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 Summary  

Biodegradable waste represents a significant fraction of the solid waste produced, the 
efficient and effective treatment of which is imperative for its sustainable management. 
The biological treatment of biodegradable waste, such as composting, represents an 
alternative treatment method through which recycling and reuse of waste is achieved, 
contributing to a variety of environmental, financial and social benefits.  

Decentralized composting has the potential to positively contribute towards a more 
efficient approach in the whole biodegradable waste management system (collection, 
transport, treatment and reuse) at local or even at national level. The aim of this research 
is to investigate the decentralized treatment and reuse of biodegradable waste using a 
prototype  composting  system.  To  meet  this  aim  of  the  thesis  a  composting  system  was  
designed, constructed and evaluated through which the treatment of different 
biodegradable waste streams and mixtures can be achieved. The evaluation of the 
effectiveness and efficiency of the system was based on (a) the control and monitoring of 
a  series  of  trials  inside  the  bioreactor  where  composting  process  takes  place,  (b)  the  
quality characterization of the end product (compost) and (c) the reaction kinetics 
simulation of the composting process in regard to the biodegradable organic matter 
losses of the substrate. 

The design and construction of the prototype composting system involves an in-vessel 
batch feeding system, with automated units for the mechanical agitation, ventilation and 
humidification of the organic substrate. The system has a capacity of 1.5tn of organic 
material whereas the emitted gases are trapped and the produced leachate is collected 
and removed. 

The first stage of the system evaluation involves the development of several composting 
trials in which different biodegradable waste was selected such as sludge from urban 
wastewater treatment plants, agricultural residues and animal waste. In addition, in some 
experimental cycles, minerals such as zeolite and perlite were added in order to improve 
the biodegradation conditions of the organic matter. Different mixtures of the 
aforementioned waste streams were supplied to the system, the composition of which 
was determined by their availability and their physicochemical properties aiming to 
provide the necessary conditions for initiation of the composting process. During the 
control and monitoring of the experimental composting trials, it was found that the 
critical operating parameters of temperature, moisture and oxygen evolved in the desired 
range as required for the aerobic biological treatment of waste. This was attributed to the 
controlled conditions of agitation, ventilation and humidification of the substrate inside 
the bioreactor. These conditions favoured the partial consumption of the substrate total 
organic carbon resulting in significant organic matter losses especially during the early 
phase of composting where the microbial activity was more intense. The high nitrogen 
content of the selected biodegradable waste resulted in low C/N ratios in the initial 
substrate. These conditions created excess of organic nitrogen part of which was 
mineralized to form ammonium thus increasing pH to alkaline values. Under these 
circumstances and under the influence of elevated temperatures, significant losses of 
nitrogen were recorded mainly through ammonia volatilization. Due to the efficient 
agitation and aeration processes of the substrate in combination with the presence of 
bulking agents (e.g. agricultural residues), ammonium is oxidized to nitrates (nitrification) 
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thus confirming the presence of aerobic conditions in the substrate. The addition of 
mineral materials such as zeolite and perlite, in several composting trials, was found that 
improves the composting process in the bioreactor. The presence of minerals modifies 
the physical properties of the substrate through water absorption and by increasing its 
porosity. Particularly in the case of zeolite addition, ammonia and ammonium adsorption 
was also observed, contributing to the reduction of nitrogen losses. 

The second stage of the composting system evaluation involves the quality 
characterization of the produced compost based on the determination of its maturity and 
stabilization level. Compost characterization considers its physical, chemical and 
biological properties with regard to the corresponding literature indices as well as in 
relation to the compost quality specifications at National, European and International 
level. With respect to the physicochemical properties, compost moisture content and pH 
were  within  the  desired  range  while  the  C/N  ratio  varied,  in  most  cases,  at  favourable  
levels. Moreover, the produced compost was rich in organic matter while the macro-
elements content (N, P, K, Mg, Ca) was considered satisfactory which is indicative of the 
potential contribution of the materials in the enrichment and improvement of the 
physicochemical characteristics of soils after their application. In addition, the compost 
acquired high nitrogen content despite the significant nitrogen losses recorded during the 
composting processes. As for the inorganic forms of nitrogen, ammonium concentrations 
were lower than those of nitrates resulting in low NH4

+/NO3
- ratios which characterize 

mature compost. Nitrate concentrations in compost appeared high with the exception of 
the composting trial where zeolite was added, since zeolite ion exchange and adsorption 
capacity relative to ammonium ions regulates their concentration and hence that of 
nitrates. Moreover, the high organic nitrogen content of compost renders nutrients 
runoff (e.g. nitrates) in the soil since their availability is regulated by the factors affecting 
nitrogen mineralization. Finally, the total concentrations of heavy metals (Cd, Cu, Cr, Ni, 
Pb and Zn) appeared higher in compost in comparison to their concentrations in the initial 
substrate due to the organic matter reduction during composting. However, their 
concentrations in the final product were significantly lower than the maximum EU 
permissible limits for land application. With regard to the biological characteristics, the 
produced compost appeared phytothreptic which was indicative of the absence of 
phytotoxic compounds. Furthermore, the low concentrations of total and faecal coliforms 
and the absence of helminth eggs which are indicators of the presence of pathogenic 
microorganisms in compost, converge on the fact that the conditions of prolonged 
elevated temperature levels during composting contributed to the sanitization of the final 
products. Finally, the development of preliminary field cultivations of maize and sugar 
beets, confirmed the stimulating effects of compost application on plant growth in 
relation to the reference germination levels and in comparison to the germination effect 
of chemical fertilizer addition. 

The final stage of the composting system evaluation refers to the simulation of the 
bioxidation reaction kinetics of the organic matter of the substrate in order to investigate 
and estimate the biodegradation rate of reaction and the biodegradation level of the 
organic matter that is achieved. The analysis of the bioxidation reaction kinetics involves a 
first-order kinetic model based on the organic matter losses during composting 
considering the effects of the critical parameters of temperature, moisture and oxygen on 
the rate of organic matter biodegradation. The goodness of fit of the rst-order kinetic 
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model to the experimental data appeared satisfactory both qualitatively (visual fitting) 
and quantitatively. In addition, the estimated biodegradation rates presented high values 
in all composting trials, whereas the estimated levels of organic matter losses were also 
significant, suggesting that that the bioxidation processes were carried out effectively. 

In conclusion, the different biodegradable waste mixtures can be treated effectively using 
the in-vessel composting system while producing a final added value product which has 
the required characteristics for land application. Therefore, the composting system can 
potentially contribute to the sustainable decentralized management of this waste stream 
and to the promotion of an alternative solid waste management approach through small 
and autonomous decentralized systems. 
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.  
 

 2006/12/ .  
 
 

(2).  2008/98/  
,  

 (  2006/12/ )  
 114218/1997 «  

»  50910/2727/2003 
.  

». 

 114218/1997  
 ( ) ,  

, ( ) , ( )  
, ( )  ( ) . 

 
 

,  
 

 ( .  
, ).  

 
 

, , , , ,  
, (3), ,  

.  

 50910/2727/2003,  
 ( ), ,  –  

, ,  
 ( ,  

),  
 

                                                
(2)  2008/98/  

 
 

. 
(3)  114218/1997  9 

 1.6 : «  
.  

,   30%   
.   pH  .   

»  
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.  
 

,  
. 

.   
 2008/1/  
 IPPC)  

,  
 

,  
.  

, ,  
 

.  
,  

 
 50 .  

 µ  2008/1/  
.2965/2001 .3325/2005. 

 
. 

, .  
 

. .  
,  

,  
.  

86/278/E  
, ,  

.  
 

, , 
,  

 
.  

.  
 80568/4225/91  

. 
 

 ( ),  
1774/2002/  

 
.  

211/2006 ,  
 µ  

1774/2002/ . .  
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, ,  
 

2006/799/  2007/742/  
 
 

 «eco-label».  
,  

, . 
 (biowaste)(4) .   

 (EC, 2001),  
 

 (EurActive, 
2010).  

 
.E.  2000/76/  2009/28/  

.  
2000/76/ ,  

, , ,  
 (  

(5)),   
.  2009/28/  

 
 ( .  

) .  
 2000/76/ . 22912/1117/2005 «  

 
»  2009/28/ . 

 
.  

 
1999/31/ . ,  

, ,  
.  

 
 

,  
. ,  

                                                
(4)   µ  2008/98/EK  µ  ,  

  »  « » ,  
µµ , ,  

 µ .  
 µ  

 « »  
, ,  

. 
(5)   
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(6)  
,  

.  
 

 80%  
 1995,  

.  
.  29407/3508/2002  

 
 1999/31/E . 

 
 75, 50  35% 

wb  2010, 2013  2020 ,  
 1995.  

 
,  

 
.  4641/232/2006 

 
.  

 
.  29407/3508/2002, 

, , , 
,  

, ,  
.  

 
.  

  2.1  
 60% wb .  2009.  

,  
,  

 
.  

 
. 

.  
 

. .  
 (COM(2008) 811 )  

.  

                                                
(6)   

. 
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 2.1: . 

 1995 (EC, 2006) 

 
.  

, ,  ( ),  
, . 

 
, 

, ,  
 ( . , ). . 

 
,  

 
.  

 
 
 

. 

2.2.  

 2  1999/31/  
,  

.  
 

.  
(7): 

  

                                                
(7)   

 ( )  02, 03, 19  20  

0  

20  

40  

60  

80  

100  

120  

140  %
 2006 – 75% 

 2009 – 50% 

 2016 – 35% 



14                
 

   
   
  
  
  
 .  

 
. 

2.2.1.  

 
 

.  
,  

.  
, ,  

. ,  
 
 

 ( , 2008).  
,  

 ( )  
 ( ) .  

, ,  (  
)  µ  

.  
 

: ( ) , ( )  
, ( ) , ( )  

 ( )  
(  2.2). 
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 2.2:  
, 2006; Schaub and Leonard, 1996) 

  

 
(1) 0205)  

   
. 

/ 
 

 
 0202) 

     
 

.  
.  

, , ,  
.  

 25-30% ,  
 20-25% . 

 
 0202) 

    5-65% wb  
 

.  
, 

, , , , . 
 

 
 

 0203) 

 
 

, , . 
 

 , , , , 
 . 

  
 

   
 

,  
 (olive cake)  

. 
  

  
     

, ,  µ  µ  
   

. 
  ,   

,  (pulp)  
.  

    µ  
 (3–7%   µ )   

 
 (30-40%   

 12 % ). 
     100  kg  

 1000 kg  ( . 
),  (bagasse), , 

 µ µµ .  
 
 

 
 0203) 

 
, .  

, , , , . 
 3-5% wb  

 
.  

 
. 

(1)   
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.  
 
 

,  
 
 
 

 ( . -
, , ).  

 0.1-0.5 kg 
 kg  COD  (Verheijen et al., 1996).  

  2.3. 

  
 

. ,  
,  

 
.  

, .  
 (90-95%),  BOD 

,  (Schaub 
and Leonard, 1996).  

  2.4  
.  

 2.4:  
 (USDA-SCS, 2008) 

 
 

    
 (% wb) 94.2 92.5 94.5 96.0 

TS (% wb) 5.8 7.5 5.5 4.0 
VS (% wb) 4.8 5.9 4.4 3.4 
FS (% wb) 1.0 1.6 1.1 0.6 
COD (% wb) 7.8 N/A N/A N/A 
N (% wb) 0.41 0.53 0.40 0.20 
NH4-N (% wb) 0.17 N/A N/A N/A 
P (% wb) 0.12 N/A N/A 0.04 

:  

  
,  pH  

 .  
 

 (Schaub and Leonard, 1996). 

 2.3:  
 (Ranalli  et  al.,  2001;  

Elvira et al., 1998) 

  

pH 7.1-7.6 
TS (% wb) 17.0 
FS (% dm) 3.2 
TOC (% dm) 23.4-36.8 
N (% dm) 6.2 
C/N  5.4-5.9 
P (% dm) 2.6 
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.  
.  

 C/N  
, .  

 
 (Thomsen, 2005; Schaub and Leonard, 1996).  

 
  2.5. 

 2.5:  
(Philippoussis, 2009) 

  
(% dm) 

 
(% dm) 

 
(% dm) 

FS 
(% dm) 

N 
(% dm) C/N 

 16.0-18.0 26.4-30.4 27.5-28.1 4.6-5.5 4.1-4.5 11.6-12.2 

 
 21.0-36.0 12.0-22.7 41.0-48.0 2.7-10.2 0.1-1.1 77.6-124.2 

 23.0-29.1 15.1-17.1 13.0-26.0 4.5-6.3/ 
1.0-6.0 

1.4-1.9/ 
0.9-1.0 53.5-59.4 

 28.0-45.0 35.0-43.0 11.0-17.0 4.4-4.8 0.4-1.1 64.2-71.6 

 52.0-90.0 5.2-20.0 4.0-12.0 2.6-8.4 0.3-1.4 40.0-59.0 

 21.5-37.5 20.6-24-9 29.6-35.1 8.2-8.7 0.8-0.9 50.6-58.6 

 28.0-43.0 17.5-20.6 21.5-22.5 16.7-21.4 0.3-0.4 100.0-136.0 

 
 26.6-40.0 19.0-30.0 19.0-23.3 1.5-5.0 0.2-0.8 120.0-190.0 

 
 31.3-42.7 24.0-25.2 23.2-28.7 3.0-3.3 0.6-0.9 60.0-72.4 

  
 
 

.  
, , ,  

 80-90%,  pH  (Schaub and Leonard, 1996).  
 

  2.6. 
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 2.6:  
 (% wb) (USDA-SCS, 2008) 

  TS VS FS N P K 
 -  84.0 16.0 13.9 2.1 0.53   
 -  86.5 13.5   0.30   

 -  90.4 9.6 8.6 1.0 0.14 0.034  
 -  84.0 16.0 13.6 2.4 0.42 0.03  
 -  87.4 12.6 11.3 1.3 0.25 0.04  

 -  79.8 20.2 19.0 12 0.67   
 -  94.6 5.4 4.5 0.9 0.05 0.027  
 -  8.6 91.4 84.7 6.7 1.37 0.02  
 -  87.2 12.8 12.2 0.6 0.26   
 -  84.0 16.0 15.0 1.0 0.24   

 -  12.8 87.2 17.5 15.7 1.22   
 -  91.3 8.7 7.9 0.8 0.12 0.037  

 -  93.5 6.5   0.065   
 -  94.2 5.8 5.2 0.6 0.15 0.03 0.30 
 -  88.9 11.1 10.2 0.9 0.22 0.044 0.089 

:  

2.2.2.  

 
.  

 020106 . 
,  

, , ,  (  
), .  

,  
. ,  

, , .  
 

.  
 . 

2.2.3.  

, 
 

.  
 0201 .  

, 
,  

.  
 
 

 (Residue to Product Ratio – RPR) . 
 . 
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 27  
 4·109 tn  3·109 tn 

 ( ) (Lal, 2008; 
Lal, 2005).  45%  

 
, , , . (FAO, 2001).  

 
, , 

, , , , .  
  2.7. 

 2.7:  
 

   
(tn yr-1)   

 109 , ,  Zhang (2008), Qu  et  al.  
(2006) 

 200·106-480·106 , , , , , 
, , 

,  

Mande (2005), Das and 
Singh (2004) 
 

 100·106 - Moghtaderi et al. (2006) 
 40·106 ,    Kim and Dale (2004) 

 
 

140·106 , ,  
 

Kim and Dale (2004) 

 933·106 , , , , 
, , ,  

 

USDA-US DOE (2005)  

 120·106 , , , , 
, , , 

 

Nikolaou et al. (2003)  

EU 27 200·106-305·106 , , , , 
, , ,  

Scarlat et al. (2010)   

 Scarlat et al. (2010)  
.-27  258·106 tn dm  

 200·106  305·106 tn dm ,  
.  

 
:  (42.2%),  (3.6%),  (3.2%),  (18.8%),  (18.8%), 
 (1.3%),  (5.2%)  (6.9%).   2.2  

,  
 10 .  

,  
, ,  

(Philippoussis, 2009).  
 

,  
,  (Thomsen, 2005).  

 
 2.8. ,  Mills and Jones (1996),  

, ,  0.5–1.5% N, 0.15–0.2% P, 1% K, 1% Ca, 0.5% Mg, 
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0.2%  S,  30  mg  kg-1 Mn,  100  mg  kg-1 Fe,  30  mg  kg-1 Zn,  5  mg  kg-1 Cu,  20  mg  kg-1 B            
1 mg kg-1 Mo.  

, , ,  
. 

 
 

 2.2:  (Mtn yr-1 dm  
.-27 (Scarlat et al.  2010) 

 2.8:  (Philippoussis, 2009; Manios 
and Verdonck, 1985; Clark et al., 1978 ) 

  
(% dm) 

 
(% dm) 

 
(% dm) 

FS 
(% dm) 

N 
(% dm) C/N 

 
 36.4-40.0 25.0-29.0 13.0-21.0 3.6-7.0 0.6-0.9 55.8-77.3 

 25.0-40.0 13.0-38.0 6.4-17.6 2.4-3.9 1.3-2.5 28.0-42.0 

 
 34.4-42.6 28.4-30.6 17.1-19.7 4.3-4.9 0.3-0.5 150.0-170.0 

 22.8-38.4 17.7-28.5 6.4-18.0 8.3-17.8 0.5-1.1 51.4-57.8 

 34.0-60.8 17.0-21.0 20.0-22.9 N/A N/A N/A 

 27.0 18.7 15.9 4.8   

 31.5-39.5 21.2-29.0 5.6-15.0 5.6-8.0 0.4-0.8 48.8-59.6 

 30.5 28.4 18.0 11.0   

:  

2.2.4.  

 
 
 

 (  
) .  

020107  0301 . ,  
,  

 
 [M

tn
 y

r-1
 d

m
] 
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.  
 

 170201  200138 .   2.9  
 (Davies et al., 2006). 

 2.9:  (Skog and Rosen, 1997; Mckeever, 1995) 
   

 
 

 , 
  

, , , ,  

 
 

 , , , , , 
 

 
 

, 
, , 

 

, , 
, , 

, , , 
 

 , , 
, 

 
,  

 

 
 

 
 

, , 
,  

, ,  
, , , , 

 ( ), 
, ,  

 
 

,  
 

 
,  

 

  
,  

 
,  

, , 
, , ,  

,  
, , ) 

,  
 28%  

 (FAO, 1990). ,  
 50%  

 50%  (Alderman, 1998). , 
 

, ,  
.  

,  
 
 

 (Haeussler and Kneeshaw, 2003). 

 
,  

.  
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,  
 ( . ),  

, 
.  

,  (Davies et al., 2006). 
,   2.3 

 Steierer et al. (2007)  
,  

 
,  

.  

 

  
 2.3:  (m3)  

 (Steierer et al., 2007) 

H ’  
 

.  
,  

 ( ) (Haeussler and 
Kneeshaw, 2003).  

.   2.10 
 

.  

0

10

20

30

40

50

10
6

m
3

0

50

100

150

200

250
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 2.10:  
(Philippoussis, 2009; Cheremisinoff et al., 1976) 

 C 
(% dm) 

O 
(% dm) 

H 
(% dm) 

N 
(% dm) 

FS 
(% dm) 

 
(% dm) 

 
(% dm) 

 
(% dm) C/N 

  
(Abiew) 53.0 39.2 6.2  0.4-1.5 43.0 27.0 28.6  

  
(Pinus) 50.2 43.4 6.1 0.2 0.4-1.1 44.0 26.0 27.8 251 

  
(Picea) 50.0 43.5 6.0 0.2 0.3    250 

  
(Acer) 50.6 41.7 6.0 0.3 1.4    169 

  
(Quercus) 49.2 44.2 5.8 0.4 0.4    123 

  
(Fagus) 48.9 44.5 5.9 0.2 0.5    245 

  
(Alnus)  0.3 40.0 39.0 19.5  

  
  0.1 0.4-0.5 38-50 11-25 23-30 310-520 

  
  0.1-0.2 0.2-0.3 43-45 24-26 1.7-2.0 150-450 

:  

2.2.5.  

 
 ( ).   

,  
),  ( )  

  2.3.  
 190805 . 

 

 2.3:  ( , 1994) 
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, 

.  
 
 

.  
.  

,  
 

.  
 ( .  Al2(SO4)3, FeCl3) ,  

 
 (Malamis, 2009).  

 40-60%  
 1.5-5.0%  

 (FAO, 1992).  Turovskiy and Mathai 
(2006)  

 0.05 kg capita-1d-1. 

 
 
 

.  
 ( , 

, )  
 

 ( , ) ( , 1994;  Turovskiy 
and Mathai, 2006).  

 
 1%,  4-5%.  

 
 80-90%. 

 
. 

 
 – 

,  
. 

 
,  (  2.11). 

 
  2.12.  

 
 

 ( , 1994).  
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 2.11:  (Metcalf and Eddy, 2003) 
o   

 

 
 

.  

 
 

.  
. 

 

. 
 

 
.  

 
. 

 2.12:  (Metcalf and Eddy, 2003)  

 
 

 
 

 
   

TS (% wb) 5-9 6 0.8-1.2 
VS (% dm) 60-80 65 59-88 

 (% dm)  20-30 25 32-41 
 (% dm) 1.5-4.0 2.5 2.4-5.0 

C/N ( )  - 11 - 
P - P2O5 (% dm) 0.8-2.8 1.6 2.8-11.0 
K - K2O (% dm) 0-1 0.4 0.5-0.7 
pH 5.0-8.0 6.0 6.5-8.0 

)  et al., 2005)  

,   
,  

.   2.13  
 

  2.14  . 

 2.13:  
 (Metcalf and Eddy, 2003) 

 
TS (% wb) 

  
  2.0-6.0 5.0-10.0 

  
  0.5-1.5 2.0-3.0 
  1.0-4.0 3.0-6.0 

  
  0.5-4.0 4.0-7.0 
  &  

 
2.0-6.0 5.0-9.0 
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 2.14:  (Metcalf 
and Eddy, 2003) 

   
As (mg kg-1 dm) 1.1-230 10 
Cd (mg kg-1 dm) 1-3410 10 
Cr (mg kg-1 dm) 10-99000 500 
Co (mg kg-1 dm) 11.3-2490 30 
Cu (mg kg-1 dm) 84-17000 800 
Pb (mg kg-1 dm) 13-26000 500 
Mn (mg kg-1 dm) 32-9870 260 
Hg (mg kg-1 dm) 0.6-56 6 
Ni (mg kg-1 dm) 2-5300 80 
Zn (mg kg-1 dm) 101-49000 1700 

 
.  

