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o V, (14)
mg(eq) = m’(eq) - my, (ug)
where:
C%(eq) = content of the test substance remaining adsorbed on the soil at desorption equilibrium
5 -l
(hg g
m&*(eq) = mass of substance determined analytically in the aqueous phase at desorption
" equilibrium (ug);
A = mass of the test substance left over from the adsorption equilibrium due to
m,, q
incomplete volume replacement (lg);
m::s {eq) = mass of the substance in the solution at adsorption equilibrium (ug);
V, -V (15)
ml =i e {22
0
vF = volume of the solution taken from the tube for the measurement of the test substance,
f at desorption equilibrium (cm’); '
Vo = volume of the supernatant removed from the tube after the attainement of adsorption

equilibrium and replaced by the same volume of a 0.01 M CaCl, solution (cm’);.

The Freundlich desorption equation is shown in (16}):

des des des 1/n . ( 1 6)
Coleg= Ky . Clleq) (ngg)
or in the linear form:

logC(eq) =logK{™ + I/n - logCi(eq) (17)
where:
K= = Freundlich desorption coefficient;
n = regression cbnstant;
C:;s (eq) = mass concentration of the substance in the aqueous phase at desorption equilibrium

(ng cm”).

The equations (16) and (17) can be plotted and the value of K‘;“ and 1/n are calculated by regression
analysis using the equation 17.
Remark:

If the Freundlich adsorption or desorption exponent I/n is equal to 1, the Freundlich adsorption or
desorption binding constant (K2* andK*) will be equal to the adsorption or desorption equilibrium

constants (K, and K, ) respectively, and plots of C, vs C,, will be linear. If the exponents are not equal to 1,
plots of C, vs C,, will be nonlinear and the adsorption and desorption constants will vary along the isotherms.

TEST REPORT

95. The test report should include the following information:

- Complete identification of the soil samples used including:
- geographical reference of the site (latitude, longitude);
- date of sampling;
- use pattern (e.g. agricultural soil, forest, etc.);
- depth of sampling;
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- sand/silt/clay content;
- pH values (in 0.01 M CaCl,);
- organic carbon content;
- organic matter content;
- nitrogen content;
- C/N ratio;
- Cation Exchange Capacity (mmol/kg)
- all information relating to the collection and storage of soil samples;
- where appropriate, all relevant information for the interpretation of the adsorption -
desorption of the test substance;
- reference of the methods used for the determination of each parameter.

- information on the test substance as appropriate;

- temperature of the experiments;

-~ centrifugation conditions;

- analytical procedure used to analyse the test substance;

- justification for any use of solubilizing agent for the preparation of the stock solution of the
test substance;

- explanations of corrections made in the calculations, if relevant;

- data according to the form sheet (Annex 7) and graphical presentations;

- all information and observations helpful for the interpretation of the test results.

LITERATURE

H. Kukowski and G. Briimmer, (1987), Investigations on the Adsorption and Desorption of Selected
Chemicals in Soils. UBA Report 106 02 045, Part II.

O. Frinzle, G. Kuhnt and L. Vetter, (1987), Selection of Representative Soils in the EC-Territory.
UBA Report 106 02 045, Part L.

G. Kuhnt and H. Muntau, (Eds.) EURO-Soils: Identification, Collection, Treatment,
Characterisation. Special Publication no. 1.94.60, Joint Research Centre. European Commission,
ISPRA, December 1994.

OECD Test Guidelines Programme, Final Report of the QECD Workshop on Selection of
Soils/Sediments, Belgirate, Italy, 18-20 January 1995 (June 1995).

US-Environment Protection Agency: Pesticide Assessment Guidelines, Subdivision N, Chemistry:
Environmental Fate, Series 163-1, Leaching and Adsorption/Desorption Studies, Addendum 6 on
Data Reporting, 540/09-88-026, Date: 1/1988.

US-Environment Protection Agency: Prevention, Pesticides and Toxic Substances, OPPTS
Harminized Test Guidelines, Series 835-Fate, Transport and Transforration Test Guidelines, OPPTS
No: 835.1220 Sediment and Soil Adsorption/Desorption Isotherm. EPA No: 712-C-96-048, Apri)
1996.

ASTM Standards, E 1195-87, Standard Test Method for Determining a Sorption Constant (Koc) for
an Organic Chenucal in Soil and Sediments.

Agriculture Canada: Environmental Chemistry and Fate. Guidelines for registration of pesticides in
Canada, 15 July 1987.

Netherlands Commission Registration Pesticides (1995): Application for registration of a pesticide.
Section G. Behaviour of the product and its metabolites in soil, water and air.

19/45



106

10.
11.

12

13.

14.
15.
16.
17.

18.

19.
20.
21

22,

23.

24.

25.
26.

27.

OECD/OCDE

Danish National Agency of Environmental Protection (October 1988): Critenia for registration of
pesticides as espectally dangerous to health or especially harmful to the environment.

BBA (1990), Guidelines for the Official Testing of Plant Protection Products, Biological Research
Centre for Agriculture and Forestry, Braunschweig, Germany.

