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Abstract 

 
Foaming is one of the major problems occasionally occurring in biogas plants, affecting 
negatively the whole process of anaerobic digestion. The present study is a collective 
synopsis of the results derived from the previous extensive research of the authors. The aim 
of the research was the determination of potential causes for foaming and the investigation 
of solutions for foam suppression using chemical antifoams. The results showed that the 
organic loading rate has a significant impact on foam formation and it was proven that the 
natural oils and fatty acids are efficient compounds for foam suppression. 
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 (  1).      ,     
 (5 mm)          -20 

°C.     4 °C  2-3         
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)         . 

 
 1.      

   
 1*  2**  3*** 

  (TS), g/L 55.1 ± 0.8 61.6 ± 0.7 61.6 ± 0.4 

  (VS), g/L 43.3 ± 0.7 47.5 ± 0.6 48.1 ± 0.4 

pH 7.05 ± 0.01 7.43 ± 0.01 7.3 ± 0.04 

   , g/L 5.44 ± 0.50 5.54 ± 0.1 7.77 ± 0.53 
* (Kougias et al., 2013) 
** (Kougias et al., 2014b) 
*** (Kougias et al., 2015) 
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Abstract 

The current study presents an innovative process in which hydrogen that is produced by 
water electrolysis, using excess electricity from wind turbines or solar panels will be coupled 
with carbon dioxide and biologically converted to methane. The results showed that the 
concentration of methane in the biogas increased significantly after the hydrogen injection. 
Molecular analysis revealed distinct differences both in the microbial composition and 
abundance of microorganisms after the injection of hydrogen. 
 
Key words: Biogas upgrading, Hydrogenotrophic methanogenesis, Methane 
 
 
 
 
 
 
 
 
 

9ο Πανελλήνιο Συνέδριο Εταιρείας Γεωργικών Μηχανικών Ελλάδος
“Καινοτομία και Νέες Τεχνολογίες στη Γεωργική Μηχανική και τη Διαχείριση Φυσικών Πόρων”
Θεσσαλονίκη 8-9 Οκτωβρίου 2015

581



1.   
           2020    

   ( )       
20%.   ,            

       .  ,   
      ,    

(   50-70%)     (   30-50%). , 
     ,   .    

      90%,        
       (Ryckebosch et al., 2011). , 

    ,         
       (     

)          
          . 

,           
       ( 2).  ,  

         
        ,     

    (Granovskii et al., 2006).  
          

            -
,             

 .          
        , 

    1: 

KJ/mol7.130-=0G                             O22H+4CH 2CO+ 2H 4   (1) 

           (Luo 
and Angelidaki, 2013a). ,       

           
     . ,    

             
          

.  
           
     . ,   

 ,    ,     
       ,    -

 .            
        ,   

     ,     -
      .  ,    

          pH  , 
      ,      
   . ,       

            (Guiot et al., 

9ο Πανελλήνιο Συνέδριο Εταιρείας Γεωργικών Μηχανικών Ελλάδος582



2011),              
   . 

           
       ,   

      ,   
       .     
      : 1)     
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2.    

2.1.      
          

 (  1).      ,   
 (     5 mm)      

        -20 °C.   ,  
   4 °C  2-3    .    

          
        

 (    )       
  . 
 

 1.      

  

  (TS), g/L 47.40 ± 1.8 

  (VS), g/L 34.56 ± 1.4 

pH 7.44 ± 0.01 

 , g-N/L 3.03±0.10 

  g-N/L 2.07±0.01 

   , g/L 6.83 ± 0.48 

 
2.2.   

            
 (Continuous Stirred Tank Reactors, CSTR)  ,    

    3.5L.      (A1)    (A2) 
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  1.5L  2L, .      
        .   

       54±1 °C ’     
      .    
        15  20 , . 

           
  ,       

       .   
  ,       

           .  
           

      (     
   )     1.   

        (Angelidaki et 
al., 1992).      ,    

     ,     ,  
  pH           

  . 
 
2.3.    

        ,   
       APHA (2005).    pH 

      PHM210    
 pHC3105–8.          

       (Mikrolab, Aarhus A/S, 
Denmark),      (Thermal Conductivity 
Detector, TCD)         Kougias   
(2015).             

  (Shimadzu GC-2010, Kyoto, Japan),    
  (Flame Ionisation Detector, FID)       

  Kougias   (2015). 
 

2.4.       
            

            (DNA) 
   RNA PowerSoil® DNA Elution Accessory Kit  -

       .     
          

 (PCR)           
PCR     (DGGE).   PCR-DGGE -

  V4      
(Caporaso et al., 2012)    V2-V3    .   PCR-
DGGE        Luo and Angelidaki (2013a).  

           
        (high throughput 

sequencing) llumina 2000 (       ). 
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3.    

3.1. x-situ      CSTR 
    ,       

  67%   33%   .    ,  
     45% (  247 mL/   359 mL/ ), 

          77% (  121 
mL/   28 mL/ )         
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 85%,    92%. ,       
           6.6%  
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,             

          8% 
       .    
            
      (Guiot et al., 2011).       
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  .       

        
    2       pH    6  

10.             pH 
 8.5,            -

     pH. 
 
3.2.     

            
   2    PCR-DGGE.    

          
       (  2 )    

 (  2 )   2    .    
          -

           
    (De Francisci et al., 2015). 