 
.  

 
)   (  

).  
,  

.   2.15  
. 

 2.15:  
 (Metcalf and Eddy, 2003) 

 
TS (% wb) 

  
  25-35 26-32 

 
  5-20 12-20 
   10-20 15-23 

 
  12-20 18-28 
  

 
20-25 23-30 

 
, ,  

,  
. 

,  
 ( )  

 ( , 
2007).  

 ( )   
2.16  2.17.  
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. ,  
.  

,  
 ( . )  

. 

 2.16:  (  
) (Kouloumbis et al., 2000). 

 VS 
(% dm) 

N 
(% dm) 

P 
(% dm) 

K 
(% dm) 

Na 
(% dm) 

Cd 
(mg kg-1 dm) 

Cu 
(mg kg-1 dm) 

Zn 
(mg kg-1 dm) 

 62.9 
(3.1) 

4.8 
(0.1) 

2.6 
(0.3) 

0.15 
(0.02) 

0.12 
(0.03) 

2.2 
(0.1) 

239 
(2.1) 

2791 
(424) 

 49.2 
(1.1) 

3.2 
(0.2) 

2.3 
(0.1) 

0.25 
(0.04) 

0.06 
(0.01) 

2.8 
(0.4) 

269 
(17.8) 

2183 
(149) 

 63.4 
(8.6) 

5.2 
(0.9) 

2.7 
(0.3) 

0.20 
(0.06) 

0.14 
(0.04) 

3.4 
(1.4) 

288 
(41.1) 

2359 
(1036) 

 65.7 
(3.0) 

3.7 
(0.4) 

2.1 
(0.1) 

0.16 
(0.02) 

0.51 
(0.02) 

2.8 
(0.0) 

368 
(34.6) 

2256 
(80) 

 64.3 
(5.9) 

3.8 
(0.2) 

1.4 
(0.3) 

0.43 
(0.33) 

0.31 
(0.15) 

2.5 
(0.1) 

435 
(69.7) 

2207 
(122) 

 58.5 
(0.0) 

4.0 
(0.0) 

1.4 
(0.2) 

0.19 
(0.01) 

0.31 
(0.23) - - - 

 54.5 
(2.4) 

3.1 
(0.3) 

2.0 
(0.5) 

0.11 
(0.03) 

0.05 
(0.03) 

3.8 
(0.6) 

283 
(40.9) 

2122 
(262) 

 70.7 
(4.4) 

5.4 
(0.6) 

2.2 
(0.4) 

0.56 
(0.27) 

0.45 
(0.27) 

2.4 
(0.9) 

171 
(27.5) 

1888 
(214) 

 47.6 
(6.3) 

3.7 
(0.4) 

1.0 
(0.1) 

0.46 
(0.03) 

0.06 
(0.05) - - - 

 54.9 
(7.3) 

3.5 
(0.8) 

1.8 
(0.8) 

0.15 
(0.01) 

0.21 
(0.05) 

2.4 
(0.4) 

337 
(81.5) 

2521 
(0) 

 
 

39.0 
(7.4) 

2.2 
(0.5) 

1.9 
(0.3) 

0.14 
(0.02) 

0.13 
(0.02) 

1.8 
(0.1) 

232 
(37.5) - 

 76.3 
(2.1) 

6.7 
(0.3) 

2.2 
(0.5) 

0.61 
(0.24) 

0.08 
(0.02) 

1.7 
(0.2) 

157 
(17.4) 

1150 
(109) 
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 2.17:  (Andreadakis et al., 2002) 

  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 –

   
 

 

 
 –

  
 

 

 
 

 
 

 
 

 
 

  
 (x 1000 p.e.) 73 80 40 105 164 60 36 42.6 80 20 67 700 3500 60 120 160 70 

  M  M M       M -  M M M 
                  

 
 

N % dm 5.2 5.7 11 10.6 5.2 7.2 4.9 5.9 12.6 8.1 10.6 2.4  8.7 10.2 9.9 10 
P % dm 3.5 2 8.8 7.8 1.7 4.5 0.9 2.3 7.9 2.1 2.9 1.5  4.3 5.4 2 4.3 
TS % 18.5 22.6 15.8 18.8 18.4 18.1 49.9 45.5 14 34.1 18.9   15.7 17.5 23.9 16.7 
VS % dm 54.4 55.5 69.9 51 68.9 59.8 37.2 50.9 74.7 30 58.6   57 64.3 45.4 57.1 

 
 

FC FC/g wb 11830 542 536 1180 5443 5756 854 11997 8697 538 935   1182 117 5492 1181 
 

 
Ni mg kg-1dm 89 35 77 65 53 34 108 55 20 30 72 160 228 41 91 40 59 
Zn mg kg-1dm 2595 2307 618 2380 1323 1857 1970 3448 1078 633 1332 1200 4140 1990 1111 1049 1908 
Cr mg kg-1dm 97 36 69 31 29 34 69 55 21 67 98 390 981 33 95 28 60 
Cd mg kg-1dm 2.2 2.3 2.3 4.1 3.2 3 2.4 2.5 1.9 3.2 2.9 0.8 1.6 2.4 3.8 2.8 2.8 
Cu mg kg-1dm 203 223 216 149 237 117 193 211 76 333 236 580 327 146 313 126 103 
Pb mg kg-1dm 214 196 124 223 159 116 159 114 83 169 125 450 264 105 267 111 55 

:   <0.20 kg BOD kg-1 SS d-1, 
:  0.20 – 0.60 kg BOD kg-1 SS d-1, 

: ,  
: ,  

:   
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2.2.6.  

 ( )  
. ,  

,  
 

,  ( , ,  
) (  1999/31/ ).  

 ( , .) , , , , 
 ( , 2003).  

 200108  200201 .  
 
 

.  
  2.18   2.4  

  2.19  2.20.  

 2.18:  (USEPA, 2007; IPCC, 2006) 
  (kg wb cap-1 yr-1) 

  
 370 

-  210 
-  270 

 (1) 290 
  

 380 
 640 

 520 
 560 

(2) 453 
  

 490 
 210 

  260 
 650 

 764 
(3) 690 

(1)  
(2)   50910/2727/2003 (  B 1909/22.12.2003) « . 

» 
(3)   

 2.19:  (Pichtel, 2005) 
  (kg dm cap-1 yr-1) 

<2500 332 
2500-10000 445 

10000-30000 529 
>30000 595 

  



30                
 

 2.20:  (Pichtel, 2005) 
   
  445 kg wb capita-1 yr-1 

 413 kg wb capita-1 yr-1 
 398 kg wb employee -1 yr-1 

, 2471 kg wb employee -1 yr-1 
  0.009 kg wb (US dollar)-1 

 0.015 kg wb (US dollar)-1 
 84 kg wb student-1 yr-1 

 
 2.4: . (Eurostat, 2010) 

, , ,  
, , , .  

 
, ,  

 (Cheremisinoff, 2003).   2.21 
 

.  
, (8)  

 
 (EEA, 2002). ,   2.21 

 
.  

 
.  

 
 ( . , , 

)  (JCS, 
2005). ,   2.22  2.23  

 
. ,   2.24  

. 

                                                
(8) -

, . 

0

200

400

600

800

DK CY IE LU M
T N
L

AT GE ES UK IT FR  -2
7 FI EE SE BE PT BG SI HU GR LT RO LV SK PL CZ

kg wb cap-1 yr-1 2000 2008
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 2.21:  (% wb) (IPCC, 2006) 

  
     / 

     

          
 26.2 18.8 3.5 3.5 1.0 14.3 2.7 3.1 7.4 

-   40.3 11.3 7.9 2.5 0.8 6.4 3.8 3.5 21.9 
-  43.5 12.9 9.9 2.7 0.9 7.2 3.3 4.0 16.3 

 41.1 18.0 9.8 2.9 0.6 6.3 1.3 2.2 5.4 
  

 53.9 7.7 7.0 1.7 1.1 5.5 1.8 2.3 11.6 
 43.4 16.8 6.5 2.5 - 4.5 3.5 2.0 1.5 

 51.1 16.5 2 2.5 - 4.5 3.5 2.0 1.5 
 23 25 15 - - - - - - 
 40.4 9.8 4.4 1.0 - 3.0 1.0 - - 

  
 30.1 21.8 7.5 4.7 1.4 6.2 3.6 10.0 14.6 

 23.8 30.6 10.0 2.0 - 13.0 7.0 8.0 - 
 36.9 17.0 10.6 - - - - - - 
 24.2 27.5 11.0 - - - - - - 

(1) 47.0 20.0 - - - 8.5 4.5 4.5 15.5 
(2) 40 29 2 14 3 3 9 

  
 46.9 17.0 2.4 5.1 1.9 9.9 5.0 5.7 3.5 

  43.8 13.7 13.5 2.6 1.8 6.7 2.6 3.7 12.3 
 44.9 17.1 4.7 2.6 0.7 10.8 2.9 3.3 13.0 

 33.9 23.2 6.2 3.9 1.4 8.5 4.6 6.5 9.8 
(3) 25.3 32.7 5.6 7.6 12.1 8.2 5.3 3.2 

  
 36.0 30.0 24.0 - - - - - - 

 67.5 6.0 2.5 - - - - - - 
(1)  50910/2727/2003 (  B 1909/22.12.2003) « . »  
(2)  (2009) 
(3) USEPA (2007) 
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 2.22:  (Pichtel, 2005) 
     

K (%) 0.35 0.29 2.27 4.18 
Ca (%) 0.01 0.10 0.42 0.43 
Mg (%) 0.02 0.04 0.21 0.16 
NH4-N (mg kg-1) 4 61 149 205 
NO3-N (mg kg-1) 4 218 490 4278 
SO4-S (mg kg-1) 159 324 882 855 
P (mg kg-1) 44 295 3500 4900 
B (mg kg-1) 14 28 88 17 
Zn (mg kg-1) 22 177 20 21 
Mn (mg kg-1) 49 15 56 20 
Fe (mg kg-1) 57 396 451 48 
Cu (mg kg-1) 12 14 7.7 6.9 
Ni (mg kg-1) - - 9.0 4.5 

 2.23:  (Williams, 2005; Pichtel, 
2005) 

 
  

(% wb) 
VS  

(% wb) 
FS 

(% wb) 
  

(kg wb m-3) 
     290 

 78.29 17.10 1.06  
 38.74 56.34 3.11  

 0.00 97.64 2.36  
  

 75.24 18.64 1.62  
 9.97 66.92 3.82  
 50.00 42.25 0.50  

 69.00 25.18 0.81  
 53.94 35.64 2.34  

 20.00 67.89 0.80  
    70 

 10.24 75.94 5.38  
 5.97 81.12 1.43  

 4.71 84.20 2.64  
 10.00 66 6.5 60 

 0.20 96 2 60 
 2.00 - 96-99 200 

 2.50 - 94-99 200 
  10-40 30-60 10-30 60-120  

300-900  
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 2.24:  (% dm) (Williams, 2005; Pichtel, 2005) 
 C H O N S 

        
  49.06 6.62 37.55 1.68 0.20 
  59.59 9.47 2.65 1.02 0.19 
  73.14 11.54 14.82 0.43 0.07 

       
  46.18 5.96 36.43 4.46 0.42 
  52.15 6.11 30.34 6.99 0.16 
  50.12 6.40 42.26 0.14 0.08 
  48.51 6.54 40.44 1.71 0.19 
  46.65 6.61 40.18 1.21 0.26 
  50.46 5.97 42.37 0.15 0.05 

  
 

     
  43.41 5.82 44.32 0.25 0.20 
  49.14 6.10 43.03 0.05 0.16 
  43.73 5.70 44.93 0.09 0.21 
  37.87 5.41 42.74 0.17 0.09 

  60.00 7.20 22.80 - - 
  55.00 6.60 31.20 4.60 0.15 
 -  78.00 10.00 - 2.00 - 

  0.5 0.1 0.4 <0.1 - 
  4.5 0.6 4.3 <0.1 - 

 15-30 2-5 12-24 0.2-1.0 0.02-0.1 
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3.  

, ,  
, ,  

,  
,  

.  
,  

,  
. ,  

 
,  

 
 

.  
 
 

.  
,  

, )  
 (  

, . .).  

 
,  

 
 2.2.  

 
.  

 
. 
 

 ( )  
 ( )  ( ). 

3.1.   

 
 

 ( )  
 (CH4).  

 
 

 ( . 
, )  

 ( , 2008). 
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 (50-75%),  
 (25-50%)  ( . , ,  

, )  
 (  et al., 2005).  

,  
 

.  
 

.  
 150m3  

 306 kWh  350 kWh (9) ( , 
2010).   3.1  

  ( )  
, ( )  

, ( )  ( )  
. 

 
 3.1:  

 (Wright et al., 2000) 

,  
,  Pavlostathis and Giraldo-Gomez 

(1991), µ  µ  
  3.2.  

,  
,  

 µ  µ  
.  

, , , 
µµ . , 

 
)  

. 

                                                
(9)  1 m3  21MJ  2.04kWH 

 2.33kWh  

 
 

 
 

  

  
 

  &  
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1.   
 
2.   
 
3.  µ  

  
 
4.  

  
 
5.  

  
 
6.  µ   
 
7.  µ  µ  

 
 

 3.2:  CH4  CO2  
 (Khanal, 2008; , 2005) 

 
,  

.  
.  
 2-3  

.  
 
 

. , 
 

 ( ) , ( ) , ( )  
 ( )  

 3.1.  
 

.  

 3.1:  
    

 
(~35oC) 

 
(<10% TS) 

 
 

) 

 
(~55oC) 

 
(<10-25% TS) 

  

 
 

(<25% TS) 
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3.2.  ( ) 

 
 

.  
 « » 

 
,  

.  « »  
 « »  

 
,  

.  
 
 

.  
,  
. (Hogg et al., 2009;  

, 2007; Epstein, 1997; Engeli et al., 1993; Carry et al., 1990; Toffey, 1990). 
  3.3 .  

 
 (Bharadwaj, 1995).  

 
 
 

 CO2, ,  
 (Ipek et al., 2002; Epstein, 1997). 

 
 
 

 (Paredes et al., 2001). ,  
 
 
 

(  3.4) (Pare et al., 1998).  
 

 (Marche et al., 
2003). 

 
 3.3:  (Shaw and Stentiford, 1996; Rynk et al., 

1992) 

 
 

 

 

 
, , 

) 
 

.  
) 

 
 

 
, , 

) 
 

.  
) 

 
 

 CO2   
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 3.4:  (Peigné and Girardin, 2004) 
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3.2.1.   

 
 

  3.5.  
 

.  
 
 

.  
.  

, ,  
 

,  
 ( . , .).  

 
,  

 (USEPA, 1995). ,  
 
 

 ( ,  
) (USEPA, 1995). 

 
 3.5:  

 

 
 
 

.  ( ) 
 ( . , 

, ) , 
)  

 ( . ,  
),  ( )   ( )   

.  
 

,  

   1

 2

• 3

• 4

 5

 6
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 3.2.6.  
.  

 
 ( . )  

 
.  

 
.  

3.2.2.  

 
 

. 

 . 
 (  

) . 
   

 – 
 ( . ) 

   
 

 ( . ) 
   

 
 

 (  
)   

   
 

,  
 (  

 ¨ ¨ , 
.).  

 
. 

  
 

 ( . , 
,  

,  
).  

 
. 
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 2.2.  

 
.  

,  
) , ( ) , ( ) 

(10)  ( )  (Haug, 
1993).  

 (pH, , , .)  
 

.  
 
 

. 

3.2.3.  

 
,  

,  
.  

,  
.  

:  

   
  

 
  
  

 

3.2.3.1.  

 
.  

 
 

 (Diaz and 
Savage, 2007a).  Hassen et al. (2001)  

 
 

.  
 

. 

                                                
(10)  ,  
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, , . 
 
 

.  
 

. , , 
, .  

 (<40-45Co)  (Hellmann et  al.,  1997).   
 

) . 
 

 C/N  
 9-12.  

 
.  

 
,  

.  
 

 40-45Co 
(Jeong and Kim, 2001; Eklind and Kirchmann, 2000b; Hellmann et al., 1997)  

. ,  
,  ( . ) (Miller, 

1991)  
.  

 
 
 

 ( . , , ).  
 (<40-45Co)  

 
 

.  
 

,  
 ( . )  

 
.  

 
. ,  

 ( )  
 

 (Cooperband, 2000).  
 ( , )  

,  
 

 ( .). 
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 (Finstein et al., 1986; Finstein 

and Morris, 1975)  
 (Miller, 1992). 

 
 

43  65°C (  3.2). 

 3.2:  (°C)  
 

 
 

  

52 - 60°C  Bach et al. (1984), McKinley and Vestal 
(1984), MacGregor et al. (1981) 

55°C - McKinley and Vestal (1984). 
50 - 55°C    

 
 

Diaz and Savage (2007a) 

45 - 55°C  
 

Pagans et al. (2005), Stentiford (1996), 
De Bertoldi et al. (1983) 

43 - 65°C  EA (2001) 
55 - 65°C  

 
Shammas and Wang (2007) 

,  
. 

 Epstein (1997)  Miller (1992),  
 60  70°C, ,  

,  
.  (>70°C)  Diaz and 

Savage (2007a), Mena et al. (2003), Fermor et al.(1989)  Finstein et al.(1986) 
.  

 Mosher and Anderson (1977)  
20°C  

. 

 
,  

 
.  

 
 (Hogg et al., 2002).  

 
, ,  

.  Bollen et al. (1989), Lopez-Real and 
Foster (1985)  Bollen (1969)  65°C  

 
.  de Bertoldi et al. (1988)  

 65°C  3  (2007),  
 55°C  3  
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 99,9%  
. ,  Strauch (1998, 1991 ) 

 
. 

  3.1  
 7 , 

30 , 2 , 15  3  70, 65, 60, 55  
50°C .  

 
 

  3.3. 
 3  

86/278/ ,  
 55°C µ  20  

.  
 

 55°C  4  (Carrington, 2001). 

 
 3.1:  

 (Strauch, 1998; 1991). 
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 3.3:  
,  

   
 

  -  

  
(CCME, 2005) 

 55°C  15  
 55°C  3  

 55°C  3  
 

(USEPA, 2003) 
   

 55°C  15  40°C  5    
 

 55°C  4  
 55°C  3   

 55°C  3   
 
 

(DoE, 1996) 

  40°C  5  
 55°C  4 

 

 
 

.  
 ( )  

 
 ( )  

(Miller, 1992).  
 
 

 ( , 2010). 

3.2.3.2.  

 
,  

 
 (Gajalakshmi and Abbasi, 2008).  

,  
. 

 Margesin et al. (2006)  Liang et al. (2003)  
 
 

.  Gajalakshmi and Abbasi (2008), Stentiford (1996)  
 (1990),  

 50%  70%,  
 

 (Nova Scotia, 2008; Diaz and Savage, 2007a; Manios, 2004; 
, 1979).  

 
’ . 

,  
 (Diaz and 

Savage, 2007b). 
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,  

,  
.  

 (<30%)  (>75%)  
 
 

(Gajalakshmi and Abbasi, 2008; de Bertoldi et al., 1983; Tiquia, et al., 2002, 1996a). 
, 
 

. ,  
 (Qiao and Ho, 1997). ,  

,  
 
 
 

(Diaz and Savage, 2007a; de Bertoldi et al., 1983).  
 10-15%,  (Diaz and 

Savage, 2007a; Diaz et al., 2002; EA, 2001).  
 

 40%  70% (  3.4).   
 

.  
 

,  
,  

 (Diaz et al., 2002). 

 3.4:  
 (% wb)  

50-60 Gajalakshmi and Abbasi (2008), Shammas and Wang (2007), 
Alexander et al. (2002), Gaur (2000) 

40-70 Stentiford (2001) 
50-70 Tiquia et al. (1998), Haug (1993), McKinley et al. (1986), Suler and 

Finstein (1977)  
 60 Liang et al. (2003)  

 
 

.  
 

 ( )  
 ( )  

 
, 2010).  

 
.  

 
,  
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 ( )  
 ( )  

 
 ( , 2010). 

3.2.3.3.  –   

’  
 
 

 (Barrington et al., 2003).  
 

.  
 

 (Diaz et al., 2002).  
 

 ( )  
, ( )  

 ( )  ( . 
CO2). , ,  

 
’  

 
. 

 
, , 

o  
 

 (EA, 2001).  
 
 
 
 

. 

 Alexander et al. (2002)  Wesner (1978),  
 5  15% v/v  

 
 Gajalakshmi 

and Abbasi (2008)  Shammas and Wang (2007). ,  Mena et al. (2003) 
 10-16% 

v/v  
. ,  0.5% v/v, 

 (Gajalakshmi and Abbasi, 2008),  Gaur (2000)  
 10% v/v  

 Poincelot (1977)  
 5% v/v. 
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3.2.3.4. pH  

 (pH)  
.  pH  

 
.  Shammas and Wang (2007), Zorpas et al. (2003), 
 (1990),  Golueke (1972),  6.0  7.5  

 pH  5.0 - 8.0.  
 p  

 
 ( . ,  

)  (Kirchmann and Widen, 
1994; Haug, 1993; Nakasaki et al., 1993; Poincelot, 1974).  

 
 ( , 2007).  pH  

 
,  

 (Finstein and Morris, 1975).  
 

.  pH 
 8.5  

 
 (EA, 2001).  

 ( . FeSO4)  
 Pagans (2006) .  

 
 pH  ,   Pagans  et  al.  (2005)   Mena  et  al.  

(2003),  
 ( )  

.  pH  EA (2001)  
 pH .  

