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The validation study

This document describes the validation procedure in the process of seeking approval for the
proposal of a Test Guideline of the slow-stirring method for determination of log POW. The
validation procedure followed the scheme laid down in Draft Guidance Document on the
Development, Validation and Regulatory Acceptance of New and Updated Internationally
Acceptable Test Methods in Hazard Assessment [1].

Pre-validation phase
In the prevalidation phase the need for an OECD approved direct experimental method for
determination of POW of highly hydrophobic organic compounds was recognized. The slow-
stirring method for determination of POW is employed by academic scientists for the precise
and accurate determination of log POW for highly hydrophobic compounds (log POW > 5) [2-7].
This was first demonstrated through experimental work by Brooke et al. [2] and de Bruijn and
coworkers [3] and is acknowledged by the rating scheme for the evaluation of the reliability of
POW determination as cited by Pontolillo and Eganhouse [8] which allows the acceptable
ratings for log POW > 5 for data determined by the slow-stirring method, exclusively.

In more than 15 years of application of this technique adequate protocols have been developed
for POW determination using the slow-stirring method. Therefore, the Netherlands National
Coordinator of the OECD Test Guidelines Programme started a validation procedure in order
to evaluate the performance of the slow-stirring method.

Validation phase
1. The Netherlands National Coordinator of the OECD Test Guideline Programme involved
the Institute of Risk Assessment Sciences (formerly RITOX, Utrecht University) with the
performance of an inter-laboratory comparison (ring test) as a study for the validation study of
the slow-stirring method.
2. IRAS developed an initial draft proposal for the respective OECD test guideline and a
design of the ring-test.
3. The Netherlands National Coordinator of the OECD Test Guideline Programme and IRAS
established a validation management group. It consists of the leading laboratory (IRAS), and
Netherlands National Coordinator of the OECD Test Guideline Programme, and a review task
group of scientists. The management group is presented in Annex I.
4. The initial draft proposal for the respective OECD guideline and the ring test design
(including the selection of the test compounds) were reviewed by the review task group. The
reviewed draft proposal (Annex 2) served as the basis for the validation experiments.
5. Volunteer participants for the ring test were recruited by alerting candidate laboratories via
the national OECD Coordinators of the OECD Test Guideline Programme and also by
employing the network of the RITOX contacts. Annex 3 specifies the participants for the ring
test. The participating laboratories work according to Good Laboratory Practice (GLP)
schemes except for the university laboratories. Their ring test activities were performed in line
with GLP.
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6.  Four test compounds were selected and reference log POW data were derived (Annex IV).
The criteria and considerations employed in test compound selection are presented there as
well.
7. A laboratory manual for the ring test was drafted involving the expertise at the RITOX as
well as at the Dutch National Institute of Health and the Environment (RIVM) (Annex V).
8. Test compounds were distributed among the participating laboratories, along with the
laboratory manual and diskettes for data reporting. The concentrations of the test compounds
are specified in Annex V.
9. The tests were performed by the participating laboratories.
10. The results were reported to RITOX.
11. The experimental data were evaluated by RITOX according to the procedure described in
the draft proposal for the OECD test guideline (Annex 1). The raw data are included in Annex
IX.
12. The results and discussion were documented in the report (Annex VII). The test results are
reproducible and accurate for 1,2,3,4-tetrachlorobenzene and hexachlorobenzene. They are
reproducible but inaccurate for the two most hydrophobic chemicals. Thus the reliability
criterion was not fulfilled.
13. An analysis of possible sources of error was performed and proposals for optimization of
the method are made (Annex 8). The inaccuracy noted for the two most hydrophobic test
compounds was found to be due to the solubility of these compounds being exceeded in the
octanol solution employed in the experiment.
14. The method was optimized on the basis of this finding. Optimization was achieved by
using test compound concentrations that do not exceed the solubility in octanol.
15. The optimized method underwent a new validation cycle.
16. Two test compounds, decachlorobiphenyl and 2,2’,3,3’,5,5’,6,6’-octachlorobiphenyl were
selected. The latter replaces p,p’-DDT. This was necessary due to the low number of reliable
log POW data available for derivation of a reference value.
17. The tests were performed by the participating laboratories.
18. The results were reported to RITOX.
19. The experimental data were evaluated by RITOX according to the procedure described in
the draft proposal for the OECD test guideline (Annex I).
20. The results were documented in a report pertaining to the test of the optimized guideline
(Annex VIII). The test results are reproducible and in good agreement with the reference
values of log POW.
21. A synopsis of the results of the first and second validation study was prepared (Annex 9).
The conclusions of the synopsis are that the optimized method is reliable since the combined
test results for 1,2,3,4-tetrachlorobenzene and hexachlorobenzene of the first and for
decachlorobiphenyl and 2,2’,3,3’,5,5’,6,6’-octachlorobiphenyl in the second validation study
are precise and accurate.

Future steps
Formal approval of the Netherlands proposal for the enclosed OECD test guideline will have
to take place in the OECD National Coordinators meeting after the proposal has been
circulated within the OECD member countries for comments.

The results of the validation exercise are to be published in a peer-reviewed journal. The
corresponding manuscript is presently in preparation [9].
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Annex 1 – The validation management group

Parties and tasks
The validation management group was assembled by the Netherlands National Coordinator of
the OECD Test Guideline Programme and the leading laboratory in order to plan, perform,
and supervise the validation study and to forward the validation report to the OECD in order
to seek formal approval as official test method. The validation management group consists of
the Netherlands National Coordinator of the OECD Test Guideline Programme, a statistician,
a scientific review committee, and the leading laboratory.

Party Task(s)
Netherlands National
Coordinator of the OECD
Test Guideline Programme

•  Establishing validation management group
•  Submitting Technical Guideline proposal to the

OECD
•  Preparation of validation document
•  Seeking approval from OECD for validated

Technical Guideline proposal

Biostatistician •  Advising in a designing a responsible method for
evaluating the results of the validation study

The scientific review
committee

•  Reviewing the proposal for a Technical Guideline
proposal

•  Advising in selecting the test compounds.

The leading laboratory •  Establishing validation management group
•  Conceiving a proposal for a Technical Guideline

proposal
•  Assembling a consortium of participants for the

validation study
•  Organization of the validation study
•  Evaluation of the validation study
•  Preparation of validation document
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Persons involved
The persons involved on behalf of the parties involved in the validation management groep
are:

Netherlands National Coordinator of the OECD Test Guideline Programme:
Ms. M. Hof (RIVM-NL)
Ms. B. Hakkert (RIVM-NL)

Biostatician
Dr. J.  Faber, Center for Biostatistics, Utrecht University, NL

The scientific review committee
Dr. P. de Voogt, Milieu- en Toxicologische Chemie, University of Amsterdam, NL
Dr. C. V. Eadsforth, Shell Research and Technology Centre, Thornton, UK
Dr. J. Ellington, US-EPA, USA
Dr. K.-U. Goss, EAWAG, Abt. Chemie, Switzerland
Dr. S.J. Morrall, Procter&Gamble, Ivorydale Technical Center, USA

The leading laboratory
Dr. J. Tolls, Institute for Risk Assessment Sciences, Utrecht University, NL
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Partition Coefficient n-Octanol/Water  POW

Slow Stirring Method for Highly Hydrophobic Chemicals

Draft Proposal for an OECD Guideline for Testing of Chemicals

1          Introductory Information:

Currently OECD guideline 107 (1) outlines the determination of the n-octanol/water partition
coefficient (POW) by the ‘shake-flask’ method. This method however is prone to artifacts due
to transfer of octanol microdroplets into the aqueous phase. With increasing values of POW the
presence of these droplets in the aqueous phase leads to an increasing overestimation of the
concentration of the test compound in the water and as a result to an underestimation of POW.
This is confirmed by the substantial degree of variability in POW data in for highly
hydrophobic compounds (log POW > 5.5) (2).

A second OECD approved method (OECD guideline 117, (3)) describes the determination of
the POW from reversed phase HPLC-retention behavior. However, this method is an indirect
one and relies on solid data of directly determined POW values compounds to calibrate the
relationship between HPLC-retention behavior and measured values of POW. It is considered
to yield good estimates of POW when a suitable set of test compounds is employed (4).

For highly hydrophobic compounds the shake-flask test is prone to produce artifacts. Hence,
for these compounds, the relationships between HPLC retention behavior and POW need to be
extrapolated beyond the calibration range to obtain estimates of POW. The uncertainties
associated with extrapolations are considerable and are reflected in the range of log POW

estimates derived from HPLC measurements. DDT might serve as an example. The HPLC
derived log POW data range between 4.64 and 6.12 (4).

Hence, a method for direct determination of POW of highly hydrophobic compounds is
desirable. The experimental approach presented in this guideline, referred to as ‘slow-stirring-
method’ allows for precise and accurate determination of POW of compounds with log POW of
as high as 8.2. This was demonstrated by de Bruijn and coworkers (2).

1.1 Prerequisites

- Information on test compound:

Structural formula
Availability of suitable analytical method for determination of test compound in water and
octanol
Reliable data on dissociation constant(s)
Reliable data on  aqueous solubility
Reliable data on chemical stability (hydrolysis, photodegradation, polymerization)
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1.2 Variability of the method:

The standard error of log POW determinations of 70 chemicals within one laboratory was lower
than 0.07 log units (2).

1.3 Qualifying statements

The methods applies to pure substances that do not dissociate or associate and do not display
significant interfacial activity.

The octanol/water partition coefficient is a measure of the test chemical’s activity coefficient
in water relative to octanol ((5, 6)). Since the presence of compounds other than the test
chemical might influence the activity coefficient of the test chemical, the test chemical should
be tested as a pure compound. The highest purity commercially available should be employed
for the n-octanol/water partition experiment.