Calvet R., (1989), “Evaluation of adsorption coefficients and the prediction of the mobilities of
pesticides in soils”, in Methodological Aspects of the Study of Pesticide Behavior in Soil (ed. P.
Jamet), INRA, Paris, (Review).

R. Calvet, (1980), “Adsorption-Desorption Phenomena” in Interactions between herbicides and the
soil. (R.J. Hance ed.), Academic Press, London, pp. 83-122.

Hasset 1.J., and Banwart W.L., (1989), “The sorption of nonpolar organics by soils and sediments” in
Reactions and Movement of Organic Chemicals in Soils. Soil Science Society of America (S.5.5.A),
Special Publication no. 22, pp 31-44.

van Genuchten M. Th., Davidson J.M., and Wierenga P.J.,, (1974), “An evaluation of kinetic and
equilibrium equations for the prediction of pesticide movement through porous media”. Soil Sci.
Soc. Am. Proc., 38 (1), 29-35.

McCall P.J., Laskowski D.A., Swann R.L., and Dishburger H.J., (1981), “Measurement of sorption
coefficients of organic chemicals and their use, in environmental fate analysis”, in Test Protocols for
Environmental Fate and Movement of Toxicants. Proceedings of AOAC Symposium, AOAC,
Washington DC.

Lambert S.M., Porter P.E., and Schieferrstein R.H., (1965), “Movement and sorption of chemicals
applied to the soil”. Weeds, 13, 185-190.

Rhodes R.C., Belasco LJ., and Pease H.L., (1970) “Determination of mobility and adsorption of
agrochemicals in soils™. J. Agric. Food Chem., 18§, 524-528.

Russell M.H., (1995), “Recommended approaches to assess pesticide mobility in soil” in
Environmental Behavior of Agrochemicals (ed. T.R. Roberts and P.C. Keamey). John Wiley & Sons
Ltd.

Esser H.O., Hemingway R.J.,, Klein W., Sharp D.B., Vonk J.W. and Holland P.T., (1988),
“Recommended approach to the evaluation of the environmental behavior of pesticides”, IUPAC
Reports on Pesticides (24). Pure Appl. Chem., 60, 901-932.

Guth J.A., Burkhard N., and D.O. Eberle, (1976), “Experimental models for studying the persistence
of pesticides in soils”, Proc. BCPC Symposium: Persistence of Insecticides and Herbicides, pp 137-
157, BCPC, Surrey, UK.

Furminge C.G.L., and Osgerby 1. M., (1967), “Persistence of herbicides in soil”. I. Sci. Food Agnc
18, 269-273.

Burkhard N., and Guth L.A., (1981), “Chemical hydrolysis of 2-Chloro-4,6-bis(alkylamino)-1,3,5-
triazine herbicides and their breakdown in soil under the influence of adsorption”. Pestic. Sci., 12,
45-52.

Guth J.A., Gerber H.R., and Schlaepfer T., (1977). “Effect of adsorption, movement and persistence
on the biological availability of soil-applied pesticides”. Proc. Br. Crop Prot. Conf., 3, 961-971.

Osgerby J.M., (1973), “Processs affecting herbicide action in soil”. Pestic. Sci., 4, 247-258.

Guth J.A., (1972), “Adsorptions- und Einwascheverhalten von Pflanzenschutzmitteln in Boden™.
Schr, Reihe Ver. Wass. -Boden-Lufthyg. Berlin-Dahlem, Heft 37, 143-154.

Hamaker J.W., (1975), “The interpretation of soil leaching experiments”, in Environmental
Dynamics of Pesticides (eds R. Haque and V. H. freed), pp. 135-172, Plenum Press, NY.

20/45



28.

29.

30.

3L

32.

33,

34,

35.

36.

37.

38.

39,

40.

4]1.

42,

43.

45,

46.

OECD/OCDE 106

Helling C.S., (1971), “Pesticide mobility in soils”. Soil Sci. Soc. Amer. Proc., 35, 732-210.

Hamaker J.W., (1972), “Diffusion and volatilization” in Organic chemicals in the soil environment
(C.A.I Goring and J.W. Hamaker eds), Vol. 1, 49-143.

Burkhard N and Guth J.A., (1981), “Rate of volatilisation of pesticides from soil surfaces;
Comparison of calculated results with those determined in a laboratory model system”. Pestic. Sci.,
12, 37-44.

Cohen $.Z., Creeger S.M., Carsel R.F,, and Enfield C.G,, (1984), “Potential pesticide contamination
of groundwater from agricultural uses”, in Treatment and Disposal of Pesticide Wastes, pp. 297-325,
ACS Symp. Ser. 259, American Chemical Society, Washington, DC.

Gustafson D.L, (1989), “Groundwater ubiquity score: a simple method for assessing pesticide
leachability”. J. Environ. Toxic. Chem., 8(4}, 339-357.

Leistra M., and Dekkers W.A., (1976). “Computed effects of adsorption kinetics on pesticide
movement in soils”. J. Soil Sci., 28, 340-350.

