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 ( ) . 1907/2006.

(2)  ( )
. 440/2008 

,

,
 2010/63/

,  22  2010, 

 (3),  86/609/ ,
 24  1986, 

,

 (4).

(3)
,

,
 ( )

,
,

,
 28 

,

,

,
,

.

(4) ,  ( ) . 440/2008 
.

(5)

 133  ( )
. 1907/2006,

EL19.3.2014  L 81/1

(1)  L 396  30.12.2006, . 1.
(2)  L 142  31.5.2008, . 1.

(3)  L 276  20.10.2010, . 33.
(4)  L 358  18.12.1986, . 1.



:

 1

 ( ) . 440/2008 
.

 2

.

.

, 24  2014.

José Manuel BARROSO

ELL 81/2  19.3.2014



 ( ) . 440/2008 :

1. .6 :

« .6.

1.  (TG) 105  (1995). 
 105 

 1981.  1981. 
.  “ ”  (1).

2. .

. ,
, , ,

 pH.

3. , ,
 10– 2 g/l, .

.
,

.

4.
.

5. ’ .  SI  kg/m3

 g/l.

6. .

7.  20 ± 0,5 °C. 
.

8. ,  0,1 g  (
), ,  10 ml 

. ,  10 
. ,  10 ml ,

,  100 ml. 
 1, .

,
 24 . ,  24 ,

,  (96 ’ )

.

 1

ml  0,1 g 0,1 0,5 1 2 10 100 > 100

 g/l
< 1 000 1 000 

200
200

100
100

50
50

10
10

1
< 1
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9.
,

(2). ,
.

10.  (  1) 
 (  2)  (  3). 

,
. ,

.

11.  1 .
 ( )

 ( ). ,
,

.
,  25 ml/ .

, , .
/ .

12.  3. ,
.

.
 25 ml/ .

 1

 mm

A.

.

C.  5

D.  19

.

F.
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 2

A.

.

C.

D.

.

F.

 3

A.  ( . .  2,5 )

.

C.

D.

.

F.

G.  ( ,  8 mm )

13.  600 mg  50 ml .

. , . . , ,
, ,

.  5 ml 
. , ,

, .
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14. , , . .
.

.

15. .  25 ml/ ,
10 .

. ,
,

± 30 % .
. ,

- .

16. .
,

 ± 30 % .

17. .
 10 megohm/cm  0,01 %.

18. , .
, .

,  50 % ,
.

19. ,
 Tyndall. ,

.

20.  pH , - .

21.  ( )
. , .

, , , ,
. ,

, ,
 (3).

22. :

— ,

— ,

— ,  ( )

— .

23.
. ,

 ( . . , ).
.  30 °C. 

, . .
.

 24 . ,

.
 30 °C , .
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 15 %, .
 1, 2  3 ,

.

24.  30 °C. 
,

.

25.  pH , - .

26. ,
. :

, , , .

27. ,
.

 30 %.

28. ,
 15 %.

29. :

— ,

—  ( ),

— ,  pH ,

—
,

— ,

— ,

— ,

— ,

— ,

— ,

— ,

— ,
.

30. :

— ,

—  ( ),
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— ,
,

—  pH ,

— ,

— ,

— ,

— ,

— ,
.

:

(1)  92/69/ ,  31  1992, ,
,  67/548/ ,

, ,
(  L 383  29.12.1992, . 113).

(2) NF T 20-045 (AFNOR) (September 1985). Chemical products for industrial use — Determination of water 
solubility of solids and liquids with low solubility — Column elution method.

(3) NF T 20-046 (AFNOR) (September 1985). Chemical products for industrial use — Determination of water 
solubility of solids and liquids with high solubility — Flask method.».

2. .23:

« .23  ( -1/ ):

1.  (TG) 123  (2006). 

-1/  (POW)  POW  8,2 (1). ,
 POW .

2. -1/  (POW)
“ ” (2)  POW
HPLC  (3).  “ ”  (artifacts) 

.  POW,

. ,  POW < 4. 
 POW

 HPLC  POW.
-1/

 (4), .

3. .
 (ring-test)  15 

 (5).

4. ,
-1/  (POW) . ,

POW , , . .
.  (6).
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5. -1/ ,
, . ,

-1/
, .

6. -1
. ,

. ,
 POW  POW  5 ,

 (2) .

7.  ( -1)
.

-1 (POW) -1
 (CO) -1 (CW).

POW = CO/CW

, .
 (log POW).  POW

.

8. , , -1
. , .

9.
. , ,

-1 .
.

-1  (1).

10.
, .

-1/
.

11.
. -

1/ . ,
-1/

. ,
 (  12).

12. -1 -
1/ , , ,

-1/  ( ) ,
 (7)(8). ,

-1/ ,  pH 
. .

 ( ) ,  pH 
.

 (8). 
 ( , ),

.
.

13.
POW, .

.
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14. .
, ,

99 % .
, .

,
, .

15.  POW
 POW .

16.  POW,
:

)

) -1

)  ( )  [  112  (9)]

)  (10)

)  (11)

)  (12)

)  (13).

17. , :

—  Teflon 
,

—
,

— .  POW
 (LOD) ,

, ,
. , ,

.  1 
,  LOD ,  POW .

 POW
,  Pinsuwanet al. (14):

log POW = 0,88 log SR + 0,41

SR = Soct/Sw ( ’ ),

 Lyman (15) .
 1 .

.
, . ., .

,
. ,

,  2. 
 2 

,

— ,
.
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18. ,
.

19.  POW -1
 (  + 99 %). -1 ,

, , . , -1.
-1 .

 POW
 HPLC. 

0,22 m
.

,  400 °C 
.

20. ,
.

.

21. -1 ( ).
-1/ -1

. ,  70 % 
,  0,1  (1). -1

.

22. -1 ( ).
 POW , -1

. ,
 POW > 5:

— -1 ( ),

— .
, ,

— -1 ,
-1,

— .
,

.

23. .
-1,

-1 , ,
.

-1 ,
.

,
.

24. , ,
, .
, .

, ,
. ,  ( . .

) .

25.  POW
. ,

, . ,  POW
, ,

.
 POW (1), . . Clog P (16), KOWWIN (17), ProLogP (18)  ACD log P 

(19).  (20-22).
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, .



26.  (LOQ) -1
. ,

-1 .

. , , ,
.

27. ,
.

. , , ,
,  (n = 

5).  1, 
,  LOD .

28.  (
) .

.

29.  POW ,
,

- . ,
.

,  ( ) ,
 ( . . 13C).

, . . 13C 2H, ,
,
. - , .

,
.

.

30. -1 , ,
. ,

(  > 10 %).

31. . ,
, , ,

, ,
, ,

.

-1/

32. -1,  LOQ -1
, ,

-1 . , -1
 (> 0,5 cm), 

-1, .

33.  POW 4,5 ,
 20  50 ml -1  950  980 ml .

34. ,
 1 °C.  25 °C.

35. ,
, .

36. , , .

37. -1/ . ,

-1 .
.

38.  POW .
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39. -1/

 p  0,05. 
. ,  POW

. ,
.  POW  8,23 

( ), 144 .
.

40. , -1.
.

41.  (
-1). ,

. , -1
, . .

.
-1 -1

.

42. , .
, .

 0,5  2,5 cm 
/ -1.  2,5 cm. 

, -1 ,
.  2,5 cm 

 (5). 
-1.

43.
. ,

, , .

44. .
 (  5 ml 

 2). , ,
.

.
, ,

/ -1.

45. -1  (  100 l)
-1,  100 .

. .
, -1 .

46. . ,
. ,

, .

47. ,  POW
( ) , .

 CO/CW . ,
.

48.  POW .
 POW

. ,
. ,

( ) , , ,
’ , .
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49. ’ , ,
 POW.  POW

.
.

50.
-1  [log (CO/Cw)].

. ,
,

-1. ,
 0  p  0,05, 

 Co/Cw .

 POW

51.  POW
 Co/Cw  Co/Cw ,

.
, .

 POW

52.  POW
, .

:

log POW,Av = ( wi × log POW,i) × ( wi)
–1

log POW,i =  POW  i

log POW,Av =  POW

wi =  POW  i.

 wi  POW,i (wi = var(log POW,i)
–1)

53.  POW  log Co/Cw
.

 POW,Av ( log Pow,Av), , ,
 POW,Av.

 (varlog Pow,Av) :

varlog Pow,Av = ( wi × (log POW,i - log POW,Av)2) × ( wi × (n - 1))–1

log Pow,Av = (varlog Pow,Av)0,5

 n .

54. :

:

— , ,  CAS,  (
)  (  17),

—  ( ) ,

—  ( ),

—  Pow,
.
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:

— ,

— ,

— -1 ,

— -1 ,

— -1

—  (
, ,  mm, , ),

—
,

— ,

— pH ,  pH 
,

—  (replicates).

:

— ,

— -1 , ,

— ,

— ,

— ,

—  Pow,Av ,

— ,

—  (
),

 (
),

/  (QA/QC),

— :  ( ).

:

(1) De Bruijn J.H.M., Busser F., Seinen W., Hermens J. (1989), Determination of octanol/water partition coefficients 
with the ‘slow-stirring’ method. Environ. Toxicol. Chem. 8: 499-512.

(2)  A.8 : .

(3)  A.8 : .

(4) OECD (2000), OECD Draft Guideline for the Testing of Chemicals: 122 Partition Coefficient (n-Octanol/Water): 
pH-Metric Method for Ionisable Substances, Paris.

(5) Tolls J. (2002), Partition Coefficient 1-Octanol/Water (Pow) Slow-Stirring Method for Highly Hydrophobic 
Chemicals, Validation Report, RIVM contract-Nrs 602730 M/602700/01.

(6) Boethling R.S., Mackay D. (eds.) (2000), Handbook of property estimation methods for chemicals, Lewis 
Publishers Boca Raton, FL, USA.
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(7) Schwarzenbach R.P., Gschwend P.M., Imboden D.M. (1993), Environmental Organic Chemistry, Wiley, New 
York, NY.

(8) Arnold C.G., Widenhaupt A., David M.M., Müller S.R., Haderlein S.B., Schwarzenbach R.P. (1997), Aqueous 
speciation and 1-octanol-water partitioning of tributyl- and triphenyltin: effect of pH and ion composition,
Environ. Sci. Technol. 31: 2596-2602.

(9) OECD (1981) OECD Guidelines for the Testing of Chemicals: 112 Dissociation Constants in Water, Paris.

(10)  A.6 : .

(11) .7 :  — :
pH.

(12) .4 —  II-VII (  A ) :  “ ”
.

(13)  A.4 : .

(14) Pinsuwan S., Li A.  Yalkowsky S.H. (1995), “Correlation of octanol/water solubility ratios and partition 
coefficients”, J. Chem. Eng. Data. 40: 623-626.

(15) Lyman W.J. (1990), Solubility in water, : Handbook of Chemical Property Estimation Methods: Environme
ntal Behavior of Organic Compounds, Lyman W.J., Reehl W.F., Rosenblatt D.H., Eds. American Chemical 
Society, Washington, DC, 2-1  2-52.

(16) Leo A., Weininger D. (1989), Medchem Software Manual, Daylight Chemical Information Systems, Irvine, CA.

(17) Meylan W. (1993), SRC-LOGKOW for Windows, SRC, Syracuse, N.Y.

(18) Compudrug L. (1992), ProLogP, Compudrug, Ltd, Budapest.

(19) ACD. ACD logP, Advanced Chemistry Development: Toronto, Ontario M5H 3V9, Canada, 2001.

(20) Lyman W.J. (1990), Octanol/water partition coefficient,  Lyman W.J., Reehl W.F., Rosenblatt D.H., (eds),
Handbook of chemical property estimation, American Chemical Society, Washington, D.C.

(21) Rekker R.F., de Kort H.M. (1979), “The hydrophobic fragmental constant: An extension to a 1 000 data point 
set”, Eur. J. Med. Chem. Chim. Ther. 14: 479-488.

(22) Jübermann O., (1958). Houben-Weyl, ed., Methoden der Organischen Chemie: 386-390.
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 1

 POW

:

—  = 10 %  5  = 50 % 
.

—  = 0,7 × .
, .

—  (LOD) = 100 ml.

—  Pow  Sw  Pow  SR (Soct/Sw)
.

 Sw

log Pow  log Sw Sw (mg/l)

4 (–)0,922 × log Pow + 4,184 0,496 3 133E+00

4,5 (–)0,922 × log Pow + 4,184 0,035 1 084E+00

5 (–)0,922 × log Pow + 4,184 – 0,426 3 750E-01

5,5 (–)0,922 × log Pow + 4,184 – 0,887 1 297E-01

6 (–)0,922 × log Pow + 4,184 – 1,348 4 487E-02

6,5 (–)0,922 × log Pow + 4,184 – 1,809 1 552E-02

7 (–)0,922 × log Pow + 4,184 – 2,270 5 370E-03

7,5 (–)0,922 × log Pow + 4,184 – 2,731 1 858E-03

8 (–)0,922 × log Pow + 4,184 – 3,192 6 427E-04

 Soct

log Pow  Soct (mg/l)

4 log Pow = 0,88log SR + 0,41 3 763E+04

4,5 log Pow = 0,88log SR + 0,42 4 816E+04

5 log Pow = 0,88log SR + 0,43 6 165E+04

5,5 log Pow = 0,88log SR + 0,44 7 890E+04

6 log Pow = 0,88log SR + 0,45 1 010E+05

6,5 log Pow = 0,88log SR + 0,46 1 293E+05

7 log Pow = 0,88log SR + 0,47 1 654E+05

7,5 log Pow = 0,88log SR + 0,48 2 117E+05

8 log Pow = 0,88log SR + 0,49 2 710E+05

(mg)
Massoct/Masswater

MassH2O
(mg)

ConcH2O
(mg/l)

Massoct
(mg)

Concoct
(mg/l)

1 319 526 2,5017 2,6333 1 317 26 333
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(mg)
Massoct/Masswater

MassH2O
(mg)

ConcH2O
(mg/l)

Massoct
(mg)

Concoct
(mg/l)

1 686 1 664 1,0127 1,0660 1 685 33 709

2 158 5 263 0,4099 0,4315 2 157 43 149

2 762 16 644 0,1659 0,1747 2 762 55 230

3 535 52 632 0,0672 0,0707 3 535 70 691

4 524 166 436 0,0272 0,0286 4 524 90 480

5 790 526 316 0,0110 0,0116 5 790 115 807

7 411 1 664 357 0,0045 0,0047 7 411 148 223

9 486 5 263 158 0,0018 0,0019 9 486 189 713

 H2O  LOD

log Kow LOD (micrograms/l)  0,001 0,01 0,10 1,00 10

4 0,04 0,38 3,80 38 380

4,5 0,09 0,94 9,38 94 938

5 0,23 2,32 23,18 232 2 318

5,5 0,57 5,73 57,26 573 5 726

6 1,41 14,15 141 1 415 14 146

6,5 3,50 34,95 350 3 495 34 950

7 8,64 86,35 864 8 635 86 351

7,5 21,33 213 2 133 21 335 213 346

8 52,71 527 5 271 52 711 527 111

 LOD (l)
0,1

 < 10 % ,  1 .

