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 Lettinga, G., Roersma, R. and Grin, P. (1983). Anaerobic Treatment of Raw 
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Reactor. Biotechnology and Bioengineering 25 (7): 1701-1723.
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(DEWATS) and Sanitation in Developing Countries. A Practical Guide. 
WEDC, Loughborough University, Leicestershire, UK.
(Short overview)

 Vigneswaran, S., Balasuriya, B. L. N. and Viraraghavan, T. (1986). 
Environmental Sanitation Reviews. Anaerobic Wastewater Treatment – 
Attached Growth and Отстой Blanket Process. Environmental Sanitation 
Information Center, AIT, Bangkok, TH. 
(Good technical overview – Chapter 5)

.11



 
 

 
 

12
4

  :         
           
    

 :             

 :

 
 
 

  :

 
  
    

      -
  ,    -

     
       

     .  
     -

        
  .

        
      

    . -
       

     ,   -
  .   

 ,    ,  
  ,    . -

     ,  -
      

  .      
,      

 . 
 (   ),    -

 ,       
   .  

       .  
      -

       -
. 

 .    -
      -

 .       
 (    ),    

      
( .   , .136). -

      
,    . -

       -
   ,     

  . 
        

  .      
  ,    -

    .    -
 ,     ( R ) 

   3-5        3-18 
  . 

      -
      ,     

 ,    -
    .   -

      .
      , 

     ,   -
       

,     
.       

-   ( BR), -

  :
 1, 6-9

сжатый воздух

рециркуляция отработанный осадок

осветлитель

ил

входное отверстие
выходное
отверстие

.12



 
 

 
 

12
5

 ,    , -
    .

.    -
       -

 ,    
,     

   ,   
    .

   ,    -
,      -

  ,     -
     .

      
     . 

  ,      
 .

,   / .    -
       

     -
    .   -

  ,       
    .     

   ,    
. 

   .  -
      -

  .  
 ( ,   )  -

  .  ,  
      -

,       -
   ,    

       -
,   ( ,  ).

   
 +       -

   
 +       

     -
   

 +       -
  (  99%)

 +      
  

 +      
    

    ,  
    

      
     -

     
        -

 
        
      -

  , ,     /  
 

                           

 Crites, R. and Tchobanoglous, G. (1998). Small and Decentralized 
Wastewater Management Systems. WCB/McGraw-Hill, New York, US. pp. 
451-504.
(Comprehensive summary including solved problems)

 Ludwig, H. F. and Mohit, K. (2000). Appropriate Technology for Municipal 
Sewerage/Excreta Management in Developing Countries, Thailand Case 
Study. The Environmentalist 20 (3): 215-219. 
(Assessment of the appropriateness of activated Sludge for Thailand)

 von Sperling, M. and de Lemos Chernicharo, C. A. (2005). Biological 
Wastewater Treatment in Warm Climate Regions, Volume Two. IWA 
Publishing, London, UK.

  : www.iwawaterwiki.org

 Tchobanoglous, G., Burton, F. L. and Stensel, H. D. (2004). Wastewater 
Engineering: Treatment and Reuse, Metcalf & Eddy, 4th Ed. (Internat. Ed.). 
McGraw-Hill, New York, US.
(Detailed design information)

.12



 
 

 
 

12
6

  :     
 

 :                

 :

 
 
 

  :

 
  
  

 

  

-  –   ,   -
    .    

,      -
     .

     ,  
        -

 . ,    -
       , 

   .   , , -
      -
,   .
       -

   ( ,    
   )    

.       -
-     . 

        -
   ( ,   

 , .9),   ,     
      -
   .    

      ,   
      -

    . 
       -

      -
.      

  .

 .    -
  ,    

       -
.     -

        
4-5 ,       -

 .   ,  4  
   4  ,   

  ( )   14% (    
 ).

. -    ,  -
    , -

      ;  -
     .  
   ,   -

 ,   ,    , 
        -

.
      

  ,  -
    .

   ,    -
        

.      
    .

,   / . -
      -

,        -

-  :
 1, 6-9

загущенный осадок

пена

надосадочную

рампа для удаления осадка

мусороуловительная камера

сито выход жидкости

перегородка

.13



 
 

 
 

12
7

  ( ,   ).    
      

 (   ,    )  
    . 

      -
        .    
        

 .

   .  -
      

 ,     -
.       

       -
    (    ). 

 ,     , -
   ,     

  .
      (  

      
 )  ,   -

 .

  
 +         

    
 +       

 
 +     ;  

  
 +     -

     
       
   
      

   
      

      

                           

 Heinss, U., Larmie, S. A. and Strauss, M. (1998). Solids Separation and Pond 
Systems for the Treatment of Faecal Sludges  in the Tropics – Lessons 
Learnt and Recommendations for Preliminary Design. 2nd Ed. Report 
05/98. Eawag (Department Sandec), Dübendorf, CH. 

  : www.sandec.ch

 Heinss, U., Larmie, S. A. and Strauss, M. (1999). Characteristics of Faecal 
Sludges and Their Solids-Liquid Separation. Eawag (Department 
Sandec), Dübendorf, CH. 

  : www.sandec.ch

 Montangero, A. and Strauss, M. (2002). Faecal Sludges Treatment. 
Lecture Notes, UNESCO-IHE, Delft, NL. 

  : www.sandec.ch 

 Strande, L., Ronteltap, M. and Brdjanovic, D. (Eds.) (2014). Faecal Sludges 
Management. Systems Approach for Implementation and Operation. 
IWA Publishing, London, UK.

  : www.sandec.ch
(Detailed book compiling the current state of knowledge on all aspects 
related to FSM)

.13



 
 

 
 

12
8

  :     
 

 :              

 :

 
 
 

  :

 
  
    

       
 ,      , -

       -
 .  50-80%   -

     .   ,  
      -

  .

      , -
   ,   
 .       , 

       -
   .   -

   (   – 20 ),  
       -

 .     
10-15      60%.  

        -
    ,   

  . ,   -
 ,      

    .

 .     
 3-5     .  

     ,   –  -
  (0,1-0,5    ). 

      250-300 , 
        .

      
        -

 .      
     -

     .
       

    -
        

        
     .

      ,  
    ,    

   ,     -
 .

.   –    -
  ,       

    ,    
    .  -

      
     -

.      -
   ( ,  , 

.16)  .
       

     100 000 , 
      

   .    
      

    :
 1, 6-9

дренажная вода, для обработки

выходное отверстие

дренажный слой

80
cm

.14



 
 

 
 

12
9

,       -
  ,     

  .    
      -

,      ,   
  ,  -

 . 
   ,    -

       . 
     -

  .

,   / . -
       -
 ,        -

  ( ,   ).    
        

        
 .

      
        -

   .         
    .

   .   
      -

  ,   
  . 

    10-15 ,  -
    .     -

        -
   .      

        . 

  
 +   ,   -

     
 +       

 
 +     ;  

  
 +  ;    -

 +     -

     
       
     
      

  
       

    

                           

 Crites, R. and Tchobanoglous, G. (1998). Small and Decentralized 
Wastewater Management Systems. WCB/McGraw-Hill, New York, US.

 Heinss, U. and Koottatep, T. (1998). Use of Reed Beds for Faecal Sludges 
Dewatering. A Synopsis of Reviewed Literature and Interim Results 
of Pilot Investigations with Septage Treatment in Bangkok, Thailand. 
Eawag (Department Sandec), Dübendorf, CH and AIT, Bangkok, TH.

  : www.sandec.ch 
(Comparison to planted drying beds)

 Montangero, A. and Strauss, M. (2002). Faecal Sludges Treatment. 
Lecture Notes, UNESCO-IHE, Delft, NL. 

  : www.sandec.ch

 Strande, L., Ronteltap, M. and Brdjanovic, D. (Eds.) (2014). Faecal Sludges 
Management. Systems Approach for Implementation and Operation. 
IWA Publishing, London, UK.

  : www.sandec.ch
(Detailed book compiling the current state of knowledge on all aspects 
related to FSM)

 Tchobanoglous, G., Burton, F. L. and Stensel, H. D. (2004). Wastewater 
Engineering: Treatment and Reuse, Metcalf & Eddy, 4th Ed. (Internat. Ed.). 
McGraw-Hill, New York, US.

.14



 
 

 
 

13
0

  :     
 

 :             
 

 :

 
 
 

  :

 
  
  

 

  

      
     ( .14),  

     -
        

.    -
        

       -
 / .     -

   ;     -
   .

     
  .  ,    

   ,     -
 .

      -
     ( .9).   

      -
.      ,   

    ,    -
   . 

 .  , -
   ,   

   .    -
 : (1) 250    (   – 20 

); (2) 250    (   – 5 ); (3) 100-
150  .       -

   (1 )     3-5  
 . 

     
(Phragmites sp), (Typha sp) (Echinochloa sp) (Cyperus papyrus)  

  .    -
     ,    

  ,       
   .

