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C.1.

1.2.

1.3.

1.4.

1.5.

100

50

mg/L

10

14

(LCso)

LCso
96

60

80

(LCso)

24

mg/kg

50



(i1)
(iii)

1.6.

1.6.1.
1.6.1.1.

100

1.6.1.2

15

24



pH

1.6.1.2.

Orinking

6.0 8.5

1.6.2.

1.6.3.

1.6.3.1.

1.6.1.2,

12

16

HCL NaOH

80 %,

pH pH

10 mg/L

16

250 mg/L

CaCOs;

12

)

pH



1.6.3.2.
48
5 10
7
5%
1.6.4.
1.6.5.
: 96
7
5
100%
1.6.1.2
12 16
2

24

10 %

1g/L
22

60%

17



pH
100
100
1.6.1.1
7 10
0 LCs 99.9%
7,8 9 LCs 99 %
2.
24 48 72 96
LCSO p 0.05
0.127 0.13 1.21 1.2
/ LC5()
2.2 0 100

18

LCsg

173.5

LCs

LCs

10

170



24 pH

LCso 95%
LCso

100
4.
1) OECD, Paris, 1981, Test Guideline 203, Decision of the Council C(81) 30 final and
updates.
2) AFNOR -Determination of the acute toxicity of a substance to Brachydanio rerio -
Static and Flow Through methods -NFT 90-303 June 1985.
3) AFNOR- Determination of the acute toxicity of a substance to Salmo
gairdneri -Static and Flow - Through methods -NFT 90-305 June 1985.
4) ISO 7346/1, /2 and /3 -Water Quality -Determination of the acute lethal toxicity of

19



substances to a fresh water fish (Brachydanio rerio Hamilton-Buchanan -Teleostei,

Cyprinidae). Part 1: Static method. Part 2: Semi-static method. Part 3: FLow-through

method.

5) Eidgendssisches Department des Innern, Schweiz: Richtlinien fur Probenahme und

Normung von Wasseruntersuchungsmethoden -Part 11 1974.

6) DIN Testverfahren mit Wasserorganismen, 38 412 (11) und 1 (15).

7) JIS K 0102, Acute toxicity test for fish.

8) NEN 6506- Water -BepaLing van de akute toxiciteit met behulp van Poecilia
reticulata, 1980.

9) Environmental Protection Agency, Methods for the acute toxicity tests with fish,
macroinvertebrates and ampHibians. The Committee on Methods for Toxicity Tests
with Aquatic Organisms, Ecological Research Series EPA-660-75-009, 1975.

10) Environmental Protection Agency, Environmental monitoring and support laboratory,

Office of Research and Development, EPA-600/4-78-012, January 1978.

11) Environmental Protection Agency, Toxic Substance Control, Part IV, 16 March 1979.

12) Standard methods for the examination of water and wastewater, fourteen edition,
APHA-AWWA-WPCF,1975.

13) Commission of the European Communities, Inter-Laboratory test programme concerning
the study of the ecotoxicity of a chemical substance with respect to the fish. EEC Study
D.8368, 22 March 1979.

14) Verfahrensvorschlag des Umweltbundesamtes zum akuten Fisch-Test. Rudolph, P.und
Boje, R. Okotoxikologie, Grundlagen fur die okotoxikologische Bewertung von
UmweLtchemikalien nach dem Chemikaliengesetz, ecomed 1986.

15) Litchfield, J. T .and Wilcoxon, F., A simplified method for evaluating dose effects
experiments, J. Pharm, tExp. Therap., 1949, vol. 96,99.

16) Finney, D.J. Statistical Methods in Biological Assay. Griffin, Weycombe, U.K.,

1978.

17) Sprague, J .B. Measurement of pollutant toxicity to fish. Bioassay methods for acute
toxicity. Water Res., 1969, vol. 3,793-821.

18) Sprague, J.B. Measurement of pollutant toxicity to fish. II Utilising and

20



applying bioassay results. Water Res. 1970, vol. 4, 3-32.

19) Stephan, C.E. Methods for calculating an LC50. In Aquatic Toxicology and Hazard
Evaluation (edited by F.I. Mayer and J.L.. Hamelink). American Society for Testing and
Materials, ASTM STP 634,1977, 65-84.

20) StepHan, C.E., Busch, K.A., Smith, R., Burke,J. and Andrews, R.W. A computer
program for caL.cuLating an LC50. US EPA.

SHSCm’1

CaCly-2H,0 ( ):11.76g
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MgSO4'7H20 ( )493g
1

NaHCOs ( ):2.59¢
1
KCL ( ):0.23¢g
1
25 mL 1
pH 7.840.2.
NaOH HCL pH
12
Ca Mg 2.5mmol/L Ca Mg 4 1 Na K 10:1
0.8 mmoL/L
2:

cm
Brachydanio rerio (Teleostei, Cyprinidae)
(Hamilton-Buchanan) Zebrab-fish 20 24 3.0 £0.5
Pimephales promeLas (Teleostei, Cyprinidae)
(Rafinesque) Fathead minnow 20 24 5.0+£2.5
Cyprinus carpio (Teleostei, Cyprinidae)
(Linneaus 1758) Common carp 20 24 6.0£2.0
Oryzias Latipes (Teleostei, Poeciliidae)

22



Cyprinodontidae (Tomminck and Schlege 1850)

Red kiLLifish 20 24
PoecilLia reticuLata (TeLeostei, PoeciLiidae) (Peters
1859) Guppy 20 24
Lepomis macrochirus (Teleostei, Centrarchidae)
(Rafinesque Linneaus 1758) BLuegill 20 24
Onchorhynchus mykiss (Teleostei, Salmonidae)
(Walbaum 1988) Rainbow trout 12 17
Leuciscus idus (Teleostei, Cyprinidae) (Linneaus

1758) Golden Orfe 20 24

23

3.0£1.0

3.0£1.0

5.0+2.0

6.0 £2.0

6.0 2.0



B

__ Moreality in %
23 Jprobit scale)

90 |— &

50 | = e e

10 — . L

Concentrations
log scale)

LCso

C.2.
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1.2.

1.3.

14.

1.5.

LCs

48

48

100

EEC

ECso

15

0%

mg/L

100%

25

ECsg

ECso

50

mg/kg

ECs



(1)
(1)
(iii)

1.6.
16.1
16.11

3mg/L

100

10%

1.6.1.2

26

3mg/L

80%



pH

pH HCL NaOH pH

1.6.1.2.

1 2

1.6.2.

1.6.3.
magna pulLex

24

1.6.4.

24
20
2mL

2.2
0 100%

27

10

48
48

pH

ECs



1.6.1.2

18 22 +1
pH pH
24 48
100 ECsg
100
1.6.1.1
20
2.
24 48
EC5() p 0.05
173.5
170 0.127 0.13 1.21 1.2
/ ECso ECso
2.2 0 100 ECs

28



ECs
ECs

100

29

95%

24

48



4.

1) OECD, Paris, 1981, Test Guidelines 202, Decision of the Council C(81) 30 final and
updates.

2) International Standard ISO, Water QuaLity -Determination of inhibition ofmobility

of Daphnia magna Straus, ISO 6341-1989

3) AFNOR Inhibition of mobility of Daphnia magna Straus (Cladocera -crustacea)
NFT 90301 (January 1983).

4) Verfahrensvorschlag des Umweltbundesamtes zum akuten DapHnien-Test. Rudolph,

P. und Boje, R.OkotoxikoLogie, GrundLagen fur die 6kotoxikoLogische Bewertung von
Umweltchemikalien nach dem Chemikaliengesetz, ecomed 1986.

5) DIN Testverfahren mit Wasserorganismen 38412 (L1) und (LLL).

6) Finney, D.J. Statistical Methods in Biological Assay. Griffin, Weycombe, U.K.,

1978.

7) Litchfield, J .T .and Wilcoxon, F. A simplified method of evaluating dose-effect
experiments. J. Pharmacol. and Exper. Ther., 1949, vol. 96, 99-113.

8) Sprague, J.B. Measurement of pollutant toxicity to fish. I Bioassay methods for acute

toxicity. Water Res., 1969, vol. 3,793-821.

9) Sprague, J.B. Measurement of pollutant toxicity to fish. II Utilising and
applying bioassay results. Water Res. 1970, vol. 4, 3-32.

10) StepHan, C.E. Methods for calculating an LC50. In Aquatic Toxicology and Hazard
Evaluation (edited by F.I. Mayer and J.L. Hamelink). American Society for Testing and
Materials. ASTM, 1977, STP 634, 65-84.

11) StepHan, C.E., Busch, K.A., Smith, R., Burke, J. and Andrews, R.-W. A computer

program for calculating an LC50. US EPA.
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ISO 6341
SUScm'l
CaCl,.2 H,O ( ):
1
11.76 g
MgS04.7H,0 ( ):
1
493 ¢
NaHCO:s ( ):
1
259¢
KCI ( ):
1
023 g
25 1
pH 7.8+0.2
NaOH HCL pH
12
Ca Mg 2.5 Ca Mg 4 1 Na K 10
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1978

1)
2)
3)
4)

S~ W

EEC

2 4 5

46
36
31
32

ECs024

129
108
84
72

32

ECs0-24

mg/L
1.5
27
27
770



Appendiz i
Example of concentrations porcentage immobaksarion

Example of determinstion af EC 5, eing bog-probin pager
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C.3.

1.1.

1.2.

ECsg

NOEC (

1.3

14.

EvCso

mg/L

100 ECsg

34

(72

ErCSO

mg/kg

50%



72

1.5.

(i1)
(iii)

1.6.
1.6.1.
1.6.1.1.

24

16

1.6.1.2

35

80



100

pH pH
pH
pH HCL NaOH pH pH
1.6.1.2.
SHScm'1
4°C

4

1
NH4CI 1.5g/L 15 mg/L
MgCl,-6H,0 1.2 g/L 12mg/L
CaCl,2H,0 1.8 g/L 18 mg/L
MgSO,4-7H,0 1.5 g/L 15 mg/L
KH,PO4 0.16 g/L 1.6 mg/L

2 -EDTA
FeCl;-6H,O 80 mg/L 0.08 mg/L
Na,EDTA-2H,0 100 mg/L 01 mg/L

3
H;BO; 185 mg/L 0.185 mg/L
MnCl,-4H,0O 415 mg/L 0.415 mg/L

ZnCl, 3 mg/L 3x 10”° mg/L

36



CoCly-6H,0 1.5 mg/L 1.5x 10> mg/L

CuCly-2H,0 0.01 mg/L 10”° mg/L
Na,MoO,-2H,0 7 mg/L 7x 10°mg/L
4 NaHCOs
NaHCOs3 50 g/L 50 mg/L
pH 8
1.6.2.
250 100
21°C  25°C +2°C
400 700nm
400 700nm 60 120pEm%s? 35  70x 1018
m s 6000
10000 4 7 30W
4300K 0.35m
1.6.3.
Selenastrum capricornutum, ATCC 22662 or CCAP 278/4,
Scenedesmus subspicatus, 86.81 SAG,

ATCC = American Type Culture Collection (U.S.A.)
CCAP = Culture Centre of Algae and Protozoa (U.K.)
SAG = Collection of algal culture (Gottingen, F.R.G.)

37



1.6.4.

EvCso E.Cso

104 / Selenastrum capricornutum
Scenedesmus subspicatus
2.2
50%
1
pH 21 25°C
+2°C
24 48 72
72 pH

38



100 ECsg

100

1.6.1.1

25%

0-72

0 100%
2.1.

N =N0
A=(N;-No)/2xt;+ Ny +Na-2Ng) /2 X (t2 - t1) + ... + Nyt + Ny = 2No) / 2 (tn - to1)

A=
No= 1t 0
Ni=

Nhn=

tL =

th= n

39



IA = (Ac - At)/ Ac x 100

Ac=

IA =

ECso

EvCso
2.2.

