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 ISO) ISO 10156: 2010 “Gases and gas mixtures – Determination of fire potential and oxidizing ability for the selection 

of cylinder valve outlets”.(                
  .  

----                                . 
    ISO 10156:2010             

    .  
--   :       ISO 10156: 2010  

  
  

  :   
  Vi %  =        
  Tci   =                 
  i   =       

   
)   (  

    
     

                  º 
  ,  

          
º /     ,  

   
)   (  

    
     

  

     
   

  

  

        

n

i ci

i

T
%V

66



 

67

n

i ci

i

T
%V

  n  =    n    
  Ki  =         
                                   

       ) Ki.(  
:  

> 1 

 :  
        :  

2% (H2) + 6%(CH4) + 27%(Ar) + 65%(He) 

:  
-          :  

  Ki (Ar) = 0.5  
  Ki (He) = 0.5  

-          ) Ki ( :  
  2%(H2) + 6%(CH4) + [27%×0.5 + 65%×0.5](N2) = 2%(H2) + 6%(CH4) + 46%(N2) = 54%  

-        :  

 54
100

 × [2%(H2) + 6%(CH4) + 46%(N2)] = 3.7%(H2) + 11.1%(CH4) + 85.2%(N2)

-    Tci    :  
  Tci H2 = 5.7%  
  Tci CH4 = 14.3%  

-        :  
n

i ci

i

T
%V

 = 

[ ]
7.5
7.3

 + 3.14
1.11

= 1.42       1.42> 1 
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ΔHc (product)  = 

n

i  [wi% × ΔHc(i)]

:
ΔHc=)/(
wi%=(i)

ΔHc(i)=)/ ((i).

)ASTM D 240, ISO/FDIS 13943:1999 (E/F) 86.l to 86.3 and NFPA 30B.(
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American Society for Testing Materials International, 100Barr Harbor Drive, PO Box C 700, West Conshohocken, Pennsylvania, 
USA 19428-2959: 

ASTM D 3828-07a, “Standard Test Methods for Flash Point by Small Scale Closed Tester” 

ASTM D 56-05, “Standard Test Method for Flash Point by Tag Closed Cup Tester”  

ASTM D 3278-96(2004)el, “Standard Test Methods for Flash Point of Liquids by Small Scale Closed Cup  Apparatus”  

ASTM D 0093-08, “Standard Test Methods for Flash Point by Pensky-Martens Closed Cup Tester” 

Association française de normalisation, AFNOR, 11, rue de Pressensé. 93571 La Plaine Saint-Denis Cedex: 
French Standard NF M 07 - 019 
French Standards NF M 07 - 011/NF T 30 - 050/NF T 66 - 009 

French Standard NF M 07 - 036 

Deutsches Institut für Normung, Burggrafenster 6, D-10787 Berlin: 

Standard DIN 51755 (flash points below 65  ° C)

State Committee of the Council of Ministers for Standardization, 113813, GSP, Moscow, M-49 Leninsky Prospect, 9: 
GOST 12.1.044-84 

----           :  
 :  

ISO 3924  
ISO 4626  
ISO 3405  

 :  
American Society for Testing Materials International, 100 Barr Harbor Drive, PO Box C700, West 
Conshohocken, Pennsylvania, USA 19428-2959:

ASTM D86-07a, “Standard Test Method for Distillation of Petroleum Products at Atmospheric Pressure”  
ASTM D1078-05, “Standard Test Method for Distillation Range of Volatile Organic Liquids” 

  :  
Method A.2 as described in Part A of the Annex to Commission Regulation (EC) No. 440/2008
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    .  
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530

 ----                                  
 ) .(          )   (   

     .     pKa      .         
                                           

  .  
  - - - -                             ,    

                    
(Bruijn et al., 1989) .                .
              QSAR                          

                                         
         .                              

                                           
                              (Overton)          

  ) ((Lipnick, 1986).  
 ---     BCF

 ----                      .  
                      

                         .                  
        .            

                                             .
                    QSAR                 . 

     QSAR                          ) (    .
                                       . 

                                       
                        )  (              

  .  
 ----        .            

  ,                                       
  (Bruijn et al., 1989) .             .  

 ---    -     
            -    )QSAR (                

            (LFER)                       .    
                      ) (         

     .        LFER                
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) (   .                         
               .           

                               .     QSAR    
             (OECD, 1995)      

       BIODEG (Hansch et Leo, 1995; Meylan et Howard, 1995; Hilal et al., 1994; Howard 

et al., 1992; Boethling et al., 1994; Howard and Meylan, 1992; Loonen et al., 1999 .(         
                                    

                           .          
                                  

    "     "(Pedersen et al.,  1995; Langenberg et al., 1996; USEPA, 1993)  "  
  "       .  

 ---           
                        )   (  

                                          
   (Proelectrophile)       )  .(       

          QSAR         .                   
             .                  QSAR 

           .  
 ---           

                                   
   .                             .     

                    
                 .                       

                                     .   
         )(               

  .  
 -       
 --    
 ---                                    

        (OECD, 1998) .          
                                            

           .                         
  

)(    Te) =    /( .
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              )                        M+ 
          M-NO3(                           

                   .            )    CN- (    
                                         

  .           .  
 ---              /     :

                      
 .                      " "           

           .         
    .        .  

 ---                       .             
                                   

   .                                
          )(             .           

              (pH)               .         
                                      

              .       
                 .  

 ---                                
     .                           )( 

             .       .    
               .  

 ---                         
 .     -   ""     .          

                                          .
                                       . 

                    .                         
           /                              

 .  
 ---                                  

             .              
    )     .(                           
   .                                          

          .  
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 ---                                 
                                               

             .                    .
                                              

    .                   
   .                                        

              .                     
           .                           

   .  
 ---                     

                                )(     
               .                

        .  
 ---           .             

  .          :  
)(    (M0)                      

   .                              
                               

              
)(                             

             .
                                   . 

                            .   
                                        

/   .  
 --            
 ---       
 ----                                  

 .            -                   
 .  

 ----         
 -----                      )     (           

  .                                   
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: ‘ ‘         )    (‘ ‘      
  .  

 -----                               
           .                               

             .  
  - - - - -              (ligands)                 

             .                   
      )  (      MINTEQ (Brown and Allison, 1987) 

WHAM, (Tipping, 1994) CHESS (Santore and Driscoll, 1995)         .
            (BLM)                       

     .          "BLM"                        
 (Santore and Di Toro, 1999) .               

        (OECD, 2000).  
 ---       
 ----                                

 .           .  
 ----      

               .                
  /                 .                   

   .                                
    "   ."                    ) (           

       .                               
  / ) .(  

 ----           
               "  "     
                      /  )   .(          

                                         
       .                      /     

                           .             
                                      

                  )   ----- .(         
      .  
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 ----           
                                     

  )   (         .                  
                   .            

    .  
                    

            )  /        /        /    
 .(                  ) (               

       .  
 ---          

                               .  
    )(                                  

                 .                      
   )(               .  

                 - .  
 --      
 ---                        

                                 .       
                       .               

          )   (        
 .            --     .  

 ---                                   
 .       :  

)(                                   
          

)(                                  
  .  

         ---   ---.  
 --     
 ---                               

            .  
 ---                                 

 .                 .  

535



536

 ---                                 
                       .             

                                 .  
                   .                 

                   .                      
                           

         .                             
                   .      

                               .     
                                   . 

                     
   .  

 --         
 ---         
 ----                                

   -- .               .     
         .                           

 .  
          )(            

       .  
 ----          )(           

                .        
 .                      /                 

       .:  
  )(    =)(   ×)  /  (  
                      )NOEC (       

 .  
 ---      
 ----        )(                /       

     .  
 ----          )(           /           

                 .                     
   / ) .(  
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 ----                                
                  )      (         

    .  
 ----                :  
 -----        

             )   ( )(   
    :  

)(                        ≤    )( 
      .             

          
)(                            )( 

      .             
           

)(                             )( 
        .              

          .
 -----        

              -----                     
         .  

                            /    
                .                      

                                          
      .  

 ---       
 ----     )(      < /     

     .  
 ----         )(       .  
 -----                    )        

                   (≤    )(               .
                                             

          .        .  

537



538

 -----                  )()          
 (  :  

)(        )(         /            
  .                               

         
)(     )(       </    

/             .                   
               

)(        )(         <  /         / 
         .              

          .
 ----        > )(        .  
 -----                                 

    )                  (      
)(     .           )  .(  
 -----         

                                
                /         .              

        .  
                      )   (     )(    

   :  
)(                        )(     

       .                             
         

)(                        )(     
       .                             

         
)(             )(    

     .                               
      .  

 -----         
              -----                     

         .  
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                            /   
                 .                           

                                   
    )    (     .  

 ---       
 ----                                   

                                         .
                                     

     .                                  
       .                                

     .                    )   
         (/                             

                                         
 .                             .       

         .  
 ----                                     

       .                                  
 )  (            .  