Due to the multiple equilibria in water and octanol involved in the n-octanol/water
partitioning of dissociating compounds such as organic acids and phenols, or bases, and
organometallic compounds, the n-octanol/water partition ratio is a conditional constant
strongly dependent on electrolyte composition(5, 7). Determination of and evaluation of the n-
octanol/water partition ratio therefore requires special caution.

1.4  Standard documents

This test guideline is based on reference 2 cited in Section 6.

2          Method

2.1. Definition and units of the partition coefficient

The partition coefficient of a substance between water and a lipophilic solvent (n-octanol)
characterizes the equilibrium distribution of the chemical between the two phases. The
partition coefficient between water and n-octanol POW is defined as the ratio of the equilibrium
concentrations of the test chemical i in octanol saturated with water (CO,i) and water saturated
with octanol (CW,i).

K OW,i = CO,i / CW,i

As a ratio of concentrations it is dimensionless. Most frequently it is given as the logarithm to
the base 10 (log POW).

2.2 Scope of the method

The slow-stirring experiment avoids formation of microscopic octanol droplets in the water
phase. As a consequence, overestimation of CW,i due test compound molecules associated to
such droplets does not occur. Therefore, the slow-stirring method is particularly suitable for
for determination of POW for compounds with expected log POW values of  5 and higher, for
which the shake-flask method (1) is prone to yield erroneous results.
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2.3 Relevance

For inert organic substances highly significant relationships have been found between n-
octanol/water partition coefficients POW and their bioaccumulation in fish (8, 9, 10, 11).
Moreover, POW has been demonstrated to be correlated to fish toxicity (12) as well as to
sorption of chemicals to solids such as soils and sediments (13).

A wide variety of relationships between the n-octanol/water partition coefficient and
compound properties of relevance to environmental toxicology and chemistry have been
established. As a consequence, the n-octanol/water partition coefficient has evolved as a key
parameter in the assessment of the environmental risk of chemicals as well as in the prediction
of fate of chemicals in the environment.

2.4 Reference Chemicals:

In an OECD ring test (yet to be performed) the POW of highly hydrophobic chemicals was
determined. The values of POW as well as the variation for the individual compounds is
specified in the table below (results yet to be generated)

2.5 Principle of the test method

In order to determine a partition coefficient water n-octanol and test compound are
equilibrated with each other. Then the concentrations of the test compound in the two phases
are determined.

The experimental difficulties associated with the formation of microdroplets during the shake-
flask experiment can be overcome in the slow-stirring experiment proposed here. In the slow-
stirring experiment, water, octanol and the test compound are equilibrated in a stirred reactor.
Exchange between the phases is accelerated by stirring. In that manner turbulence is
introduced and the exchange between octanol and water is enhanced without microdroplets
being formed (2).

2.6 Quality criteria

2.6.1 Analytical performance

The investigators have to provide evidence that the concentrations in the water saturated
octanol as well as in the octanol saturated water phase during the experiment are above the
method limit of quantitation of the analytical procedures employed. Analytical recoveries of
the test chemical need to be established prior to the experiment.

Since for highly hydrophobic test compounds rather low concentrations can be expected in the
water phase, extraction of the water phase with an organic solvent and preconcentration of
extract are likely required prior to analysis.
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2.6.2 Solution ideality

The octanol water partition coefficient needs to be determined in dilute solutions in octanol
and water. Therefore the concentration of the test chemical should not exceed 0.1M in either
phase (2).

2.6.3 Specificity

The Nernst Partition Law applies only at constant temperature, pressure and pH for dilute
solutions. It strictly applies to a pure compound molecularly dissolved between two solvents.
Presence of further solutes in the system may affect the results.

2.6.4 Standardization

A standardized protocol is proposed here.

2.7 Dissociating compounds: The n-octanol/water partition ratio

The behavior of dissociating compounds in water-biota and water-solid systems has been
demonstrated not to be related to the n-octanol/water partition ratio (7, 14). Nevertheless does
the n-octanol/water partition ratio remain an important parameter in the risk assessment of
chemicals. Therefore, technical guidance in assessing the n-octanol/water partition ratio of
dissociating chemicals is given here.

Dissociating compounds can occur in aqueous solution as different species. Therefore, the n-
octanol/water partition ratio is a conditional entity and not a thermodynamic constant. Hence
testing of dissociating compounds requires thorough control of the electrolyte composition in
the water. Buffering of the pH is strongly recommended for compounds with pH-dependent
speciation. Non-complexing buffers should be used when testing organometallic compounds
(7). Taking the existing knowledge on the aqueous chemistry (complexation constants,
dissociation constants) into account, the experimental conditions should be chosen in such a
manner that the speciation of the test compound in the aqueous phase can be estimated.

Given the influence of aqueous chemistry on speciation of the test compound, special care has
to be taken when establishing relationships between the n-octanol/water partition ratio and
environmentally relevant properties. The conditions under which the n-octanol/water partition
ratio as well as the environmental property were determined need to be taken into
consideration.
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3          Description of the procedure

3.1 Preparation of the experiment

3.1.1 Preliminary estimate of log POW

An estimate of log POW can be obtained by using commercially available software for
estimation of log POW, or by using the ratio of the solubilities in both solvents. An overview of
estimation methods is given in the annex of OECD guideline 117 (3).

3.1.2 Limits of quantitation of the test substance

Establish the limits of quantitation (LOQ) for determination of the test substance in octanol
and water using accepted methods. As a rule of thumb, the method limit of quantitation can be
determined as the concentration in water or octanol that produces a signal to noise ratio of ten.
Select a suitable extraction and preconcentration method and specifiy analytical recoveries.
Select a suitable preconcentration factor in order to obtain a signal of the required size upon
analytical determination.

3.1.3. Establishing the amount of compound to be introduced into the test system and the
phase ratio

When choosing the water and octanol volumes the limits of quantitation in octanol and water,
the volumes sampled in octanol and water, and the maximal concentration (0.1M) have to be
considered.

3.1.4 Preparation of solvents

n-Octanol: The POW determination should be carried out with analytical grade octanol.
Purification of n-octanol by extraction with acid, base and water and subsequent drying is
recommended. In addtition, distillation can be used to purify n-octanol. Purified n-octanol is
to be used to prepare standard solutions of the test compounds.

Water: Water to be used in the POW determination should be glass or quartz distilled or be
obtained from a purification system. Filtration over a 0.22 µm filter is recommended.

Both solvents should be mutually saturated prior to the experiment.

3.1.5 Test compounds

Test the purity of the test compound. If necessary, purify the chemical. A solution of defined
concentration of the test compound in n-octanol is prepared and stored under stable
conditions.

3.2 Test apparatus

In appendix I a schematic drawing of a reaction vessel to be used for POW determinations is
shown. The volume of the vessel is approximately one liter. The water-jacket allows the
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reaction vessel to be thermostated during the POW-determination. A Teflon coated magnetic
stir bar is employed to stir the water phase.

3.3 Test conditions

During the test the reaction vessel is thermostated to reduce temperature fluctuation to below
1 °C. The assay is to be performed between 20 and 25 °C . The experimental system has to be
protected from daylight by either performing the experiment in a dark room or by covering the
reaction vessel with aluminum foil.

3.4 The experiment

3.4.1 Starting the experiment

At the start of the experiment, approx. 950mL (determine gravimetrically) of octanol saturated
water are filled into the reaction vessel. The desired amount of test compound is dissolved in
the required volume of n-octanol saturated with water. After the water is thermostated,
carefully superpose the test compound in n-octanol on the water phase. Avoid mixing of the
two phases.

3.4.2 Stirring rate

The stirring rate should be adjusted so that a vortex at the interface between water and octanol
of 0.5 to maximally 1.0 cm depth is created. In the apparatus shown in Appendix 1 a stirring
rate of 200rpm should not be exceeded.

3.4.3 Test duration

The rate of exchange between n-octanol and water is expected to slow down with increasing
hydrophobicity of the test compound. Therefore, attainment of equilibrium is used as criterion
to determine the length of the test. Equilibrium is assumed to be achieved if a regression of
the octanol/water concentration ratio against time over a time span of four time points yields a
slope which is not different from 0. The sampling time points should be interspersed by a
minimum period of  5 h.

The minimum equilibration time is one day before sampling can be started. As a rule of
thumb, sampling of compounds with a log POW estimate of less than five can take place during
days two and three. The equilibration might have to be extended for more hydrophobic
compounds.

3.4.4 Sampling

The water phase can be sampled from a stop-cock at the bottom of the reaction vessel.
Octanol samples can be withdrawn from the opening in the top of the reaction vessel.

The regression used to demonstrate attainment of equilibrium should be based on the results
of at least four determinations of CO,i / CW,i.
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3.5 Chemical analysis

Quantification of the test compounds occurs by comparison with calibration curves of the
respective compound. The concentrations in the samples analyzed must be bracketed by
concentrations of standards.

The test compound may need to be extracted from the aqueous phase using a suitable solvent.
The analytical recovery of the test compound for octanol saturated water has to be established.
The concentrations have to be corrected for the losses during sample work up. Samples
withdrawn from the n-octanol phase may, if necessary, be diluted with a suitable solvent prior
to analysis.

The use of internal standards for recovery correction is recommended for chemicals for which
the recovery experiments demonstrated a high degree of variation in the recovery experiments.

 4         Data Treatment

Definition - Experimental unit

Each slow-stirring experiment is considered an experimental unit. Reproducibility refers to
the variation of results between different experimental units.