Bromilov R.H., and Leistra M., (1980), “Measured and simulated behavior of aldicarb and its
oxidation products in fallow soils”. Pest. Sci., 11, 389-395.

Green R.E., and Karickoff S.W., (1990), “Sorption estimates for modeling”, in Pesticides in the Soil
Environment: Process, Impacts and Modeling (ed. H.H. Cheng). Soil Sci. Soc. Am., Book Series
no. 2, pp.80-101,

Lambert S.M., (1967), “Functional relationship between sorption in soil and chemical structure”. J.
Agri. Food Chem,, 15, 572-576.

Hance R.J., (1969), “An empirical relationship between chemical structure and the sorption of some
herbicides by soils”. J. Agri. Food Chem., 17, 667-668.

[ WL )

Briggs G.G. (1969), “Molecular structure of herbicides and their sorption by soils”. Nature, 223,
1288.

Briggs G.G. (1981). “Theoretical and experimental relationships between soil adsorption, octanol-
water partition coefficients, water solubilities, bioconcentration factors, and the parachor”. J. Agric.
Food Chem., 29, 1050-1059.

Sabljic A., (1984), “Predictions of the nature and strength of soil sorption of organic polutants by
molecular topology”. J. Agric. Food Chem., 32, 243-246.

1 —T

Bailey G.W., and White J.L., (1970), “Factors influencing the adsorption, desorption, and movement
of pesticides in soil”. Residue Rev,, 32, 29-92,

Bailey G.W., J.L. White, and Y. Rothberg., (1968), “Adsorption of organic herbicides by
montomoriilonite: Role of pH and chemical character of adsorbate”. Soil Sci. Soc. Amer. Proc., 32,
222-234.

Karickhoff S.W., (1981) “Semi-empirical estimation of sorption of hydrophobic pollutants on natural
sediments and soils”. Chemosphere, 10, 833-846.

Paya-Perez A., Riaz M., and Larsen B., (1989), “Soil Sorption of 6 Chlorobenzenes and 20 PCB
Congeners”. Environ. Toxicol. Safety, 21, 1-17.

Hamaker J.W., and Thompson J.M., (1972), “Adsorption in organic chemicals” in Organic
Chemicals in the Soil Environment (Goring C.A.l. and Hamaker J.W_, eds), Vol I and II, Marcel
Dekker, Inc., New York, NY, 1972, pp. 49-143. '

Deli J., and Warren G.F., (1971), “Adsorption, desorption and leaching of diphenamid in soils”.
Weed Sci., 19, 67-69.

21/45



106

47.

48.

49.

50.
51
52.
53.

54,
55.
56.

57.
58.
59.

60.

OECD/OCDE

Chu-Huang Wu, N.Buehring, Davinson J.M., and Santelmann, (1975), “Napropamide Adsorption,
desorption and Movement in soils”. Weed Science, 23, 454-457.

Y ==

Haues M.H.B., Stacey M., and Thompson J.M., (1968) “Adsorption of s-triazine herbicides by soil
organic preparations” in Isotopes and Radiation in Soil Organic Studies, p.75, International. Atomic
Energy Agency, Vienna.

Pionke H.B., and Deangelis R.J., (1980}, “Methods for distributing pesticide loss in field run-off
between the solution and adsorbed phase”, CREAMS, in A Field Scale Model for Chemicals, Run-
off and Erosion from Agricultural Management Systems, Chapter 19, Vol. Ill:  Supporting
Documentantion, USDA Conservation Research report.

* ISO Standard Compendium Environment: Soil Quality - General aspects; chemical and physical

methods of analysis; biological methods of analysis. First Edition (1994).

Scheffer F., and Schachtschabel P., LeArbuch der Bodenkunde, F. Enke Verlag, Stuttgart (1982),
11th edition.

Black, Evans D.D., White J.L., Ensminger L.E., and Clark F.E., eds. “Methods of Soil Analysis”,
Vol 1 and 2, American Society of Agronomy, Madison, W1, 1982.

ISO/DIS 10381-1 Soil Quality -- Sampling -- Part 1: Guidance on the design of samphing
programmes.

ISO/DIS 10381-2 Soil Quality -- Sampling -- Part 2: Guidance on sampling techniques.
ISO/DIS 10381-3 Soil Quality -- Sampling -- Part 3: Guidance on safety of sampling.

ISO/DIS 10381-4 Soil Quality -- Sampling -- Part 4: Guidance on the investigation of natural and
cultivated soils.

ISO/DIS 10381-5 Soil Quality -- Sampling -- Part 5: Guidance on the investigation of soil
contamination of urban and industrial sites.

ISO 10381-6, 1993: Soil Quality - Sampling - Part 6: Guidance on the collection, handling and
storage of soil for the assessment of aerobic microbial processes in the laboratory.

Green R.E., and Yamane V.K., (1970), “Precision in pesticide adsorption measurements”. Soil Sci.
Am. Proc., 34, 353-354.

Grover R., and Hance R.J. (1970), “Effect of ratio of soil to water on adsorption of linuron and

- atrazine”. Soil Sci., 109-138. ‘

61.

62.

63.

65.

66.