      (De Francisci et al., 2015),  -
    BLAST         

(>89%)  ,       Bacterioidetes  
Firmicutes.  ,       A  C 

    Flavobacteria  78%    Blattabacterium 
sp..   D  E    ,   89%  88% 

  C. clariflavum  C. cellobioparum , .      , 
     Actinobacterium (77% ).  

     Bacteroidetes       
  ,      Clostridium  Actinobacterium 

     .       -
             
 ,       (Stolze et al., 

2015).  
   ,        ,   

       .   , D   
   ,     96%   

ethanoculleus smithii, ethanoculleus thermophilus  ethanoculleus bourgensis, 
.        Euryarchaeota,  75%    

Methanobacterium formicicum.   C      
Methanosarcinaceae,   92%.      DGGE   

           
            

   (    )    
  .  ,     -

 (Methanobrevibacter sp., Methanoculleus sp.        
   Methanobacterium)     ,  -
      Methanosarcinaceae sp. ,  
    Methanoculleus sp. (     Methanoculleus 

thermophilus),           
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    (high throughput sequencing) llumina 2000 
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GAS PRODUCTION FROM DENSE LIQUID FRACTIONS OF DILUTED SOLID  
AGRO-INDUSTRIAL WASTES WITH PROVISION FOR EFFLUENT HANDLING 

 
M. Drouga , G. Markou, . Gessouli, E. Vastaroucha, D. Georgakakis  

1Department of Land Reclamation and Agricultural Engineering, Agricultural University of Athens, 
11855 thens, Greece,  mardrouga@yahoo.gr 

 
Abstract 

In this work, biogas production from diluted poultry manure and 2-phase olive oil factory 
solid waste mixtures has been studied. The main target was to determine the volumetric or-
ganic load (VOL), which results in max biogas production and compare it to the VOL which 
minimizes the organic load in the anaerobic digester effluent and consequently, the effluent 
handling cost. The results have shown a significant difference (about 48% higher the VOL for 
max biogas production) and about 3-fold higher BOD5 values (from 12.000 mg/L to about 
35.000 mg/L for max biogas production). As a result, larger, more expensive effluent han-
dling installations would be needed and an effluent of BOD5 value about 1.850 mg/L (much 
higher than the upper limit of 1.200 mg/L set by law for land disposal of such an effluent).    
  
Key words: Biogas, Anaerobic digestion, Organic load, Digester effluents, Environment 

9ο Πανελλήνιο Συνέδριο Εταιρείας Γεωργικών Μηχανικών Ελλάδος
“Καινοτομία και Νέες Τεχνολογίες στη Γεωργική Μηχανική και τη Διαχείριση Φυσικών Πόρων”
Θεσσαλονίκη 8-9 Οκτωβρίου 2015

589



1.  
  /    ,   , ’ 
            42 -

     ,      
    1973          

 .           -
        ,    

       (     -
 ) (Deublein and Steinhauser, 2010; Weiland, 2010; Angelidaki et al., 2011). 
 ,           -
,          (   

   ),         
     ,   ,  -

 (    )          -
       ,   , 

     (EurObserve'ER, 2012).   
,           -

  ,           -
   ,         -

    .        
 -         

         o  .    
         -

         , -
   ,         -

            
 (Deublein and Steinhauser, 2010). 

         ,   , -
     ,       

          ,  -
,          

 .         
        ,   

    ,       
    . 

   ,      ,  -
      ’ ,    -

       ,  
       ( ),    

   ,      .  -
              

 ,          -
 ,    . 
           -

   ,       ,   -
  ,          

 ,    ,       

9ο Πανελλήνιο Συνέδριο Εταιρείας Γεωργικών Μηχανικών Ελλάδος590



           
 .  ,       ,   -
      ,   -

     ,       
       ,   

            -
   .         ’ ,  

 ,          
  ,    (Lo et al., 1983; Møller et al., 2004; 

Kaparaju and Rintala, 2008; Hjorth et al., 2010). 
         - -

              
     (    ) -

          ,  
           & 

  ,    . 
         ,    

     2   
   ,     -
        &  . 

   : (i)        -
 ( )      /  ( / ) 

    ,        
     (  BOD5, COD, )  (ii)       

      . 
 
 
2.    

         , 
           (1:1 ’  

)      2  . 
    4   24  -

      19 L  .    
   48           

   ,         -
     .    ,   

         ( ).   -
  16, 21, 25  32 ,    . 

       ,    -
       ,       

     ( )   .  
  ,         -

 ( ).    48         
    ,   2,29 kg /m3

     
 = 16 , 1,75    = 21 , 1,46   = 25   1,13  

  = 32 .           1,46  
   = 25 ,         -
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          : 
(25/16)x1,46 = 2,29, (25/21)x1,46 = 1,75 . . . (  . ., 2013). 

    4 .   ,      2 ’ -
 (  = / ) ,       ,  ,  

48  ,    /  ( / ),  pH,  max  
min          ( , ).  

  4        ( , )   
     2     -

    ,          
    .         

     pH.       , , 
BOD5  COD     ,       

 (3 ).        -
         , BOD5  COD. 

       2   
( )       -

   - ,      . To -
        2  

  . 
 
 

3.  –  
      1  .   1 

        /        -
 .    ,     ’   -

  2    ,  opt  ’    -
   / . 

  2   opt  ’,    ’/ ’,   
,             

( , BOD5, COD)   .         
  2. 

 
 1.     

1  : 2  :  3  :  4  :  
= 16 . = 21 . = 25 . = 32 . 
= 2,29kg / 

m3 -  
= 1,75kg / 

m3 -  
= 1,46kg / 

m3 -  
= 1,13kg / 

m3 -  
 1 1  2 2 3 3  4 4

0 0,534 0,36 0 0,816 0,597 0 0,852 0,569 0 0,548 0,411 
3 1,397 0,94 3 1,326 0,919 3 1,128 0,821 3 0,888 0,631 
5 1,525 1,042 5 1,423 0,82 5 1,097 0,737 5 0,935 0,708 
            

9 1,568 1,054 9 1,01 0,674 9 0,808 0,525 9 0,792 0,561 
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 1.    / ,        . 

 
 

 2. Optimum  ’,    / ,       
        ( , BOD5, COD) 

 '  ' '  BOD COD 
BOD 

(OUT) 
COD 

(OUT) 
2,29 6,76 16 1,64 1,11 56 66 61,1 27.508 67.137 
1,75 4,82 21 1,42 0,97 71,7 84,2 76,5 12.993 38.574 
1,46 4,24 25 1,14 0,79 73,5 84,3 78,7 12.598 34.774 
1,13 3,08 32 0,94 0,7 68,1 82,5 80,2 14.950 36.874 

 
 

   2     /   -
   ,          

       ,      
 ‘ ’,           /  

(  . ., 2011).     ,     
  ,         = 2,5 kg 

/m3 –  (       2,29 kg /m3 – ).  -
  /      ,     
     1,80 m3 BIO/m3 -   1,20 m3 

CH4/m3 - .              
,          ( ’ 

 ’).       ,       2 
   3. 
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 2.      opt  ’,    ’/ ’,  

  ,          
   ( , BOD5, COD)   . 