4.1  Treatment of the results for individual experimental units

4.1.1 Required data

The following data have to be recorded but not be included in the test report and should be
available upon request:

• the volumes of octanol and water at the beginning of the test.
• the volumes of the octanol and water samples withdrawn during the test.
• the volumes of octanol and water remaining in the flask.

The mass balance of the test compound has to be calculated.

4.1.2 Demonstration of attainment of equilibrium

The ratio of the concentration of the test compound in octanol and water (CO/Cw) is calculated
for each sampling time. Achievement of chemical equilibrium is demonstrated by regressing
Co/Cw against time. If the slope of the regression line does not differ from zero (p>0.05) for at
least four consecutive time points then equilibrium has been attained. If not, the test needs to
be continued until for four successive time points the ratio Co/Cw is independent of time.
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4.1.3 POW-calculation

The value POW of the experimental unit is calculated as the average value of Co/Cw for the part
of the curve of Co/Cw vs time, for which equilibrium has been demonstrated.

4.1.4 Error specification

The error of the average of POW is specified asreproducibility of the ratio Co/Cw determined
during the equilibrium phase. It is expressed as the standard deviation of the average of Co/Cw.

4.2 POW - summary results

4.2.1 Average POW

The average value of POW of different experimental units is calculated as the average of  the
results of  the individual experimental units weighted with their respective variances.

The calculation is performed as follows

POW,Av= (Σwi×POW,i)×(Σwi)
-1

with

POW,i being the POW value of the individual determination i,
POW,Av being the average value of the individual POW determinations, and
wi being the statistical weight assigned to the POW value of determination i. The

reciprocate of the variance of POW,i is employed as wi ( wi = var (POW,i)
-1).

4.2.2  Reproducibility

The weighted variance is a measure of the reproducibility or precision of the determination of
POW. It can be computed as follows:

varPow,Av= (Σwi×(POW,i-POW,Av)
2)×(Σwi ×(n-1)) -1

The standard deviation of POW,Av (σPow,Av) is then calculated as

σPow,Av= (varPow,Av)
1/2

where n is the number of the individual determinations.
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5          Data Reporting

The test report includes the following:

• test compound and its purity
• temperature during the experiment, stirring rate, (geometry of the test vessel)
• the analytical methods used to determine the test compound and the method limit of

quantitation
• the preliminary estimate of log POW, as well as the method used to derive it
• the concentrations of the test compound in both phases as well as their ratio as a

function of time
• the mass balance
• the regression of the concentration ratio against time
•  the average value POW,Av and its standard error
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6          Appendix
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Estimation approaches for log POW

Commercially available software for estimation of log POW

Clog P (15)
KOWWIN (16)
ProLogP(17)

Description of estimation approach for calculation by hand
Lyman (18)
Rekker (19)
Jübermann (20)

Examples of commercially available software for calculation of estimates of log POW

(mentioning the name of the above products does not mean that OECD recommend these
products)
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Annex 3 - The validation study participants

A total of fifteen volunteer laboratories from 12 countries (including the IRAS, formerly
RITOX) took part in the ring test. Hence the number of participants exceeded the minimum
number of laboratories estimated beforehand. Their identities are specified below.

Ms. Karina Bodo
School of Public Health, U. of Alberta
13-103 Clinical Science Building
Edmonton, AB T6 2G3
Canada

Dr. E. De Felip
Instituto Superiore de Sanita
Viale Regina Elena
00161 Rome
Italy

Dr. R. Dujardin
Institut National de l’Environment Industriel et des Risques
BP No. 2
Verneuil-en-Halatte
France

Dr. Y.H. Kim
Toxicology Research Center
Korea Research Institute of Chemical Technology
P.O. Box 107
100 Jang Dong, Yu Song, Tae Joen

Dr. J. Krohn,  Dr. J. Schneider, Dr. R. Gruener
Bayer AG, Agricultural Center PF-E/ET Bldg 6820
Alfred Nobel-Str 50
D-40789 Monheim
Germany

Dr. L. Moeller-Jensen
MILJO-KEMI, Danish Environmental Center A/S
12, Klostermarken
DK-8800 Viborg
Denmark

Mr. D. Mullee
Safepharm
PO Box 45
Derby, DE1 2BT
UK
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Dr. A. Nakajima
Central Research Institute, Nissan Chemical Industries, Ltd.
722-1 Tsuboi-cho, Funabashi-shi
Chiba 274-8507
Japan

Dr. Albrecht Paschke
Centre for Environmental Research, Department of Chemical Ecotoxicology
P.O. Box 2
04301, Leipzig
Germany

Dr. J.-B. Pawliczek
Crop Protection Development BASF AG
Postfach 120
D67114- Limburgerhof
Germany

Dr. J.-L. Tadeo
Department of Environmentally Sustainable Management, Instituto Nacional de
Investigaciones Agrarias (INIA)
Ctra. de la Coruna, Km.7
E-28040-Madrid
Spain

Dr. A.C Tognucci
RCC
Zelgliweg 1
CH-4452 Itingen
Switzerland

Dr. J. Tolls
IRAS (formerly RITOX) – Utrecht University
PO Box 80176
3508 TD Utrecht
The Netherlands

Dr. J. Webb
Shell Research and Technology Centre, Thornton
PO Box 1
Chester CH1 3SH
UK

Dr. A.C Zwijzen
VITO - Dept. of Environment
Boretang 200
B-2400 Mol
Belgium
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Annex 4 – Test compound selection and establishing reference
values

Number of test compounds
The goal of the validation study is to demonstrate the reliability of the slow-stirring method.
To that end, the reproducibility and accuracy of the method need to be evaluated for a series of
chemicals. The reproducibility here refers to the reproducibility between the laboratories. It is
usually expressed as the interlaboratory standard deviation σinter and is estimated on the basis
of a finite number of observations. For the purpose of the present validation study it desirable
to know σinter as well as the degree of precision by which it was determined. This degree of
precision can be calculated as the confidence interval around the estimate of σinter.

In the validation study the maximum number of observations per compound is equal to the
number of participating laboratories, i.e. 15. On the basis of the assumptions outlined in Table
1 and using Equation 10 of the ISO 5725-1 document (1), we estimated that the uncertainty of
the σinter estimate can be reduced to less than 30% (equivalent to 0.15 log units) when each
compound is tested in triplicate by 12 participants.

Table 1. Parameters employed in estimating the number of laboratories required to determine
variation between laboratories.

Parameter Symbol Value

•  number of replicates per laboratory  n  3
•  ratio of reproducibility standard deviation (between

laboratories) σinter and repeatability standard deviation
(within laboratory) σintra

 γ = σinter/ σintra  1.5

•  uncertainty of the estimate of reproducibility AR 30%

Equation 10 of the ISO 5725-1:

AR = 1.96×{[p×(1+n(γ2-1))2 + (n-1)×(p-1)]/[2×γ4×n2×(p-1)×p]} 0.5

Further calculations demonstrated that the degree of uncertainty decreases only very slightly
with increasing number of participating laboratories p, or by increasing the number of
replicates per laboratory. Given the large effort required in increasing the certainty of the
reproducibility estimate it was considered it to be most efficient to test four chemicals
spanning a wide range of POW.
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Test compound properties
These four test compounds were selected for the validation study test using the following
criteria:

I) POW of the test compounds needs to be sufficiently well known from several direct
determinations reported in the literature so that a reference value of POW for
assessment of the accuracy of the ring-test results can be obtained.

II) a broad range of hydrophobicity should be covered to demonstrate the general
applicability

III) highly hydrophobic compounds should be over-represented given that the test is
designed to solve problems encountered with these chemicals with other methods.

IV) the test compounds should be amenable to chemical-analytical methods and equipment
that a broad range of laboratories has access to. In that manner the number of
laboratories willing to participate is excluded by the choice of test materials

V) highly pure test compounds should be commercially available in relatively large
amounts at a reasonable price.

The compounds selected and their respective reference values of Pow are listed in Table 2,
along with the standard deviation and the number of observations it is based on.

Derivation of log POW,ref values
In order to obtain reference values of log POW to evaluate the accuracy of the results of the
ring test, we collected data from the compilation of Mackay et al. (2). Data based on HPLC
retention times or estimates from structural parameters were excluded. Only direct
experimental observations were considered, i.e. results of shake-flask, slow-stirring and
generator column experiment were included. In the latter experiment, water is pumped
through a column in which octanol containing a known concentration of the test compound is
coated on a solid support. This experiment is, like the slow stirring approach, a method for
determining log POW without involving formation of microemulsions. From this set of values
the ones deviating more than one log unit from the values selected by Mackay et al. (2) were
excluded. The log POW,ref values were calculated as the arithmetic mean and are summarized
in Table 2. The log POW range spans from 4.54 to 8.23 and thus allows for evaluating the
performance of the stir-method for highly hydrophobic compounds. After completion of the
validation study a rigid investigation of the quality of the POW data for p,p’-DDT appeared (3).
Applying strict quality criteria to the reported data it comes to the conclusion that only the two
investigations using the slow-stirring method are of high quality. These data are included in
the derivation of the reference value for p,p’-DDT. It should however be noted that the
reference value employed here is biased by low quality data obtained form the literature.
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Table 2. Overview of the test compounds, the log POW,ref values, and the literature data on
which they are based. The numbers given at the individual observations indicate the values of
log POW, the first letter in parentheses refers to the literature source, and the letter combination
codes for the method employed in determination of log POW, with ss, sf and gc standing for
the slow stirring, the shake flask, and the generator column method, respectively

