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  .          
        . 

Пу и ции [14], [15]  [16]        
          

         
        ,     

 .  Пу и ция [16]        
 Thiobacillus ferrooxidans,      

     .     
  , 76%,      , 41%,  

      , <5%.  
        GC/MS 

        ,  
           

       Thiobacillus ferrooxidans. 

        ,  
. . ,   . 

       ,  Пу и ция 
[15]     Thiobacillus ferrooxidans  -   , 
 . .   „  “    Pseudomonas putida B2 

  „  “.  ,     
     -      

 ,   Пу и ция [16].       
      ,        ,  
       .   

     ,   
   „  “    (Thiobacillus 

ferrooxidans  Pseudomonas putida B2).       , 

   ,     
   ,   GC/MS    

     ,  . . AP–TPR–MS  AP–TPR–TD–GC/MS. 

GC/MS   20%     

   ,      
„  “  Thiobacillus ferrooxidans.     , 

 ,   ~25%     
     ,  . . 20–nor-totara-5(10),6-dienol, 

C19H24O  20-nor-oxototara-5(10),6-dienol, C19H22O2.    
 ,  ,       

       .     
  ,    Pseudomonas putida B2,   

     ,     Thiobacillus 

ferrooxidans            
   .   5 .  
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   Пу и ция [14]         
      .       

          ,   
    Ph n rochaeta chrysosporium  – 446  

    Sulfolobus solfataricus – ATCC 35091.   
       : i)  

   n- ; ii)     
, . . n- ,   ,   

  ; iii)    Sulfolobus solfataricus   
     ter- ; iv)    

  ,   -      

 -   “ ”; v)      -   , 
    Ph n rochaeta chrysosporium –  

          
,        

     ; vi)    
    ,     

       /    
„ “         . 

 ,        

 .    ,    

    ,      „  “  

.      5  . 

  ,   (TGA)  
   (DTA),       

      .   Пу и ция [17]   
    ,       

       Пу и ции [14], [15] и [16]. 

 ,  TGA  DTA     
  .        , 

  .  ,      
       .     

      ,  
   HHV       

    (Tmax), a o       
   –      (tq),   

    (Tec),     

(Tsh).         39 

,        .  

  ,         
 ,          

   (Moldoveanu S.C., Analytical pyrolysis of natural organic polymers, Elsevier 

Sci., 1998).    AP–TPR       
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,          
,     /     

       .    
,     30-40 mg ,       
     o         

  .           

         .  

    ,   ,    
   ,  (50 - 75%),   (30 - 80%)  

   ( )  .     
            

   .         
     ( ), Пу и ция [13].    

  e  AP–TPR–TD–GC/MS .   
    .    

       ,   
       (  )     

 (2- -1- , 2- ).  ,   

  ,   ,      
, ,   .      
   ,  . .  „ “ (Пу и ция [10])   

   „  “  „ “ (Пу и ция [11]).  
      55.9 mg g

-1
 Corg      

55.0 mg g
-1

 Corg       (  „ “). 
           
    .      1–2 

 ,    .  ,  
         

  „ - “,        
    „ “.       

  ,   AP–TPR    „ “, 

  Пу и ция [10].        
     . 

        , 

    ,  .   Пу и ция [7]  
         

          
   .       

,  . .  „  ”  „ ”,    25○
  

 ,    10 .   
( )   1-2%  GC-MS .   

          
  ,          
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 BEN (Balkan Endemic Nephropaty).        
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  ,       . 

         
      -   -     

   ,         
     .    

        ,    
    ( )      

,  . .     .      
       –      

,          
.        Пу и aция [8] -   

    ,   „ “ , 
          

     /  , -    . 

        ,    
      ,    , 

      .  ,   
    -         

 ,        ,  . . 

   ,   ,       
„        “.     

   ,        -     
     .        

 ,       - , 36 – 37%.  

     ,      
  -          
  , 40-50%.        

        :   
  ;     /   / .   

,        (   2)  
  ,   ,   (  )    

   . -        
    - .      

       800○
     . 
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        N2, 

  -     , SBET,  
 236 – 267 m

2
 g

-1
  ,        

   411 – 432 m
2
 g

-1
  ,      . 

-         -   
   .  ,      

         . 
    -     Cr(VI)    

   ,        
,    Cr(VI)    . . „  -

“ , . .     Cr(VI)     
Cr(VI)  Cr(III).       -      

  Cr(VI),      UV-VIS  
  1,5-diphenylcarbohydrazide  540 nm,     Cr  ICP-AES, a 

-  Cr(III).   Cr(VI)    ,     
=1        .    ,  

  Cr(VI)     HCrO4–     ,    

          
     (   pHpzc  , 10.9  11.3).  

   pH,    ,   

       .    
   Пу и aция [8]   ,      Cr(VI)  

    Cr(III) ,       Cr(VI) 

     =2,        Cr(III)   
    - .  