 Nakasaki et al. (1993)  pH  
 

 7.0  8.0.  
 pH,  6.5  8.5 ( , 2001; Gaur, 

2000; Hoitink and Kuter, 1986),  Bharadwaj (1995)  6.5 
 7.5.  Diaz and Savage (2007b)  pH 

 6.0  7.5,  
 5.5-8.0  

. ,  
 pH 

. 
 Bernal et al. (2009)  pH  

 NH3/NH4
+  

 
  3.2. 



50   
 

 
 3.2:  pH  NH3/NH4

+  
(Henry et al., 1999) 

3.2.3.5.  

 
 

.  
, ,  

.  
 

 ( )  
 (EA, 2001). ,  

 
. ,  

 
. 

 µ  
 
 

 (O’Leary and Walsh, 1995).  
 
 
 
 

 ( , 2007). 
,  

. 
 Diaz et al. (2002),  10mm  50mm 

. ,  
,  

,  
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 (Diaz and Savage, 2007a).  
 50mm (Diaz et al., 2002; EA, 2001; Gaur, 

2000).  
,  

.  
 
 

 (bulking agents).  
,  

 
 C/N  (Seo et al., 2004; Eklind and Kirchmann, 2000a; 

Schaub and Leonard, 1996; Haug, 1980).  
,  

 
.  

, , ,  
, , , . 

(Adhikari et al.,  2009a; Bernal et al.,  2009; Chang et al.,  2006; Pagans et al.,  2006; Hong 
and Park, 2005; Manios, 2004; Eklind and Kirchmann, 2000a; Crobe, 1994; Verville and 
Seekins, 1993; Riggle, 1989).  

 
 (Schaub and Leonard, 1996). 

3.2.3.6.   

 
 

. ,  
, .  

 
 

 (EA, 
2001). 

 
, ,  

.  
, , ,  

 
 50%  (Gajalakshmi and Abbasi, 2008). 

,  
 (C/N)  

Bernal et al. (2009),  
.  C/N  
 9  12 (Zucconi and de 

Bertoldi, 1987)  Alexander (1977)  
 1/3  

 CO2. , 
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 C/N  
27  36. ,  

 25  35  (Gaur, 2000; Golueke, 
1992; Bishop and Godfrey, 1983). ,  
C/N  (C/N>35),  

,  C/N 
 (Bernal et al., 1998c; Verdonck, 1988). 

,  C/N  (C/N<10)  
,  

,  
 pH  (  3.2) (Pagans et al.,  2005; Sanchez-Monedero et 

al., 2001; Reddy et al., 1979).  
 

 C/N  20 (Kumar et al., 2010; Zhu, 2007; Huang et al., 2004). 
,  

.  
C/N  

  3.5  
.  

 C/N  
 
 

. 

 C/N  
,  ( . 3

-, 4
+)  

. ,  C/N 
: 

  
, 

 ,  
 ( . CO2)   

 , 
 

.  

 
 

 C/N 
 (Goyal et al., 2005). 
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 3.5:  C/N  

 
C/N  

Diaz et al. 
(2002) 

Diaz and 
Savage (2007b) 

Trautmann and 
Krasny (1998) 

IWMI (2003) 

 60-73 - -  
 20-49 - 20-50  

 113-1120 - -  
 11-13 - 10-20 13 

-  12-15 15 - 10-18 
 11-30 18 -  

 22-50 25 20-50  
 ( ) 14-16 - 15 10-16 

 ( ) 127-178 - 100-200  
 - - 400-900  

,  – 
 

 
34-80 - - 23-66 

  5-16 11 - 6-10 
  

 - - - 7-11 

 
 - 6 - 6-8 

 9-25 - 10-25  
 40-80 - 40-80  

 53 -   
 

 
 
 

16 
 
- 
- 

- 
 
- 
- 

- 
 

100-400 
100-1200 

170-500  
  
  

 
 

  
 

 
- 
- 

 
- 
- 

 
450-800 

200-1300 

 200-750 200-500 200-750 
 - 128-150 50-150  

 

 
 

. ,  
,  

,  
.  

 
 

,  
 

.  
 

 (Haug, 1993),  
, ,  

. ,  
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 ( . CO2)  
 
 

 (Bernal et al., 2009). 

 

 
 

 +5 (  NO3
-)  -3 (  NH3) (Bothe et al., 2007). 

 (  3.6,  3.4)  
,  

.  
 

 ( )  
 (  1)  (Tiquia and Tam, 2000). 

 
(11) (  2) ,  

,  (  3  3 ) 
(Bernal et al., 2009).  

 ( )  
 

 (  4  4 ) (Kokkora, 2008).  
 

’  C/N.  
 C/N  

 ( )  C/N  
 ( ) (Kokkora, 2008). 

 3.6:  
(Henry et al., 1999) 

   

+ + +    1 

( ) ( ) + ( )

( ) 
3 2 

+ 1.5 ( ) + + 2   ( )  

+ 0.5 ( )   ( )  

+ 2 + 6   ( )  

+ + +   ( )  

+ 1.25 0.5 + 0.75 + 1.25 +  2  

+ 0.5 + 0.5 + +  2   

R=  
  

                                                
(11)   pH  

 (Verdonck 1988) 
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 ( , , , .)  

,  
 

 (pH>7.5).  
 

 ( )  pH 
 

 (Insam and de Bertoldi, 2007; Tiquia, 2002; de Bertoldi et al., 
1983). ,  

 (Bernal et al., 2009; Stylianou et al., 2008).  
 

 ( ) , ( )  
, ( )  

 ( )  
 (  2). ,  

 
 ( ,  C/N,  

 - )  ( , pH, 
).  

 (<40Co)  
,  

 (de Guardia et al., 2008).  

,  
. ,  

,  (He et al., 2000),  
2  N2O  (5 )  

(5 )  (Gajalakshmi and Abbasi, 2008; Germon and Couton, 1999; Mahimairaja 
et al., 1995).  

 
 (Parkinson et al., 2004; Martins and Dewes, 1992)  

 
 

 (Bernal et al., 2009).  
 

,  
 (Bernal et al., 2009). 

  3.6  
 

.  

 
, 

 (Hargreaves et al., 
2008; Zavala et al., 2005)  

 ( . 2 ) (Bernstad et al., 2010; Mahimairaja et al., 1994; 
Sibbesen and Lind, 1993; Martins and Dewes, 1992).  
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 3.6:  (Peigné and Girardin, 2004) 

 
 

.  
.  

 C/N  
.  Wan et al. (1999), Paredes et al. (1996a), Morisaki et al. 

(1989)  Witter and Lopez-Real (1988)  
. 

 Eklind and Kirchmann (2000b)  
, , ,  

.,  
. ,  Bernal et al. (2009) 

 
 

. ,  
 

,  
 (Al-Jabi  et  al.,  2008;  Venglovsky  et  al.,  2005;  Liu  and  Lo,  2001;  Bernal  et  al.,  

1993; Witter and Lopez-Real, 1988). 

3.2.5.  

 
, 
 
 

.  
.  
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 (Iannotti et al., 1993), 
 

. ,  
 

.  
 (Zucconi et 

al., 1985).  
.  

 
. ,  

,  
. ,  

 
,  

 C/N  
 

 (Bernal et al., 2009; 
Smith and Hughes, 2004). 

.  
 
 
 
 

.  
.  

 
 

. ,  
 

,  
,  

 (Brinton, 2000).  
 

.  
,  

.  
.  

 
 ( ) , ( )  

, ( )  ( )  
.  

)  114218/1997  
 

 ( )  80568/4225/91  
. ,  

, ,  
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,  
 

.  
 

,  
. 

 Bernal et al. (2009), Eggerth et al. (2007)  Iglesias Jiménez and Perez 
Garcia (1989)  

  3.7. 

 3.7:  
   

   
  

  
  

   
  

   
   C/N, 

 ( , , )  
 

 
: , ,  , 

, . 
  ( . ), 

 (C-HA/C-FA, 4 6 )(1) 
  

 
 

pH, . 

  
 

 -  
 

 
 

 ( .  O2,  O2, 
 CO2, ), 

,  
 ATP (2),  

,  
 ( ) 

  
(1)  C-HA/C-FA:  (HA)  (FA)  

. 4 6:   
 465  665 nm. 

(2) ATP:  

 
. 

,  
,  

 
 

,  (Benito et al., 2003; 
Saviozsi et al., 1988; Roletto et al., 1985). 
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3.2.6.  

 
.  

 
,  

 
,  

 (Pagans et al., 2006). 

3.2.6.1.  

, , 
. , 

 
, ,  

 (Shammas and Wang, 2009).  
 
 

,  
.  

 (Misra et al., 2003)  ( . 
) (Shammas and Wang, 2009). 

 

 
.  

.  
 ( )  
 (Shammas and Wang, 2009).  

 
.  

 
.  

.  
 

 3.7( ). 

 
.  

 
.  

 
. 
 

 (  3.7( )) 
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) 

 

)  

 3.7:  ( ) 
 ( )  (Diaz et al., 2002) 

 

      
)  (cells  biocells),  (tunnels  

biotunnels),  (containers), ( )  (channels  trenches)                  
)  (rotating drum). ,  

,  
 

, .  
 (  

),  
 
 

.  
 
 

.  
(  3.8)  

 
 
 

 (Diaz and Savage, 2007a).  
 100  1000 m3.  

 (20  40m3)  
 (  3.9),  

 3000-5000  
6-8  (Diaz and Savage, 2007a).  

,  
.  

 (  3.10). 
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 3.8: ,  

(Geoplast, 2010) 
 

 

  
 3.9: , ,  

 
 

 

 
 3.10: ,  (Diaz et 

al., 2002)  
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,  
 

 (  3.11).  
 

. , 
 

.  

  
 

 3.11: ,  
(Turovskiy and Mathai, 2006; Diaz et al., 2002) 

,  
, ,  (  3.12).  

 
 2rpm)  

 (  1 ).  

  
 

 3.12: ,  
 (Diaz et al., 2002) 
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.  µ  
, ,  

 (Diaz and Savage, 2007a; Misra et al., 
2003). 

3.2.6.2.  

 (windrows)  
 (aerated static pile)  

.  
 ( )  

  3.13.  µ  
 
 

(Shammas and Wang, 2009). ,  
 

.  
 2.  

 (  
)  

 ( , 2007). 
 (  3.14),  

, 
 

.  
,  

 
 ( )  ( ) 

(Shammas and Wang, 2009). 

 
 3.13: ,  

 (Diaz et al., 2002)  
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 3.14: ,  

 (Diaz et al., 2007, 2002) 
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4.   

 
 

.  
  4.1.  

 
, , 

 1.5-2.0tn .  
 
 

, ,  
,  

.  
 

,  
.  

 
.  

 ( )  
 ( )  

 ( )  
.  

 
.  

 
,  

 
. , 

, ,  
.  

 
 

. ,  
 

, 
.  

 
 

. , 
 

.  
 
 
 

. 
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 4.1:  

,  
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4.1. ,  

 
,  

: 

  
 ( )  (in-situ) 

. 
  

 
. 

 ,  
 

,  
 

. 
  

 
. 

  
. 

  
. 

  
,  

.  
 

.  
  

. 
  

 
. ) . 

 
 

.  
 Zemamra  

 70km  El Jadida. , 
 

 ( ,  
).  

 
. 
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4.2.  

  
)  

 ( )  
. 

4.2.1.  

 
 
 

.  
 
 
 

.  
 

. 

4.2.1.1.  
 

 
 
 

.  
, . 

 
. 

 
.  

 
. ,  
, ,  

.  
 
 

 (  4.2)  4.3. 

4.2.1.2.  
 

,  
,  

 
’  
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. , ).  ( . 
)  (50-75mm)  

 
 

. ,  
 
 

.  
 
 

. ,  
 ( . )  

 
 

. 

 
,  

.  
 
 

.  
 

,  
 

,  
: 

  
 (C/N) . 

  
. 

  
 

. 
  

. 

4.2.1.3.  

 
.  

,  
,  

.  
 
 

. 
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4.2.1.4.  

,  
 

 (Programming Logic Controller - PLC),  
. 

4.2.1.5. . 

 
,  

 
.  

, 
 

.  
 

.  
 

 (  4.2)  4.3. 

4.2.1.6.   

 
 ½  

, .  
 

.  
 (  4.2)  4.3. 

4.2.1.7.  

 
. ,  
, .  

 
»  

.  
 
 
 

.  
 

.  
 

.  
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 (  4.2)  4.3. 

4.2.1.8. . 

 
,  

.  
, , ,  

, ,  
.  

 
,  

 
.  

 
 
 

. 

4.2.2.  

 
 

.  (Zea mays L.) 
 (Beta vulgaris L.).  

 
 

. ,  
.  

 
Doukkala  

’  
. 

 
 2.5, 5.0  7.5 tn ha-1.  

 
 (NPK 16-15-26, 0.5 tn ha-1  NPK 20-15-10, 0.5tn ha-1  

).  ( ) 
 

).  
 4.1  

(randomized blocks)  4  
.  

 780m2  30m2 (6m x 
5m)  1m. 
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 4.1:   
 

 4 T5   T2   T1   T3   T4 5m 1: 0 tn ha-1 ( ) 
                    1m  2:  2.5 tn ha-1 

 3 T4   T1   T3   T2   T5   3:  5.0 tn ha-1 
                      4:  7.5 tn ha-1 

 2 T3   T4   T1   T5   T2   5:  0.5 tn ha-1 
                    

 NPK:16-15-26 ( ) 
NPK:20-15-10 ( ) 

 1 T1   T2   T3   T4   T5  
                  6m   

 
: 

 ,  ( 50cm)  
 

 
  
  
 ,  

 (Diafuran, Karate, Goltix, Betanal, Merwet  Score)  
. 

 
.  

 32 , 47 , 61  77  
 

 ( )  48  82  
.  

.  
 48  

 
 82 . 

4.3.  

,  
 ( )  

 ( )  
 ( )  

 ( ) ( )  
 ( )  

.  
  4.2.   

 
. 
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 4.2:  
  

         
     

    oC  oC     
  % wb  % wb  % wb     

  % wb  % wb  % wb     
    % v/v  % v/v     

pH           
TOC  % dm  % dm  % dm    % dm 

    % dm  % dm    % dm 
N  % dm  % dm  % dm     
Norg  % N  % N  % N     

4
+    mg kg-1  mg kg-1  mg l-1   

3
-    mg kg-1  mg kg-1  mg l-1   

 C/N           
P - P2O5  % dm    % dm     

 - K2O  % dm    % dm     
Ca - CaO  % dm    % dm     
Mg - MgO  % dm    % dm     
Cd   mg kg-1    mg kg-1  mg l-1   

 Cr  mg kg-1    mg kg-1  mg l-1   
Cu  mg kg-1    mg kg-1  mg l-1   
Ni  mg kg-1    mg kg-1  mg l-1   
Pb  mg kg-1    mg kg-1  mg l-1   
Zn  mg kg-1    mg kg-1  mg l-1   
BOD5         mg l-1   

      % .     
 

 
          

TC    MPN g-1 dm  MPN g-1 dm     
FC    MPN g-1 dm  MPN g-1 dm     

     (10g)-1  (10g)-1     
          % 

4.3.1.  

 
 (Data loggers model 100 2K)  

. 
 

.  
 
 
 
 

. ,  
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.   
. 

4.3.2.  

 (~50g).  
 105°C  12h.  

 
 (4.1). 

= 100         (4.1) 

: 
:  (% wb) 

m1:   (g) 
m2:   105°C  12h (g) 

4.3.3.  

 
 (Umwelt Elektronik CM 37)  

. ,  
 

. 

4.3.4.  pH 

 pH-  (Mettler Toledo MPC 227 pH/Conductivity Meter)  
 pH 4, 7, 10.  pH  

, 25g  50ml  (1:2 w:v)  30  
 Whatman 0.45 m.  

 pH  pH- .  pH ,  
 pH .  

 
. 

4.3.5.  

 
 (TOC-V)  (Solid 

Sample Module - 5000A)  Shimadzu.  105oC  
12h, ,  100mg  

.  
 

 900Co.  TOC-
V .  

 (4.2). 
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TOC = 100  (4.2)

 
TOC:  (% dm) 
mTOC:   (mg) 
m :   (mg) 

4.3.6.  

 ( %)  
 (4.3)  Navarro et al. (1993) 

= TOC 1.91          (4.3) 

,  
)  

,  (4.4)  
 

(Kalamdhad and Kazmi, 2009; Liang et al., 2006; Changa et al., 2003; Paredes et al., 2001; 
Paredes et al., 1996a; Paredes et al., 1996b; Viel et al., 1987) 

= 100 100 [ ( )]
[ ( )]

 (4.4)

: 
loss:  A  (% OM) 

1:  (% dm)  
2:   (% dm) 

 
 (Adani et al., 2000). 

4.3.7.  

 Kjeldahl  
 «German Standard Methods for the examination of water, 

sewage, and sludge» (DIN, 1993).  
 Kjeldahl  H2SO4  
 CuSO4  Se  Devarda .  

 (Vapodest Distillation System)  
 NaOH  

. , 
 (2% w/v H3BO3).  

 
 0.001  HCl  (  

)  
 (4.5). 
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= . ( )  (4.5)

: 
:  (% dm) 

HCl:   HCl  0.001  
V:   HCl  (ml) 
V :   HCl  (ml) 
m :   (g) 

 (Norg)  
.  

 
, ,  (Paredes 

et al., 2002; Beck-Friis et al., 2001). 

 
,  (4.6) 

 
 (Bernal et al., 2009; Bueno et al., 2008). 

N = 100 100 ( )
( )

 (4.6)

: 
loss:  (% N1) 
1:  (% dm) 
2:   (% dm) 

N1:  (% dm) 
N2:   (% dm) 
 

 
 (Adani et al., 2000). 

4.3.8.  

 2M KCl,  
 1h, .  

Kjeldahl  MgO. , 
 2% w/v H3BO3  

 
0.001  HCl   (  

)  
 (4.5). ,  

, , 
 NH2SO3  Devarda.  

,  2% w/v H3BO3 .  
 0.001  HCl  (  

)  
 (4.5). 
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 «Spectroquant Ammonium Test»  MERCK  1.14752.0001  

1.14752.0002  1.00683.0001  EPA 350.1, APHA 4500-NH3D 
 ISO 7150/1. .  

 Whatman 0.45 m.  
 

.  5.0ml  
 0.60ml 4-1. . 

4-2  
.  5min  

 4 4-3,  
.  5min  

.  
 NOVA 60.  

 
 «Spectroquant Nitrate Test»  MERCK  1.09713.0001  1.09713.0002 

 ISO 7890/1.  
.  Whatman 0.45 m.  

 
.  4.0ml  

3-1, 0.5ml , 0.5ml O3-2  
.  

10min .  
 NOVA 

60.  

4.3.9.  C/N 

 (C/N)  
 (TOC) 

 (N)  
 (4.7). 

C N =  (4.7)

4.3.10.  

    Cd, Cr, Cu, Ni, Pb  Zn  K, 
Ca  Mg ,  

 (105°C  12h)  Digesdahl Digestion (HACH model 23130)  
 Varian 

AA240 FS.  
: 

 
  0.50g,  4ml 

 H2SO4  97% 
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  440°C  
  (5)  16.7ml H2O2 30% v/v  
  H2O2  

 (1)  
  

 GF/C 1.2 m. ,  
,  15ml  

 
  4.3. 

 4.3:   
 Cd Cr Cu Ni Pb Zn K Ca Mg 

 
(mg l-1) 0.002 0.02 0.01 0.02 0.05 0.005 0.005 0.003 0.0005 

 
 Spectroquant Phosphorus Cell Test  1.14848.0001  

1.14848.0002.  EPA 365.2+3,  APHA 4500-P E  ISO 
6878/1.  1 g .  10 ml HNO3 + 2 ml H2SO4  

 120°C .  
 5 ml HNO3  

.  
 80 ml.  Whatman 

0.45 mm  100 ml.  
 

.  5 ml .  
.  5  P2-K  

.  1  P3-K  
.  5  

 NOVA60. 

 P,  K,  Ca   Mg  
 P2O5, K2O, CaO  MgO .  

 (Cd, Cr, Cu, Ni, Pb  Zn)  
 GF/C 1.2 m  

.  

4.3.11.  

 
. .  10g 

 100ml H2O (1:10 w/v)  30min.  
 3000rpm  10min  

 Whatman 41 (20 – 25 m).  10ml 
 10ml 

. ,  (Whatman no.1) 
 20 ,  

.  
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 20 5oC  5 .  
 

.  ( .)  
 (4.8). 

. . = %G  (4.8)

: 
.:   (%) 

G:   (%) 
Le:   (cm) 
Lc:   (cm) 

4.3.12.  BOD5 

 (BOD)  
 

 20 C. 
,  20  

95-99% .  
,  BOD  5  (BOD5)  

70-80%  C, H, O (  1). 

C H O + (2 (x + y) ( z))O xCO + H  1)

 
,  

 
. ,  

.  
 4 C  24h.  

 BOD  5210  (APHA, 1998) 
. 

 BOD : 

  (pH = 7.2) ( .1) 
 8.5g KH2PO4, 21.75g K2HPO4  28.499g  K2HPO4.3H2O, 17.7g Na2HPO4  

33.4g Na2HPO4.7H2O  20.7g Na2HPO4.2H2O  1.7g NH4Cl    
 1l. 

  Mg SO4 ( .2) 
 22.5g MgSO4.7H2O  

 1l. 
  CaCl2 ( .3) 

 27.5g CaCl2  
 1l. 

  FeCl3 ( .4) 
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 0.25g FeCl3.6H20  
 1l. 

  ( .5) 
 2g  

 1l.  
 

  (a.6) 
1ml  (a.1 – a.5),  5ml, 

 1l. 
  (a.7) 

1ml  50ml. 

 BOD .  
 (a.6)  7-9 mg l-1 (DO .=7-9 mg l-1).  

 15-20 min.  
 BOD 300ml  

 (a.6),  (DO ).  
 BOD 300ml 

 (a.6)  1.5ml  (a.7).  
 

 BOD.  BOD  300ml  
 1.5ml  

(DO ). , 
 20±1 C,  5 .  5  

 (DO )  (DOT- ).  
BOD5  (4.9). 