     75-100   -
 3-7      , 

    .  
      
    100-250 / 2/ .  

  , ,    
,      80 / 2/ . 

      -
      

     -
       .

,    ,  -
       .

.     -
   (  50%)    , 

        
       

.
        -

        
     100 000 , 

         -
 .     

    :
 1, 6-9

вентиляционная труба

стена

дренажная трубарешетка песокгравий / камни

равниныотстой

выходное отверстиедренажный слой

мусороуловительная 
камера

сито

.15



 
 

 
 

13
1

       
    ,   -

  ,   
.

,   / .    
,       ,  

     , -
         

.      
  ,     . 

   ,  , -
  ,    ,   -

.     -
      .  -

    ,   
     .

   .  -
       

 ,    -
 .    -

      
   .     

    .  -
       -

.       
/  .  3-5    .

  
 +    
 +    ,    -

  
 +       

 
 +     ;  

  
 +    ,   -

 ,   
 +     -

     
       
   
     
      

    

                           

 Crites, R. and Tchobanoglous, G. (1998). Small and Decentralized 
Wastewater Management Systems. WCB/McGraw-Hill, New York, US.

 Heinss, U. and Koottatep, T. (1998). Use of Reed Beds for Faecal Sludge 
Dewatering. A Synopsis of Reviewed Literature and Interim Results 
of Pilot Investigations with Septage Treatment in Bangkok, Thailand. 
Eawag (Department Sandec), Dübendorf, CH and AIT, Bangkok, TH.

  : www.sandec.ch 

 Kengne Noumsi, I. M. (2008). Potentials of Sludge Drying Beds 
Vegetated with Cyperus papyrus L. and Echinochloa pyramidalis (Lam.) 
Hitchc. & Chase for Faecal Sludge Treatment in Tropical Regions [PhD 
dissertation]. University of Yaounde, Yaounde, CM.

  : www.north-south.unibe.ch

 Koottatep, T., Surinkul, N., Polprasert, C., Kamal, A. S. M., Koné, D., 
Montangero, A., Heinss, U. and Strauss, M. (2005). Treatment of Septage 
in Constructed Wetlands in Tropical Climate – Lessons Learnt after Seven 
Years of Operation. Water Science & Technology 51 (9): 119-126. 

  : www.sandec.ch

 Strande, L., Ronteltap, M. and Brdjanovic, D. (Eds.) (2014). Faecal Sludge 
Management. Systems Approach for Implementation and Operation. 
IWA Publishing, London, UK.

  : www.sandec.ch
(Detailed book compiling the current state of knowledge on all aspects 
related to FSM)

 Tchobanoglous, G., Burton, F. L. and Stensel, H. D. (2004). Wastewater 
Engineering: Treatment and Reuse, Metcalf & Eddy, 4th Ed. (Internat. Ed.). 
McGraw-Hill, New York, US. p. 1578.

.15



 
 

 
 

13
2

  :         

  :     

 :

 
 
 

  :

 
  
    

    -
     -

   ,     
 (      ). 
      -
  ,    

     -
       

( . .      -
 ).      -

        
 .

     -
:   .    

  (    )   
 ,   ,  -

  .   , 
      -

     . -
       

  ,    . 
 ,       

  .    
    ,   

    -
     .

 .     
        

   ,   -
        

    .  -
        

      /  
      .
     -

 1:2  1:3    .  -
      1:5  1:10 
   .    , 

  , 1 ,      
      

  . 

.    
       

   .  
,    ,  -

 .    , 
     

, ,    
.

      -
 ,    

    ,    
.

  :
 1, 6-9

отстой осадок + органикаорганика

.16



 
 

 
 

13
3

    ,  
      

,      (   -
 ).   , -

     
,       -

     .

,   / . -
        55-60 

°         , 
     . -

  ,       -
 ,       -

,     . 
   ,    

     -
    .    -

    .

   .   
      -

 :N,     .  
     

   ,     
  . 

      -
   . -

      -
 ,       
,  ,    

      -
    .  

      
.

     
   ,  

.      
    ( . .    -

  )     
    , -

       -
  .

  
 +        

 
 +   ,    

     -
  

 +      (< 1 -
 /     )

 +       
 

 +      -

 +     -

      (  -
 )

   
      -

  
   
    ,    -

       

                           

 Hoornweg, D., Thomas, L. and Otten, L. (2000). Composting and Its 
Applicability in Developing Countries. Urban Waste Management 
Working Paper Series No. 8. The World Bank, Washington, D.C., US. 

  : documents.worldbank.org/curated/en/home

 Koné, D., Cofie, O., Zurbrügg, C., Gallizzi, K., Moser, D., Drescher, S. and 
Strauss, M. (2007). Helminth Eggs Inactivation Effi  ciency by Faecal 
Sludge Dewatering and Co- Composting in Tropical Climates. Water 
Research 41 (19): 4397-4402.

 Obeng, L. A. and Wright, F. W. (1987). Integrated Resource Recovery. The 
Co-Composting of Domestic Solid and Human Wastes. The World Bank 
and UNDP, Washington, D.C., US.

  : documents.worldbank.org/curated/en/home

 Rouse, J., Rothenberger, S. and Zurbrügg, C. (2008): Marketing Compost, 
a Guide for Compost Producers in Low and Middle-Income Countries. 
Eawag (Department Sandec), Dübendorf, CH.

  : www.sandec.ch

 Strande, L., Ronteltap, M. and Brdjanovic, D. (Eds.) (2014). Faecal Отстой 
Management. Systems Approach for Implementation and Operation. 
IWA Publishing, London, UK.

  : www.sandec.ch
(Detailed book compiling the current state of knowledge on all aspects 
related to FSM)

 Strauss, M., Drescher, S., Zurbrügg, C., Montangero, A., Cofie, O. and Drechsel, 
P. (2003). Co-Composting of Faecal and Municipal Organic Waste. A Literature 
and State-of-Knowledge Review. Eawag (Department Sandec), Dübendorf, 
CH and IWMI, Accra, GH.

  : www.sandec.ch

.16



 
 

 
 

13
4

  :           
        

 :         

 :

 
 
 

  :

 
  
  

  
 
 

 
  
 

 ,   , -
    ,   

  (a)   ( ),  
    ,   (b) -

,      . 
    ,   

    ,   -
  ,    .

    -
 ,     -

   ,  /    
.       -

,      .  
        , 
     .  -

      
,        -

 .

 .     
      -

,          
 ,  ,  -

    .     
 ,    

.       
.       

,     ,   

 .      
  .     
  .    

        
 .   ,   

  (   ).   
      

   ,   -
  .

   ( )   -
 ,   , 15     

 25    .    
    -

     60 .  , 
     

   – 30-38 ° .  -
   50-57 °   

  ,   
      -

 (         
 ).
      
   ,   -

    .  
      -

   .    -
  1 000       

  100 000       
.     -

  :
 1, 6-9

входное отверстие

биогазовая труба

биогаз
выходное
отверстие

люк доступазатвор

 
пульпа

расширительная камера

зброженный ил

.17



 
 

 
 

13
5

 ,     
 ,  /    .

.       
,      -

        
.       -

  . 
      

 ( .9),       
,      

.   ,   -
  ,     -

     .  
      

   ,  
    -

, ,    ,   
-  .    
      -

    ,     
 .      

 ,     -
 .       -
,       .

       -
   ,     

      
      15 ° .   

      ,   -
  .

,   / .  
  ,     -

  .     -
      -
.  ,  ,   -

 , ,   ,  
    .

   .   
     -

  .     
   , , 

        -
.  ,     

,         
     .

      
      .  

   ,   , -
 .        

      5-10 .

  
 +     
 +    (   -

    )
 +     -

 +   
 +   
 +    
       

 
    , 

    
      

 15 °

                           

 CMS (1996). Биогаз Technology: A Training Manual for Extension. FAO/
TCP/NEP/4451-T. Consolidated Management Services, Kathmandu, NP. 

  : www.fao.org

 GTZ (1998). Биогаз Digest. Volume I-IV. Information and Advisory Service 
on Appropriate Technology (ISAT). Deutsche Gesellschaft für Technische 
Zusammenarbeit (GTZ) GmbH, Eschborn, DE.

  : www.susana.org/library

 Mang, H.-P. and Li, Z. (2010). Technology Review of Biogas Sanitation 
Draft- Biogas Sanitation for Blackwater, Brown Water, or for Excreta 
Treatment and Reuse in Developing Countries. Gesellschaft für 
Internationale Zusammenarbeit (GIZ) GmbH, Eschborn, DE. 

  : www.susana.org/library

 Ulrich, A. (Ed.), Reuter, S. (Ed.), Gutterer, B. (Ed.), Sasse, L., Panzerbieter, T. 
and Reckerzügel, T. (2009). Decentralised Wastewater Treatment Systems 
(DEWATS) and Sanitation in Developing Countries. A Practical Guide. 
WEDC, Loughborough University, Leicestershire, UK.