4= (Ln Nn - Ln Ny) / (t, - to)

to

I.i =(Mc- pMt)/ pacx 100

<
Il

pit= t

ECso
E.Cso
0-72

E,C EC
2.3. NOEC

1A
N= N()
50% IA =50%
EnCso
0-72
8]
ILn N
Tt
0-72

40

ECsg

Dunnett

E.Cso



2.2

EC
NOEC

4.
1) OECD, Paris, 1981, Test Guideline 201, Decision of the Council C(81) 30 Final.
2) Umweltbundesamt, BerLin, 1984, VerfahrensvorschLag 'Hemmung der

Zellvermehrung bei der GriinaLge Scenedesmus subspicatus', in: Rudolph/Boje:
bkotoxikologie, ecomed, Landsberg, 1986.

3) ISO 8692- Water quality -Fresh water algal growth inhibition test with Scenedesmus
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subspicatus and Selenastrum capricornutum.

4) S.Galassi and M.Vighi -Chemosphere, 1981, vol.10, 1123-1126.
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100

43

ISO4833

NH;

100mL

20

0.8



2

1SO8692 Scenedesmus subspicatus and selenastrum
capricornutum 16
mg/L mg/L

E,Cs0(0-72 ) 0.84 0.60 1.03
EpCs0(0-72 ) 0.53 020 0.75
C4

[
1.1
(a) DOC ( C.4-A)
(b) OECD DOC C.4-B
(c) STURM C4-C
(d) C.4-D
(e) C4-E

(f) MITI(Ministry of International. Trade and Industry —Japan)( C.4-F).
II v

1988 OECD

100mg/L

DOC

44
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DOC

OECD

CO,

46

II

DOC



;. DOC

DOC
MITI
28 28 3
28
1.5.
1.5.1.
1.5.2
10
20% 14
14 35% DOC
25% Thod  ThCO,). 1\Y
30mg/L
1.6.
2
2
DOC MITI(1)

OECD

47



10-40 | 10-20 2-10 100
mg/L, 100 10-40 5-10
mg DOC 50-100
/L
mg
ThOD/L
<30mg/L SS 0.5mL <5mL100 mg
=100 mg /L /L /L 30mg/L SS
10"—10° 10*—10° /L
/o, 10° 10—10°
mg/L
P 116 11.6 29
N 1.3 0.13 1.3
Na 86 8.6 17.2
K 122 1.22 36.5
Mg 22 2.2 6.6
Ca 9.9 9.9 29.7

48




Fe 0.05-0.1 0.05-0.1 0.15
74%0.2

PH 7.0
2242 25+1

DOC= ThOD= SS=

49




1.6.1

Cu++
10%
DOC
1.6.2
:DOC OECD
MITIDE
a) KHyPO4 8.50g
Na,HPO4 33.40¢g
NH,4CI 0.50g
1 pH 7.4
b) CaCl, 27.50g
CaCl,-2H,0 36.40¢g
1
c) MgSO47H,O 22.50¢g
1
d) FeCls:6H,O 0.25¢

1
04 EDTA

50



1.6.3

1,
1.6..4

1.6.4.1

1.6.4.2

MITI

DOC

1g/L,

OECD

30

MITI

1000g 10
3-5

51



1.6.5

1.6.6

DOC

DOC

1.6.7

D,

100mL

10

52

10

MITI

10



II

1.7.1. DOC

Dt

ThOD,,., = 16[2C +1/2(h—cl—3n'\)/|$v3s+5/2p+1/2na—o]mg/mg

Dt =% t

Co = DOC mg DOC/L
G = t DOC mg DOC/L
Coo = DOC mg DOC/L

Co = t DOC mg DOC/L

Dt =% t 28

1.7.3

MXIOO

% _ Gsy

Cyo 0 DOC

CS(()) t DOC
1.8.

53

v

DOC



— 10
I DOC C.4-A
n 1
22'+2C
DOC 28
(
1.2,
1.2.1
(a) , 250mL 2L
(b) ( )
() ,
(d) DOC
(e)
®

11.2.2.

10

(10-40mg/L)

DOC

54

DOC



, 162
800mL 10omL (@), 10mL  (b) (d) |, 1
11.2.3

[.64,1.64.1,1.642 165.

11.2.4
, 800mL 2L ,
10-40mg/L, pH , , 7.4
, 30mg /
: ( 1)
1, , , DOC(
11.4) , ,
11.2.5.
1 2
3 4
5 ( )
6
7
8
1.6.7.
11.2.6
, DOC . 10

55



2-4 48

1.3.
1..3.1
t , L7.1  (DOC ), 172 (

11.3.2
[.5.2

11.3.3.
L.8.

1.4

DOC

:mg /L
:mg / L.

mg/L

N DOC mg/L

56



al

a2

Cag

b

by

b(
Cb(t)

C1

C2

CC(t)

d

d

d(
Cd

Corry =

Car)
Coy +

2




11.1.

58

N
0 nl n2 n3 n4
: D, = 1_M %100
Ca(O) - CbI(O)
0
2 D, = 1_M %100
Cb(O) - Cbl(())
0
%
D= D1 B Dz 0
2
* Dy D,
7
0 T
DOC CS(()) CS(t)
mg/L
% = M %100
S(0)
8. ( )
, % (mg/L)
Sp
Sa
11 . OECD ( C.4-B)




) 0.5mL
28 , DOC
DOC (

1.2,
1.2.1.

(a) ;
(b) ; ;

DOC

(c)
(d) DOC
(e)
&)
111.2.2.
, L6.2.
10mL (a) 80mL , 1mL
0.5mL /L ,

ImL

, MnSQO4+4H,0
,H3BO3
,ZnSO4*7H,0
,(NHs)s M07024
Fe-EDTA (FeCLs )

1000mL

250mL

59

(b)

2L.

(d)

(10-40 mg DOC/L)
22%2

1L

39.9mg
57.2mg
42.8mg
34.7mg
100.0mg

15.0mg



100mL 0.2
111.2.3.

0.5mL
11.2.4.
, 800mL 2L
( 10-40mg DOC/L
0.5mL/L ( .L6.4.2).

( 166.).

L,
11.4). ( ),

111.2.5.

1.6.7.
111.2.6.
) DOC

60

PH

1.6.4.2.

DOC

1.6.5.

10

7.4.



10

, 2-4°C 48
11.3.
11.3.1.
1.7.1.(00C ) t

11.3.2.

1.5.2.
11.3.3.

1.8.

11.4..

OECD

: mg /L
: mg /L

:mg/L

2

61

(
-18°C

11.4).

1.7.2.(



(")
[

]:

nr

n

DOC(mg/L)

n

n;

nj3

Ny

aj

a

Ca

b

by

Coy

Ci

C2

Cey

d

d

Cag

Chigey =

E * 'I:dll'.
Ceis }

nr

%

n;

n;

ns

100
—_ ‘: .
.ﬂaf.u]_zbtillii}]_

e -f.'g(n

M= (

]
i = Chige )“ 10
r t] = Chlta)

1 Crre

Iy = (

D,

D,

62




()

0 t

DOC (mg/L) Cyta) Catay
% = 5:*1'11:; f‘m x 100
8 ( )
%
Sh
Sa shs_h 5 100
\V; CO;, ( C.4-C)
\VAN
( (10-40mg DOC  TOC/L)
) . 28
, ( ,
), : ( )  ThCO;,
DOC
V.2,
IV.2.1.
(a) ,2-5L, ( )
(b) ,
(c)
(d)
(e) , ; (20% O3: 80% Ny)
CO, ( )

() ,
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(2) ( )

(h) DOC ( )
1V.2.2.
, L6.2.
10mL (a) 800mL , ImL (b) (d)
1IV.2.3.

[.64.,1.64.1,1642. 16.5

3L

1IV.2.4.
, SL 3L
5L 2400mL
1.6.5.) ( 3L 30mg/L);
500 1000mg/L
30mg/L
1.6.4.2)
(10 20mgDOC  TOC/L) )
1.6.6.
DOC

100mL0.0125M

64

5L

III

1L

(

1.6.4.1.

5L



200mL0.05M (

)
1V.2.5.
1 2:
3 4:
5:
6
7
1.6.7.
1V.2.6.
30-100mL/min , ( )
, 28 10
28 ( ) DOC / pH
ImL ; .29
0.05SMHCL
100mL 0.0125M
, . NaOH
( ) IC
1V.3.
1V.3.1.
CO,

mgCO, = (100 x C — 0.5 x V x Cy) x 44

65

CO,



V =HCI 100 mL (mL),
Cp= M),
Ca= M),
Cg 0.0125M,C,  0.05M, 100mL 50mL , CO,
0.05 «
2 2x44xmLHCI =1.1xmL
HCI
, , HCL mgCO, 1.1
CO,,
CO,
) 48mL , 45mL
CO, =1.1x(50-48)=2.2 mg
CO, =1.1x(50-45)=5.5mg
CO, 3.3mg
% =(mgCO;, x 100) / (ThCO2 x mg )
% =(mgCO, x 100) / (mg TO X 3.67)
3.67 (44/12)
ThCO,
: , IC(mg)  ( IC
).
%ThCO, = (mgIC -mglC x 100) / (MG TOC )
DOC ( ) L7
1Iv.3.2.
IC TC 5% CO,
40mg/L 70mg CO,/L
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[.5.2.

1V.3.3.
L.8.
V4. .
CO,
1.
2.
3.
‘mg /L
: mg /L
C mgC
ThCO;,:mgCO,
4.
C
:mg/L
ThCO,
COy(mg) COy(mg) CO2(mg)( CO, <100
() 1 3 ) ThCO,
1 2 1 2
0
n
n;
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ns

28

6 ( )
() mg/L mg/L
0 Ch0) Co
28(%) Chp) C
(%)
% DOC =(I—Hﬁ-)xlﬂﬂ
7. (
% 28 €O, mg 100
ThCO, mg
V
V.1.
( (100 mg/L
50-100 mg TOC/L) ) (+1 )
28 ( )
( )
( ) ThOD
DOC

V.2
V.2.1.

68

COD



(a)
(b)
(©)
(d)
V2.2,

10mL
V.2.3.

, L6.2.

(a) 800mL ImL

[.64.,1.64.1,1642. 16.5

V.2.4.

/L

V.2.5.

(

50-100 mg TOC/L)
ThOD
7.4+0.2
( )
1.6,6.)
(

CO,
2
4:
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b @ ,

100mgThOD/L

III

1L

100mg

( 11.2.)



7:
1.6.7.
V.2.6.
: ( 3L
30mg/L). , )
, pH , ThODNH4( )
) DOC ( I1.4)
) , 28
; «C V)
V.3.
V.3.1.
(mg)(
). mg O,/mg BOD:
BOD = (mg O, -mg O, )/ (mg ) = mg O,/mg
% =% ThOD = BOD (mg O2/mg ) x 100 / ThOD (mg O2
% COD = BOD (mg O2/mg ) x 100/ COD (mg O2 )
ThOD(NHs  NO3)
11.2) ( L7 )
1IV.3.2.
28 20-30 mg O,/L 60mg/L 60 mg/L
pH 6-8.5 60%,
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1.5.2
V.33

1.8
V4

mg/L
Co: mg/L
V:mL
ThOD COD mg /mg NH4 NO;
4.
mg/L
5.
Zeit(Tage)
0 7 14 21 28

O, upt (mg) |2
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O upt (mg) | 4
b
al-bm
az-bm
BOD(mg)
a, -b
C\V
BOD mg| a -b
C\V
Di(a))
% | Da(ay)
BOD | 100 '
ThOD
V=
*D; Dy
6 \Y%
28
1 mg N/L
2 457xNxV (mg) —
3 mg N/L
4 343 xNxV (mg) —
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73

2+ 4 mg — —
7.
mg/L mg/L
0 (CoLo) (Co)
28" (Cory) (&)
%
% DOC=(1—ﬂ)X100
CO - Cbio
8
Sy= 28
S.= 28
% =" 100
b
9
a=28 mg
ax100
_CV




% ax100

" C,V xThOD
VI. C4-E
VI.1
2-5mg/L
28
ThOSD
COD
V1.2
VI.2.1
a) BOD 250-300mL
b) +1
c) 2-5L BOD
d)
VI.2.2
1.6.2
ImL (a) (b) 1L
VI.2.3
0.05-5mL
[.642 165
VI.2.4
20

20
20 9 mg/L
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BOD

0 7 14 21 28 10
1/3
10mg/L
BOD 0.5mg/L
2mg/L
ThOD(5-10mg/L)
2  Smg/L ThOD,
ThOD ThOD ,03: 1.2
A%
1/3
0.05mL  5mL/L
VI.2.5

10 , 2
VI.2.6
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1/4

BOD
2N OH( 1 )
M;(OH)5.10-20 24
1
14
A%
VI.3
VIL.3.1
mg/L
BOD, mg/L
/
COD( I1.3),
BOD = mg—
mg %
100)/ThOD( mg/
% = BOD( mg/
)
ThOD(NH4

11.2)
VI1.3.2

20
28

3-4

BOD

BOD, ThOD

mg /

= BOD(

mg x 100)/COD(

NO3)

76

(

mg/

mg/

BOD

M, (1I),

10

1.2

BOD

mg=

mg Xx



28 1.5mg /L.
0.5mg/L
1.5.2
VI.3.3
L.8
V1.4
1
2
3
mg/L
mg/L
ThOD COD mg /mg
4.
mg/L
5.
/
DO mg/L
0 n ny
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G

2 G
m, = C, +C,
2
1 a
2 a
m = a, +a,
2
ng np n3
€)) mg/L
2 mg/L
3 mg/L
4 mg/L
5 mg/L
6 mg/L

78




3 + 6 mg/L

%
(mg/L)
n np n3
1 Myp-Myy — (mbo'mbx)
2 MMy — (Mpo-Mpy)

1

[(mto - mtx) - (mbo — My, )] x100

%D1: X ThOD

2

[(mto B mtx) - (mbo — My, )] x100

% D2: X ThOD
D, +D,
%DZZ 2
M=
M=t
Mpo=
my=t
6 3 + 6
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1.5mg/L.