BOD = DO DO DO DO  (4.9)

: 
BOD5:    (mg l-1) 
DO :   (mg l-1) 
DO :   (mg l-1) 

DOT- :   (mg l-1) 

DO :   (mg l-1) 

4.3.13.  

 
 (Helminth Ova).  

 
 (USEPA, 2003),  

 «Most Probable Number» (MPN) (Thompson, 2002).  
 

 Ascaris Ova  
 (USEPA, 2003). 
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4.3.13.1.  

 
.  20g  stomacher  
 Buffered  Peptone Water (BPW)  200g  

 1:10.  2min  260rpm  
 1:10  

 BPW.  1ml  
 1:10  9ml BPW  5-10sec.  

. 

 9  ( )  
Durham  9ml  Lauryl-Tryptose broth 
(LT)  

  1ml  1:10  
9ml  LT 

  1ml  1:100  
 9ml  LT 

  1ml  1:1000  
 9ml  LT 

 LT  24-48h  
 37±2 C.  

Durham .  
’ .  

 LT  
 ( ).  

 Test Methods for the Examination of Compost 
and Composting (Thompson, 2002)  MPN  

. 

 
.  9ml  EC-MUG (E. 

coli  4-methylumbelliferone- -D-Glucuronide).  LT  
 20 µl – 40 µl  

 EC-MUG.  EC-MUG  
 18-24h  44.5±0.2 C.  EC-MUG 

.  MPN  
 

. 

4.3.13.2.  (Helminth) 

 (Helminth) 
 Ascaris 

Ova  USEPA  «Test method 
for detecting, enumerating and determining the viability of Ascaris Ova in sludge» 
(USEPA, 2003) .  

.  
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.  
 

.  
.  

 26oC  Ascaris . ,  
 Ascaris  

Sedgwick-Rafter. 

4.3.13.3.   

 
 (Bouyoucos, 1962).  

,  µ  
 µ . 
, µµ ,  

. 
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5.  

 
,  

,  
.  

 ( . , ).  
, ,  

 
,  

.  
 (batch feeding system)  

.  
 

.  
. 

 (  
)  ( ) 

.  
,  

 (  
- PLC). .  

 
.  

 Rhinoceros.  
, .  

 
 Zemamra  70km  El 

Jadida, , .  
. 

5.1.   

 
 

, .  
 

, ,  
,  

. ,  
,  

 
 ( , ),  

,  
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.   5.1  
. 

 
 5.1:  

, , 
: 

 .  
 
 

. ,  
: 

-  
 

. 
,  

 
 ( . , ). 

-  
,  

,  
. 

-  
 

, .  
 

, .  
 

.  (3)  
.  

,  
.  

, . 
 
 

 &   
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-  
 

’  
.  

 
.  

 
 
 

. 
-  –  

 
, -
.  

,  
. , 

 
,  

 
. 

-  
 
 

.  
 ( ). 

-  
 

 ( ) ,  
. 

-  
,  

,  
 (PLC).  

,  
 

. 

 . 
 

.  
,  

. 

 . 
 

.  
 

. 
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, . 

5.2   

5.2.1   

 
 ( ). 

5.2.1.1.   

 
 1300mm  3000mm.  

 St 37.2,  12mm  
.  

12mm,  110mm  
. 

 
),  

.  
,  20mm  

 
. ,  

. 

 
,  

,  
. ,  (32) 

 
.  80mm  

20mm. ,  
 (150mm)  

 ‘butterfly’.  
 100mm  

.  
.  

,  
,  

.  
,  

.  
,  

. , ,  
, , 
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. 

,  
 

.  
,  290mm  

 110mm  
.  80mm,  

 St 37.2. 

 
, ,  

, . 
, , 

,  
, : 

  (1)  12  (300mm)  
 

. 
  (3)  10  (250mm),  

,  
,  

. 

,  
 

.  
,   (25mm),  

 
 (PLC) . 

,  
, ,  

. 

,  800mm  
,  

St.37.2,  60mm  15mm .  
, 

,  
. 

 
 

.  
 ‘primer’.  3.979m3 (3979 l) 

 60%  (2.387m3  2387 l).  
 5.2 ,  

,  
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, . 
, . 

 
 5.2:  (1) 

5.2.1.2.   

 800mm  
,  

.  
 

.  ‘ ’  
 20mm .  

 
 750mm .  ‘ ’ 

 
. ,  

 ‘ ’ . , 
 120mm  20mm ,  

.  

,  St 37.2  
 ‘ ’.  ‘ ’  

 1100mm  300mm.  
’  (8) . 

,  
 700mm  

350mm, .  
 

 ‘ ’. ,  
,  

, , . 
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,  
. , 

,  
80mm  120mm,  

.   5.3,  
.  

. ,  
,  

,  
. 

 
 5.3:  (2) 

5.2.1.3.   

,  
. 
 

.  
,  

.  
 

: 

  St 
37.2,  12mm  12  (300mm), 

 
, .  

 
’,  12  (300mm), 

 St 37.2.  
 ‘butterfly’  

 16bar. 
  St 37.2  

 12  (300mm)  12mm.  
 ‘ ’  12  

),  (12mm) .  

 5.4 :   
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 14 ,  
, .   5.4 

 
. 

,  
, ,  

 
.  

,  
 1000mm . ,  (  

)  30 .  
: 

  St 37.2,  12mm  
10  (250mm). ,  

.  
 ‘ ’,  10  (250mm),  

 St 37.2.  ‘butterfly’ 
 16 bar . 

  ‘ ’,  10  (250mm),  
St 37.2.  
14 , . 

, 
 10  (250mm)  ½  (12.7mm). ,  

,  
 ½  (12.7mm).   5.5  

 
. 

 
 5.5:  
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5.2.1.4.   

 
.  

 ( ): 

  
  
  
  
  ( )  
  

,  
. 

 

, 
 2900mm.  

. ,  
 490mm,  

,  380mm.  
)  3770mm.  

,  St 37.2,  
 220mm  22mm.  

,  St 37.2,  110mm. 

 

,  
 St 37.2,  

, .  
 80mm  20mm , ,  

 ‘ ’.  
,  490mm.  

 ( ), ,  
 

. ,  
. ,  

 24 . 

,  
, , ,  

 180o .  
,  

 ‘S’,  12 .  

,  
. ,  

 250mm. ,  
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 45o ,  
. 

, ,  
, . 

, ,  
 2985mm  1200mm.  

. 

  5.6 ,  
. 

,  ( )  
. 

  
 5.6:  

 

 
, .  

 EDPM  
,  

. 

 

 
.  

 
.  280mm,  60mm  

 
. 

 

 
, 

.  
 

. 
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’  

.  15hp  
.  20rpm. 

5.2.1.5.   –   

 
,  

.  
,  

. , ,  
,  

,  
, , 

, .  
 

.  
.)  

.  
 

.  
 

. 
,  

 
. 

,  
 
 

,  
, .  

 
 (  

 PLC)  
. 
 
 
 

,  
 

 
.   5.7  

.  
.  

 5.7:  
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5.2.1.6.   

,  
 (PLC)  

,  
 1m3.  

 
>100m3. 

 1  
(25.4mm), .  

, ,  
. ,  

3mm  30  
 250mm.  

, . 

5.2.1.7.   

 
 (12.7mm) . 

5.2.1.8.   

,  
 
 

 (Programmable Logic Controller: PLC). ,  
 PLC ,  

: 

 ,  
, . 

 , 
, ,  

. 
  

, 
,  

. 

,  PLC  
,  

.  
 
 
 
 

.  
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 PLC  
,  

  5.1. 

 5.1:  PLC. 
   

 
 

 /     
 . 

  max = 12  Ymax = 15 
.  60%  

 
 10% v/v. 

  min = 0  Ymin =  0  
.  38% 

 
 20% v/v. 

  
 

.  
 

 
/       

. 
  max = 24  Ymax = 10 

.  
 10%. 

  min = 0  Ymin =  0  
.  

 20%. 
  

 
. 

      
. 

  max = 2  Ymax =  15  
.  38% 

  min = 0  Ymin =  0  
.  60%. 

  
 

. 
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 PLC  
.  

: 

 
  PLC . 
  ( )  

. 
  ( )  

. 
  ( )  

. 
  (inverter)  

. 
 

 PLC  
 

.   5.8  
.  

5.2.2.   

 
 

, , 
 (Nicolai and 

Janni, 2001). ,  
.  

( ): 

  200mm  
2500mm , 2500mm  1700mm .  

,  
5o .  

 
.  

, ,   (30mm),  
 

. 
  AISI  20mm.  

,  600mm  
. , ,  20mm, 

 100mm . 
  40mm,  

 
. 

 5.8:  
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 .  
 

. 
 .  

,  
 

 ( )  
. ,  

 455mm . 
 

,  
.  

5.2.3.   

,  
.  

 
.  

: 

  4500mm. 
  250mm. 
  1hp. 
  

.  
 120mm. 

  
,  

. 
  

 
,  10mm  8mm. 

  –  
’  

. 
  

,  
 

-
.  

,  
 

. 

 

 

 5.9:   
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,  
 trensilon K17-60 ,  

 St 37.2.   5.9 ,  
. 

5.3.  

 
 
 
 

.  
 
 

.  
 16 .  120  

 500 kg , 800 kg  
 200kg .  

 
.  
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6.  

6.1.   

, 
.  

 
 
 

.  
 

.  
 

,  
, .  

 
 
 

’  
. 

6.2.   

 
 

.  
 

,  
.  

 
,  

 
 

.  
 

 ( . C/N, 
),  

.   6.1  
.  

 
 

.  
, , ,  pH, ,  

 ( 4
+

3
-)  C/N 

(Diaz and Savage, 2007a, 2007b). ,  
 

.  
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 6.1:  (kg wb)  
  

 
     

1   
[700kg] 

 
[650kg] - - 

2    
[520kg] 

  
[490kg] 

 [50kg] 

 
[250kg] - 

3    
[700kg] 

  
[450kg] 

 
[180kg] 

 
[50kg] 

4    
[1500kg] - -  

[500L ( 25kg)] 

6.2.1.  

6.2.1.1.  

 
 

’ .  
 

,  
. ,  

 
.   6.2 

 
 

 1 .  

  6.2  
 72.20% wb. ,  

 (48.35%)  
.  pH 

 
. 
 

 (59.94% dm)  (28.60% dm).  
 2.95% dm,  (C/N)  

 5.74.  
, .  

 C/N  19.21,  
.  

 
. , 

 
.  
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 6.2:  1  
. 

    
 

 (% wb) 72.20 (2.14) 48.35 (2.40) 65.80 (1.80) 
 (% wb) 27.80 (2.14) 51.65 (2.40) 34.20 (1.80) 

pH 6.80 (0.04) 7.10 (0.05) 6.85 (0.06) 
TOC (% dm) 28.60 (0.72) 59.94 (2.60) 48.04 (2.40) 
N (% dm) 2.95 (0.22) 3.12 (0.08) 2.87 (0.14) 
C/N 5.74 (0.08) 19.21 (0.16) 16.74 (0.23) 
P (P2O5 % dm) 1.30 (0.12) 0.24 (0.07) 0.61 (0.13) 
K (K2O % dm) 0.69 (0.08) 3.52 (0.25) 2.58 (0.23) 
Ca (CaO % dm) 4.87 (1.16) 3.39 (0.83) 3.73 (0.90) 
Mg (MgO % dm) 2.34 (0.35) 1.38 (0.03) 1.82 (0.13) 
Cd (mg kg-1 dm) 0.97 (0.05) 0.11 (0.04) 0.41 (0.09) 
Cr (mg kg-1 dm) 18.41 (1.37) 0.83 (0.08) 7.38 (0.65) 
Cu (mg kg-1 dm) 141.47 (6.55) 7.92 (1.27) 57.40 (6.82) 
Ni (mg kg-1 dm) 24.31 (3.21) 0.90 (0.01) 9.27 (0.51) 
Pb (mg kg-1 dm) 81.09 (7.85) 0.50 (0.09) 30.21 (4.33) 
Zn (mg kg-1 dm) 237.89 (13.66) 48.92 (10.99) 116.26 (18.45) 

 
 (kg) 700 650 1350 

 (% wb) 51.85 48.15 100 
 (kg) 194.60 335.62 461.70 

 (% dm) 36.69 63.31 100 
 (kg) 505.40 314.28 888.30 

 
, ,  

 C/N,  
 
 

 (Diaz and Savage, 
2007a).  

,  
 

 (  6.3).  

 6.3:  
,  

 (BMLFUW, 2006) 
 

 
    

(mg kg-1 dm) 
 

 (mg kg-1 dm) 
Cd 2 3 
Cr 70 300 
Cu 300 500 
Ni 60 100 
Pb 100 200 
Zn 1200 2000 
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.  
’  

.  

 1  (500 kg 
wb),  

 El Jadida ,  (750 
kg wb) .  

 (1350 kg wb)  
 

  6.2.  
 65.80%  

.  48.04% 
dm,  2.87% dm  C/N  16.74.  C/N  

 
 

 C/N . 

 
 
 
 

. ,  
 

 ( . ).  
, ,  

 
 

 ( , 2007).  
 
 

 (Tremier et al., 
2005; Iranzo et al., 2004; Sanchez-Monedero et al., 2001). ,  

 
 Diaz and Savage (2007a)  Epstein et al. (1981).  

,  
 

. ,  
,  

 
 

 (Eklind and Kirchmann, 2000a). ,  
 

, , )  (  C/N,  
) . 
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6.2.1.2.  

 
 

.   6.1  1  
.  (<40 oC) 

 
 (Manios, 

2004). 

 
 6.1:  (oC)  1  

. 

 
 
 

.  3  
 

 40oC.  
.  

 
 55  60oC  

 7   (5  11 )   
 7  (59.2oC).  

 21  
 

,  
. 

 
 

,  
,  

 (Tiquia et al., 2002, 1996a; de Bertoldi et al., 1983).   6.2 
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 6.2:  (% wb)  1  

. 

 65.80%  
 
 

.  
 

.  
 
 

. 
 (2 )  

 
50%. 

  6.3  
 1 .  

 10% v/v  
.  

 
. 

 
 6.3:  (% v/v)  1  

. 
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. 
 

 ( 20% v/v)  
. 

  6.4  pH  1  
.  pH 

 
 (Gajalakshmi and Abbasi, 2008).  

 
 

 pH .  

 
 6.4:  pH  1  

,  
 pH 

 8  8.86.  
,  

 ( ),  
 pH.  pH  

. 

  6.5  
 1 .  

 
 CO2.  

 
 

.  
48.04% dm  

 35.04% dm .  
 

 (B loss).  1  
,  81.0%  

6.0

6.5

7.0

7.5

8.0

8.5

9.0
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pH
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,  
. 

 
 6.5:  

 1  

  6.6  
 1  

.  
 2.87% dm,  1  

 3.15% dm.  
 
 

. 

 
 6.6:  

1  

 
 
 

.  
 

,  

0
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 (Insam and de Bertoldi, 2007; Beauchamp et al., 2006). 

 1  
,  

.  
 71.4%  (  6.6).  

 
 

.  
 

.  

  6.7  
 1 .  

 
 
 

 (  143 mg kg-1  1321 mg kg-1  4 ). 

 
 6.7:  

1  

 (2594 mg kg-1)  
 (8 )  pH (8.86).  

 
,  

.   
6.7  

.  
.  

 
 

 (Insam and de Bertoldi, 2007; de Bertoldi et al., 
1982; Alexander, 1977).  

 26.84  mg  kg-1  
 82.31 mg kg-1  8 .  
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 pH 

(Insam and de Bertoldi, 2007; de  Bertoldi  et  al.,  1982).   
 12 ,  

 
 
 

 (29 )  876 mg kg-1. 

  6.8  C/N  1  
.  C/N  

, 
 16.74,  

 (  6.2).  C/N  
 
 

 6.5.  C/N , 
 12,  

. 

 
 6.8:  C/N  1  

 

  6.4  
.  pH  

 7  8.7  
 (7.5  23 ).  

 BOD5  3 ,  51.0 g l-1.  
 

 CO2,   
, . ,  

 
.  

 
 BOD5  82.4%  

.  
 

10
11
12
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14
15
16
17
18
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.  
 

,  
.  

 
.  

 
 7  1985  mg  l-1.  

 (23 )   
451 mg l-1.  

.  
 

 12  23  
. ,  

 1  
 (Cd,  Cr   Pb)   

. 

 6.4:  1  

 3   7   15   23   
pH 7.8 (0.03) 8.7 (0.07) 7.9 (0.05) 7.5 (0.04) 
BOD5 (mg l-1) 50984 (6597) 31015 (4256) 17972 (1773) 8958 (948.42) 
NH4

+ (mg l-1) 823.47 (32.94) 1985.06 (119.10) 895.10 (44.76) 450.84 (18.03) 
NO3

- (mg l-1) 34.05 (1.70) 55.74 (2.79) 338.73 (13.55) 687.51 (48.13) 
Cd (mg l-1) <0.002 0.008 (0.0) <0.002 <0.002 
Cr (mg l-1) <0.020 <0.020 0.080 (0.02) <0.020 
Cu (mg l-1) 0.140 (0.03) 0.140 (0.03) 0.150 (0.04) 0.150 (0.04) 
Ni (mg l-1) 0.028 (0.0) 0.023 (0.0) 0.022 (0.0) <0.020 
Pb (mg l-1) <0.050 <0.050 <0.050 <0.050 
Zn (mg l-1) 0.213 (0.02) 0.199 (0.02) 0.236 (0.03) 0.260 (0.03) 
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6.2.2.  

6.2.2.1.  

 2  
. 
 

, .   6.5 
 

. 

 6.5:  2  
. 

   
 

 
   

 
 (% wb) 67.84 (2.01) 15.63 (3.40) 46.26 (2.00) 9.73 (2.93) 51.5 (1.62) 

 (%wb) 32.16 (2.01) 84.37 (3.40) 53.74 (2.00) 90.27 (2.93) 48.5 (1.62) 
pH 6.30 (0.22) 8.50 (0.06) 7.20 (0.05) 7.10 (0.05) 6.90 (0.02) 
TOC (% dm) 29.6 (0.75) 47.71 (2.00) 58.60 (2.30) 59.08 (1.95) 47.46 (2.37) 
N (% dm) 2.13 (0.16) 2.12 (0.06) 3.23 (0.10) 0.94 (0.01) 2.42 (0.12) 
C/N 13.87 (0.31) 22.50 (0.57) 18.14 (0.41) 62.85 (1.26) 19.61 (0.11) 
P (P2O5 % dm) 1.39 (0.13) 0.93 (0.17) 0.25 (0.07) 0.17 (0.02) 0.74 (0.14) 
K (K2O % dm) 0.97 (0.11) 4.27 (0.40) 3.47 (0.25) 1.99 (0.14) 3.11 (0.28) 
Ca (CaO % dm) 4.52 (1.08) 6.81 (1.63) 3.44 (0.83) 1.11 (0.05) 4.37 (0.99) 
Mg (MgO % dm) 2.21 (0.33) 1.74 (0.15) 1.58 (0.03) 0.57 (0.03) 1.82 (0.13) 
Cd (mg kg-1 dm) 0.82 (0.04) 0.59 (0.11) 0.16 (0.05) 0.13 (0.03) 0.44 (0.09) 
Cr (mg kg-1 dm) 25.21 (1.87) 10.46 (1.12) 0.57 (0.08) 0.60 (0.07) 9.70 (1.09) 
Cu (mg kg-1 dm) 135.27 (6.26) 17.32 (1.79) 12.25 (1.97) 6.64 (0.41) 42.80 (4.66) 
Ni (mg kg-1 dm) 26.91 (3.56) 11.15 (0.80) 0.94 (0.01) 1.00 (0.01) 10.70 (0.63) 
Pb (mg kg-1 dm) 63.38 (6.13) 2.81 (0.38) 0.30 (0.05) 0.33 (0.06) 16.32 (2.30) 
Zn (mg kg-1 dm) 251.82 (14.46) 34.86 (4.92) 31.93 (7.17) 23.91 (2.37) 85.26 (12.79) 

  
 (kg) 520 250 490 50 1310 

 (% wb) 39.69 19.08 37.40 3.82 100 
 (kg) 167.23 210.93 263.33 45.14 635.35 

 (% dm) 24.36 30.72 38.35 6.57 100 
 (kg) 352.77 39.08 226.67 4.87 674.65 

  6.5  
 (67.84%),  

 46.26, 15.63  9.73%  
, .  

 pH  6.3  8.5  
 

 pH 6.0-8.5 (Gajalakshmi and Abbasi, 2008). 
 

 47.71-59.08% dm,  
 29.60% dm.  

 
 C/N  62.58.  



  111 
 

 C/N  13.87-22.50.  
 
 

 (  6.3).  
 
 

. 

 (520 kg 
wb)  

 El Jadida  (490 kg wb), 
 (50 kg wb)  (250 kg wb)  

.  
 
 
 

, 2007).  
 

 (Zmora-Nahum et al., 2007; Imbeah, 1997). 

,  
 

 (  6.5).   
 51.50%  

.  190kg, 
 59.30%  

 1500kg. ,  47.46% 
dm,  2.42% dm  C/N  19.61. 

6.2.2.2.  

  6.9  2  
.  

 
 2 .  
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, 
 
 

 60.9oC  5 .  
 (>50oC)  

 (3  10 )  
 (17 )  

 
. 

  6.10  
 2 .  

 59.3%  
.  

 50-60%  
.  

 
 
 

.  2  
(17 )  

 
. 

 
 6.10:  (% wb)  2  

. 

 
. ,  
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 6.11:  (% v/v)  2  

. 

 1  
 

’ .  
 

,  
.  (>19% v/v)  

 
. 

 pH  2   6.12. 
 pH  5  

 8.70  
 

. ,  
 

,  
 pH.  pH ,  

 (7.51  22 ). 

 
 6.12:  pH  2  
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 2   
  6.13.  

 
 6.13:  

 2  

 
 47.46%  37.42%  9 ,  

. ,  
, 
 
 
 

 (Mena et al., 2003). ,  
,  79.6%  

,  
. 

  6.14  
2 .  