1,2,3,4-TCB HCB p,p-DDT decachlorobiphenyl

Log POW,ref

Average
4.54 5.47 6.35 8.23

Standard
deviation

0.11 0.22 0.35 0.03

Number of
Observations

8 7 5 4

Individual
observation*

4.72 (a, sf) 5.0 (b, sf) 6.36 (h, sf) 8.27 (f, ss)
4.46 (b, sf) 5.5 (e,sf) 6.19 (i. sf) 8.26 (d, gc)
4.37 (c, sf) 5.4 (c, sf) 5.98 (j, sf) 8.2 (k, ss)
4.55 (d, gc) 5.47 (d, gc) 6.91 (f, ss) 8.2 (l, gc)
4.6 (e, sf) 5.73 (f, ss) 6.31 (n, ss)
4.64 (f, ss) 5.46 (g, sf)
4.41 (g, sf) 5.70 (m, sf)
4.61 (m, sf)

References: a: Leo et al. 1971(4) h: Chiou et al. 1977 (5)
b: Könemann et al. 1979 (6) i: Freed et al. 1979 (7)
c: Wataral et al. 1982 (8) j: Callahan et al. 1979 (9)
d: Miller et al. 1984 (10) k: Brooke et al. 1986 (11)
e: Chiou et al. 1982 (12) l: Woodburn et al. 1984 (13)
f: De Bruijn et al. 1989 (14) m: Opperhuizen et al. 1988  (15)
g: Bahadur et al. 1997 (16) n: (17)
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Annex 5 - Guideline for participants in the validation study

The present information is additional information about practical aspects of performing the
ring-test and reporting the data. Those details that are of general relevance to the slow-stirring
experiment will be implemented in the final version of the OECD guideline. With regard to
reporting the data, you might find that an excessive amount of information is to be specified.
This is necessary for me to evaluate in how far differences in experimentation have led to
different results.

I. General:

The draft Guideline specifies that the time course of the concentrations in the water and
octanol be followed. This will not be done in the ring-test because it is not relevant for the
performance evaluation of the slow-stirring method and costs unnecessary effort. Sample both
water and octanol at the time points detailed below. The sampling points are based on the
experience we have developed during our testing in the last years. Prior to starting a big
experiment we suggest that you perform a small pilot experiment in your laboratory to
familiarise yourself with the activities involved in the experiment. We recommend performing
the experiment in a dustfree (as far as possible) environment. Mind that the concentrations of
the test compounds in the water are very low. In order to avoid contamination of the samples
we recommend to use glass pipettes etc exclusively. Carefully pre-clean the glassware with
the solvents used during the experiment before use. Pasteur pipettes can be cleaned by baking
them overnight at 280°C.

II. Experimental:

Chemicals:

1) Use 1-octanol of the highest purity that is commercially available.
2) Use purified water (Millipore or equivalent, or glass-distilled water). Filter distilled water

prior to use.
3) Use highly pure solvent. Hexane and cyclohexane have been proven to suitable solvent for

extraction of hydrophobic chemicals from water and are available in residue-analysed
quality.

4) The test chemicals provided by the RITOX. They are dissolved in octanol, which is
saturated with water. If you use internal standards, use pure compounds.
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Starting the experiment and performing it:

1) Octanol saturation with water: Octanol and water can be mutually saturated with each
other bottle containing water and octanol (tap in the bottle). After more than three days of
stirring, the octanol is saturated with water and can be mixed in the suitable proportion
with the stock solution sent by the RITOX.

2) Introduction of octanol: After (octanol-saturated) water has been filled into the stir-flask,
the octanol phase can be best added by pipetting octanol against the wall of the stir-flask.
Octanol will then flow slowly along the glass. This is the most effective manner to avoid
formation of micro-droplets of octanol in the water. Do not pour octanol into the flask or
allow drops to fall into the water.

3) Stirring. When starting to stir, increase the stirring rate slowly. If the stirring motors
cannot be appropriately adjusted make use of a transformer. A vortex of 1 to 1.5 cm depth
is sufficient.

4) Temperature: Monitor the temperature during the experiment.

Sampling:

1) Sampling schedule: Take the samples so that the samples are taken on five consecutive
days. We suggest the following sampling dates (after starting the slow-stirring
experiment):

 Compound: hours
 1,2,3,4-tetrachlorobenzene: 96, 120, 144, 168, 192
 Hexachlorobenzene: 96, 120, 144, 168, 192
 p,p’-DDT: 96, 120, 144, 168, 192
 PCB 209: 144, 168, 192, 216, 240

 The octanol-water equilibrium is attained after 96 and 144 hours.
 

2) Prior to sampling: Turn the stirrer off and allow the liquids to stop moving. Remove the
glass-stopper of the bottle.

Water samples
3) Always discard the dead volume of water contained in the taps. The water in the taps is

not stirred and therefore not in equilibrium with the bulk. Weigh and record the weight of
the discarded water for the mass balance.

4) Avoid evaporative losses due to turbulent water flow by allowing the water to flow in a
laminar flow into the separation funnel.

5) Volume of water samples: Avoid taking too small samples in order to get sufficient
analytical signal. Also, avoid to take too large samples since otherwise there might be too
little water left for the minimum number of analyses required (n = 5). Have separating
funnels of appropriate size available. Think of the organic solvent that needs to be added.
The suggested sample volumes and the respective volumes of solvent are :
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 Water (Cyclo)hexane
 1,2,3,4-tetrachlorobenzene: 10 mL 2 mL
 Hexachlorobenzene: 10 mL 2 mL
 p,p’-DDT: 50 mL 10 mL
 PCB 209: 175 mL 20 mL
 

6) Avoid unnecessary sample transfer steps. To that end we recommend to determine the
sample volume gravimetrically. In case of water samples this can be achieved by
collecting the water sample in a separation funnel that contains already the required
volume of solvent. Weigh the separation funnel prior to and after sampling. The weight
difference will give the volume of the water sample.

7) Volume of samples: Always note the volume of the water and octanol samples.
 Octanol samples:
8) Use a glass pipette to withdraw a small aliquot from the octanol layer. Be careful not to

disturb the boundary. A small aliquot 100 µL is sufficient, since the octanol sample will be
diluted.

9) Do not forget to turn on the stirrer after sampling is completed. Increase the stirring rate
slowly.

10) We recommend using internal standards to correct for losses occurring during transfer
and processing of the water samples. 1,2,4,5- or 1,2,3,5 tetrachlorobenzene should be
suitable internal standards for 1,2,3,4-tetrachlorobenzene. Pentachlorobenzene should be
suitable internal standard for hexachlorobenzene. p,p’-DDT and PCB 209 can be mutually
used as internal standards for each other. Add the internal standard to the (cyclo)hexane in
the separation funnel prior to sampling. Addition of an internal standard to the octanol
samples is not considered to be of much use.

Sample preparation:

1) Solvent. Cyclohexane and hexane are suitable solvents for analysis of octanol saturated
water. Both are available for residue analysis. Since it is less toxic than hexane we
recommend it for use in the present experiments. For the more hydrophobic compounds it
is necessary to evaporate large volumes of (cyclo)hexane. Therefore it is desirable to use
the less toxic solvent.

2) Phase separation in a separation funnel is recommended. Sometimes emulsions form at the
water-solvent interface. They can be reduced by addition of salts and allowing the
emulsions to settle over night (ca. 18h). Please specify how much cyclohexane was used
for extraction and how the phases were separated.

3) Solvent evaporation: When evaporating the solvent (nitrogen stream, rotary evaporation or
Kuderna-Danish), please specify to what volume it was evaporated (gravimetrically).
Adjust the final volume so that the concentration in the concentrated extract falls within
the calibration range of your analytical determination.

4) Octanol samples: An aliquot of the octanol sample is diluted in cyclohexane by more than
a factor of one thousand. Accurately measure the volume of octanol-aliquot that is diluted
and the volume of cyclohexane used for dilution.
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Analysis:

1) Analytical instrument: Please report, which analytical instruments were used to determine
the concentrations of the test compounds in water and octanol. Gas chromatography with
electron capture (or equivalent) or mass spectrometric detection is strongly recommended.
Boiling point columns of the DB-1 or the DB-5 type appear to be the chromatographic
phases of choice for the test compounds.

2) GC-parameters: Most gas chromatographs are fitted with a split/splitless injector. Split
flow injections are likely to be appropriate for octanol samples (high analyte
concentrations) while splitless injection is the method of choice for water samples. For
splitless injection, we suggest the following temperature program. Injector-temperature:
250 °C. Column temperature at the start: 80 °C. 1 min hold time followed by a
temperature gradient of 25 °C /min and sufficient hold time at 280 °C to elute the analytes.
The actual choice of GC-parameters needs to be made by the participants and be specified
in the report.

3) Calibration: Please note which calibration routine was used. Mind that the concentration
range of the standards brackets the one of the samples.

4) Concentration determination: Please note if internal standards are added during the
analysis and what they were used for. Specify the calculation routine you use to calculate
concentrations from chromatographic peak areas

5) Octanol dilution: Please note the factor by which the octanol phase was diluted.

Mass balances:

For calculation of the mass balance add up the total amount of chemical withdrawn by
sampling (volume * concentration). The amount of chemical withdrawn during flushing the
tap can be calculated by multiplying the volume withdrawn with the concentration measured.
In order to calculate the amount of chemical remaining in the slow-stirring flask, the volumes
of water and octanol in the flask are determined and multiplied by the concentrations in
octanol and water measured in the aliquots taken prior to finishing the experiment. The empty
stir-flask is washed with 10 ml acetone and (cyclo)hexane each, in order to determine the
amount of compound sorbed to the glass walls of the stir-flasks. The washings are combined,
dried by addition of sodium sulfate and the concentration is determined. The amounts of the
test compound are summed up and reported.

