 

// Water Res. 102, . 321–329. 

30. Xie, Z., Zhou, C., Shah, F., Iqbal, A., Ni, G., 2018b. The role of Chinese Milk 

Vetch as cover crop in complex soil nitrogen dynamics in rice rotation system of 

South China //  Sci. Rep. 8, 12061. 

31. Pallardy, S.G., 2008. Chapter 9-Nitrogen metabolism. In: Pallardy, S.G. (Ed.) // 

Physiology of Woody Plants, third ed. Academic Press, San Diego, . 233–254. 

32. West, M., Fenner, N., Gough, R., Freeman, C., 2017. Evaluation of algal bloom 

mitigation and nutrient removal in floating constructed wetlands with different 

macrophyte species // Ecol. Eng. 108, . 581–588. 

33. Wetzel, R.G., 1999. Organic phosphorus mineralization in soils and sediments. In: 

Reddy, K.R., O'Connor, G.A., Schelske, C.L. (Eds.), Phosphorus Biogeochemistry 

in Subtropical Ecosystems //  Lewis, London, pp. 225–245. 

34. Daneshgar, S., Callegari, A., Capodaglio, A., Vaccari, D., 2018. The potential 

phosphorus crisis: resource conservation and possible escape technologies: a 

review // Resources 7 (3), 7020037. 

35. Hermann, L., Kraus, F., Hermann, R., 2018. Phosphorus processing—potentials for 

higher efficiency // Sustainability 10, 1482. 

36. Villa, P., Pinardi, M., Toth, V.R., Hunter, P.D., Bolpagni, R., Bresciani, M., 2017. 

Remote sensing of macrophyte morphological traits: implications for the 

management of shallow lakes // J. Limnol. 76 (s1), 109–126. 

37. Rejmankova, E., 2011. The role of macrophytes in wetland ecosystems // J. Ecol. 

Environ. 34, 333–345. 

38. Shahid, M., 2017. Biogeochemical Behaviour of Heavy Metals in Soil-Plant 

System //  Higher education commission of Pakistan, Islamabad. 

39. Verbruggen, N., Hermans, C., Schat, H., 2009. Molecular mechanisms of metal 

hyperaccumulation in plants // New Phytol. 181, 759–776. 

40. Anand, S., Bharti, S.K., Dviwedi, N., Barman, S.C., Kumar, N., 2017. 

Macrophytes for the reclamation of degraded waterbodies with potential for 



35 

 

bioenergy production. // Phytoremediation Potential of Bioenergy Plants. Springer, 

Singapore, pp. 333–351. 

41. Morkunas, I., Wozniak, A., Mai, V.C., Rucinska-Sobkowiak, R., Jeandet, P., 2018. 

The role of heavy metals in plant response to biotic stress // Molecules 23, 2320. 

42. Anishchenko O.V., Tolomeev A.P., Ivanova E.A., Drobotov A.V., Kolmakova 

A.A., Zuev I.V., Gribovskaya I.V. Accumulation of elements by submerged 

(Stuckenia pectinata (L.) Börner) and emergent (Phragmites australis (Cav.) Trin. 

ex Steud.) macrophytes under different salinity levels // Plant Physiology and 

Biochemistry. 2020. V. 

43. Hu, J., Zhou, S., Wu, P., Qu, K., 2017. Assessment of the distribution, 

bioavailability and ecological risks of heavy metals in the lake water and surface 

sediments of the Caohai plateau wetland, China // PLoS One 12 .. 

44. Brankovic, S., Glisic, R., Topuzovic, M., Marin, M., 2015. Uptake of seven metals 

by two macrophytes species: potential for phytoaccumulation and 

phytoremediation // Chem. Ecol. 31, 583–593. 

45. Rai P. K. Heavy Metal Phytoremediation from Aquatic Ecosystems with Special 

Reference to Macrophytes // Critical Reviews in Environmental Science and 

Technology, 39:697–753, 2009 

46. Baker, A.J.M., and Brooks, R.R. (1989). Terrestrial higher plants which 

hyperaccumulate metallic elements: a review of their distribution, ecology and 

phytochemistry //  Biorecovery, 1, 81–126. 

47. Chung, I.H., and Jeng, S.S. (1974). Heavy metal pollution of Ta-Tu River // Bull. 

Inst. Zool. Acad. Sin., 13, 69–73. 