 
 

 ( , 1990). ,  Insam and de 
Bertoldi (2007)  Beauchamp et al. (2006)  

, ,  
. ,  

 2.42% dm  2.96% dm . 
,  

 
  6.14. 
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 6.14:  

2  

 
 (2  16 )  

,  
. ,  

 2 ,  
65.5% . 

  6.15  
 2 .  

 
 

,  5 ,  2403.60 mg kg-1. 

 
 6.15:  2  

 

 (21.16 mgkg-1 
 91.62 mg kg-1  5 )  

.  5  
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.  
 
 
 

 (Bernal et al., 2009).  

  6.16  C/N  2  
.  C/N  

 19.61.  

 
 6.16:  C/N  2  

 

 
 
 

 C/N  
 13.5  (9 ).  

 C/N  
.  

 C/  12 
 22 . 

 2  
  6.6.  

pH  
 8.9  6 .  pH  

 (7.6  18 )  
.  BOD5  

 60.6 g l-1 (3 ).  
 

’  
.  BOD5  13.8 g l-1 

(18 )   77.2%  .    
 
 
 

5

10

15

20

25

0 2 4 6 8 10 12 14 16 18 20 22

C/
N

 ( )



  117 
 

.  
 1885 mg l-1  6  

.  
 (18 )   443  mg  l-1.  

 
.  

 
14  18 .  

 
. 
 
 

. 

 6.6:  2  

 3   6   11   18   
pH 8.0 (0.09) 8.9 (0.10) 8.1 (0.07) 7.6 (0.05) 
BOD5 (mg l-1) 60582 (7364) 40393 (4656) 25956 (3155) 13802 (1353) 
NH4

+ (mg l-1) 1303.87 (91.27) 1885.41 (184.84) 709.26 (44.69) 613.79 (26.39) 
NO3

- (mg l-1) 31.73 (0.95) 67.36 251.12 (9.54) 442.51 (22.11) 
Cd (mg l-1) <0.002 <0.002 <0.002 <0.002 
Cr (mg l-1) <0.02 <0.02 <0.02 <0.02 
Cu (mg l-1) 0.118 (0.02) 0.099 (0.02) 0.082 (0.02) 0.107 (0.02) 
Ni (mg l-1) 0.034 (0.01) 0.026 (0.0) 0.023 (0.0) 0.028 (0.0) 
Pb (mg l-1) <0.05 <0.05 <0.05 <0.05 
Zn (mg l-1) 0.273 (0.04) 0.268 (0.04) 0.290 (0.04) 0.326 (0.05) 
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6.2.3.  

6.2.3.1.   

 
 3  

,  
.   6.7  

.  

 6.7:  3  
. 

   
 

 
   

 
 (% wb) 68.70 (2.04) 7.44 (3.24) 47.90 (1.54) - 53.24 (1.63) 

 (% wb) 31.30 (2.04) 92.56 (3.24) 52.10 (1.54) - 46.76 (1.63) 
pH 6.50 (0.03) 9.20 (0.04) 7.10 (0.10) - 6.87 (0.01) 
TOC (% dm) 28.15 (0.71) 45.43 (1.12) 56.60 (2.21) - 40.38 (2.82) 
N (% dm) 2.82 (0.21) 3.37 (0.15) 3.48 (0.36) - 2.65 (0.21) 
C/N 10.00 (0.06) 13.48 (0.52) 16.26 (0.89) - 15.24 (0.61) 
P (P2O5 % dm) 1.07 (0.10) 0.56 (0.10) 0.26 (0.07) - 0.56 (0.09) 
K (K2O % dm) 0.85 (0.10) 3.75 (0.35) 3.59 (0.25) - 2.38 (0.20) 
Ca (CaO % dm) 4.25 (1.01) 6.92 (1.62) 3.62 (0.83) - 4.41 (0.95) 
Mg (MgO % dm) 2.09 (0.31) 1.26 (0.11) 1.55 (0.03) - 1.52 (0.12) 
Cd (mg kg-1 dm) 1.17 (0.06) 0.79 (0.15) 0.10 (0.03) - 0.58 (0.10) 
Cr (mg kg-1 dm) 21.63 (1.61) 13.84 (1.20) 0.81 (0.08) - 10.69 (0.86) 
Cu (mg kg-1 dm) 175.31 (8.12) 24.66 (2.55) 13.41 (2.16) - 67.40 (6.55) 
Ni (mg kg-1 dm) 31.46 (4.16) 16.09 (1.12) 1.32 (0.01) - 15.20 (0.96) 
Pb (mg kg-1 dm) 91.67 (8.87) 2.18 (0.29) 0.38 (0.06) - 29.84 (3.71) 
Zn (mg kg-1 dm) 225.55 (12.95) 45.47 (6.41) 36.58 (8.22) - 98.43 (13.03) 

 
 (kg) 700 180 450 50 1380 

 (% wb) 50.72 13.04 32.61 3.62 100 
 (kg) 219.10 166.61 234.45 50.00 645.29 

 (% dm) 32.69 24.86 34.98 7.46 100 
 (kg) 480.9 13.39 215.55 0 734.71 

,  68.70%,  
 

 47.90  7.44%  
.  pH  

 
 pH (pH=9.2).  

 56.60% dm,  
 45.43  28.15% dm .  

, 
 C/N  10.00, 13.48  16.26 ,  

.  
,  
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 (Diaz and 
Savage, 2007a). ,  

 
 (  6.3). 

 3  
 (700 kg wb)  

 El Jadida  
, ,  

 (450 kg wb)  (180 kg wb),  
 

.  3  
 

 –  (50 kg wb).  
 3  (1380 kg wb)  

  6.7.  
 53.24%. 

, 170kg,  
 60.20%  1550kg. , 

 40.38% dm, 
 2.65% dm  C/N  15.24.  

,  
.  

 
 
 

.  

 
.  

 SiO4  AlO4  
,  3  10 

Å.  
.  

,  
,  

 (Mumpton, 1999).  Sprynskyy (2009), Kosobucki et al. 
(2008), Turan (2008), Zorpas and Loizidou (2008)  Venglovsky et al. (2005)  

 
 ( . )  

’  
.  

 
 

.  ).   Villaseñor  et  al.  (2011),  Al-Jabi  et  al.  
(2008), Turan  Ergun (2007), Liu and Lo (2001), Bernal et al. (1993)  Witter and 
Lopez-Real (1988)  
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, . ,  
 

 (Stylianou et al., 2008; Zorpas 
et al., 2000a; Knowlton and White, 1981)  

 
’  (Turan and 

Ergun, 2008; Zorpas et al., 2000b).  

 -  3  
 S & B Industrial 

Minerals S.A.  3-5mm.  
  6.8 ’  

 (Na, K, Ca ).  
 2.3 meq/g  

 (Langella et al., 2000).  
, 50kg,  7.5%  

. 

 6.8:  (Stylianou et al., 2007) 
 (% w/w) 

SiO2 60.715 
Al2O3 12.035 
Na2O 6.975 
K2O 0.490 
CaO 1.505 
MgO 0.129 
FeO 1.398 
H2O 14.455 

6.2.3.2.  

 
.  

 
 

 (Mustin, 1987).   6.17  
 3 . 

 
.  

 
 4  

60.1oC. ,  50oC,  
 (2  10 ).   

 20  
.  

, 
. 
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 6.17:  (oC)  3  

. 

  6.18  
 3 .  

 
60.2%  

.  
 
 
 
 

.  
 

 50  60%. 
 (2 )  

 
. 

 
 6.18:  (% wb)  3  

. 

 
. 
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.  
 14.0% v/v 

 3  (  6.19).  
 2  10  

 
 

.  
 
 

.  
 (>19% v/v),  

 
. 

 
 6.19:  (% v/v)  3  

. 

 pH  6.87  
 

 ( . )   6.20.  

 
 6.20:  pH  3  
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 pH  
 

 ( . , 
, ) (Peigné and Girardin, 2004).  pH  5  

 8.14.  
,  pH  

 (7.2  24 ). 

  6.21  
 3 . 

 
 

’ . 
,  40.38% dm 

 30.32% dm  14  
.  

 
 6.21:  

 3  

 
 

,  
 29.12% dm  24 .  

 
 ( loss),  

 6.21.  75.6%  
.  

,  
62.4% . 

  6.22  
 3 .  

 
,  2.65% dm.  
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.  92.9%  
 

 51.8% .  

 
 6.22:  

3  

,  
 

 C/N (15.2)  
,  

pH.  
 2.38% dm  24 .  

, 
,  

(12). 

 
(  6.23),  780.42 mg kg-1  5  

 
 (38.74 mg kg-1  5 )   

 pH  
.  5  

,  
,  

.  
 100mg kg-1  

 340 mg kg-1.  
 
 
 

. 
                                                
(12)  

 3-5mm .  
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 6.23:  (mg kg-1 dm)  3  

 

  6.24  C/N  
 3  

 15.24.  
 

.  
 C/N  

.  
 5  C/N  

 (24 )  C/N 
 11.9  

. 

 
 6.24:  C/N  3  

 

 3  
  6.9.  pH  

 7.8  3  8.0   7  
 (7.2  20 ).  

 BOD5  56.9 g l-1  
 BOD5  
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 11.6 g l-1  20 ,  BOD5  
 79.7% .  BOD5  

 CO2  
 

.  
.  

 
 3  50.47 mg l-1  7  

 412.35 mg l-1,  
 92.57 mg l-1  20 .  

 
 7  

 259.90 mg l-1  20 .  
 
 

.  
 

. 

 6.9:  3  

 3   7   14   20   
pH 7.8 (0.03) 8.0 (0.08) 7.6 (0.06) 7.2 (0.04) 
BOD5 (mg l-1) 56905 (7234) 35793 (4351) 21805 (2582) 11554 (1356) 
NH4

+ (mg l-1) 50.47 (4.04) 412.35 (16.49) 164.70 (6.59) 92.57 (3.70) 
NO3

- (mg l-1) 24.72 (1.61) 63.49 (2.92) 140.58 (9.56) 259.90 (20.79) 
Cd (mg l-1) 0.002 (0.0) <0.002 <0.002 <0.002 
Cr (mg l-1) 0.02 (0.0) <0.02 <0.02 <0.02 
Cu (mg l-1) 0.199 (0.06) 0.208 (0.06) 0.197 (0.06) 0.202 (0.06) 
Ni (mg l-1) 0.045 (0.01) 0.033 (0.01) 0.031 (0.01) 0.037 (0.01) 
Pb (mg l-1) 0.058 (0.0) <0.05 <0.05 0.051 (0.0) 
Zn (mg l-1) 0.298 (0.04) 0.302 (0.04) 0.323 (0.04) 0.357 (0.05) 
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6.2.4.  

6.2.4.1.   

 4  
 

. , ,  
 

 El Jadida .  4  
. 
 

, ,  
.  

.  
,  

,  (900-
1100oC)  15-20  
(Gunning, 1994)  (30-150 kg m-3)  

. , 2-5%  
 (Mladenovic et al., 2004),  

 
.  

.  
 

, ,  
 (Perlite Institute, 

2000).  
 

. ) (Perlite Canada Inc, 1993).  
 

,  
. ,  

 (Malamis, 2009).  
 

.  pH  6.5-8.0  
.  

, , 
 

 (Grace Construction Products, 
2011). , ,  

 (Pascual et al., 
2010; Pascual et al., 2009; Herrera et al., 2008; Zmora-Nahum et al., 2007; Amlinger et al., 
2003). ’  

 
 Turan and Ergun (2008). 
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 ( . ) 

 
 

. 
  6.10  

, .  
,  6.11  

 4 . 

 6.10:  
   (% w/w) 

  SiO2 73.20 
 1.5 Al2O3 13.50 

 (%) 0.5 K2O 3.90 
pH 6.5 - 8.0 Na2O 3.35 

 (kg m-³) 50 Fe2O3 1.20 
 (mm) 3-5 CaO 0.65 

 (°C) 871-1093 MgO 0.30 
 (°C) 1260-1343  96.10 

 (J (kg·K) -1) 387   3.90 
 75°F (24°C) (W m-1·K-1) 0.04-0.06  100 

 
 6.11  

 
78.55%.  

 45.6%  
 

 (5.81%)  C/N -
 7.85.  

 
,  

,  
 

’ 
-

 (Diaz and 
Savage, 2007a). , -

 
 
 

(  6.3).   4  500l ( 25kg) 
 1500kg .  

 
 (1.64% wb)  

. ,  
. 

  

 6.11:  
 4 . 

  
 (% wb) 78.55 (1.86) 

 (% wb) 21.45 (1.86) 
pH 6.36 (0.11) 
TOC (% dm) 45.6 (2.32) 
N (% dm) 5.81 (0.39) 
C/N 7.85 (0.24) 
P (P2O5 % dm) 3.68 (0.34) 
K (K2O % dm) 0.46 (0.05) 
Ca (CaO % dm) 4.13 (0.98) 
Mg (MgO % dm) 0.82 (0.12) 
Cd (mg kg-1 dm) 0.48 (0.03) 
Cr (mg kg-1 dm) 12.94 (0.94) 
Cu (mg kg-1 dm) 98.40 (4.50) 
Ni (mg kg-1 dm) 9.77 (1.46) 
Pb (mg kg-1 dm) 21.92 (2.26) 
Zn (mg kg-1 dm) 593.72 (31.75) 
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6.2.4.2.  

 4  
 

  6.25.  
 (Mena 

et al., 2003) ,  
 ( ), 

 58.8oC   3 .   
 50oC  8 

 (1  8 ).   8  
 

 15 .  
 
 
 

. 

 
 6.25:  (oC )  4  

. 

 
 

.  
.   6.26 

 
 68.20% . 

 
 

 65.0%.  
,  

,  55%  60%  
. ,  

 
’  

, . 

0

10

20

30

40

50

60

70

0 2 4 6 8 10 12 14 16 18 20

 (
C)

 ( )
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 6.26:  (% wb)  4  

. 

 
,  

  6.27.  
 
 

 12.0% v/v  2 .  
 

,  
. ,  

 (>18% v/v)  
.  

 
 
 

. 

 
 6.27:  (% v/v)  4  

. 

 pH  6.4  
 (5.9)  

(  6.28).  

40

45

50

55

60

65

70

75

0 2 4 6 8 10 12 14 16 18 20

 (%
)

 ( )
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 (%
 v
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)

 ( )
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 pH 
 9.1  4 .  

 4  pH  
 

. 

 
 6.28:  pH  4  

 4  
  6.29.  

 46.32% dm  
 33.14% dm  13 .  

 
 6.29:  

 4  

 CO2  
 ( loss)  

 76.8%  13  
 96.8%  (  6.29).  

’  
 

. ,  
,  

31.7% dm,  79.4%  
. 

5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

0 2 4 6 8 10 12 14 16 18 20

pH

 ( )
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80

100
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)

TO
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 (%
 d

m
)

 ( )

TOC BOM loss
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 5.74%  dm  (  6.30).  

 (>55oC)  pH ( 9)  
 

loss =61.7%  7 )  
.  

 
 6.30:  

4  

 
,  

 (  6.29)  
 
 

 (Insam and de Bertoldi, 2007). 

 
 

. 
 

 4  5964 mg kg-1 
(  6.31). 

 
 6.31:  (mg kg-1 dm)  4  

  

0
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100

3.0

3.5

4.0
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)
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m
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 ( )
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+
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,  

 
’  

.  10 ,  
 ( ,  

)  
.  
 450 mg kg-1  2500 mg 

kg-1. 

 
 C/N  8.07  

 (  6.11).  
 pH  

 
.  

(  6.30)  (  6.29)  
 C/N  

.  C/N  
 

. 

 
 6.32:  C/N  4  

 

 4  
  6.12.  pH  

 8.0  3  8.9  8  
 (7.8  17 ).   BOD5  

 72.71 g l-1  
 BOD5 ,  8 ,  

 16.8 g l-1  17 .  
.  

 
 3  3802 mg l-1  4920 mg l-1  8  

,  708 mg l-1  

5

6

7

8

9

0 2 4 6 8 10 12 14 16 18 20

C/
N

 ( )
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17 .  
 

 8  1473 mg l-1  20  
.  

 1.72 mg l-1 
 3  2.13 mg l-1  17 . 

 6.12:  4  

 3   8   13   17   

pH 8.0 (0.06) 8.9 (0.08) 8.7 (0.09) 7.8 (0.05) 
BOD5 (mg l-1) 72705 (8838) 63949 (7473) 37108 (4717) 16757 (2103) 
NH4

+ (mg l-1) 3802.32 (152.09) 4920.12 (196.80) 3213.42 (128.54) 708.25 (28.33) 
NO3

- (mg l-1) 22.47 (1.12) 162.19 (8.11) 381.65 (19.08) 1473.64 (73.68) 
Cd (mg l-1) <0.002 <0.002 <0.002 <0.002 
Cr (mg l-1) <0.02 <0.02 <0.02 <0.02 
Cu (mg l-1) 0.243 (0.06) 0.208 (0.05) 0.166 (0.04) 0.214 (0.05) 
Ni (mg l-1) 0.029 (0.01) 0.023 (0.0) <0.02 0.024 (0.0) 
Pb (mg l-1) 0.059 (0.01) 0.056 (0.01) 0.051 (0.0) <0.05 
Zn (mg l-1) 1.72 (0.20) 1.71 (0.16) 1.91 (0.20) 2.13 (0.29) 
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6.3.   

 
 
 

. ,  
, , ,  pH, , 

 C/N  
 

. 

6.3.1.  

 Hassen et al. (2001),  
 
 

.  
 

.  
 

,  
,  

(  6.33). 

 
 6.33:  ( C)  

 

 
 40°C . ,  

 1  4 ,  2  
 2  3  1 ,  40°C 

 3 .  Mena et 
al.(2003)  2  

20

25

30

35

40

45

50

55

60

65

0 5 10 15 20 25 30
 ( )

  (
o C

)



136   
 

. ,  
 Villaseñor et al. (2011)  

Roca-Pérez et al. (2009) .  
 
 

 (Manios, 2004).  
 
 

(Banegas et al.,  2007; Diaz and Savage, 2007a; Hassen et al.,  2001; Bernal et al.,  1998c). 
, , . (Li et 

al., 2001).  
 
 

.  
, ,  

’  
 

.  Margesin et al. (2006),  
, 

 (lag time)  
.  

 6.13  
 40, 50  55°C  

 
. 

 6.13:  
 

 >40[°C] 
] 

>50[°C] 
] 

>55[°C] 
] 

 
 [°C] 

 
] 

1   18 8 7 59.2 29 
2   15 7 5 60.9 22 
3   18 8 5 60.1 24 
4   14 8 5 58.8 19 

  6.13  
 
 

. ,  
,  43-65oC  (  3.2).  

 
 (Epstein, 1997; Finstein et al., 1986); 

Fermor et al., 1989; Mena et al., 2003).  
,  55oC  

 2 ,  3  4  1  
.  

 (  3.2.3.1),  
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.  2  
 21 , 17 , 20 ,  15  1 , 2 , 3  4  

.  Mena et al. (2003), Fernades et al. 
(1994)  Rynk et al. (1992)  

.  
 

 ( . , )  
 (Choi and Park, 

1998;  Kaplan  and  Kaplan,  1982;  Nakasaki  et  al.,  1985;  Andrews  and  Kambhu,  1973;   
Schulze, 1962).  

 
.  

 
 

 (Richard and Walker, 1998; Rosso et al., 1993; Sikora and Sowers, 1985; 
Strom, 1985; Ratkowsky et al., 1983; Suler and Finstein, 1977). ,  

 
 Bueno et al. (2008), Diaz and Savage (2007a) 

 Stickelberger (1975) . 

 
 
 

,  
(Diaz and Savage, 2007a).  

,  
. 

6.3.2.  

 
 65.80, 59.30, 60.20  68.20%  1 ,  2 ,  3  4  

 (  6.34).   
 
 
 

 50-70%  
 (  3.2.3.2).  2  3  

 
 
 

. ,  
4  

. 
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 6.34:  (% wb)  

 
 51.6 – 64.3% (3  – 20 ) 

 1 , 49.8-60.7% (2  -16 )   2 , 45.1 – 60.7% (2  – 19 ) 
 3  53.2-66.7% (1  -14 )   4 .  

 (40-70%)  
 (  3.4)  

 
 

.  
 
 

 (Lu et al., 2009; Kulcu 
and Yaldiz, 2004; Baddi et al., 2004).  

,  27%,  
 ( , 2007). 

 
,  

 
.  

 
.  

 
 50%  

,  
 

 Kalamdhad and Kazmi (2009), Gomez et al. (2006)  Haug (1993).  
 3  

, 
.  Villaseñor et al. (2011)  

 
,  

45

50
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60

65
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.  
 

. 

6.3.3.  

 
,  9.1%, 

10.6%, 14.1%  12.4% v/v  1 , 2 ,  3  4  
(  6.35).  

’  
 

 Villaseñor et al. (2011), Fernández et al. (2010)  de Guardia 
et al. (2008).  

 
 6.35:  (% v/v)  

 

 
 (>10% v/v) (  3.2.3.3).  

 
 

.  
 

 (Gajalakshmi and 
Abbasi, 2008).  

 
 

.  

 
 

,  
 18% v/v 

 

5
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15

20

25

0 5 10 15 20 25 30
 ( )

 (%
 v

/v
)



140   
 

.  3 , 
,  

, ,  
 
 

.  
 Bueno et al. (2008), Turan and Ergun (2008)  Zorpas et 

al. (2000b). ,  4  
,  

.  
 
 

.  4 ,   
,  

,  
,  

 
. 

6.3.4. pH  

 pH  6.85, 6.90, 6.87  6.40  1 , 
2 , 3  4 . ,  

 
 pH  (  6.36)  

 
,  (Kirchmann and 

Widen, 1994; Haug, 1993; Nakasaki et al., 1993; Poincelot, 1974). 

 
 6.36:  pH  

 2  
 

 pH .  

5
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8

9

10

0 5 10 15 20 25 30
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,  pH 
.  pH 

 (2007), Berner (2004)  Fuchs (2001)  
 
 

.  
 

 pH  
 (Roca-Pérez et al., 2009; Barrington et al., 2003; Leth et al., 2001; Kithome 

et al., 1999; Hellmann et al., 1997; Witter and Lopez-Real, 1988).  
 C/N ,  

 
 pH .  