Reporting

Along with the stock solutions of the test compounds you will receive a floppy disk
containing an EXCEL workbook file containing four different spreadsheets, one for each
compound. I would like to ask you to provide all the information asked for.
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Further information

Test compound Concentration (mg / mL)
1,2,3,4-tetrachlorobenzene 3.105
Hexachlorobenzene 4.490
p,p’-DDT 2.241
PCB 209 1.380

The test compounds are dissolved in 20 ml octanol, that is saturated with water. The test
compound concentrations were selected such that 5 mL of solution can be diluted with 20 ml
octanol (saturated with water) during the test. 5mL of the solution can be used for a pre-
experiment and as a stock solution to derive standards from. Suggested sample volumes can
be found in the ‘Guideline for participants’. They are also enclosed in this letter.

The included spreadsheets (one for each compound) require you to fill in the data you obtain
during the experiments. They are intended to make life easier for me during processing the
results.



Annex 5 – Guideline for participants

36



Annex 6 –Results and conclusions of the validation study

37

Annex 6 - Results of the validation study

Summary

Here, the results of ring test for evaluation of the slow-stirring experiment for determination
of log POW for highly hydrophobic compounds (log POW > 5) are presented. Four hydrophobic
chemicals with log POW values ranging from 4.5 to 8.2 were selected. Chemical analysis of all
compounds is possible with readily available laboratory equipment and with standard
procedures.

Fifteen volunteer laboratories took part in the ring test thus enabling a statistical evaluation of
the results. The results indicate that the slow-stirring experiment is a reproducible method for
accurate determination of log POW of hydrophobic compounds. The maximum value of the
standard deviation was 0.11 log units and the deviation of the weighted average of the log POW

observations differed no more than 0.15 log units from the reference value for 1,2,3,4-
tetrachlorobenzene, hexachlorobenzene, and p,p’-DDT. The most extreme compound,
decachlorobiphenyl, is an exception. The weighted average value deviated by almost one log
unit from the reference value. Given the low weighted standard deviation observed in the ring
test it appears that the deviation is a systematic error. Possible bias in the reference POW value
for p,p’-DDT means that the observed agreement between the reference value and the
validation study result does not positively indicate the accuracy of the POW determination.

The results suggest that the method is reproducible and accurate for two of the four test
chemicals. For p,p’-DDT the accuracy cannot be evaluated due to the uncertainty in the
reference value. For decachlorobiphenyl, the most hydrophobic test compound the ring test
result is pronouncedly lower than log POW,ref, indicating that the result is inaccurate. Hence,
the goal of the ring test, demonstration of the applicability of the slow stirring method even
for extremely hydrophobic compounds, was not achieved.

In the light of the above, a thorough analysis of the errors has to be performed. The test has to
be optimized according to the results of the error analysis. In addition, p,p’-DDT has to be
replaced by a compound for which a sufficient number of well-determined data of POW are
available such that a valid reference value can be derived. A validation study of the optimized
test method should be performed.
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Corollary observations
In Tables 1 and 2 the temperatures (in ºC) and vortex depths (in mm) observed in the
individual experiments are reported. The values represent average values. All laboratories
except for participant three adjusted the temperature within the range specified in the draft
guideline (20-25 ºC).  The results of participant three were not considered in the evaluation of
the results. The vortex depth exceeded the recommended depth of 10 mm in most of
instances. However, the data in Tables 1 and 2 demonstrate the experiments were performed
under rather similar conditions.

Table 1. Average temperatures (ºC) reported for the experiments with the individual
compounds. TCB stands for 1,2,3,4-tetrachlorobenzene, HCB for hexachlorobenzene, DDT
for p,p’-DDT and PCB for decachlorobiphenyl. When no temperature data are reported, no
experiments have been carried out.

Laboratory Test compounds
TCB HCB DDT PCB

Temperature (ºC)
1 20 20 20 20
2 23 23 23 23
3 18 18 18 18
4 25 25 25 25
5 20 20 20
6 20.1 20.3
7 23
8
9 20 20 20 20
10 25 25 25 25
11 25 25 25 25
12
13 20 20.1
14 25 25 25 25
15 25 25 25 25
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Table 2. Average vortex depths (mm) reported for the experiments with the individual
compounds. TCB stands for 1,2,3,4-tetrachlorobenzene, HCB for hexachlorobenzene, DDT
for p,p’-DDT and PCB for decachlorobiphenyl. When no temperature data are reported, no
experiments have been carried out.

Laboratory Test compounds
TCB HCB DDT PCB

Vortex depth (mm)
1 15 15 15 15
2 10-26 12-20 11-25 10-29
3 10 – 15 15-20 10 - 15 15-20
4 5 5
5 10 10 10
6 10-15 10-15
7 12-18
8
9 30 30 30 30
10 2.5 2.5 2.5 2.5
11 13 13 13 13
12 15
13 15 15
14 15 15 15 15
15 10 10 10 10

Overview of the data
The experimental results of the participants were processed by the RITOX according to the
statistical procedure outlined in the draft guideline proposal (Annex 2). The data were
weighted with their variance. As a result, data with a large variance (and thus standard
deviation) have lesser impact on the overall average values.

Upon analyzing the results assuming normal distributed data we found that the variation
around the mean is log normal distributed. Therefore, the data analysis was performed with
logarithmically transformed data for the CO/CW-ratios. A summary of the data is given in
Table 3.
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Table 3. The variance weighted values of the average and the standard deviation are specified
for the individual laboratories, based on the logarithmic data. The summary statistics show the
maximum and the minimum values obtained, the number of observations (n) and the median
values of the average and the standard deviations.

Compound 1,2,3,4-
TCB

HCB p,p-
DDT

PCB
209

Log POW,Ref

4.54 5.43 6.36 8.23

Log POW average intra average intra average intra Averag
e

intra

Laboratory

1 4.74 0.02 5.77 0.01 6.48 0.06 7.58 0.06
2 4.58 < 0.01 5.25 0.08 6.45 0.10 6.26 0.14
3
4 4.72 0.01 7.93 0.03
5 4.55 0.02 5.59 0.02 5.69 0.15
6 4.73 < 0.01 5.89 0.01
7 5.14 < 0.01
8 4.63 < 0.01 5.66 0.08 6.08 0.01 6.65 0.08
9 4.51 0.01 5.24 0.03 6.37 0.01 7.27 < 0.01
10 3.76 0.10 4.96 0.05
11 4.55 < 0.01 5.63 0.02 6.12 0.05 7.41 0.03
12 4.57 < 0.01
13 4.51 < 0.01 5.30 0.01
14 4.67 0.03 5.93 0.03 6.74 0.16 7.22 0.05

15 4.71 <0.01 5.41 <0.01 6.01 <0.01 7.87 <0.01

Summary
N 14 10 9 8

maximum 5.14 0.10 5.93 0.08 6.74 0.16 7.93 0.14
minimum 3.76 < 0.01 5.24 0.01 4.96 0.01 6.26 < 0.01

median 4.59 < 0.015 5.63 0.02 6.24 0.05 7.27 0.05

Figure 1 is a graphical way to summarize the data. It is a plot of the log POW values observed
in the ring test against the reference values of log POW. It demonstrates that the observed
values scatter rather evenly around the reference values, except for the most hydrophobic
compound. Here, all log POW observation are lower than the reference log POW value. The
solid line in Figure 1 represents the 1:1 line for log POW,ref.
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Figure 1. Graphical representation of the log POW data obtained in the present ring test by the
individual laboratories. The data are plotted against log POW,ref.  The solid line in Figure 1
represents the 1:1 line for log POW,ref.
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Repeatability and reproducibility of the slow-stirring method

Intralaboratory Variation - Repeatability
The results of the slow stirring experiments calculated on the basis of log-normal distributed
data are summarized per compound in the Figures 2a to 2d. These figures show the weighted
average values of log POW with the weighted standard deviation as error bars. Figure 2
indicates that the intralaboratory variation of the log P determination is rather small as
indicated by the error bars. It does not exceed 0.2 log units for any of the compounds. That
indicates that, within one laboratory, the slow-stirring experiment is very repeatable.
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Figure 2a. Bar diagram of the log POW values of 1,2,3,4-tetrachlorobenzene obtained by the
individual laboratories. The error bars indicate the intralaboratory standard deviation.
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Figure 2b. Bar diagram of the log POW values of hexachlorobenzene obtained by the
individual laboratories. The error bars indicate the intralaboratory standard deviation.
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Figure 2c. Bar diagram of the log POW values of p,p’-DDT obtained by the individual
laboratories. The error bars indicate the intralaboratory standard deviation.
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Figure 2d. Bar diagram of the log POW values of decachlorobiphenyl obtained by the
individual laboratories. The error bars indicate the intralaboratory standard deviation.
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Interlaboratory variation - Reproducibility
A second look at Figure 2 shows that the range spanned by the log POW values between the
laboratories is less than one log unit for the two chlorinated benzenes (if we consider the
observation of laboratory 10 for 1,2,3,4-terachlorobenzene as an outlier). For the more
hydrophobic p,p’-DDT and decachlorobiphenyl, the ranges of values reported span 1.8 and 1.7
log units (see also Table 3).

The interlaboratory variation was quantitatively evaluated by calculating the weighted average
and the weighted standard deviation of all observations. The results are summarized in Table
4. As can be seen from Table 4, the weighted interlaboratory standard deviation σinter is
relatively constant, ranging from 0.03 to 0.06 log units. More importantly, the standard
deviation is small, meaning that the interlaboratory variation is small also and hence, the
slow-stirring experiment is a reproducible method for determination of log POW.

Table 4. Summary of the interlaboratory evaluation of the log POW determination.