  Пу и aция [8]      
   .  ,        

  ,     ,     
     .   ,  

 Пу и aция [6]         
     ,       

    Cr(VI) .    

       50%     
    .    

  -         -

      Cr(VI) ,    
 ,   Пу и aция [8].  

Пу и aция [12]         
 ,        ( ),  

( )   ( ).      ,  . . 
Cu, Cd /  Zn.         ,   

            
.          „ “ 
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 ,  . .   .      ICP-

AES         Cu, Cd  Zn, 

        Fe, Al, Mn, Co, Cr, Ni, Pb, Bi,  

Ag   ,  . . ,   .    
            

    ,   „ “,  . 
 ,         Cu   

     ,    Cd  Zn    
    ,   .    

      ,   -    
  ,       .   

  ,   -   ,     
  . -          . 
 ,           

.          
 , ,       ,  
    ,          

    ,       
/  . ,   ,   ,  

         ,   
,       ,   

 .     -   . 

    ,      
 ,      .     

,         
(    )  Ca(NO3)2  (  

  )   ,      Cu  , 

      Cr   .    
      NH4Ac–EDTA ( ,   

 ).    ,       . 

          
      ,      

       .  NH4Ac–EDTA  
      : -  

    Cr, Cu, Fe  Mn (∼35–38%),   Mg, Ni, Pb, Zn  Al 
(~11-25%)    ,     ; -  

    Cr  Cu (∼36–38%),   Zn, Mn  Mg (∼30–31%)  
  ,     ; -    

Mg (76%),   Mn, Cu, Fe  Pb  (~33–43%)    , 

    .     
           

       ,    



. 12  18 

 

           
 .       .  ,    

       -   –   

      , . .       
     .        

  Cr(VI)    .  ,   
    Cr(VI)   -      -  

, . . 800○
C.  ,        

 ,       Cr(VI) .  
       „Greenland: Gentle remediation of trace 

element contaminated land”   7      . 

    (Пу и ция [5])  ,    
           

,  . .     .     
      . HNO3, . HNO3 + . H3PO4  . 

HNO3 + C2H4Cl2      ,      
           .  
        
  N2 (  Surfer, Thermo Scientific).  ,   
    ,      

       SBET  V0.95, . .  63 m2
 g

-1
  

0.205 cm
3
 g

-1, .       
,      ,       

    .       -

   ,   -  .   
  SBET  V0.95,  527 m

2
 g

-1
  0.489 cm3

 g
-1

. -  a 

  -           
      (     

 1.68, 2.11  2.82 nm)   -       

 (      43.36 nm).      
  V0.95   ,    60%      

  .         
    ,  ,      -

     ,    ,    
 ,     . 

 ,  . . , , , 
,   .         

.   ,     ,   
     ,       

  .   ,    

        
   /          

  .  Пу и ция [9]       
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        . H2SO4  
   .   H2SO4    

        . 
           

         
.           ~50%,  

        H2SO4    

~7%.           : –  
       ,   

       ; –    , 

         .   
   Пу и ция [9]        

  , . .       , 

           
. ,    , . .  850oC  30   

   ,  S-ACMPS,   350oC  120    
   ,  -ACMPS,     

   ,      Ni(II)   . 
    ,       
         .  , 

            
N2,           FTIR 

,    Boehm     pzc. 

      : –S-ACMPS   

  ,       ( ,   
.)   , pzc=10.6, SBET=842 m

2
 g

-1
  V0.95=0.682 cm

3
 g

-1
; –A-ACMPS  

   ,      
 ( , , ,   .)   , pzc=5.6, 

SBET=567 m
2
 g

-1
  V0.95=0.343 cm

3
 g

-1
. S-ACMPS  -   

    Ni(II)    ,   pH   
  Ni(II) .   : i)    

   4;  ii)         
 4–8.     S-ACMPS   ,   

  ,        
 H

+
  Ni2+,        Ni2+

 

.     Ni2+
      =2     

 =3, S-ACMPS  ,  „   “. 

           
 H+

,      H+
  Ni2+

      
Ni

2+
 ,

  
     Ni

2+
      

3 – 8.      -        
     Ni(II)/S-ACMPS     .  

 ,    S-ACMPS      Ni2+
 

   5.0,         5.0  8.9   20  
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             H+
. 