Boesten, JJ.T.I, (1990), “Influence of soil/liquid ratio on the experimental error of sorption
coefficients in pesticide/soil system”™. Pest. Sci., 30, 31-41.

Boesten, J.J.T.I. “ Influence of soil/liquid ratio on the experimental error of sorption coefficients in
relation to OECD guideline 106” Proceedings of 5th intemmational workshop on environmental
behaviour of pesticides and regulatory aspects, Brussels, 26-29 April 1994,

Bastide J., Cantier J.M., and Coste C., (1980), “ Comportement de substances herbicides dans le sol
en fonction de leur structure chimique”. Weed Res., 21, 227-231.

Brown D.S., and Flagg E.W., (1981), “Empirical prediction of organic pollutants sorption in natural
sediments”™. J. Environ, Qual., 10(3}), 382-386.

Chiou C.T., Porter P.E., and Schmedding D.W., (1983), “Partition equilibria of nonionic organic
compounds between soil organic matter and water”. Environ. Sci. Technol., 17(4), 227-231.

Gerstl Z., and Mingelgrin U., (1984), “Sorption of organic substances by soils and sediments”. J.
Environm. Sci. Health, B19(3), 297-312.

22/45



67.

68.
69.

70.
71.
72.
73.
74.
75.

76.

7.

78.
79.

80.

81.

82.

3.

8s.

OECD/OCDE 106

Vowles P.D., and Mantoura R.F.C., (1987), “Sediment-water partition coefficient and HPLC
retention factors of aromatic hydrocarbons”. Chemosphere, 16(1), 103-116.

Lyman W.J., Reehl W.F., and Rosenblatt D.H., (1990), Handbock of Chemical Property Estimation
Methods. Environmental Behaviour of Organic Compounds. American Chermical Society,
Washington DC.

Keniga E.E., and Goring, C.A.L, (1980), “Relationship between water solubility, soil sorption,

" octanol-water partitioning and concentration of chemicals in the biota” in Aquatic Toxicology (eds

J.G. Eaton, et al.), pp. 78-115, ASTM STP 707, Philadelphia.

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

Hassett J.J., Banwart W.1., Wood S.G., and Means J.C,, (1981), “Sorption of /-Naphtol: implications
concerning the limits of hydrophobic sorption”. Soil Sci. Soc. Am. 1., 45, 38-42.

Karickhoff S.W., (1981), “Semi-empirical estimation of sorption of hydrophobic pollutants on
natural sediments and soils”. Chemosphere, 10(8), 833-846.

Moreale A., van Bladel R.,.(1981), “Adsorption de 13 herbicides et insecticides par le sol. Relation
solubilité - reactivité. Revue de I’ Agric., 34(4), 319-322.

M. Miiller, W. Kordel, (1996), “Comparison of screening methods for the determination/estimation
of adsorption coefficients on soil”. Chemosphere, 32(12), 2493-2504.

W. Kordel, G. Kotthoff, M. Miiller, (1995), “HPLC - screening method for the determination of the
adsorption coefficient on soil - results of a ring test”. Chemosphere 30(7), 1373-1384.

W. Kordel, J. Stutte, G. Kotthoff, (1993), “HPLC - screening method for the determtnation of the
adsorption coefficient on soil - comparison of different stationary phases. Chemosphere, 27(12),
2341-2352.

Hance, R.J., (1967), “The speed of Attainment of Soxpuon Equilibria in Some Systems Involving
Herb1c1des” Weed Research, 7, pp. 29-36.

Koskinen W.C., and Harper S.S., (1990), “The retention processes: mechanisms” in Pesticides in the
Soil Environment: Processes, Impacts and Modelling (ed. H.-H. Cheng). Secil Sci. Soc. Am. Book

-Series, No. 2, Madison, Wisconsin.

Cohen S.Z., Creeger S.M., Carsel R.F., and Enfield C.G., (1984), “Potential pesticide contamination
of groundwater from agricultural uses”, in Treatment and Disposal of Pesticide Wastes, pp.297-325,
ACS Symp. Ser., 259, American Chemical Socie_ty, Washington, DC.

Giles C.H., (1970), “Interpretation and use of sorption isotherms” in Sorption and Transport
Processes in Soils. S.C.I. Monograph No. 37, 14-32.

Giles C.H., McEwan J.H., Nakhwa S.N., and Smith D., (1960), “Studies in adsorption: XI. A system
of classification of solution adsorption isotherms and its use in the diagnosis of adsorption
mechanisms and in measurements of pesticides surface areas of soils”. J. Chem. Soc., 3973-93.

Calvet R., Tercé M., and Arvien J.C., (1980), “Adsorption des pesticides par les sols et leurs
constituants: 3. Caractéristiques générales de I’adsorption”. Ann. Agron., 31, 239-251.

Bedbur E., (1996), “Anomalies in the Freundlich equation”, Proc. COST 66 Workshop, Pesticides in
soil and the environment, 13-15 May 1996, Stratford-upon-Avon, UK.