Parameter 1,2,3,4-
TCB

Hexachloro
-benzene

p.p’-DDT Decachloro
-biphenyl

weighted average of log POW 4.62 5.49 6.22 7.81
σinter 0.03 0.06 0.06 0.06
N 14 10 9 7
log POW  -maximum value 5.14 5.93 6.74 7.93
log POW - max.minimum value 3.76 5.24 4.96 6.09
log POW – reference value 4.54 5.47 8.23

The uncertainty of the standard deviation standard estimate
The uncertainty associated with the standard deviation was evaluated employing the ISO
standard 5725-1 (1).  The 95% confidence interval around the estimated standard deviation
was determined employing the median values of the intralaboratory standard deviation ( intra,
See Table 3) and the interlaboratory standard deviation ( inter, Table 4).

Table 5. Uncertainty of the standard deviation estimate. intralaboratory and interlaboratory are the
standard deviations around the average log POW values obtained in the individual laboratories
(of three replicates) and around the average log POW obtained from the different laboratories
(seven to thirteen replicates).

Parameter 1,2,3,4-TCB HCB p,p’-DDT Decachloro-
biphenyl

intralaboratory 0.01 0.02 0.06 0.04

interlaboratory 0.03 0.06 0.06 0.06
95% upper bound of

interlaboratory 0.04 0.08 0.08 0.09
95% lower bound of

interlaboratory 0.02 0.03 0.04 0.03
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The upper limit of the confidence interval of interlaboratory can be viewed as pessimistic
measure of the interlaboratory variation (see Table 4). The data are specified in the Table 5
and indicate that even for hexachlorobenzene, the interlaboratory variation is less than 0.1 log
units. Hence, it can be concluded that the variation of the log POW determination between
different laboratories are comparatively small.

Accuracy of the slow-stirring method
In order to evaluate the accuracy of the slow-stirring experiment for determination of log POW

we plotted the values of log POW as found by the individual laboratories (Figure 1) as well as
the weighted average values of the ring test against log POW,ref (Figure 3). Both figures
demonstrate that the deviation between the average values determined in the ring test and the
reference values is small except for the most hydrophobic test compound, decachlorobiphenyl.
Possible bias in the reference POW value for p,p’-DDT means that the observed agreement
between the reference value and the validation study result does not positively indicate the
accuracy of the POW determination. Therefore, the accuracy of the validation study result for
p,p’-DDT cannot be evaluated.
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Figure 3. Plot of the variance weighted average of the individual log POW (log POW, average)
results against the reference values of log POW (log POW, ref).

For 1,2,3,4-tetrachlorobenzene, hexachlorobenzene, and p,p’-DDT the deviation between log
POW,ref and the ring test result does not exceed  0.15 log units. That means that log POW up to a
value of 6.2 can be determined accurately and precisely. In the case of decachlorobiphenyl, a
significant deviation is observed. The ring test result is a 0.95 log units lower than log POW,ref.
Since this deviation is by far larger than the weighted interlaboratory standard deviation, it
appears to be the result of a systematic error rather than of chance variation.
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Discussion

Intralaboratory variation - Repeatability
Variation in the experimental results within one laboratory could be the result of differing
conditions between the different experiment (e.g. temperature, stirring rate) and differences in
the experimental manipulations. The variation of the temperature and the stirring rates within
the laboratories was low, with temperatures ranging between 20 and 25°C. The results
obtained at 18°C were not considered. Given that the result obtained with large vortex depth
did not appear to deviate strongly from those obtained at small vortex depth, no further data
were excluded. In view of the large effect that microemulsions can have on the determination
of log POW of highly hydrophobic chemicals (2), the introduction of the octanol phase has to
be considered as a pivotal step. However, the variation in log POW determinations within the
individual laboratories is less than 0.1 log units. The good repeatability of the results indicates
that the participating laboratories were very consistent in carrying out the experiments and
thus in introducing the octanol phase to the experimental vessels.

Interlaboratory variation - Reproducibility
The results of the present ring test indicate that the variation in log POW determinations as
reflected by the standard deviation between the laboratories of the participants is at maximum
0.06 log units. The statistical evaluation of the standard deviation demonstrates that, even
when considering the 95% confidence interval, the maximum value does not exceed 0.09 log
units. Therefore, the observed interlaboratory variation has to be considered to be satisfactory.

This demonstrates that the slow-stirring experiment is a reproducible method for determining
log POW values of highly hydrophobic compounds (up to log POW of 6.36). Differences in
results of different laboratories might be caused by different degrees of formation of
microemulsion as a result of differences in introducing the octanol phase. The differences
noted in the vortex depths (reported ranging from 2.5 to 30 mm) were small and most of them
exceeded the recommended 10 mm (See draft guideline, Annex 2). The temperatures varied
between the laboratories from 293.5 K to 298.1 K, while the results of laboratory 3 were not
considered since the temperature was below 293 K. Given these small differences and the
small temperature dependence of log POW in this temperature range (3, 4), it can be expected
that the temperature contributed only to a limited extent to the interlaboratory variation.

Different laboratories employed different preconcentration factors in working up their water
samples. This has two consequences. First, the resulting concentrations of the test compound
are high and can thus be determined more reliably. Second, there is a higher risk of loss of the
test compound during the step required for preconcentration. For highly hydrophobic
chemicals with estimates of log POW > 5, the preconcentation step should be closely
monitored, preferably by using a surrogate standard that is added to the sample prior to
starting the extraction. In the present ring test not all participants applied this method. Hence,
differences in correcting for the analytical recovery during extraction of the water samples
might have influenced the results.
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Number of results.
From Table 3 it can be seen that the number of log POW data reported decreases as the
reference log POW value increases. One reason for that is that more laboratories volunteered
for performing experiments with low log POW values. A second reason are the difficulties the
participants encountered in analysing for the very low concentrations of the most hydrophobic
test compounds in the aqueous phase. Certainly for decachlorobiphenyl this analysis means
that trace amounts close to the detection limit have to be detected. The concentrations of
decachlorobiphenyl in the water phase were in the ng/L range. Laboratories in which the
equipment was not sufficiently sensitive or which did not preconcentrate their extracts to a
sufficient degree, might not nave been able to detect these compounds.

In order to avoid this problem, the initial guideline proposal is modified with regard to
prescribing the geometry and thus the volume of the experimental vessel. Larger volumes of
the water samples mean that larger amounts of the test compound can be recovered so that
analytical determination becomes more reliable. High preconcentration factors in combination
with the use of surrogate standards to quantify losses occurring during sample workup will be
required for substances with log POW > 6.

Accuracy
Figure 3 shows for three of the four compounds that the weighted average value of log POW is
in good agreement with the reference value of log POW. Except for the most hydrophobic test
chemical, the extremely hydrophobic decachlorobiphenyl, the discrepancy between the
reference value and that determined in the present study is less than 0.2 log units. For the
reasons specified above, the validation study result for p,p’-DDT cannot be viewed as support
for the accuracy of the slow-stirring method. Hence, the reliability of this method has been
established for two of the four compounds.

Conclusions and Recommendations
The results suggest that the method is reproducible and accurate for two of the four test
chemicals. For p,p’-DDT the accuracy cannot be evaluated due to an uncertain reference
value. This was only discovered after completion of the validation study (5). For
decachlorobiphenyl, the most hydrophobic test compound, the validation study result is
pronouncedly lower than log POW,ref, indicating that the result is inaccurate. Hence, the goal of
the ring test, demonstration of the applicability of the slow stirring method even for extremely
hydrophobic compounds, was not achieved.

A thorough analysis of the errors has to be performed. The test has to be optimized according
to the results of the error analysis. In addition, p,p’-DDT has to be replaced by a compound for
which a sufficient number of well-determined data of POW are available such that a valid
reference value can be derived. A validation study of the optimized test method should be
performed.
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Annex 7 – Error analysis / Method optimisation

Error Analysis

The validation study demonstrated that the slow-stirring method is a reliable method for
determination of POW for two of the four test compounds. For the remaining two compounds
the validation study did not yield positive evidence for the accuracy of the validation study
result. Here, we analyze possible reasons and suggest options for optimizing the test method
and for improving a second validation study.

1. Uncertainty in reference value of p,p’-DDT
For p,p’-DDT the accuracy could not be evaluated due to the uncertainty associated with the
reference value. This was only discovered after completion of the validation study [1].
Therefore, it was decided to employ another chemical as test compound.  With its log POW,ref

of 7.26, 2,2’,3,3’5,5’,6,6’-octachlorobiphenyl is intermediate in hydrophobicity between p,p’-
DDT and decachlorobiphenyl. Its value of log POW,ref is based on sufficient data generated by
reliable methods (generator column and slow stirring). In addition, it fulfills all other test
compound selection criteria.

2. Inaccurracy in log POW of PCB 209
The good reproducibility observed in the POW determination in the validation study for PCB
209 suggests that the deviation of the observed from the reference log POW value for PCB 209
is due to a systematic error. Therefore, a thorough search for possible sources of bias is
required. From the results it appears that the deviation is related to the high hydrophobicity of
this compound. The implications for the slow-stirring experiment are that

a) underestimation of log POW as a result of formation of microemulsion is pronounced
b) the concentrations in the water phase are low (ng/L – range)
c) the solubility in octanol and other organic solvents is low.