48. Fostner, U., and Whittman, G.T.W. (1979). Metal pollution in the aquatic 

environment // Berlin, Heidelberg: Springer-Verlag, 486 pp. 

49.    . .    (Cr6+)  

      //  

   .  4 (37) : 2011 

: 47-53. 



36 

 

50. Fritioff A, Kautsky L, Greger M (2005) Influence of temperature and salinity on 

heavy metal uptake by submersed plants // Environ Pollut 133:265–27. 

51.  . .,  . .,   . ., . . . 

        – 

   ichorium inthybus L. //   

  , 4(42), 2013. . 214.  

52.   -       

      . ,  

         // 

       

     «  

  «      

  »     –  

     , , 2019. 

53.  33045-2014.  . .  

  . .: . 2015. - 20  

54.  . .      

 - .: , 1981. – 187 . 

55.       13  2016 . № 552 

«        

 ,       

        

» (    12  2018 ). URL: 

http://docs.cntd.ru/document/420389120 (   16.10.2019). 

56.  . .,  . .,  . ., ё  . .,  

 . .    .      

    ,     . 

 // Journal of Siberian Federal University. Biology., 2010. - . 3, № 1. - 

. 82-98 

57.  . .,  . .  . – .: , 2019 – 461 . 

http://docs.cntd.ru/document/420389120


37 

 

58.    ё   : . 

   / . . , . .  , . . . – 2-  ., . 

 . – .:  , 2018. . 267. 

59.  . .,  . .,  . .    . – 

, 2001. 

60.  . .,  . .    . : 

. , 1988. 186 . 

61.  . .,  . .,  .,  . .  

         // 

 ,  56, № 3, 2009. . 395-402. 

62.  . .,  . .,  . .,  . .,  . 

.  . . .     

        

 (  ) //  -  

, № 12 (66),  2. 168 .  

63.  . .,  . .  . . .  

     //  , 

№ 1 (34), 2011. 66 . 

64.  . .      

   //   . ,  49, № 6, 

2009. 731 .  

65. . . , . . .     

         

 . -  //  , 2007,  34, №6, 2007. . 759-

762.  

66.  . ., ё  . .     

   (   Elodea canadensis Michx.) // 

 VI  -     

, 2005. . 357-359.    



38 

 

67.  . .,  . .,  . .,  . .  . . 

.   Elodea canadensis (Hydrocharitaceae)  -

  //    . 

, №3 (23), 2013. . 46-55. 

68.  . .       

       // 

, , 2011. 16 .  

69.  . .      

 //    -  

,  127-       . . 

. 2014. 155 . 

70.  . .          

  //      

 "    ", VI    

  "     -  

"  XIII     . .  

"  ", "  ", 

 35-     

2016. . 322-323.  

71.  . .       

     .  // Journal of Siberian Federal 

University. Biology., 2014. - . 7, № 1. . 73-86. 

72.  . .,  . .,  . .,  . .  . . 

.         

     .  //  ,  36, № 

5, 2099. . 623-632.    

73.  . .     (Еlodea 

canadensis)     //   :   

   -   , 

https://elibrary.ru/item.asp?id=27232858
https://elibrary.ru/item.asp?id=27232858
https://elibrary.ru/item.asp?id=27232858
https://elibrary.ru/item.asp?id=27232858
https://elibrary.ru/item.asp?id=27232858
https://elibrary.ru/item.asp?id=27232858


39 

 

      ,  80-

   , 2014.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 

 

     «    

    »  60   

, 73  , 16 , 2 . 

 :  , , , , 

, . 

  –       

      .    

    .  

  : 1)   , -  

          

  ; 2)        

 ; 3)   , -    

     

        

 ,    .  

         

   . 

 

 

 

 



     
  

«   » 

      
 

      
 

 

 
Ю 
  

 

   . .  

6  2020 

МА И КА  И АЦИ  

   т   т  ч  т  
 

06.04.01 -  
06.04.01.04 –    

 

 

   _     , . . .  . .   
,  ,   ,  

 
 

         . . , . .    . .  
,  ,   ,  

 
 

  Ю. .  
 

,  ,  
 
 

 _    . . , . .     . .  
,  ,   ,  

 
 
 
 

 2020



2  

 