 < 10 % ,  2 .

 < 10 % ,  5 .

 < 10 % ,  10 .

 10 %  10 .

 Pow

 H2O  LOD (ml)

log Pow Sw (mg/l) LOD (micrograms/l)  0,001 0,01 0,10 1,00 10

4 10 0,01 0,12 1,19 11,90 118,99

5 0,02 0,24 2,38 23,80 237,97

3 0,04 0,40 3,97 39,66 396,62

1 0,12 1,19 11,90 118,99 1 189,86
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log Pow Sw (mg/l) LOD (micrograms/l)  0,001 0,01 0,10 1,00 10

4,5 5 0,02 0,20 2,03 20,34 203,37

2 0,05 0,51 5,08 50,84 508,42

1 0,10 1,02 10,17 101,68 1 016,83

0,5 0,20 2,03 20,34 203,37 2 033,67

5 1 0,09 0,87 8,69 86,90 869,01

0,5 0,17 1,74 17,38 173,80 1 738,02

0,375 0,23 2,32 23,18 231,75 2 317,53

0,2 0,43 4,35 43,45 434,51 4 345,05

5,5 0,4 0,19 1,86 18,57 185,68 1 856,79

0,2 0,37 3,71 37,14 371,36 3 713,59

0,1 0,74 7,43 74,27 742,72 7 427,17

0,05 1,49 14,85 148,54 1 485,43 14 854,35

6 0,1 0,63 6,35 63,48 634,80 6 347,95

0,05 1,27 12,70 126,96 1 269,59 12 695,91

0,025 2,54 25,39 253,92 2 539,18 25 391,82

0,0125 5,08 50,78 507,84 5 078,36 50 783,64

6,5 0,025 2,17 21,70 217,02 2 170,25 21 702,46

0,0125 4,34 43,40 434,05 4 340,49 43 404,93

0,006 9,04 90,43 904,27 9 042,69 90 426,93

0,003 18,09 180,85 1 808,54 18 085,39 180 853,86

7 0,006 7,73 77,29 772,89 7 728,85 77 288,50

0,003 15,46 154,58 1 545,77 15 457,70 154 577,01

0,0015 23,19 231,87 2 318,66 23 186,55 231 865,51

0,001 46,37 463,73 4 637,31 46 373,10 463 731,03

7,5 0,002 19,82 198,18 1 981,77 19 817,73 198 177,33

0,001 39,64 396,35 3 963,55 39 635,47 396 354,66

0,0005 79,27 792,71 7 927,09 79 270,93 792 709,32

0,00025 158,54 1 585,42 15 854,19 158 541,86 1 585 418,63

8 0,001 33,88 338,77 3 387,68 33 876,77 338 767,72

0,0005 67,75 677,54 6 775,35 67 753,54 677 535,44

0,00025 135,51 1 355,07 13 550,71 135 507,09 1 355 070,89

0,000125 271,01 2 710,14 27 101,42 271 014,18 2 710 141,77

 LOD (l)
0,1
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 2

 POW

»

3.  B.2 :

«B.2.

1.  403  (2009) (1). 
 403 (TG 403)  1981. 

.2 (  TG 403) 
, .

:  LC50  “  × 
” (C × t). 

- ,
 (LC50),  ( . . LC01) ,

.  C × t 

,  [ . .
 (AEGL), 

 (ERPG)  (AETL)] .

2.
 (GD 39) (2).

3.
 GD 39 (2).

4.
,  ( )

. 1272/2008 (3).  GD 39 (2) 
.

, .52  (4) [  GD 39 (2)]. 
.2 ,

.
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5. ,
,  [ . .

.52  (4)], 
, .

, , , ,
, , ,

 in vitro  in vivo, ,
 (Q)SAR  [  GD 39 (2)].

6. /
/ . /

,
 ( . . /

),  in vitro [ . .  B.40 (5)  B.40  (6) 
 TG 435 (7) ],  pH, 

, .
 ( . . ),

,
. , ,

, -
.

 [  GD 39 (2)].

7. .2
, ,

,  ( . . LC50, LC01 )
. .

 ( ) ,
, ,  4 .

.
C × t,  ( )

.

8. , ,

.
, ,

. 19 
 (8).

9. .
, , .

10. . ,
,  8  12 ,

 ± 20 % , ,
. .

 5 
.

,
.

11.  22 ± 3 °C. 
, ,  30  70 %, 

. ,
,

.
, .

.
,  ( ) /

.
, .

,
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. ,
, .

,  12 .

12.
.  ( ,

).
.

, .
,

 5 % . ,
,  GD 39 (2).

13. ,  6 .
,  4 .

,  [  GD 39 (2)]. 
,

.
. ’ .

14. , , .
,

/
.

. .

15. ,
.

,  (MMAD) 1  4 m,
 ( g) 1,5  3,0 (2) (9) (10). 

,
. , ,

,  (
) .

16.
. , .

,
.

 ( . . ),
. ,

.
.

.
,

.

-

17.  ( ) .
, -

.
,

. .

18. ,
.

 ( )
.

,
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.
 (2) (11). 

19 %  1 %. 
, .

19.  22 ± 3 °C. ,
,

,  4 , , .
, ,  30  70 %, 

 ( . . )
.

:

20. , .

.
,

, ,
.

:

21.
.  ( . .

, )
, .

, , .
. ,

. ,
 ( , )

. ,
.

, ,
.

22. , ,
, .

, ,
, .

, , : ,
.

, ,
,  ( . . , . .).

23. /
, . ,

.
, ,

’ . ,
.

 ± 10 %, ,  ± 20 % .
 (t95).

,
 t95.  t95  GD 39 (2).

24. /  ( . .
/ ),

. ,
-  ( ), ,  ( / ).

,
 ( ).

 GD 39 (2).

EL19.3.2014  L 81/23



:
25.

, ,
.

, ’
. ,

/ ,
. ,

,  [  GD 39 (2)]. 
,

. ,
. ,

,

 (  15).

26. :  C × t. 
, /  (

)  (C × t). ,
.

,
. ,

. ,
.52  (4) 

 [  GD 39 (2)].

:
27. ,

(  4 ) .
( )  ( ).

,
, .52  [  GD 39 (2)].

:
28. ,

. ,
,  (Q)SAR 

.
 (  3 /

). , , ,
.

.
.52 (4)  [  GD 39 (2)].

:
29. ,

. ,
.

,
.

, .

30. .
 ( ) . 1272/2008, ,  20 000 ppm, 20 mg/l 

 5 mg/l,  ( ) (3). 
, .

,
(MMAD 1-4 m).  2 mg/l. 

 2 mg/l 
 [  GD 39 (2)].  ( ) . 1272/2008 

 (3). 

 (3) 
. ,

. ,
, ,

.
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31. ,
 (

).
, .
 50 % , .

,
. ,

.

:

32. H  (  5 
, ) .

.
, .

. ,
. ,

,
.

,  GD 39 (2).

 “  × ” (C × t)

:  C × t

33.  C × t 
 (12) (13) (14). 

.
 (

).  1 .
,  C × t 

 LC50,  C × t  LC01  LC10 (15).

34.  C × t ( ,
, )  4 

 5 . ,
 C × t (15).  2 

, .
,  (

),  5 .
 C × t 

 GD 39 (2).

:  C × t

35.
.

/ /  [ ,  III 
GD 39 (2)] 

.
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 240  90  ( . .

, ),  120 ,
 100 %. ,

 ( . . 90, 65, 45, 33  25 ).

7.
. ,

 ( ).

8. ,
-  (  1). 

,  (5 ).
 5 .

9.  ( )
- -  (16). ,  C × t, 

 (
).

EL19.3.2014  L 81/31



 1

- -

 =  = 

 =  = 

 =  LC50 (  7,5-240 )  n = 1

 =  LC50 (  7,5-240 )  n = 1

 =  LC50 ,  n = 2 (12)

:

:

10. :

 —  (  1)

— 1 / /  10  ( )

—  ( ) = .
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, .
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—  ( ) (2L)  (
2  1).

 C × t

11.  C × t  4  5  20  25 
, .  C × t 

(16):

 1:

Probit(P) = b0 + b1ln C + b2ln t

 C =  t = 

 2:

Response = ƒ(Cnt)

 n ¼ b1=b2:

 1  LC50  ( . . 4 , 1 , 30 
)

= 5 (  50 %).  Haber  n = 1.  LC01
 P = 2,67.
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— ,  (MMAD) 
 ( g), .

.

ELL 81/128  19.3.2014



— ,

.
,

,

—  ( )
,

—  (
),

— .

— , ,

— ,

— , ,
 MMAD g,

—  (
, , , ,

),

— , ,
,

,

— , ,

—  CLP  LC50.

—
, . . .

— ,
.

—

.

—  (
).

—
,

 (7).
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 1

: .
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 2

 (ppm/4 )

 (1)

.

 2 :  100 ppm

 2 :  500 ppm

 2 :  2 500 ppm

 2 :  20 000 ppm

.
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(1)  (GHS). 
 ( ) . 1272/2008. ,

( ) . 1272/2008 (9)  5.



 2

 100 ppm/4 
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 2

 500 ppm/4 
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 2

 2 500 ppm/4 
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 2

 20 000 ppm/4 
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 3

 (mg/l/4 )

 (1)

.

 3 :  0,5 mg/l

 3 :  2,0 mg/l

 3 :  10 mg/l

 3 :  20 mg/l

.
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(1)  (GHS). 
 ( ) . 1272/2008. ,

( ) . 1272/2008 (9)  5.



 3

 0,5 mg/L/4 
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 3

 2 mg/L/4 
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 3

 10 mg/L/4 
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 3

 20 mg/L/4 
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 4

 (mg/l/4 )

 (1)

.

 4 :  0,05 mg/l

 4 :  0,5 mg/l

 4 :  1 mg/l

 4 :  5 mg/l

.
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(1)  (GHS). 
 ( ) . 1272/2008. ,

( ) . 1272/2008 (9)  5.



 4

 0,05 mg/L/4 
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 4

 0,05 mg/L/4 
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 4

 0,05 mg/L/4 
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 4

 0,5 mg/L/4 

9. .10 :

« .10. : .10-A:
 — .10- :

.10-A:

1.  (TG) 303  (2001). 
 ’50 

.
, , .

.
 ( ).

, .

2.  300 ml 
2 000 ml. ,

,
, . . Swisher (1). . ,

, ,
.
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3.
Husmann (2)  (Porous Pot) (3)(4), 

. ,
, . . Eckenfelder (5). 

,
, .4, 4-A

4-  (6). 
 ( )

.
 [ .12 (7) .19 (8) ],

,
 (9)(10)(11).

4.
.

 (DOC). .
, ,

,
, .

, , .
 ISO 11733 (12), 

, .

5.
’ . ,

’
. ,

:  Birch 
(13)(14)  6. ,

.  Monod, 
 6,  1 mg/l ,
, .  7 

, ,
 6, 

.

6. ,
.  Gerike et al. 

 (15).  (  2 .,  60 L) 
 2 l .  Baumann et al. (16) 

 “ ”  1  (  14 mm), 
 30 . ,

 (C) ,
 DOC  CO2 .

7.  (15). ,
,  (  250 ml/ ),

,  DOC /
.

8. /

.
.

9.  ( )
, .

,  6  ( )  6 
 10 . ,

 10 mg/l  20 mg/l  (DOC) 
 ( ) . -

.

10.  DOC, ,
 (COD)  ( )

, .
DOC  COD 

.  DOC  COD ,
,

.
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11. ,
- , , ,

.

12. ,
, . ,

 (  5). 
,

/ , . .  (ThOD), 
 (DOC)  (COD).

13.  (
 4) 

.

14.  ( )
,  80 % 

.  80 %, 
 ( )

 90 % .
/

.  (
). ,  DOC > 90 % 

 > 80 %  90 % 
.

15.  ( . . )  (
10 mg C/l) .

, .
,

,
. ,

,
 (  7).

16. ,
.

,  2- ,  1- , ,  1- 
. . (9)(10)(11).

17.
.  ( )  (replicates) 

 (10-15 %)  80 % 
, .
,  ( . . 10 %, 90 %) 

 9 .

18.
,

’ , .

19. - .
 ( ),

. -
.  (  3), 

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

,
, .
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20. ,  3 
,  ( ),  1,5 .

, , .
, .

,
.

, .

21. , ,
,

.
 90 m  2 mm. 

. , ’
. , , .

.
. , ,

.
, . ,

.

, , , ,
.

22. ,
 ( ) . ,

.
’ , .

23.  (
0,45 m),

. ,
. ,

 40 000 m/s2.

24. :

— DOC ( )  TOC ( )  COD (
),

— , ,

— , p , ,

— , ,

— , .

25. ,  3 mg/l DOC. .

26.  2 mg/l DOC.

27. , .  (11)(14) 
 DOC 

. ,
, . ,

.  DOC  COD .
.