(mpo-mpyg) mg/L.
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Vil M.LT.IL
Vil.1

DOC
VII.2
VIL.2.1
a BOD

(b)

(©)

(d)
VIL2.2

(©)

(d)

( C.4-F)

25+1

ThOD

25+1

KH,PO4
K,HPO4
Na2HPO4:12H,0
NH4CI

pH 7.2
M,SO4

CaClz

F.Cl3-6H,O

3mL 1L

81

28

300mL

8.50g
21.75¢g
44.60g
1.70g
22.50¢g

27.50g

0.25g



VIL.2.3

10
11
pH 7+1
2312 30 1/3
0.1% ,
25+1 pH 7+1
1
4 3 10
10
18-24
VIL.2.4
6
Nr. 1: 100mg/L
Nr. 2,3,4: 100mg/L
Nr. 5 100mg/L
Nr. 6
I

23, 4 70

VIL.2.5
2 3 4 5

30mg/L.
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6 6
28 pH
DOC 1.4
VIIL3
VIL3.1
mg /mg
BOD = mg - mg /
=mg /mg
% =%ThOD = BOD(mg /mg ) x 100 / ThOD(mg
ThOD,
ThOD ThODngs  ThODnos
D, = S =50 100%
Sb
1
Sp
DOC
D, = (1—ﬂ)x100%
Co - Cbo
[.7.1 1 DOC
VIL3.2

20-30mg/L 28

83

BOD
BOD
mg
/mg )
v
1.7.2
28
DOC

60mg/L



60mg/L

1.5.2

VIL3.3
1.8
Vil.4

MITI 1

mg/L
Co: mg/L
V mL
ThOD: mg /L

60%

84

10

pH

40%

14

6-8.5

65%



= mg/L

= mg/L
5.
Zeit(Tage)
0 7 14 21
1
O, 2
(mg) a
0O,
(mg) b
a1-b
Oz a 2—b
(mg) | a,-b
1
mg a-b
C\V P
BOD
3
1
2
% 3"
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BOD

oo *
DOC
%
DOC
+ a —_—
+ b; Bi-c
+ b, Bs-c
+ bs Bs-c
c _ _
%
Sb
Sai
Saz
Sa3
S = Sa x100
% S

an,axas %
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BOD

DO: mg/L
BOD: g

COD: g
( C.6)
DOC:
15
ThOD:
1.2 mg
ThCO:: CO,
CO, mg CO;,
TOC:
IC:
TC:

C.5)

0.45um

/ mg

/ mg

CO;

inherentLy biodegradabLe

87

40000m/s’



10%

90%
10 window

10% 10

2 ThOD
ThOD

C.H,CI,N.Na_O.P.S

na~o p%s

_16[2c+1/2(h—cl —3n)+3s+5/2p+1/2na—o]m

ThOD,,,, = Iy

g/mg

_16[2c+1/2(h—cI)+5/2n+3s+5/2p+1/2na—o]mg

ThOD,, = Y

/mg
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3 COD

COD C.6
4 DOC
DOC 0.45um
20mL
10-20mL
DOC-
DOC 10%
2-4 48h
-18
40000 m.sec  4000g 15min TOC DOC
10mgDOC/L

- Standard Methods for the Examination of Water and Wastewater 12" ed
Am.Pub.Hlth.Ass. Am.Wat.Poll.ControL Fed. Oxygen Demand 1965 P65

- Wagner R. Von Wasser 1976 vol.46 139

- DIN-Entwurf 38 409 Teil 41 Deutsche Einheitsverfahren zur Wasser- Abwasser- und

Schlammuntersuchung Sunnarische Wirkungs- und Stoftkenngro3en  Gruppe H

Bestimmung des Chemischen Sauerstoftbedarfs CSB  H 41  Normenausschuf3

89



Wasserwesen NAW  in DIN Deutsches Institut fUr Normung e.V
Gerike P. The biodegradabiLity testing of poorLy water soLubLe
compounds ChemospHere 1984 wvol13 L 169

90



CO BOL MITI

DE  Morsier At al Biodegredation tests  forpoorly

compounds.Chemosphere 1987 vol.16 833

Gerike p. The Biodegradability testing of poorly water soluble
compounds.Chemosphere 1984 vol.13 169

91

solubLe



Reyndds etal. 1987

-Dir 87/302/EEC  BOD

EC,,  1/10 EC,, EC,, 300mg/L

EC,, 20mg/L

14C

Reynolds L.et al. Evaluation of the toxicity of substances to be assessed for biodegradability

ChemospHere 1987 wvol. 16 2259
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5%

N
2NH4CI+302:2HN02+2HC1+2H20 1
2 HNO,+0,=2HNO; 2
2 NH4CI+30,=2HNO;+2HCI+2 H,0 3
28¢g NH,CL 9%g  3.43 96/28
3 28¢g 128¢  4.57 128/28
4.57 3.43
-3.43
=4.,57x% 4
=3.43x% 5
=-3.43x 6
==43.43x +4.57% 7

N 4.57x
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ThOD

NH

3
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1 2
BOD

BOD

1 5
BOD

BOD

BOD

BOD
BOD

BOD

95

28



NF T 90-103 Determination of the biochemical oxygen demand

NBN 407 Biochemical oxygen demand

NEN 32355.4 Bepaling van het biochemish zuurstofverbruik BZV

The determination of biochemical oxygen demand Methods for the examination of water and
associated materials HMSO London

ISO 5815 Determination of biochemical oxygen demand after n days

96



e

COD

COD

COD

250  600mg

COD

COD

S5mg COD
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COD
H.KeLkenberg 1975

1 0.25N 0.0416M 5-10mg
COD 2
COD
2
COD COD
3
4

1  Keikenberg H. Z.von Wasser und Abwasserforschung 1975 vol.8§ 146
2 Gerike P. The biodegradability testing of poorly water soluble compounds
ChemospHere 1984 wvol.13 169

NBN T 91-201 Determination of the chemical oxygen demand

ISBN O 11 7512494 Chemical oxygen demand dichromate vaLue of polluted and waste
waters

NF T 90-101 Determination of the chemical oxygen demand

DIN 38409-H-41 Determination of the chemical oxygen demand COD within the range above
15mg per Litre

NEN 3235 5.3 Bepaling van het chemisch zuurstofverbruik

ISO 6060 Water quality chemical oxygen demand dichromate methods

98



pH

2
pH 4 9
RX X
RX+HOH — ROH+HX [1]
=k[H,0O].[RX] 2]
Kobs=k>[H,0] [3]
pH T
2.303 Co
xlog—
Kobs= 1 Ct [4]
t =
Co = 0
Cct = t

OECD Test GuideLine 1

2.303 = 10

99

OH



kobs !

t1/2 50%
Ct=1/2Co [5]
4 5
t1/2=0.693/kobs [6]
1 3
1
O O- 0- 6- -2- 1- 4- DimpyLate Diazinon
1 4
pH
2
K
1 5
2 13
PH
1 6
1 6 1
1 6 11

pH 40 7.0 9.0

100



PH pH
=+(0.1pH
1 6 1 2
0.01M

1%

10%

50=0.5 pH 40 7.0 9.0
50 pH t1/2 24
10% 25

101



50%
50 24 10% pH
4 7 9

1 6 5 2 1

1 50%0.5 pH
pH 4 20-70%
1 pH
25
1
1 2
1 3
1 50
25 32

1 6 5 3 2

1 pH
- 40
- 50 10
2 pH
20% 70%
pH 2 50
2 pH t1/2

1 6 5 4 3

102



40

50 10
3 pH 3 0
30% kobs  t1/2
PH kobs
kobs=- >=<2.303
t1/2 [6]
25 k

3.1

1
pH -

tl/2  kobs

2

25

1 OECD Paris 1981 Test Guideline 111 Decision of the Council C 2 30 finalL
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A CLARK AND LUBS

pH Sorensen pH 0.04
pH

0.1IM +0.1M HC1 (20 )

2.63 mL 0.1M HCI+ 50mL 100 mL 3.8
0.1M +0.1IM NaOH (20 )
0.40 mL 0.1M NaOH + 50mL 100mL 4.0
3.70 mL 0.1M NaOH +50 mL 100 mL 4.2
0.1M +0.1M NaOH ( 20 ) 6.8
29.63 mL 0.1 M NaOH +50mL 100mL 7.0
0. IM 0.1IM KCI1+ 0.1M NaOH (20 )
16.30mL 0.1M NaOH+50mL 100mL 8.8
21.30mL 0.1M NaOH + 50mL 100mL 9.0
26.70mL 0.1M NaOH +50mL 100mL 9.2
B:KOLTHOFF AND VLEESHOUWER pH

0. 1M +0.1 M NaOH (18 )

2.0 mL 0.1M NaOH +50 mL 100mL 3.8

9.0 mL 0.1 M NaOH +50 mL 100mL 4.0

16.3 mL 0.1 M NaOH + 50 mL 100mL 4.2

C SORENSEN

0.05 M borax +0.1 M HCl

104



Composition pH'
o Walbum
ml Borax ml HCI 18 °C
0= 4 = 70*C
8,0 2,0 7,91 3,96 877 8,59
8.5 1.5 2.01 9,06 8,86 8,67
2.0 1,0 2,09 9,14 7,594 8,74
a5 0,5 .17 9,33 9,01 8,80
10,0 0,0 9,24 2,30 9,08 8,86
0,05 M borax + 0,1 N NaOH
Compasition pH
. Walbum
ml Borax ml NaOH Sormem,
10°¢ 40 =C Te°C
10,0 0.0 9,24 9,30 .08 8.6
9,0 1,0 9,36 4,42 9,18 8,34
B0 2.0 9.50 857 #,30 L 7]
7,0 30 9,68 9,76 9,44 9,12
C.s.
1
1.1
7
1.2
LC50: 50%
1.3
1.4
14

105
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1.5

10%
1.6
1.6.1
1.6.1.1
A
-10%
-20% 50%
- 69%
- 1%
B
C
1.6.1.2
1.6.2
400 800 Lux

14

pH 5.5-6.0

(50% 0.05%0.2 mm )
10g
pH 5.5-6.5

25%-42% 105

500g

18-22

106



1.6.3

0%-100%

1000 100 10 1 0.1 mg( )/mg

10

0%-100% 1.8
LC50
10

1.8 0%-100%
LC50

10g
490¢g 500g

107



500g
10

14

1.6.4

Eisenia foetida

LC50 P=0.05

wilLcoxon, 1949, for equivalLent method .LC50

LC50
1.8 0%-100%

—_— LC50

108

24

14 7

300-600mg

LitchfieLd and

LC50



— 14 LC50  100% 0%

4

1) OECD, Paris, 1981, Test Guideline 207, Decision of the Council C(81)30 final.