Guth, J.A., (1985), “Adsorption/desorption”, in Joint International Symposium, Physicochemical

‘Properties and their Role in Environmental Hazard Assessment, July 1-3, Canterbury, UK,

Soil Texture Cla§siﬁcation (US and FAOQ systems): Weed Science, 33, Suppl. 1 (1985) and Soil Sci.
Soc. Amer. Proc., 26, 305 (1962).

23/45



& 25
107

Adopted:
27.0795
OECD GUIDELINE FOR THE TESTING OF CHEMICALS
Adopted by the Council on 27" July 1995
Partition Coefficient (n-octanol/water): Shake Flask Method
INTRODUCTION
I This guideline is a revised version of the original Guideline 107 which was adopted in 1981.

The only change is one of format. The substantive content of the original guideline was not changed.

INITIAL CONSID ERATIONS

2. P,w values in the range log P, between -2 and 4 (occasionally up to 5) can be
experimentally determined by the method set out in this guideline (1)(2). P,,, values in the range log
P,y between 0 and 6 can be estimated using high performance liquid chromatography as is set out in
Guideline 117. Before deciding on what procedure to use, a preliminary estimate of the Py, should
be obtained from calculation (see the annex to Guideline 117), or where appropriate from the ratio of
the solubilities of the test substance in the pure solvents (3).

3. Before determining Py, it is useful to have preliminary information on the structural formuia,
dissociation constant, water solubility, hydrolysis, n-octanol solubility and surface tension of the
substance.

4. The shake flask method is impossible to use with surface-active materials (for these, a Py,
can be calculated from individual solubilities in water and n-octanol).

DEFINITIONS AND UNITS
5. The partition coefficient (P) is defined as the ratio of the equilibrium concentrations of a

dissolved substance in a two-phase system consisting of two largely immiscible solvents. In the case
of n-octanol and water:

The partition coefficient, being the quotient of two concentrations, or the quotient of the fractions of
the test substance in the two phases multiplied by a fixed volume ratio, is dimensionless and is usually
given in the form of its logarithm to base ten.
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REFERENCE SUBSTAN CES
6. Reference substances do not nced to be employed. They serve primarily to check the

performance of the method from time to time and to allow comparison with results from other
methods.

PRIN CIPLE OF THE METHOD

7. The Nemst partition law applies at constant temperature, pressure and pH for dilute solutions.
1t strictly applies to a pure substance dispersed between two pure solvents and when the concentration
of the solute in either phase is not more than 0.01 mol per litre. If several different solutes occur in
one or both phases at the same time, this may affect the results. Dissociation or association of the
dissolved molecules result in deviations from the partition law. Such deviations are indicated by the
fact that the partition coefficient becomes dependent upon the concentration. Measurements should
be made on ionizable substances only in their non-ionized form (free acid or free base) produced by
the use of an appropriate buffer with a pH of at least one unit below {free acid) or above (free base)
the pK.

DESCRIPTION OF THE METHOD
Lest substance and solvents

3. n-Octanol of analytical grade and distilled or double-distilled water should be used. Water
taken directly from an ion exchanger should not be used. A stock solution of known concentration
of the test substance in n-octanol, pre-saturated with water, is prepared. This solution should be
stored under conditions which ensure its stability.

9. Before a partition coefficient is determined, the two solvents are mutually saturated at the
temperature of the experiment. To do this, it is practical to shake two large stock bottles, one
containing n-octanol and a sufficient quantity of water, and the other containing water and a sufficient
quantity of n-octanol, for 24 hours on a mechanical shaker, and then to let them stand long enough
to allow the phases to separate.

Test conditions
10. The test should be done at a temperature in the range 20 to 25°C, kept constant at = 1°C.
11. For a first run, a volume ratio of n-octanol to water and a quantity of substance are chosen

with regard given to:

- the prelimmary estimation of the partition coefficient,

- the minimum concentration of test substance in each phase required for the analytical
procedure,

- a maximum concentration of the test substance in each phase of 0,01 mol per litre.

For a second run, the originally chosen volume ratio is divided by two, and, for a third num,
it is multiplied by two. In the second and third run the quantity of substance added may have to be
different from that used in the first run in order to fulfill the above criteria.

i2. Duplicate vessels containing accurately measured amounts of the two solvents and stock
solution are used in all three runs.
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Establishme nt of the partition equilibrium

13. The two-phase system should nearly fill the entire volume of the test vessels. This will help
prevent loss of material due to volatilisation.

14. The test vessels are placed in a mechanical shaker or are shaken by hand. When using a
centrifuge tube as the test vessel, it is recommended to rotate the tube ttrough 180° about its
transverse axis (approximately a hundred times during five minutes), allowing the trapped air to rise
through the two phases.

Phase separation

15. The sepafation of the two phases, in general, is achieved by centrifugation. This shouid
preferably be done at the test temperature. If a centrifuge without temperature control is used, the
centrifuge tubes should be kept for equilibration at the test temperature for at least one hour before
analysis.

Analysis

16. It is necessary to determine the concentrations of the test substance in both phases. For the
measurement, substance-specific methods are preferred. Analytical methods which may be appropriate
are: photometry, gas chromatography and high performance liquid chromatography. The total quantity
of substance present in both phases should be calculated and compared with the quantity originally
introduced.