,  (
)  p  7,5 ± 0,5 .

. ,  DOC (  COD) 
, . . .
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28. : , 160 mg , 110 mg , 30 mg, 
 (K2HPO4), 28 mg  (NaCl), 7 mg  (CaCl2. 2H2O),

4 mg  (Mg2SO4.7H20), 2 mg. 
 DOC  100 mg/l. ,

,  DOC, 
. , ,

 1:1,  50 mg/l. 

.

 1 °C . , . (
, . . ,

, ,
).

29. ,
. , ,

, .
 ( , )  4 °C ,

 DOC (  COD)  (  20 %) 
. ,  DOC (  COD) 

, . . .

30.
,

.

31. ,
( . . 1  5 g/l)  (

,  5).  DOC  (TOC) 
.  DOC 

TOC  20 %, .  DOC 

,  (
 > 90 %). , ,  DOC 

. .  DOC,  COD 
.

32.  p .
 p . ,

,  p  7 ± 0,5, ,
.

33.
.

34. ,
.

 24 . ,

, .
, .

, , ,
.

 2,5 g/l.

35. ,  2 ml/l  10 ml/l 
. ,

, . . . ,
.
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36. ,
,

.
(  20-25 °C) .

 (  27-29). ,
 (  34, 35). ,

, .
 (  20, 21) 

.
 6 ,  0,5 l/ .

, ,
.

 ( ) .

37.  1 ,
4 °C ,

 (  29). ,
 4 °C  ( . .

10 ,  28). 
. , ,

.

38.  (  31) 
, , .

 10 mg/l  20 mg/l DOC, 
 50 mg/l. 

,  DOC  5 mg/l 
,  (

, ,
,  5).

39.
 (  80 %)  DOC .

, .
,
.  ( ) 2,5 g/l ( ) ,

,

. ,
/ .

40. , ,
,  1  3 g/l ( ),

, ,
.

41.
 1 g/l  3 g/l ( )

,  6  10 . , ,
 8 ,  1/8 

. , ,
.

 (SRT), 
.

42. , , ,
, .

.
, .

,
 (  21).

43.  Husmann ,
,

:
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—  ( , 2 ml/  FeCl3 50 g/l) 
, . . ,

 FeCl3,

— ,
,

 (
12 ),

—  ( . . 5  2,5 
 1 l/  1,5 l/ ,

—
 ( . . ),

— ,  ( . . 10 ),

—  ( . . 3  10 ).

44. ,  pH 
.  (> 2 mg/l) 

 (  20 °C  25 °C).  pH 
7,5 ± 0,5 

 (  27). 
,  1 mg  7 mg CO3

–.

.

45.  DOC  COD .

 (  31), 
. ,

.

46.  ( . .  24 )
 0,45 m  40 000 m/s2  15 .

.  DOC  COD 
, , ,

.

47.  COD , ,
 (  30 mg/l). ,

,
.

48. .
. ,  1 

 6 ,
. ,

15  (  59),  3 .
,  ( . . > 90 %)  15 

,  3 . ,
 12 .

49. ,
,

, / .

50. , .
,  4 °C , , ,

.  48 ,
,  ( . . 10 ml/l  400 g/l) 

 ( . . 20 ml/l  (II) 10 g/l). 
.
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51.  (  3), 
(150 ml  1 500 ml  3 )

- . ,
.

 (  55).

52.  DOC  COD 
, :

Dt ¼ Cs Ä ðE Ä EoÞ
Cs

Ü 100 

Dt = %  DOC  COD  t

Cs = DOC  COD ,
 (mg/l)

E =  DOC  COD  t (mg/l)

Eo =  DOC  COD -  t (mg/l)

53.  DOC  COD -
.

:

DB ¼ CM Ä Eo

CM
Ü 100 

DB = %  DOC  COD -  t

CM = DOC  COD -  (mg/l)

,  DOC  COD 
:

DT ¼ CT Ä E 
CT

Ü 100 

DT = %  DOC  COD 

CT = DOC  COD 
(mg/l)

54. ,
, :

DST ¼ Si Ä Se

Si
Ü 100 

DST = %  t

Si =
(mg/l)

Se =  t (mg/l)
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55. ,
 (  3). 

 6 
,  (Dt,  52) 

, , Dtc,
:

Dtc ¼ 4Dt Ä 100 
3

56.  Dt (  Dtc)  Dst, ,
 (  2).  (

 DOC) .

57.  DOC ,
.

.
 DOC ’ .

, , ,
. , ,

,  DOC 
.

58. ,
. ,

, . ,
.

 10 %  (
, ).

.

59.
.  3 

 15 .

60.  (Dt) .
,  (1 %), 

.  95 % .

61.  DOC  COD 
-  (DB) .

 (  60).

62.
, ,

(  58, 59), .
,

. ,
 ( . . ),

.  [ .4,
,  (6)] 

[ .4,  (6)]  ISO (18), 
.  DOC, 

,
 ( )

, .
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63. ,
 (  53) - .

 DOC  COD -  > 80 % 
.

64.  ( ),  (Dt,
 52),  > 90 %.

65. , <1 mg/l 
<2 mg/l .

66.  (  63-65), 
, .

67. :

:

— ,

— , , .

:

— ,

— ,

— , ,

— , , ,

— :  DOC  TOC, ,
, ,  DOC 

 10  20 mg/l, , , ,

— , ,
, . .,

— ,

— ,

— ,  ( ),  (MLSS),

—
.

:

—  (DOC, COD, , pH, , ,
, , ,

—  Dt (  Dtc), DB, DSt ,

— , ,
-

,
,

— .
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 1

 1

 Husmann

A.

.

C.  (  3L)

D.

.

F.

G.

H.

 2

A.

.

C.

D.

.

F.

G.
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 3

 3 
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 3

[ ]

,
, - , ,  (1). 

.
 Husmann,  (2)(3). 

,
 Husmann , ,

.

,
.

, ,
.  (1).

 DOC  COD :

Dtc = (Dt - 100  a  r/12)/(1 - a  r/12) %

Dtc =  %  DOC  COD

Dt =  %  DOC  COD

a = 

r =  ( )

, ,  (a = 0,5) 
 6 , :

Dtc ¼ 4Dt Ä 100 
3

:

(1) Fischer W., Gerike P., Holtmann W. (1975), Biodegradability Determinations via Unspecific Analyses (Chemical 
Oxygen Demand, DOC) in Coupled Units of the OECD Confirmatory Test. I The test, Wat. Res. 9: 1131-1135.

(2) Painter H.A., Bealing D.J. (1989), Experience and Data from the OECD Activated Sludge Simulation Test. 
pp. 113-138, : Laboratory Tests for Simulation of Water Treatment Processes CEC Water Pollution Report 18, 
Eds. Jacobsen BN, Muntau H, Angeletti G.

(3) Painter H.A., King E.F. (1978), Water Research Centre Porous Pot Method for Assessing Biodegradability, Technical 
Report TR70, Water Research Centre, Stevenage, UK.
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 4

1.  ( )
.

,  ( ).
,

 (1). 
 [ .11  (2) 

ISO 8192(3)]  [ISO 15522 (4)].

2. , ,  (DOC) 
 COD -

 DOC . ,  DOC 
(  BOD,  COD / +

4)
. ,

,
, ,

. ,  ( )
, ,

, /
.

3. , ,
, .

4.
, , ,

.

5. :

, Ro,  BOD, DOC, COD . .
:

Ro = 100 (I - E)/I %

:
 =  BOD, DOC, COD . ., ,  (mg/l)

E =  (mg/l).

 DOC 
, .

:

%  = 100 (Rc - Rt)/Rc

:
Rc = -
Rt =

:

(1) Reynolds L. et al. (1987), Evaluation of the toxicity of substances to be assessed for biodegradability, Chemosphere 16: 
2259.

(2) .11 :  — : .

(3) ISO 8192 (2007) Water quality — Test for inhibition of oxygen consumption by activated sludge for carbonaceous 
and ammonium oxidation.

(4) ISO 15522 (1999) Water Quality — Determination of the inhibitory effect of water constituents on activated sludge 
microorganisms.
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 5

 — 

 (1)(2)(3).

.  ISO 10634 (4) 
:

/ .  24 
. , ,  (  38) 

 ( ) .

,
.  DOC , ,

, ,
. ,

. ,  “ ”
. , .

 [ .4
 (5), , , ],

.

,
. ,

.
,

.
, -
 Tenax , .

.

. ,
. ,

.
 (Rvs) .

,  ( )
.  DOC  COD 

. ,
, .

(RT)  ( ),  (RV)
.

:

) ,  (RVP)
:

RVP ¼ SVP

SIP
 100 

RVP =  (%),

SVP = ,  (mg/l),

SIP =  (mg/l).

) ,  (RV)
:

RV ¼ SV

SI
 100 

RV =  (%),

SV = ,
 (mg/l),

SI =  (mg/l).
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) ,  (RT)
:

RT ¼ 1 Ä SE

SI
 100 

SE =  ( )  (mg/l).

) ,  (RBA)
:

RBA = (RT - RV)

.
, .

)  (Rv)
 (Rvp)

.

:

 = 4 

,  = 8 

SIP = SI = 150 mg/l

SVP = 150 mg/l (SEP = 0)

SV = 22,5 mg/l

SE = 50 g/l

,

RVP = 100 %, RV = 15 %

RT = 100 %  RBA = 85 %.

.

:

(1) Horn J.A., Moyer J.E., Hale J.H. (1970), Biological degradation of tertiary butyl alcohol, Proc. 25th Ind. Wastes 
Conference Purdue Univ.: 939-854.

(2) Pitter P., Chudoba J. (1990), Biodegradability of organic substances in the aquatic environment. CRC Press. Boston, 
USA.

(3) Stover E.L., Kincannon D.F. (1983), Biological treatability of specific organic compounds found in chemical industry 
waste waters. J. Wat. Pollut. Control Fed. 55: 97.

(4) ISO 10634 (1995) Water Quality - Guidance for the preparation and treatment of poorly water-soluble organic 
compounds for the subsequent evaluation of their biodegradability in an aqueous medium.

(5) .4 :  “ ” .
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 6

 (SRT) 

1.
 ( , , )

.
.

.
 (SRT) 

 SRT , .

2.  (1)(2)  SRT  24  (
), . ,

.
 SRT, 

.

3.
.  Monod 

 (1)(2) ,
,

 1 mg/l. 
 (2)(3).

: .10-
.

4. ,  ( )
 (SRT s),

 (SRT) , , .
 2  10  5  20 °C. , ,

 (3  6 )
. , -

.

5. ,
 SRT. , ,

. ,

.

6. , ,
,

,  DOC. ,
,  DOC, 

.
.

7.  12  13 .10-A.

8.  14  15 .10-A.

9.  16 .10-A.
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10.  17  18 .10-A.

11.  (  6.1). 
 ( )  3,2 mm, 

90 m, . (
 21 .10-A).

, : ,
, ,

 (3 L). ,
.

,
 2 mg/l.

12.  5  20 °C (± 1 °C), 
.

 (0-1,0 ml/  0-25 ml/ 
, ), .

,
, . .  10 ,

 3 ml/ ,  0,5 ml/ .

13.  23 .10-

14.  24 .10- .

15.  25  26 .10- .

16.  27 .10- .

17.  28 .10- .

18.  29 .10- .

19.  30 .10- .

20.  31  32 .10- .

21.  34 .10-  —  (  2,5 g/l).

22. , ,  SRT, 
 4 

5  SRT. ,  2  10 . ,  4 
5  SRT .  SRT, 

 5  20 °C. 
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 ( ) . ,
- , ,

. ,
-

.

23.  36  39 .10- ,
.

, ,  ± 10 %, , , . .
. , , ,

, .

24.  40  43 .10-A,
“ ” .

25.  44  50 .10- ,
, ,  DOC,  COD.

26.  52  54 .10-A.

27.  56  62 .10- .

28.

.  [6]  6.2, 
 KS, m SC, .

( ,  KS m
 2 (  6.2) 

. ,
 KS m.)

29. .
,

 (  5 ), .
 Grady et al. (4), 

“ ”  “ ”
.

,
.  “ ” . ,

,  “ ”
. ,

(So/Xo) , . . 0,025, , . .
20. ,  So  Ks, 

.

30.  SETAC (5). 
, ,

,
.
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(1) Birch R.R. (1982), The biodegradability of alcohol ethoxylates, XIII Jornado Com. Espanol Deterg.: 33-48.

(2) Birch R.R. (1984), Biodegradation of nonionic surfactants, J.A.O.C.S. 61(2): 340-343.

(3) Birch R.R. (1991), Prediction of the fate of detergent chemicals during sewage treatment, J. Chem. Tech. Biotechnol. 50: 
411-422.

(4) Grady C.P.L., Smets B.F.  Barbeau D.S. (1996), Variability in kinetic parameter estimates: A review of possible 
causes and a proposed terminology, Wat. Res. 30 (3): 742-748.

(5) Biodegradation kinetics: Generation and use of data for regulatory decision making (1997), Workshop at Port 
Sunlight, UK, Eds. Hales S.G., Feitjel T., King H., Fox K., Verstraete W., 4-6th Sept. 1996, SETAC- Europe, Brussels.

EL19.3.2014  L 81/167



 6.1

 (SRT)
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 6.2

1.  Monod 
 (1), 

:

1

s
¼ m  S1

Ks þ S1
Ä Kd [1]

S1 ¼ Ks ð1 þ Kd sÞ
s ð m Ä KdÞ Ä 1 [2]

S1 = , (mg/l)

KS = ,  = m/2 (mg/l)

 =  ( – 1)

m = m( – 1)

Kd =  ( – 1)

S = , SRT ( )

:

i) H  (S0). ,
, S0.

ii)  S1 , S.

iii) , S0, , :

1

SC
¼ s  S0

Ks þ S0
Ä Kd [3]

SC = ,
.

iv)  (2) ,
, ,

, .