2) Edwards, C. A. and Lofty, ]. R., 1977, Biology of Earthworms, Chapman and Hall,
London, 331 pp.

3) Bouche. M. B., 1972, Lombriciens de France, Ecologie et Systematique,Institut
National de La Recherche Agronomique, 671 pp.

4) Litchfield, J. T. andWilcoxon, F., A simplified method of evaluation dose effect
experiments. [. PHarm. Exp. Therap., vol. 96, 1949, p. 99.

5) Commission of the European Communities, DeveLopment of a standardized
Laboratory

method for assessing the toxicity of chemical substances to earthworms, Report EUR
8714 EN, 1983.

6) UmweLtbundesamt/Biologische Bundesanstalt fiir Land- und Forstwirtschaft, Berlin,
1984, VerfahrensvorschLag "Toxizititstest am Regenwurm Eisenia foetida in

kiinstlichem Boden', in: RudolpH/Boje, Okotoxikologie, ecomed, Landsberg, 1986.

30-50 14
14

18-22 400-800 Lux
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10 20

Eisenia foetida

50% 50% PH
6-7 6 0.5%
Eisenia foetida foetida FEisenia foetida andrei

FEisenia foetida andrei

C.9.
ZAHN-WELLENS
1.
1.1

50-400mg/L
100-1000mg/L

(COD) (DOC)

110



1.2

the Zahn-WeLLens

DT = T
CA = DOC(or COD)
CT = DOC(or COD)
CBA = DOC(or COD)
DOC(or COD)
1.3
1.4
20-25
28 DOC(or COD)
DOC(or

COD)

111



1.5

1.6
1.6.1
1.6.1.1
Smg/L

1.6.1.2

2-4
3550

0.45

112

5-10

2.7mM/L



1.6.1.3

““Functional control””

1.6.1.4
500 mL 2.5mL/L
0.2-1.0g/L DOC
50-400 mg/L COD 100-1000mg/L 1-4
DOC COD
1.6.2
20-25
2mg/ L
PH PH 7-8
DOC COD
5
10 DOC COD

28

113



15
1.6.2

DOC

COD

DOC

TOC

DOC

COD 1.6.2

114

1.6.1.4

0.2-1 g/Litre

1.2

““Zahn-Wellens



3.2

DOC  COD

DOC COD

DOC(COD)
DOC(COD)
DOC(COD)
14C 14C
14C0O2

4

(1) OECD, Paris, 1981, Test Guideline 302 B, Decision of the Council C(81) 30 final.
(2) Annex V C.9 Degradation: Chemical Oxygen Demand, Commission Directive

84/449/EEC, Official Journal of the European Communities, No 1 251,19.9.1984.

115



116



4-

600mg/L
DOC 390mg/L
DOC-
3mL
1000mg/L
DOC DOC DOC
DOCmL | mL/g net mg/L DOC
/L mg/L % net %
mg/L
0 - - 300.0 - - 390.0 -
3hour 4.0 298.0 294.0 2 371.6 367.6 6
lday 6.1 294.0 282.2 6 3733 367.2 6
2day 5.0 281.2 276.2 8 360.0 355.0 9
Sday 6.3 270.5 264.2 12 193.8 187.5 52
6day 7.4 253.3 245.9 18 143.9 136.5 65
Tday 11.3 212.5 201.2 33 104.5 93.2 76
8day 7.8 142.5 134.7 55 58.9 51.1 87
9day 7.0 35.0 28.0 91 18.1 11.1 97
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10day

18.0 37.0 19.0

94

20.0

2.0

99

Fagure 1

Examples of biodegradation curves

Degradation

roe
l."'ll:'.l

1004 f

LR

ExampLes of biodegradation

Degradation

Substance

Peptone

Substances:

i [cprone

DN Aliphatic amine
—11 Glycolether

ALipHatic amine

GLycoLether

118
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Time

Figure 2

Examples of sludge adaptation

Degradacion
(%]

HIIE '
b Substance:
Polyvinylaleohole
——@ adapted
504

Ak ron adapred

—r

(=]
oy -

1]
|-— adapeation phase —-I-— degradarion phase 'Cl'.—

ExampLes of sLudge adaptation
Degradation

Substance

PoLyvinyLalcohoLe

Adapted

Non adapted

Adaptation pHase

Degradation pHase

Endpoint

119

T
15 Time {days)

emdpoint



C.10.

1.1.2 DOC COD
DOC 12mg/L. , 20mg/L

20mg/L

1.2.
1.21 DOC/COD

_T-(E-E)

DR x100%
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DR DOC/COD

T mg DOC/L  mg COD/L

E DOC( COD )

DOC( COD )
DOC(
1.2.2

(Rw)
) ()]

mg /

mg /
1.3.

1.4.

DOC( COD)

DOC
DOC( COD)
15,

1.6
16.1

121

mg DOC/L

mg DOC/L

mg COD/L

mg COD/L

COD)

OECD



1.6.1.1.

OECD

(E)

14 cm

17.2cm

1.6.1.2.

45| am

1.6.1.3

2mm

(F)

(G)

0.5cm

160 mg

10 mg

122

(B)

24

©

951 m

24

Cc , D
B
C
45°
15¢cm
B
24



30 mg

NaCL: 7 mg
CaCl,.2H,0: 4 mg
MgSO4.7HZO: 2 mg
K>HPO,: 28 mg
16.14
1%
1.6.15
(a)
200mL
3mL
(b)
100g 1000mL

30min

200mL

123



200mL

(c)

1.6.2

1.6.21

3
18 25
10°
18 25
/
/
3
3
OECD E B
1 1.5
6
() 2 mg/L.
(c) OECD (D)
2mL 5%

(E F) 20 24 (E

124

F)

3mL

©

2.5g/L



(COD) (DOC)

0.45pm 20mL
COD DOC
g/L
2.5g/L
500mL
COD DOC
1.6.2.2.
1.6.2.2.
1%
10 20DOCmg/L 40mgCOD/L
0.45pm 20mL
10
0.05mL 1% HgCL, 2 4 24 -18

14 20

1.5L
1.5L
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DOC COD
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3 3
DR = > pr—1%0
7 7
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*DRc = |[-=
n-1
"DRc=pRC
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n =
DRc

DRc
[5]

S

— t
DRc = DRc+ ""_DRc
T

n

COD

[2]

[3]

[4]
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n-12 =

DRc=98.6*2.3%DOC

S =4.65%DOC

n =18,
X =

2.2.

COD

2.2.1.

DRc

*DR=DR

DR=DRj

DR

DOC

COD DOC

1.2.1

°*DR =

[7]

t P P=1-@ P 95%

COD DOC -COD DOC

= x 100
COD DOC
> (DR-DR;)’
i=l1
n-1 [6]
NaLimov 6 95%
DRc

t ot

DR = DR+-2% DR
n

n [7]
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n—l; = E

DR=98.6£2.3%DOC
S =4.65%DOC
n =18,

Rw

— OECD

— COD DOC

— COD DOC

— DOC

COD

1.2.1
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3.2.

COD DOC

COD DOC
98%
10% 40%
30% 65% 4

4.

1) OECD, Paris, 1981, Test Guideline 303 A, Decision of the Council C(81) 30 final.

2) Annex V C9 Degradation Test -Chemical Oxygen Demand, Commission Directive
84/449/EEC, Official Journal of the European Communities, No 1 251,19.9.1984.

3) Painter, H. A., King, E. F., WRC Porous-Pot method for assessing biodegradability,
Technical

Report TR70, June 1978, Water Research Centre, United Kingdom.

4) Wierich, P., Gerike, P., The fate of soLubLe, recalcitrant, and adsorbing compounds in
activated

sLudge plants, Ecotoxicology and Environmental Safety, vol. 5, No 2, June 1981, pp. 161 to
171.

5) Council Directives 82/242/EEC and 82/243/EEC, Official Journal of the European
Communities, No 1 109, 22. 4. 1982, amending Council Directives 7Y404/EEC and
73/405/EEC  on biodegradability of detergents, Official Journal of the European
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Communities, No 1347, 17. 12. 1973.
6) StreuLi, H., Fehlerhafte Interpretation und Anwendung von AusreBertests, insbesondere bei
Ringversuchen zur Oberpriifung analytisch-chemischer Untersuchungsmethoden,

Fresenius-

Zeitschrift fir Analytische Chemie, 303 (1980), pp. 406 to 408.
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1
A= (storage vessel) E= (effLuent collection vesseL)
B= (dosing pump) F= (diffuser-stone aerator)
C= (porous aeration vessel) G= (rotameter)
D= (outer impermeable vessel)

2 3
internal diameter of porous pot
rim
seal
internal diameter of outer pot
not to scale
side of cone, inner

side of cone, outer
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C.11.

1.2.
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EC50 50 %
1.3.
3,5
EC50

14
30 3

EC50

1.5

— 15%
— 3 5- EC50 30 3 S5mg/L 30

0.5

3 5— 05g3 5— 10mL1M NaOH
30 mL 0.5M H,SO4 8 mL
1 pH 7 8

1.6.1.3
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1.6.2

1.6.3.

l6 g
I1g
3¢g

0.7¢g
04¢g
02¢g
28¢g

NaCl
CaCl,'H,O
MgS0O4-7H,0
K,HPO,
OECD
771976 6 11

100

15 min

2 4g/L
0.8 1.6gL

136



20+2
pH6 8

50 mL
1.6.4.

3,5-

2042°C

<<g7r 16mL
(500mL)
0O,
;02 6.5 mg/L
<15 715
300mL 16mL

(C2)
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15 )

3
30 (
30
2.
6.5mg O,/L  2.5mg O,/L
10
15% EC50 ( 30
(5 30mg/L 3.,5- ),
( 1.2)
EC50
95% EC50
3.
3.1
EC50 ( )
_ EC50
EC50 95% EC20 EC80
3.2.

EC50
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4.

1) International Standard ISO 8192-1986.

2) Broecker, B., Zahn, R., Water Research 11,1977, p. 165.

3) Brown, D., Hitz, H. R., Schaefer, L., ChemospHere 10, 1981, p. 245.

4) ETAD (EcoLogical and Tox.icological Association of Dyestuffs Manufacturing Industries),
Recommended Method No 103, also described by:

5) Robra, B., Wasserl Abwasser 117, 1976, p. 80.

6) Schefer, W., Textilveredlung 6,1977, p. 247.

7) OECD, Paris, 1981, Test Guideline 209, Decision of the Council C(81) 30 final.
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C.12.
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1.3
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*100
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c(i+l) * 100
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1.5

1.6
16.1

1.6.2.

1.6.3.

SCAS

45

20

25

10
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36
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23
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50

400 23
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26
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3.2.

DOC

14C 14C

14CO2

4.

(1) OECD, Paris, 1981, Test Guideline 302 A, Decision of the Council C(81) 30 final.
1

SCAS

mg/ | mg/ |

4- 17.2 2.0 85 40
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17.3 8.4 514 40
4- 16.9 0.8 95.3 40
16.5 0.2 98.8 40
16.9 1.7 95.9 40
17.9 3.2 81.1 120
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C.13

OECD TG 305 1996

1.
1.1.
1
BCF
BCF
BCF
1.2.

BCF

Log Pow

LOg I:)OW >6

Kg

BINIEIN

BCF

BCF
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1.5

BCF Kg

Log Pow 9.0

BCF
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1.3.

Cr

BCF

Cr

Kg

20%

28

148
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BCF >10
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BCF

LOg I:)OW >3

1.4.

1.5.

149

60
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60%
20%
10%
5% 30%
1.6.
1.7.
1.7.1.
TefLon
1.7.2.
pH
1
pH 6.0 8.5

0.5pH

Ca Mg Na K CL SO4
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Smg/L
0.45Mm 2 mg/L

1.7.3.

N N- CrmopHor
RH40 Tween 80 0.01% HCO-40

>98%

48 20%

1.7.4.

1.7.5.

48
10%
5% 10% 7
5% 7 5%
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1.8.

1.8.1.

1.8.2.

1.8.2.1.

1.8.2.2.

95%

1.8.2.3.

10%

28 28
60

95%
56
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2/3

BCF 1
1.8.2.4.
Cw
0.1-1.0
20%
60%
1.8.2.5.
1-2%
0.5-1
1.8.2.6.
12-16 2 =C 2
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1.8.2.7.