 
 3.      /   

   . 

 1  :  max  /  
’ 

(kg /m3 - ) 
’ 

( m3/ m3 - ) 
’ 

( m3/ m3 - ) 
 

( ) 
’ 

2,50 1,80 1,20 15 7,3/1 
( )  D5 COD   
38 -45% -53% -55%   

 2  :  max     
’ 

(kg /m3 - ) 
’ 

( m3/ m3 - ) 
’ 

( m3/ m3 - ) 
 

( ) 
’ 

1,44 1,15 0,81 25 4/1 
 

( ) 
 D5 

 
COD 

 
  

66 -73% -80% -85%   
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    2         
        = 1,44 kg /m3 – , 42%  

    max  / .     
        (  3). 

A    ,        , 
   ,    max  / ,  

           
 .           ’  

         ,   
     ( )    -

  . 
          ,    -

     ,       -
            -

/ ,      .     -
   ,          
            

        -
/  (  1,44  2,50 kg /m3 –    ). 
         ,    4,  -

       /   
    (      )  4   

(1,44, 1,70, 2,00  2,50 kg /m3 – )   -  -
   500 kW.    ’ = 1,70,  ’ = 4,9/1, ’ 

= 21,5 ,  = 1,31 ( . 1 & 2). 

 4.       4   
 &  500kW 

 1,44 1,70 2,00 2,50
    (   ) 

(t/ ) 28 29 31 33
V  (m3) 4.350 3.900 3.470 2.940

     (t/ ) 40 41 43 45
V  (m3) 1.000 1.150 1.700 3.500
kW  75 85 125 260
V  (m3) 8.500 8.900 9.400 10.500
BOD5 OUT (  )(mg/L) 12.000 13.000 18.200 36.700
%  BOD5 (  ) 80 77 70 53

  BOD5      (mg/L) 600 680 900 1.850
     (TKN)(mg/L) 5.200 5.000 4.800 4.600
       (m3) 12.800 13.000 13.300 14.000

       -
      (25kg/ ) ( ) 132 129 127 129

   -   -
  (25kg/ ), ( ) 53 52 51 52

       -
      (17kg/ ) ( ) 195 189 186 189

   -   -
  (17kg/ ), ( ) 78 76 75 75
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      ,     -
     : (i)     – 

  (ii)      (    
     )  –    

   120 ,         
        . 

              -
          -

,            
,   ,     .  

  ,         -
       BOD5   1.200 mg/L ( 1 2000/96)   

    1.850 mg/L (  max ),      
     min     .    

  max   = 2,5 kg /m3 - ,     ,  min 
 ,    ,  max     – 

   .          
,            

  ,     ,   
 ,   ,      . 
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BIOSORPTION OF PHOSPHATE FROM AQUEOUS SOLUTIONS  
ON TO Ca(OH)2-PRETREATED DRY BIOMASS 

 
D. Mitrogiannis1, , G. Markou1,2 

1Department of Natural Resources Management and Agricultural Engineering,  
Agricultural University of Athens, Iera Odos 75, 11855 Athens, Greece,  mitrogiandimi@yahoo.gr 

2Department of Agricultural Engineering, Institute of Soil and Water Resources,  
Hellenic Agricultural Organization-Demeter, Leoforos Dimokratias 61, 13561, Athens, Greece 

 
Abstract 

The excessive concentration of phosphorus (P) in surface water bodies causes eutrophication. 
In the present work, the pretreatment of dry biomass of common reed Phragmites sp. with 
Ca(OH)2 was studied in order to enhance the phosphate biosorption capacity. The pre-
treatment resulted to an increase of point of zero charge (pHpzc) of biosorbent surface and an 
increase of biosorption capacity. The biosorption process was well described by the pseudo-
second order kinetic model and Langmuir isotherm. 
 
Key words: Biosorption, Orthophosphate, Biomass, Isotherms 
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1.  
  (P)            

,          . , 
    P       

   (Loganathan et al., 2013).    
           

      (Nguyen et al., 2014).  
           

   . ,      
          

    (Nguyen et al., 2014).      
       .   

         
,          -

  (Nguyen et al., 2014). 
  ,         

 Ca(OH)2          . 
         Phragmites sp. 

(  Poaceae).      ,   -
  P,          P  
 . 

 
2.    

2.1.      
   Phragmites sp.        

( )     .     70 °C  
24 ,    ,        
500 m.        50 g 

,     1 mol/L Ca( )2.     24  
  .   ,      
      70 °C  24 . 

 
2.2.   

        
 (batch),      50 mL   

 ( 2 4)     100 mL.    
    200 rpm,       

.  pH      7,0     
      NaOH  HCl.      25 °C  

           
     100 mg/L,   4 g/L  pH 7,0.    

           25 °C 
     (12,5-200 mg/L)    4 g/L.   

           
 . 
         , qe 

(mg/g),    t, qt (mg/g),      (1)  (2). 
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e 0 e sq C C / C  (1) 

t 0 t sq C C / C  (2) 

 Co (mg/L)      , Ce (mg/L)  Ct (mg/L)   
        t (min) ,  Cs (g/L)  

   ( )  . 
 
2.3.   

          -
 UV-vis (Dr Lange Cadas 50, Germany)       

 (APHA, 1995).    ,   50 L    
           -

.         
.      ,   -

     Phragmites sp.      
  (SEM, JEOL JSM 6360). 

      «   » (pHpzc)  -
     5 g/L   -

   50 mL  0,1  NaCl    pH 4, 6, 8  10.  
   24 ,        pH. T  pHpzc 

         pH     
 pH (Mitrogiannis et al., 2015). 

 
2.4.   