 ----              :  

 
          

 -                     
 / 

 -          

 ----                  /  (OECD, 2001)   
                             .          

                        
   Skeaff et al., (2000) .               

              )(                     
         .                        

   .  
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-                               .        
             .                       

            .  
-     
-              .      

        (Schwarzenbach et al , 1993) .         
            .  

-                                 
  (Schwarzenbach et al., 1993) .             

          .          
     .  

-      
--                                       

) (     .           .     
              .        

 pH    )                    (                
 .  

--                 (OECD) 
"    " (OPPTS 835.2110)  OPPTS 835.2130 "      

 ."                   
           .                          

                                     
             .                           

                )         (      °           
 .                                   

 .                      )     (     
     .                          )  (    

       .  OPPTS 835.2130        
           .  
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542

--                                       
                               .           

        (OPPTS 835.2110).  
-     
--                                    

        (OECD, 1997)                 .    
                                        

             .       
               .                       

             )   .(  
                                     

                            (humic acid)     
 (fulvic acid)   .  

--               OPPTS 835.2210 "  
            "    OPPTS 835.5270 "          " .  

       .         )   (   
        (molar absorptivity)           .              

           .                      ) (   
      .             

     .                                      
                               .               

                .  
--            OPPTS 835.5270                     

     .                                    
                                     .    

                      
                         .           

                 .                   
                  .  

-      
-                   .                   

               .  
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-       
--                            (OECD Test Guidelines 301A-F) 

  (C. 4 tests) OPPTS (835.3110)     (9408, 9439, 10707)     
     .  

--                                   
  .       :  

)(      )- /(  
)(          
)(        )- /(  
)(         
)(              (    )MITI IOECD Test 

(Guideline 301C(  
)(       °   
)(       )    (    )    

          (   )          
       .(  

--                                     
  )    .(  

--                          )    C.5      (
                         .                   

                                          .
                                        

        .  
--                        )          

       (                   .           
                    )                     

                     (                   
        .  

-       
--                               .    

        302 A-C                 C.9  C.12    
  ASTM E 1625-94.  
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544

--           :  
)(                
)(       
)(       .

 - -                                       
                     .         
                        

   .             )  ) (   
  .(  

--                           .         
                 .              ) (    .   
           .  

--                                    
  MITI II)   302C            (                 

                  MITI II .        -    (Zahn – Wellens))    302B 
          (       .         

                                      
       .  

-       
 - -                       .         

      ISO/DS 14592                      / 
(Nyholm. Et Toräng, 1999)          )         (ASTM E 1279-89(95)   

 OPPTS 835.3170 .        .  
--            :  

)(      )  (   
)(          )- / (         

.
--                  .       

                       .               
  .              .  

544



545

--                             .      
          .  

-         
                            303 A      

       ISO 11733               C-10.        
        (Nyholm et al., 1996).  

-      
--                             .   

   ISO 11734: 1995 (E)  ASTM E 1196–92  OPPTS 835.3400.  
--               :  

)(           )      (  
)(        
)(     º  
)(         )    .(

--         .          .  
-       
--                   .                   .

                304A                    
      OPPTS 835.3300.  

--              :  
)(           
)(        
)(        .

--    /   Sediment/water microcosm OPPTS 835.3180     
           .                        

     .          )      (        ) (    
   .  

545



546

--                      
    (OECD, 1999a)     (OECD, 1999b)   .     

                                       
 .               .  

-        
--                                  

      )    BIOWIN           Syracuse Research Corporation .(  
      ) (Langenberg et al., (1996)     .    

                       .              BIOWIN 
     .                               

   .         US EPA/EC    -  ) (
(Q) SARs)              (          ) .(   

   .  
--                                

MITI (1992)                               .       
        .               
  )     (         .        "  "         
    )   (     MITI I .          

     )   (  MITI I .        
                      " " .             

  .  
 - -                   US EPA/EC        -   

)(  (Q)SARs          QSAR               .   
      QSAR                      .     

           .   QSAR      
   US EPA/EC (OECD, 1994)           

    .  
--                  (EC, 1996)               

                                
       (EC, 1996).  

--                                  
             .  

546



547

  
   

   
         

-    
-                                  .    

                                 
   .                .  

-                                     
     (OECD, 1995).  

-                                
                     .             

     :  
)(      )   (  
)(      )     (  
)(     )  -     .(  
        .  

-        
-                         .           

                      " "             .  
                              .        

              .  
 -         ""             .  

                       .             
                       .                  

                             .      
                             .        

                      
     )OECD, 1995; Nyholm and Ingerslev, 1997.(  
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548

-                     . 
    :  

)(           ) (  
)(      
)(       
)(     .  

-                                    
           .                       

     .                 
                      .        

                  .  
-                                        

         .                              
       (Scow, 1982).  

 -                                      
                       .                

                   .     
                           : -  /       

       -  /            (Scow, 1982) .             
  .  

-                                
       .                            

     )     (            
              (OECD, 1995) .     

                                    /   
             .                         

                    .  
                       .

                           
                    (OECD, 1995) .                   

          .  
-                            

                )                     
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         .(                             
         .                               

                .  
-       
-      
--                      ) -   / (     

      /       .        
             /         

                        (OECD, 1995) .       
                    (Scow, 1982).     

                                       
  .  

--                    (So)       (Ks)            
  Monod .                                        

 .                    (OECD, 1995)         
                           .             )  
 -  /) (            (             

   .              )            (         
                                         

  .               (OECD, 1995).  
--                )      /   (          

       .                                  
      .       .  
-       
--                       

                 .                        
 -    /                        .           

                 .  
 - -                           .      

  )   (                         .     
                                        

                 . 
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550

                .      
                    

   .                                 
    .  

--                                     
             .                         .

            .  
--                                       

                         .    
                           .            

               .  
-      
-                               .        

       (Scow, 1982).  
-      

                             .        
                   
                           

             .                         
             .                         

                                   .       
                                       

      .  
-     

             .              °-°  )  
          (                  °         

             .                          
 ° .                  ° – °                 

  °        (de Hanau, 1993) .                      
     )             .(

                    
                .  
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-     
                         .           

             .       
       .                           

         (Scow, 1982) .                          
           .  

-     
                )   (     .      

                              .
                    .  

551





553

  
   

   
          
     (Kow)    

-     (BCF)  
-    

                     
    .                 

            .  
-          
--                                 

                      (OECD, 1996)      (ASTM E 1022-94) .
           OECD 305A-E, (1981) .      

  ) ((OECD 305, 1996)       )     ((ASTM E 1022-94) 
                   .               

  )  <.(  
--     ASTM OECD 305            :  

)(      )      (  
)(      )(  
)(         
)(     :        
)(        
)(      .

--             :    )(          )     .(
                .     
           .           

 ))(Spacie et Hamelink, 1982 log k2 = 1.47 – 0.41 log Kow  log k2 = 1.69 – 0.53 log Kow (Gobas et al. 1989) (   
 .          (d)                    -1n(1–0.95)/k2         

553



554

      .           .   
             .                   .   

                             
                   .                   

                                    
  ))OECD 305, (1996  (ECETOC (1995) .                       

    )    (           BCF=k1/k2    )k1 :     
  k2 :                  ( .               

                    k1/k2               .   
                      :   /    

 " "     - .  
--                                     

                       .                
         .                        .    

                             
) (                                 .     

                     .   
                      )         (       

     .  
--                       . 

                                    
             .                        

                               .  
                                           

                     .  
-        )( (log Kow)  
-      
--            -    )   (           .       

               .                   
       .  

--                            
   -   .              
     .                                     

 (Niimi, 1991) .                                  
 (Henderson and Tocher, 1987).  
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555

--            -      (Kow)                    
                   .                      

                                       Kow 
            -   .                         

           )       .(  
-           (Kow)   
--                            )  (

   (HPLC)       OECD 107 (1995) OECD 117 (1983) EEC A.8 (1992) EPA-OTS 

(1982) EPA-FIFRA (1982) ASTM (1993) .             
     .                

         De Bruijn et al., 1989; Tolls et Sijm, 1993; OECD Draft Guideline, 1998) .(
                  .  

--      
             -  .     

                .     
      -   (OECD 107, 1995) .            

    -         ) ±° (  -°.  
--    ) (    

      ) (      (HPLC)                   
        )     (       .            

                            .      
                         

    .             (OECD 117, 1989) . 
            .  

--      
                                   

  , (De Bruijn et al., 1989) .             
  )    (                           

    .  
                                    

    .               
                 .       

            .  
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556

--      
                         .              

           .                           -   .
                   .                   

                 .                      
           .                       , 

(Doucette and Andren, 1987 and 1988; Shiu et al., 1988) .          .   
     "Toxic Substances Control Act Test Guidelines" (USEPA 1985).  

-       -      )   -"   QSAR("  
--              "QSAR"       (Kow) .            

                                     .  
              )  (1996       

     .  
--        CLOGP (Daylight Chemical Information Systems, 1995)      

 .       (Hansch and Leo, 1979) .        
                    /   .                      