10

3 100

1.8.2.8.

1.8.3.

1.8.4.
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290nm

TOC pH

TOC
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95%
28
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1.8.4.3

) CW CF
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BCF

)

2.1.

(BCFK)

(
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©
8 2, 3)
(10)
25%
, BCFss
Cf( )
Cw( )
» 80%(1-0/K2)  9504(3.0/K2)
Cf
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k2 kl
3
2.2.
20%
BCF, 20%

3.

3.1.
3.2

3.3.
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pH TOC

3.4.

Connell D.W. (1988). Bioaccumulation behaviour of persistent chemicals with aquatic
organisms. Rev. Environ. Contam. Toxicol. 102, pp 117-156.

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, 1, 29-390.

OECD, Paris (1996). Direct PHototransformation of chemicals in water. Environmental
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Health

and Safety Guidance Document Series on Testing and Assessment of Chemicals. No. 3.
Kristensen P. (1991) Bioconcentration in fish: Comparison of bioconcentration factors
derived

from OECD and ASTM testing methods; influence of particulate organic matter to the
bioavaiability of chemicals. Water Quality Institute, Denmark.

US EPA 822-R-94-002 (1994) Great Lake Water Quality Initiative Technical Support
Document

for the Procedure to Determine Bioaccumulation Factors. July 1994.

US FDA, (Food and Drug Administration) Revision. Pesticide analytical manual, 1,
5600

Fisher.s Lane, Rockville, MD 20852, July 1975.

US EPA (1974). Section 5, A(1) Analysis of Human or Animal Adipose Tissue, in Analysis of
Pesticide Residues in Human and Environmental. SampLes, Thompson J.F. (ed.)
Research

TriangLe Park, N.C. 27711.

Compaan H. (1980) in .The determination of the possible effects of chemicals and wastes on
the aquatic environment: degradation, toxicity, bioaccumulLation. Ch. 2.3, Part I
Government

PubLishing Office, the Hague, The Netherlands.

Gardner et al, (1995) Limn. & Oceanogr. 30, 1099-1105.

Randall R.C., Lee H., Ozretich R.J., Lake J.L. and Pruell R.J. (1991). Evaluation of selected
Lipid

methods for Normalising pollutant bioaccumulation. Envir. Toxicol. Chem. 10, pp 1431-1436.
CEC, Bioconcentration of chemical substances in fish: the flow-through method-Ring
Test

Programme, 1984 to 1985. Final report March 1987. Authors: P. Kristensen and N. Nyholm.
ASTM E-1022-84 (Reapproved 1988) Standard Practice for conducting Bioconcentration
Tests

with Fishes and Saltwater Bivalve Molluscs.
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lpg/L
Iug/L
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Iug/L
lpg/L
Iug/L
lpg/L
100ng/L
100ng/L
100ng/L
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2
FISH SPECIES RECOMMENDED FOR TESTING

Recommended Species
Recommended range of test temperature ()
Recommended total Length of test animal(cm) cm
1 Danio rerio(1) (Teleostei, Cyprinidae) (Hamilton-Buchanan)
Zebra — fish 20-25 3.0+0.5
2 PimepHales promelas (Teleostei, Cyprinidae) (Rafinesque)
Fathead minnow 20-25 5.0£2.0
3 Cyprinus carpio (Teleostei, Cyprinidae) (Linnaeus)
Common  Carp 20-25 5.0+£3.0
4 Oryzias Latipes (Teleostei, Poeciliidae) (Temminck andSchLegel)
Ricefish 20-25 4.0=£1.0
5 Poecilia reticulata (Teleostei, PoeciLiidae) (Peters)
Guppy 20 - 25 3.0<£1.0
6 Lepomis macrochirus (Teleostei, Centrarchidae) (Rafinesque)
Bluegill 20-25 5.04£2.0
7 Oncorhynchus mykiss (Teleostei, Salmonidae) (Walbaum)
Rainbow trout 13-17 8.0+4.0
8 Gasterosteus aculeatus (Teleostei, Gasterosteidae) (Linnaeus)
Three-spined stickLeback 18 -20 3.0+1.0
(1) Meyer A., Orti G. (1993) Proc. Royal Society of London, Series B., Vol. 252, p. 231

Spot Leiostomus xanthurus

Sheepshead minnow  Cyprinodon variegatus
Silverside  Menidia beryllina

Shiner perch Cymatogaster aggregata
English sole ParopHrys vetulus

Staghorn sculpin Leptocottus armatus
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Three-spined stikleback Gasterosteus aculeatus
Sea bass Dicentracus Labrax

BLeak ALburnus aLburnus

163



1
kz k2
Pow k2
ka : (1):
Logio ko= 0.414 Log;o(Pow) + 1.47(r2=O.95) [1]
(2).
Pow (3)
Logio (Pow) = 0.862 Logio(s) +0.710 (r2 =0.994) [2]
S moL/L  :(n=36)
LogPow 2 6.5 (4).
ko
( )
el 1 1
it by T fa-ly
Cw
k ket =
Cy :T'_-.-..'"_I | —¢ ™)
. [3]
T—>0 , [3] (5)(6)
] = J.I 1
I- II- j-. -L II
- Cf/CW:kllkzzBCF
ki/ k2 Cu2
[3]
L
GG etyy  L=l-c™
: cg

164



[4]
80%

80
6
2

95

(1] [2]
3.0/k2 95%

0.80 = le*

XL
lys =T

LogPow 4

ko

L6
k2

Logiok, =-0.414.(4) + 1.47

up (80 %) = 1.6/0.652,

up (95 %) = 3.0/0.652,

s=10 ° moL/L (Log(s) = -5.0)

BCFy

()

[5]

[6]

k2 =0.652

245 (59
4.60 (110

Logo(Pow)=0.862(-5.0)+0.710=5.02

Logio Ko = 0.414 (5.02) + 1.47

ko =0.246

up (80 %) = 1.6/0.246,

up (95 %) = 3.0/0.246,

1

6.5 (156
122 (293

teq=6.54 X 10 =P, + 5531 ( )

4

165

)

)

)

b

1.6/k2,



Cf,o 50 ts0

N E]

95

30
— k

'II".i'ﬁ

80 (1.6/ks), 95 (3.0/k>),

Spacie A. and Hamelink J.L. (1982) ALternative models for describing the bioconcentration of
organics in fish. Environ. Toxicol. and Chem. 1, pp 309-320.

Kristensen P. (1991) Bioconcentration in fish: comparison of BCF’s derived from OECD and
ASTM testing methods; influence of particulate matter to the bioavailability of chemicals.
Danish Water Quality Institute.

Chiou C.T. and Schmedding D.W. (1982) Partitioning of organic compounds in
octanol-watersystems. Environ. Sci. Technol. 16 (1), pp 4-10.

Hawker D.W. and Connell D.W. (1988) Influence of partition coefficient of LipopHilic
compounds on bioconcentration kinetics with fish. Wat. Res 22 (6), pp 701-707.

Branson D.R., Blau G.E., Alexander H.C. and Neely W.B. (1975) Transactions of the
American Fisheries Society, 104 (4), pp 785-792.

Ernst W. (1985) Accumulation in Aquatic organisms. In: Appraisal of tests to predict
the environmental behaviour of chemicals. Ed. by Sheehman P., Korte F., KLein W. and
Bourdeau P.H. Part 4.4 pp 243-255. SCOPE, 1985, John WiLey & Sons Ltd. N.Y.

Reilly P.M., Bajramovic R., Blau G.E., Branson D.R. and Sauerhoff M.W. (1977) Guidelines
for the optimal design of experiments to estimate parameters in first order
kinetic models, Can. J. Chem. Eng. 55, pp 614-622.

Koénemann H. and Van Leeuwen K. (1980) Toxicokinetics in fish: Accumulation and
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Elimination of six Chlorobenzenes by Guppies. ChemospHere, 9, pp 3-19.
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C.14.

(OECD) TG 215 (2000)
1.1

(Oncorynchus mykiss)
zebrafish (Danio rerio)” (3)(4) ricefish (medaka, Oryzias Latipes) (5)(6)

(7)
C
1.2
(LOEC) p<0.05
(NOEC) LOEC
EC, x%
1.3
28 14
X ECX EC]O ECzo EC30
2 Meyer, A., Bierman, C.H. and Orti, G. (1993). The pHyLogenetic position of the zebrafish (Danio

rerio), a modeL system in deveLopmentaL. Biology: an invitation to the comparative method. Proc.

R. Soc. Lond. B. 252, 231-236.
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Cu, Pb, Zn, Hg, Cd Ni Ca, Mg, Na, K, CL SO, ,

1.6.3
CremopHor
RH40, Tween 80, 0.01 % HCO-40
10 2
6 /g 1.8.2.2
( 14

80-120 % 80
1.6.4

(Oncorhynchus mykiss) 1 2

zebrafish ~ (Danio rerio)(3)(4) ricefish (medaka, Oryzias
Latipes)(5)(6)(7)
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1.8.3 1.8.4)
9 3
1.7.2 NOEC/LOEC ANOVA
10
11
3.2
(12)(13) (14)
ANOVA
2.1.2 e 7
_ 5 10
1.8
181
1 10
25
24 100mg/L

tricaine methane sulphonate ( ) (MS 222)

176



28

14 1.8.2.3
1.8.2
1.8.2.1

>28
1.8.2.2
60 ASV 2
6 /

1.8.2.3

24

1.8.2.4

1.8.3
1.7.2

1.8.6

14

177



0.1lmL/L

1.6.3

1.8.4
1.7-1.7.2
1.8.5
10 +20
1.6.2 1.6.3
+20
+20
+20
+20
0.45
pH

1.8.6

178

80

120



2.1
10
t
r
log | W —log W
= ——t—tL o0
tx~h
loz oW —log . w
= 2 2 1
g =S 100}
24
log . w P —log . Wy
= s L0k

179

t



I

I

e

Wi W2 tity

Loge wi

Log. w»

lag . wy .

log . wa

1 t
rl 2 13 28 14 0 14 1
28
211
ECy EC

1§)

I

ECy

18 19 20
212 LOEC
LOEC Dunnett
Williams (12)(13)(14)(21)) ANOVA

180



2.1

2 31

(Bartlett

ANOVA

pH

181

0.05

ANOVA

ANOVA
ANOVA

LOEC

Shapiro-Wilk



(1)

)

€)

(4)

)

(6)

0 14 28 0——28
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Fish. WRc  Report No. PRD 1388-M/2.

Ashley S.,Mallett M.J. and Grandy N.J.(1990).EEC Ring Test of a Method for
Determining the Effects of Chemicals on the Growth rate of Fish. Final Report to the
Commission of the European Communities. WRc Report No EEC 2600-M.

Crossland N.O.(1985). A Method to evaluate effects of toxic chemicals on fish growth .
Chemosphere ,14, pp 1855-1870.

Nagel R., Bresh H., Caspers N., Hansen P.D., Market M., Munk R., Scholz N. and Hofte
B.B.(1991).Effect of 3,4-dichloroaniLine on the Early Life stages of the Zebrafish
(brachdanio rerio):results of a comparative laboratory study. Ecotox. Environ .Safety, 21
pp 157-164.

Yamamoto, Tokio. (1975). Series of stock cultures in Biological fieLd. Medaka (killfish)
Biology and strains. Keigaku Publish .Tokio ,Japan

Holcombe, G.W.,Benoit D.A., Hammermeister, D.E..Leonard, E.N. and Johnson,
R.D.(1995). Acute and Long-term effects of nine chemicals on the Japanese
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medaka(Oryzias Latipes).Conta.Toxicol.28, pp 287-297.

(7) Benoit,D.A.,Holcombe,G.W. and Spehar ,R.L.(1991).Guidelines for conducting Early life
toxicity with Japanese medaka (Oryzias Latipes). Ecological Research Series
EPA-600/3-91-063.U.S. Environmental Protection Agency, Duluth , Minesota.

(8) Stephan C.E. and Rogers J.W.(1985).Advantange of using regression analysis to calculate
results of chronic toxicity tests. Aquatic Toxicology and Hazard Assessment: Eighth
Symposium. ASTM STP 891 ,R C Bahner and D J Hansen,Eds., American Society for
Testing and Material,Philadelphia, pp 328-338.
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Protection,On tario ,Report EPS 1/RM/28,81 p.