2.
, X2 , X1,

s ¼ V  X1

ðQ0 Ä Q1Þ  X2 þ Q1  X1
[4]

s ¼ V  X1

Q1  X1
¼ V

Q1

V =  (l)

X1 =  (mg/l)
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X2 =  (mg/l)

Q0 =  (l/ )

Q1 =  (l/ )

,
, Q1.

:

3. , ’
, .

4.  S1 S,
, SC, . .  3  1. , SC,

m  KS,  S1,  S1• S.

 (1) 

S1 s

1 þ s  Kd
¼ Ks

m
þ S1

m
[5]

 Kd ,  1 + s • Kd ~ 1  [5] :

S1 s ¼ Ks

m
þ S1

m
[6]

,  (  2)  1/ m  KS/ m,
S ~1/ m.

 1

,  SRT
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 2

 SRT  S1  S1  T = 5 °C

:
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 7

 ( g/l)

1. , , ,
 ( g/l). , ,

,
. ,

 6. ,
, .

.

2. ,  ( .10- ),
,  (< 100 g/l)

.  (  54 
),  ( , . .).

 Nyholm  (1)(2),  4 
. -  5 

 5  100 g/l. (
14C.

, ,
 ISO 14592 (3) 14C .

 SCAS

3.  (4)(5)(6):  (Semi-Conti
nuous Activated Sludge — SCAS) 

 SCAS.  SCAS  (
.12) .

 (  pH )
, ,  ( )  COD 

 750 mg/l, .
 24 :  23 , , ,  ( ) ,

,  100 g/l (
).  10 % 

.

4.
.

.

5.  ( . . 8 )  ( )

. ,  SCAS —
, —

(  3, 4). ,  SCAS 
. ,
 1-50 g/l,

. , . . ,
,  24 .

.

6.  SCAS 
 (  54). , K1 (

) :

K1 ¼ 1=t  ln
Ce

Ci
 1=SSð1=g hÞ

t =  (23 )

Ce =  ( g/l)

Ci =  ( g/l)

SS =  (g/l)

7.
 (  10-50 %)  K1,

 ( ) .
.

,
, ,  ( ) .
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8.  SETAC (7). 
, ,

,
.

:

(1) Nyholm N., Jacobsen B.N., Pedersen B.M., Poulsen O., Dambourg A.  Schultz B. (1992), Removal of micropollu
tants in laboratory activated sludge reactors. Biodegradability, Wat. Res. 26: 339-353.

(2) Jacobsen B.N., Nyholm N., Pedersen B.M., Poulsen O.  Ostfeldt P. (1993), Removal of organic micropollutants in 
laboratory activated sludge reactors under various operating conditions: Sorption, Wat. Res. 27: 1505-1510.

(3) ISO 14592 (ISO/TC 147/SC5/WG4, N264) (1998), Water Quality - Evaluation of the aerobic biodegradability of 
organic compounds at low concentrations in water.

(4) Nyholm N., Ingerslev F., Berg U.T., Pedersen J.P.  Frimer-Larsen H. (1996), Estimation of kinetic rate constants for 
biodegradation of chemicals in activated sludge waste water treatment plants using short-term batch experiments and 

g/l range spiked concentrations, Chemosphere 33 (5): 851-864.

(5) Berg U.T.  Nyholm N. (1996), Biodegradability simulation Studies in semi-continuous activated sludge reactors with 
low ( g/l range) and standard (ppm range) chemical concentrations, Chemosphere 33 (4): 711-735.

(6) Danish Environmental Protection Agency (1996), Activated sludge biodegradability simulation test, Environmental 
Project, No. 337, Nyholm N., Berg U.T., Ingerslev F., Min. of Env. and Energy, Copenhagen.

(7) Biodegradation kinetics: Generation and use of data for regulatory decision making (1997), Workshop at Port 
Sunlight, UK. Eds. Hales S.G., Feitjel T., King H., Fox K.  Verstraete W., 4-6th Sept. 1996. SETAC- Europe, Brussels.

.10-B:

1.
 [ .4,  (9)], 

. ’ ,
,

,  ( .10-A). , ,

, ,
, . .

2.  Gerike et al. (1) , .
.  Truesdale 

et al. (2)  (6  × 6 )
, .  14 

 “ ”  4-8 
, .

3.  Baumann et al. (3) ,  “ ”
, .

 (DOC) ,  CO2
.

4.  Gloyna et al. (4), 
.

, ,
.

 (5), 
 (6). ,

 CO2 .
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5.  ( )
 (7) 

 (8). 
, ,

.

6. , ,
.

, .
, ,

.

7. /
 (DOC) / . ,

- .
 DOC 

.
 (  DOC) .

8. ,
- .

( ),
.

9. , ,
, .

10. ,
 (  5 .10- ). ,

, /
, . .  (ThOD),  (DOC).

11.  (
4 .10- )

.

12. ,
80 %, .  80 %, 

 ( )
 90 % . ,

, /
,

. ,
 DOC  > 90 %  > 80 % 

90 % .

13. ,
, .

,  2- ,  1- ,  1- .

14.
3,5 %  5 % (7).

15.  (  8,  1  2) 
30,5 cm  5 cm , ,

. ,  0,5 cm,
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,
 ( )  0,5 cm .

.
, .

.

16. ,
,  CO2

 (6).

17.  20 L, , ,  24
, ,  ( ) (  2). ,

.
, . . ,

 ( ),  2  4 cm 
( )  (C). 

,  (D). 
.

18.  (
0,45 m), .

,
. ,

 40 000 m/s2.

19. :

— DOC/  (TOC)  (COD),

—  (HPLC, . .), ,

— pH, , ,

— , .

20. ,  3 mg/l DOC.

21.  2 mg/l DOC.

22. , .
 DOC (

)
. , , .

 DOC  COD .
. ,

 ( )
p  7,5 ± 0,5 .

.

23.  1 : , 160 mg , 110 mg , 30 mg
 (K2HPO4), 28 mg  (NaCl), 7 mg  (CaCl2.2H2O),

4 mg  (MgSO4.7H2O), 2 mg. 
 DOC  100 mg/l. ,

,  DOC, 
.

 1 °C . ,
. ( , . . ,

, ,
).
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24.
.

.
 4 °C ,  DOC (  COD)  (

 20 %) . ,
DOC (  COD) , , , . .

.

25. :
.

26. ,
( . . 1  5 g/l) . ,

 5 .10-A. ,
 (  16).  DOC  TOC 

.  DOC 
 TOC  20 %, .

 DOC ,
, ,

 (  > 90 %). , ,  DOC 

. . ,  DOC, 
 COD .

27.  p .
 p . ,

,  p  7 ± 0,5, ,
.

28.
,

.

29.  (  23), 
, .

. , , ,
,

.
,

.

30.  ( ),  (  24) 
, .

31. ,
,  22 ± 2 °C.

32.  250 ± 25 ml/  (
) ,  18 ± 2 rpm ( . . .).

,  (  25) 
.

33.
 125 ± 12,5 .

 ( . . NaCl, ) :
 ( ,

 30 ).

34. ,  (> 80 %)  DOC (
COD) . ,

. ,

.
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35. ,
. ,  1 ml/l  3 

.

36.
. ,  pH , .

37. , .
,

, . . 3-6 . , ,
.  40 000 m/ 

sec2  15  (  18). /
, .  DOC (  COD) 

, ,  BOD, / .

38.
. ,  4 °C , ,
, .  48 ,

,  [ . . 20 ml/l 
 (II) 10 g/l]. 

.

39. , ,
 2 ,  6 .

(  44)  DOC (  COD)  ( ).
,

, .

40. ,
 10-20 mg C/l. - .

41.  DOC (  COD) ,
,

.  ( , )
, .  (  43-45) 

,  12-15  3 
.

. ,  12 
.

42.  (sloughing) 
. ,

.

43.  DOC (  COD) ,
:

Dt = 100 [Cs - (E - Eo)]/Cs %

Dt =  DOC (  COD)  t,

Cs =  DOC  COD , , ,
 (mg/l),
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E =  DOC  COD  t (mg/l),

 =  DOC  COD -  t (mg/l).

, .

-

44.  DOC (  COD)  (DB) -

. :

DB = 100 (1 - Eo/Cm) %

Cm = DOC (  COD) -  (mg/l).

45.  (DST) , ,
, :

DST = 100 (1 - Se/Si) %

Si = , ,
 (mg/l)

Se =  t (mg/l)

 Sc mg/l,
 (DSC) :

DSC = 100 (Si - Se + Sc)/(Si + Sc) %

46.  Dt  DST (  DSC), ,
 (  2 .10- ).

 ( )
12-15  DT (  DST, ) .

.

47.  DOC ,
.

.  DOC ’
. ,

, . , ,
,  DOC 

, .

48. ,
. ,  ( )
, . ,

.
,  10 % 

 ( , ).
.

49.
.  3 

12-15 .
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50.  (Dt) (  Dst, )
. ,  (1 %), 

. , ,
 95 % .  (DB)

- .

51.
, ,

(  48, 49), .
,

. ,
 ( . . ),

 ( )
, .

 ( .4 , , ) (9) 
 CO2 ( .4, ,

) (10). .

52.  DOC, ,
 ( )

, .
.

53. ,  DOC (  COD) (DB) -  > 80 % 
 2 .

54.  ( ),
 > 90 %  5 %. 

, /
.

55. ,  ( )
 5 %. ,

, .
, , ,

, .

56. :

:

— ,

— , , .

:

— , ,

— ,

— ,
,

— ,

—  —  DOC (
)  TOC ( ), , , ,

 DOC  10  20 mg/l, ,
, ,
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—  ( ), ,
, ,

— , ,

— ,

— .

:

—  DOC, COD, , pH, , ,
,

—  Dt (  Dtc), DB, DS ,

— , ,
,  ( )

 ( - ),
,

— .

:

(1) Gerike P., Fischer W., Holtmann W. (1980), Biodegradability determinations in trickling filter units compared 
with the OECD Confirmatory Test, Wat. Res. 14: 753-758.

(2) Truesdale G.A., Jones K., Vandyke K.G. (1959), Removal of synthetic detergents in sewage treatment processes: 
Trials of a new biologically attackable material, Wat. Waste Tr. J. 7: 441-444.

(3) Baumann U., Kuhn G.  Benz M. (1998), Einfache Versuchsanordnung zur Gewinnung gewässerökologisch 
relevanter Daten, UWSF - Z. Umweltchem. Ökotox. 10: 214-220.

(4) Gloyna E.F., Comstock R.F., Renn C.E. (1952), Rotary tubes as experimental trickling filters, Sewage ind. Waste
24: 1355-1357.

(5) Kumke G.W., Renn C.E. (1966), LAS removal across an institutional trickling filter, J.A.O.C.S. 43: 92-94.

(6) Tomlinson T.G., Snaddon D.H.M. (1966), Biological oxidation of sewage by films of micro-organisms, Int.J. Air 
Wat. Pollut. 10: 865-881.

(7) Her Majesty’s Stationery Office (1982), Methods for the examination of waters and associated materials. Asses
sment of biodegradability, 1981, London.

(8) Her Majesty’s Stationery Office (1984), Methods for the examination of waters and associated materials. Methods 
for assessing the treatability of chemicals and industrial waste waters and their toxicity to sewage treatment 
processes, 1982, London.

(9) .4 :  “ ” .

(10) ISO 14593 (1998), Water Quality-Evaluation in an aqueous medium of the ultimate biodegradability of organic 
substances, Method by analysis of released inorganic carbon in sealed vessels.
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 1

:

 A/B
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 2

A:

B:
C:

D:

:

: .

: “  ‘ ’
UNCED , , ,

.”.».
10. .27, .28, .29 .30:

« .27 -

1.  (TG) 218  (2004). 

 Chironomus sp. , .
 Chironomus riparius  Chironomus tentans,

 (1)(2)(3)  (4)(5)(6)(7)(8) 
 (1)(6)(9). 
, . . Chironomus yoshimatsui (10)(11).

2.
.

.
.

- .

3.
.

. ,
, .

 ( . .  log Kow > 5) ,
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.
,

. ,
.  20  28 

 C. riparius  C. yoshimatsui,  28  65  C. tentans.
, . .

,  (replicates) 
.

4.
. ,

,
.

5. ,
:

— ,  “
” ,

—
.

,

—
.

6.  1.

7.
- . , ,

. .
 10 ,  (

).
,  × % 

 ( . . EC15, EC50 . .),
 NOEC ( )/LOEC (

). , -
.

8. ,
.

,
,  (accuracy) .

.
 ( . . , . .).

 (12).

9.
.

, , ,
 (1)(2)(5)(6)(13).

10. , :

—  70 %  (1)(6),

—  C. riparius  C. yoshimatsui -  12
 23 ,  C. tentans  20  65 ,
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— ,  pH .
 60 %  (ASV) 

 pH  6-9 ,

—  ± 1,0 °C. 
, ,

.

11.  600 ml  8 cm. ,
.

 2  3 cm2 .
 1:4. 

( . . Teflon).

12.  Chironomus riparius.
Chironomus tentans, .

 Chironomus yohimatsui.  Chironomus riparius
 2. ,

 Chironomus tentans (4)  Chironomus yoshimatsui (11). 
, ,

.

13. ,  ( ,
). , ,  (

 p , ,
 C/N ),

. ,
,

.
 (1)(15)(16), .8 (14):

) 4-5 % ( ) : pH  5,5  6,0. 
,  (  1 mm) 

) 20 % ( )  (  30 %)

) 75-76 % ( )  (
 50  200 m  50 %)

)  30-50 %

)  (CaCO3)  pH 
 7,0 ± 0,5.  2 % 

(± 0,5 %) , )
).

14. , .
 ( . . , ,

. .).  3 . ,
,

 ( . . )
.

15. ,
 2  4, . ,  (
),  (  2) 

, ’ ,
. ,  pH 
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 6  9  400 mg/l  CaCO3. ,
,

 ( ,  Elendt 4
). ’ .

,  4, 
.

 — 

16.
.

,
. ,

 ( . . , ).
10 g .

. ,
. ,

. , ,
 (

).
.

, .

17. ,
.