,    8.9,  Ni2+,   Ni(OH)
+
   Ni(OH)2(s) 

     .         
     8.0 (± 0,1)  +

 ,    
Ni(II),  . . Ni2+

  (  )   Ni(OH)+
 ,    

   S-ACMPS .  

,          
  ,   , Пу и ция [3].  

      Ni(II)     . 
         : 

   -          
-  ,  -   ;   

       ,  -    
    ;   ,    

   Ni(II)        
.        -

 ,     .  , 

        ,     
  Ni(II)          .  

 Пу и ция [2]        , 
      ,  ,     
 .         
 550°C (30 )          

.      ,  -  
      (53.2%),  -    (18.4%). 

     CO2, CO  CH4   . -

         (  >13000 J kg
-1

). 

      :    ( 14 – 

32)   ( 14, 16, 18, 20) ;   -

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

     ,       
700°C.          

  -  .      
      ,   

   . 

    : 

  ,  „ “      
я         

         ; 
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      я     , 
   , я   я  я  

     . 

         я     
 я        

    ; 

 я     я  Cr(VI)  Ni(II)    

. 

         
  45   4 . 

 

  3:     . 
  –   ,   

. 

           
        ( ).    

       ,     
      2018 .      

,              
      .   

          
.             

  -   .  

          
,          .      

  ,      ( ). 
           

    – ( )         (14 
 ).     ,  ,     ,  

          
  (  2008/50/ ),   ( )  – 

benzo[a]pyrene (BaP)          . 

    ( )  1 ng m
-3

.  
      .      

    BaP        EN 12341:2014  EN 
15549:2008,    CEN  (    ) 

     ,   .   

   /ISO     , 

  .  

          
       /  
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  ,      ( )   
 .        

   ,         
   .     ,  

      ,     
     ,     
   /  .    

    Пу и ция [1]   
  ,    .     

     19       
  ,       -  
,    (   10  ),   

     SiO2 ,  
e     GC/MS   SIM .  

   ,  . . naphthalene (Naph), acenaphthylene (Acy), 

acenaphthene (Ace), fluorene (Flu), anthracene (Ant), phenanthrene (Phe), fluoranthene 

(Fla), pyrene (Pyr), benz[a]anthracene (BaA), chrysene (Chr), benzo[a]pyrene (BaP), 

benzo[b]fluoranthene (BbF), benzo[k]fluoranthene (BkF), benzo[g,h,i]perylene (BghiP), 

indeno[1,2,3–c,d]pyrene (IndP), dibenz[a,h]anthracene (DahA), coronene (Crn), perylene 

(Per) and benzo[e]pyrene (BeP),  ,      
 (  5  ).      

   , ,      
 (LOD),     (LOQ)  , , 

       19  .    
      0.0363 ng m

-3
, a    

     .    
     10,      

         10,   . 
     ( , 2018  , 2019)     
 – .„  “      -  
   ;  . „ “     

 .       10  
,      24    10  
   50 μg m

-3
;          

 ;   10  -       
     ;   10   

        .      
10    :   BaP   

  BaP  1 ng m
-3

;          

BaP;            
BaP;    -        

-    .     ,   
 ,             
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.  ,            
-     . 

         
 ,      ,    

 ,     .    
            

         ,    
          

      .   ,   
   ,      , 

           
 .           

 ,           
             . 

       Пу и ция [4]: -     
  2.5  10    19    2.5 

 10     . ,      
            

    (  ,   , 
,     ).   , 
        2.5 

 10 ,    2.5   -   
     ,   10 

          
 -     2.5. -      2.5  
10      -      -  

 .        
     -  .    

  2.5  10   .    
  2.5  10  ,        

      -   2.5.     
10, -      2.5  10    
  -      -   .    

          
   2.5, 10,        

 .    ,  
 2.5, 10,      ,  

  ,       .  
         

  2.5, 10         
   (  , R = 0.61-0.85)    

(  , R = 0.59-0.77).       ,  
   2.5, 10       
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  .     ,   -    

  .       
     ,    , 

      ,    
  -        , . .    

           . 
    19      

: i)      19
-

      
; ii)  -     Ace, Acy, Flu, Ant  Per;  iii) 

  4-       -      
Chr, IndP  Fla.      ,     

2.5  10        ,   -

   . 

          -06- 34/9 

„            
 “   CARBOAEROSOL,   -   

„       “,  2019.  

    : 

  я    „ . -   “ –   
        . 

          
  19  я       Ч  

 ; 

             я  
        Ч.  я 

    2020 .       
    Ч   я    

Ч2,5  Ч10    я        я  
 я  .        

 ,         
       я   
   ,     Ч.  

         2020 

,   Пу и ция [1]     .   
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