          -
   Lagergren  -      Mckay,   

    (3)  (4)  (Kumar & Gaur, 2011). 

e t e 1ln q q lnq k t  (3) 

2
t 2 e et / q 1/ (k q ) t / q  (4) 

 k1 (1/min)  k2 (g/mg min)       -  
 -  , . 

     (24 h)     
Langmuir  Freundlich,       (5)  (6)  
(Benyoucef & Amrani, 2011). 

e m m e1/ q 1/ q 1/ b q  C  (5) 

e F e
1lnq lnK lnC
n

 (6) 

 qm (mg/g)           
 , b (L/mg)     Langmuir      

, KF [(mg/g)(L/mg)-1/n]     Freundlich   
  ,  n         

     . 
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  b        -
 RL,     (7). 

 

L 0R 1/ 1 bC  (7) 
 

            
  : )    (R2)     

(  ),  )      (CFEF)  
     (8) (Mitrogiannis et al., 2015). 

2
n

e,exp e,cal

i 1 e,exp

q q
CFEF

q
 (8) 

 qe,exp  qe,cal            
 qe (mg/g) ,  n     . 

 
3.    

3.1.        
  1       , 

      Ca(OH)2    
         , . 

        ,  -
 Ca-P. 

      Ca(OH)2      
  (pHpzc)  6  8,5,     (qe)  

 (22 )  0,2  4,5 mg/g  C0 = 50 mg P/L. ,  
    pH       ,   

        (ligand 
exchange)   .    ( )    

-        ( 4
-, PO4

2-)   
(Loganathan et al., 2013). 
   pH        ,    

   .   pH < pHpzc,     
          .   

 

   
 1.    .  

:   Ca(OH)2 .  
:      (   5 m). 
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     (  pH = 7,0     pH) 
          ( PO4

2-, pK = 7,2).  
              

     (Biswas et al., 2007; Loganathan et al., 2013). 
 
3.2.    

            Phragmites sp. 
   2.     qe (9,15 mg/g)   600 min 

 ,    60 min        
 (4,89 mg/g).   600 min       
.           

-   -  .     1,   
-           R2 = 0,998 

  CFEF.           
  (qe,cal)       (qe,exp) (  1).  

 

0

2

4

6

8

10

0 240 480 720 960 1200 1440 1680

t (min)

q e
 (m

g/
g)

 
 2.         Ca(OH)2   

 Phragmites sp. (C0 = 100 mg P/L, Cs = 4 g/L, T= 25 °C, pH 7,0). 
 

 1.        
(C0 = 100 mg P/L, Cs = 4 g/L, T= 25 °C, pH 7,0) 

 
    

-   R2 0.795 
-   qe,exp (mg/g) 9.15 

 qe,cal (mg/g) 9.59 
 k2 (g/mg min) 0.0021 
 R2 0.998 
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,   -         
 (R2 = 0,795).       -   

   (Benyoucef & Amrani, 2011). 
 
3.3.      

      (Cs)    (qe)   
    1-12 g/L.     qe   

 4 g/L. To qe        1  4 g/L,     
    8  12 g/L.      

     (Riahi et al., 2009).    qe  
          

    (Aryal & Liakopoulou-Kyriakides, 2011) /    
           

          
(Riahi et al., 2009). 
 
3.4.   

       25 °C    
 Langmuir  Freundlich.      Phragmites 

sp.   1,56  9,80 mg /g          
12,5  200 mg/L (  3).   2       

 .   Langmuir     
      Freundlich,   R2  

    CFEF.      Langmuir 
            

    (Anagnostopoulos et al., 2012). 

0

2

4

6

8

10

12

0 25 50 75 100 125 150 175

 Ce (mg/L)

q e
 (m

g 
P/

g)

 
 3.      Langmuir      

qe    ( t = 24 h, C0 = 12,5-200 mg P/L ). 
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 2.            
 Ca(OH)2   Phragmites sp. (Cs = 4 g/L, T= 25 °C, pH 7,0) 

    

Langmuir qm (mg/g) 12,71 

 b (L/mg) 0,0232 

 RL  0,178-0,775 
 R2 0,970 

 CFEF 0,68 

Freundlich   

 KF ((mg/g)(L/mg)-1/n 1,532 

 n 1,758 
 R2 0,923 

 CFEF 56,68 
 

    Langmuir,      qm  
12,71 mg/g,       RL     

      (0 < RL < 1) (  2). 
 
3.5.    

          
  25, 35  45 °C. H   qe   9,13  15,24 mg /g   

    25  45 °C,    
 (Loganathan et al., 2013). 

 
4.  

         Ca(OH)2   
Phragmites sp.       . 

   Ca(OH)2           
   ,     

          
       .  -

           
-            

  . 
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Aryal, M., Liakopoulou-Kyriakides, M. 2011. Equilibrium, kinetics and thermodynamic studies 
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     A. PLATENSIS  C. VULGARIS 

 
.  
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.  . . & . ., . . .,   75, 11855 ,  

 markoug@aua.gr 
 

 
           -

  ( ).      -
:              -

           -
.                

/    ,           
           -
           -

.            -
          Arthrospira (Spirulina) 

platensis   Chlorella vulgaris.     ,   -
    0.07-0.08 g   g   (  ),  

           8-9 mg-N  
 g  . 

 
 :  , , ,  , -

  

 
 

USING ASH AND STRIPPED AMMONIA FROM POULTRY LITTER  
FOR THE CULTIVATION OF ARTHROSPIRA (SPIRULINA) PLATENSIS  

AND CHLORELLA VULGARIS 
 

G. Markou 

Dep. of Agricultural Engineering, Institute of Soil and Water Resources, H. . . Demeter,  
Dimokratias 61, 13561, Athens, Greece 

Dep. of Natural Resources Management and Agricultural Engineering, A.U.A., Iera Odos 75,  
11855 Athens, Greece,  markoug@aua.gr 

 
Abstract 

Herein a new process for exploiting poultry litter (PL) is revealed. The process includes drying 
of PL with striping and recovery of ammonia, followed by the direct combustion of dried PL. 
The generated ash after the combustion, and the striped ammonia, could be used as nutri-
ent source for the cultivation of microalgae to produce biomass as a feed additive. The pre-
sent study explored the application of PL ash and recovered ammonia for the cultivation of 
Arthrospira platensis and Chlorella vulgaris. The optimum mass of ash required was 0.07-
0.08 g/g dry biomass, while the addition of ammoniac nitrogen of 8-9 mgN per g of dry bio-
mass per day was adequate for a satisfactory production of A. platensis and C. vulgaris. 