 EC,  NOEC .

18.  ( . . EC15, EC50)
. ,

,  (ECx),
.

.
,

 (  27).

19.  ECx,
. ,

.
 2 ( - ).

,
.

.
, .

 NOEC/LOEC

20.  LOEC  NOEC, 
 2. 

 20 %  5 % (p = 0,05). 
 (ANOVA),  Dunnett  Williams (17)(18)(19)(20). 

,  Cochran-Armitage, Fisher exact (
Bonferroni)  Mantel-Haenszel.

21. ,
 ( ).

, .
 1 000 mg/kg ( ). , ,

.
 20 %  5 % (p = 0,05).  (
),  t ,  (

, ). ,  t 
,  Wilcoxon-Mann-Whithey. ,

 Fisher exact.
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-

22.
.8 “ ” (14). 

-  1:4 (  11  15). 
 1,5  3 cm. 

, , ,
. .

23.  ( . . ). ,
.

.

24. ,
 (3)(4)(6)(13). 

.

, ,  (4-5 ).
, ,  48

. ,
, ,

 (  38). 

.

25. ,
.

. ,
. . /
 (  2). 

. ,
 (2  3  Chironomus riparius  20 °C  1  4 

Chironomus tentans  23 °C  Chironomus yoshimatui  25 °C) ,
 4-8 .  (2-3  1-4 

).  (6).

26. , ,
. ,

 24 
(  25  32).  (  19 

 20),  60 
 EC  80  NOEC.

27.
.

.
,

,
.

28.
. ,

 18  20.

29. - , ,
,  (  19-20). 

 (  16), 
.
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30. . ,
,

 ( . . ,
 pH / ). ,

,
.

31. ,
.  ( , . . TetraMin  TetraPhyll, 

 2),  0,25-0,5 mg (0,35-0,5 mg  C. yoshimatui)
 10 .

: 0,5  1 mg 
. ,

.
, .  ( . .  log 

Kow > 5) ,

. ,
, . .  0,5 % ( )  (Urtica dioica),  (Morus alba),

 (Trifolium repens),  (Spinacia oleracea)  (Cerophyl - ).

32. ,  24 
, ’  (

 60 %  ASV). 
 Pasteur  2-3 cm  (

/ ). ,
- .

33.  20 °C (± 2 °C).  C. tentans  C. yoshimatui
 23 °C  25 °C (± 2 °C), .  16 

 500  1 000 Lux.

34. - .
 28  C. riparius  C. yoshimatsui  65  C. tentans.

,
- .

35.
. .

36.
 ( . . , ), -

.
. .

.
, ,

. ,
.  5 .

37.  10 ,
, .
 250 m .

.
 (

).  ( )
.

.
.
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38.  ( ),
,

. , , ,
 (  24) ,

.
/ - .

39.  ( . .  7 )
,

 (
), .

40. , . .  10 000 g  4 °C  30 ,
. , ,

.
, .

41.  pH  (  10). 

, .

42.
,

10 , .
,

.
, . . 2-r × 2. 

 10 , .

43. , ,
 (

 38).

44.  EC50  ECx,
.

 ECx,
, .

,
. ,  ECx

.

45.  NOEC/LOEC ,
, . .  ( ) ANOVA. 

,  (21), 
 ANOVA.

46.  Cochran-Armitage, 
, -

. ,  Fisher’s exact  Mantel- 
Haenszel,  p  Bonferroni-Holm. 

,
 (  “ ” ),

Cochran-Armitage  Fisher exact,  (21).

, ne, 
, na:

ER ¼ ne

na
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:

ER = 

ne =

na =

47. , ,
,
 William, -  ER. 

 Dunnett . ,
 5  ( ),

.

48.  ANOVA,  ER 
 Freeman-Tukey 

.  Cochran-Armitage, Fisher’s exact 
(Bonferroni)  Mantel-Haenszel .

 (sin–

1)  ER.

49. ,  ECx  [ , . .,  probit (22), logit, 
Weibull, . .].  ( . .

), , ,
( ) .

50.
 (  0 ) . (

,
).  ( : 1/ )

.
, ,

. ,
.

,  ECx  [ . . (23)(24)].

51. ,  × 
 x  x - l (l = 

,  1 ). :

x ¼
Xm

i¼1

ƒixi

ne

:

x:

i:

m:

ƒi:  i

ne:  (=
P

ƒi)

xi:  i 

xi ¼ 1Í
i Ä 1i

2

Î

:

i:  ( )

li:  i ( ,  1 )
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52. :

:

— , ,  [ , ,
 ( , ), . .],

—  ( , , ,  CAS . .),

.

:

— : , ,
,

— ,

— .

:

— , ,

— , ,
, , : pH, ,

 C/N  ( ),

— :  ( ,
pH, . . ),

—  ( )  (
, pH, , . . ),

— ,

— ,

—  ( ,

— : ,
, ,

— - : ,

— : , ,  ( ),

— , , ,
.

:

— ,
,

— ,  p , , ,
,

— , ,

— ,

— ,

— , , ,

—  (
),

ELL 81/190  19.3.2014



—  (
),

— , . . ECx ( ), NOEC /
LOEC, ,

— ,
.

:

(1) BBA (1995), Long-term toxicity test with Chironomus riparius: Development and validation of a new test 
system, Edited by M. Streloke and H.Köpp. Berlin 1995.

(2) Fleming R et al. (1994), Sediment Toxicity Tests for Poorly Water-Soluble Substances. Final Report to them 
European Commission, Report No: EC 3738, August 1994, WRc, UK.

(3) SETAC (1993), Guidance Document on Sediment toxicity Tests and Bioassays for Freshwater and Marine 
Environments, From the WOSTA Workshop held in the Netherlands.

(4) ASTM International/E1706-00 (2002), Test Method for Measuring the Toxicity of Sediment-Associated Conta
minants with Freshwater Invertebrates, pp 1125-1241,  ASTM International 2002 Annual Book of Stan
dards. Volume 11.05. Biological Effects and Environmental Fate;Biotechnology, Pesticides, ASTM, International, 
West Conshohocken, PA.

(5) Environment Canada (1997), Test for Growth and Survival in Sediment using Larvae of Freshwater Midges 
(Chironomus tentans or Chironomus riparius), Biological Test Method. Report SPE 1/RM/32, December 1997.

(6) US-EPA (2000), Methods for Measuring the Toxicity and Bioaccumulation of Sediment-associated Contaminants 
with Freshwater Invertebrates, Second edition, EPA 600/R-99/064, March 2000, Revision to the first edition 
dated June 1994.

(7) US-EPA/OPPTS 850.1735. (1996): Whole Sediment Acute Toxicity Invertebrates.

(8) US-EPA/OPPTS 850.1790. (1996): Chironomid Sediment toxicity Test.

(9) Milani D., Day K.E., McLeay D.J.  Kirby R.S. (1996), Recent intra- and inter-laboratory studies related to the 
development and standardisation of Environment Canada’s biological test methods for measuring sediment 
toxicity using freshwater amphipods (Hyalella azteca) and midge larvae (Chironomus riparius). Technical Report. 
Environment Canada. National Water Research Institute, Burlington, Ontario, Canada.

(10) Sugaya Y. (1997), Intra-specific variations of the susceptibility of insecticides in Chironomus yoshimatsui. Jp. J. 
Sanit. Zool. 48 (4): 345-350.

(11) Kawai K. (1986), Fundamental studies on Chironomid allergy, I. Culture methods of some Japanese Chirono
mids (Chironomidae, Diptera). Jp. J. Sanit. Zool. 37(1): 47-57.

(12) OECD (2000), Guidance Document on Aquatic Toxicity Testing of Difficult Substances and Mixtures, OECD 
Environment, Health and Safety Publications, Series on Testing and Assessment No. 23.

(13) Environment Canada (1995), Guidance Document on Measurement of Toxicity Test Precision Using Control 
Sediments Spiked with a Reference Toxicant, Report EPS 1/RM/30  September 1995.

(14) .8 : .

(15) Suedel B.C.  Rodgers J.H. (1994), Development of formulated reference sediments for freshwater and 
estuarine sediment testing, Environ. Toxicol. Chem. 13: 1163-1175.

(16) Naylor C.  Rodrigues C. (1995), Development of a test method for Chironomus riparius using a formulated 
sediment, Chemosphere 31: 3291-3303.
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(17) Dunnett C.W. (1964), A multiple comparisons procedure for comparing several treatments with a control, J. 
Amer. Statis. Assoc. 50: 1096-1121.

(18) Dunnett C.W. (1964), New tables for multiple comparisons with a control, Biometrics, 20: 482-491.

(19) Williams D.A. (1971), A test for differences between treatment means when several dose levels are compared 
with a zero dose control, Biometrics, 27: 103-117.

(20) Williams D.A. (1972), The comparison of several dose levels with a zero dose control, Biometrics, 28: 510-531.

(21) Rao J.N.K.  Scott A.J. (1992), A simple method for the analysis of clustered binary data, Biometrics 48: 577- 
585.

(22) Christensen E.R. (1984), Dose-response functions in aquatic toxicity testing and the Weibull model, Water 
Research 18: 213-221.
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 Chironomus riparius

1.  Chironomus .
 5  10 mm .  Kieselguhr ( . .

Merck, Art 8117)  (  mm). 
, .

, , ,
. , . .

.
,  (

30 × 30 × 30 cm).

2. ,  20 + 2 °C, 
 16  (  1 000 lux).  60 % RH 

.

3. . ,
 ( . .  Elendt “M4”  “M7”, ).

. ,
, ,

.

4.  Chironomus  (TetraMin, TetraPhyll 
),  250 mg .

: 1,0 g 
20 ml .

 5 ml  ( ).
.

5. .  “ ”,
. .

,
.

.

6.  ( . . Scenedesmus subspicatus, Chlorella vulgaris),
.

7.
.

8.  20 ± 2 °C  13-15 
. .

9. ,
. ,

.
 ( . . 2-4 / )

.

10.  2-3 .

11. ,
, ,

. ,
.
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 “ 4”  “ 7”

12.  Elendt (1990)  “ 4”.  “ 7”  “ 4”
 1,  “ 7”

 “ 4”.  “ 7” (Elendt, ).
 Elendt  Bias (1990),  NaSiO3

5 H2O, NaNO3, KH2PO4  K2HPO4
.

 “ 7”

13.  (I)  (I) 
 (II) (  1).  ml  (II) 

 2 
 1  “ 7”. 

3,  0,1 ml  “ 7”
 ( ).

.

:

BBA (1995), Long-term toxicity test with Chironomus riparius: Development and validation of a new test system, Edited by 
M. Streloke and H.Köpp, Berlin 1995.

 1

 M4  M7

 ( )

 (mg) 

 1 

 (II): 

(ml)  ( )
 1 

 (mg/l)

M4 M7 M4 M7

H3BO3 (1) 57 190 1,0 0,25 2,86 0,715

MnCl2  4 H2O (1) 7 210 1,0 0,25 0,361 0,090

LiCl (1) 6 120 1,0 0,25 0,306 0,077

RbCl (1) 1 420 1,0 0,25 0,071 0,018

SrCl2  6 H2O (1) 3 040 1,0 0,25 0,152 0,038

NaBr (1) 320 1,0 0,25 0,016 0,004

Na2MoO4  2 H2O (1) 1 260 1,0 0,25 0,063 0,016

CuCl2  2 H2O (1) 335 1,0 0,25 0,017 0,004

ZnCl2 260 1,0 1,0 0,013 0,013

CaCl2  6 H2O 200 1,0 1,0 0,010 0,010

 65 1,0 1,0 0,0033 0,0033

Na2SeO3 43,8 1,0 1,0 0,0022 0,0022

NH4VO3 11,5 1,0 1,0 0,00058 0,00058

Na2EDTA  2 H2O (1) (2) 5 000 20,0 5,0 2,5 0,625

FeSO4  7 H2O (1) (2) 1 991 20,0 5,0 1,0 0,249

(1) 4 7, .
(2) , .
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 2

4 7

1
(mg)  M4  M7 

(ml/l)

 M4  M7 
(mg/l)

CaCl2  2 H2O 293 800 1,0 293,8

MgSO4  7 H2O 246 600 0,5 123,3

KCl 58 000 0,1 5,8

NaHCO3 64 800 1,0 64,8

NaSiO3  9 H2O 50 000 0,2 10,0

NaNO3 2 740 0,1 0,274

KH2PO4 1 430 0,1 0,143

K2HPO4 1 840 0,1 0,184

 3

 M4  M7. 

1
(mg)  M4 

M7
(ml/l)

 M4  M7 
(mg/l)

 750 0,1 0,075

 ( 12) 10 0,1 0,0010

 7,5 0,1 0,00075

:

Elendt B.P. (1990), Selenium Deficiency in Crustacean, Protoplasma 154: 25-33.

Elendt B.P.  Bias W.-R. (1990), Trace Nutrient Deficiency in Daphnia magna Cultured in Standard Medium for Toxicity 
Testing. Effects on the Optimization of Culture Conditions on Life History Parameters of D. magna, Water Research 24 (9): 
1157-1167.
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 3

:

%

,  p  5,5-6,0, 
,  (

 1 mm) 

4 - 5

: > 50 % 
50-200 m

75 - 76

 30 % 20

 2 (± 0,5)

 CaCO3, ,  0,05 - 0,1

 10 S/cm 30 - 50

.
.  pH 

 5,5 ± 0,5  CaCO3.  20 ± 2 °C, 
 pH .  pH 

6,0 ± 0,5. ,  ( )
 30-50 % .

 pH  6,5  7,5  CaCO3, .
. ,

,
.

,
.  ( ) .

 7 .

:

.8 : .