 4   
 C/N  8.07)  pH  9.1.  

 pH  
 8.86, 8.70  8.14  1 , 2  3 .  

 3  
 pH.  

 
 

 pH  
 (Peigné and Girardin, 2004; Witter and Lopez-

Real, 1988).  pH  1 , 2  4  
 

 5.5-8.5 (  3.2.3.4). ’ ,  
 

 pH 
(Bernal et al., 2009). ,  pH  

 NH4
+/NH3  (  3.1,  3.4)  

 
.  

 Al-Jabi et al. (2008),  
,  pH  

 pH  8.0  
,  Nahm (2005)  pH <7  

.  
,  pH  

 
.  Roca-

Pérez  et  al.  (2009),  Kalamdhad  and  Kazmi  (2009),  Pagans  et  al.  (2005)   Mena  et  al.  
(2003)  pH  

 ( +)  
.  

 
 

. 
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6.3.5.  

 
 

,  CO2,  (Bernal et al., 2009; Mena et 
al.,  2003;  Li  et  al.,  2001;  Tiquia and Tam, 2000;  Iglesias  Jiménez and Perez Garcia,  1989;  
Hernández et al., 1988). ,  

 CO2  
,  

 ( . , , ) (Diaz and 
Savage, 2007a).  

 
 

 (  6.37). 

 

 
 6.37:  

 

 Hernández et al. (2006)  Bernal 
et al. (1998c)  Garc a et al. (1993)  

.  
 
 

 (Bernal et al., 2009; Banegas et al., 2007; Yamada and Kawase, 
2006)  

 ( )  
,  

),  (Eklind and 
Kirchmann, 2000b)  

 (Insam and de Bertoldi, 2007; , 
1990).  

 
 

25
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 Turan and Ergun (2007)  Epstein (1997). ,  
,  Mena et al. (2003)  

 
. 

 
 13.00, 13.16, 11.26  14.62% dm  1 ,  2 ,  3  4  

 (  6.37)  
 Li et al. (2001)  ( )  +  ( ) 

 +  +  (  3-5% dm)  
 Grigatti 

et al. (2004)  
 8-12% dm).  3  

 
 

 (Fernández et al., 2010). 

 
,  

 81.0, 79.6, 62.4  79.4%  
1 , 2 ,  3  4  (  6.37).  

,  
 Lu et al. (2009), Zhu (2007)  Baddi et al. (2004),  

 60.3, 58.8, 75.6  70.4%  1 ,  2 ,  3  4  
.  

 
 

 (Tuomela et al., 2000).  
 Jouraiphy et al. (2005)  60%  

 
.   Bernal  et  al.  (1998b)  

 58.2-73.2%  
 

 ( , ).  
Kalamdhad and Kazmi (2009)  (  

, , , )  
 39-54%  

. ,  92.6%  
,  Zhu (2007)  

 
.  Villaseñor et al. (2011)  

 ( )  
 70%.  

 
.  3  

 
 

.  
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,  
,  

.  
 
 

,  
 (Bernal  et  al.,  2009;  Parkinson  et  al.,  

2004).  
 

. 

6.3.6.   

 
 

,  
(Bernal  et  al.,  2009;  Said-Pullicino  et  al.,  2007;  Paredes  et  al.,  2002;  Bernal  et  al.,  1996;  
Paredes et al., 1996a).  

 (  6.38). 

 

 
 6.38:  

 

 
 

 (Kalamdhad and Kazmi, 2009; Kalamdhad et al., 2009; 
Banegas et al., 2007; Iranzo et al., 2004).  4 , 

 
,  

.  
 4 , 

 C/N (8.07)  
 

2
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.  Goyal 
et al. (2005), Sanchez-Monedero et al. (2001)  Reddy et al. (1979),  

 
 C/N  Bernal et al. (1998a)  

 
 

.  
 
 
 

 (Kalamdhad et al., 2009; Insam and de Bertoldi, 2007; Bishop and 
Godfrey, 1983). 

 
 

 (  6.38).  
, , , . 

(Pagans et al.,  2005; Mathur, 1991),  C/N  
 

 pH . ,  
 

 (Bernal et al., 1998c; Bernal et al., 1993; 
Bishop and Godfrey, 1983)  
(Witter and Lopez-Real, 1988).  

,  
 71.4, 65.5, 51.8  74.0%  

1 ,  2 ,  3  4 .  
 

,  
.  Tiquia and Tam (2000), Eghball et 

al. (1997), Rao Bhamidimarri and Pandey (1996), Martins and Dewes (1992)  Hansen et 
al. (1989)  21-77%  

.  Brink (1995)  Kirchmann and Widen 
(1994)  50  60%  

 de 
Guardia et al. (2008)  Witter and Lopez-Real (1988)  47.2  
68.0% . 

 3  
 

 15-20%.  
 (Inglezakis et al., 2010; 

Turan and Ergun, 2007; Witter and Lopez-Real, 1988).  
 Al-Jabi et al. (2008)  5  

10% wb  Villaseñor et al. (2011)  
 

. ,  
 

.  
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’  
 

 pH  8.14  
 NH4

+/NH3  
. 

 (Eklind and Kirchmann, 
2000b) 2 (Mahimairaja et al., 1994), x 
(Martins and Dewes,  1992)  2  (Sibbesen and Lind,  1993)   

, , 
.  

, 
, 2 

 N2O   (Gajalakshmi  and  
Abbasi, 2008; Germon and Couton, 1999).  

,  
 pH(13) , 

 
 (Hwang and Hanaki, 

2000; Hellmann et al., 1997).  
 
 

 Tiquia and Tam (2000)  Kirchmann and Witter (1989). 

 
,  

3
-

4
+ .  Peigné and Girardin 

(2004)  
,  

.  Sommer and Dahl (1999)  Eghball 
et al. (1997)  0.5%  

 
: 60%  12-20 C/N).  

 Martins and Dewes (1992)  20%  
 

.  
3

-
4

+
  

. ,  
 

 (de Guardia et al., 2008; 
Peigné and Girardin, 2004). ,  

 ( )  
, , 

 Brink (1995). 

,  
 

                                                
(13)   
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,  

 (Bernal et al., 2009). 

6.3.7.  

 C/N  
, ,  

 
 

 2594, 2403, 780  5964 mg kg-1 dm  1 , 2 , 
3  4  (  6.39).  

 

  
 

 6.39:  (g kg-1)  
 

 4  
C/N  

. ,  3  
 
 
 
 

.  
,  

 
 

 (Inglezakis et al. 2010).  
 
 

 (Mena  et  al.,  2003;  Paredes  et  al.,  
2001). ,  
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 (pH, 

C/N, , , ) (Fernández et al., 2010; Morisaki et al., 1989). 

 pH  
.  Eklind and 

Kirchmann (2000b),  (1990)  Alexander (1977)  
 40oC  
 de  Bertoldi  and  Zucconi  (1980),   

’  pH,  
,  

. ,  
 (  6.38)  

 
 pH  

(de Bertoldi et al., 1982; Alexander, 1977).  
 pH  

,  
, . 

 
,  

 
 (Ko et al., 2008; Eklind and 

Kirchmann, 2000b; Alexander, 1977).  Said-
Pullicino et al. (2007), Busby et al. (2007), Cooperband et al. (2003), Sánchez-Monedero et 
al. (2001)  Tiquia and Tam (2000),  

 
 NH4

+/NO3
-.   

’  
 

. 

6.3.8.  C/N  

 
.  

 16.74, 
19.61, 15.24  8.07  1 ,  2 ,  3  4  
(  6.38).  

 
 (  6.2, 6.5, 6.7  6.11).  
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 6.40:  C/N  

 C/N  
 

 (Roca-Pérez et al., 2009; Gajalakshmi and Abbasi, 2008).  
 C/N  

 (C/N=25-35),  
.  

Roca-Pérez et al. (2005)  Iranzo et. al. (2004)  
 C/N  

 (C/N=15-24). ,  Turan (2009)  Paredes et 
al. (2001)  

 C/N  13.5-21.1.  C/N  
 C/N  

 
 C/N  

 (Li et al., 2001).  2  
 C/N  

.  4 , 
 C/N  

 
 ( ),  

 (Van Kessel et al., 2000).  
. 

 Roca-Pérez et al. (2009), Tiquia and 
Tam (2000)  Morisaki et al. (1989)  C/N  

 (  C/N)  
.  Goyal et al. (2005) 

 C/N  
, .  

 C/N  
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 (Insam and de Bertoldi, 2007). 
,  C/N  

 11.12, 11.59., 11.89  6.40  1 , 2 , 3  4  
. 

6.3.9.  

 
 

.  
 

.  
 

. ,  pH  
 

.  BOD5  
 51.0–72.7 g l-1.   BOD5 

 71  g  l-1  Trujillo et al. (2006)  
.  

 
, 0.5-1.0 g l-1 (Zhang et al., 2005; Rivas et 

al., 2004),  
 (3.0-3.5 g l-1) (Iyengar and Bhave, 2006).  

 
 CO2,   

, . 
,  

 BOD5  
 

 9.0  16.8 g l-1.  
BOD5  82.4, 77.2, 79.7  77.0%  1 ,  2 ,  3  

 4 . 

 
 
 

. , 
 

 236-3004 mg l-1  
 32.6 - 290.8 mg l-1.  

 
 

.  
 260 - 3043 mg l-1.  

 3  
 

.  
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 (Liu and Lo, 2001). 

 (Cd, Cr, Cu, Ni, Pb  Zn)  
. 

,  Cd  0.002 mg l-1  
 Déportes et al. (1995)  

 Cd  0.014-
0.100 mg l-1  

 0.170 mg l-1.  
Cr, Ni  Pb ,  0.08 mg l-
1, 0.045 mg l-1  0.059 mg l-1  

 Cr  
 0.100 mg l-1,  Ni  0.300 mg l-1  Pb  

0.010-0.300 mg l-1 (Déportes  et  al.,  1995).   Zn   
 0.199-2.130 mg l-1 

 Krogmann and Woyczechowski (2000)  Zn  
 0.011-2.400 mg l-1. 

,  Cu  0.082-0.243 
mg l-1  

 (  et al., 1992).  

 
 

.  
 

,  
 (  et al., 1992). 

 
 

 (EEC Council Directive, 1991). 
 

,  
 

.  
 

 Schaub and Leonard, 1996.  
 
 

.  
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6.4.  

 
 

 (  6.2)  
 « »  

 30 .  
 
 

. ,  
, 
 

.  
 

 (Goyal et al., 2005; 
Eggen and Vethe, 2001; Mathur et al., 1993; Riffaldi et al., 1986). 

6.4.1.  

 
 

.  
,  

,   6.14  
.  

. 

6.4.1.1.  

 
 

 (Bernal et al., 2009; Thompson, 2002). ,  
 

 (Diaz et al., 2002).  
,  

 
 (Roca-Pérez et 

al., 2009).  
,  

 
(CIWMB, 2004; Thompson, 2002; USEPA, 1995).  

 (Roca-
Pérez et al., 2009)  
(Adhikari et al., 2009a; Iyengar and Bhave, 2006).  

 
,  3  4  

. 
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 6.14:  ( )  

 1   2   3   4   
  1   2   3   4 

         
 (% wb) 65.80 (1.80) 36.10 (1.90) 59.30 (1.62) 36.20 (2.15) 60.20 (1.63) 44.30(2.33) 68.20 (1.86) 39.50 (2.08) 

 (% wb) 34.20 (1.80) 63.90 (1.90) 40.70 (1.62) 63.80 (2.15) 39.80 (1.63) 55.70 (2.33) 31.80 (1.86) 60.50 (2.08) 
pH 6.85 (0.06) 7.31 (0.05) 6.90 (0.02) 7.28 (0.03) 6.87 (0.01) 7.03 (0.07) 6.40 (0.11) 7.30 (0.01) 
TOC (% dm) 48.04 (2.40) 33.81 (1.60) 47.46 (2.37) 33.84 (1.74) 40.38 (2.82) 23.80 (0.89) 46.32 (2.32) 31.29 (1.79) 

 (% dm) 91.28 (4.56) 65.93 (3.04) 90.17 (4.51) 64.30 (3.30) 76.72 (5.35) 54.99 (1.69) 88.00 (4.4) 59.45 (3.41) 
C/N 16.74 (0.23) 10.63 (0.38) 19.61 (0.11) 11.87 (0.09) 15.24 (0.61) 10.84 (0.41) 8.07 (0.24) 6.11 (0.41) 
NO3

- (mg kg-1 dm) 26.8 (2.1) 1286 (110) 21.2 (1.6) 998 (75) 20.1 (1.9) 388 (37) 4.3 (0.3) 3257 (213) 
NH4

+ (mg kg-1 dm) 143.4 (11.8) 302.6 (25.40) 193.4 (28.0) 207.73 (11.54) 56.1 (5.6) 38.65 (3.87) 1235 (94) 304.10 (18.58) 
NH4

+/NO3
- 5.34 (0.11) 0.24 (0.01) 9.14 (0.43) 0.21 (0.02) 2.80 (0.30) 0.01 (0.0) 287.26 (23.34) 0.09 (0.0) 

Norg (% N dm) ( ) 99.40 (0.43) 95.00 (0.78) 99.11 (0.69) 95.77 (0.87) 99.71 (0.24) 98.40 (1.20) 97.84 (0.32) 93.04 (1.18) 
 (% dm) 2.87 (0.14) 3.18 (0.14) 2.42 (0.12) 2.85 (0.15) 2.65 (0.21) 2.67 (0.10) 5.74 (0.39) 5.12 (0.27) 

P (P2O5 % dm) 0.61 (0.13) 0.76 (0.01) 0.74 (0.14) 0.93 (0.1) 0.56 (0.09) 0.79 (0.01) 3.68 (0.49) 4.23 (0.06) 
K (K2O % dm) 2.58 (0.23) 3.01 (0.26) 3.11 (0.28) 3.95 (0.52) 2.38 (0.20) 3.21 (0.37) 0.46 (0.06) 0.54 (0.01) 
Ca (CaO % dm) 3.73 (0.90) 4.71 (0.87) 4.37 (0.99) 5.48 (1.35) 4.41 (0.95) 5.75 (1.41) 4.13 (0.86) 4.71 (1.13) 
Mg (MgO % dm) 1.82 (0.13) 2.13 (0.32) 1.82 (0.13) 2.09 (0.31) 1.52 (0.12) 2.02 (0.28) 0.82 (0.05) 0.93 (0.14) 

         
Cd (mg kg-1 dm) 0.41 (0.09) 0.47 (0.08) 0.44 (0.09) 0.60 (0.1) 0.58 (0.10) 0.73 (0.12) 0.48 (0.01) 0.55 (0.09) 
Cr (mg kg-1 dm) 7.38 (0.65) 8.15 (1.60) 9.70 (1.09) 11.19 (1.6) 10.69 (0.86) 13.52 (1.60) 12.94 (1.03) 13.01 (1.60) 
Cu (mg kg-1 dm) 57.40 (6.82) 64.23 (6.05) 42.80 (4.66) 54.17 (5.74) 67.40 (6.55) 82.47 (9.06) 98.40 (7.34) 110.94 (8.74) 
Ni (mg kg-1 dm) 9.27 (0.51) 10.85 (0.42) 10.70 (0.63) 11.97 (0.50) 15.20 (0.96) 17.38 (0.76) 9.77 (0.59) 10.06 (0.49) 
Pb (mg kg-1 dm) 30.21 (4.33) 34.04 (3.78) 16.32 (2.30) 20.03 (0.79) 29.84 (3.71) 38.16 (1.61) 21.92 (2.67) 25.83 (0.77) 
Zn (mg kg-1 dm) 116.26 (18.45) 132.84 (8.44) 85.26 (12.79) 109.24 (5.06) 98.43 (13.03) 118.23 (2.85) 593.72 (40.21) 730.19 (44.08) 

) .  
, , . (Paredes et al., 2002; Beck-Friis et al., 2001) 
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6.4.1.2.  

 
.  

 
 (Eggerth et al., 2007; Bary et al., 2002; Kapetanios et al., 1993). 

,  
 

 (Diaz and Savage, 2007a),  
,  (Eggerth et al., 2007).  

 Turan and Ergun (2007)  
 (bulk density) ’  

.  Diaz et al. (2002)  
, ,  

 40-60%  30-70%.  Hams and Becker (1999) 
 Kapetanios et al. (1993)  

 35  45%  Alexander (1994)  
 45-50%.  Eggerth et al. (2007)  Bary et al. (2002)  

 40-60%  20-50%  Faithfull 
(2002)  40%.  

 
 (California Integrated Waste Management Board),   

 30  40% (CIWMB, 2004)  
 40% (VLACO, 1995).  

 
 35  45% (Österreichische bundesregierung, 2001).  

 2006/799/ .,  
 
 

,  75 %.  

 
 
 

 35  45%.  
 

,  36.10, 36.20, 44.30  39.50%  
1 ,  2 ,  3  4  (  6.14).  

 3  
 

,  
 (Villaseñor et al., 2011).  

6.4.1.3. pH 

 pH  
.  pH  

 pH ’  
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 (DoE, 1996).  
 pH  

,  pH ,  
 

 (Watson, 2002). 

 
. 

 pH  7.31, 7.28, 7.03  7.30  1 , 2 , 3  
4  (  6.14).  Roca-
Pérez et al. (2009)  

 pH  
 pH  7.07 

 7.09. ,  Manios (2004)  pH  7.50  
, 

 Li et al. (2001)  
 pH  6.85  pH  

 8.18.  p  
 Wong and Fang (2000)  Zorpas et al. (2000b)  

 pH (Cofie et al., 
2009; Guerra-Rodríguez et al., 2000; Levi-Minzi et al., 1986; Bangar et al., 1988). 

 Hogg et al. (2002), Fogarty et al. (1991)  (1990)  
 pH  6.0-8.5,  Faithfull 

(2002)  (2001)  
 7.0  8.0.  Bary et al. (2002)  5.0  

 8.0 ,  
 pH  6.0 – 7.0.  

 (2007)  pH 
 (6.0-

7.5)  8.4  
 

.  
pH  5.0  

 
 ( , 2007).  Diaz et al. (2002), 

 pH,  
 5.5-6.5  5.0-

8.0. ,  Alexander (1994)  pH  6.8-7.3.  
 Zmora-Nahum et al. (2007)  pH  (37) 

. , 
 5.27-8.36  7.41.  

 
 pH  

 6.5  8.5 (CIWMB, 2004; VLACO, 1995).  
 

 pH  
. 
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6.4.1.4.  

 
 

. , 
 

, .  
 (EC, 2005).  

 ( . , , , )  
 ( . ,  

)  (Schroeder, 1984).  
 
 

 ( . )  
 ( , 1976). ,  

 
 

.  
 

. 

 
65.93, 64.30, 54.99  59.45% dm  1 ,  2 ,  3  4  (  
6.14)  

. ,  Mor et al. (2006)  
 39.1-52.1%  Ingelmo et al. 

(1998)  57.1% .  
 

 15-25%  35-75%  (DEPA, 2003). 
.,  

,  20% 
 2006/799/ ).  

,   (EPA,  2009;  Österreichische  
bundesregierung, 2001; VLACO, 1995)  

 40% (Hogg et al., 2009).  
 55-75%  

 Stutz et al. (2003)  40-70%. , 
 Diaz et al. (2002)  

 50%  40%  
.  

 
 

. 

6.4.1.5.  C/N 

 C/N  
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. ,  Cofie et al. (2009)  Ko et al. 

(2008)  
 

. 

 Diaz et al. (2002)  
,  C/N,  15 

 20.  Zmora-Nahum et al. (2007)  
 C/N  (37) .  

,  9.8-21.6  
14.9.  (California 
Compost Quality Council),  

 C/N  25 (CCQC, 
2001). ,  

 
 C/N<17 (CIWMB, 2004). ,     

 C/N  25 (CCME, 2005),  
 C/N<18 (VLACO, 1995).   6.15 

 C/N . 

 6.15:  C/N   
 C/N  

<25 Aslam et al. (2008), Brewer and Sullivan (2003), Erhart and Burian 
(1997) 

 <20  
 <15 

Golueke (1981), Poincelot (1974) 

<18 De Baere et al. (1986) 
<12 Jimenez and Garcia (1992) 
15-25 Canet and Pomares (1995), Mathur et al. (1993) 
15-20 Sharma et al. (1997) 
10-20 ,  22 Faithfull (2002) 

  10  Mathur (1991) 
<20 Goyal et al. (2005),    (2001), Li et al.(2001) 
12-15 Bary et al. (2002) 
15-25 Sæbø and Ferrini (2006) 

 17 (  
) 

WERL (2005) 

 C/N  
 10.63, 11.87, 10.84  6.11  

1 ,  2 ,  3  4  (  6.14).   C/N   
. 

,  Manios (2004),  C/N  10.50  
 (33%  66% v/v)  

 (40%  60% v/v)  C/N  11.75. 
 Wei  Liu (2005) , 

 10.1, 9.7  9.4  
 Jouraiphy et al. (2005)  12.0 

 (  2:1 v/v). 
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 Levy and Taylor (2003)  
 C/N  6.7.  

 Gutser et al. (2005)  25  
 McConnell et al. 

(1993), Sikora et al. (1980)  Tester et al. (1977)  
C/N  30.  

 C/N. ,  
 

’  
 Diaz and Savage (2007a), Brinton (2000), Bannick and 

Joergensen (1993)  Kostov et al. (1991). ,  
 
 

. ,  
 C/N  

 
 (Diaz and Savage, 2007a; 

Hoitink and Boehm, 1999; Epstein, 1997).  Iglesias-Jimenez and Alvarez (1993) 
 C/N  12  

.  Nevens 
and Reheul (2003), Eriksen et al. (1999)  Bazzoffi et al. (1998)  

 9  15  
 

. ,  1 , 2  3  
 C/N  10.63 - 11.87  

.  
 Amlinger et al. (2003)  

 
  6.16.  