 
Key words: Poultry litter, Biomass, Microalgae, Waste treatment, Feed supplement 
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1.   
         .    

     ( ).      
   ,  , , , ,   

(Nicholson et al., 1996).    ,       
     (Preusch et al., 2002).  ,   -

             
         -

     .       
           -

   (Cang et al., 2004; He et al., 2006).     -
,               -

  .   ,        
 ,             -

      (Irshad et al., 2009). 
      12-14 MJ/kg.     
       .   , 

             -
   (Kelleher et al., 2002; Whitely et al., 2006).  ,   

       .    
     (>30%)        -

      .       
    NOx           

(Abelha et al., 2003; Bock, 2004).    ,      -
 ,          . 

       ,      
          -

      ’ ,      -
 (   45-55%         

   ).     ,    
         ’   -

       .    ,   
       ,     -

             
(Codling et al., 2002; Irshad et al., 2009)       -

. 
  (    )    -

      ,  ,  , 
,  .          

   (   ).      
            

   (Belay et al., 1996).    ,     
      .     

    1.        -
               

  A. platensis   C. vulgaris. 
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 1.     . 

 
2.    

2.1.  :      
   ( )     , -

      , .    
     -26°C.      

     550oC  24 .      
   300 m       -

.          .   
  ,         -
     70°C  48 .      

            -
    0.1N H2SO4.       -

  1886 ± 77 mg-N/L.        
     0.2 m   pH       7.  -
        .  

  A. platensis    Zarrouk   C. vulgaris  
 BG-11 (Markou et al., 2015a). 

        -
.       250 ml (  1.3).   -

          9000 Lux.  -
  2    58W,  .   

 14    8   .      -
            (±  ).  
            
     (Markou, 2014; Markou et al., 2015a; Markou 

et al., 2014a). 
          -

        (H2SO4)     -
   0,02 mol-H+/g.        -

  250 mg    .      -
           -

 .          7,5  30 
mg-N/L/d. 
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3.    

3.1.   A.platensis  C. vulgaris     
   

  1      A. platensis  C. vulgaris  
            -

. H   A. platensis     (lag phase)  
           .   

   ,         -
,         -

.    7,5  15 mgN/g/L       -
           (  

   3.2).      C .vulgaris,     -
    .       

            .   
   A. platensis       -

  .     ,    -
   0.07-0.08 g   g   (  ),   -

          8-9 mg-N   g 
 . 

 

 (d)

0 2 4 6 8 10

 (m
g/

L)

0

1000

2000

3000

4000
7.5 mgN/L/d
15 mgN/L/d
30 mgN/L/d

)

   (d)

0 2 4 6 8 10 12 14

 (m
g/

L)

0

500

1000

1500

2000

2500
7.5 mgN/L/d
15 mgN/L/d
30 mgN/L/d

)

 
 1.   ( ) A. platensis  ( )  C. Vulgaris. 

 
3.2.     

            -
         

.            
         -

,  ,        (Hu, 2004; 
Markou and Nerantzis, 2013).         

        1. 
 A. Platensis         7,5 

 15 mg-N/L/d          
  (  2).  C. vulgaris      
   7,5 mg-N/L/d      -

        .  -
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 1.     A. platensis  C. vulgaris 

    (mgN/L/d) 

  7,5 15 30  

 (%) 19,12 ± 1,04 28,56 ± 2,46 38,85 ± 1,11 35,75± 1,44 

 (%) 47,22 ± 2,53 33,89 ± 1,54 18,91 ± 1,54 9,78 ± 0,66 

 (%) 11,45 ± 1,07 10,08 ± 0,39 8,87 ± 0,5 7,58 ± 0,42 

 (%) 2,1 ± 0,33 3,97 ± 0,49 9,08 ± 1,23 9,5 ± 1,38 

  (%) 0,57 ± 0,08 0,9 ± 0,05 1,39 ± 0,04 1,57 ± 0,12 A.
 p

la
te

ns
is

 

 (%) 0,19 ± 0,01 0,23 ±0,02 0,31 ± 0,01 0,24 ± 0,02 

 (%) 32,47 ± 0,44 51,6 ± 1,51 59 ± 2,41 48,33 ± 3,9 

 (%) 24,45 ± 1,2 16,72 ± 0,63 18,01 ± 1 20,42 ± 2,26 

 (%) 33,94 ± 1,2 28,83 ± 0,78 31,16 ± 0,73 13,87 ± 2,02 

  (%) 1,15 ± 0,17 2,71 ± 0,07 3,01 ± 0,02 2,73 ± 0,2 

  (%) 0,74 ± 0,06 1,97 ± 0,08 2,54 ± 0,1 1,7 ± 0,14 

C.
 v

ul
ga

ris
 

 (%) 0,39 ± 0,02 0,49 ± 0,02 0,51 ± 0,02 0,56 ± 0,03 
 

       , ,   
(Markou et al., 2014b).          

     ,     -
            
  .           -

 ’     . 
    2          -

     ’   ,   .  
            -

           -
       .       

       ,  
 ,          -
              

  .        
         5-10% 

              -
  ( ,  ).      -

           
      (Belay et al., 1996; Gouveia et al., 

1996; Lemahieu et al., 2014; Lemahieu et al., 2013; Ross and Dominy, 1990). 
   ’    ,     -

  Cu, Cd, Ni . .          -
  (Markou et al., 2015b)         
  .            -

              -
            
. 
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 (d)

1 2 3 4 5 6 7 8 9

 (%
)

0

20

40

60

80
7.5 mgN/L/d
15 mgN/L/d
30 mgN/L/d

)

   (d)

0 2 4 6 8 10 12

 (%
)

10

20

30

40
7.5 mgN/L/d
15 mgN/L/d
30 mgN/L/d

)

 
 2.       