Meller M., Egeler P., Rombke J., Schallnass H., Nagel R., Streit B. (1998), Short-term Toxicity of Lindane, Hexachloro
benzene and Copper Sulfate on Tubificid Sludgeworms (Oligochaeta) in Artificial Media, Ecotox. and Environ. 
Safety 39: 10-20.
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 4

< 20 mg/l

 < 2 mg/l

 < 1 g/l

 CaCO3 < 400 mg/l (*)

 < 10 g/l

 < 50 ng/l

 < 50 ng/l

 < 25 ng/l

(*) , ,
 ( , ,  Elendt 4

).
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 5

.  20
. :

A:

:

C:

D:

E:

F:

. 28. -

1.  TG 219 (2004) .

 Chironomus sp. .
 BBA ( ),

-
 (1). 

 Chironomus riparius  Chironomus tentans
(2)(3)(4)(5)(6)(7)(8)  (1)(6)(9). 

, . . Chironomus yoshimatsui (10)(11).

2. .
.

, ,
. ,

 ( ),
, .
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3.
.

. ,
, .

 ( . .  log Kow > 5) ,
.

,
. ,
.  20  28  C. 

riparius  C. yoshimatsui,  28  65  C. tentans.
, ,

.

4.
.

, ,
.

5. ,
:

— ,  “ ”
,

— ,
.

,

—
:

 (2).

6.  1.

7.
- .

- .
.

 10 ,  (
). ,

 × % 
 ( . . EC15, EC50 . .),

 (NOEC) 
 (LOEC). ,

.

8. ,
.

,
,  (accuracy) .

.
 ( . . , . .).

 (12).

9. ,
.

, , ,
 (1)(2)(5)(6)(13).

10. , :

—  70 %  (1)(6),
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—  C. riparius  C. yoshimatsui  12
 23 .  C. tentans  20  65 ,

— ,  pH .
 60 %  (ASV) 

 pH  6-9 ,

—  ± 1,0 °C. 
,

.

11.  600 ml  8 cm. ,
.

 2  3 cm2 .
 1:4. 

 ( . .
Teflon).

12.  Chironomus riparius.
Chironomus tentans, .

 Chironomus yohimatsui.  Chironomus 
riparius  2. 

,  Chironomus tentans (4)  Chironomus yoshimatsui (11). 
, ,

.

13. ,  ( ,
). , ,  (  p ,

, ,
C/N )

. ,
,

.  (1)(15)(16), 
.8 (14):

) 4-5 % ( ) : pH  5,5  6,0. 
,  (  1 mm) 

) 20 % ( )  (  30 %)

) 75-76 % ( )  ( ,
 50  200 m  50 %)

)  30-50 %

)  (CaCO3)  pH 
 7,0 ± 0,5

)  2 % (± 0,5 %), 
, ) ).

14. , .
 ( . . , ,

. .).  3, . ,
, , ,

 ( . . )
.
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15. ,
 2  4, . ,  (

),  (  2) 
, ’

. ,  pH 
 6  9  400 mg/l  CaCO3. ,

,
 ( ,  Elendt 4

). ’ .
,  4, 

.

 — 

16. ,
.

.
.

,
. , , ,

, ,
.  Cremophor RH40,  Tween 

80,  0,01 %  HCO-40. 
 (  0,1 ml/l) . ,

, . ,
.

17. ,
.

 EC,  NOEC .
.

18.  ( . . EC15, EC50)
, . ,

 (ECx),
.

,
 (  27).

19.  ECx, ,
. ,

.
 2 ( - ).

,
.

.
, .

 NOEC/LOEC

20.  LOEC  NOEC, 
 2. 

20 %  5 % (p = 0,05). ,
 (ANOVA),  Dunnett  Williams (17)(18)(19)(20). 

,  Cochran-Armitage, Fisher exact (  Bonfer
roni)  Mantel-Haenszel.

21. ,
 ( ),.

.
. .

, , .
 20 %  5 % (p = 

0,05).  ( ),  t ,
 ( , ). ,
 t ,  Wilcoxon-Mann- 

Whithey. ,  Fisher exact.
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-

22.  (  13-14  3) 
 1,5 cm.  6 cm (

 15). 
 1:4  3 cm. -

 (
 14  3). 

,
, , .

.

23.  ( . . ). ,
.

.

24. ,
.

. ,
. . /

 (  2). 
. ,

 (2  3  Chironomus riparius,  20 °C,  1  4  Chironomus 
tentans,  23 °C,  Chironomus yoshimatui,  25 °C) ,  4-8 

.  (2-3  1-4 
).  (6).

25. , ,
. ,

 24
 (  24  32).  (  19  20), 

 60  EC 
 80  NOEC.

26. ,
.

.
, .

27.
.

.
,

,
.

28. .
,  18 

 20.

29. ,
,  (  19-20). 

 (  16), 
.

30. . ,
,

 ( . . ,
 pH /

). ,
, .
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31. ,
.  ( , . . TetraMin  TetraPhyll, 

 2),  0,25-0,5 mg (0,35 - 0,5 mg  C. yoshimatui)
,  10 .

: 0,5  1 mg 
.

.
, .

 ( . .  log Kow > 5) ,

. ,
, . .  0,5 % ( ) , . .

(Urtica dioica),  (Morus alba),  (Trifolium repens),  (Spinacia oleracea)
 (Cerophyl - ).

32. ,  24 
’  (

 60 %  ASV). 
 Pasteur  2-3 cm  ( /

). ,
- .

33.  20 °C (± 2 °C).  C. tentans  C. yoshimatui
 23 °C  25 °C (± 2 °C), .  16 

 500  1 000 Lux.

34. - .
 28  C. riparius  C. yoshimatsui,  65  C. tentans.

,
- .

35.
. .

36.
 ( . . , ),

- .
. .

.

. ,
.  5 .

37.  10 ,
, .

 250 m .
.

 (
).  ( )

.
.

.

38. , , ,
 ( ) ,

.
/ -

.  ( . .
), , ,
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,  (
 39). ,

/  ( . .
, , ).

39.  ( . .  7 )
,

 ( ),
.

40. , . .  10 000 g  4 °C  30 ,
. , ,

.
, .

41.  pH, 
 (  10). 

.

42.
,  10

, .
,

.
, . . 2-r × 2. 

 10 , .

43. , ,
 (

38).

44.  EC50  ECx,
.

ECx,
, .
,

. ,  ECx
.

45.  NOEC/LOEC ,
, . .  ( ) ANOVA. 

,  (21), 
 ANOVA.

46.  Cochran-Armitage, 
, -

. ,  Fisher’s exact  Mantel- 
Haenszel,  p  Bonferroni-Holm. 

,
 (  “ ” ),

Cochran-Armitage  Fisher exact,  (21).

47. , ne, 
, na:

ER ¼ ne

na

:

ER = 

ne =

na =
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48. ,
,
 William -

ER.  Dunnett . ,

 5  ( ).

49.  ANOVA  ER 
 Freeman-Tukey 

.  Cochran-Armitage, Fisher’s exact (Bonferroni) 
 Mantel-Haenszel .

 (sin– 1)
 ER.

50. ,  ECx  ( , . .,  probit (22), logit, 
Weibull . .).  ( . .

), , ,
( ) .

51.
 (  0 )  (

,
).  ( : 1/ )

.
, ,

. ,
.

,  ECx  [ . . (23)(24)].

52. ,  x 
 x  x - l (l = 

,  1 ).  (x) 
:

x ¼
Xm

i¼1

ƒixi

ne

:

x:

i:

m:

ƒi:  i

ne:  (=
P

ƒi)

xi:  i 

xi ¼ 1=
Í

i Ä li

2

Î

:

i:  ( )

li:  i ( ,  1 )

53. :

:

— , ,  ( , ,
 ( , ), . .),

—  ( , , ,  CAS . .),

.
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:

— : , , ,

— ,

— .

:

— , ,

— , , ,
, : pH, ,

C/N  ( ),

— :  ( ,
pH, . . ),

—  ( )  (
, pH, , . . ),

— ,

— ,

—  ( ),

—

— : ,
, ,

— : , ,  ( ),

— , , ,
.

:

— ,
,

— ,  p , , ,
,

— , ,

— ,

— ,

— ,

—  (
),

—  (
),

— , . . ECx ( ), NOEC /
LOEC, ,

— ,
.
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 2

 Chironomus riparius

1.  Chironomus .
 5  10 mm .

Kieselguhr ( . . Merck, Art 8117)  (
 mm). , .

, ,
. , . .

.
,  (

30 × 30 × 30 cm).

2. ,  20 + 2 °C, 
 16  (  1 000 lux).  60 % RH 

.

3. . ,
 ( . .  Elendt “M4”  “M7”, ).

. ,
, ,

.

4.  Chironomus  (TetraMin, TetraPhyll 
),  250 mg .

: 1,0 g 
20 ml .

 5 ml  ( ).
.

5. .  “ ”,
. .

,
.

.

6.  ( . . Scenedesmus subspicatus, Chlorella vulgaris),
.

7.
.

8.  20 ± 2 °C  13- 
15 . .

9. ,
. ,

.
 ( . . 2-4 / )

.

10.  2-3 .

11. ,
, ,

. ,
.
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 “ 4”  “ 7”

12.  “ 4”  Elendt (1990).  “ 7”  “ 4”,
 1,  “ 7”

“ 4”.  “ 7” (Elendt, ).
 Elendt  Bias (1990),  NaSiO3 5 H2O,

NaNO3, KH2PO4  K2HPO4 .

 “ 7”

13.  (I)  (I) 
 (II) (  1).  ml  (II) 

 2 
 1  “ 7”. 

,
3,  0,1 ml  “ 7”

 ( ).
.

 1

 M4  M7

 ( )

 (mg) 

 1 

 (II): 
 (ml) 
 ( )

 1 

 (mg/l)

M4 M7 M4 M7

H3BO3 (1) 57 190 1,0 0,25 2,86 0,715

MnCl2  4 H2O (1) 7 210 1,0 0,25 0,361 0,090

LiCl (1) 6 120 1,0 0,25 0,306 0,077

RbCl (1) 1 420 1,0 0,25 0,071 0,018

SrCl2  6 H2O (1) 3 040 1,0 0,25 0,152 0,038

NaBr (1) 320 1,0 0,25 0,016 0,004

Na2MoO4  2 H2O (1) 1 260 1,0 0,25 0,063 0,016

CuCl2  2 H2O (1) 335 1,0 0,25 0,017 0,004

ZnCl2 260 1,0 1,0 0,013 0,013

CaCl2  6 H2O 200 1,0 1,0 0,010 0,010

 65 1,0 1,0 0,0033 0,0033

Na2SeO3 43,8 1,0 1,0 0,0022 0,0022

NH4VO3 11,5 1,0 1,0 0,00058 0,00058

Na2EDTA  2 H2O (1) (2) 5 000 20,0 5,0 2,5 0,625

FeSO4  7 H2O (1) (2) 1 991 20,0 5,0 1,0 0,249

(1) 4 7, .
(2) , .

 2

4 7

 1 

(mg)  M4  M7 
(ml/l)

M4  M7 
(mg/l)

CaCl2  2 H2O 293 800 1,0 293,8

MgSO4  7 H2O 246 600 0,5 123,3
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 1 

(mg)  M4  M7 
(ml/l)

M4  M7 
(mg/l)

KCl 58 000 0,1 5,8

NaHCO3 64 800 1,0 64,8

NaSiO3  9 H2O 50 000 0,2 10,0

NaNO3 2 740 0,1 0,274

KH2PO4 1 430 0,1 0,143

K2HPO4 1 840 0,1 0,184

 3

 M4  M7

.

 1 

(mg)  M4  M7 
(ml/l)

M4  M7 
(mg/l)

 750 0,1 0,075

 ( 12) 10 0,1 0,0010

 7,5 0,1 0,00075

:

BBA (1995), Long-term toxicity test with Chironomus riparius: Development and validation of a new test system, Edited 
by M. Streloke and H.Köpp, Berlin 1995.

Elendt B.P. (1990), Selenium Deficiency in Crustacean, Protoplasma 154: 25-33.

Elendt B.P.  Bias W.-R. (1990), Trace Nutrient Deficiency in Daphnia magna Cultured in Standard Medium for Toxicity 
Testing. Effects on the Optimization of Culture Conditions on Life History Parameters of D. magna, Water Research 24 (9): 
1157-1167.
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 3

:

%

,  p  5,5 - 6,0, 
,  (  1 mm) 

4 - 5

: > 50 %  50- 
200 m

75 - 76

 30 % 20

 2 (± 0,5)

 CaCO3, ,  0,05 - 0,1

 10 S/cm 30 - 50

.
.  pH 

 5,5± 0,5  CaCO3.  20 ± 2 °C, 
 pH .  pH 

6,0 ± 0,5. ,  ( )
 30-50 % .

 pH  6,5  7,5  CaCO3, .
. ,

,
.

,
.  ( ) .

 7 .

:

.8 : .

Meller M., Egeler P., Rombke J., Schallnass H., Nagel R., Streit B. (1998), Short-term Toxicity of Lindane, Hexachloro
benzene and Copper Sulfate on Tubificid Sludgeworms (Oligochaeta) in Artificial Media, Ecotox. and Environ. Safety 39: 
10-20.
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 4

< 20 mg/l

 < 2 mg/l

 < 1 g/l

 CaCO3 < 400 mg/l (*)

 < 10 g/l

 < 50 ng/l

 < 50 ng/l

 < 25 ng/l

(*) , ,
 ( , ,  Elendt 4

).
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 5

.  20
. :

A:

:

C:

D:

E:

F:

.29.  — CO2  (
)

1.  (TG) 310 (2006) .

, A , .4
. ,

, , .

2.  (CO2) (1),  Sturm (2) 
,

,
. , ,  ( )

,
.

 – , , ,  – ,
.  CO2 .

 Sturm (1)(2)  CO2
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 (
 CO2),  Larson (3)(4)  CO2

 CO2 , ,
.  Larson. 

 ISO 9439 (5)  (6), 
.

 (EPA) (7),  Gledhill (8), 
 CO2

,  Warburg/Barcroft.

3. ,  (IC) 
,  Sturm  (9).  IC  8 mg/l 

 20 mg C/l. ,  CO2
 CO2

. ,  > 60 % 
 CO2 (ThCO2)  “10 ” (  10 

 10 %) 

 (DOC).