Formation of microemulsions. Formation of microemulsions [2] due to improper introduction
of the octanol phase or because of excessive stirring rates could account for the observed
underestimation of the reference POW value. The vortex depths exceeded the recommended
value of 10 mm in most cases. The formation of microemulsions during introduction of the
octanol layer cannot be traced back in the reports. However, microemulsion formation by the
above mentioned mechanisms is expected to be strongly dependent on how the different
laboratories performed the experiments and is expected to result in large interlaboratory
variation. Therefore, the formation of microemulsions in the validation study is not likely the
cause for the consistent underestimation of POW for PCB 209. Nevertheless, the initial
protocol is revised in order to underline that great care has to be taken when introducing the
octanol solution to the shake flask and that the stirring rate needs to be adjusted such that a
smooth vortex is formed.
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Carry over in chemical analysis. The relatively low solubility of decachlorobiphenyl in
organic solvents in combination with the low concentrations of decachlorobiphenyl in water
samples and a very low vapor pressure render it possible, that a fraction of the compound is
carried from one analytical determination to the other. This could also lead to an
overestimation of the concentration of decachlorobiphenyl in the water and an
underestimation of log POW. Therefore, the initial protocol is revised. For highly hydrophobic
compounds, the experimenters need to make sure that no carryover of analyte occurs from one
sample to the other and that proper blank corrections are made in the determination of PCB
209 at very low concentration.

Low solubility in water and octanol. In choosing the maximum concentrations of the stock
solutions of the test compounds in octanol we started from the solubility of the compounds in
water and the reference value of POW. By multiplying these data we obtained the test
compound concentration in octanol in equilibrium with saturated aqueous solution. The actual
concentration in the stock solution was chosen to be lower than this value such that the
aqueous solubility of the test compounds was not exceed. Doing so, the limited solubility in
octanol went unnoticed during preparation of the stock solutions that were sent to the
participants. All chemicals were dissolved using an ultrasonic bath in which the solvent
(octanol) is heated as a result of the sonication. This leads to solubilization during the
sonication process.

A comparison the stock solution concentrations and the saturation concentrations of the test
compounds is provided in Table 1. It shows that the stock solutions of Hexachlorobipheny and
PCB 209 were close to and above the saturation concentration in octanol. The exceeded
solubility explains why, upon shipping and storage, precipitate of decachlorobiphenyl was
observed by some of the participants.

Table 1. Comparison of the test compound concentrations in the octanol stock solution and
the saturation concentration in n-octanol.

Test compound Concentration (mg / mL) Saturation concentration1

1,2,3,4-tetrachlorobenzene 3.105 305.1
Hexachlorobenzene 4.490 4.3
p,p’-DDT 2.241 28.6
PCB 209 1.380 0.5
1 Data taken from Banerjee and Baughman [3].

Conclusions. Given that the stock solution is diluted by a factor of four, it appears that the
hexachlorobenzene was completely dissolved. In contrast, it cannot be excluded that
decachlorobiphenyl was present as solid microcrystals possibly due to insufficient time
allowed for the chemical to dissolve upon diluting it with octanol prior to the experiment.
During the experiment they may have been transported from the octanol to the water phase
and contributed to the analytically determined concentration in the water. This results in an
overestimation of the concentration in water and, concomitantly, in an underestimation of log
POW. In order to avoid oversaturated octanol solutions from biasing the results, the initial
protocol is revised. The experimenters have to ascertain that the test compounds is truly
dissolved in the octanol solution.
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Optimization of Technical Guideline proposal
Based on the results of the validation study (Annex 6), it appears that there were no major
sources of variability. For the deviation between the ring-test value of log POW and the
reference value the most likely explanation is that oversaturated solutions of octanol have
been used by all participants. Additional possible sources of bias have been identified:
Analyte carryover during the analytical determination and (less likely) formation of
microemulsions.

Based on the experience with the validation study, the recommendations for improving the
guideline are primarily aimed at ensuring that everything is tried to accurately determine log
POW of extremely hydrophobic compounds. Therefore, the guideline is modified.

1) an estimate of log POW is obtained by an estimation program by expert judgment. If the
value is higher than six then the analytical signal needs to be corrected for blanks and
care should be taken that no carry-over of analyte from one sample to another can occur.

2) if the estimate of log POW exceeds 6, the use of surrogate standard for recovery
correction is mandatory, so that high preconcentration factors can be reached.

3) if the estimate of log POW exceeds 6, the use of a reaction vessel larger than one liter has
to be considered, so that larger water samples can be obtained. This will result in higher
concentrations in the water extract and thus a more reliable analytical determination.

4) the octanol solutions used for the experiment must be devoid of suspended solid test
chemical (in the form of microcrystals). To that end, the following procedure for
chemicals with an estimated value of log POW > 5 is proposed:

•  The test compound is dissolved in octanol (saturated with water)
•  The solution is given time such that suspended solid chemical has time to

precipitate. During the precipitiation process, the concentration of the test
compound is monitored.

•  After the measured concentrations in the octanol-solution have attained stable
values, the stock solution is diluted with an appropriate volume of n-octanol

•  The concentration of the diluted stock solution is measured. If the measured
concentration is consistent with the dilution, the diluted stock solution can be
employed in the slow-stirring experiment.

5) the importance of the necessity of slow introduction of the octanol solution to the
stirring vessel will be emphasized.

Recommendations for validation study of optimized Technical Guideline
proposal
In the light of the above, it is necessary to perform a second validation study for the optimized
guideline proposal. In that manner, the applicability of the slow-stirring method can be
evaluated. In addition it appears favorable to test one more compound, intermediate in
hydrophobicity between p,p’-DDT and decachlorobiphenyl. With its log POW,ref of 7.26,
2,2’,3,3’5,5’,6,6’-octachlorobiphenyl is a good candidate compound, because log POW,ref is
based on sufficient data generated by reliable methods (generator column and slow stirring).
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Derivation of log POW,ref for 2,2’,3,3’5,5’,6,6’-octachlorobiphenyl

2,2’,3,3’,5,5’6,6’-octachlorobiphenyl
log POW,ref 7.29±0.30
N 4

Individual
observation*

7.11 (a, gc)
7.12 (l, gc)
7.73 (b, ss)
7.21 (d, gc)

References: a: Miller et al. 1984 [4]
b: De Bruijn et al. 1989 [2]
c: Woodburn et al. 1984 [5]
d: Hawker and Connell 1988 [6]
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Annex 8 – Results of the validation study with the optimized
method

Summary

Here, the results of the validation study for the optimised slow-stirring experiment for
determination of log POW for highly hydrophobic compounds (log POW > 4.5) are presented.
Two hydrophobic chemicals with log POW values of 7.27 and 8.24 were selected. Eight
volunteer laboratories took part in the ring test thus enabling a statistical evaluation of the
results.

The maximum deviation of the log POW determinations by the individual participants from the
ring-test average was 0.4 log units indicating that each participating laboratory performed well
in reproducing the reference values. The variation between the laboratories did not exceed
0.15 log units indicating log POW can be determined in a reproducible manner employing the
slow-stirring method. The deviation of the weighted average of the log POW observations
differed no more than 0.12 log units from the reference value for all test compounds. Taken
together, this is evidence for the reproducibility and accuracy of the POW determination using
the optimised slow-stirring method even for highly hydrophobic compounds.
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General
The results of the second round of the ring test will be presented here. Table 1 shows the
temperatures during the log POW determinations. As can be seen the differences were small
and all laboratories performed the testing within the tolerances (20 – 25ºC).

Table 1.. Average temperatures (ºC) reported for the experiments with the individual
compounds. PCB 202 and PCB 209 stand for 2,2’,3,3’,5,5’,6,6’-octachlorobiphenyl
decachlorobiphenyl. When no temperature data are reported, no experiments have been
carried out.

Laboratory Test compounds
PCB 202 PCB 209

Temperature (ºC)
2 26.5±0.5 26.2±0.5
4 25±0.1 25±0.1
5 25±1 25±1
8 25±1 25±1
11 25±0.1 25±0.1
13 22.7±0.6 22.6±0.4
14 25±0.1 25±0.1
15 25±1 25±1

Data Censoring
In the case of the log POW determination of PCB 202 and PCB 209, one laboratory reported
the presence of suspended material in the water solutions. Care had been taken that the
concentration in the octanol solution is below the solubility. Therefore, the other participants
did not confirm this observation. As a consequence, the respective results were excluded from
further calculations. Another participant reported concentrations of both test compounds in
water, which are not in agreement with the instrumental detection limit. Those data were also
excluded. The same holds true for the log POW determination of PCB 209 by a third
participant, which was not performed in triplicate experimental units.
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Overview of the log POW data
The experimental results of the participants were processed by the IRAS according to the
method described in the Technical Guideline proposal (Annex 2). The data were weighted
with their variance. As a result, data with a large variance (and thus standard deviation) have
lesser impact on the overall average values.

Upon analyzing the results assuming normal distributed data we found the variation around
the mean is log normal distributed. Therefore, the data analysis was performed with
logarithmically transformed data for the CO/CW-ratios. A summary of the data is given in
Table 2.

Table 2. The variance weighted values of the average and the standard deviation are specified
for the individual laboratories, based on the logarithmic data. The summary statistics show the
maximum and the minimum values obtained, the number of observations (n) and the median
values of the average and the standard deviations.

Compound PCB
202

PCB
209

Log POW,Ref 7.27 8.23
Log POW average stdev average stdev

Laboratory

2 7.51 0.09 8.24 0.30
4 6.99 0.05 7.89 0.04
5 7.71 0.23 8.56 0.11
8 7.54 0.14
11 7.39 0.01 8.18 0.01
13
14 7.79 0.06 8.17 0.10
15 7.26 0.06
Summary
N 7.00 5.00
maximum 7.79 0.23 8.56 0.30
minimum 6.99 0.01 7.89 0.01
Median* 7.52 0.07 8.18 0.10
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Figure  1a. Bar diagram of the log POW values of PCB 202 obtained by the individual
laboratories. Those values omitted from the analysis are marked with an asterisk. The error
bars indicate the intralaboratory standard deviation.
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Figure 1b. Bar diagram of the log POW values of decachlorobiphenyl obtained by the
individual laboratories. Those values omitted from the analysis are marked with an asterisk.
The error bars indicate the intralaboratory standard deviation. The asterisk represents an
observation excluded from the analysis.
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Table 2 and Figure 1 show that the variation within and between the laboratories is small. In
addition, the deviation of the individual log POW determination is less than 0.4 log units. The
asterisks represent the observations that were excluded from the analysis.
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Statistical evaluation
The results of the statistical evaluation of the second round of the ring-test are provided in
Table II.3. It shows that the weighted average of log POW, as obtained in this ring test deviates
less than 0.15 log units from the reference value. In addition, the weighted standard deviation
is small (0.04 and 0.02 log units). This signifies that the slow-stirring method as employed in
the second ring-test accurately reproduced the reference values in a highly reproducible
manner.