( ) A. platensis  ( )  C. vulgaris 
 
4.  

           
      A. platensis   C. vulgaris.    

           -
       .     -
         -

   .        
            
,             -

             -
  . 

 
 

     «    &  -
   ( )»  MIS 453350,     «  

 »,  2007-2013.       
  ( )         -
,   ,   /  

:   . 
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INVESTIGATION OF SEDIMENT POLLUTION WITH HEAVY METALS  
IN DRAINAGE, IRRIGATION DITCH “ASMAKIOU”, THESSALY, GREECE 

 
A. Avgoustis1, , S. Papadopoulos2, I. Gravalos1, D. Kateris1, A. Georgiadis1,  

Z. Tsiropoulos1, P. Xiradakis1 
1Department of Biosystems Engineering, School of Agricultural Technology, TEI of Thessaly, 

Greece,  a.avgoustis@hotmail.com 
2PEGEAL Central Greece Prefecture of Larissa, Ioanninon and Avlonos 41334, Larissa, 

 
Abstract 

This paper presents the results of chemical analyzes to identify six heavy metals (Cd, Cr, Pb, Ni, 
Cu, Zn  Hg) and organic matter in the sediment in the modified aquatic ecosystem of the 
central drain - irrigation ditch "Asmakiou" in Thessaly and to bypass the trenches (drainage - 
irrigation ditches 8T, 9T, 1T) in the course of two years (July 2013 and July 2014). he results 
are compared with corresponding measurements made during the same period in 2008, 2009, 
2010 and 2011. As seen from the results of chemical analyzes found that the levels of heavy 
metals in sediment reported study area is quite lower than those laid down by European 
Community legislation on the maximum sludge utilization limits in agriculture. 
 
Key words: Wetland, Pollution, Heavy metals, Sediment 
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2.    
 
2.1   

            
    .    ,    

     ,          
 70%,        20%  10%   

    ( . . . . ).  
           

  .      (8 ),   
15 Km,     1967.    2005    140.000 

  (  1).  
 « »,     ,    

      ,        
, ,      ,   

   .     2009,  « »,    
       .  

        11  . 
   ( 1)        -

    ,     « ».  
        «  – -

 »,           , 
, ,          ,   

      (  1,  1).  
 

 
 1.  . 
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 1.    
/       

 
 

 
1. 1     39  24 .085 22  46 .951 
2. 2   (1 ) 39  27 .044 22  48 .608 
3. 3    (1 ) 39  28 .825 22  46 .816 
4. 4   (1 ) 39  33 .418 22  43 .390 
5. 5  (  1   8 ) 39  38 .539 22  39 .036 
6 6   (8 ) 39  39 .756 22  32 .342 

7. 7    
« » (  8 ) 39  39 .627 22  29 .709 

8. 8  «  . . .  – ,  
 (  9 ) 39  41 .103 22  29 .424 

9. 9 .  “INTERCOM FOODS” 
(  9 ) 39  41 .814 22  29 .905 

10. 10  9  39  42 .289 22  29 .987 
11. 11    (9 ) 39  44 .288 22  28 .226 

 
2.2  

          
(24/072013 – 23/072014).        

 ’    .      
   ,          

,     « », (      -
        ),     

     .  
        100 - 200 g  -

  (    5 cm)          
 .       μ   

    (48  )     0 - 7%. 
        40 C   

.         μ    2 
mm2.       ASTM C 999 (1983). 

           
 .  

        
     ( . . . . . .).   -

    ISO 17025:      -
          4  HNO3 (Sposito 

et al., 1982).  2 g       
  50 m    (  falcon)   12,5 m  HNO3 4M.  

    .      
   16    80 C.    Cd, Cr, Pb, Ni, Cu, Zn  

Hg     (VARIAN 220 FS).     
     Walkley & Black.   

 
3.    

           2 
 3.            

           , 
    86/278/       . . 80568/4225/7-8-91. 
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   .         
    .       

      (     
). :    80568/4225/91    
   86/278/ ,  .      

  : 500 mg/kg     Cr( )  10 mg/kg    Cr(V ) 
(  5). 

 

 2.     
       2013. 

 3.     
       2014. 

 
          2008-2009  

2011-2012,  60        
   50  (  2, 3  4).     1  
    Cr, Pb  Cu,   2, 3  4  Ni   Cu,  
 5  Cr  Cu,   6   Cr, Ni  Cu,   7  Cr  Ni,  
 8  Pd  ,   9  Cr, Ni  Pd,   10  Cr  Ni  

  11  Pd  Cu.   7 (    
)     Cu,    

,            .  
 Cu     CuSO4.5HO5 (   )  

    .   
 

 2.          
(mg/kg) (  2008   2009) 

 Cd/  Cr/  Pb/  Ni/  Cu/  
 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 
1 0,16 0,18 155 158 14 14 150 152 35,0 36,0 
2 0,14 0,13 98 100 11 10 200 201 40,0 40,0 
3 0,4 0,5 111 120 12 13 153 158 46,0 46,0 
4 0,12 0,15 126 129 14 15 190 191 43,0 45,0 
5 0,05 0,05 131 131 14 14 213 219 47,0 48,0 
6 0,12 0,13 106 110 11 13 220 223 36,0 37,0 
7 0,50 0,54 120 124 58 69 230 232 426,0 430,0 
8 0,11 0,11 130 131 11 12 241 242 42,0 44,0 
9 0,12 0,11 140 141 12 14 247 249 45,0 47,0 

10 0,14 0,13 122 126 16 17 228 230 69,0 71,0 
11 0,12 0,18 106 158 18 14 207 152 47,0 36,0 

Περιβάλλον 617



 ,         2013  2014    
,     ,     

        .    
    (        

   ,        
(  ), (Adriano, 1986),        ’   

  ,          , 
              

(  3).  
 

