
Вода і водоочисні технології. Науково-технічні вісті    №2(19), 2016 51

 

  628.161.2 
 

      
   ( ) 

 
. .  

      
e-mail: as-755@rambler.ru 

 
      ,     

   ,         
 ;        

;        . ,  
          

 ,  ,        ,  
     ,     

 ,   ,   , 
    .    

     , ,       
    .    ,  

  . 
    ,    .   

       -   
,       -    

  .        
  .        

-   . 
 :   , , . 

 
 

           
19 .       ,   (1868 .),  

 (1874 .),    1910           
130.   150         

     ,       
  ,  ,  [1,2,3,5,6].      

     ,   ,  , 
 ,   [4,6].    

          [2, 4, 5, 6].  
          

           
’            [1,2,4,6].   

        ,    
 ,   ,      

 [1, 6].   
          , 

    ,       ,   
  .  ,      

   ,  5-15 ,    ,  
          [3].   



Вода і водоочисні технології. Науково-технічні вісті    №2(19), 201652

 

    – ,   ,      
,   ,           
       ,    

      [1,2,4,5,6].    
       (Fe2+ 10 / 3; 2S 0,5 / 3; 6,7;  

    5 / 3),           
          
 ,          .  

 .          
       Fe (II)  Mn (II)     

(  . .,1984; Czekalla, 1985; Seppanen, 1991; Mouchet., 1992; , 1988; Bourgine, 
1994;  . ., 1997;   ., 1999;  . ., 2000;   ., 2001;  

. ., 2006:  . ., 2006;  . ., 2007;   ., 2005;   ., 2008; 
 . .,  2010). 

 .      , 
     , ,    

 ,   .     
   -   ,   

,      .      
          . 

 
    

         
  ,  ,        

,       ,  ’  
 ,   ,   , 
     .      

       ( )     . .  
          
       [3,4,5,18].  

           
     -      

.  - ,          
15 / 3   . - ,     . -

,     Fe3+        
      .     

           
,      ,        

  [3, 4, 18, 19, 20].  
         
  ,         

         [6-9,11-17,21-24,36]. 
 .        14  

   15  [7].    ,  ,  
,   ,  . .   (  1961  1999 .)  . . 
 (  1987  2015 .)     ,    

     3  30 / 3 [8, 12, 40, 50].  
  .  [7]   ,     

     .      
  ,    ,     

- .     ,      



Вода і водоочисні технології. Науково-технічні вісті    №2(19), 2016 53

 

,   –    .      
 7,0 / 3.     « »  – 2,4 / 3,    

,    ,     – 0,6 / 3.  
         

  (1952 .),     Fe (II)    
  . Tadotsuc , ,  [25].    70-     

        [27, 28].   
         

          80-   XX  [11]. 
        [29],       

      100      20  2200 3/ .  
 1987   « »        

        2200 3/  
[11].      : t=30 ;  6,15…6,5;  Fe  0,75 …1,1 

/ 3; CO2  = 75…150 / 3.      .1.    
   ,    1,5 ,   

,        . 
       ,  24,5 2 

,    .    
1,4 ,   - 22-23 /  [11]. 
 

 
.1.     

 ,  [11]: 1 –    
,      

     ; 2 –  
    . 

 

.2.     . 
,  172 3/  [30]:  1,9  - 

; 2 –   I-  ,  
 ; 3 –   II –  

   ; 4 –  
; 6 – ; 7 –    

  ; 8 –   
,      

     
II –  . 

 
  90-    « »       

            , 
    [30]  .   ,     

 . ,  (0,6…1,7 / 3)   (0,26…0,45 / 3)  
          

( .2).  , [30],      15   
  .   – 1    2-3 .  

   1995       Mn –  
     [31].  



Вода і водоочисні технології. Науково-технічні вісті    №2(19), 201654

 

             
1987   1996  [34, 39].  

          ,  
11100 3/ ,    1993   . Joyo     [13].  

     ,     
( - ) ,  .     

    5…7 / 3,   - 3 / .   
     .  . Yamato-Koriyama,  ,  2001   
          

          15 /  [26].  
   2001  2007   ’  ’  . .   . .   

        -  
 ,     , , .  

  ,       1,    
     -1 [16].      

    -    : 1-    
   ,      

; 2-     ; 3 –     ; 4 – 
          

[16].   ,    ,   
    (5 -7 )    (24-48 ),     

     ( 35 3/( . 2),   
 5 .        30   

 78-88% [16, 32].          
    15 - 25 /   5-7 /  [32].   

 2013            
        –  (  4,5-6,0)  

     (  2  10 / 3)    (  0,5  5,0 / 3).  
 «Preekstoel»     ,     
      Hermanus       

 [33].     ( .3)   ,  
    ,        

  ,     ,   , 
         Mn  
.  