 Vögeli, Y., Lohri, C. R., Gallardo, A., Diener, S. and Zurbrügg, C. (2014). 
Anaerobic Digestion of Biowaste in Developing Countries. Practical 
Information and Case Studies. Eawag (Department Sandec), Dübendorf, CH.

  : www.sandec.ch

.17



 
 

 
 

13
6

  :         
 

 :         

 :

 
 
 

  :

 
  
    

        -
       -

      
    , 

    /   
.       

    .

     ,  
      . 

       
     . 

       
,       -

     ,   -
     .

      -
      -

    . 

 .     
 (  )   . 
      

      -
 ,      

( , ).      -
  ,   -

 .       
    ,   

    .  -
       

      
  ( . .  ).   

    .   
     

   (      
).       -

    ,  ,  
      .

. ,    -
     -

,    .     
,       

     -
     .   

 ,      -
 .   ,     

   ,  
  ,     -

     -
  , ,  

 ( )    (O3).  
         

.    ,    
    ( . .5).    

   ,  -
      .  -

    :
 1, 6-9

дезинфекция (например, хлорирование)третичная фильтрация (например, глубина фильтрации)

входное отверстие

контактная 
камера

рассеиватель хлора

смеситель для хлора

дренажный слой
 (обычно гравий)

дренажная 
рещетка

поддержаный 
поток

песок или антрацит

входное отверстие

выходное
отверстие



 
 

 
 

13
7

   ,     
    .   -
   ,    -

,   .     
,     -

    ,    
    .

.     -
  ,  ,  , -

      , /  
 .    -

 ,   ,  
,       -

. 
   ,    

,    -
  .      

      
      

.
      

      
 ,  ,   -

 .      
     

   / .   -
  ,     
  ,     -

     .   
       

.

,   / .  -
       -

   ,   
       . 
 ,   ,   

    .   
       

   ,    -
   .

   .  
     -

 (     ,  -
  ,     

. .)    .
         

 ,      
     .   

     (   ) 
   .   -

      -
        -

   .  -
       ,    

       
  .   -  
-       .

  
 +     -

 /   
 +     -

  
   , ,  -

  
      -

   
       

 /   
      -

   
      

     
       -

      -

                           

 NWRI (2012). Ultraviolet Disinfection. Guidelines for Drinking Water 
and Water Reuse. 3rd Ed. National Water Research Institute and Water 
Research Foundation, Fountain Valley, CA, US.

  : www.nwri-usa.org

 Robbins, D. M. and Ligon, G.C. (2014). How to Design Wastewater Systems 
for Local Conditions in Developing Countries. IWA Publishing, London, UK.

 SSWM Toolbox. www.sswm.info/category/implementation-tools/water-
purification (last accessed February 2014)

 Tchobanoglous, G., Burton, F. L. and Stensel, H. D. (2004). Wastewater 
Engineering: Treatment and Reuse, Metcalf & Eddy, 4th Ed. (Internat. Ed.). 
McGraw-Hill, New York, US. pp. 1035-1330.

 WHO (2006). Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater. Volume 2: Wastewater Use in Agriculture. World Health 
Organization, Geneva, CH. 

  : www.who.int



       ,   
        

    ,        
  .        

, ,     .   
,    ,    

     .   ,  
         

    ,     .

.1     /  Arborloo

.2    

.3    

.4        

.5   /

.6  

.7   

.8    

.9     

.10       

.11  /   

.12     

.13   

          :

•    
•  
•  
•     
•    
•   
•     



  ( ) 



 
 

 
 

14
0

  :            
(  ) (+     ) 
(+    ) 

 :    (  )

 :

 
 
 

  :

 
  
    

        
    .    

,      
  ,    -

      . -
     

Arborloo,    ,  -
   / ,   -

  ; ,     
    ,  .

    ( .2)   -
    ( .3),  -

 ,    «   
», . .     -

    ,   ,    
      
  .

 Arborloo    , -
      ,  
   ,    -

      .  -
  Arborloo     -

  .  ,      
       -

  .  ,    
        -

    .  -
   (    6-12 ) -

 15     ,    
  .      -

 ,    (     ). 

 .  Arborloo  -
    ,  ,    -

,    .    , 
       -

      
  ,     

 ( ,    ). 
   Arborloo  -

   1   .   
,     -

    . 
 , ,    -

   .     
    ,   -

          
.     ,  -

      .

.      -
     ,   -

,       ,   
  .

 Arborloo    , 
       -

    .

    /  Arborloo  :
 1

1 2

.1



 
 

 
 

14
1

    ,    -
,      -

   ,     
        . 

       -
   , ,   .

  ,     ,  
     Arborloo  -

         
  .

,   / .  -
     , 

        -
.         

     -
       

.
    ,  -

      
. 

   Arborloo,    -
  ,    

  ,     
     -

 .

  .    ( )  -
      ,  

   .  , -
     , 

      
.

     ,  -
       

. ,    , -
  .    
      ,  

   .

  
 +  ,    
 +   
 +     -

 +    (    -
)

        -
     

        -
    

                           

 Hebert, P. (2010). Rapid Assessment of CRS Experience with Arborloos in 
East Africa. Catholic Relief Service (CRS), Baltimore, US. 

  : www.susana.org/library

 Morgan, P. R. (2004). An Ecological Approach to Sanitation in Africa. 
A Compilation of Experiences. Aquamor, Harare, ZW. Chapter 10: The 
Usefulness of Urine .

  : www.ecosanres.org

 Morgan, P. R. (2007). Toilets That Make Compost. Low-Cost, Sanitary 
Toilets That Produce Valuable Compost for Crops in an African Context. 
Stockholm Environment Institute, Stockholm, SE. pp. 81-90. 

  : www.ecosanres.org

 Morgan, P. R. (2009). Ecological Toilets. Start Simple and Upgrade from 
Arborloo to VIP. Stockholm Environment Institute, Stockholm, SE.

  : www.ecosanres.org

 NWP (2006). Smart Sanitation Solutions. Examples of Innovative, Low-
Cost Technologies for Toilets, Collection, Transportation, Treatment and 
Use of Sanitation Products. Netherlands Water Partnership, The Hague, 
NL. p. 51.

  : www.ircwash.org

.1



 
 

 
 

14
2

  :      

 :     

 :

 
 
 

  :

 
  
  

  
 
 

 
  
 

  –    -
 ,      -

          -
  ,   .

      -
       (   

    .   
     ).   

, ,      , 
  , 1 ,     

      . 
     ,  

   ,    , 
      -

   6 .
      

       -
.      , 

       
( , , .  «   

», . 166).
        -

 .     
 ,   . -

    , ,  , 
    . .  ,    88 

% , 61 %   74 % ,  .

 .    -
      ,    -

  pH     . 
      : 

1)          
;

2)   ,      -
 ,       (   

    ,      
  );  

3)   ,      
  (       ).

       
    , -

   ,     -
  .     -

,  ,   1 .   
  1,5        (  

    , -
  ,  40-110  N/ ).  , 

 ,      
,    300-400 .   .

      3:1   
   ,   -

       .  -
      , 

    « » ( . .6).   
       

     ;    
    .

   :
 4, 5, 9,

моча

.2



 
 

 
 

14
3

.     -
  ,    -

  .    , -
     , : -
, , , , , , , , 

 ,  , , ,   
.     -

   ,    
     .  -

       
  .    -
        

    -
     . -
         

       -
       .  

       -
    .

,   / .  -
    ,   

,        -
.   ,      -

 ,       -
   ,     

  .      
     -

,      (   
    .  ).

      
      . 

        ,  -
       

   .   ,    
 ( )     ,  

  .     
      ,  

     ,  -
 ,     , 
        .

   .   -
   ,   , -

   ( ,    ).  -
     , 

  ,     
( . .    ).   -

         -
     ( ), ,    

,   .

  
 +    (  -

   )
 +      

 +     -

 +   
         -

      
  
   ,    -

 
       

  

                           
 Morgan, P. R. (2004). An Ecological Approach to Sanitation in Africa. 
A Compilation of Experiences. Aquamor, Harare, ZW. Chapter 10: The 
Usefulness of Urine.

  : www.ecosanres.org

 Morgan, P. R. (2007). Toilets That Make Compost. Low-Cost, Sanitary 
Toilets That Produce Valuable Compost for Crops in an African Context. 
Stockholm Environment Institute, Stockholm, SE. 

  : www.ecosanres.org 

 von Münch, E. and Winker, M. (2011). Technology Review of Urine 
Diversion Components. Overview of Urine Diversion Components Such 
as Waterless Urinals, Urine Diversion Toilets, Urine Storage and Reuse 
Systems. Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH, 
Eschborn, DE. 

  : www.susana.org/library

 Richert, A., Gensch, R., Jönsson, H., Stenström, T. A., and Dagerskog, 
L. (2010). Practical Guidance on the Use of Urine in Crop Production. 
EcoSanRes, Stockholm Environment Institute, Stockholm, SE.