   (Formal Charges))      .(        
                           .     

            )European Commission, 1996, part III( .     
(Niemelä, 1993)                                     

                    (n = 501, r2 = 0.967) .  
             )CLOGP (PC version 3.32, EPA version 1.2   

  :r2 = 0.89, s.d = 0.58, n = 7221 .        CLOGP     
                 .      CLOGP            

    .(OECD, 1993) .        (LAS)    
     CLOGP (Roberts, 1989).  

--    LOGKOW  KOWWIN (Syracuse Research Corporation)       
 .                     :                  / 

 .                      )          .(  
                                   

       .                  )        
(Tolls, 1998)      LOGKOW (Pedersen et al., 1995)( .     

                 (TemaNord 1995: 581) .            LOGKOW       
 CLOGP)   (         .  

--    (AUTOLOGP (Devillers et al. 1995)            
   .                                    .

          .                            
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 .                                 
       .              AUTOLOGP .         

            ) <  ((European Commission, 1996).  
--     SPARC               

         .  SPARC        (mechanistic)               
                   .      SPARC            

 QSAR KOWWIN) (CLOGP                 .
          SPARC                   .       

SPARC          KOWWIN    CLOGP                      .     
SPARC         .  

                   .   
                   .  

 :               -                  
 (Howard and Meylan, (1997))

CLOGP 
Hansch and Leo (1979),  
CLOGP Daylight (1995) 

   + Total n = 8942,  r2= 0,917,  sd = 0,482 
Validation: n = 501,  r2 = 0,967 
Validation: n = 7221,  r2 = 0,89,  sd = 0,58 

LOGKOW (KOWWIN) 
Meylan and Howard (1995),  
SRC 

   
  

Calibration: n = 2430, r2= 0,981, sd = 0,219, me = 0,161 
Validation: n = 8855, r2= 0,95, sd = 0,427,  me = 0,327 

AUTOLOGP 

Devillers et al. (1995) 
           

:Rekker and Manhold (1992)  
Calibration: n = 800, r2= 0,96,  sd = 0,387 

SPARC
          

  

          
 

           

Rekker and De Kort (1979)    
 + 

Calibration n = 1054,  r2 = 0,99  
Validation: n = 20,  r2 = 0,917,  sd = 0,53,  me = 0,40 

Niemi et al. (1992) MCICalibration n = 2039,  r2  = 0,77  
Validation: n = 2039,  r2  = 0,49 

Klopman et al (1994)    + Calibration n = 1663,  r2 = 0,928,  sd = 0,3817 

Suzuki and Kudo (1990)  Total: n= 1686,  me = 0,35 
Validation: n = 221,  me = 0,49 

Ghose et al. (1988) 
ATOMLOGP 

 Calibration: n = 830,  r2 = 0,93,  sd = 0,47 
Validation: n = 125,   r2 = 0,87,  sd = 0,52 

Bodor and Huang (1992)  Calibration: n = 302,  r2 = 0,96,  sd = 0,31,  me = 0,24 
Validation: n  = 128,  sd  = 0,38 

Broto et al. (1984) 
ProLogP 

 Calibration: n = 1868,  me= ca. 0,4 
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559

  
   

   
            

-     
              (Sijm et Linde, 1995) . 

                   
  .  

-      
                                        
 (k1)         (Sijm and Linde, 1995; Opperhuizen and Sijm, 1990) .   
                               

          (ECETOC, 1995).  
-     

                       .  
             )Opperhuizen et al., 1985; Anliker et al., 1988 (

       ) <,   ((Opperhuizen, 1986).                    
     .                                  

 (Gobas et al., 1986).  
-    

                        
 .                                     

           .                         
                                   

 .    (McCarthy and Jimenez, 1985)          
           (Schrap et Opperhuizen, 1990) .      

                                 )        
 -  (                       .          

                                        
          .  

559



560

                                          
 .               .  

-     
               .     

             )McKim and Goeden, 1982( .   
          (Opperhuizen and Schrap, 1987) .      

                      (Sijm et al., 1993)                
     (Black et al. 1991).  

-      ) (
                                   

    .  
-      

                       .           
       )     (        

  "     "                          
(Pedersen et Kristensen, 1998) .                        k2        

              .  
-     

                                        
          .         "  "  

             .    " "                   .  
                 .  

-    
--                              .     

            .         
   .                

             .               .       
           .                              

    )   (                  )  (               
  .  

 - -                      .
                                           

560



561

         (Van Den Berg et al., 1995) .        
                           :  >  >  

(Wofford et al., 1981).  
-      

                   "k2"  )      (
     :(Spacie and Hamelink, 1982; Gobas et al., 1989; Petersen and Kristensen, 1998)    ) 

 ( "k1"      (Connell, 1990) .          
                    

    .  
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563

   

   
    

-                           .      
   :  

)(      :Commission Regulation (EC) No 440/2008 of 30 May 2008 laying down 

test methods pursuant to Regulation (EC) No 1907/2006 of the European Parliament and of the Council on the 

Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH)  
)(       :ISO guidelines: Available from the national standardisation 

organizations or ISO (Homepage: http://www.iso.org/iso/home.htm)  
)(         :  

OECD guidelines for the testing of chemicals. OECD, Paris, 1993 with regular updates (Homepage: 

(http://www.oecd.org/env/testguidelines)  
)(             :    

OPPTS guidelines: US-EPA homepage (http://www.epa.gov/opptsfrs/home/guidelin.htm)  
)(        :ASTM: ASTMs Homepage (http://www.astm.org). Further search via 

"standards".  

-      )(  

   OECD Test Guideline 201 (1984) 

           
Daphnia sp

OECD Test Guideline 202 (1984) 

      OECD Test Guideline 203 (1992) 

     :   )(  OECD Test Guideline 204 (1984) 
        OECD Test Guideline 210 (1992) 

       Daphnia magnaOECD Test Guideline 211 (1998) 

      :     OECD Test Guideline 212 (1998) 

  
)(               .  
)(           / .  

563



564

     OECD Test Guideline 215 (2000) 

        Lemna sp ) (  OECD Test Guideline 221 (in preparation)  

   )(  EC C.1 

    Daphnia) (  EC C.2 

   )(  EC C.3 

    )(  EC C.14 

          )( EC C.15 

       Daphnia magna) (  EC C.20 

        (OPPTS)    )   :(  
850.1000 Special consideration for conducting aquatic laboratory studies  

850.1000 Special consideration for conducting aquatic laboratory studies   

850.1010 Aquatic invertebrate acute toxicity, test, freshwater daphnids  

850.1010 Aquatic invertebrate acute toxicity, test, freshwater daphnids  
850.1020 Gammarid acute toxicity test  

850.1020 Gammarid acute toxicity test  

850.1035 Mysid acute toxicity test  

850.1035 Mysid acute toxicity test  

850.1045 Penaeid acute toxicity test  

850.1045 Penaeid acute toxicity test  

850.1075 Fish acute toxicity test, freshwater and marine  

850.1075 Fish acute toxicity test, freshwater and marine  

850.1300 Daphnid chronic toxicity test  

850.1300 Daphnid chronic toxicity test  

850.1350 Mysid chronic toxicity test  

850.1350 Mysid chronic toxicity test  

850.1400 Fish early-life stage toxicity test  

850.1400 Fish early-life stage toxicity test  

850.1500 Fish life cycle toxicity  

850.1500 Fish life cycle toxicity  

850.1730 Fish BCF  

850.1730 Fish BCF   

850.4400 Aquatic plant toxicity test using Lemna spp. Tiers I and II   

850.4400 Aquatic plant toxicity test using Lemna spp. Tiers I and II   

850.4450 Aquatic plants field study, Tier III   

850.4450 Aquatic plants field study, Tier III   

850.5400 Algal toxicity, Tiers I and II   

850.5400 Algal toxicity, Tiers I and II  

564



565

-       )(  
ASTM E 1196-92  

ASTM E 1279-89(95) Standard test method for biodegradation by a shake-flask die-away method 

ASTM E 1625-94 Standard test method for determining biodegradability of organic chemicals in semi-continuous activated sludge 
(SCAS) 

EC C.4. A to F: Determination of ready biodegradability. Directive 67/548/EEC, Annex V. (1992) 

EC C.5. Degradation: biochemical oxygen demand. Directive 67/548/EEC, Annex V. (1992) 

EC C.7. Degradation: abiotic degradation: hydrolysis as a function of pH. Directive 67/548/EEC, Annex V. (1992) 

EC C.9. Biodegradation: Zahn-Wellens test. Directive 67/548/EEC, Annex V. (1988) 

EC C.10. Biodegradation: Activated sludge simulation tests. Directive 67/548/EEC, Annex V. (1998) 

EC C.11. Biodegradation: Activated sludge respiration inhibition test. Directive 67/548/EEC, AnnexV.(1988) 

EC C.12. Biodegradation: Modified SCAS test. Directive 67/548/EEC, Annex V. (1998) 