 6.16:  C/N  
 (Amlinger et al., 2003) 

C/N  C/N   

<7.5 <8  
(N–release distinct) 

7.5-8.5 8-9  
(N–release) 

8.5-9.5 9-11  
(Balanced) 

9.5-10.5 11-14  
(N–binding) 

>10.5 >14  
(N–binding distinct) 

 4 ,  
,  C/N  

 6.11  
 



  159 
 

 
 

(Antonious et  al.,  2008;  Amlinger et  al.,  2003;  Brink,  1995;  Iglesias-Jimenez and Alvarez,  
1993). 

6.4.1.6.  

 
 

.  Brinton (2000) 
 Finstein  and  Miller  (1985)   

 
,  

 
.  Cooperband et al. (2003) 

 
. 

 302.6, 207.7, 
38.65  304.1 mg kg-1 dm  1 , 2 , 3  4  (  6.14).  

 Bernal et al. 
(1998a) . 

 
 
 

Korner and Stegmann (2002)  Liang et al. (2000).  
 Bernal et al. (1998a) 

 Zucconi and Bertoldi (1987)  400 mg kg-1 dm,  Bary et al., (2002) 
 500 mg kg-1 dm. ,  

,  
 75 mg 

kg-1 dm,  75-500 mg kg-1 dm  
 500 mg kg-1 dm (TMEEC, 2002; CCQC, 2001). ,  

 
 

.  
 3 .  

 
 

. 

 1286, 998, 388 
 3257 mg kg-1 dm  1 , 2 , 3  4  (  6.14). 

 
. 
 

,  
250-350 mg kg-1 dm (CIWMB, 2004),  Bary et al. (2002)  
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 200–500 mg kg-1 dm. ,  
 3  

. ,  
 

 ( .  
 

) (Luo et al.,2010).  
 
 
 

.  
 

Esteller et al. (2009)  Tittarelli et al. (2007).  
 95.00, 95.77, 

98.40  93.04% dm  1 ,  2 ,  3  4  (  6.14). 
, ’  

 
 

, , ,  
 

(Hargreaves et al., 2008; Amlinger et al., 2003).  
 
 
 

.  
 
 

 (EC, 2003).  Burgos et al. (2006)  
 0.34-0.73% ,  

. ,  
 

. (Stopes et al., 2002; Tan et al., 
2002; Addiscott et al., 1991) 

,  
 

 ( 4
+

3
-) (Sanchez-Monedero et al., 2001; Epstein, 1997). 

 Ko et al. (2008) 4
+

3
-  

 C/N  
 
 
 

250 mg kg-1 dm (CCQC, 2001). 

 Pare et al. (1998)  Garcia et al. (1992)  
4

+
3

-  1.0  Brinton (2000)  
 0.5.  Bernal et al. (1998a) 

, , 4
+

3
-  
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 0.16. ,  
 4

+
3

- <0.5,   0.5<  4
+

3
- 

<3.0 4
+

3
- >3.0 (CCQC, 2001).  

, 4
+

3
-  0.24, 0.21, 

0.01  0.09  1 , 2 , 3  4  . 4
+

3
-  

 3  4  
 1  2  

 Bernal et al. (1998a) .  
 Jouraiphy et al. (2005), ,  
,  C/N  12 4

+
3

-  0.24 
.   

Jouraiphy et al. (2005)  1  2 .  
4

+
3

-  Bernal et al. (1998a)  
Fernández et al. (2010)  

4
+

3  0.39  
1.55.  

6.4.1.7.  

 
 
 

.  
 

, , .  
 

.  
. 

,  (  
)  

 
. ,  

 
 –  

 ( ) (WSDE, 
1994). .  

 ( .  
91/676/  

),  
.  

 
, , ,  

 (  6.14)  
.  

 
 

 (Bary et al., 2002; Zaccheo et al., 2002). 
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.  
.  

 
 

. ,  
 
 

.  Faithfull 
(2002)  

 
 90% ,  2006/799/ .  

,  
 20% .  

 
 93.0-

98.4 % , . 
 

 3.18, 2.85, 2.67  5.12% dm  1 , 2 , 3  
 4  (  6.14).  

 (  
) .  Zmora-Nahum 

et al. (2007), Wolkowski (2003)  Iglesias-Jimenez and Alvarez (1993)  
, ,  

 0.8-3.0%  Gomez (1998)  (82) 
,  

 1.7%.  Hargreaves et al. (2008)  
 

 0.5  3.5%.  Vogfmann et al. 
(1996)  Lawrence (1996)  

 0.9-2.0%.  et 
al. (2005)  Grigatti et al. (2004)  

 1.0-2.4%  1.0-1.6%  o Manios (2004)  
 2.9% dm  « » . 

 
.  Diaz et al. (2002)  

 
 1.0%  0.5% .  Alexander (1994)  

 1.0-2.0%.  Iyengar and Bhave (2006)  Soumaré et al. (2003) 
 

 1.0%  Raviv (2005)  
 1.8%.  

 
 1.0-2.0%  

 0.7% (CIWMB, 2004; VLACO, 1995). ,  
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 2006/799/ .  
,  

3.0%  
 1.0  4.5% (CCME, 2005).  

,  
.  

 
 

.  
 

.  
 

.  
 
 

. ,  91/676/   
 1804/1999/  (14),  

 
 

 170 kg ha-1 
yr-1. 

 

 
, .  

 
 (DNA  RNA). 

,  
 

.   6.14 
 0.76, 0.93, 0.79 

 4.23% P2O5  1 ,  2 ,  3  4 .  
 Roca-Pérez et al. (2009), Manios 

(2004)  Kuchenrither et al. (1985)  0.68, 2.60  2.80% P2O5 
,  Grigatti et al. (2004)  

 1.30-
1.39% P2O5.  Tittarelli et al. (2007)  

 1.4-4.6% P2O5,  Gomez (1998)  
 

 0.62% P2O5.  
 

 1.83- 2.30% P2O5  
 0.5% P2O5 dm (BCMAFF, 1998; 

VLACO, 1995).  Faithfull, (2002)  
                                                
(14)   ( ) . 1804/1999  19  1999  ,   

,  ( ) . 2092/91  
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 0.35-1.40% P2O5 dm   
 0.5% P2O5 dm. ,  

 
 

. 

 

 
 

.  
 

.  
 3.01, 3.95, 3.21  0.54% 2O dm  1 , 2 , 3  

4   6.14.  Manios, (2004)  
Kuchenrither et al. (1985)  0.59  0.48% 2O 
dm  Roca-Pérez et al. 
(2009)  Grigatti et al. (2004)  1.15  0.83-0.90% 2O dm 

.  
 Hargreaves et al. (2008)  0.12-1.80% 2O dm 

 Gomez (1998)  0.90% 2O dm  
 (82) .  

,  
,  0.01-0.30% 2O  dm   

 0.17 % 2O dm (WSDE, 1994),  Alexander (1994) 
 0.24-0.60% 2O dm. ,  

 Faithfull (2002)  0.45-1.80% 2O dm,  
 0.30% 2O dm. ,  

 1.20% 2O dm  0.75% 2O dm  Iyengar and Bhave (2006) 
 (VLACO, 1995).  

 
 
 
 

. ,  4  
,  

 
,  

. 

 

 
’ ,  

.  
 

.  
 2.13, 2.09, 2.02  0.93% MgO dm  1 , 

2 ,  3  4  (  6.14).  Manios 



  165 
 

(2004)  Kuchenrither et al. (1985)  1.05  0.55% MgO dm 
,  Roca-Pérez et al. (2009)  Grigatti et al. 

(2004)  1.20  1.96-2.56% MgO dm .  
,  

,  0.08-0.57% MgO dm  
 0.40% MgO dm (WSDE, 1994). ,  

 Hargreaves et al. (2008)  
 0.30-0.73% MgO dm,  (1990)  

 0.30  1.90% MgO dm.  
Faithfull (2002)  Hams and Becker (1999),  

 0.3-3.0% MgO dm  0.4-1.6% MgO dm  
 0.35% MgO 

(VLACO, 1995).  
 
 

.  
. 

 

 
.  

 
4.71, 5.48, 5.75  4.71% CaO dm  1 ,  2 ,  3  4  (  
6.14).  

,  
 1.45-3.89% CaO dm (  2.52% CaO dm),  Manios (2004)  
 6.45%  CaO  dm   Kuchenrither  et  al.  (1985)   3.66%  CaO  dm.  

 9.0-9.2% CaO dm  Roca-Pérez et al. (2009)  
. O  Hargreaves et al. (2008) 

 0.1-9.2% CaO dm, 
 2.89-4.32% 

CaO dm (BCMAFF, 1998).  Faithfull (2002)  Hams and Becker (1999)  
 1.5-10.0% CaO dm  3.5-14.0% CaO dm . ,  

 
 (VLACO, 1995)  Faithfull (2002)  2.0% CaO dm.  

 
. 

6.4.1.8.   

,  
,  

.  
,  

 (Wang et al., 2007).  
 

 (  5g cm-3).  
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.  

 
 

’  
 

,  (Smith, 2009).  
 

,  (Cd),  (Cu),  
 (Cr),  (Ni),  (Pb)  (Zn) (CA, 2001).  

,  
,  

,  
.  

.  
 86/278/ .  

, 
 

.   6.41 
 Cd, Cu, Cr, Ni, Pb  Zn  

 
86/278/ .  

.  
 80568/4225/1991  

.  

 Cd  0.47-0.73 mg kg-1 dm  
 86/278/  (20-40 

mg kg-1 dm) .   
 Cr  8.15-13.52 mg kg-1 dm 

 
.  86/278/  

 Cr   
.,  

 Cr  1000 mg kg-1 dm (EC, 2000).  Cu 
,  

 54.17-110.94 mg kg-1 dm  
 (1000-1750 mg kg-1 dm)  3  4  

 Cu  
 70 mg kg-1 dm,  500 mg kg-1 dm)  

(75 mg kg-1 dm).  Ni  
 10.06-17.38 mg kg-1 dm  

 (300-400 mg kg-1 dm) . 
 Pb , ,  

 20.03-38.16 mg kg-1 dm,  
 (750-1200 mg kg-1 dm)  

 ( :  45  mg  kg-1 dm,  100 mg kg-1 dm).  ,   
 Zn  4  730.19 mg kg-1 dm 
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),  

 109.24-132.84 mg kg-1 dm.  Zn  
 86/278/  2500-4000 mg kg-1 dm,  

 (200-2000 mg kg-1 dm),  (300 mg kg-1 dm)  (750 
mg kg-1 dm). 

 
 

.  
.  

 
 

.  
 
 

.  
 

’  
.  

 
(  6.14)  

 
 (Villaseñor et al. Villaseñor et al., 2011; 

Smith, 2009). 
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Cd Cr

Cu

 

Ni

Pb

 

Zn

 6.41:  (mg kg-1 dm)  
. (EC, 2006)

0
10
20
30
40
50

pH
<7

pH
>7  1  2  3  4

AT BE CZ DK EE ES FI FR GR HU IE IT NL LU PT SE SK SI

0
400
800

1200
1600
2000

  
pH

<7
pH

>7

 

 1  2  3  4

AT BE CZ DK EE ES FI FR GR HU IE IT NL LU PT SE SK SI

0

500

1000

1500

2000
pH

<7
pH

>7  1  2  3  4

AT BE CZ DK EE ES FI FR GR HU IE IT NL LU PT SE SK SI

0
100
200
300
400
500

pH
<7

pH
>7  1  2  3  4

AT BE CZ DK EE ES FI FR GR HU IE IT NL LU PT SE SK SI

0

500

1000

1500

pH
<7

pH
>7  1  2  3  4

AT BE CZ DK EE ES FI FR GR HU IE IT NL LU PT SE SK SI

0
1000
2000
3000
4000
5000

pH
<7

pH
>7  1  2  3  4

AT BE CZ DK EE ES FI FR GR HU IE IT NL LU PT SE SK SI
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6.4.2.  

 
 

,  
. 

6.4.2.1.  

 
 
 

 ( .) ,  
 Zucconi et al. (1981). .  

 
 ( ).  

. , 
,  

. 
.  

100%  
 100% ’ 

. , ,  
.  

. ,  Zucconi et al. (1981)  
.  80%  

 
 Lasaridi et al. 

(2006),  Fang  and  Wong  (1999)   Tiquia  et  al.  (1996b).   Mena  et  al.  (2003)  
 (Hordeum vulgare)  (Lepidium sativum) 

.  110  80% 
.  (2001)  

.  90%  Ko et 
al. (2008) . 

 90%  
.  

110 .  Bernal et al. (1998a)  
.  50%  

 ( . NH4-N<400 mg kg-1 dm, C/N<12). ,  
.  

 90% ,  
 

 80-90% (CCME, 2005; CCQC, 2001). ,  
 

.   6.17. 
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 6.17:  
 (WERL, 2005). 

 [%]  
>90  (Non-inhibitory) 

75-90   (Moderately inhibitory) 
50-75  (Very inhibitory) 

<50   (Extremely inhibitory) 

.  
 
 
 

 (Ko  et  al.,  2008;  Tang  et  al.,  2006;  Mena  et  al.,  2003;  Bernal  et  al.,  
1998a). .  

 
.  

 
 (Wong et al., 1983), 

 (Adriano et al., 1973),  (Brinton, 2000; 
Tam and Tiquia, 1994).  

 
.  (Hoekstra et al., 2002; Zucconi et al., 1985).  

 
 (Lactuca sativa)   (Lepidium 

sativum).  
.  (Haug, 1993), 

 
 (CCME, 2005).   

6.42 .  
. 

 
 6.42:  

 
  

0

20

40

60

80

100

120

140

 1  2  3  4  1  2  3  4

 
 %
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.  106.8, 118.0, 132.5, 
124.2%  1 ,  2 ,  3  4  

.  Jouraiphy et al. (2005)  
.  98%  

Komilis and Tziouvaras (2009) .  165  112%  
.  

.  
107.7, 105.3, 113.3  108.0%  1 ,  2 ,  3  4 .  

   
,  Banegas et al. (2007) . 

 100  130%  Walter et al. (2006), Mena et al. (2003)  Fang and Wong 
(1999)  100%.  Komilis and Tziouvaras (2009) 

 
.  123  86% 

.  
,  

 
. ,  

 
 
 

 (Mena et al., 2003; Pascual et 
al., 1997).  Fuentes et al. (2006)  

 
,  

. . 

6.4.2.2.  

 
’  

. 
, ,  

, , 
 

, .  
,  

 ( , , .)  
 Wichuk and McCartney (2007), Carrington, (2001)  Déportes et al. 

(1995).  
,  

.  
 

 ( ’ )  
 (EC, 2010). 
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, ,  
 

,  
,  

,  
 (Hogg et al., 2002; Dumontet et al., 1999; 

Epstein, 1997; Haug, 1993; Pereira-Neto et al., 1987; Burge et al., 1978a).  
 

,  
, ,  

 
 (Vinnerås et al., 2003).  

 
.  

. 
 
 

 (Haug, 1993).  
 

 (de 
Bertoldi et al., 1988).  

 
/ .  

 
 
 

 ( ) (Bustamante et al., 2008).  
 
 

. 
 
 

 6.2.  
 
 

.  
 (  80568/4225/91)  (  

86/278/ )  
,  

 
 (  6.18).  

 
 

  6.19.  
 

.  
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 6.18:  
, 2007; CCME, 2005; USEPA, 2003) 

   
 Salmonella 8 MPN (10 g)-1 dm 

 3 MPN (10 g)-1 dm 
 3 (10 g)-1 dm 

 Salmonella 1000 MPN g-1 dm 
  100 g-1 dm 

  
  Salmonella  

 10 kg-1 dm 
    

-  Salmonella 8 MPN (4 g)-1 dm 
 <1000 MPN g-1 dm 

 <1PFU (4 g)-1 dm 
  <1 (4 g)-1 dm 

-   <2.000.000 MPN g-1 dm 
  <1000 MPN g-1 dm 

 6.19:   

  K  
(dm) 

 
(dm) 

  
(dm) 

 

     

108 MPN g-1 104 MPN g-1 107 MPN g-1 102 MPN g-1 (10g)-1 (10g)-1 

1  1.39 (0.01) 3.96 (0.23) 2.55 (0.04) 6.13 (0.12) 23.00 (0.3)  

2  2.32 (0.05) 2.65 (0.15) 1.23 (0.03) 8.95 (0.15) 26.27 (0.3)  

3  2.95 (0.02) 4.67 (0.19) 1.95 (0.02) 6.84 (0.07) 24.60 (0.4)  

4  3.21 (0.14) 9.43 (0.32) 2.09 (0.03) 17.38 (0.26) 69.00 (1.2)  

:  

 
 

. 
,  

 99% ,  
,  

.  
 Kalamdhad and 

Kazmi (2009)  Jouraiphy et al. (2005)  
.  Cofie et al. (2009)  Koné et al. (2007)  

 (<1  g-1 dm)  
 (>45oC  5 )  

,  
. ,  

 
 USEPA  

 USEPA.  
,  
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. 
,  Wichuk and McCartney (2007)  

 
 
 

.  
 

,  
 

-
 

. 

6.4.2.3.  

 
 

.  (Zea 
mays L.)  (Beta vulgaris L.).  

 
 

 (USDA-FAS, 2010). 

 
 
 

.  
.  

 
.  

: 

  
 

. 
  

 
. 

 
 

  6.20. 
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 6.20:  
 

   
 (% wb) 40.00 (2.19)  

 (% wb) 60.00 (2.19)  
pH 7.20 (0.04) 7.85 (0.02) 
TOC (% dm) 29.64 (1.47) 0.96 (0.06) 

 (% dm) 56.32 (2.81) 1.82 (0.13) 
C/N 8.35  
NO3

- (mg kg-1 dm) 1547.85 (108.60)  
NH4

+ (mg kg-1 dm) 183.49 (11.33)  
NH4

+/NO3
- 0.12  

Norg (% N dm) 95.74 (1.12)  
N (% dm) 3.55 (0.17)  
P (P2O5 % dm) 1.68 (0.13)  
K (K2O % dm) 1.98 (0.15)  
Ca (CaO % dm) 2.57 (0.21)  
Mg (MgO % dm) 5.31 (0.31)  
Cd (mg kg-1 dm) 0.63 (0.07)  
Cr (mg kg-1 dm) 12.57 (1.60)  
Cu (mg kg-1 dm) 82.53 (7.85)  
Ni (mg kg-1 dm) 13.14 (0.59)  
Pb (mg kg-1 dm) 28.01 (1.06)  
Zn (mg kg-1 dm) 319.22 (17.33)  

 (%)   
  35.0-37.0 

  13.5-14.0 
   49-50 

 
 

, 1976). , 1.82%,  
 

. ,  
 
 

Doukkala . ,  
 1.7%,  

 
 2.5-3% (Casado-Vela et al.,2006).  

 74%  
 3.4% (EC, 2003)  

 1.7% (  6.2).  
 

. 
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 6.1:  (%)  ( C, 2005). 

6.4.2.3.1.  

  6.43  
 (32 , 47 , 61  77 ).   

 
 ( 2=2.5 tn ha-1, 3=5.0 tn ha-1 4=7.5 tn ha-1)  

 ( 5= 0.5 tn ha-1 NPK:20-15-10). 
 

 ( 1=0 tn ha-1).  
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 6.43:  ( )  

 

 32  
 6.9  7.4 cm. 

,   47  61  
,  19.5-24.7 cm 

 40.3-45.9 cm .  77  
: 3=5.0 tn ha-1> 2=2.5 tn ha-1 

> 4=7.5 tn ha-1> 5= > 1=0 tn ha-1.  
2 1 5  22.0  7.7% , 3  

1 5  33.3  21.1% 4 1 
5  20.7  6.2% .  

 Ibrahim et al. (2008)  
.  

 
. 

 5  tn  ha-1  
 7.5 tn ha-1  

 
. 

6.4.2.3.2.  

 
.  

 
 48  82 .  

 ( 2=2.5 tn ha-1, 3=5.0 
tn ha-1 4=7.5 tn ha-1)  ( 5=0.5 tn ha-1 NPK:16-15-26)  

 ( 1=0 tn ha-1)   6.44.  
 

 ( )  
). 

0

20

40

60

80

100

120

32 47 61 77

 [cm]

T1 [0 tn/ha]
T2 [2.5 tn/ha]
T3 [5.0 tn/ha]
T4 [7.5 tn/ha]
T5  [tn/ha]
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 6.44:  ( )  

 

  6.44,   48  
 

. ,  17.92-23.10 g -1 
 1.57-2.03 g -1 ,  

 19.56-25.14 g -1  
. ,  

 48 . ,  82  
 

. , 2=2.5 tn ha-1, 3=5.0 tn ha-1  
4=7.5 tn ha-1  3.5, 31.5  52.0% 

. , 3=5.0 tn 
ha-1 4=7.5 tn ha-1  369.75  428.25 g 

-1  16.0  34.4%  
.  

 
 

4=7.5  tn  ha-1>  3=5.0  tn  ha-1> 5= > 2=2.5 tn ha-1>  1=0  tn  ha-1. 
,  

 7.5 tn ha-1  
.  

 
 (Hergert, 2011). 

  

0

100

200

300

400

500

 [gr  -1]

48                                              82

T1 [0 tn/ha]
T2 [2.5 tn/ha]
T3 [5.0 tn/ha]
T4 [7.5 tn/ha]
T5  [tn/ha]
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6.5.  

 
. , 

 
 

 (Bari et al., 2000). ,  
 
 

. 
 
 
 

) .  
 

,  
 

. 

6.5.1.  

 
 

 (Baptista et al., 
2010).  

.  
 (6.1). 

( ) k ( )  (6.1)

: 
OM:  (kg) 

kd:  (d-1) 
t:  (d) 

 (6.2) t = 0  t=0, : 

= e  (6.2)

,  
 

kd
(15).  (B loss(t))  

 ( )  
 (6.3): 

                                                
(15)   kd ,  

 (6.2).  kd  
 ( . , ) 
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B ( ) = B e        (6.3) 

: 
loss(t):  

 t,  (% 
) 

0:  
 (t=0) ,  

 (% ) 

 kd,  
. ,  kd  

, ,  
 

 (Baptista et al., 
2010).  