          
 NaOH   .  -       

- .         
 .       18 / ,   

       30 / 3   
  .        1,0-2.0 

/ 3       5,0-6,0 / 3    .  
  ,       , ,   

   .      , [12, 15, 40, 50]  
     [16, 36, 37, 39].  ,    ,    

   Fe(II)  Mn (II)      [33].  
   -  «Preekstoel»   .3. 



Вода і водоочисні технології. Науково-технічні вісті    №2(19), 2016 55
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  Fe2+ 
/ 3 

Mn2+ 

/ 3 pH T, 
oC

Salo, Finland 12-23 0.28-0.67 N/A N/A Seppanen (1992)
Forest Row, England 10-20 1.2-1.6 6.2-6.5 10 Dynamco 
Powdermill, England 10 0.8 6.5 10 Dynamco 
Paderborn, Germany 0.1- 16.3 0.26-0.84 6.9-7.7 9.8 Czekalla et al (1985)

Braunschweig – Bienrode, 
Germany 3.5 0.9 6.5 N/A Czekalla et al (1985) 

Pilot Plant 2.6-3.0 0.01 5.2-5.5 17 Viswanathan & Boettcher 
(1991) 

Saints Hill, England 2.5-4.0  0.5-0.6 6.7-6.8 11 Bourgine et al (1994)
Hitura, Finland 2.46 0.35 N/A N/A Seppanen (1992)

Hamburg Gross Handorf, 
Germany 2.4 0.16 7.34 N/A Czekalla et al (1985) 

Oberhoffen/ Moder, France 1.75-3 0.16-0.47 7.1-7.5 N/A  
Hamburg - Neugraben 1.22 0.13 7.6 N/A Czekalla et al (1985)

Poncey, France 1.0 0.5 7.2 N/A Mouchet (1995)

Lome, Togo 0.75- 1.1  0.03 6.15- 6.5 30-
31 Mouchet (1992) 

Hamburg - Baursberg 0.69 0.13 7-7.88 N/A Czekalla et al (1985)

11 Plants 0.24- 
10.1 0.12-0.76 N/A N/A Hatva (1988) 

Avignon, France  1,0 5,0 - 10 Marchenco  (2000) 

Zhukovsky,  
Zheleznodorozhnyj 

4,4-7,6 
5,0 

0,15-1,0 
0,08 

7,18 
6,6 10 

Zhurba M.G.,
Govorova Zh., 

Govorov O.  (2003-2013) 

Preekstoel, SA 2- 10  
(30) 0,5 - 5,0 4,5-6,0 N/A Geoff du Toit, (2014) 
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  6,0 0,9-1,4  7,0 1,5-4,0 15-21 -2,4 10,8

.  6,4 1,4-1,6  5,0 0,38-1,5 4,8-8,5 -1,67 10,0
.   7,1 4,5-5,0 5,8-7,0 1,5-3,0 2,5-3,4 -0,29 7,67

.  6,8 6,7-7,7 1,5-3,96  0,5 0,95-2,4 -0,3 7,41
 

    
         

    :      
   ,        

 [11,23,25,33].         
   ,       

 .  
,  Mouchet,    -Eh  

            Fe(II) 
  ( . 5).  

  -Eh      
,       ,      

 [11,12,41,42].        
        

 [9,11,12,13,21,24].       
  -      [21-24].  ,   



Вода і водоочисні технології. Науково-технічні вісті    №2(19), 201658

 

    ,     
   Fe2+      Gallionella 

spp.. 
  

.5.    (  
Mouchet, 1992). 

 

.6.   
  -    

 (   Mouchet, 1992 ). 

      ,    ,  
  -     Siderocapsa – 

Arthobacter;    Leptothrix  Crenothrix,      -   
Gallionella fr..     ,  Sphaerotilus, Metallgenium, 
Hyphomicrobium,     ,   . ,   [17], 

          
8,4.105 /   ,     4,6.105 / .   [23] 

    Gallionella spp.      
(  103 / ),             
106 -107 / .       ,    

 –     Leptothrix   Gallionella.  
     . - ,     

  ,  ’  Fe(II),      
    [Neubauer, at all, 2002].     Fe(II) 

   ,       -  
 ,   ’    ( 4

3-; -; -) [17].   
      ,  

    ’    .   
 FeOOH     [43].   [44] 

,     ,     
,        

.    ,       [46,49], 
     FeOOH,     

  [44].         
Fe(II)     – FeOOH   ( . 3). 

 ,         
    ,       

     .     ’ ,    



Вода і водоочисні технології. Науково-технічні вісті    №2(19), 2016 59

 

           
 ,  ,   ,      ,  , 

     ( .3).               
                                                                                                                              

 3. -   -  ,     
      7,0  t 25  (Thamdrup 2000) 

-    E0 ( ) 
Fe5HO8

. 4H2O ( )/Fe2+ +2 
 – FeOOH    ( )/Fe2+ -88 

 – FeOOH   ( )/Fe2+ -274 
 – Fe2O3 ( )/Fe2+ -287 

Fe3O4         ( )/Fe2+ -314 
 
   ,   .    