ISO 9408 (1991). Water quality - Evaluation in an aqueous medium of the "ultimate" biodegradability of organic compounds - 
Method by determining the oxygen demand in a closed respirometer 

ISO 9439 (1990). Water quality - Evaluation in an aqueous medium of the "ultimate" biodegradability of organic compounds - 
Method by analysis of released carbon dioxide 

ISO 9509 (1996). Water quality - Method for assessing the inhibition of nitrification of activated sludge micro-organisms by 
chemicals and wastewaters 

ISO 9887 (1992). Water quality - Evaluation of the aerobic biodegradability of organic compounds in an aqueous medium - 
Semicontinuous activated sludge method (SCAS) 

ISO 9888 (1991). Water quality - Evaluation of the aerobic biodegradability of organic compounds in an aqueous medium - Static 
test (Zahn-Wellens method) 

ISO 10707 (1994). Water quality - Evaluation in an aqueous medium of the "ultimate" biodegradability of organic compounds - 
Method by analysis of biochemical oxygen demand (closed bottle test) 

ISO 11348 (1997). Water quality - Determination of the inhibitory effect of water samples on the light emission of Vibrio fischeri
(Luminescent bacteria test) 

ISO 11733 (1994). Water quality - Evaluation of the elimination and biodegradability of organic compounds in an aqueous medium -
Activated sludge simulation test 

ISO 11734 (1995). Water quality - Evaluation of the "ultimate" anaerobic biodegradability of organic compounds in digested sludge - 
Method by measurement of the biogas production 

ISO/DIS 14592 .(1999) Water quality - Evaluation of the aerobic biodegradability of organic compounds at low concentrations in 
water. Part 1:  Shake flask batch test with surface water or surface water/sediment suspensions (22.11.1999)

OECD Test Guideline 111 (1981). Hydrolysis as a function of pH. OECD guidelines for testing of chemicals 

OECD Test Guideline 209 (1984). Activated sludge, respiration inhibition test. OECD guidelines for testing of chemicals 

OECD Test Guideline 301 (1992). Ready biodegradability. OECD guidelines for testing of chemicals 

OECD Test Guideline 302A (1981). Inherent biodegradability: Modified SCAS test. OECD guidelines for testing of chemicals 

OECD Test Guideline 302B (1992). Zahn-Wellens/EMPA test. OECD guidelines for testing of chemicals 

OECD Test Guideline 302C (1981). Inherent biodegradability: Modified MITI test (II). OECD guidelines for testing of chemicals 

OECD Test Guideline 303A (1981). Simulation test - aerobic sewage treatment: Coupled units test. OECD guidelines for testing of
chemicals. Draft update available 1999 

OECD Test Guideline 304A (1981). Inherent biodegradability in soil. OECD guidelines for testing of chemicals 

OECD Test Guideline 306 (1992). Biodegradability in seawater. OECD guidelines for testing of chemicals 
  

)(               .  

565



566

OECD (1998b). Aerobic and anaerobic transformation in aquatic sediment systems. Draft proposal for a new guideline, December 
1999
OECD (1999). Aerobic and anaerobic transformation in soil.  Final text of a draft proposal for a new guideline, October. 1999  
OECD (2000). Simulation test - Aerobic Transformation in Surface Water.  Draft proposal for a new guideline, May 2000   
OPPTS 835.2110 Hydrolysis as a function of pH 
OPPTS 835.2130 Hydrolysis as a function of pH and temperature 
OPPTS 835.2210 Direct photolysis rate in water by sunlight 
OPPTS 835.3110 Ready biodegradability 
OPPTS 835.3170 Shake flask die-away test 
OPPTS 835.3180 Sediment/water microcosm biodegradability test 
OPPTS 835.3200 Zahn-Wellens/EMPA test 
OPPTS 835.3210 Modified SCAS test 
OPPTS 835.3300 Soil biodegradation 
OPPTS 835.3400 Anaerobic biodegradability of organic chemicals 
OPPTS 835.5270 Indirect photolysis screening test: Sunlight photolysis in waters containing dissolved humic substances 

-      )(  
          (ASTM)             .      "E-47"     

      .     .ASTM, 1993. ASTM Standards on Aquatic 

Toxicology and Hazard Evaluation. Sponsored by ASTM Committee E-47 on Biological Effects and Environmental Fate. American 

Society for Testing and Materials. 1916 Race Street, Philadelphia, PA 19103. ASTM  PCN: 03-547093-16., ISBN 0-8032-1778-7  
                         .       .

ASTM E 1022-94. 1997. Standard Guide for Conducting Bioconcentration Tests with Fishes and Saltwater Bivalve Molluscs. 

American Society for Testing and Materials  
  .    -         .EC, 1992. EC A.8. Partition 

coefficient. Annex V (Directive 67/548/EEC). Methods for determination of physico-chemical properties, toxicity and ecotoxicity  
  .    . EC, 1998, EC.C.13 Bioconcentration: Flow-through Fish Test  

             .                 .  
   .   .EPA-OTS, 1982. Guidelines and support documents for environmental effects testing. 

Chemical fate test guidelines and support documents. United States Environmental Protection Agency. Office of Pesticides and Toxic 

Substances, Washington, D.C. 20960. EPA 560/6-82-002. (August 1982 and updates) .  : Code of Federal Regulations 
      .   /  .  (ONLINE)       

  :US National Technical Information System  
EPA-FIFRA, 1982       .    "N":  :  

   E, J & L :  .    .    )  .(
          :US National Technical Information System  

  
)(               .  

566



567

                       .    )-  -   :( 
  .  OECD Test Guideline 107, 1995. OECD Guidelines for testing of chemicals. Partition Coefficient (n-octanol/water): 

Shake Flask Method  
                       .    )-   -    .(

      HPLC. OECD Test Guideline 117, 1989. OECD Guideline for testing of chemicals. 

Partition Coefficient (n-octanol/water), High Performance Liquid Chromatography (HPLC) Method  
   .         .                      

. OECD Test Guideline 305, 1996. Bioconcentration: Flow-through Fish Test. OECD Guidelines for testing of Chemicals  
  .           . OECD Test Guidelines 

305 A-E, 1981. Bioaccumulation. OECD Guidelines for testing of chemicals  
       .    )-   -   ((Pow) .              

 .            . OECD draft Test Guideline, 

1998. Partition Coefficient n-Octanol/Water Pow. Slow-stirring method for highly hydrophobic chemicals. Draft proposal for an 

OECD Guideline for Testing of Chemicals  

567





569

   

   
  

-     
APHA 1992. Standard Methods for the Examination of Water and Wastewater, 18th edition. American Public Health Association, 
Washington, DC 
ASTM 1999. Annual Book of ASTM standards, Vol. 11.04. American Society for Testing and Materials, Philadelphia, PA 

DoE 1996. Guidance on the Aquatic Toxicity Testing of Difficult Substances. United Kingdom Department of the Environment, 
London 

ECETOC 1996. Aquatic Toxicity Testing of Sparingly Soluble, Volatile and Unstable Substances. ECETOC Monograph No. 26, 
ECETOC, Brussels 

Lewis, M. A. 1995. Algae and vascular plant tests. In: Rand, G. M. (ed.) 1995. Fundamentals of Aquatic Toxicology, Second 
Edition. Taylor & Francis, Washington, DC. pp. 135-169 

Mensink, B. J. W. G., M. Montforts, L. Wijkhuizen-Maslankiewicz, H. Tibosch, and J.B.H.J. Linders 1995. Manual for 
Summarising and Evaluating the Environmental Aspects of Pesticides. Report No. 679101022 RIVM, Bilthoven, The Netherlands 

OECD 1998. Harmonized Integrated Hazard Classification System for Human Health and Environmental Effects of Chemical 
Substances. OECD, Paris. (Document ENV/JM/MONO(2001)6) 
OECD 1999. Guidelines for Testing of Chemicals. Organisation for Economic Co-operation and Development, Paris 

OECD 2000. Revised Draft Guidance Document on Aquatic Toxicity Testing of Difficult Substances and Mixtures, OECD, Paris 

OECD 2006. “Current approaches in the statistical analysis of ecotoxicity data: A guidance to application”, OECD Environment, 
Health and Safety Publications Series Testing and Assessment N.54 

Pedersen, F., H. Tyle, J. R. Niemeldi, B. Guttmann, L. Lander, and A. Wedebrand 1995. Environmental Hazard Classification – data 
collection and interpretation guide. TemaNord 1995:581

US EPA 1996. Ecological Effects Test Guidelines – OPPTS 850.1000. Special Considerations for Conducting Aquatic Laboratory 
Studies. Public Draft, EPA 712-C-96-113. United States Environmental Protection Agency. 
http://www.epa.gov/opptsfrs/home/testmeth.htm 

OECD Monograph 11, Detailed Review Paper on Aquatic Toxicity Testing for Industrial Chemicals and Pesticides 

Rand, Gary M., Fundamentals of Aquatic toxicology: Effects, Environmental Fate, and Risk Assessment 