  : www.susana.org/library

 WHO (2006). Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater. Volume 4: Excreta and Greywater Use in Agriculture. World 
Health Organization, Geneva, CH.

  : www.who.int
(Health risks and recommended guidelines for Urine application)

.2



 
 

 
 

14
4

  :       

 :     

 :

 
 
 

  :

 
  
  

 
 

 

       ( . . ), 
      , - -

, ,    -
. ,       

,   ( )   
 ( , ,  , -

),    .   
     .

     -
,        
   ;  

  .     
 75 %  .    -

  ,  .  
     ,   -

,       
 . 

      -
 ,        

   ( ,    
        

 ),      
.      

, pH (  pH    
  )   . , 

        6  
24 ,   ,    

      (  
      ).

       

 (       ), 
        

    .  ,   -
    ,  

   ( . .12).

 . ,    
   2-20 ° ,    -

  1,5-2      -
   .    -

 ( . .   >20 ° )    
    (   ) 

  1 .    , 
  6 , ,   pH 
  9 ( . .,      

  pH).   -
   ,    

   .

.       -
    ,  -

 .   ,    -
      -

   ,     
,       

 .

,   / .  
       -

   .   ,    
,     ,    

   :
 4

отвод мочи

бак для 
мочи

сухие
фекалии

.3



 
 

 
 

14
5

  ,      -
 ,     / . 

      
  ,       

    .   ,  
        -

 ,       
,      

    .    
     , 
      .

      
  ,      

 .      -
     -
,     .

   .  -
       

 ,     -
  .    

  .
      . 

         -
   ,     

 ,    ,  -
   .  -

        
 .

  
 +      

  
 +    
 +   
   
       

 (   ),      -
   

      (N, P, K)
        -

 

                           

 Austin, A. and Duncker, L. (2002). Urine-Diversion. Ecological Sanitation 
Systems in South Africa. CSIR, Pretoria, ZA.

 Rieck, C., von Münch, E. and Hoffmann, H. (2012). Technology Review 
of Urine-Diverting Dry Toilets (UDDTs). Overview of Design, Operation, 
Management and Costs. Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ) GmbH, Eschborn, DE. 

  : www.susana.org/library 

 Schönning, C. and Stenström, T. A. (2004). Guidelines for the Safe Use 
of Urine and Faeces in Ecological Sanitation Systems. Report 2004-1. 
EcoSanRes, Stockholm Environment Institute, Stockholm, SE. 

  : www.ecosanres.org

 WHO (2006). Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater. Volume 4: Excreta and Greywater Use in Agriculture. World 
Health Organization, Geneva, CH. 

  : www.who.int 

 Winblad, U. and Simpson-Hébert, M. (Eds.) (2004). Ecological Sanitation. 
Revised and Enlarged Edition. Stockholm Environment Institute, 
Stockholm, SE. 

  : www.ecosanres.org

.3



 
 

 
 

14
6

  :         
 

 :     

 :

 
 
 

  :

 
  
  

  
 
 

 
   

    , -
      -

  .     –  
,     , -
  ,    -

   ( .4, .5  .6),    
        

 ,  .    -
    .

      
(50-80 ° ),     -

.      
  , ,   .

      
( .4),   ( .5)      

   ( .6)     -
     -
 ,       

.     , 
     (  , 

,  :N)     
.        

 « » ,   -
  «    ».   

       -
,     ( ,  -

 ,      
),   .

       -
       

     50 °   -
,   ,   ,   

    .   
     -

  .   -
,   ,   -
,       

      
, ,   , 1 .  

     -
 .

 . ,   -
    ,     -

      . , 
      , 

      1,5   3,5 
.

.       -
       

.      -
        
  .        

 ,   -
    ,    

     .

       :
 2, 3.4



 
 

 
 

14
7

 ,      , -
     ,  

      -
,      -

 .     
      ,  -

   .

,   / .   
     -
 ,     -

,      ,  
     -

        -
      «   », 

. . ,   ,  -
   .    

       
 ,      .   

      -
  ,    

 .
   / ,     

,    , -
          

 .   , -
       

  ,       -
      ( , -

)      , 
    ( ,  -
 ).      ,  -

   ,     -
      .
        -
  .   ,   

      -
.   ,   

 ,    -
    .

   .   
     ,     

  .  ,    
  .    -

  .

  
 +      

 ,      

 +    (  -
   )

 +     -

 +   
       

   
        

 

                           

 Del Porto, D. and Steinfeld, C. (1999). The Composting Toilet System 
Book. A Practical Guide to Choosing, Planning and Maintaining 
Composting Toilet Systems, an Alternative to Sewer and Septic Systems. 
The Center for Ecological Pollution Prevention (CEPP), Concord, MA, US.

 Jenkins, J. (2005). The Humanure Handbook. A Guide to Composting 
Human Manure. 3rd Ed. Jenkins Publishing, Grove City, PA, US.

 Morgan, P. R. (2004). An Ecological Approach to Sanitation in Africa. A 
Compilation of Experiences. Aquamor, Harare, ZW.

  : www.ecosanres.org

 Morgan, P. R. (2007). Toilets That Make Compost. Low-Cost, Sanitary 
Toilets That Produce Valuable Compost for Crops in an African Context. 
Stockholm Environment Institute, Stockholm, SE. pp. 81-90.

  : www.ecosanres.org 

 Morgan, P. R. (2009). Ecological Toilets. Start Simple and Upgrade from 
Arborloo to VIP. Stockholm Environment Institute, Stockholm, SE.

  : www.ecosanres.org

 NWP (2006). Smart Sanitation Solutions. Examples of Innovative, Low-Cost 
Technologies for Toilets, Collection, Transportation, Treatment and Use of 
Sanitation Products. Netherlands Water Partnership, The Hague, NL.

  : www.ircwash.org

 Strande, L., Ronteltap, M. and Brdjanovic, D. (Eds.) (2014). Faecal Sludge 
Management. Systems Approach for Implementation and Operation. 
IWA Publishing, London, UK.

  : www.sandec.ch
(  ,       

   FSM)

 WHO (2006). Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater. Volume 4: Excreta and Greywater Use in Agriculture. World 
Health Organization, Geneva, CH. 

  : www.who.int

.4



 
 

 
 

14
8

  :     

 :     

 :

 
 
 

  :

 
  
  

 
 
  

        
      -
         

 .

  /  ( ,  -
        

  . .)     , 
 , ,    

,   ,  , -
    ,   ,  

   ,      . 
  ,   /     

 ,      
(  ,   , ),   

    .  , 
  /   , -

  , ,   
   ,     -

   .

 .    
      -

 , -    -
  .   /  ( , -

   )    
    . 

     /   -
     -

,     ,  -

       
    .

.   ,    /  -
         -

    ,   -
      ,  
          

 .  / ,   -
 ,     ,   
      

. / ,     -
         -

,        
,     ,  -

     .  -
   ,  /      
      -

 .   /     
   ,   .

,   / .  -
,      

 /     .  
 ,     /  -

      -
,        

       
  ( ,    

).

 /  :
 1, 5-9

Осадок 

Ил

.5



 
 

 
 

14
9

     /    -
     ,    

   ,     
 ,      

.     -
 ,     -

.      
       

 .

   .   
    -

 ,     
.      /  

     -
     . 

     .

  
 +      -

     
 +     
 +   
 +   
       -

   
      -

  
        

       
       -

  
        -

 

                           

 Strande, L., Ronteltap, M. and Brdjanovic, D. (Eds.) (2014). Faecal Sludge 
Management. Systems Approach for Implementation and Operation. 
IWA Publishing, London, UK.

  : www.sandec.ch
(  ,       

   FSM)

 U.S. EPA (1999). Biosolids Generation, Use, and Disposal in the United 
States. EPA-530/R-99-009. U.S. Environmental Protection Agency, 
Washington, D.C., US. 

  : www.epa.gov

 U.S. EPA (1994). A Plain English Guide to the EPA Part 503 Biosolids Rule. 
EPA832-R-93-003. U.S. Environmental Protection Agency, Washington, 
D.C., US. 

  : www.epa.gov

 WHO (2006). Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater. Volume 4: Excreta and Greywater Use in Agriculture. World 
Health Organization, Geneva, CH. 

  : www.who.int 

.5



 
 

 
 

15
0

  :      
   (+   )

 :     

 :

 
 
 

  :

 
  
  

  
 

  

 
   
 

       -
        
        

 .   ,   -
   ,     ( . ., 

   )   
       

 .

    ,  -
     :

1)      ,    
          -

,    ; 
2)   ,     

        
 .
        

     
.

 ,    , -
        

   ( )     -
        -

.      
    ,     

     
 .   , 

    ,  
       -

     .

 .    -
    ,  

  ,      -
  .    -

       ;   
 « » ( . .:   + -

).        
     
.

      
  ,   -

  ( . . )     
    (   -
 ,      -

    ).

.     
    ;   

       , 
 .    -

      , -
        

, ,        -
 .