17. The aqueous phase should be sampled by a procedure that minimizes the risk of including
traces of n-octanol. This can be done using a syringe with a removable needle. The syringe should
mitially be partially filled with air. Air should be gently expelled while passing the n-octanol layer.
The adequate volume of the aqueous solution is withdrawn. The syringe is quickly withdrawn and
the needle is detached.

DAT ND RFPOR

Data

18. A P,y value is calculated from the data of each run. Altogether six values are obtained since
the test conditions are: three duplicate runs with different solvent ratios, and possibly also different
quantities of test substance. The six log P, values should fall within a range of £ 0.3 umits.

Iest Report
19, The test report must include the following information:

- chemical identity and impurities;

- the results of the preliminary estimation (when the shake flask methoed is not applicable,
e.g. surface active material, a calculated value or an estimate based on the individual n-
octanol and water solubilities should be provided);

- all information relevant for the interpretation of the results, especially with regard to
mmpurities and physical state of the substance;

- the test conditions: temperature, the amount of test substance introduced in the test vessels,
the volume of each phase in each vessel and the calculated total amount of test substance
based on the analytical data;

- pH of the water used and of the aqueous phase during the experiment;

34

107



107

OCDE/OECD

- justification for the use of buffers; compogtion, concentration and pH of the buffers; pH
of the aqueous phase before and after the experiment;

- duration and speed of centnifugation, if used;

- the analytical procedures;

- the concentrations measured in each run (a total of 12 concentrations);

- Py values and their mean for each set of test conditions and the overall mean (if there
is the suggestion of concentration dependence of the partition coefficient, this should be
noted);

- the standard deviation of individual Py, values about their mean;

- the overall mean expressed as its logarithm to base 10;

- the theoretical Py, when it has been calculated or when the measured value is above 10°,

LITERATURE

(1) NF T 20-043 AFNOR (1985). Chemical products for industrial use - Determination of
partition coefficient - Shake flask method

2) 40 CFR, 796.1550, Office of the Federal Register (1989)

3 Jibermann, O. (1958). in Houben-Weyl, Methoden der Organischen Chemie, Band I/1, 223-

339, Georg Thieme Verlag, Stuttgart
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Adopted:
OECD GUIDELINE FOR TESTING OF CHEMICALS 12 May 1981

"Hydrolysis as a Function of pH"

1. INTRODUCTORY INFORMATION

= Prereguisites

—  Water solubility
—  Suitable analytical method

« Guidance information

—  Vapour pressure curve
. unali i tatement

Pure and commercial grade substances can be tested with the method described here, but
the potential effect of impurities on the results should be considered.

This Test Guideline applies only to water soluble compounds. There is uncertainty in

extrapolating high temperature results to environmentally relevant temperatures as a change in
reaction mechanism could occur.

» Standard docu ments

This Test Guideline is based on methods given in the references listed in Section 4 and
on the Preliminary Draft Guidance for Premanufacture Notification EPA, August 18, 1978.

2. THOD

A. INTRODUCTION, PURPOSE, SCOPE, RELEVANCE, APPLICATION
AND LIMITS OF TEST

The testing of substances for iydrolysis is relevant totheir persistence. Hydrolysis is one
of the most common reactions controlling abiotic degradation and is therefore one of the main
degradation paths of substances in the. environment.

A procedure to determine hydrolysis rates is important also in indicating whether other
testing should be carried out on a parent compound or on its hydrolysis products. It is the
degradation products that are crucial.

Users of this Test Guideline should consult the Preface,
in particular paragraphs 3, 4, 7 and 8.
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"Hydrolysis as a Function of pH"

Hydrolysis behaviour needs to be examined at pH values nommally found in the
environment (pH 4-9) and under more acidic conditions (pH 1-2) for physiclogical purposes.

Surface-controlled reactions can sometimes predominate over bulk solution hydrolysis,

especially in the soil environment. This may result in different degradation rates than would be
predicted from this Guideline based upon rates in homogeneous solutions.

» Definitions and unijts

Hydrolysis refers to a reaction of a chemical RX with water, with the net exchange of
the group X with OH at the reaction centre:

RX + HCH — RCH + HX (D

The rate at which the concentration of RX decreases in this simplified process is given
by

rate =k [HZO] [RX] second order reaction

or = k [RX] first order reaction

depending on the rate determining step. Because the water is present in great excess compared
to the chemical, this type of reaction is uswally described as a pseudo-first order reaction in
which the observed rate constant is given by the relationship

and can be determined from the expression

2,303 C
K = = -2
oliy t oglo c'
where t = time
and Ca G = concentrations of RX at times 0 and ¢.

The units of this constant have the dimension of (time)" and the half life of the reaction
(time for 50 per cent of RX to react) is given by

Tp = 0.693fk,, (3)
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»* Reference substances

—  Aspirin
~  Diazinon

These substances need not be employed in all cases when investigating a new substance.
They are provided primarily so that calibration of the method may be performed from time to
time and to offer the chance to compare the results when anather method is applied.