 3.     (%)  11  . 
   (%) 

 2009 
  (%)  
 2012 

  (%)  
 2014 

1 0,8 4,5 5,0 
2 0,5 1,2 1,8 
3 7,3 8,8 8,5 
4 1,1 1,3 2,0 
5 1,1 1,5 1,6 
6 4,4 0,9 2,0 
7 6,4 4,0 4,0 
8 1,1 3,4 4,0 
9 4,9 6,4 6,0 

10 8,0 6,8 7,0 
11 3,0 5,2 5,3 

 
            

   80568/4225/91.      
      .  

:  Zn  Hg           
  .  

 
 4.          

(mg/kg) (  2011   2012) 
 Cd/  Cr/  Pb/  Ni/  Cu/  

 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 
1 0,76 0,78 64,1 60,1 49,1 48,1 73,1 79,1 63,0 60,0 
2 0,00 0,00 80,8 85,8 9,1 9,2 211,4 218,4 62,0 67,0 
3 0,00 0,00 101,2 10242 8,0 8,6 203,2 200,0 53,1 54,9 
4 0,00 0,00 90,9 92,9 10,4 11,6 201,7 205,8 43,0  48,1 
5 0,00 0,00 91,0 95,0 10,1 12,1 189,1 195,1 54,3 50,6 
6 0,00 0,00 204,8 202,8 6,4 7,4 760,7 769,8 40,5 42,3 
7 0,11 0,13 130,4 135,4 33,8 31,8 260,3 271,3 89,1 199,3 
8 0,00 0,00 120,4 122,4 22,3 24,3 250,2 255,3 40,4 42,9 
9 0,00 0,00 191,7 193,7 14,6 12,7 500,1 505,2 40,1 43,0 

10 0,00 0,00 180,1 171,1 10,1 12,0 430,6 451,4 43,0 45,0 
11 0,10 0,09 74,4 79,4 26,4 29,4 161,2 179,4 59,1 57,4 
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 5.         (  86/278/ ) 
/           
1.  (Cu) 1000-1750 50-100 
2.  (Cd) 20-40 - 
3.  () 750-1200 50-300 
4.  (Ni) 300-400 30-75 
5.  (Hg) 16-25 - 
6.  (As) - 
7.  (Zn) 2500-4000 160-300 

 
3.1.   

          Minitab ( -
 1999)     6  7    4. 

 6.        
 Variable Mean StDev Variance Min. Q1 Median Q3 Max. Range IQR 

Cd/  2008 0,18 0,041 0,1381 0,05 0,12 0,12 0,16 0,5 0,45 0,04 
 2009 0,200 0,048 0,162 0,05 0,11 0,13 0,18 0,54 0,49 0,07 
 2011 0,088 0,068 0,2268 0 0 0 0,1 0,76 0,76 0,1 
 2012 0,090 0,070 0,2329 0 0 0 0,09 0,78 0,78 0,09 
 2013 0 0 0 0 0 0 0 0 0 0 
 2014 0 0 0 0 0 0 0 0 0 0 

Cr/  2008 122,2 5,03 16,69 98 106 122 131 155 57 25 
 2009 129,8 5,35 17,73 100 120 129 141 158 58 21 
 2011 120,9 15 49,8 64,1 80,8 101,2 180,1 204,8 140,7 99,3 
 2012 121,9 48,1 2317,6 60,1 85,8 102,4 171,1 202,8 142,7 85,3 
 2013 84,85 4,39 14,56 63 74,4 80 100 110 47 25,6 
 2014 82,85 4,68 15,52 60 72 79,4 102 110 50 30 

Pb/  2008 17,36 4,12 13,66 11 11 14 16 58 47 5 
 2009 18,64 5,06 16,79 10 13 14 15 69 59 2 
 2011 18,21 4,06 13,47 6,4 9,1 10,4 26,4 49,1 42,7 17,3 
 2012 18,84 3,9 12,95 7,4 9,2 12,1 29,4 48,1 40,7 20,2 
 2013 43,58 8,07 26,76 16 24 33 68 100 84 44 
 2014 42,55 7,3 24,21 20 23 32 59,1 98 78 36,1 

Ni/  2008 207,1 9,74 32,3 150 190 213 230 247 97 40 
 2009 204,5 11 36,4 152 158 219 232 249 97 74 
 2011 294,7 59 195,7 73,1 189 211,4 430,6 760,7 687,6 241,5 
 2012 302,8 59,4 197,1 79,1 195 218,4 451,4 769,8 690,7 256,3 
 2013 75,1 16,1 53,5 30 33 43 140 162 132 107 
 2014 77,5 18 59,8 20 30 42 149 165 145 119 

Cu/  2008 79,6 34,7 115,2 35 40 45 47 426 391 7 
 2009 80 35,1 116,5 36 37 45 48 430 394 11 
 2011 53,42 4,47 14,84 40,1 40,5 53,1 62 89,1 49 21,5 
 2012 64,6 13,7 45,4 42,3 43 50,6 60 199,3 157 17 
 2013 50,04 6,87 22,78 28 32 43 67 102 74 35 
 2014 33,67 7,81 25,9 9 16 28 46 92 83 30 

 
 7.        

 Variable Mean StDev Variance Min. Q1 Median Q3 Max. Range IQR 
Zn/  2013 151,1 23,5 77,8 63 99 150 161,2 350 287 62,2 

 2014 145,5 19,5 64,6 63 105 135 179,4 300 237 74,4 
Hg/  2013 0 0 0 0 0 0 0 0 0 0 

 2014 0 0 0 0 0 0 0 0 0 0 
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     StDev        Mean  
        . 

T  50%       Median  (+,-) IQR .  
 25%      Q1 . 
 75%      Q3 .  