  ,  ,  
(    ),   ( -

, ), , ,   ( , 
)   ,    ( -

,  ),    
    .  

     -

 :
 1-9

обработанный сток

.6



 
 

 
 

15
1

  ,    ( , ), 
      . -

 , , , ,    
       -

     .  
     ,   

     -
  .

       ( -
,     ),     

  .   ,   
,     -

      -
   .

,   / .  -
  ( . .    

)     -
        

,    .  ,    
      -

,    ,     
 .       

    ,  
  ,     

,         -
.      

 ,      -
 ,        

,      -
    .   -

      -
  .

   .  -
      , -

       
  .     -

 ,       . 
     , 

  ,     
       -

 .
     .

  
 +        

  
 +     
 +        

  
 +     -

    
 +       

   
      

   
     
       

 , . .     -
  

   ,     
 

        -
 

                           

 Drechsel, P., Scott, C. A., Raschid-Sally, L., Redwood, M. and Bahri, A. 
(Eds.) (2010). Wastewater Irrigation and Health. Assessing and Mitigating 
Risk in Low-Income Countries. Earthscan, IDRC and IWMI, London, UK.

  : www.idrc.ca and www.iwmi.cgiar.org

 FAO (2012). On-Farm Practices for the Safe Use of Wastewater in Urban 
and Peri-Urban Horticulture. A Training Handbook for Farmer Field 
Schools. FAO, Rome, IT. 

  : www.fao.org

 Palada, M., Bhattarai, S., Wu, D., Roberts, M., Bhattarai, M., Kimsan, R. 
and Midmore, D. (2011). More Crop Per Drop. Using Simple Drip Irrigation 
Systems for Small-Scale Vegetable Production. The World Vegetable 
Center, Shanhua, TW.

  : www.avrdc.org

 Pescod, M. B. (1992). Wastewater Treatment and Use in Agriculture. FAO 
Irrigation and Drainage Paper 47. FAO, Rome, IT. 

  : www.fao.org

 WHO (2006). Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater. Volume 2: Wastewater Use in Agriculture. World Health 
Organization, Geneva, CH. 

  : www.who.int
(         

   1)

 Winpenny, J., Heinz, I. and Koo-Oshima, S. (2010). The Wealth of Waste. 
The Economics of Wastewater Use in Agriculture. FAO Water Reports 35. 
FAO, Rome, IT

  : www.fao.org

 Zandee, M. (2012). Risk of Clogging of Drip-Line Emitters during Urine  
Fertilization through Drip Irrigation Equipment. Eawag, Dübendorf, CH. 

  : www.eawag.ch/stun

.6



 
 

 
 

15
2

  :       
         
       

 :

 
 
 

  :

 
  
  

 
 

 

 ,    
      

  ,    -
   ,     

  .   , -
      /   

 ( -)  ,   
 ,     -

 .

  ,    (     , 
  )    

  ,   -
  ,    -

 .  , -
         

 .      
         

.

 .   -
   1,5-4 , ,  ,  

    ,   2    
 .       -

      ( : 
   30 ).   -

       -
  ,   ,   

   ,   .    

       -
    ,   -

         
.        -

,      -
   .        

       -
.       

 (    )   , 
      -

.

.     
     ,  

      .   -
        

 .
      -

 ,      -
 .       

,  ,      
   .

,   / .  
      -

  ,     -
     /

,    .  
   ,       -

  :
 1-6

входное отверстие

.7



 
 

 
 

15
3

    .
     -

      ,     -
       . 

   .   -
     

3-5     .  -
    ,  

  ,     ( )  
      . 

         -
  ,      , 

 .    -
   , -

  ,      .

  
 +       -

 
 +  ,    
 +    
 +      
       

        
   

                           

 Ahrens, B. (2005). A Comparison of Wash Area and Soak Pit Construction: 
The Changing Nature of Urban, Rural, and Peri-Urban Linkages in Sikasso, 
Mali. Peace Corps, US. 

  : www.mtu.edu/peacecorps/programs/civil/theses
(    )

 Mara, D. D. (1996). Low-Cost Urban Sanitation. Wiley, Chichester, UK. pp. 
63-65. 
(  )

 Oxfam (2008). Septic Tank Guidelines. Technical Brief. Oxfam GB, Oxford, 
UK. p. 4. 

  : policy-practice.oxfam.org.uk

 Polprasert, C. and Rajput, V. S. (1982). Environmental Sanitation Reviews. 
Septic Tank and Septic Systems. Environmental Sanitation Information 
Center, AIT, Bangkok, TH. pp. 31-58.

.7



 
 

 
 

15
4

  :        :

 
 
 

  :

 
  
  

 
 

 

  ,   , 
     ,  -

   ,  ,  
  .      

  /      -
 ( -)  .

      -
 (      -

),        
    .   

       
  ,      

      
     .  -

        
     -

 (  3-4   ).

 .     
0,3-1,5 ,   – 0,3-1 .    15  

   ,    
   .  -

     .  -
       ,  -

    .   
  ( )       

    .   
  ,   , 15   -

,      .  
      20   -

,          
 1-2    ..   ,  

      ,  
 , 30     .   

     ,  
         -

    ,      . 
 ,     -

 ( ,  , .9),   -
  ,    , 

        
   .

.      
      -

       -
  .      

       -
  .    -

    ,   , 
         -
  ,    .

,    -
,      -

  ,     , -
   .     

       

   :
 6

септик тэнк

осветленный сток

септическая емкость

.8



 
 

 
 

15
5

   ,     
    .

,   / .  
         

,     ,    
       .  
       

(  ,  ,  30 )    
   .

   .   -
     ,  

    20      
     -

  . ,   -
     -

,      -
,     ( )   

.       
       

 .  ,      
    ,   -

       .

  
 +      

   
 +    (    )
 +      -

     

 +     ; -
   

      -
  

     
     
      -

 
        

   

                           

 Crites, R. and Tchobanoglous, G. (1998). Small and Decentralized 
Wastewater Management Systems. WCB/McGraw-Hill, New York, US. pp. 
905-927.

 Morel, A. and Diener, S. (2006). Greywater Management in Low and 
Middle-Income Countries. Review of Diff erent Treatment Systems 
for Households and Neighborhoods. Eawag (Department Sandec), 
Dübendorf, CH.

  : www.sandec.ch

 Polprasert, C. and Rajput, V. S. (1982). Environmental Sanitation Reviews: 
Septic Tank and Septic Systems. Environmental Sanitation Information 
Center, AIT, Bangkok, TH.

 U.S. EPA (1980). Design Manual. Onsite Wastewater Treatment and 
Disposal Systems. EPA 625/1-80-012. U.S. Environmental Protection 
Agency, Cincinnati, OH, US.

  : www.epa.gov

.8



 
 

 
 

15
6

  :         

 :     

 :

 
 
 

  :

 
  
  

 
  

   
 

    ,     
 / ,       -

 ,      -
   . ,  -
,       ,  

 ,     . 

       
 :

1)        ;
2)        -

/ / ; 
3)       ( .5 

 .6).
,    ,   -

      . 
        ,  -

   ( .10). ,   , -
   ,       

,       -
  .    -

    10 000 /  .    
     ,   

       
  ( , ),    -

        .

 .   
      , 
  ,   , 

  ,       

     ( , 
  ,     

. .).         /
      -

  .      1 / 
.  / ,     ,  -

 , 4 / . 
    ,    

   .    
        

      -
  .       

  ,   ( )  , -
        

 .

.       
        (   -

,    ),   -
     . ,  

   ,     
,       ,  

,    ,     -
  .
       

  ,     
,       

    .

,   / .  -
      -

    :
 1-9

ил

входное отверстие выходное отверстие

прокладка

.9



 
 

 
 

15
7

  ..     
        -

.   ,    -
 ,    ,   -

.       -
,        

            
  .     

      
        -
  .

   .  -
 ,     /

.         
 ,  (a)      /   (b) 
         

1-2     -
,       .  -

    .

  
 +  ,   
 +       -

   
 +     ; 

      
  

 +     -
    

     
     ( )
      -

  
        -

   
        

 

                           

 Cross, P. and Strauss, M. (1985). Health Aspects of Nightsoil and Отстой 
Use in Agriculture and Aquaculture. International Reference Centre for 
Waste Disposal, Dübendorf, CH.

 Edwards, P. and Pullin, R. S. V. (Eds.) (1990). Wastewater-Fed Aquaculture. 
Proceedings: International Seminar on Wastewater Reclamation and 
Reuse for Aquaculture, Calcutta, IN.
(Compilation of topical papers)

 Iqbal, S. (1999). Duckweed Aquaculture. Potentials, Possibilities and 
Limitations for Combined Wastewater Treatment and Animal Feed 
Production in Developing Countries. Eawag (Department Sandec), 
Dübendorf, CH.