The results of the OECI¥EEC-Labeatory Intercomparison Testing are included in
Annex 2.

= Principle of the test method

In the environment, chemicals usually occur in dilute solution, which means that water
is present in large excess, and, therefore, that the concentration of water remains essentially
constant during hydrolysis. Hence, the kinetics of hydrolysis are generally pseudo-first order
at fixed pH and temrperature. '

The hydrolysis reaction may be influenced by acidic or basic species H;(" (H') and OH,
in which case it is referred to as specific acid or specific base catalysis.

The concentration of the test substance is determined as a function of time. The
logarithms of the concentrations are plotted against time and the stope of theresulting straight
line (assuming first-order or pseudo-first order behaviour) gives the rate constant from the
formula.

kops = - slope . 2.303 (if logy, is used).

When it is not practicable to directly determine a rate constant for a particular
temperature, it is vsually possible to estimate the constant through the use of the Arrhenius
relationship in which the logarithm of rate constants at other temmperatures is plotted against the
reciprocal of the absolute temperature (K).
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» QOuality c¢riteria

Repeatability

Mabey and Mill (2) report that measurements of hydrolysis rate constants on 13 classes
of organic structures can be of high precision, often with less than 2 per cent standard deviation.
The rate constants for one pH and one tenperature should be determined in duplicate with a
deviation of less than 2.5 per cent unless unusual circumstances (e.g. analytical difficulties)
prevent achieving this and thenthe details of these circumstances should be reported. The
repeatability can be improved by an improved control of the sensitive parameters, in particular
pH and oxygen.

Sensitivity
Most hydrolysis reactions foliow apparent first order reaction rates and, therefore, half-

lives are independent of concentration (equation 3). This usually permits the application of
laboratory results determined at 102 - 10% M to environmental conditions (< 10% M) (2).

Specificity
Mabey and Mill (2) report several examples of good agreement between rates of

hydrolysis measured in both pure and natural waters for a variety of chemicals providing both
pH and temperature had been measured. '

B. DESCRIPTION OF THE TEST PROCEDURE
The overall scheme is summarised in Figure I, below.

- Preparations

Materials

Buffer solutions
The hydrolysis test should be performed at four different values:
(1) at pH 1.2 (if physiologically important)
(2) at pH 4.0

(3)atpH 7.0
(4) at pH 9.0
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Figure I HYDROLYSIS SCHEME
Water solubility
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sofution in water halt saturated
less than 102 M solution in water
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to be unstable hydrolytically stable
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hydrolytically Yes (t PR 1yr)
v !
No Preliminary test test tinished
1 week stable at
50°C ?
Yes . No (as appropriate) ¥ No
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atleast 2 at least 3
temperatures elevated
between 0 - 40°C temperatures
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kto 25°C

'

test finished
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For this purpose, 0.05 M sterile buffer solutions should be prepared using reagent grade
chemicals and distilled, sterile water. Some useful buffer systems are presented in Annex 1,
based upon the analytical requirements for the chemical being tested. It should be noted that
the buffer system used may influence the rate of hydrolysis and where this is observed an
alternate buffer system should be employed. Mabey and Mill recorrmrend the use of borate or
acetate buffers instead of phosphate (2).

The pH of each buffer solution must be checked with a calibrated pH meter at the
required temperature to a precision of at least 0.1.

Test solwions

The chemical substance should be dissolved in distilled, sterile water with sterile buffer
medium added to it.

The concentrations should not exceed the lesser of 0.01 M or half the saturation
concentration*, and the purest available form of the substance should be employed in making
up the solutions. The use of mixed solvents is recommended only in case of low water soluble
substances the amount of solvent should be less than 1 per cent, and the solvent should not
interfere with the hydrolysis process. '

Glassware

All glassware, which must be inert in the pH range studied, should be sterilised.
Stoppered volumetric flasks (no grease) should be used for carrying out the hy drolysis reactions.
If the chemical or buffer system is volatile, or if the test is being conducted at elevated
ternperatures, sealed or septum-closed tubes are preferred and head space should be avoided.

Analytical method

The analytical method will be determined by the nature of the substance being tested.
It must be sufficiently sensitive and specific toallow determination of the different species at
the test solution concentrations and may well consist of some combination of;

— pH electrodes
—  UV-visible spectrophotometry
— conductivity

*  Test Guideine Water Solubility 105
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—  gas chromatography
—  high pressure liquid chromatography
— extration and formation of derivative(s) and determination by a suitable analytical method.

» Test conditions

Temperature

For extrapolation purposes, it is important to maintain the temperature of the
determinations to at least £ 0.1°C.

An appropriate constant temperature bath should be employed. If the hydrolytic
behaviour of the substance is unknown, a preliminary test at 50°C is required. For tests beyond
this preliminary stage data for temperatures in the range 0 - 40°C are sought. They may be
obtained by measurement at two temperatures in this range or by extrapolation from three
higher temperatures. In any event, the determinations should be done at temperatures differing
from each other by at least 10°C.