(10) Cox D.R.(1958).Planning of experiments. Wiley Edt.

(11) Pack S.(1991). Statistical issues concerning the design of tests for determing the effects of
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(12) Dunnett C.W.(1995). A Multiple Comparisons Procedure for Comparing Several
Treatments with a Control, J. Amer. Statist. Assoc 50,pp 1096-1121.

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

(14) Willians D.A.(1971).A test for differences between treatment means when several dose
levels are compared with a zero dose control. Biometrics 27,pp 103-117.
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Species Recommend | Photoperi | Recommende | Required | Loading | Stocki | Food Test
Test od d Measurem | Rate(g/L | ng duration
temperature | (hour) Rage for | ent ) Densit (days)

initial fish | Precision y(per
weight(g) Litre )
g

Recommende

d

Species:

Oncorhynchus | 12.5-16.0 12-16 1-5 To nearest | 1.2-2.0 |4 Dry >28

mykiss 100 mg propriet

Rainbow trout ary

100mg saLmoni
d fry
food

Other  well

documented

Spcies:

Dani rerio 21-25 12-16 0.050-0.100 | To nearest | 0.2-1.0 | 5-10 | Live >28
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Zabrafish 1 mg food
Img (brachio

nus

artemia
Oryzia 21-25 12-16 To nearest | 0.2-1.0 Live >28
Latipes 1 mg food
Ricefish Img (brachio
(Medaka) nus

artemia
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SUBSTANCE CONCENTRATION
ParticuLate matter <20mg/L

Total organic carbon <2mg/L

Unionised ammonia <1 y7;s) /L
R\Residual chlorine <1019 /L

Total organophosphorus pesticides | <50ng/L

TotalL  organochlorine  pesticides  plus | <50ng/L
polychlorinated biphenyls

Total organic chlorine <25ng/L
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©)

10 100 1 10
1 2 3 4 5 6 7
100 100 100 100 100 100 100
32 46 56 63 68 72 75
10 22 32 40 46 52 56
3.2 10 18 16 22 27 32
1.0 4.6 10 16 22 27 32
2.2 5.6 10 15 19 24
1.0 3.2 6.3 10 14 18
1.8 4.0 6.8 10 13
1.0 2.5 4.6 7.2 10
1.6 3.2 52 7.5
1.0 22 3.7 5.6
1.5 2.7 4.2
1.0 1.9 3.2
1.4 24
1.0 1.8
1.3
1.0
2x+1
mg/L  pg/L 10
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C.15

1
OECD TG 212 1998
1
a
c
1
1
1
LOEC
NOEC LOEC
LOEC NOEC
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Danio rerio

p<0.05

LC/Ex



1.7.1.2

1A

OECD TG 210

190

Pka P,

60%~100%

+

1B



4
pH +0.5
Cu Pb Zn Hg Cl Ni
K" ClI' SO/
3
DMF

HCO40

191

1.6.6

23

Ca*" Mg2+

cremophor RH40 Tween 80 0.01%



1 7
7 8
2
1.7.1.2
30
60%ASV

1.7.1.3

3/4

80%~120%

10%

30

S5¢g/LL

(1)

80%

24

192

24

(i)

0.5g/L



1.7.2
5 3.2
LCso 5
5
96 LCsy  100mg/L
1.6.6 0.1mg/L
1.7.3
1.7.4
+20% 80%~120%
14 16
3
+20%
3
7
20%
7
3

0.45um
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1.7.5
1751

1.7.5.2

1.7.5.3

1754

1.7.55

194

10

11

30



20%
1.7.5.6

LOEC/NOEC

Dunnett

ANOVA

LC/Ecx

12

13

1.7.5.6

95%

60

LC/Ecx

195
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14

20%

90%

15

ANOVA

LC/Ex



2.2

2.3

231

2.3.2

2.3.3

234
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1.7.5.6



S ANOVA p=0.05 LOEC NOEC

S LC/Eex
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1A

Oncorhynchus mykiss

Rainbow trout(9)(16)

Danio rerio

Zebrafish(7)(17)(18)

Cyprinus caprio

Common carp(8)(19)

Oryzias Latipes
Japanese ricefish/medaka(20)(21)

PimepHaLes promeLas

Fathead minnow(8)(22)
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1B

Carassius auratus Menidia peninsuLae
(23)(24)(25)
Lepomis macrochirus CLupea harengus
24 25

Gadus morhua

(24) 25

Cyprinodon variegatus

(23)(24)(25)
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SACFRY

Coromandel

45

2542

hatched Arthemia, chironomids(

(Enchytraeids)
8 16 50
48
plexi-glass(
2 Smm

Laale

),Daphnia

10 30
12
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5 7cm



10cm

Hisaoka

24

13
BattLe 2

10

90%

7.8

5 10
4mm)
5% 40%
25
4
250 mg CaCOs/L
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LC50 EC50

Abbott 4)
P= 100—(C P x100)
P
PI
C
) LC50
EC50 StepHan(5)
LOEC NOEC
sac-fry LOEC.
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0/ | (hrs)
00
Brachydanio 25%1 12-16 |3-5 |8-10 80 |90
rerio (
)5
( ) (8-10
)
Oncorhynchus | ;410 | - 0@ 30- | 25- 66 |70
mykiss 35 30 (
1217
)20
(50-55 )
Cyprinus 21-25 - 12-16 |5 >4 80 |75
carpio (
)4
(8-9
)
Oryzias Latipes | 24+1V | - 12-16 | 8-11 | 4-8 80 | 80
23+1? (
)5
(13-16
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PimepHaLes

promeLas

25+2

16

4-5

)4

(8-9

60

70

M

(@)

(2)
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0/0

0 (hrs)
Carassius 2441 - 3-4 | >4 - 80
auratus (
)4
(7 )
Leopomis 211 | - 16 3 >4 - 75
macrochirus (
)4
Blugill 7 )
Menidia 22-25 15-22 |12 1.5 10 80 | 60
peninsuLae (
)5
Tidewater (6-7
silverside )
Clupea 101 8-15 12 20-2 | 3-5 60 |80
harengus 5 (
)3

(23-27
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)
Gadus morhua | 51 5-30 |12 14-1 | 3-5 60 | 80
6 (
)3
(18 )
Cyprinodon 25+1 15-30 |12 - - >75 | 80
variegatus (
)4/7
(28
)
4
<20 mg/L
<2 mg/L
<1 pg/L
<10pig/L
<50 ng/L
<50 ng/L
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<25 ng/L
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C.16

1.1.

1.2.

LDsg

1.3.

24 48

LDsg
1.4.

)/

96

OECD TG 213 (1998)

24

96

48

48

211

50%

LD505

b

LDsg
(a.s.)
<10%,
72 96



- LDsg
1.5.
1.5.1.
1.5.2.
2542
1.6.3.1
2mm

1.5.3

2
1.5.4.

10%

= & > ,( )
varroa
50-70%
500g/L
ad Libitum

50mm 10mm

50%

212

N-N-



1.6.
1.6.1.

1.5.4
1.6.2.

1.6.3

1.6.3.1.

1.6.3.2.

10%

1%

LDsy-24h 0.10-0.35p4g  a.s./

2.2

100 200paL 50%

3 4

ad Libitum

96

48

213

LDsg

95%

LDsq

LDsg

(

10%

24



1.6.4.

24 96
10%

1.6.5.
100 g a.s./
LDso

1.6.4

LD5() 95% Abbott

LDsy Mg
2.2.

2.2.1.

- (s)
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2.2.4.

- 95% LDs

LDsg

3

(1) EPPO/Council of Europe (1993). Decision-Making Scheme for the Environmental Risk
Assessment of Plant Protection Products - Honeybees. EPPO bulletin, vol. 23, N.1, 151-165.
March 1993.

(2) Gough, H.J., McIndoe, E.C., Lewis, G.B. (1994). The use of dimethoate as a
reference compound in Laboratory acute toxicity tests on honeybees (Apis mellifera 1.)
1981-1992. Journal of ApicuLtural Research ,22, 119-125.

(3) Litchfield, J.T. and Wilcoxon, F. (1949). A simplified method of evaluating
dose-effect experiments. Jour. PHarmacol. and Exper. Ther., 96, 99-113.

(4) Finney, D.J. (1971). Probit Analysis. 3rd ed., Cambridge, London and New-Y ork.

(5) Abbott, W.S. (1925). A method for computing the effectiveness of an insecticide.

Jour. Econ. Entomol.,18, 265-267.
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C.17.

48
96

1 5
1 51

(LD50)

OECD TG 214(1998)

96

M g/bee
50%

48
=10%,
24
72 96

10%

216

48

24



2542 . ( 50—70%).
500 g/L
(50mm ,10mm 2mm)
1 5 3
1 5 4
( , )-
(Agrl, Cittowett, Lubrol, Triton, Tween)
1 6
1 6 1
95%
2.2
( )
( )
1 6 2
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( ) . (24
0.30 pIg a.s./bee).

).
1 6 3
1 6 3 1

48 . 24 48 10% ,
10%.

4 24 48
24 10%

100 #g as./bee

3)4). 24 48 72 96
95%

218

96

1.6.4

Abbott’s

0.10 -

96

(4)(3).



— 95%

(1) EPPO/Council of Europe (1993). Decision-Making Scheme for the Environmental Risk
Assessment of Plant Protection Products - Honeybees. EPPO bulletin, vol. 23, N.1, 151-165.
March ,1993.

(2) Gough, H.J., McIndoe, E.C., Lewis, GB. (1994). The use of dimethoate as a

reference compound in laboratory acute toxicity tests on honeybees (Apis mellifera L.),
1981-1992. Journal of Apicultural Research 22 119-125.

(3) Litchfield, J.T. and Wilcoxon, F. (1949). A simplified method of evaluating
dose-effect experiments. Jour. Pharmacol. and Exper. Ther., 96, 99-113.
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(4) Finney, D.J. (1971). Probit Analysis. 3rd ed., Cambridge, London and New-York.
(5) Abbott, W.S. (1925). A method for computing the effectiveness of an insecticide. Jour.

Econ. EntomoL. 18, 265-267.
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C.18.

1
OECD TG 106
11
(D))
(9)O)(N)(B)O)(10)(T1).
(12)(13)(14)(15)(16)(17)(18)(19)(20)(21).
(22)(23) (24)

(16)(I8)(19)(21)(25)(26)(27)(28); (21)(29)(30);

(18)(31)(32) (19)(33)(34)(35)

(12)(36)(37)(38)(39)(40),
((12)(13)(14)(41)(42)(43)(44)(45)(46)(47)(48)(49)

1 2
pH
<0.2pm
(3)(A)(12)(13)(14)(41)(43)(44)(45)(46)(47)(48) (3)(4)(41)(42)(43)(44)(45)(46)
(47)(48) pH  (3)(4)(42)
(ECEC)
“4) (49)

221



pH

|
|
|

Kd Ko

Frenudlich

1 3
Ati ti %
Aeq %
msads(ti ) ti Mg
msads(ti) Atj Mg
msads(eq) Mg
m0 Hg
mmads(ti ) ti Mg

222




maq ads eq () Mg
msoil G

Cst W] gcm'3
Co @] gcm'3
C ads(t) ti @] gcm'3
Cadseq () pgsg’
C ads(eq) ¥ gcm'3
Vo cm’

VA cm’

Kd cm’ g !
Koc cm’ g !
Kom cm’ g :
K ads Freundlich F
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I/n Freundlich
Dti Ti %
Dt_ At %
Kdes cm’ gt
K des Freundlich F
Mg 1"'/n (cm?)
Img!
maq des(ti ) Ti Hg
maq des ti ) (_ Ati g
mmdes(eq) Mg
maq des eq) ( Hg
msdes(ti) Ati Mg
maq A Hg
C des(eq) Hgs g’
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Cdeseq() pigem™
VT cm’