  : www.sandec.ch

 Johnson Cointreau, S. (1987). Aquaculture with Treated Wastewater: A 
Status Report on Studies Conducted in Lima, Peru. Technical Note No. 3, 
Integrated Resource Recovery Project. The World Bank, Washington, D.C., 
US. 1987.

  : documents.worldbank.org/curated/en/home

 Joint FAO/NACA/WHO Study Group (1999). Food Safety Issues Associated 
with Products from Aquaculture. WHO Technical Report Series 883. World 
Health Organization, Geneva, CH. 

  : www.who.int

 Mara, D. D. (2003). Domestic Wastewater Treatment in Developing 
Countries. Earthscan, London, UK. pp. 253-261.

 Rose, G. D. (1999). Community-Based Technologies for Domestic 
Wastewater Treatment and Reuse: Options for Urban Agriculture. 
International Development Research Centre (IDRC), Ottawa, CA.

  : www.sswm.info/library

 WHO (2006). Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater. Volume 3: Wastewater and Excreta Use in Aquaculture. World 
Health Organization, Geneva, CH.

  : www.who.int

.9



 
 

 
 

15
8

  :        

 :     

 :

 
 
 

  :

 
  
    

      -
   -    

  ( ).  ,  
   ,   , 

         -
     .

    , -
,  ,   

    .   -
  : 0,5-1,2     . 

      -
 , ,   ,  -

 ,   .
 –       -

 ,      -
,            

 .      
      -

     .

 .     
        
 .

       
      -

  ,     , -
       -

.       

,       . -
       , , 

  ,       
,    ,   .

.       
       

(    ).    
    ,   -
 ,       

    .    
       

    ,     
   .

      -
    ,  , 

  . .        
   ..   -
       -

  .

,   / .  -
     .  

       
   ,   -

       .
      

  ,     
   .    -

      :
 1, 6-9

Отстой

входное отверстие выходное отверстие

прокладка

плавающие растения (макрофиты)

.10



 
 

 
 

15
9

  .    -
      -

       -
    .

   .   
   .  -

       -
,   . , -

   ,     
 .      , -

   ,      
/ .       

   .

  
 +       -

  
 +       -

   
 +     ; 

      
  

 +        ; 
     -

 +      -
  

     ( )
       

,       
 

                           

 Crites, R. and Tchobanoglous, G. (1998). Small and Decentralized 
Wastewater Management Systems. WCB/McGraw-Hill, New York, US. pp. 
609-627.
(Comprehensive summary chapter including solved problems)

 Iqbal, S. (1999). Duckweed Aquaculture. Potentials, Possibilities and 
Limitations for Combined Wastewater Treatment and Animal Feed 
Production in Developing Countries. Eawag (Department Sandec), 
Dübendorf, CH.

  : www.sandec.ch

 McDonald, R. D. and Wolverton, B. C. (1980). Comparative Study of 
Wastewater Lagoon with and without Water Hyacinth. Economic Botany 
34 (2): 101-110.

 Reddy, K. R. and Smith, W. H. (Eds.) (1987). Aquatic Plants for Water 
Treatment and Resource Recovery. Magnolia Publishing Inc., Orlando, FL, US.

 Skillicorn, P., Spira, W. and Journey, W. (1993). Duckweed Aquaculture. A 
New Aquatic Farming System for Developing Countries. The World Bank, 
Washington, D.C., US.

  : documents.worldbank.org/curated/en/home
(Comprehensive manual)

 U.S. EPA (1988). Design Manual. Constructed Wetlands and Aquatic 
Plant Systems for Municipal Water Treatment. EPA/625/1-88/022. U.S. 
Environmental Protection Agency, Cincinnati, OH, US.

  : www.epa.gov 

 WHO (2006). Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater. Volume 3: Wastewater and Excreta Use in Aquaculture. World 
Health Organization, Geneva, CH.

  : www.who.int

.10



 
 

 
 

16
0

  :      

   

 :

 
 
 

  :

 
  
  

 
  
  

   
   
 

   ( )     -
     ( , , 

  . .),        .

     -
,    ,     . . 

       ,  
    . 
       

.       
      

   ,      -
        

.   ,      -
    ,  -

        
.      -

   . 

 .    ,  
    -

  , . .  ,     
     ,   

 .  ,  , -
,    ,  , 

   (   ),   
    ,     

 .    -
        

     ,  

     .   
     -

      
( , , .   -

, . 136)    -
 . 

 ,    -
 ,      , -
 ,   ,  

,       
   .    

       
.

.        
         

    .    
        -

        
 .  ,  -

       , -
    ,   ,  -
     .

   ,      ( ) 
 ,      

 .

,   / .  -
,  (Mg2+, K+, NH4

+)    -
   ,     

 /    :
 1-9

обработанный сток

водаем

.11



 
 

 
 

16
1

( , )   .   
,      

  ,     -
      

       
      .  -

,       
    ,    

    .

   .  -
        -

    ,  -
 .       
      -

  .

  
 +   « »  -

 (  )
 +      

    
       -

       
 ( )   

      -
 

       -
    

                           

 ARGOSS (2001). Guidelines for Assessing the Risk to Groundwater from on-
Site Sanitation. British Geological Survey Commissioned Report, CR/01/142, 
Keyworth, UK.

  : www.bgs.ac.uk

 Seiler, K. P. and Gat, J. R. (2007). Groundwater Recharge from Run-off , 
Infi ltration and Percolation. Springer, Dordrecht, NL.

 Tchobanoglous, G., Burton, F. L. and Stensel, H. D. (2004). Wastewater 
Engineering: Treatment and Reuse, Metcalf & Eddy, 4th Ed. (Internat. Ed.). 
McGraw-Hill, New York, US.

 WHO (2006). Guidelines for the Safe Use of Wastewater, Excreta and 
Greywater. Volume 3: Wastewater and Excreta Use in Aquaculture. World 
Health Organization, Geneva, CH.

  : www.who.int

.11



 
 

 
 

16
2

  :            
       
    
   

 :

 
 
 

  :

 
  
  

 
  
  

   
 

   

  –   / , -
   ,    
 .      -

      .  
–    .   -

  ,      -
 ,      

  ,   ,   -
    -

      .

        
/ ,   ,      -

     .   
     
    , -

,  ,  , ,   
( ) .       -

        
   .      

      -
    .    

 ( ,  )   
  -  .  , 

      -
   / ,   

        
   .

     / ,  
   / ,   -

   ( ,    
  ),       
.     -

       .

 .    -
  /     -

  ( ),      
,      

 .      
 ,     -

     / ,  -
        

. 
     -

        
.   / ,   -

,  -  , -
         

     
 . ,     

       -
.    -

        -
  ,    

      .
      , 
       

  . 

    :
 1-9.12



 
 

 
 

16
3

.    ,    -
   ,      
  .   ,   

   / ,   -
      

      -
  .

        -
       -

 ,     -
 .      

      . 
      -

     ,  
 ,        , 

  ,      
   .

,   / .   
     ( , 

)      ,  
      . 

      
       -

 .    ,  -
         
,       -

       .

   .   
  ,      -

 ,      
 .     -

 .

  
 +    -

 +        -

 +     -
 

 +       
 

 +      -

    
       

  
     -

 
       

    
      

  

                           

 Strande, L., Ronteltap, M. and Brdjanovic, D. (Eds.) (2014). Faecal Sludge 
Management. Systems Approach for Implementation and Operation. 
IWA Publishing, London, UK.

  : www.sandec.ch
(  ,       

   (FSM)

 U.S. EPA (1999). Biosolids Generation, Use, and Disposal in the United 
States. EPA-530/R-99-009. U.S. Environmental Protection Agency, 
Washington, D.C., US. 

  : www.epa.gov

 U.S. EPA (1994). A Plain English Guide to the EPA Part 503 Biosolids Rule. 
EPA832-R-93-003. U.S. Environmental Protection Agency, Washington, D.C., 
US.

  : www.epa.gov

.12



 
 

 
 

16
4

  :   :

 
 
 

  :

 
  
  

 
  
 

 

 ,     ,     
 .      -

   ,     -
   .  ,   -

    ,  -
     .

     -
        -

     ( . .,  -
       

 ,   –   
,       ).  
,      55-75 %,

    ,   -
 6-6,5 / 3.

 .    -
     . , 1  

    200  , 
1      100  ,  1  

   500  . 
        -

      150-300  . -
 30-40     ,    

 , 120-140  –   0,5  , 160-190 
 –   0,5  .

  ,     , 

 ,       -
   300-400 / .   ,   

        .
       -

   ( / ):
•  : 200-450 /
•  : 1 000-3 000 /
•  (100 )     -

: 30-75 /
•  ,     

60 : 120-150 /
•   /      

. .: 420 /
•  1 / .    -

 / : 700 /
•      (15 , 100 -

)    / : 140 /
     ,    -
   .    ,  

       -
    ( ,  -

     ).
,    ,  -

,       -
  .     

   ,    
  .