 Fe(OH)3          – FeOOH,     – FeOOH. 
    ,       Fe(OH)3    

  ( OHOFe 232 95 ).    ,  ,    
 , ,   ,    ,  

  ( .6).        
,      . ,   

  ,     .   
,  165 ,    8-10 / .;   . 

   -   ,    20-25 / ,  
    72      6 /  [12,40].  

     [9,10,11,37,39],      
    ,   « »  
     – 22 / ; Poncey - 16,7 / , Oberhoffen -  30 / ;   
    East Ruston  -  30 / ; Saints Hill - 26 / ; Pettistree -  16 

/ ,  Powdermill -  6 / .         
.      10 / 3     

   6 /   (    Powdermill).   
     ,     
 NH3  (Mouchet, 1992, Tamura  ., 1999, Stembal  ., 2005;  2010),   

   (  2010).  ,    
 NH4

+  Mn2+  (Stembal, 2005; Tekerlek Poulou  Vayenas, 2007),   
,          .   

   2002  2006     .       
 ,   (  . .,  . .),      

    ,   2000 3/ ,    
,         ,   

       .  
   :  ,  2,60    7,5 ,  

    2,0x2,0x4,3 ,   .  
2012 ,    ,      
[51],          ( .7).  



Вода і водоочисні технології. Науково-технічні вісті    №2(19), 201660

 

 
. 7.     : 1- ; 2-  ; 3- 

; 4-  ; 5- ; 6-7 -    ; 8, 18 -  
  ; 9-   ; 10- ; 11- 
  ; 12-  ; 13-     

; 14- ; 15-   ; 16- ; 17-     
   ; 19- ; 20-  – . 

 
      ,    

      .  ,   
    ,      , 

       .    
     ,     

( )     ,       
  [51].     (6...12 

)    0,8 .     .  
    15 - 20 / .      

         
   =0,63-2 .      

  .      
         

   ,    .    
    6,5 / ,    (  

) - 10 / .         – 4 
   15 3/ · 2 .         [16]   :  

-          
 ,      (   ), 
 , ; 

-     :  
 –          

     ; 
 -      Fe2+    

  ,        
    -Eh; 

-           
     ,        

,  :          ( ; 2; 2 ; 
     ); 

-        . 
          

 : 



Вода і водоочисні технології. Науково-технічні вісті    №2(19), 2016 61

 

-         
( , ); 

-          
    ; 

-          
      ; 

-         
,   :        , 
 –  ,   ,      

       Fe( )3   
      ; 

-    . 
 

 
          

  ,      ,   
:    ,   -Eh 

,   ,      
 .   

,          
    ,       

     . ,    
        , 

 ’   ,        50-
80 %.  
  
 

     
    ( ) 

 
. .  

     , .  

e-mail: as-755@rambler.ru 
 

       , 
      ,      

   .     
    .     
   .  

,         
     ,     

   ,      
 ,      ,  

 ,   ,  
   .       
   ,   ,  ,       

     .  
  ,     . 

      ,   .  
         -  

 ,       -



Вода і водоочисні технології. Науково-технічні вісті    №2(19), 201662

 

 ,    .  , 
 .      .  

        -   
.  
 :   , , . 

 
USING BIOCHEMICAL METHODS IN MODERN 

TREATMENT TECHNOLOGIES OF UNDERGROUND WATER 
 

A.N.Kvartenko 

National University of Water Industry and Nature Management, Rivne 

e-mail: as-755@rambler.ru 
 

The purpose of this paper is to review the latest technologies based on biochemical method of 
purification of groundwater, as well as the definition of its advantages over traditional technologies. 
The prospects of using this method in the modern world and the ways of intensification of the 
biochemical method of purification of groundwater are considered.  

It is noted that in the present conditions an important task of intensification of existing or newly 
designed iron removal stations, is to transfer them from the extensive technologies to technologies that 
provide a high rate of oxidation of iron compounds, lead to a decrease in the volume of wash water, an 
increase in the duration of the filtration cycle, improve operating conditions, a decrease in capital and 
operating costs. Based on the results of the experience review as for using this method in the modern 
world, it is recognized that it is one of the possible directions of  intensification   at iron removal 
stations. 
  Technological schemes and parameters are also given. The optimal conditions  of iron bacteria 
life cycle , structure of their capsule  are represented .  Based on a review of research the difference 
between the structure and physicochemical properties of sewage sludge, resulting from the use of 
traditional physical and chemical methods, and biological iron removal method is shown. These 
technologies, developed by the author. It is shown how they differ from existing technologies. The main 
differences between the biological and conventional physical and chemical methods of iron removal   
are discussed. 

Keywords: biological method of iron removal, iron bacteria, biominerals. 
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