Light and oxygen

; All of the hydrolysis reactions should be carried out wing any suitable method to avoid
photolytic effects. All suitable measures should be taken to exclude oxygen (e.g. by bubbling
nitrogen or argon for 5 minutes before preparation of the solution).

« Performance of the test

(1) Preliminary test. A preliminary test should be performed on the substance at 50 + 0.1°C at
each of pH 4.0, 7.0 and 9.0. If less than 10 per cent of the reaction is observed after 5 days
(ti2 > 1 year), the chemical is considered hydrolytically stable and no additional testing is
required. If the substance is known to be unstable at environmentally relevant temperatures, the
preliminary test is not required. Theanaly tical method must be sufficiently precise and sensitive
to detect a reduction of 10 per cent in the initial concentration,

(2) Hydrolysis of unstable substances. If the substance is unstable as defined by the preliminary
test (above), the test procedure is to be as follows:
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The buffered test solutions of the substance should be thermostated at the selected
temperatures. To test for first-order behaviour, each reaction solution should be analysed in time
intervals which provide a minimum of six spaced data points normally between 20 per cent and
70 per cent of hydrolysis of that test chemical. The reaction should be examined at three (4, 7,
9) pHs at each of the selected temperatures with replication at one of them (the middle
temperature in the case of elevated temperature determinations).

(3) Hydrolysis at pH 1,2, The above test for a hydrolytically unstable compound should also
be carried out at pH 1.2 employing a single, physiologically significant temperature (37°C).

3. DATA AND REPORTING

» Treatment of results

Confirmation of first order kinetics; The data obtained should be plotted at log, C
versus t and the reaction rate constant k, calculated by regression analysis or from the slope:

ky, = 2.303 . slope (5

» Interpretation of results

If the data do not fall on a straight line, the reaction is not first arder, and the data must
be analysed by methods beyond the scope of this test principle.

« Test report

The test report should include information on
—~  sample purity
— any results appropriate to the procedure employing reference substances
—  detailed test procedure including the temperature, pH and buffer for each setof experiments
- detailed analytical method used for the tested substance, including detailed method of

extraction and recovery data if an extraction method is used to separate the chemical from the
aqueous phase
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- all concentration-time data points for reactions which were observed to originate a non-
linear log concentration-time plot '

- possibility of acid or base catalysis

A sample reporting form is found in Annex 3.
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5. ANNEX
1. BUFFER MIXTURES (1)

A. CLARK AND [LUBS

BUFFER MIXTURES OF CLARK AND LUBS*
0.2 N HC! and 0.2 N KC1 at 20°

Composition PH

475 mlLHCl +25mlL. KCldil.to100ml ....... ... ... 1.0
3225 mlL HC1 +25mlL. KCl dil. to 100 ml ... ... .. ... i, 1.2
2075 ml. HC1 +25ml. KC1 dil. to 100 ml . ....... ... ..o nnnoon. 1.4
1335 mL HCl + 25 mL KCl1 dil to 100 ml . .. ... ot 1.6
83 mLHCI+25mlLKCldiLto100ml . ....... ... ... .oty 1.8
53 mLHCI1+25ml.KCldikb to100m ............ ... ... ... ... 2.0
335 mLHCl1 +25mL KCl dil. to 100 ml . ... ... o 2.2

0.1 M potassium biphthalate + 0.1 N HCI at 20°

46.70 ml. 0.1 N HCI1 + 50 ml. biphthalate to 100 md . . ... .......... ... ... 22
39.60 ml. 0.1 N HC1 + 50 ml. biphthalate to 100 ml . ..................... 24
32.95 ml. 0.1 N HC1 + 50 ml. biphthalate to 100 m! . . .................... 2.6
26,42 ml. 0.1 N HC1 + 50 ml. biphthalate to 100 m! . ..................... 2.8
20.32 ml. 0.1 N HCI + 50 ml. biphthalate to 100 m! .. .................... 3.0
1470 ml. 0.1 N HC] + 50 ml. biphthalate to 100 m! . ... .................. 32
990 ml. 0.1 NHCI + 50 m!. biphthalate to 100 m! ... ... ... ......... ... 34
5.97 ml. 0.1 NHC1 + 50 ml. biphthalate to 100 ml . .. ................... 3.6
2.63 ml 0.1 NHC1 + 50 m!, biphthalate t0 100 m! . ..................... 3.8
0.1 M potassium biphthalate + 0.1 N NaOH at 20°
0,40 ml 0.1 N NaCH + 50 ml. biphthalate t0 100 ml . .. .................. 4.0
3,70 ml. 0.1 N NaQH + 50 ml. piphthalate to 100 m! . .. ............ ... ... 4.2
7.50 ml. 0.1 N NaOH + 50 ml. biphthalate to 100 ml .................... 4.4
12,15 ml, 0.1 N NaOH + 50 ml. biphthalate to 100 ml . . ................... 4.6
17.70 ml. 0.1 N NaOH + 50 ml. biphthalate to 100 ml . ... ... e e 4.8

* The pH values reported in these tables have been calauhted from the potential measurements using Sdrensen's
standard equations (1909). The comesponding pH values are 0.04 unit higher than the mbulated values.