  :
 5.13



 
 

 
 

16
5

.    55 %  
 , 24 % -     

 3 % -   .  -
     -

 .     
      , -

    ,    
    88 %.   -

        -
    .   -

,       
 . 

,   / .  , 
     -

 ,       
 (    ,    

   ).  ,     
 ,       

 . ,    -
,      -
 .  ,      

  ,    -
   ( ,   

 ),  ,     
     .

   .   
   ,    -

.       
        

.  ,    
     

.      -
    ,   

      -
 .

      -
    .  -

   « »  O2   
   ,     -

   .

  
 +   
 +        

   (    -
   )

 +       
 

      -

         
     (  -

     ),      
    

    

 Deublein, D. and Steinhauser, A. (2011). Biogas from Waste and 
Renewable Resources, 2nd Ed. Wiley-VCH, Weinheim, DE.

 Kossmann, W., Pönitz, U., Habermehl, S., Hoerz, T., Krämer, P., Klingler, B., 
Kellner, C., Wittur, T., von Klopotek, F., Krieg, A. and Euler H. (1999). Biogas 
Digest Volume II – Application and Product Development. GTZ, Eschborn, DE.

  : www.susana.org/library

 Lohri, C. (2009a). Research on Anaerobic Digestion of Organic 
Solid Waste at Household Level in Dar es Salaam, Tanzania. Eawag 
(Department Sandec). Dübendorf, CH. 

  : www.sandec.ch

 Lohri, C. (2009b). Evaluation of Biogas Sanitation Systems in Nepalese 
Prisons. Eawag (Department Sandec), Dübendorf and ICRC, Geneva, CH.

 Mang, H.-P. and Li, Z. (2010). Technology Review of Biogas Sanitation. Draft 
– Biogas Sanitation for Blackwater, Brown Water, or for Excreta Treatment 
and Reuse in Developing Countries. Gesellschaft für Internationale 
Zusammenarbeit (GIZ) GmbH, Eschborn, DE. 

  : www.susana.org/library

 Vögeli, Y., Lohri, C. R., Gallardo, A., Diener, S. and Zurbrügg, C. (2014). 
Anaerobic Digestion of Biowaste in Developing Countries. Practical 
Information and Case Studies. Eawag (Department Sandec), Dübendorf, CH. 

  : www.sandec.ch

.13



 
 

 
 

16
6

  

     , -
    2 ,    -

 ,     -
    -

 .      
,        

     -
,  (    2014 )   -

  ( . .   ),  , 
     -

 ( . .    ).

   ( ) 2008  -
        

,       
 .   -

 , ,     
 (www.gatesfoundation.org),    -

 /    
  (www.ifc.org/sellingsanitation),    

      
    -

       -
 .

       
   ;  
  ,       

  .   ,   -
      , 

   ( ) ,   
  ,       

      -
 .   ,    

     ,  
  ,  ,  -

       
.     -

,         
       , 

 . 
       -

      - -
 .   -

        
-  ,   

    ( )    
  ( )      -

 ,      
,    . 

       , -
 «   »,    -

    .
 ,      

    ,   
     -

   .  ,   
  ,  -

, ,   ,    -

 .
Peepoo  Peepoo –     

,      -
  .   ,  

         
 ( ,     -
 )    2 .   

       -
 .      

 ,   .  
  Peepoo     
  ,  (a)     

,   ,  (b)  
     . -
      

   ,    -
 (   4 ).     

    ,    
  .        -
      ,  
    . -

        
   ,   , 24 , 

   ,    
     -

  .    ( -
 12 )     800  . 

       
( ,     -

, .3),       
  ,      

 ( ,   ,  -
   . .).     

 ,      -
   ( ,  -

         
).   ,    ,    

   /  
  ,   
     . 

 Peepoo    ,  -
,     ,     .

 .    
 .      

     .  -
    ( .9),     

       ,  -
        

   (     
).      /  ,  

     -
,     -

 .      
        -

    . 
 ,     

  .     



 
 

 
 

16
7

       
  .      

.    ,  
, ,  ,    -

,      -
  .  ,   

     -
   ,    

    .  
     (  ,  

       
, .7,        
, .6);       

  ,       -
  ,     

.  ,   ,  -
      -

  ( ,  Biofil, .  
).      

      , 
,    ( .7- .9)  ( ) -

  ( .5).      
      -

  .

   /  LaDePa.   
      

(La ePa) –      -
/ ,     , -

      -
 . /      1 000 /  

(30-35 %   ),    -
     300 /    (60-

65 %   ). ,    
  (  ,   . .),  

 /     :   
/     6     -

  ,      
   ,     

 .
 /     , -

     ,  , -
    25-40 ,     

      -
 ,    , -

     . -
   /    

   «Parseps Dryer»,  -
    . 

      
    ,  

       -
    / .   

     . 
     -

        -
 .    16 . 

   La ePa   ,  

 6:      /  LaDePa

Впускное отверстие 
для горячего воздуха

Лента из пористой стали

Пастеризованный шлам/ил

Вращательное движение

Подача
шлама/ила

Септические
сепараторы

Камера предварительной 
сушки, в которой
используется тепло,
произведенное
генератором-двигателем

Камера пастеризации,
в которой используются 
средневолновые
инфракрасные
излучатели

Отсос влажного 
воздуха

Поток воздухаПоток воздуха



 
 

 
 

16
8

   ,   -
       

( / ).
    , . , -
 ,  LaDePa    

    2 .  , 
     -

     
 , ,      

  2 000  / ,   -
    ,  . -

     (GrowEthek), 
  ,        

      -
,       .  

   GrowEthek,  La ePa -
  27  / ,    

 .  La ePa  -
  «   » (P ), -

        
.        

      -
 .     -

      
,       -

    .

     .  
    , 

   .    -
   ,    ,  

      (   
    ,  -

  250 /  PO4-P  2 500 /  NH4-N   -
).  ,    -

 ,    ,    . .,  
      

     ( . .2),  -
       

  « » (NH
4MgPO4-6H2O).  -

       
  (  ,    

).         
       . 

    , -
,        

.       . , 
 ,   1 000    ,  

       -
 .       

  ,    ( -
,    )   
      

 ,    , -
    . -

     ,    

       
 pH   ,   

  .   , -
, ,    .   , -
    ,  -

   ,   
  ,       

      .   
      -

     , 
        

  .     
     , 

      
 ,   ,    

      -
,     (    

     ).
       , -

      ,  
   ,     

,        
  .  « » ( .  

)     ,  
      -

    .



 
 

 
 

16
9

Рукавный фильтр

Выходной клапан

Опора реактора

Бак реактора

Емкость 
для сбора стока

Емкость для сбора 
вытекающего стока

Механическая мешалка

Площадка 
обслуживания

 7:     , 
     

    

Peepoo:
 Peepoople. www.peepoople.com (last accessed April 2014)

 Vinnerås, B., Hedenkvist, M., Nordin, A. and Wilhelmson, A. (2009). Pee-
poo Bag: Self-Sanitising Single Use Biodegradable Toilet. Water Science & 
Technology 59 (9): 1743-1749.

Compost  Filter:
 Biofil (n.d.). The Biofi l Toilet System. The Toilet Facility that Makes Good 
Sanitation Sense.

 Biofilcom. www.biofilcom.org (last accessed April 2014)

 Gajurel, D. R., Li, Z. and O  erpohl, R. (2003). Investigation of the Eff ective-
ness of Source Control Sanitation Concepts Including Pre-Treatment with 
Rottebehaelter. Water Science & Technology 48 (1): 111-118.

 Hoffmann, H., Rüd, S. and Schöpe, A. (2009). Blackwater and Greywater 
Reuse System Chorrillos, Lima, Peru – Case Study of Sustainable Sanitation 
Projects. Sustainable Sanitation Alliance (SuSanA), Eschborn, DE.

  : www.susana.org/library

LaDePa Sludge Pelletizer:
 Harrison, J. and Wilson, D. (2012). Towards Sustainable Pit Latrine Man-
agement through LaDePa. Sustainable Sanita  on Prac  ce 13: 25-32. 

  : www.ecosan.at/ssp

 Particle Separation Systems. www.parsep.co.za (last accessed April 2014)

 Wilson, D. and Harrison, J. Personal communication (February 2014) 

Struvite Production from Urine:
 E  er, B., Tilley, E., Khadka, R. and Udert, K. M. (2011). Low-Cost Struvite 
Production Using Source-Separated Urine in Nepal. Water Research 45 
(2): 852-862.

 Grau, M. G. P., Rhoton, S. L., Brouckaert, C. J. and Buckley, C. A. (2013). De-
velopment of a Fully Automated Struvite Reactor to Recover Phospho-
rus from Source Separated Urine Collected at Urine  Diversion Toilets in 
eThekwini. WEF/IWA Interna  onal Conference on Nutrient Removal and 
Recovery 2013, 28-31 July, Vancouver, CA.   : www.
eawag.ch/vuna 

 Nutrient Valorization from Urine in Nepal (STUN). www.eawag.ch/stun 
(last accessed April 2014)

 Ostara Nutrient Recovery Technologies Inc. www.ostara.com (last ac-
cessed April 2014)



17
0

 
 

 
 

 : . .12

 : . .6

 :  ,  -
   .