3
VR cm
vD cm’
Vi cm’
VF cm’
MB %
mE Hg

3
Vrec cm
Pow --
pKa
Sw g L'
1 4

0.01 M CaCl,
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1 7
1 71

95%

(A.6)
(A.4)
pH (C.7)
(A.8)
(C.4)
pKa

(Sw<10*gL™
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3000g 0.2pam

0.2 Mkm
f 103 110
2
pH
( ) -
ISO
ISO-10390-1 0.01 M CaCl, -
ISO .Handbook of SoilAnalysis.
50—52
1
1.9
1
45-55 1.0—2.0 65--80
>7.5 3.5-—-5.0 20—40
55—7.0 1.5—3.0 15—25
4.0—5.5 3.0—4.0 15—30
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5 <4.0—6.0 <0.5—1.5 <10—15

6 >7.0 <0.5—1.0 40—65 /
7 <4.5 >10 <10 /
FAO US 85
0.3%
0.3%
1 7 3
1 7 31

(53)(54)(55)(56)(57)(58)

ISO (ISO 10381-6)
b) UTM(Universal Transversal Mercator-Projection/European

Horizontal Datum)

20cm n.7
1 7 3 2
1 7 3 3
20-25
=2mm ISO (ISO
10381-6)
105°C

1 7 4

0.01M CacCl,
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4°C
(Sw < 10™ g /L) a
b 1% <0.1%

0.01 M CaCl, <0.1%

1 8
1 81
(35)(59-62)
2
0.01 M CaCl, 100 cm’ 20g
4 15
10%
+CaC12
(GLC) (HPLC) (GC/ MS,
HPLC/MS) 90%--110%
2

1 8 2

20% 50% (62)
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Distribution coefficient K{I {em? g1)

1:
(Soil to Sollution Ratio

1

/

/ Distribution coefficient

Kd

Kd
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1 5 Kd 20

Kd

3)

Kd

Kd



80%

1.9
1.9.1

1.9.2

1.9.2.1

Kd 50%
/ Pow 20
20~25 °C
0.2um
4,
0.2um
|—
/
50cm’ 1/1
50cm’ 1/5
50cm’ 1/25
2
0.01 M CaCl,

CaC12

231

25

1 100

Kd

Pow >10*

0.2um



45 cm’ 0.0IM CaCl,

a 50 cm’ 10%
(Co)
(> 90%)
(Co)

1 ug cm-3

5 45 ¢m>0.01 M CaCl,

) 10 ugem™

77 48

1% /
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2
(= 10%

24

50 cm’

0.01 ug cm™

90%

50 cm’

24

12



ti

ti Ati At 3

1 Kd Kd / 1

20% >50% (61)

5
1.9.2.2.

Ati  Caq™®
1 2
/
1.9.2.3.
/
/ 20% >50%
48
95%
10
90%
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1.9.2.4. 2—

1 5
2
/
2 4 6 8 10 24
48
5 Caq™® 5 2
0.01 M CaCl,
0.01 M CaCl,
Ati A ti
Kd Koc ( )
Kd 35 78
Kd <1 em’ g Koc
MacCaLL et aL.(16) Koc DT-506

(32)(79)

61 Kd 0.3cm3 g-1

/ 1/1
Kd
Kd / >0.3

>0.1 61

1.9.2.5. 3— /

1.9.2.5.1.
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1.9.2.5.2.

Kd

CaCl,
0.01 M CaCl,

CaCl2

2
0.01 M CaCl,

2

41 45 80 81 82

0.01 M

0.01M
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<90%

K, *(m,, /V,)>0.3

K, *(m,. /V,)>0.1
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84

5% m;* (eq) 50%
52.4%
m_, =10g
V, =100cm’

mig (eq) | Cif (eq) m*(eq). | Ci*(eq). | RT | K* | R]

R
(ug) | (ugem™) (ug) (ngg™)
A=9%
100 1.000 True | 10 1.00 True 1

valLu valLue

e
101 1.010 1% 9 0.90 10% | 0.891 |10.9%
105 1.050 5% 5 0.50 50% | 0476 | 52.4%
109 1.090 9% 1 0.10 90% [ 0.092 |90.8%
A=55%
50.0 0.500 True | 60.0 6.00 True 12.00

valLu valLue

e
50.5 0.505 1% 59.5 5.95 0.8% | 11078 | 1.8%
52.5 0.525 5% 57.5 5.75 4.0% |10.95 |8.8%
55.0 0.550 10% | 55.0 5.50 8.3% |10.00 | 16.7%
A=99%
1.100 0.011 True | 108.9 10.89 True | 990

valLu valLue

e
1.111 0.01111 1% 108.889 10.8889 | 0.01% | 980 1.0%
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1.155 0.01155 | 5% 108.845 10.8845 | 0.05% | 942 4.8%

1.21 0.0121 10% 108.790 10.8790 0.10% | 899 9.2%
[C, - Ci* (eq)]V,, m:*(eq) V,
«m" (eq) =M, _ ngs (eq) , C*(eq) _ mgg; , K,_ mzis (eq) my,;
m:* (eq) _ ng
mads (e )
aq q — HE
Ci*(eq) _ (nge™)
Cii’f (eq)_ (ugem™)
ads
R :maq (eq)
R _ R
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(12)(68)

Log Kom=0.69 +0.52

Log Pow

Log Koc =-0.779+
0.904 Log Pow

Log Kom=44 -+
0.72

Log Pow

Log Koc=-2.53 +1.15

Log Pow

Briggs (1981) (39)

Chiou et aL. (1983) (65)

GerstL and MingeLgrin
(1984)
(66)

VowLes and Mantoura
(1987)
(67)

(68) (69)

Log Kom =3.8 - 0.561
Log

Sw

Log Kom = (4.040 +/-
0.038) - (0.557 +/-
0.012) Log Sw
LogKoc=4.273 -
0.686

GerstL and MingeLgrin
(1984) (66)

Chiou et aL. (1979) (70)

Hasset et al.. (1981) (71)

257




Log Sw

LogKoc =-1.405 - 0.921
Log Sw -0.00953 (mp-
25)

Log Kom =2.75 - 0.45
Log

Sw

Karickhoff (1981) (72)

Moreale van BLade
(1982)
(73)
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p cm
Ps gem™
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Rt cm
Rb-Rt cm
2. n P 25
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Fig. 1b. (Rb-Rt) =L (t) (rpm) Rt=10

3

N L _ - _ -3
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1.2

HPLC

OECD TG121

QSAR

2000

(batch equilibrium)
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3
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Koc
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Koc
HPLC
Koc
K4 K¢
/
ug.g’
ug.g”
ug.g'l,ug.mL'1
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K¢:FreundLich

X/m ug.g
Log"™=LogK+1/n .LogCyq
X/m=
1/n=FreundLich
Ca=1 K=Log(x/m)
Ko K4 FreundLich
K¢
ug.g’
Koc=Ka/foc( mL. g'l)
Koe Ky Koc
K¢
(Koc) (k)
K=(tr-to)/to
tr:HPLC
to:HPLC 1.8.2
Pow: —
PowzcoctanoL/ Caq (:Kow)
1.3
HPLC
Logk
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1.4
HPLC
-O-Si
pH
PH 5.5
PH 5.5

cyanopropy 1

-CH,-CH,-CH,

A8

7.5

7.5
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LogKoc

fenoxaprop-ethy1,fenoxaprop-P-ethy1
—_ carbendazim, triazixide
—_ 2-chlirobenzamide,N,N-dimethylbenzamide,3,5-dinitrobenzamide,

N-methylbenzamide,2-nitrobenzamide,3-nitrobenzamide):

— DDT 1 2 3- ()

— fenamipHos isofenpHos , sulprofos,
triazophos

- 2- 4- 2,4,6- 1-

e isoproturon monoLingualism pencycuron

—_— acid yellow 219 41 direct red 81

— ( )

—1,3,5- prometryn proparea

—_ tebuconazoLe triadimefon

triapenthenol
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1.6
1.6.1

+0.5
1.6.2

1.6.3

11

1.7
1.7.1

1.7.2

55%

Log Koc=2.0

1.7.3

Log Koc 0.5~5.0

batch equiLibrium method

Log Koc 0.25

HPLC , 48
, R=0.95(10)(11)
12

pow (=K o), ,

b

(DE)YG)HGNO)XT)

cyanopropyl ( hypersiL  zorbax CN)

, kl : Log Ko=3.0

,Log k1>-0.4.

(V:V)=55%: 45%

:0.01M PH=0.6 (V:V)=55%: 45%
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HPLC

isocratic eLution

1.7.4

1.8
1.8.1

1.8.2 to
to 1.2
1.8.2.1
to testing method A8:PARTITION
COEFFICIENT(N-OCTANOL/WATER),HPLC METHOD
1.8.2.2

1.8.3 to
1.3

2 Log Koc 0.25
1.8.4
4(1.2 ), k1 to tr Log k1
Log Koc ( batch equiLibrium method 1 3)
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Log k1 Log Koc Log Koc

Log k1 Log Koc

E— Log Koc

3

1)W.J.Lyman,W.F.Reehl,D.H.Rosenblatt(ed).(1990).Handbook of chemical propetry estimation
methods,chapt.4,McGraw-HiLL,New York.

2)J.Hodson,N.A.Williams(1988).The estimation of the adsorption coefficient (K,.) for soils by
HPLC.Chemosphere,17,1 67.

3)G.G.Briggs(1981).Theoretical and experimental relationships between soil
adsorption,octanol-water partition coefficients,water solubilities,bioconcentration factors,and
the parachor.J,Agric,Food Chem.,B19,1050-1059.
4)C.T.Chiou,P.E.Porter,D.W.Schmedding(1983).Partition equilibria of nonionic organic
compounds between soil organic matter and water.Environ.Sci.Technol.,17,227-231.
5)Z.Gerstl,U.Mingelgrin(1984).Sorption of organic substances by soils and

sediment.J. Environm.Sci.Health,B19,297-312.

6)C.T.Chiou,L.J.Peters,V.H.Freed(1979).A pHysicaL concept of soil water equilibria for
nonionic organic compounds,Science,106,831-832.

7)S.W.Karickhoff(1981).Semi-empirical estimation of sorption of hydropobic pollutans on
nonionic organic compounds,Science,106,833-846.
8)W.KordeL,D.Hennecke,M.Herrmann(1997).Application of the HPLC-screening method for

288



the determination of the adsorption coefficient on sewage
sludges.Chemosphere,35(1/2),121-128.

9)M.Mueller,W.Kordel(1996).Comparison of screening methods for the estimation of
adsorption coefficients on soil.Chemosphere,32(12),2493-2504.

10)W.Kordel,J.Stutte, G.Kotthoft(1993).HPLCOscreening method for the determination of the
adsorption coefficient in soil-comparison of different stationary
phases,Chemosphere,27(12),2341-2352.

11)B.von Oepen,W.Kordel, W.Klein(1991).Sorption of nonpolar and poLar compounds to
soils:Processes,measurements and experience with the applicability of the modified OECD
Guideline 106,Chemosphere,22,285-304.
12)W.Kordel,G.Kotthoff,J.MuLLer(1995).HPLC-screening method for the determination of the
adsorption coefficient on soil-resuLts of a ring test. ChemospHere,30(7),1373-1384.
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1

1,2

Koc HPLC

Substance CAS-No. Log KoclLog |A Log |[Log |A

sewage |Koc Koc |Koc

sLudges |HPL soils |HPL

C C

Atrazine 1912-24-9 1.66 2.14 1048 |1.81 2.2 0.39
Linuron 330-55-2 2.43 296 10.53 [2.59 [2.89 [0.3
Fenthion 55-38-9 3.75 3.58 10.17 |3.31 3.4 [0.09
Monuron 150-68-5 1.46 221 10.75 |1.99 |2.26 |0.27
PHenanthrene 1985-1-8 4.35 3.72 10.63 [4.09 |3.52 |0.57
Benzoic acid pHenyLester 93-99-2 3.26 3.03 0.23 |2.87 [2.94 ]0.07
Benzamide 55-21-0 1.6 1 0.6 1.26 |1.25 10.01
4-Nitrobenzamide 4- 619-80-7 1.52 1.49 10.03 |1.93 |1.66 [0.27
AcetaniLide 103-84-4 1.52 1.53 0.01 [1.26 [1.69 [0.08
AniLine 62-53-3 1.74 1.47 10.27 2.07 |1.64 ]0.43
2,5-DichLoroaniLine 95-82-9 2.45 2.59 10.14 |2.55 [2.58 ]0.03
2 5-

1 W. Kordel, D. Hennecke, M. Herrmann  (1997).

method for the determination of the adsorption coefficient on sewage

Chemosphere,

35(1/2), 121 - 128,

2 W. Kordel, D. Hennecke, C. Franke (1997). Determination of the adsorption-coefficients

Application of the

HPLC-screening

of organic substances on sewage sLudges. ChemospHere, 35 (1/2), 107 . 119.
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11
HPLC *
CAS-No. Log Koc Koc Log Koc
[OECD 106] [HPLC- ]
Atrazine ( [1912-24-9 1.81 78216 1.89
)
Monuron 150-68-5 1.99 10028 2
( )
Triapenthenol 77608-88-3 2.37 292458 2.47
( )
Linuron ( |330-55-2 2.59 46562 2.67
)
Fenthion ( |55-38-9 3.31 20624648 3.31
)

1 W. Koérdel, G. Kotthoff, J. Miiller (1995). HPLC-screening method for the determination of

the adsorption coefticient on soil-results of a ring test. Chemosphere, 30(7), 1373-1384.