-      
Boesten J.J.T.I. & A.M.A. van der Linden (1991). Modeling the influence of sorption and transformation on pesticide leaching and 
persistence. J. Environ. Qual. 20, 425-435

Boethling R.S., P.H. Howard, J.A. Beauman & M.E. Larosche (1995). Factors for intermedia extrapolation in biodegradability 
assessment. Chemosphere 30(4), 741-752

de Henau H. (1993). Biodegradation. In: P. Calow. Handbook of Ecotoxicology, vol. I. Blackwell Scientific Publications, London.
Chapter 18, pp. 355-377 

EC (1996). Technical guidance documents in support of the Commission Directive 93/67/EEC on risk assessment for new notified 
substances and the Commission Regulation (EC) No. 1488/94 on risk assessment for existing substances. European Commission, 
Ispra 

569



570

ECETOC (1998): QSARs in the Assessment of the Environmental Fate and Effects of Chemicals, Technical report No. 74. Brussels, 
June 1998 

Federle T.W., S.D. Gasior & B.A. Nuck (1997). Extrapolating mineralisation rates from the ready CO2 screening test to activated
sludge, river water, and soil. Environmental Toxicology and Chemistry 16, 127-134 
Langenberg J.H., W.J.G.M. Peijnenburg & E. Rorije (1996). On the usefulness and reliability of existing QSBRs for risk assessment
and priority setting. SAR and QSAR in Environmental Research 5, 1-16

Loonen H., F. Lindgren, B. Hansen & W. Karcher (1996). Prediction of biodegradability from chemical structure. In: Peijnenburg 
W.J.G.M. & J. Damborsky (eds.). Biodegradability Prediction. Kluwer Academic Publishers 

MITI (1992). Biodegradation and bioaccumulation data on existing data based on the CSCL Japan. Japan chemical industry, 
Ecology-toxicology & information center. ISBN 4-89074-101-1 

Niemelä J (2000). Personal communication to OECD Environment Directorate, 20 March 2000 

Nyholm N., U.T. Berg & F. Ingerslev (1996). Activated sludge biodegradability simulation test. Danish EPA, Environmental Report
No. 337 

Nyholm N. & F. Ingerslev (1997). Kinetic biodegradation tests with low test substance concentrations: Shake flask test with surface 
water and short term rate measurement in activated sludge. In: Hales S.G. (ed.). Biodegradation Kinetics: Generation and use of data 
for regulatory decision making. From the SETAC-Europe Workshop. Port- Sunlight. September 1996. pp. 101-115. SETAC-Europe, 
Brussels 

Nyholm N. & L. Toräng (1999). Report of 1998/1999 Ring-test: Shalke flask batch test with surface water or surface water/sediment 
suspensions. ISO/CD 14592-1 Water Quality- Evaluation of the aerobic biodegradability of organic compounds at low 
concentrations, ISO/TC 147/SC5/WG4 Biodegradability 

OECD (1993). Structure-Activity Relationships for Biodegradation. OECD Environment Monographs No. 68. Paris 1993 

OECD (1994): “US EPA/EC Joint Project on the Evaluation of (Quantitative) Structure Activity Relationships.” OECD Environment 
Monograph No. 88. Paris 

OECD (1995). Detailed Review Paper on Biodegradability Testing. OECD Environmental Monograph No. 98. Paris 

OECD (1997). Guidance document on direct phototransformation of chemical in water. OECD/GD(97)21. Paris 

OECD (1998). Harmonized integrated hazard classification system for human health and environmental effects of chemical 
substances. Paris. http://www.oecd.org/ehs. (Document ENV/JM/MONO(2001)6)

Pedersen F., H. Tyle, J. R. Niemelä, B. Guttmann. L. Lander & A. Wedebrand (1995). Environmental Hazard Classification – data 
collection and interpretation guide for substances to be evaluated for classification as dangerous for the environment. Nordic Council 
of Ministers. 2nd edition. TemaNord 1995:581, 166 pp 

Schwarzenbach R.P., P.M. Gschwend & D.M. Imboden (1993). Environmental organic chemistry 1st ed. John Wiley & Sons, Inc. 
New York 

Scow K.M. (1982). Rate of biodegradation. In: Lyman W.J., W.F. Reehl & D.H. Rosenblatt (1982): Handbook of Chemical Property 
Estimation Methods Environmental Behaviour of Organic Compounds. American Chemical Society. Washington DC (ISBN 0-8412-
1761-0). Chapter 9 

Struijs J. & R. van den Berg (1995). Standardized biodegradability tests: Extrapolation to aerobic environments. Wat. Res. 29(1), 
255-262

Syracuse Research Corporation. Biodegradation Probability Program (BIOWIN). Syracuse. N.Y.  
http://esc.syrres.com/~esc1/biodeg.htm 

Westermann P., B.K. Ahring & R.A. Mah (1989). Temperature compensation in Methanosarcina barkeri by modulation of hydrogen 
and acetate affinity. Applied and Environmental Microbiology 55(5), 1262-1266 

570



571

-     
Anliker, R., Moser, P., Poppinger, D. 1988. Bioaccumulation of dyestuffs and organic pigments in fish. Relationships to 
hydrophobicity and steric factors. Chem. 17(8):1631-1644 

Bintein, S.; Devillers, J. and Karcher, W. 1993. Nonlinear dependence of fish bioconcentration on n-octanol/water partition 
coefficient. SAR and QSAR in Environmental Research. Vol.1.pp.29-39 

Black, M.C., Millsap, D.S., McCarthy, J.F. 1991. Effects of acute temperature change on respiration and toxicant uptake by rainbow 
trout, Salmo gairdneri (Richardson). Physiol. Zool. 64:145-168 

Bodor, N., Huang, M.J. 1992. J. Pharm. Sci. 81:272-281 

Broto, P., Moreau, G., Vandycke, C. 1984. Eur. J. Med. Chem. 19:71-78 

Chiou, T. 1985. Partition coefficients of organic compounds in lipid-water systems and correlations with fish bioconcentration 
factors. Environ. Sci. Technol 19:57-62 

CLOGP. 1995. Daylight Chemical Information Systems, Inf. Sys. Inc. Irvine, Ca 

CSTEE (1999): DG XXIV Scientific Committee for Toxicity and Ecotoxicity and the Environment Opinion on revised proposal for 
a list of Priority substances in the context of the water framework directive (COMMs Procedure) prepared by the Frauenhofer-
Institute, Germany,. Final report opinion adopted at the 11th CSTEE plenary meeting on 28th of September 1999 

Comotto, R.M., Kimerle, R.A., Swisher, R.D. 1979. Bioconcentration and metabolism of linear alkylbenzenesulfonate by Daphnids 
and Fathead minnows. L.L.Marking, R.A. Kimerle, Eds., Aquatic Toxicology (ASTM, 1979), vol. ASTM STP 667 

Connell, D.W., Hawker, D.W. 1988. Use of polynomial expressions to describe the bioconcentration of hydrophobic chemicals by 
fish. Ecotoxicol. Environ. Saf. 16:242-257 

Connell, D.W. 1990. Bioaccumulation of xenobiotic compounds, Florida: CRC Press, Inc. pp.1-213 

De Bruijn, J., Busser, F., Seinen, W. & Hermens, J. 1989. Determination of octanol/water partition coefficients with the “slow 
stirring” method. Environ. Toxicol. Chem. 8:499-512 

Devillers, J., Bintein, S., Domine, D. 1996. Comparison of BCF models based on log P. Chemosphere 33(6):1047-1065 

DoE, 1996. Guidance on the aquatic toxicity testing of difficult substance. Unites Kingdom Department of the Environment, London

Doucette, W.J., Andren, A.W. 1987. Correlation of octanol/water partition coefficients and total molecular surface area for highly 
hydrophobic aromatic compounds. Environ. Sci. Technol., 21, pages 821-824 

Doucette, W.J., Andren, A.W. 1988. Estimation of octanol/water partition coefficients: evaluation of six methods for highly 
hydrophobic aromatic compounds. Chemosphere, 17, pages 345-359 

Driscoll, S.K., McElroy, A.E. 1996. Bioaccumulation and metabolism of benzo(a)pyrene in three species of polychaete worms. 
Environ. Toxicol. Chem. 15(8):1401-1410 

ECETOC, 1995. The role of bioaccumulation in environmental risk assessment: The aquatic environment and related food webs, 
Brussels, Belgium 

ECEOOC, 1996. Aquatic toxicity testing of sparingly soluble, volatile and unstable substances. ECETOC Monograph No. 26, 
ECETOC, Brussels 

European Commission, 1996. Technical Guidance Document in support of Commission Directive 93/96/EEC on Risk Assessment 
for new notified substances and Commission Regulation (EC) No 1488/94 on Risk Assessment for Existing Substances. Brussels 