4. ,  IC 
. ,

.

5.  Sturm ( , ,
),

,  Gledhill,  (10)(11). 
Boatman et al. (12) 

,  CO2 .
 CO2  (GC)/IC 

,  (DIC) . ,
 (20 ml)  10 ml ,

. . /
,

.

6.  Struijs  Stoltenkamp (13)  Birch 
 Fletcher (14), 

 (15).  (13),  CO2
,  (14)  DIC ,

.  90 %  IC .
 Sturm ,

 CO2.

7.  CO2  ISO (16), 
 (17) . ,

 (EPA) (18). 
 CO2,  CO2

 (13)  IC , .
 Peterson  CONCAWE (19) 

, .
,  1992 (20), .4

,  ( ,
. .),  Sturm (20).  Birch  Fletcher (14) 

 (21) .

8. ,  20 mg C/l, ,
,

. ,
.  CO2

 IC 
.

 IC (ThIC), 
 ( ) .

9.  DOC /
 (20).
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10.  (% w/w) ,
, .

,  Henry 
.

,
:

 (  24).

11. ,
.

 1:2,  Henry  50 Pa.m3.mol– 1

,
 1 % (13). 

, ,
. ,

 ( . .
).  (13)(23).

12. ,
. , ,

 1-
 (13). 

 > 60 % ThIC  14 .

13.  ISO  (17), ,
 20 mg C /l.

(28 ) (%)

 90 16 17

1-  85 12 14

 ( ), , ,
 5 % .

,
 IC .  1- ,

 10 %  79 % .
,  (3  4 l) 1-

.
,  10 mg C/l. 

 (TIC) 
.

14.  (24)  10 mg C/l, 
:

(28 ) (%)

17 45 10

( )

72 22 9

-
 (*) 

( )

75 13 10
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(28 ) (%)

-
( )9
( )

41 32 10

- - -
-

( )

60 23 11

(*)  SiO2 .

, ,
.  15 % 

 90 % ,  30-40 %.

: , ,
. .,

,  “ ”, ,
 60 %  “10 ”,

 > 60 %  10 
. .

15. , :

) , .
 “125 ml”,  160 ml ( ,

 160 ± 1 ml). ,
 66  67

)  ( . . )

)

)

)  CO2 —
 80 % N2 / 20 % O2 ( ) (  28)

)  0,20-0,45 m ( )

)  ( ).

16. .

17.  1 mg/l .
 5 % 

.

18.  ISO 
14593 (16) .4 “ ” (20). 

 (2,0 g/l  0,5 g/l) 
, . .  > 40 mg C/l. 

, ,
. :
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)  (KH2PO4) 8,50 g

 (K2HPO4) 21,75 g

 (Na2HPO4.2H2O) 33,40 g

 (NH4Cl) 0,50 g

 1 .  pH  7,4 
(± 0,2). , .

)  (CaCl2.2H2O) 36,40 g

 1 .

)  (MgSO4.7H2O) 22,50 g

 1 .

)  (III) (FeCl3.6H20) 0,25 g

,  1  HCl.

19.  10 ml )  800 ml  (  17),  1 ml 
), ) )  1  (  17).

20.  (H3PO4) (> 85 % ).

 7

21.  280 g  (NaOH)  1  (  17). 
 DIC 
 (  55  61),  66 ( ).

 DIC .

22.  (
 17)  (  19),  100

.  pH 
.

 2  40 mg C/l,  20 mg C/l. 
, .

.
 (25). :

)

)

) ,
,

)
 ( . . ), , ,

)
, .
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), ) )
 [  42 )].

23.  ( )  (  17), 
 100  (20 mg C/l) .

24. ,
.

.
 ( )

. ,

.
 ( ) , ,

 (  19) ,
, ,  (  22  23).

25. : ,  (
),  (20). 

. ,

.

: ,
.

26. , :

— ,

—  (  66),

—  102  105 ,

—  4 mg/l ,
 30 mg/l, 

 CO2  (26),

—  10 % 
,

—  1-10 ml .

27.
, . ,

 ( . .  1 mm2)
.

28. , ,  ( . .
1 100 × g  10 ). . .

 3-5 g 
/l. , .

29. .
,

. ,
,
.

.

30. ,
, .
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31.  (3-5 g /l).
 Waring  2 .

 30 
 10 ml/l .

32.  CO2
 CO2.  4 mg/l ,

 (13).

33. ,
, , .

, .
.  pH.

34.  IC,  CO2 [  15 
)]  1 ,  pH  6,5  (  20).  pH 

 (  21) ,  1 ,
.

 IC. ,
 (100 ml) ,  IC -

 0,4  1,3 mg/l (14),  2-6,5 %  C 
20 mg% C/l  4-13 %  10 mg C/l.

35. .
. , ,

.
 26.

36. ,  20 cm 
. , ,

 2 mm ( ,
).

 ( ,
 2  4 °C ).

37. ,
.  CO2.

 30 mg/l 
 CO2  5-7 , .

38.  (  15- )
.

39. ,
 10 . ,  (

 15- ) ), ) ) (  42) ,
 95 % .

40.  4 mg/l . ,
, , 2 ml 

 (  27  32)  2 000 mg/l  1  (
 19). ,  100 ml  (
 33)  900 ml  (  19)  1 

.
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41.
-  1:2 ( . .  107 ml  160 ml). 

,  11. 
, ,

.

42.  [  15 )] :

)  (  FT)

)  (  FB) .
, ,

)  (  FC) ,

) ,  (  FI)
, , ,

 (  24)  FT  FC,

)  (  FS) , )
50 mg/l HgCl2  ( . . ).

43.
 (  22, 23  24)  10  20 mg C/l.

44.
[  22 )- )], ,

, .
 22 - ,  FB (

42 ) ,
.

45.  (  47), 
.

.

46. , ,
. -  (  1:2) 

.

47. , ,
. ,  (  45). 
, ,  DOC , ,

 IC [ ,  42 )]
, . ,

.

48.  [  15 )],
 ( . . 150 

200 ), ,  20 °C ± 1 °C.

49.
. ,

 ( . . )
. ,
 FT, FB  FC , ,  FI  FS (  42). 

 28 .
 28 , .

 28
.

:  1  28 .
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 (IC)

50.  CO2  (IC) 
.  IC 

.
, .

51. ) , , ,
/ .

, .
, .

 ( )
IC.  (  21) 
CO2  IC ,

 (
66- .)

):  pH < 3

52. ,  IC  IC  ( . .
1 % w/w CO2  N2).  (  20) 

 pH  < 3 ( . .  1 ml  107 ml 
). . ,

,  ( . . 1 ml) 
 IC.  IC  mg C/l.

53.  pH<3  20 °C, 
 CO2  1,0, 

 (13). 
:

 5  10 mg/l  IC, 
(Na2CO3)  CO2 ,  pH 6,5 

 (  20),  CO2 , ,
 pH .

 ( . . 1:2). ,  52, 
 IC, . ,

. , .
 IC 

. .

54.  DOC ( ),
 ( ) ,

 DOC. ,
, .

):  CO2

55. ,  IC  – ,
 (NaHCO3)  CO2 (  53)  0 

20 mg/l  IC.  (7 ,  21) ( . . 1 ml  107 ml )
 1 .

 NaOH ,
’ .  IC 

,  IC  NaOH 
. .

 ( . . 50  1 000 l) .  IC 
 IC. 

.

56. , ,
IC .

 IC, ,  IC 
 (  53). 

.  CO2
.

57.  DOC ( ),
 ( ),

 DOC. 
, , .
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58.  100 %  CO2,  ThIC 
 TOC ,

:

ThIC = TOC.

 (mg)  (TIC) :

TIC = (mg C + mg C ) = (VL × CL) + (VH × CH)  [1]

:

VL =  ( ),

CL =  IC  (mg/l ),

VH =  (headspace) ( ),

CH =  IC  (mg/l ).

 TIC  IC 
 60  61.  (% D) 

:

%D ¼ ðTICt Ä TICbÞ
TOC

Ü 100  [2]

:

TICT = mg TIC  t,

TICb =  TIC  mg  t,

TOC = mg TOC .

 % D  (FT),  (FC) ,
,  (FI)  TIC 

.

59.  TIC  (FS)
,

 D  [2].

 pH < 3

60.  pH < 3 
TIC ,  IC . ,

 [1] TIC = (VL + VH) × CH = VB × CH,  VB = .
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 CO2

61.  [1],  IC 
,  VH × CH = 0,  TIC = VL × CL.

62. , D, 
, , , ,

10 ,
.

 FT (  < 20 %),  (  2, 1). ,
.

 ( . . ),
. ,

 “
”. ,

. ,
,

.  10 .

63. , , FC, , ,
, FS, , FI.

64.  TIC  (FB),
FS ( ), .

65.  D  FI,  IC 
. ,  28 , [(DFC (1) – DFI (2))/DFC] × 100 > 25 %, 

,
 DFT .

 DIC  TIC 
,

. , . ,  FS ( )
 (> 10 %)  TIC, .

66. :

)  FC  > 60 % 
14

)  TIC  FB  > 3 mg C/l.

, /
. ,  IC 

,  27  32.

67.  60 % ThIC  (  65), 
 (  30 mg/l  100 ml /l)

,  20  60 %.

68.  > 60 % ThIC  10
.

69.  60 % ThIC,  pH 
.  6,5 .

.
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70.  % D  (FT),  (FC) , ,
 (FI) .

,  % D .
TIC  (FB)  (FS),  DOC / ,

.

71.  % D ,
,  “

”. ,
.

72. :

:

— , ,  CAS, ,

—  ( ) .

:

— ,

—  ( . . ,
, . .),

— :
,

,

— , - ,

— ,

—  IC,

—  IC  (
),

—  (replicates).

:

— ,

—
, , ,  10

,

— , ,  10
,

— ,

— ,

— .
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:

(1) .4 :  “ ”  –  CO2
( .4- ).

(2) Sturm R.N. (1973), Biodegradability of Nonionic surfactants: screening test for predicting rate and ultimate biode
gradation, J. A. Oil Chem. Soc. 50: 159-167.

(3) Larson R.J. (1979), Estimation of biodegradation potential of xenobiotic organic chemicals, Appl. Env. Microbiol. 38: 
1153-1161.

(4) Larson R.J., Hansmann M.A.  Bookland E.A. (1996), Carbon dioxide recovery in ready biodegradability tests: mass 
transfer and kinetic constants, Chemosphere 33: 1195-1210.

(5) ISO 9439 (1990, revised 1999), Water Quality - Evaluation of ultimate aerobic biodegradability of organic com
pounds in aqueous medium - Carbon dioxide evolution Test (Sturm).

(6) US EPA (1996), Fate, Transport and Transformation Test Guideline. 835. 3110 Carbon dioxide evolution test. 
Office, Prevention Pesticides and Toxic Substances Washington, DC.

(7) US EPA (1996), Fate, Transport and Transformation Test Guideline. 835. 3100. Aerobic aquatic biodegradation. 
Office, Prevention Pesticides and Toxic Substances Washington, DC.

(8) Gledhill W.E. (1975). Screening test for assessment of biodegradability: Linear alkyl benzene sulfonate, Appl Micro
biol. 30: 922-929.

(9) Weytjens D., Van Ginneken I.  Painter H.A. (1994), The recovery of carbon dioxide in the Sturm test for ready 
biodegradability, Chemosphere 28: 801-812.

(10) Ennis D.M.  Kramer A. (1975), A rapid microtechnique for testing biodegradability of nylons and polyamides, J. 
Food Sci. 40: 181-185.

(11) Ennis D.M., Kramer A., Jameson C.W., Mazzoccki P.H.  Bailey P.H. (1978), Appl. Env. Microbiol. 35: 51-53.

(12) Boatman R.J., Cunningham S.L.  Ziegler D.A. (1986), A method for measuring the biodegradation of organic 
chemicals, Env. Toxicol. Chem. 5: 233-243.

(13) Struijs J.  Stoltenkamp J. (1990), Head space determination of evolved carbon dioxide in a biodegradability 
screening test, Ecotox. Env. Safety 19: 204-211.

(14) Birch R.R.  Fletcher R.J. (1991), The application of dissolved inorganic carbon measurements to the study of 
aerobic biodegradability, Chemosphere 23: 507-524.

(15) Birch R.R., Biver C., Campagna R., Gledhill W.E., Pagga U., Steber J., Reust H.,  Bontinck W.J. (1989), Screening of 
chemicals for anaerobic biodegradation, Chemosphere 19: 1527-1550.

(16) ISO 14593 (1999), Water Quality - Evaluation of ultimate aerobic biodegradability of organic compounds in an 
aerobic medium-method by analysis of inorganic carbon in sealed vessels (CO2 headspace test).

(17) Battersby N.S. (1997), The ISO headspace CO2 biodegradation test, Chemosphere 34: 1813-1822.

(18) US EPA (1996), Fate, Transport and Transportation. 835.3120. Sealed vessel carbon dioxide production test. Office, 
Prevention Pesticides and Toxic Substance, Washington, DC.

(19) Battersby N.S., Ciccognani D., Evans M.R., King D., Painter H.A., Peterson D.R.  Starkey M. (1999), An “inherent” 
biodegradability test for oil products: description and results of an international ring test, Chemosphere 38: 3219- 
3235.
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(20) .4 :  “ ” .

(21) OECD (1988), OECD Ring-test of methods for determining ready biodegradability: Chairman’s report (M. Hashi
moto, MITI) and final report (M. Kitano and M. Takatsuki, CITI). Paris.

(22) .11 :  — .

(23) Struijs J., Stoltenkamp-Wouterse M.J.  Dekkers A.L.M. (1995), A rationale for the appropriate amount of inocu
lum in ready biodegradability tests, Biodegradation 6: 319-327.

(24) EU (1999), Ring-test of the ISO Headspace CO2 method: application to surfactants: Surfactant Ring Test-1, Report 
EU4697, Water Research Centre, May 1999, Medmenham, SL7 2HD, UK.