3
HPLC
Reference substance CAS-No. Log Koc mean number Log source
values from of Koc S.D.
batch data
equiLibrium
Acetanilide 103-84-4 1.25 4 0.48 a
Phenol 108-95-2 1.32 4 0.7 a
2-Nitrobenzamide 610-15-1 1.45 3 0.9 b
2-
N.N-dimethylbenzamide 611-74-5 1.52 2 0.45 a
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N,N-

4-Methylbenzamide 619-55-6 1.78 1.76
4-

93-58-3 1.8 1.08
Methylbenzoate
Atrazine 1912-24-9  |1.81 1.08
( )

34123-59-6 (1.86 1.53
Isoproturon
3-Nitrobenzamide 645-09-0 1.95 1.31
3-
Aniline 62-53-3 2.07 1.73
3,5-Dinitrobenzamide 121-81-3 2.31 1.27
3 5-

10605-21-7 |2.35 1.37
Carbendazim
Triadimenol 55219-65-3 (2.40 1.85
Triazoxide 72459-58-6 (2.44 1.66
TriazopHos 24017-47-8 |2.55 1.78
Linuron 330-55-2 2.59 1.97
( )
Naphthalene 91-20-3 2.75 2.20
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Endosulfan-diol 2157-19-9  |3.02 2.29

Methiocarb 2032-65-7 |3.10 2.39

Acid Yellow 219 63405-85-6 (3.16 2.83

219

1,2,3-TrichLorobenzene 87-61-6 3.16 1.40

1 2 3- ()

Vy-HCH 58-89-9 3.23 2.94

Fenthion 55-38-9 3.31 2.49

( )

Direct Red 81 2610-11-9 |3.43 2.68
81

PyrazopHos 13457-18-6 |3.65 2.70

O-Endosulfancx- 959-98-8 4.09 3.74

( )

DiClofop-methyl - 51338-27-3 14.20 3.77

Phenanthrene 85-01-8 4.09 3.83

Basic Blue 41 (mix) 26850-47-5 |4.89 4.46
419(C ) 12270-13-2

DDT 50-29-3 5.63 _

/a/ W. Kordel, J. Miiller(1994). Bestimmung des Adsorptionskoeffizienten organischer
Chemikalien mit der HPLC. UBA R & D Report No. 106 01 044 (1994).

/b/ B.V. Oepen, W. KordeL, W. Klein. (1991). Chemosphere, 22, 285-304

/c/ Data provided by industry.

C.20 DAPHNIA MAGNA

1.
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OECD TG 211 (1998)

1.1.
1.2.
(LOEC)
p<0.05
LOEC
LOEC
(NOEC) LOEC
(p <0.05)
ECx:
X%
15
)
1.3.
24 (

21
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(LOEC)

1.4.

1.5.

1.6.
1.6.1.

1.6.2.

(NOEC)

pKa, Pow

(TOC)

Straus

EC50 EC20 EC10) x%

C.2, Part I )

20%

(COD)
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(1) A( IRCHA)
3)

=60
24
ephippia
( )
3
1.6.3.
ELendt M4 (4) M7
( 1)
5 6
TOC /
COD TOC/COD TOC
( ) 2mg/L 7
ELendt M4 M7
EDTA ELendt M4 M7
EDTA M4 M7

ASTM
EDTA 7 ASTM EDTA
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3 mg/L pH 6-9 1.5
140 mg/L (  CaCOs )
(9) (10)
1.6.4.

dimethylformamide,

triethylene CremopHor RH40, 0.01%  HCO-40

<0.1 mL/L

mL/L
1.7.

1.8.
1.8.1.
1.8.1.1.
21
1.8.1.2.
50-100 mL
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100 mL

( 10 )
1.8.1.3.
- , 10 10
40 10
(1)
20
)
1.8.1.4.
- s s (
) ( )
Chlorella sp , SeLenastrum capricornutum (

PseudokirchnerieLLa subcapitata(11)) Scenedesmus subspicatus

(©) (12) ;
magna 0.1 0.2 C/ /

0.1-0.2 C/
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1.8.15.

1.8.1.6.

1.8.1.7.

1.8.2.

EC50

0.1 mL/L
1.8.3.

15-20 ],LE-m'2~s'1
18-22
5 3.2
LOEC/NOEC,
LOEC/NOEC,
ECX
EC50

(13)

16

18-20 19-21 20-22

1.8.1.3 5

ECX
EC50 EC50
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<25%
1.8.4.

1.4

80 %

1.8.5.

13 18.8)

1.8.6.

1.8.7.

1.8.8.

1.8.9
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LOEC

£20%

NOEC

ANOVA

80%-120% 14 184
+20%
+20%
80% —120%
= & 7y 3
+20%
+20% ( 5)
ANOVA
Dunnett William
14 15 16 17
18 BartLett
ANOVA
ANOVA
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50% EC50

X, EC50

hormesis
, EC10 EC20
EC50
2.2.

2.2.1.

2.2.2.
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magna

2.2.3.
( )
( , )
TOC/COD
TOC/COD
« /7 1) (
() )
( )
2.2.4.
( 4 )
( TOC / COD
X 3 )
( 3 )
( 3 )
( )
( )
LOEC
NOEC LOEC/NOEC
Ecx
(

303



3.

OECD Test GuideLine Programme, Report of the Workshop on the Daphnia magna Pilot
Ring Test, Sheftield University, UK, 20-21 March 1993.

OECD Environmental Health and Safety Publications. Series on Testing and Assessment
No.6.Report of the Final Ring Test of the Daphnia magna Reproduction Test Paris. 1997.

Baird D.J., Barber J., Bradley M.C., Soares A.M.V.M. and Calow P. (1991). A comparative
study of genotype sensitivity to acute toxic stress using Clones of DapHnia
magna Strauss. Ecotoxicology and Environmental Safety, 21, 257-265.

Elendt B.P., (1990). SeLenium deficiency in Crustacea; An ulLtrastructural approach to
antennal damage in Daphnia magna Straus. Protoplasma, 154, 25-33.

EPA (1993). Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to
Freshwater and Marine Organisms. (Fourth ed.). EPA/600/4-90/027F. C. 1. Weber (ed),
USEPA,Cincinnati, Ohio.

Vigano L., (1991) Suitability of commercially availabe spring waters as standard medium
for cuLturing Daphnia magna. Bull. Environ. Contam. Toxicol. ,47, 775-782.

ASTM (1988). Standard Guide for Conducting Acute Toxicity Tests with
Fishes,Macroinvertebrates and Amphibians. E729-88a. American Society for Testing
and Materials, Philadelphia P.A. 20 pp.

Baird D.J., Soares A.M.V.M., Girling A., Barber J., Bradley M.C. and Calow P. (1989). The
Long term maintenance of Daphnia magna Straus for use in ecotoxicological tests;
problems and prospects. In: Proceedings of the 1st European Conference on Ecotoxicology.
Copenhagen 1988 (H.Lokke, H. TyLe & F. Bro-Rasmussen. Eds.) pp 144-148.

Parkhurst B.R., Forte J.L. and Wright GP. (1981). Reproducibility of a Life-cycle toxicity
test with DapHnia magna. Bull. Environ. Contam. and Toxicol., 26, 1-8.

Cowgill UM. and Milazzo D.P. (1990) The sensitivity of two cladocerans to water
qualityvariables: salinity and hardness. Arch. HydroBiol., 120(2), 185-196.

Korshikov (1990). Pseudokirchneriella subcapitata Hindak, F-1990. Biologice Prace, 36,
209.Sims L.R., Watson S. and Holmes D. (1993). Toward a standard Daphnia juvenile
production test. Environmental Toxicology and Chemistry, 12, 2053-2058.

Sims 1. (1993). Measuring the growth of phytoplankton: the relationship between total
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organic carbon with three commonly used parameters of algal growth. Arch. HydroBiol., 128,
459-466.

Dunnett C.W., (1955). A multiple comparisons procedure for comparing several treatments
with a control. J. Amer. Statist. Assoc., 50, 1096-1121.

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

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

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

Draper N.R. and Smith H. (1981). Applied Regression Analysis, second edition, Wiley, N.Y.
Brain P. and Cousens R. (1989). An equation to describe dose responses where there
isstimulation of growth at low doses. Weed Research, 29, 93-96.

Wilson E.O. and Bossert, W.H. (1971). A Primer of Population Biology. Sinauer Associates
Inc.Publishers.

Poole R.W. (1974). An Introduction to quantitative Ecology. Mc Graw Hill Series in
PopulationBiology, New York, p 532.

Meyer J.S., IngersoLL. C.G, McDonald L.L. and Boyce M.S. (1986). Estimating
uncertainty in population growth rates: Jackknife vs bootstrap techniques. EcolLogy, 67,

1156-1166.
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ELENDT M7 M4

ELendt M7 M4

M4(1) M7
, 30% ELendt 60% ELendt 100%
ELendt

(1) 2) (

M4 MY

M4 M7
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Rk
Aok ik L s
bi | B | Meecd
2E FED ml/1
mg/1 M4 M 7
s im0 20 50 50
R ETL R
HEEPRE YR
(R
CaCly * 2293800 |1000 1.0 1.0
H:(}
Mg§0; *  7|246600 |2000 0.5 0.5
H.0
KCl 58 000 10 000 01 0.1
NaHC0; 64 800 1 000 1.0 1.0
NaSiO | * 9350000 5 000 02 0.2
3 Hz0
NaMNO; 2 740 10 000 0.1 0.1
KH2POy 1430 10 000 0.1 0.1
K:HPO, 1 840 10 000 0.1 0.1
Combined - 10 000 0.1 0.1
Witamin stock
HHA RIS E R AT EMEA FE T 1Ak
4 ERIRY | 750 10 000
SLFAHT
U TR 2 10 10 000

- S | 7.5 10 O

N.B. , 500-800

N.N.B. M4 ELendt B.P.(1990) SeLeninm deficiency in

crustacea; an uLtrastructuralL approach to antennalL damage in DapHnia magna straus .
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ProtopLasma,154,25-33.

(TOC)

TOC

TOC

persulphate ( : The

Instrumental Determination of Total Organic Carbon, Total Oxygen Demand and Related

Determinands 1979, HMSO 1980; 49 High Holborn, London WC1V 6HB)
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lrgremisn of absurbance an mg CAL {1 cm path beeglhp

i firom conreairaivd s peesions of smi continmus haick cullured
wrlbe, re-suspaaded i distilled wader.

as Carruintien coviliciend - 595
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concentrated algal feed :

dry weight :
correlation coefficient :
absorbance :

dilution :

path length:
suspension :

distilled water :
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Renewal Davs Concl Concl LofConcd | Lo{Concl | Area
M ] I

2 10,000 4,493 2303 1.503 13.767
2 2 | 1,000 6.037 2308 . 798 16544
3 3 10,000 4,066 2303 1.403 19781
Total 7 Total Area | 50.09]
Davs

TW Mean | 7156

Days
Conc0
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Concl

Ln(Conc0)  ConcO
Ln(Concl)  ConCl
Area

Concl —concl

Area=

- (TW

Ln(conc0) — In(concl) *Days

)
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