Ghose, A.K., Prottchet, A., Crippen, G.M. 1988. J. Computational Chem. 9:80-90 

Gobas, F.A.P.C., Opperhuizen, A., Hutzinger, O. 1986. Bioconcentration of hydrophobic chemicals in fish: Relationship with 
membrane permeation. Environ. Toxicol. Chem. 5:637-646 

571



572

Gobas, F.A.P.C., Clark, K.E., Shiu, W.Y., Mackay, D. 1989. Bioconcentration of polybrominated benzenes and biphenyls and related
superhydrophobic chemicals in fish: Role of bioavailability and elimination into feces. Environ. Toxicol. Chem. 8:231-245

Goodrich, M.S., Melancon, M.J., Davis, R.A., Lech J.J. 1991. The toxicity, bioaccumulation, metabolism, and elimination of dioctyl 
sodium sulfosuccinate DSS in rainbow trout (Oncorhynchus mykiss) Water Res. 25: 119-124 

Hansch, C., Leo, A. 1979. Substituent constants for correlation analysis in chemistry and biology. Wiley, New York, NY, 1979 

Henderson, R.J., Tocher, D.R. 1987. The lipid composition and biochemistry of freshwater fish. Prog. Lipid. Res. 26:281-347 

Howard, P.H. and Meyland, W.M., 1997. Prediction of physical properties transport and degradation for environmental fate and 
exposure assessments, QSAR in environmental science VII. Eds. Chen, F. and Schüürmann, G. pp. 185-205 

Kimerle, R.A., Swisher, R.D., Schroeder-Comotto, R.M. 1975. Surfactant structure and aquatic toxicity, Symposium on Structure-
Activity correlations in Studies on Toxicity and Bioconcentration with Aquatic Organisms, Burlington, Ontario, Canada, pp. 22-35

Klopman, G., Li, J.Y., Wang, S., Dimayuga, M. 1994. Computer automated log P calculations based on an extended group 
contribution approach. J. Chem. Inf. Comput. Sci. 34:752-781 

Knezovich, J.P., Lawton, M.P., Inoue, L.S. 1989. Bioaccumulation and tissue distribution of a quaternary ammonium surfactant in 
three aquatic species. Bull. Environ. Contam. Toxicol. 42:87-93 

Knezovich, J.P., Inoue, L.S. 1993. The influence of sediment and colloidal material on the bioavailability of a quaternary ammonium 
surfactant. Ecotoxicol. Environ. Safety. 26:253-264 

Kristensen, P. 1991. Bioconcentration in fish: Comparison of BCFs derived from OECD and ASTM testing methods; influence of 
particulate matter to the bioavailability of chemicals. Danish Water Quality Institute 

Mackay, D. 1982. Correlation of bioconcentration factors. Environ. Sci. Technol. 16:274-278 

McCarthy, J.F., Jimenez, B.D. 1985. Reduction in bioavailability to bluegills of polycyclic aromatic hydrocarbons bound to dissolved 
humic material. Environ. Toxicol. Chem. 4:511-521 

McKim, J.M., Goeden, H.M. 1982. A direct measure of the uptake efficiency of a xenobiotic chemical across the gill of brook trout
(Salvelinus fontinalis) under normoxic and hypoxic conditions. Comp. Biochem. Physiol. 72C:65-74 

Meylan, W.M. and Howard, P.H., 1995. Atom/Fragment Contribution Methods for Estimating Octanol-Water Partition Coefficients. 
J.Pharm.Sci. 84, 83 

Niemelä, J.R. 1993. QTOXIN-program (ver 2.0). Danish Environmental Protection Agency 

Niemi, G.J., Basak, S.C., Veith, G.D., Grunwald, G. Environ. Toxicol. Chem. 11:893-900 

Niimi, A.J. 1991. Solubility of organic chemicals in octanol, triolin and cod liver oil and relationships between solubility and
partition coefficients. Wat. Res. 25:1515-1521 

OECD, 1993. Application of structure activity relationships to the estimation of properties important in exposure assessment. OECD 
Environment Directorate. Environment Monograph No. 67 

OECD, 1998. Harmonized integrated hazard classification system for human health and environmental effects of chemical 
substances. As endorsed by the 28th joint meeting of the chemicals committee and the working party on chemicals in November 1998 

OECD, 2000. Guidance Document on Aquatic Toxicity Testing of Difficult Substances and Mixtures, OECD, Paris 

Opperhuizen, A., Van der Velde, E.W., Gobas, F.A.P.C., Liem, A.K.D., Van der Steen, J.M.D., Hutzinger, O. 1985. Relationship 
between bioconcentration in fish and steric factors of hydrophobic chemicals. Chemosphere 14:1871-1896 

Opperhuizen, A. 1986. Bioconcentration of hydrophobic chemicals in fish. In: Poston T.M., Purdy, R. (eds), Aquatic Toxicology and
Environmental Fate: Ninth Volume, ASTM STP 921. American Society for Testing and Materials, Philadelphia, PA, 304-315 

572



573

Opperhuizen, A., Schrap, S.M. 1987. Relationship between aqueous oxygen concentration and uptake and elimination rates during 
bioconcentration of hydrophobic chemicals in fish. Environ. Toxicol. Chemosphere 6:335-342 

Opperhuizen, A., Sijm, D.T.H.M. 1990. Bioaccumulation and biotransformation of polychlorinated dibenzo-p-dioxins and 
dibenzofurans in fish. Environ. Toxicol. Chem. 9:175-186 

Pedersen, F., Tyle, H., Niemelä, J.R., Guttmann, B., Lander,L. and Wedebrand, A., 1995. Environmental Hazard Classification – data 
collection and interpretation guide (2nd edition). TemaNord 1995:581 

Petersen, G.I., Kristensen, P. 1998. Bioaccumulation of lipophilic substances in fish early life stages. Environ. Toxicol. Chem. 
17(7):1385-1395

Rekker, R.F., de Kort, H.M. 1979. The hydrophobic fragmental constant: An extension to a 1000 data point set. Eur. J. Med. Chem. – 
Chim. Ther. 14:479-488 

Roberts, D.W. 1989. Aquatic toxicity of linear alkyl benzene sulphonates (LAS) – a QSAR analysis. Communicaciones Presentadas 
a las Jornadas del Comite Espanol de la Detergencia, 20 (1989) 35-43. Also in J.E. Turner, M.W. England, T.W. Schultz and N.J. 
Kwaak (eds.) QSAR 88. Proc. Third International Workshop on Qualitative Structure-Activity Relationships in Environmental 
Toxicology, 22-26 May 1988, Knoxville, Tennessee, pp. 91-98. Available from the National Technical Information Service, US 
Dept. of Commerce, Springfield, VA 

Schrap, S.M., Opperhuizen, A. 1990. Relationship between bioavailability and hydrophobicity: reduction of the uptake of organic
chemicals by fish due to the sorption of particles. Environ. Toxicol. Chem. 9:715-724 

Shiu, WY, Doucette, W., Gobas, FAPC., Andren, A., Mackay, D. 1988. Physical-chemical properties of chlorinated dibenzo-p-
dioxins. Environ. Sci. Technol. 22: pages 651-658 

Sijm, D.T.H.M., van der Linde, A. 1995. Size-dependent bioconcentration kinetics of hydrophobic organic chemicals in fish based on 
diffusive mass transfer and allometric relationships. Environ. Sci. Technol. 29:2769-2777 

Sijm, D.T.H.M., Pärt, P., Opperhuizen, A. 1993. The influence of temperature on the uptake rate constants of hydrophobic 
compounds determined by the isolated perfused gill of rainbow trout (Oncorhynchus mykiss). Aquat. Toxicol. 25:1-14 

Spacie, A., Hamelink, J.L. 1982. Alternative models for describing the bioconcentration of organics in fish. Environ. Toxicol. Chem. 
1:309-320

Suzuki, T., Kudo, Y.J. 1990. J. Computer-Aided Molecular Design 4:155-198 

Syracuse Research Corporation, 1999.  