 
 

 (Baptista et al., 2010; Stombaugh and Nokes, 1996; Haug, 1993; 
Cathcart et al., 1986; Whang and Meenaghan, 1980; Jeris and Regan, 1973a; Jeris and 
Regan, 1973b; Finger et al., 1976; Schulze, 1961).  

 
 (6.4) (Mason, 2007; Hamelers, 2004). 

k (x , x , … , x ) = k F (x ) F (x ) … F (x )     (6.4) 

: 
kmax:  (d-1) 
x:  
n:  

 
F(x):  

 (  0-1) 

 (6.4)  (  
 

), , F(x),  
, 

 1  kd  
 kmax.  ,   kmax  

 
.  

, , ,  
,  pH  C/N  

 3.2.3.  
’ ,  

 
.  
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.  pH  C/N 
 
 

 ( , 2010).  
, kd,  

, kmax, , F(x) (  6.5), 
 

(F(TOT)),  
. 

k = k F(T) F(MC) F(O ) F(FAS) = k F(TOT)    (6.5) 

: 
F(T):   (  0-1) 
F(MC):  (  0-1) 
F(O2):  (  0-1) 
F(FAS):  (  0-1) 
F(TOT):   

 (  0-1) 

 (6.3)  (6.5)  
, kmax,  

 ( 0)  (  6.6): 

( ) = B e ( ) ( ) ( ) ( )     (6.6) 

 
,  

. 

 F(T) 

 
.  

 
,  

Richard (1997)  Richard and Walker (1999, 2006).  
 Rosso et al. (1993)  

Richard (1997)  
.  

 (6.7). 

F(T) = ( ) ( )   (6.7) 

:  
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T:  ( C)  
Tmin:  ( C) 
Topt:  ( C) 
Tmax:  ( C) 

 Tmin,  Tmax  Topt  (6.7)  
.  Richard 

(1997)  Richard and Walker (2006, 1999)  Tmin,  Tmax  Topt  
 5.0, 71.6  58.6 C  

,  (6.8). 

F(T) = ( . ) ( )
( . )[( . )( . ) ( . . )( . )]

    (6.8) 

 F(MC) 

 
 (6.9)  Haug 

(1993) 

F(MC) = ( . . )  (6.9)

 MC  (  0-1) 

 F(O2) 

 
 

 (6.10)  Monod (Zhang et al., 2010; Haug, 1993). 

F( ) =  (6.10)

: 
O2:  (% v/v)  
k :  ’  

 
.  Haug (1993) 

 2% v/v 
 

 F(FAS) 

 
 (6.11)  Haug (1993). 

F(FAS) = ( . . )  (6.11)

 FAS  
. 
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 FAS  (6.12)  Richard et al. 
(2002). 

FAS = ( MC) +  (6.12)

  
MC:   (  0-1) 
OMf:   (  0-1) 

b:   (kg m-3) 
w:   (kg m-3) 
ash:   (kg m-3) 

:   (kg m-3) 

6.5.2.  
 

 
 6.5.1  

 ( loss(t)) (  6.6)  
 

 ( ) .  
loss  

.  
, , kmax,  

 ( 0), 
 

loss  
 ¨Solver¨  Microsoft Excel 2007. H  

,  
,  

 F(T), F(MC)  F(O2) (  6.8, 6.9  6.10)  
 (6.5)  (6.6). ,  

, kmax,  
.  

,  
 

 Zhang (2010)  
Baptista et al. (2010) . 

 F(FAS) (  6.11),  
. 

6.5.3.  

 
 

.  
,  
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, ,  
 

 ( aptista  et  al.,  2010;  Higgins  and  Walker,  2001;  Agamuthu  et  al.,  2000;  
Mohee  et  al.,  1998;  Das  and  Keener,  1997;  Haug,  1993;  Keener  et  al.,  1993;  Smith  and  
Eilers, 1980). , ,  

, ,  
 

.  

 (curve-fitting)  
  6.45  

 
 (30 ). 

  6.22  
. 

 6.21:  
 ( loss)  

, . 
 

 
0 

(% OM) ) 
OMloss 

(% OM) ) 
OMloss 

(% OM0) ) 
kmax 

(d-1) ) 
NRMSE 
(%) ) 

1  86.6 82.3 95.0 0.173 1.54 
2  84.1 81.3 96.7 0.236 2.10 
3  67.3 65.1 96.8 0.184 2.42 
4  87.4 83.0 94.9 0.210 2.75 

)   
)  

 
)  

 
) O  
)  

 ( loss)  
 82.3, 81.3, 65.1  83.0%  
 1 ,  2 ,  3  4   

. loss  
 
 

 29-68%  (Baptista et al., 2010; Adani 
et al., 2000; Fricke and Muller, 1999). 
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1   2   

  
3   4   

  
 6.45:  

 ( OMloss) .  
.
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,  
,  

 ( 0),  86.6, 84.1, 67.3  87.4%  
 1 ,  2 ,  3  4   

. To 0  
 

, ,  
 ( 0=55.0–

77.1% OM) (García-Gómez et al., 2003; Bernal et al., 1996; Paredes et al., 1996b, 2000). 
 

 ( . ,  
) .  

 (55oC)   Komilis  and  Ham  (2000)  
OM0  45.0-47.0%  60.9-76.1%  

. 

 
 ( OMloss)  

 ( 0)  94.9-96.8% 
0  

. 0 
 3  

 (  
). , 0   

 96.8% 0  
 

. ,  
 85% 0,  Baptista et al. (2011)  

 
.  BOM0  

,  49-59  
.  

 
 Mason (2007) (30-63 )  

0  95% ,  
 

.  

, kmax,  
 0.173, 0.236, 0.184  0.210 

d-1  1 ,  2 ,  3  4  (  6.22). 
 kmax  

 
.  kmax,  Paredes et 

al. (2000, 2001)  0.0226 - 0.0749 d-1 
(12.20%<RMS<32.34%)  

.  
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 kmax  ( )  0.11-0.14 d-1  0.10-0.11 d-1  
 (Komilis and Ham, 2000), ( )  

0.07-0.17 d-1  (Bono et al., 1992)  ( )  
0.41 d-1  (Bach et al., 1984). 

,  Mason (2008b)  kmax,  40oC,  
0.07-0.63 d-1 .  

 
 

(Root Mean Square Error - RMSE)  ( loss)  
.  

 
 ( 0)   (6.13)   (6.14)  (Baptista  et  al.,  

2010; Mason, 2007; Kulcu and Yaldiz, 2004). 

RMSE = , , (6.13)

NRMSE = (RMSE BOM ) 100 (6.14)

:  
NRMSE:   
RMSE:   

0:   
 (t=0)  (% ) 

loss :  
 

loss :  
 

n:   

 NRMSE  
 1.54-2.75% (  6.22)  

. ,  
 Mason (2008a)  NRMSE  

0.90-5.73%  0.53-4.43%.  
.  

 Baptista et al. (2010)  3.25-5.73%  
 

, 
, ,  

.  
 

.  
,  

 « »  
 Mason (2007) (  6.23). ,  

 ( loss)  
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 Baptista 
et al. (2010), Mason (2007), García-Gómez et al. (2003), Bari (2000), Paredes et al. (2000) 

 Bernal et al. (1996). 

 6.22:  (Mason, 2007) 
  

 , ,  
,  

 
 , ,  

 
 

 , ,  
 

 
  , ,  

 
 

 , , 
 

 

, 
, , 

 
 

. 

  6.46  
 F(T),  F(MC),  F(O2)  

 
 (6.8)  (6.10).  

 
 
 

 (0.24<F(T)<0.38).  
 
 

.  
 
 
 

 (F( 2)>0.88  F(MC)>0.96).  
 

, F(T),  (F(T)=1  58.6oC). 
 
 

.  
 

 Baptista et al. (2011)  
 MBE.  
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1   2   

  
  

3   4   

  
 6.46:   F(T),  F(MC)   F(O2)   F(TOT)   

.  
 0   1   1   0  .   

 (>40oC)  
. 

0.0

0.2

0.4

0.6

0.8

1.0

0 5 10 15 20 25 30 35 40 45 50 55 60

 

 ( )

F(T) F(MC) F(O2) F(TOT)

0.0

0.2

0.4

0.6

0.8
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 ( )

F(T) F(MC) F(O2) F(TOT)

0.0

0.2

0.4
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 ( )
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0.0

0.2

0.4
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 ( )

F(T) F(MC) F(O2) F(TOT)
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 2  
,  

, ,  
.  

 
 

,  
 

. ,  
 
 

. 

,   6.46  
, F(TOT),  

 F(T), F(MC),  
F(O2) (  6.5).  F(TOT)  

 
 

.   6.46  
 
 
 

 PLC  
,  

 (  5.1). 
,  F(TOT) (>0.5)  

, 
 
 

 (Baptista et al., 2011).  
 

 ( loss)  
.  

,  
, kd,  

 (  6.47).  
 

 kd 
 

 kmax  F(TOT) 
 6.5).  ,   kd  

, ,  
 

 (Baptista et al., 
2010). 
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 6.47: ,  kd,  

, kmax,  
.  

o  

  6.47  kd  
 
 

 (  6.46). , 
 kd  

 0.086-0.138 d-1, 0.120-0.188 d-1, 0.100-0.152 d-1, 0.116-0.176 d-1  
1 ,  2 ,  3  4 ,  

 kmax   6.22 .  
. , 

 kd  
 kmax  

 F(TOT) 
.  

1  kd  
 kmax  

 
 

. 

6.5.4.  

, kmax,  
,  

 
 6.5.1.  

. ,  
 kmax, 

 

0.00

0.05

0.10

0.15

0.20

0.25

0 10 20 30 40 50 60 70

 
 (d

-1
) 

 ( )

kd 1
kd 2
kd 3
kd 4
kmax 1
kmax 2
kmax 3
kmax 4

kd 1
kd 2
kd 3
kd 4
kmax  1
kmax  2
kmax  3
kmax  4
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.  
 kmax  

 (sensitivity ratio).  
 (6.15)  

 kmax, % (kmax),  
, % ). 

= % ( )
% ( )

 (6.15)

 
 

 kmax   6.24.  

 6.23:  
   ( ) 

min 

max 

Topt 
 (6.7)  (6.8) 

 
  

min: -100%  300%, 
max: -5  +12%,  

Topt: ±10% 

MCopt  (6.9) 
 

 ±10%  
 

2  (6.10) 
 

 k 2±10% (  
) 

BOM0  (6.6) 
 

  BOM0: ±10% 
)  

 ±4 . 

 
  6.48 : 

 H  
 kmax,  

.  
 min,  max  k 2  

 
 kmax 

  kmax (  
) 0, Topt  MCopt. 

 ,  
 kmax  

,  2  3.5  
 

 2  3.5  kmax. 
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1   2   
  

  
3   4   

  

 6.48:  
 kmax 

 
kmax  kmax  Baptista et al. (2010)  

 
.  

 Topt  Tmax  
 
 

. 

 

-4 -3 -2 -1 0 1 2 3 4

Topt -10%
Topt +10%
Tmax -5%
Tmax +12%
Tmin -100%
Tmin +300%
MCopt -10%
MCopt +10%
KO2 -10%
KO2 +10%
BOM0 -10%
BOM0 +10%

2

2

-4 -3 -2 -1 0 1 2 3 4

Topt -10%
Topt +10%
Tmax -5%
Tmax +12%
Tmin -100%
Tmin +300%
MCopt -10%
MCopt +10%
KO2 -10%
KO2 +10%
BOM0 -10%
BOM0 +10%

2

2

-4 -3 -2 -1 0 1 2 3 4

Topt -10%
Topt +10%
Tmax -5%
Tmax +12%
Tmin -100%
Tmin +300%
MCopt -10%
MCopt +10%
KO2 -10%
KO2 +10%
BOM0 -10%
BOM0 +10%

2

2

-4 -3 -2 -1 0 1 2 3 4

Topt -10%
Topt +10%
Tmax -5%
Tmax +12%
Tmin -100%
Tmin +300%
MCopt -10%
MCopt +10%
KO2 -10%
KO2 +10%
BOM0 -10%
BOM0 +10%

2

2
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7.  

 
 
 

.  
 

 ( )  
, ( )  

)  ( )  
. 

 
 1.5 – 2.0 tn ,  

,  
.  

 
.  

 
. 

 
,  

 
.  

 
.  

 C/N  
 

.  
 

: 

  
 
 

.  
 
 

. 
 
 
 
 

 ( . , )  
.  

  
 

. ,  
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,  
,  

. 
  

 
,  

.  
 

’  
.  

,  
 
 

,  
.  

  
 

. ,  
 

.  
 

,  
. 

  p  
.  pH  

 
.  pH 

 
 

.  
 pH  

 
.  

 pH  
 

. 
  

 
 

.  
 
 
 

. 
 
 

.  
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,  
 C/N,  pH  

 NH4
+/NH3.  

,  
 

. ,  
,  

 
 

, . 
  

,  
C/N  

 
.  

 
 pH  2  

,  
.  

’  
. 

  C/N  
 
 

. ,  
 C/N  

 
. 

  
,  

.  BOD5  
 
 

 CO2,  
, .  

 
. ,  

 
.  

  
 
 

. ,  
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’ . 

 
 

: 

  36.1-
44.3%  

 
  pH  7.03-7.31  

. 
  (54.99- 65.93% dm)  

 
. 

  C/N  10.63 - 11.87  
,  

 
.  

 C/N   6.11   
 
 

.  
  38.65 - 

304.10 mg kg-1 dm  
 (388.12 -3257.00 mg kg-1 dm)   

 
.  

. 
,  93.0-98.4%  

’  
 

. , 4
+

3
-  

 0.09-0.24  
. 

  (N, P, K, Mg, Ca)  
 

.  
, ,  

 
 

 (Zhang et al., 2006). 
  

 
. ,  

 
.  

. 
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  106.8-132.5%  105.3- 
113.3% ,  

 
 

. 
 ,  

 
’  

. 
 

,  
,  

.  
  

 (2.5, 5.0  7.5 tn ha-1) 
.  

 
 

 ( )  (0.5 tn ha-1 
NPK:20-15-10),  

 5.0 tn ha-1.  
 

. ,  
 5.0  7.5 tn ha-1  

 (0.5 tn ha-1 NPK:16-15-26). 

H  
 
 

 ( ,  
). . 

  
 ( loss)  

)  (1.54%< RMSE<2.75%).  
  ( 0)  

 67.3-
87.4%  94.9-96.8%  

.  
 

. 
 , kmax, 

 0.173-0.236 d-1  
. 

, , kd,  
 

 kd  kmax,  
. 
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 ,  
 kmax, 

 (±10%)  
 ( 0),  

 (Topt)  (MCopt)  
 kmax  2  3.5 . 

  
 

, , F(TOT),  
.  F(TOT)  

 
 
 

. 

 
 
 
 
 

. ,  
 
 

.  
 
 

.  

 
. 

,  
 

, ,  
.  
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:  

 (USDA-SCS, 2008) 

  ) 
 

 (kg d-1)   )  
22.7 34.0 45.4 56.7 

 kg d-1 tn-1 97 108 119 130 83 56 51 

 % 87.0 87.0 87.0 87.0 83.0 83.0 87.0 

TS kg d-1 tn-1 12 14 15 17 9.2 8.5 6.6 

VS kg d-1 tn-1 9.2 11 12 13 7.7 7.3 5.6 

FS kg d-1 tn-1 2.80 3.00 3.00 4.00 1.50 1.20 1.00 

N kg d-1 tn-1 0.66 0.71 0.76 0.81 0.42 0.27 0.30 

P kg d-1 tn-1 0.11 0.12 0.14 0.15 0.05 0.05 0.042 

K kg d-1 tn-1 0.30 0.33 0.35 0.38 0.11 0.12 0.10 

C/N 
 

7.74 8.61 8.77 8.92 10.19 15.02 10.37 
)    
)   

 (USDA-SCS, 2008, 1992) 

  ) 
 340-500kg   

204-340kg   
    

 kg d-1 tn-1 59.10 51.20 58.20 63.00 60.00 
 % 88.40 88.40 87.00 88.40 97.50 

TS 
% wb 11.60 11.60 13.00 11.60 2.50 

kg d-1tn-1 6.78 5.91 7.54 7.30 1.50 
VS kg d-1tn-1 6.04 5.44 6.41 6.20 0.85 
FS kg d-1tn-1 0.74 0.47 1.13 1.10 0.65 
N kg d-1tn-1 0.31 0.30 0.30 0.33 0.20 
P kg d-1tn-1 0.11 0.094 0.10 0.12 0.03 
K kg d-1tn-1 0.24 0.21 0.20 0.26 0.25 
C/N 

 
11.00 10.00 12.00 10.00 2.00 

)   
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 (USDA-SCS, 2008, 1992) 
  ( )      

 kg d-1 tn-1 60.50 45.60 80.00 43.60 - 
 % 75.00 75.00 75.00 75.00 - 

TS % w.b. 25.00 25.00 25.00 25.00 - 
kg d-1tn-1 15.10 11.40 20.00 10.90 12.00 

VS kg d-1tn-1 10.80 9.70 15.00 9.70 7.00 
FS kg d-1tn-1 4.30 1.70 5.00 1.25 5.00 
N kg d-1tn-1 0.83 0.62 1.10 0.74 0.7 
P kg d-1tn-1 0.31 0.24 0.34 0.28 0.3 
K kg d-1tn-1 0.34 0.26 0.46 0.28 0.3 
C/N 

 
7.0 9.00 8.0 7.0 6.0 

)     

 (USDA-SCS, 2008, 1992) 

  )  
(18-100 kg) 

 ( ) 
  

(0-18 kg)   

 kg d-1tn-1 63.40 27.20 60.00 20.50 106.00 
 % 90.00 90.80 90.00 90.70 90.00 

TS %w.b. 10.00 9.20 10.00 9.30 10.00 
kg d-1tn-1 6.34 2.50 6.00 1.90 10.60 

VS kg d-1tn-1 5.40 2.13 5.40 1.70 8.80 
FS kg d-1tn-1 0.94 0.37 0.60 0.30 1.80 
N kg d-1tn-1 0.42 0.19 0.47 0.15 0.60 
P kg d-1tn-1 0.16 0.06 0.15 0.05 0.25 
K kg d-1tn-1 0.22 0.12 0.30 0.10 0.35 
C/N 

 
7.00 6.00 6.00 6.00 8.00 

)    
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:  

 (RPR)  
  RPR  

  2.00  Nikolaou et al. (2003) 
 1.10  Nikolaou et al. (2003) 

  1.10 - 2.90 Kristoferson and Bokalders (1991) 
Ryan and Openshaw (1991) 

 1.76 Bhattacharya et al. (1993) 
 1.10 - 3.00 Massaquoi (1990) 
 0.30 Ryan and Openshaw (1991) 
 0.20 Mahajan and Mishra (1992) 
 0.27 Bhattacharya et al. (1993) 

- 1.40 Mulkey et al. (2008) 
- 0.80-2.30 Scarlat et al. (2010)  

  1.00-2.50 Massaquoi (1990); Ryan and Openshaw 
(1991) 

 1.00 Strehler and Stutzle (1987)  
 0.20 - 0.50 Barnard and Kristoferson (1985); 

 Massaquoi (1990) 
 0.70-1.80 Ryan and Openshaw (1991) 
 0.27 Bhattacharya and Shrestha (1990) 

- 1.10 Mulkey et al. (2008) 
- 0.70-1.30 Scarlat et al. (2010)  

 - 1.00-3.00 Scarlat et al. (2010)  
  0.70 -1.80 Massaquoi (1990); Ryan and Openshaw 

(1991) 
 1.00 -1.80 Barnard and Kristoferson (1985) 
 1.00 - 1.66 Barnard and Kristoferson (1985)  
 1.75 Bhattacharya et al. (1993) 

- 1.30 Mulkey et al. (2008) 
- 1.2-1.75 Scarlat et al. (2010)  

  0.60 - 1.80 Ryan and Openshaw (1991) 
 1.50 - 1.80 Kristoferson and Bokalders (1991) 
 0.60 - 1.80 Massaquoi (1990) 
 1.70 Ishaque and Chahal (1991) 
 1.75 Bhattacharya et al. (1993) 

- 1.20 Mulkey et al. (2008) 
- 0.90-1.80 Scarlat et al. (2010)  

 - 1.00-2.00 Scarlat et al. (2010)  
 - 1.70-1.75 Scarlat et al. (2010)  

  1.10-1.70 Scarlat et al. (2010)  
 1.25-2.00 Stout (1984);  Lal (1995);  

Larson et al. (1982) 
  0.20-0.25 Stout (1984);  Lal (1995);  

Larson et al. (1982) 
  0.20-0.25 Stout (1984);  Lal (1995);  

Larson et al. (1982) 
  0.20-0.30 Stout (1984);  Lal (1995);  

Larson et al. (1982) 
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 1991  2001 (Lal, 2005; FAO 1991, 2001) 

  
(Mha) 

 
(106 tn) 

 
 

(106 tn) 
 1991 2001 1991 2001 1991 2001 

       
 76 54 169 141 254 212 

 129 138 479 609 479 609 
 37 37 29 29 44 44 

 21 13 34 27 34 27 
 148 152 520 593 780 890 

 14 10 27 23 41 35 
 –  45 43 58 58 87 87 
 –   224 214 551 583 826 875 

 10 10 18 23 18 23 
 704 671 1885 2086 2563 2802 

       
       

 26 23 18 17 18 17 
 3 2 5 4 5 4 
 8 9 11 6 11 6 
 20 26 23 35 23 35 

 3 4 2 3 2 3 
 9 6 16 11 16 11 
 70 66 60 52 60 52 

 55 76 103 177 103 177 
 194 212 238 305 238 305 

       
 

 
      

 4 3 3 2 3 2 
 20 24 27 36 41 54 

 1 1 1 0,6 1 1 
 38 16 60 16 90 24 

 7 8 2 3 4 6 
 17 18 23 21 23 21 

 87 70 116 79 162 108 
       

       
 9 6 303 234 76 59 
 17 19 1054 1255 264 314 

 26 25 1357 1489 340 373 
       

 279 322 187 234 47 59 
 177 193 266 308 67 77 

 9 9 124 135 31 34 
 465 524 577 677 145 170 

 1476 1502 4173 4636 3448 3758 
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