 

        
 

 
1,2,3,4,5,6 =  2008,2009,2011,2012,2013,2014 

 

      
1,2,3,4,5,6 =  2008,2009,2011,2012,2013,2014 

 4.        ,  
  ,          2008  2014  

   Cd,Cr,Pd,Ni  Cu. 
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 , . 488.   
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ESTIMATION OF POLLUTION IN THE COASTAL AREA OF SEWAGE DISCHARGE  
FROM THE “AINEIAS” PIPE, N. MIHANIONA, THERMAIKOS GULF 

 
C. Lakis1, A. Papazafeiriou2, S. Stefanou3,   

1A.U.Th, School of Agriculture, 54124, Thessaloniki   
2Halkidikis 101, 542 48, Thessaloniki   

3A.T.E.I. of Thessaloniki, Dep. of Agric. Techn., Sindos 57400, Thessaloniki,  stefst2@cp.teithe.gr   
  

Abstract 
In this study, the quality of sea water and seabed sediments was investigated at the outlet of 
the wastewater treatment plant “Aineia” in East Thermaikos Gulf. The study was motivated 
by the observation that there was no presence of algae or other sea creatures on the 
seabed, which caused concerns for the water quality. 20 samples were collected in February 
and August 2014 from seawater and sediments. Temperature, EC, NH4, NO2, NO3, PO4 and 
Zn, Cu, Pb, Cd, Fe, Mn, Cr concentrations were measured in seawater while in the seabed 
sediments the total concentrations of n, Cd, Pb, Cu, Fe, Mn, Cr and Ni were determined. 
The results showed that there are no significant differences among the measured 
parameters for the two sampling periods, except temperature, and that the concentrations 
measured in the study period are within accepted limits, therefore there is no need for 
concern as to the water quality. 
 
Key words: Seawater quality, Thermaikos gulf, Seabed sediments, Heavy metals 
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georgis et al., 2006; Nikolaidis, 2004; Nikolaidis et al., 2006; Raftopoulou and Dimitriadis, 
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    ,   ,       

   -  « ».  -
        ,    

             
.           -

             
       ,    

       . 
 
2.    
 
2.1.   

        ,   
         – -
 « »  .  « »        

    ,      ,   
          .  

,     1997,       
  ’  29.000 m3  .     

            
   ,       

.           
 ,    ,       

    -     ,    
   « »  . 

    « »      
      2.500 m3     

5.000 m3        .   2006 
 2.650.000 m3    46.355  ( : , 

2015). 
 
2.2.  

        ,     
  2014        .   

     1 m       
  ,  20       1. 

         
GPS     87.       

   ,   ,   
    ,  ,  ,     

      (Zn), o  (Cu),   
(Pb)   (Fe),   (Mn),   (Cr)    (Cd) (American Public 
Health Association, 1999). 

  ,      ,     
(3:1 HCl:HNO3)          2     

     (ASTM D4698-92, 2007).   - 
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 1.      . 

 
        (Zn), o  (Cu),  

 (Pb)   (Fe),   (Mn),   (Cr),   (Cd)   
 ( i).        ICP. 
           

110°C  1           
    .         

 LOI (Lost on Ignition –   ) (A , 2010). 
 
2.3.    

           
  (Analysis of Variance)    =0,05.   

             
(LSD).            JMP ® 
7.0  SAS (Sall et al., 2007),          

   ArcGIS 9.3  ESRI.  
 
3.    

           
            1 

 2, .  
           ,  

          .  -
,             

    ( ).        
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 1.           
           2014.  

          

   
 13.64 ± 0.30a 27.20 ± 0.33b 

 37.60 ± 0.19a 36.16 ± 0.38b 
NH4 0.04 ± 0.03a 0.04 ± 0.08a 
NO2 0.01 ± 0.02a 0. 01 ± 0.02a 
NO3 1.25 ± 0.48a 0.80 ± 0.64a 
PO4 0.06 ± 0.09a 1.32 ± 0.39a 
Fe 45.5 ± 20.12a 45.00 ± 23.1a 
Zn 8.98 ± 2.85a 9.39 ± 10.28a 
Cu 13.54 ± 5.17a 7.85 ± 5.76b 
Mn 206.9 ± 33.09a 218.80 ± 43.31a 
Pb 16.83 ± 6.60a 16.29 ± 3.62a 
Cd 1.08 ± 1.53a 0.48 ± 0.21a 
Cr 4.05 ± 4.17a 5.37 ± 4.46a 

 

 
 2.            

         2014. 
          

   
 

 3,87 ± 1,74  

CaCO3 13,80 ± 5,09  
Fe 19,71 ± 6,45a 26,45 ± 6,87b 
Zn 74,80 ± 43,36a 77,73 ± 30,91a 
Cu 45,61 ± 9,42a 36,98 ± 14,05b 
Mn 129,68 ± 37,01a 155,76 ± 38,71b 
Pb 42,98 ± 7,78a 34,12 ± 12,03b 
Cd 0,94 ± 0,54a 0,86 ± 0,58a 
Cr 65,17 ± 8,56a 49,61 ± 19,24b 
Ni 45,74 ± 6,19a 49,09 ± 10,60a 

 
,            

 . ,       
   ,       . ’   

        (   
, 2008). 

Περιβάλλον 627



    ,          
 (US EPA, 1982, 1980b; GERM - Geochemical Earth Reference Model, 1998; 

Reimann and Caritat, 1998; ATSDR, 2000; Szefer, 2002; Nozaki, 2005)    
         ,  

        –  
« »,  .       Cd   Cr 

              
  2014.  
           
    .     -

 ,     .  
            

       ,  
   .         

  ,         
 .          

   (      ).     
       .      

  ,   .   -
  ,           

               
.           

   ,  ,      .  
        .     
   32-38 g/L    1000 mg/L SS (  ).    

      « »   ,     
   .           

           -
     ,      .  

       ,      
 .             

        ,   
.             

      .       
           

         . 
 
4.  

             
         2014,  

        .   
        ,   

            
      .      
         .  

,       ,      
         -
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Abstract 

Eprinomectin is a globally used antiparasitic drug. We studied its behavior in soil columns 
according to the protocol OECD 312. After 30 days of 0.01  CaCl2 solution application the 
drug was not detected in the drainage water daily collected. The drug was detected in a 
depth of 10 cm in the soil columns. Therefore the risk for groundwater contamination after 
the application of contaminated manure in agricultural fields is assessed as low. Our results 
could be useful in eprinomectin environmental assessment and the design of ecotoxicologi-
cal studies for this drug. 
 
Key words: antiparacitic drugs, avermectins, soil environment, chromatography, adsorption 
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