Tas, J.W., Seinen, W., Opperhuizen, A. 1991. Lethal body burden of triphenyltin chloride in fish: Preliminary results. Comp. 
Biochem. Physiol. 100C(1/2):59-60 

Tolls J. & Sijm, D.T.H.M., 1993. Bioconcentration of surfactants, RITOX, the Netherlands (9. Nov. 1993). Procter and Gamble 
Report (ed.: M.Stalmans) 

Tolls, J. 1998. Bioconcentration of surfactants. Ph.D. Thesis. Utrecht University, Utrecht, The Netherlands 

Toshima, S., Moriya, T. Yoshimura, K. 1992. Effects of polyoxyethylene (20) sorbitan monooleate on the acute toxicity of linear
alkylbenzenesulfonate (C12-LAS) to fish. Ecotoxicol. Environ. Safety 24: 26-36 

USEPA 1985. U.S. Environmental Protection Agency. Office of Toxic Substances. Toxic Substances Control Act Test Guidelines. 
50 FR 39252 

US EPA/EC, 1993. US EPA/EC Joint Project on the Evaluation of (Quantitative) Structure Activity Relationships 

US EPA, 1996. Ecological effects test guidelines – OPPTS 850.1000. Special considerations for conducting aquatic laboratory 
studies. Public Draft, EPA712-C-96-113. United States Environmental Protection Agency. 
http://www.epa.gov/opptsfrs/home/testmeth.htm 

573



574

Van Den Berg, M., Van De Meet, D., Peijnenburg, W.J.G.M., Sijm, D.T.H.M., Struijs, J., Tas, J.W. 1995. Transport, accumulation 
and transformation processes. In: Risk Assessment of Chemicals: An Introduction. van Leeuwen, C.J., Hermens, J.L.M. (eds). 
Dordrecht, NL. Kluwer Academic Publishers, 37-102 

Wakabayashi, M., Kikuchi, M., Sato, A. Yoshida, T. 1987. Bioconcentration of alcohol ethoxylates in carp (Cyprinus carpio), 
Ecotoxicol. Environ. Safety 13, 148-163 

Wofford, H.W., C.D. Wilsey, G.S. Neff, C.S. Giam & J.M. Neff (1981): Bioaccumulation and metabolism of phthalate esters by 
oysters, brown shrimp and sheepshead minnows. Ecotox.Environ.Safety 5:202-210, 1981 

-       (QSAR)  
Boethling, R.S., Howard, P.H., Meylan, W.M. Stiteler, W.M., Beauman, J.A., and Tirado, N. (1994). Group contribution method for
predicting probability and rate of aerobic biodegradation. Envir. Sci. Technol., 28, 459-465 

De Bruijn, J, Busser, F., Seinen, W., and Hermens, J. (1989), Determination of octanol/water partition coefficients for hydrophobic 
organic chemicals with the “slow-stirring method,” Environ. Toxicol. Chem., 8, 499-512 

ECETOC (1998), QSARs in the Assessment of the Environmental Fate and Effects of Chemicals, Technical report No 74 

Hansch, C. and A. Leo (1995), Exploring QSAR, American Chemical Society 

Hilal, S. H., L. A. Carreira and S. W. Karickhoff (1994), Quantitative Treatments of Solute/solvent Interactions, Theoretical and 
Computational Chemistry, Vol. 1, 291-353, Elsevier Science 

Howard, P.H., Boethling, R.S, Stiteler, W.M., Meylan, W.M., Hueber, A.E., Beaumen, J.A. and Larosche, M.E. (1992). Predictive 
model for aerobic biodegradation developed from a file of evaluated biodegradation data. Envir. Toxicol. Chem. 11, 593-603 

Howard, P. And Meylan, W.M. (1992). Biodegradation Probability Program, Version 3, Syracuse Research Corp., NY 

Langenberg, J.H., Peijnenburg, W.J.G.M. and Rorije, E. (1996). On the usefulness and reliability of existing QSARs for risk 
assessment and priority setting. SAR QSAR Environ. Res., 5, 1-16 

R.L. Lipnick (1986). Charles Ernest Overton: Narcosis studies and a contribution to general pharmacology. Trends Pharmacol. Sci., 
7, 161-164 

R.L. Lipnick (1989a). Hans Horst Meyer and the lipoid theory of narcosis, Trends Pharmacol. Sci., 10 (7) July, 265-269; Erratum: 11 
(1) Jan (1990), p. 44 

R.L. Lipnick (1989b). Narcosis, electrophile, and proelectrophile toxicity mechanisms. Application of SAR and QSAR. Environ. 
Toxicol. Chem., 8, 1-12

R.L. Lipnick (1990). Narcosis: Fundamental and Baseline Toxicity Mechanism for Nonelectrolyte Organic Chemicals. In: W. 
Karcher and J. Devillers (eds.) Practical Applications of Quantitative Structure-Activity Relationships (QSAR) in Environmental 
Chemistry and Toxicology, Kluwer Academic Publishers, Dordrecht, The Netherlands, pp. 129-144 

R.L. Lipnick (ed.) (1991a). Charles Ernest Overton: Studies of Narcosis and a Contribution to General Pharmacology, Chapman 
and Hall, London, and Wood Library-Museum of Anesthesiology 

R.L. Lipnick (1991b). Outliers: their origin and use in the classification of molecular mechanisms of toxicity, Sci. Tot. Environ.,
109/110 131-153 

R.L. Lipnick (1995). Structure-Activity Relationships. In: Fundamentals of Aquatic Toxicology, 2nd edition, (G.R. Rand, ed.), Taylor 
& Francis, London, 609-655 

Loonen, H., Lindgren, F., Hansen, B., Karcher, W., Niemela, J., Hiromatsu, K., Takatsuki, M., Peijnenburg, W., Rorije, E., and 
Struijs, J. (1999). Prediction of biodegradability from chemical structure: modeling of ready biodegradation test data. Environ.
Toxicol. Chem., 18, 1763-1768 

574



575

Meylan, W. M. and P. H. Howard (1995), J. Pharm. Sci., 84, 83-92 

OECD (1993), Structure-Activity Relationships for Biodegradation. OECD Environment Monograph No. 68 OECD, Paris, France 

OECD (1995). Environment Monographs No. 92. Guidance Document for Aquatic Effects Assessment. OECD, Paris 

F. Pedersen, H. Tyle, J. R. Niemelä, B. Guttmann, L. Lander, and A. Wedebrand (1995), Environmental Hazard Classification: Data 
Collection and Interpretation Guide for Substances to be Evaluated for Classification as Dangerous for the Environment, 2nd Edition, 
TemaNord 1995:581, Nordic Council of Ministers, Copenhagen, January 

US EPA (1999) Development of Chemical Categories in the HPV Challenge Program, 
http://www.epa.gov/HPV/pubs/general/categuid.htm 

US EPA (2000a), The Use of Structure-Activity Relationships (SAR) in the High Production Volume Chemicals Challenge Program, 
http://www.epa.gov/hpv/pubs/general/sarfinl1.htm 

US EPA (2000b), ECOSAR, http://www.epa.gov/oppt/newchems/tools/21ecosar.htm 

US EPA/EC (1993): US EPA Joint Project on the Evaluation of (Quantitative) Structure Activity Relationships, Commission of 
European Communities, Final Report, July 

G.D. Veith, R.L. Lipnick, and C.L. Russom (1989). The toxicity of acetylenic alcohols to the fathead minnow, Pimephales promelas. 
Narcosis and proelectrophile activation. Xenobiotica, 19(5), 555-565 

-      
Brown, D.S. and Allison, J.D. (1987). MINTEQA1 Equilibrium Metal Speciation Model: A user’s manual. Athens, Georgia, USEPA 
Environmental Research Laboratory, Office of Research and Development 

OECD (1998). Harmonized Integrated Hazard Classification System for Human Health and Environmental Effects of Chemical 
Substances, http://www.oecd.org/ehs/Class/HCL6.htm. (Document ENV/JM/MONO(2001)6)

OECD (2000). Guidance Document on Aquatic Toxicity Testing of Difficult Substances and Mixtures 

OECD (2001). Guidance Document on Transformation/Dissolution of Metals and Metals Compounds in Aqueous Media 

Santore, R.C. and Driscoll, C.T. (1995). The CHESS Model for Calculating Chemical Equilibria in Soils and Solutions, Chemical 
Equilibrium and Reaction Models. The Soil Society of America, American Society of Agronomy 

Santore, R.C. and Di Toro, D.M. et al (1999). A biotic ligand model of the acute toxicity of metals. II. Application to fish and 
daphnia exposure to copper. Environ. Tox. Chem. Submitted 

Skeaff, J., Delbeke, K., Van Assche, F. and Conard, B. (2000) A critical surface are concept for acute hazard classification of 
relatively insoluble metal-containing powders in aquatic environments. Environ. Tox. Chem. 19:1681-1691 

Tipping, E. (1994). WHAM – A computer equilibrium model and computer code for waters, sediments, and soils incorporating 
discrete site/electrostatic model of ion-binding by humic substances. Computers and Geoscience 20 (6): 073-1023 

575





   
  /  

      
  
  





579

   

  /    
   )(  

 -    
 --                 

                                  
           .                          

                       .               
                    

        )            -      .(          
                                   

       )      .(  
 --                                 

  ) (                                ) (      
                )     .(               

/ .                    /        
        -  .  

 --                              
  :  

)(          (M0)                        .
                                

    .               
     

)(                       
                        .         
                        .     

                          
   .                               

         /   .  

  
)(  OECD Environment, Health and Safety Publications, Series on Testing and Assessment, No.29, Environment Directorate, 

Organisation for Economic Co-operation and Development, April 2001.  

579



580

 -    
 --              /    

                     
           .        :  

 --    / :     
 ---                                   

              /   .                    
                                           

  .  
 ---                               

        / .             
 .      .  

 --    / :      
 ---          /                       

              .   /      
         :      / .              /       

         . /           
 .    /                      /     

 .  /                /.  
 ---                  /               

                             .         
         ,           

 ,  ,        .  
 ---                                      

/                                   
    .            .   