(25) ISO 10634 (1996), Water Quality - Guidance for the preparation and treatment of poorly water-soluble organic 
compounds for the subsequent evaluation of their biodegradability in an aqueous medium.
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 1

10 :  10 %.

DIC:

DOC:  0,45 
 4 000 g (  40 000 m sec-2)  15 

.

IC:

ThCO2:  (mg) 
, .

 mg  mg .

ThIC:

TIC:

:  CO2  H2O
 CH4, CO2  H2O .

:
( ) .

: .

:
.

: /

( . . 10 % , ).

:
, , ,
 ( ).

:  90 % 
.

:
.
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 2

 1

-1  CO2

10
 ( )

. 30.  (OLIGOCHAETA)

1.  (TG) 317 (2010). 
,  “ :

” [ .13  (49)]  “
” (53)  1996  2008 .

, ,
, .

, . . (14)(37), 
, . .  (19). 

, . . (55). 
 (4). 

, , . . (2)  (72). 
 (Eisenia fetida, Savigny) 

 (ASTM) (3). 

, . . (25)(29).

2. . ,
 (15)(20). 

 ( ).
 (54).  (bioturbation) 

,
,  [ . . , . . (64)]  ( . .

) (18)(62). 
 5.
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3.  ASTM 
 Eisenia fetida  Lumbricidae  Enchytraeus albidus 

Enchytraeidae (3), 
. .13

 “ : ” (49) 
 TG 315  “ ” (53). 

, . .
(1)(5)(11)(12)(28)(40)(43)(45)(57)(59)(76)(78)(79),

.

4. , ,
.

. ,
.

5.
 [ . . (63)]  log Kow  3,0  6,0, 

. . (40). :

—  log Kow  6,0 ( ),

—
, . . ,

— , . .
,

— .

6. ,
,  (  IUPAC), ,  CAS, 

, , . ,
:

) ,

) - , Kow,

) / ,  Koc,

) ,

)  ( . . , ),

) .

7. . ,
, .

.
,

, ,
, . .

,
 (BAF) 

 (  50). 
, . ., ,

.  (
, ),

.  BAF 
. ,
,

 BAF -  (BSAF), 
 (OC).
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8. ,
. .  (ECx)  (LCx) 

[ . . (19)]. 
 1 %  LC50

. , , ,
 (51)(52). ,

 [ . . (23)].

9. ,  (accuracy),  (precision) 
, ,

, ,
.

. 14C
,  (  Bq mol– 1)

.
,
.

10. .
,

,  pH, ,  (
, )  (WHC) (3)(48).

11. , ,
 (BAF),  (ks)

(ke).  1.

12. :  ( )  ( ).
,

. ,
, .

. - .
 ( ) -

- .
. ,

.
 [ . . (27)]. 

,  - 
 BAFk,  - 

.
’

.

13. ,  14 
 (Enchytraeidae)  21  ( ),  (11)(12)(67). 

 ± 20 % 
 ( . ., , ).

14. ,
. ,

 14  (Enchytraeidae)  21  ( ),
 90 % .

.  (BAFss) , ,
 (Ca)  (Cs) ,

, BAFK, 
 (ks)  (ke) (  1), 

 (  2). 
, .

15. ,  ( , ),
 (BAFK), ,

 (  2). 
, . .,

 ( )
“ - ”. ,

.

16.
,

 (kg  (OC) kg– 1

).
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,  (47). 
.

, . . (30)(44). ,
, . . (5)(6)(7)(14). ,

. ,
- .

17.
:

— ,
 10 % ( )  20 % ( nchytraeidae)

.

—  Eisenia fetida  Eisenia andrei, ,
,  20 % 

(f.w.) .

18. .
, Eisenia fetida  Eisenia andrei (Lumbricidae),  Enchytraeus albidus, Enchytraeus crypticus  Enchytraeus 

luxuriosus (Enchytraeidae)  5.

19. , ,

. ,
,

.
, .

, .
, ,

.  (49). 
.

( . . ) .

20. ,
, ’ ,

. .

21. .8
 (48). ,

 4, .
.

22. ,
/ .  (

),  pH, ,  ( ,
),  (WHCmax)  (3). 

.
,

, ,
,  (50). 

 (3). 
.

23. .
.

.
 ( )

. ,

ELL 81/234  19.3.2014



, .
.

. ,
,

, , ,
. ,

.  (3):

— , /
 ( , ),

.

— - , . -

.

, .

24. ,  2,0-2,5 g 
, . .

, .
, ,

.
.

 2,0-2,5 g .

25. ,
, .
,

 (24).

26. ,
.  20 °C. 

,
.

, ,
 “ ” , . .  20 °C  (22).

27. , , .
 Eisenia fetida  Eisenia andrei 

 Enchytraeidae  5 [  (48)(51)(52)].

28. ,
.

29. ,
 14  (Enchytraeidae)  21  ( ),

.

30. .
 4-24 .

 21  21  3.

31.  (Enchytraeidae)  ( . . 5-10 mg 
 Enchytraeus albidus  Enchytraeus crypticus  Enchytraeus 

luxuriosus). ,
 (

).
 20  Enchytraeus, .

,
.  (Eisenia fetida  Eisenia andrei),

.

32.  ( . .  Eisenia fetida
Eisenia andrei  250-600 mg ’ ).  Enchytraeus ( . . Enchytraeus albidu)

 1 cm. 
 (  5). 
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 BAF ( . .
/ ),

. ,
,  BAF. ,

, .

33. /
.

Eisenia fetida  Eisenia andrei  50 g  (d.w.) ,
 Enchytraeus,  10-20 g .

 2-3 cm (Enchytraeidae)  4-5 cm ( ).

34.  ( . .  Enchytraeus 
).  (

 36). ,
 24-72 

. ,  ( . .  Petri) 
, , . ,

,
.

35.
.  ( )

.  24 
.  ( . .  10 % 

),
. .

 Enchytraeus 
.  Enchytraeus 

’
.

36.
. ,  (

),  7 mg 
 g , ,  2-2,5 mg  g 

 Enchytraeus (11). 
. ,

 (  5).

37. /  16/8 ,
 400  800 lx  (3).  20 ± 2 °C 

’ .

38. .
.  (ECx) 

,
. ,

.

39.  ( ),
.

.

40.  ( . . , )
,

12  ( ,
),

.
, , ,

 (
,

), . ,
 ( )

.

.
 ( . . ) .
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41.  pH ,  ( )

. .

42.
 Enchytraeus  3.

43.
, ,

.
. , . ,

. ,
.

44.
. ,

.
.

 30 %, 
.

45.
 ( . .

) .
 (  34). ,

.

46. ,  (Eisenia sp.) 
, . . ,  Petri  (  34). 

 (  17). 
 Enchytraeus ,

. ,
,  ( . .

 – 18 °C).

47. , .
 ( , Enchytraeus), 

, .
 4-24 ,

, . . (46). 

 (78).  Enchytraeus ,
.

,
/

/ .

48.  (
1-2 ), .

. ,
, . .  (  – 18 °C).

49. ,

. ,  (LOD) 
 (LOQ). ,

.
 Ca  > 0 - ,

 (  2). 
’  ( . .

).
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50.
.

.
 “ ”, .

, ,  10 % ,
.

51.
, , ,

.

52.
nchytraeidae, .

,
. ,

, .

53.  BAF 
,  ( ).

 (
— . . (31)(58)— ).

/ . , ,
 Bligh  Dyer (9) 

(17).  (10), 
. ,

,
,

 (49). ,
- ,

 BAF. 
.

54. , ,

.  (
 1), , BAFss, :

Ca ð Þ
Cs ð Þ

Ca

Cs

55. ,  BAFss  BAFK,
, :

—  (BAFK)  ks/ke.

—  (  11 
 2).

—  (ke)  (
).

, ks,  ke  Ca
 —  2. 

 BAFK  ks  ke
. ,

.

56. :
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:

—  ( . . ECx, LCx„ NOEC)
,

— , , . . log Kow, ,

— , ,
,

— , ,
.

:

— , , , , , , . .

:

— ,

— (- ),

—  ( . . ,
, , ,

, , ),

— ,

— ,
,

— ,
, ,

—  — — ,
,  ( , , ),

 (pH, ,
( , ),  (WHCmax),

),

— ,
, , ,

 ( )
 ( ), .

:

— -
 ( . . ,  Enchy

traeus),

— ó  ( ),

— ,
, ,

—  ( ),
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—
, ,

—  Ca  Cs ( , )  (  Ca
 g kg– 1 ,  Cs  g kg– 1

). -  (BSAF) ( . .

),  Ca  g kg– 1  Cs
g kg– 1  (OC) ,

— BAF (  kg  kg– 1 ),  ks (
g  kg– 1 – 1)  ke ( – 1)

 BSAF (  kg OC  kg– 1 ),

— : ,
 (

) ,

— .

:

—  17,

— , . .
.

:

(1) Amorim M. (2000), Chronic and toxicokinetic behavior of Lindane ( -HCH) in the Enchytraeid Enchytraeus 
albidus, Master thesis, University Coimbra.

(2) ASTM (2000), Standard guide for the determination of the bioaccumulation of sediment-associated contami
nants by benthic invertebrates. American Society for Testing and Materials, E 1688-00a.

(3) ASTM International (2004), Standard guide for conducting laboratory soil toxicity or bioaccumulation tests 
with the Lumbricid earthworm Eisenia fetida and the Enchytraeid potworm Enchytraeus albidus. ASTM Interna
tional, E1676-04: 26 pp.

(4) Beek B., Boehling S., Bruckmann U., Franke C., Joehncke U., Studinger G. (2000), The assessment of bioac
cumulation,  Hutzinger O. (editor), The Handbook of Environmental Chemistry, Vol. 2 Part J (Vol. editor: B. 
Beek): Bioaccumulation - New Aspects and Developments, Springer-Verlag Berlin Heidelberg: 235-276.

(5) Belfroid A., Sikkenk M., Seinen W., Van Gestel C., Hermens J. (1994), The toxicokinetic behavior of chloro
benzenes in earthworms (Eisenia andrei): Experiments in soil, Environ. Toxicol. Chem. 13: 93-99.

(6) Belfroid A., Van Wezel A., Sikkenk M., Van Gestel C., Seinen W.  Hermens J. (1993), The toxicokinetic 
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 Eisenia fetida (Savigny 1826),  Lumbricidae. 
1972  [Eisenia fetida  Eisenia andrei (10)].  Jaenike (36), .
Eisenia fetida ,  Eisenia andrei ,

.
, , .

, .

 Eisenia fetida  Eisenia andrei , . . .
 Lumbricidae, ,  2  3  (

).  20-24 °C. 
pH .

 25 ,  (48)(77).

.  ISO (35) 
 50:50.  pH  6 

7 ( ),  (  6 mS/cm 
0,5 %) . ,

 (48) 
 50:50. .

 10  50 .

, . ,
.

 100 
 kg  ( ).  28 , .

,
2 ,  12 .

,
.  (  Eisenia 

fetida) . , /
.

Gerard B.M. (1964), Synopsis of the British fauna. No. 6 Lumbricidae. Linnean Soc. London 6: 1-58.

Graff O. (1953), Die Regenwürmer Deutschlands, Schr. Forsch. Anst. Landwirtsch. 7: 1-81.

Römbke J., Egeler P., Füll C. (1997), Literaturstudie über Bioakkumulationstests mit Oligochaeten im terrestrischen 
Medium. Bericht für das UBA F + E 206 03 909, 86 S.

Rundgren S. (1977), Seasonality of emergence in lumbricids in southern Sweden, Oikos 28: 49-55.

Satchell J.E. (1955), Some aspects of earthworm ecology, Soil Zoology (Kevan): 180-201.

Sims R.W.  Gerard B.M. (1985), A synopsis of the earthworms, Linnean Soc. London 31: 1-171.

Tomlin A.D. (1984), The earthworm bait market in North America. In: Earthworm Ecology - from Darwin to vermi
culture, Satchell J.E. (ed.), Chapman & Hall, London, 331-338 pp.

Enchytraeidae

 Enchytraeus albidus Henle 1837 ( ).  Enchytraeus albidus
 (  15 mm) nchytraeidae, , . . (8). 

Enchytraeus albidus , ,  ( ,
)  (42). 

.

 Enchytraeus albidus , .
,  (60). ,
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 Petri. ,  Enchytraeus albidus (
) . . ,

 33 (  18 °C)  74  (  12 °C). 
 5  ( ),

.

 Enchytraeus,  Enchytraeus luxuriosus.
,  (65).  Enchytraeus,

.

 Enchytraeus crypticus (Westheide & Graefe 1992)  Enchytraeus 
luxuriosus. ,

 (Römbke 2003). ,
. ,

 pH  (Jänsch  2005). ,
, , . .

Kuperman  2003). ,  (3-12 mm, 7 mm ) (Westheide & Müller 1996), 
 Enchytraeus albidus.

Enchytraeus albidus, , , . ,
,  20  20 ± 2 °C 

(Achazi  1999) .

 Enchytraeus albidus (  Enchytraeus)
 ( . .  30 × 60 × 10 cm  20 × 12 × 8 cm, )

,
. , ,

. , .
,

.  pH 6,0 ± 0,5. 
 15 ± 2 °C . ,

 23 °C. / ,
. , .

,  ( . . ,
).

.

, ,
.

, .
, .

, ,
. ,

. ,
, ,

 ( . . Glyzyphagus sp., Astigmata, Acarina)  [ . . Hypoaspis (Cosmolaelaps) miles, Gamasida, 
Acarina]. , .

 TetraMin®.

, , ,
, ,

, .
, , .

Achazi R.K., Fröhlich E., Henneken M., Pilz C. (1999), The effect of soil from former irrigation fields and of sewage sludge 
on dispersal activity and colonizing success of the annelid Enchytraeus crypticus (Enchytraeidae, Oligochaeta), Newsletter on 
Enchytraeidae 6: 117-126.

Jänsch S., Amorim M.J.B., Römbke J. (2005), Identification of the ecological requirements of important terrestrial 
ecotoxicological test species, Environ. Reviews 13: 51-83.
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