 :  ,    
       -
 . . .5 ( : - ,   

  )

 :  ,  -
   .

    ( ): . .10  T.3

 : . .12  .17 ( : -
 )

 :     
     

,     .

 : . .11  .4

 :  ,   -
        

. . .5

:     
  . . «     ( .9)»  

«       ( .10)»

 : ,    -
       
  .     « -

».

      
    ( ): . T.11

-  :  ,  
       

 . . .5

 : . .10

    : . .9

: ,  ,  
    .    

        , 
,   ,   

     .   , -
        

      . 
      

   ,    
   ,     -

   .

: .  « », . 10

/ - : . .1 ( :   -
, , /   , )

  :    -
  .

   ( ):  
 ,  , 

        
 (   /       

   5).     -
    , 

     :   -
  ,     
   (   ).

 :    , 
     -

,    . . .7- .9

 :   -
        

( ,   , )   -
,    .

 : . .12  .17 ( :  
)

: .  « », . 10

     -
: . T.8 

  : .  « », . 10

:  ,    -
  (   )   .   

     .  -
      ( , -

     ).

  : .  « », . 10

 :     -
   (    ),  -

    .

 : .  « », . 11 ( -
:  )

  : .  « », . 11

   ( ):   
,       -

      ( :  
)

 : ,     -
 ,     

      
  .     ( -
, )       -

        
 .



17
1

 
 

 
 

: . .11

  : . «   » ( )

:  , . . ,    -
       .  -

 ,     , 
   ( ,   ) 

  .     -
  ,    / .   

       -
    /     .

:     -
.        -

  ,     .

 : ,    .

   : .  « », . 11 ( -
: )

     
( ):  ,   

 , ,   ( )   
,      -

 .

 : . .7

:   ( )  ,   
  .

:  ( )  -
   (    , -
  )     ( , 

). .   , . 136

      
( ): . .4

   : . .1

: . «  », . 100

:       -
,      -

 ,  ,   .

   : . .15 

: . .6

      
: . .7 

   : . .14

 : . .7 ( : -
 )

:     (  , 
CaO)    (    , 
Ca(OH)2).   ,    

,    .  
   ,    

      /  
    (    -

  ).

  ( ) : . «  
 », . 138

 : ,   -
  , ,   

.

:        -
  ( ,     

),        -
   .

: .  « », . 10

: ,     -
     

   (  , -
  )    .

 : . .8

  : . .4 ( : -
  )

 :  ,  -
     ( -
 )  -  ( :  )

 :  , -
    ( : )

: . .1

  : . .5 ( :  
    , - )

 : ,   
  .

 :     
    . . .4- .6

 :   -
 (       

« »).

     : . .5 ( -
:   , - )

 :   Escherichia coli,  
      . -

    .

 : .  « », . 12

 :   
 . 1   = 90 

%, 2  = 99 %, 3  = 99,9 %  . .



17
2

 
 

 
 

:  ,  
   ,   -

     ( , 
, , ,   ).

: ,    
   ( ,  -

 ).

     -
 : . .3

:  ,    
,       

.        -
      ( , , 

   ),    ( , 
)     ( , ).

   : ,   , -
       -
  ,    .

: ,  , ,  
    CH4.    

      (50-75 %) 
,      -
  .

:   (NH2)2CO,  -
        .  

        
,   , -

  . 

: . «  », . 100 ( -
: , )

: .  « », . 12

 :   ,   
       -

 .

:      
.

: . « »

  : . «  », . 100 
( : )

: . .1 ( :  , / -
- )

     -
 : . C.2

 : . .2

  / :    -
/      .

  : . .6

:    -
  /   .    -
   ,   

     ,     
     ( ,  -

 ).

   (   
):  ,     

       -
    ,   , 

    .   
      

 ,  ,      
   ;   

;       
   .   -

 (   )   
   ,   -
      .

:     , 
     ( : )

   :    -
 / ,    .

  : . .2

    ( ): ,  
         -

   105 °C (   / ).  -
      -
  ( )      

 ( ).

     -
 ( ): . .3

 : . .5 ( :   
   ,   )

: . .1 ( : , / - -
)

: . « » ( )

: .  « », . 11

: ,      
       .

:    , -
  .

 : ,    
        

     , 
      -

. . . 166

- : . .13

   : . .12



17
3

 
 

 
 

 :  ,    
 ,    .

 :    -
 ,    , , 
, , ,   .

: .  «   », . 82

  ( :  ): -
,   .  (N),  (P)   

(K)     , -
   . N  P  

  ,   -
  .

    : . .10 ( : 
   )

: . .3

 :   ,  -
       ( , -

 ).

   : , -
    ,     

.

  : . .8

   : . .10 ( :  
   )

- : . «  » ( )

   : . .7 ( :  
  )

  : . .3

      : . .4

 : .   -
 ( )

   : . .9

 / : . .5

  : . .2

  : . .11

:   ,   
 ,       

 ( ,   ).

- : . .13

:      
   .

( -)  : . «  
 », . 98

 :   .

  : . «  » ( )

 : . «   -
», . 136 ( :  )

 :      
,         

 ,     -
  .

: . «  », . 10

:    -
,   ,   . -
       -

        
  .

: . «  », . 100

: . «  », . 100 ( : 
  )

 :   (   -
),      . -

,    ,  
      -
   .

 : .  « », . 12

-   : . « -
  » ( )

: .  , . 100 ( : , 
)

 :  ,    
     , -

,    ,  
  /    , -

    .

 : . .13

 : .  «  » 
( )

 C: :        
.

  : .  « », . 11

: .  « », . 11

 : . .16

  / : .  «  
 », . 56

 : .  « », . 11 ( : -
 )



17
4

 
 

 
 

  : .  « », . 11

 : . .1

   ( ): , -
     , 

  ( ) ,      
  ,    -
     ( : 

-   ).

: . «  » 

:       -
       -

       -
   ,    , 

 .

 : . «  », . 10

 : . «  », . 13

: . «  », . 100 ( : -
, )

 : ,     
   .

 : . .9

   : . .7

:      
      

     ( , 
 ,   ).

 : .  « », . 12

 : ,   
  ,     .

   : . .7 ( : -
   :   )

      : . S.6

      ( ): . .2 

 Arborloo: . .1

   : . .5

  : . .4

 : ,     -
 ,      

.     ( , -
)        -

        
. . «   », . 136 

( :  )

       ( ): 
. .6

: . «   », . 42

:      ( : 
).

 :     
   . . «   

», . 136

   : . .1

: .  «   », . 138

  :    , 
  .     

     .  -
         -

  ,     ( : 
  ).

 :  ,  -
       

  .

 : . .4 ( :  -
 )

   :   ,  -
        -

   ,    -
.      -

     ( . .4- .6),   
 .

 : .  « : / », . 12

: .  « », . 11

: ,    .

:   ,  -
     ( , 

, ,     ),  
       
 .       

    .

: ,       
 ,  , ,   . .,  

 ,    .

: ,      -
    .   -
      -

     ,  
       

 .

 : . .5



17
5

 
 

 
 

 : . «  », . 12

:  ,     -
      ( -

, ,     ).

 : . «  » ( -
)

   ( ):  -
 ,     -
       

   (   
/ ).        

 ,      
,    .   
    , 

     :   -
  ,     
    (   ).

  : .  « », . 10

,   : , 
     ( -

,    )    -
,    .

,  : , -
       

,     .  
   ( ): . .5

 : .  «  
 », . 98

:   ,   
  ,   -

      . 
    , 

  ( , )   ( -
 , , )   -

  .

/ : .  « », . 12. -
: ,      -

    .  : 
       

( ,  ).

 : . . 15

: . «    » ( )

:      -
  (  ,    -

),        -
,     . -

:        
    .

: .  « », . 11

    (   ): -
   ,   -

      
     , 

    ,   .

pH:     . -
 pH  7    ,  -

 pH  7 –  ,    .



:

Tilley, E., Ulrich, L., Lüthi, C., Reymond, Ph., Schertenleib, R. and Zurbrügg, 
C., 2014. Compendium of Sanita  on Systems and Technologies. 2nd Revised 
Edi  on. Swiss Federal Ins  tute of Aqua  c Science and Technology (Eawag). 
Dübendorf, Switzerland.

ISBN: 978-3-906484-65-5

© Eawag:       
, 
 ,      (Sandec)

. , , www.sandec.ch

    Eawag,  
   ;     

   . 
 Eawag     , 
   ,     

       
  .

 PDF-       -
: www.sandec.ch/compendium

    : 
 , .    ,  «Designport GmbH», 

. 
 :   

:  Eawag (Sandec)  
 : 1000 

:  «Imprimerie Nouvelle Gonnet, Belley, France»