                         .           
 .  

 -      
                         .     

             .  

580



581

 -       
        /               .         

         :  
)(          
)(     -   
)(        
)(    :  )  (  )     (  
)(   )/ (    
)(        )/(-            (BET)      - 

      
)(       
)(          
)(        
)(      (MSDS)   .  

 -      
 --     
 ---       :  

)(           )  ---(  
)(   / (ISO 6341))   ---(  
)(       )  ---(  
)(    :         ) ---(  
)(      )    Acrodisc    ,   (           

      )    ---(.                   
              

)(        ± ,°   ° - °    
      

)(   /    
)(          +,     

581



582

)(           
)(        
)(        )       )(         

         (              
        .  

 ---                     )    
 (           .          )   (           

               .            )             
  (                  / )       

     , .(  
 ---       (reconstituted)   ISO 6341

)(   / .
          )  ,   (       .         

 / )        :(  
  NaHCO3  :  , /  

  KCL  :  , /  
   CaCl2. 2H2O  :   /  

   MgSO4.7H2O  :   /  
                  

   - - -.  
 ---           , /.  
 ---                                       

                                    
             .                      

 :  
  (NaF)  :   /  

   (SrCl2, 6H2O)  :   /  
  (H3BO3)  :   /  

  
)(                /                 .

                                          
                               .    

  CaCl2 2H2O  MgSO4. 7H2O           ISO 6341  
     )    (       OECD 201.  

582



583

  (KBr)  :   /  
  (KCl)  :   /  

   (CaCl2, 2H2O)  :  , /  
  (Na2SO4)  :  , /  

   (MgCl2, 6H2O)  :  , /  
  (NaCl)  :  , /  

   (Na2SiO3, 9H2O)  :   /  
  (NaHCO3)  :   /  

           ± ,/      , ± , .          
    (ASTM E 729-96).  

 ---    /             
     .           - ,                   

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

                      ± ,                  
)    .(              .  

                       ,         -    
                    

 .  

583



584

  - :     
NaHCO3, /  , /  , /  , /  
KCl, /  , /  , /  , /  
CaCl2.2H2O, /  , /   /  , /  

  
 

MgSO4.7H2O, /  , /  , /  , /  
         (CO2) 

)  (    
,    ,    ,   )( ,   )(  

    ,  ,  ,  ,  

 :          (Facility for the analysis of chemical thermodynamics) 

http://www.crct.polymt/ca/fact/fact.htm).(  
 :                    ,-,               

  , .         ,    .  
 ---                                 

                   .                
   .  

 ---          /                    
                    .

           :  
)(                                    

           .                  ×    
          (PVC)         

)(      -                        
 .  

          .  
  - - -                  

                           - - -           
     .        /     

          >                               
     - - -       .                          

          ,    )              ,   (   
    .  

                     
   .  

584



585

 --     
 ---     

                                 
 .                                       

   .  
           :  

)(            
)(          
)(     ) (    )     (  
)(              
)(    )   (     
)(       
)(                )            

     .(  
 ---         

                             
   /        ---  ---.  

 ---       
 ----                                  

                                  )-     ( 
                 >    

    >   )    .(  
 ----                              

                                      
/       .                               

 .  
 ----          /              )      

   (              .    
  )-   (                                

 .  

585



586

                        )  /   / (  
        ---        ± ,°      °  - °               

         .                      ---    
                 .  

 ----              .  
 ----         :  

)(        
)(            
)(          .  

         .  
 --     
 ---     -      
 ----                            )       

             .(                         
      )  ---      ---(                 
       .                -          )       (   

         .  
 ----                  /             .

                    
                                 --- 

   )      (      .  
 ---    -     
 ----       ----.  
 ----                            /       

  )          ---(     .   
            --- .                          / 

                             .           
                     ,   .

                )   .(   
                 )       

     (          )-   (         .         

586



587

        ---   .    )             (         
 .                                       
 .               .                   

     .               
             .            /        )      (

     / )   (  .  
 --     
  - - -        /            ± ,°   

  °  - °.  
  - - -      /                    - - - 

   - - - .                         .   
      )±  ,   (                     

     /     )     (    
   .  

  - - -                   
   , /         , /  .     

                        
                  "   -   ."                   

 .  
 ---                    /       

    .  
 -     
 --     

           )  ) (.(  
 --    :  /  
 ---      

                            )   (
     / .       /:  

)(   :  
Ct   =   C0 + kt, mg/l  

587



588

:  
C0  =       )/ (    
Ct  =      )/ (  t  
k  =     / – .  

)(     :  
Ct   =   A (1-e (-kt) ), mg/l  

:  
A  =      )/ (    =  
Ct  =      )/ (  t  
k  =       /.  

)(     :  
A (1-e(-at) ) + B (1-e(-bt) ), mg/l Ct   =     

:  
Ct  =      )/ (  t  
a  =       /  
b  =       /  
C  =  A + B     )/.(  

)(    :  
Ct   =   a[1-e-bt - (c/n){1 + (b e-nt - n e-bt)/(n - b)}], mg/l  

:  
Ct  =      )/ (  t  
a  =    )/(  

b,c,d =    )/(  
n  =  c + d.  

         )    .(  
                             .    

                   .               
         .   r2   "  ".  

588



589

 ---      
                        /          
     /        --  --.  

 -     
           )   -  ---:(  

)(          
)(      
)(            
)(                    )      

   - - -    - - -    - - - (    
)(         
)(       
)(        
)(             
)(          
)(          )  (  
)(    )     (  
)(          
)(         
)(            
)(          
)(      .  

589





591

   

  
  

1. "Draft Report of the OECD Workshop on Aquatic Toxicity Testing of Sparingly Soluble Metals, Inorganic Metal Compounds 
and Minerals", Sept. 5-8, 1995, Ottawa 

2. OECD Metals Working Group Meeting, Paris, June 18-19, 1996 

3. European Chemicals Bureau. Meeting on Testing Methods for Metals and Metal Compounds, Ispra, February 17-18, 1997 

4. OECD Metals Working Group Meeting, Paris, October 14-15, 1997 

5. LISEC1 Staff, "Final report “transformation/dissolution of metals and sparingly soluble metal compounds in aqueous media - 
zinc", LISEC no. BO-015 (1997) 

6. J.M. Skeaff2 and D. Paktunc, "Development of a Protocol for Measuring the Rate and Extent of Transformations of Metals 
and Sparingly Soluble Metal Compounds in Aqueous Media. Phase I, Task 1: Study of Agitation Method." Final Report, 
January 1997. Mining and Mineral Sciences Laboratories Division Report 97-004(CR)/Contract No. 51545 

7. Jim Skeaff and Pierrette King, "Development of a Protocol For Measuring the Rate and Extent of Transformations of Metals 
and Sparingly Soluble Metal Compounds in Aqueous Media. Phase I, Tasks 3 and 4: Study of pH and of Particle Size/Surface 
Area.", Final Report, December 1997. Mining and Mineral Sciences Laboratories Division Report 97-071(CR)/Contract No. 
51590

8. Jim Skeaff and Pierrette King, Development of Data on the Reaction Kinetics of Nickel Metal and Nickel Oxide in Aqueous 
Media for Hazard Identification, Final Report, January 1998. Mining and Mineral Sciences Laboratories Division Report 97-
089(CR)/Contract No. 51605 

9. LISEC Staff, "Final report “transformation/dissolution of metals and sparingly soluble metal compounds in aqueous media - 
zinc oxide", LISEC no. BO-016 (January, 1997) 

10. LISEC Staff, "Final report “transformation/dissolution of metals and sparingly soluble metal compounds in aqueous media - 
cadmium", LISEC no. WE-14-002 (January, 1998) 

11. LISEC Staff, "Final report “transformation/dissolution of metals and sparingly soluble metal compounds in aqueous media - 
cadmium oxide", LISEC no. WE-14-002 (January, 1998) 

  
1. OECD Guideline for testing of chemicals, Paris (1984). Guideline 201 Alga, Growth Inhibition test 

2. OECD Guideline for testing of chemicals, Paris (1984). Guideline 202:Daphnia sp. Acute immobilisation test and 
Reproduction Test 

3. OECD Guideline for testing of chemicals, Paris (1992). Guideline 203: Fish, Acute Toxicity Test 

4. OECD Guideline for testing of chemicals, Paris (1992). Guideline 204: Fish, Prolonged Toxicity Test: 14- Day study(3)

5. OECD Guideline for testing of chemicals, Paris (1992). Guideline 210: Fish, Early-Life Stage Toxicity Test 

6. International standard ISO 6341 (1989 (E)). Determination of the inhibition of the mobility of Daphnia magna Straus 
(Cladocera, Crustacea) 

  
)(LISEC, Craenevenne 140, 3600 Genk, Belgium.  
)(CANMET, Natural Resources Canada, 555 Booth St., Ottawa, Canada K1A 0G1.  
)(             / .  

  

591