Table 3. Summary of the interlaboratory evaluation of the log POW determination.

Parameter PCB 202 PCB 209

Weighted average of log POW 7.39 8.17
Weighted standard deviation of log
POW 0.04 0.02
N 7 5
log POW  -maximum value 7.79 8.56
log POW - max.minimum value 6.99 7.89
log POW – reference value 7.27 8.23

Discussion and Conclusions
The results of the second round of the ring test indicate that the variation in log POW

determinations as reflected by the standard deviation between the laboratories of the
participants is at maximum 0.04 and 0.02 log units, respectively. Therefore, the observed
interlaboratory variation has to be considered to be satisfactory. This demonstrates that the
slow-stirring experiment is a reproducible method for determining log POW values of highly
hydrophobic compounds (up to log POW of 8.24). The minor differences in results of different
laboratories are scattered around the reference value.

It should be noted that the estimate of the interlaboratory standard deviation is based on 7 and
5 observations only. Therefore, this estimate is relatively imprecise as is evidenced by the
95% confidence interval (PCB 202: 0 – 0.07, PCB 209: -0.21 to 0.25).

The weighted average values of log POW of PCB 202 and PCB 209 are in good agreement with
the reference value of log POW.  The discrepancy between the reference value and that
determined in the present study does not exceed 0.12 log units. That indicates that the method
can be employed to determine log POW for highly hydrophobic chemicals such as PCB 209
(log POW = 8.24) with high accuracy. This also suggest, that the results of the first validation
experiment were indeed caused by an excess of the test compound in the octanol solution.
Therefore, the results of the second round of the ring-test will be employed to evaluate the
performance of the slow-stirring method for determination of log POW.
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Annex 9 - Synopsis of the results of the validation studies

Summary

Here, the results of the two validation studies of the slow-stirring experiment for determination of
log POW for highly hydrophobic compounds (log POW > 4.5) are presented. Hydrophobic
chemicals with log POW values ranging from 4.5 to 8.2 were selected. Chemical analysis of all
compounds is possible with readily available laboratory equipment and with standard analytical
procedures. In the first validation study, the accuracy of the method for two compounds (p,p’-
DDT and decachlorobiphenyl) could not be demonstrated. Therefore, an error analysis was made,
the method was optimized, and a second validation study was performed.

Fifteen volunteer laboratories took part in the ring test thus enabling a statistical evaluation of the
results. The maximum deviation of the log POW determinations by the individual participants
from the ring-test average was 0.4 log units indicating that each participating laboratory
performed well in reproducing the reference values. The variation between the laboratories did
not exceed 0.15 log units indicating log POW can be determined in a reproducible manner
employing the slow-stirring method. The deviation of the weighted average of the log POW

observations differed no more than 0.12 log units from the reference value for all test compounds.
This is evidence for the accuracy of the results of the ring-test. Taken together, the results indicate
that the slow-stirring experiment is a reproducible method for accurate determination of log POW

of hydrophobic compounds.

The initial proposal for an OECD test guideline has been revised based on the experience of the
present ring-test. To that end an analysis of the critical steps in determination of log POW values of
extremely hydrophobic chemicals was undertaken. Measures to improve the procedure were
identified and have been incorporated into the final test guideline proposal of the Netherlands.
These measures are to result in a more accurate log POW determination for extremely hydrophobic
compounds.
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Overview of the data

For validation of the technical guideline proposal the results for 1,2,3,4-TCB and HCB
(validation study using the original technical guideline proposal) and those for 2,2’,3,3’,5,5’,6,6’-
octachlorobiphenyl (PCB 202) and decachlorobiphenyl (PCB 209)  (validation study using the
optimized technical guideline proposal) are to be combined. A summary of the data of the
respective data is given in Table 1.

Table 1. The variance-weighted values of the average and the standard deviation are specified for
the individual laboratories, based on the logarithmic data. The data for 1,2,3,4-TCB and HCB are
from the first round, those for 2,2’,3,3’,5,5’,6,6’-octachlorobiphenyl (PCB 202) and
decachlorobiphenyl (PCB 209) from the second, respectively. The summary statistics show the
maximum and the minimum values obtained, the number of observations (n) and the median
values of the average and the standard deviations.

Compound 1,2,3,4-
TCB

HCB PCB
202

PCB
209

Log POW,Ref 4.54 5.43 7.27 8.23
Log POW Averag

e
stdev average stdev average stdev average stdev

Laboratory

1 4.74 0.03 5.77 0.01
2 4.58 0.00 5.25 0.08 7.51 0.09 8.24 0.30
3
4 4.72 0.01 6.99 0.05 7.89 0.04
5 4.55 0.02 5.59 0.02 7.71 0.23 8.56 0.11
6 4.73 0.00 5.89 0.02
7 5.14 0.00
8 4.63 0.01 5.66 0.10 7.54 0.14
9 4.51 0.01 5.24 0.03
10 3.76 0.13 0.00 0.00
11 4.55 0.01 5.63 0.02 7.39 0.01 8.18 0.01
12 4.57 0.00
13 4.51 0.00 5.30 0.01
14
15 4.67 0.03 5.93 0.03 7.79 0.06 8.17 0.10

Summary
N 14 11 7 5

Maximum 5.14 0.13 5.93 0.10 7.79 0.23 8.56 0.30
Minimum 3.76 0.00 0.00 0.00 6.99 0.01 7.89 0.01
Median* 4.60 0.01 5.59 0.02 7.51 0.06 8.18 0.10
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Repeatability and reproducibility of the slow-stirring method

Intralaboratory Variation - Repeatability
The weighted average values of log POW with the weighted standard deviation (Table 1) indicate
that the intralaboratory variation of the log POW determination is rather small. It does not exceed
0.2 log units for any of the compounds. That indicates that, within one laboratory, the slow-
stirring experiment is very repeatable.

Interlaboratory variation - Reproducibility
The range spanned by the log POW values between the laboratories is less than one log unit for all
compounds. The interlaboratory variation was quantitatively evaluated by calculating the
weighted average and the weighted standard deviation of all observations. (Table 2). The
weighted standard deviation is relatively constant, ranging from 0.03 to 0.06 log units and small,
meaning that the interlaboratory variation is small. Hence, the slow-stirring experiment is a
reproducible method for determination of log POW.

Table 2. Summary of the interlaboratory evaluation of the log POW determination.

Parameter 1,2,3,4-
TCB

Hexachloro
-benzene

PCB 202 PCB 209

weighted average of log POW 4.62 5.49 7.39 8.17
weighted standard deviation of log POW 0.03 0.06 0.04 0.02
CV (% based on weighted data) 0.6 1.1 0.5 0.3
N 14 10 7 5
log POW  -maximum value 5.14 5.93 7.79 8.56
log POW - max.minimum value 3.76 5.24 6.99 7.89
log POW – reference value 4.54 5.47 7.27 8.23

The uncertainty of the standard deviation standard estimate
The uncertainty associated with the standard deviation was evaluated employing the ISO standard
5725-1 [1].  The 95% confidence interval around the estimated standard deviation was
determined employing the median values of the standard deviation ( interlaboratory, See Table 1) and
the intralaboratory standard deviation ( intralaboratory). The upper limit of the confidence interval of

interlaboratory can be viewed as pessimistic measure of the interlaboratory variation (see Table 2).
The data are specified in the Table 3 and indicate that for tetrachlorobenzene,
hexachlorobenzene, and PCB202 the interlaboratory variation is less than 0.08 log units. For
PCB202 and PCB209 it should be noted that the precision of the standard deviation estimate is
relatively imprecise (confidence intervals: PCB 202: 0.002 – 0.072 and PCB 209 –0.208 to
0.253). This is due to the low number of observations available for estimating the standard
deviation. In summary, the data suggest that the variation of the log POW determination between
different laboratories is small.



Annex 9 – Synopsis of the results of the validation studies

62

Table 3. Uncertainty of the standard deviation estimate. intralaboratory and interlaboratory are the
standard deviations around the average log POW values obtained in the individual laboratories (of
three replicates) and around the average log POW obtained from the different laboratories (five to
fourteen replicates).

Parameter 1,2,3,4-TCB HCB PCB 202 PCB 209
intralaboratory 0.01 0.02 0.06 0.10

interlaboratory 0.03 0.06 0.04 0.02
95% upper bound of

interlaboratory 0.04 0.08 0.07 0.25
95% lower bound of

interlaboratory 0.02 0.03 0.00 -0.21

Accuracy of the slow-stirring method
In order to evaluate the accuracy of the slow-stirring experiment for determination of log POW we
plotted the weighted average values of the ring test against log POW,ref (Figure 1) in order to
demonstrate that the deviation between the average values determined in the ring test and the
reference values is small with a maximum difference of 0.12 log units. That means that log POW

up to a value of 8.27 can be determined accurately and precisely. The solid line in Figure 3
demonstrates how close the measured values are related to the reference values. The coefficients
of the regression equation suggest indeed suggest that POW,ref = POW,Av. Please note that the error-
bars for the x-axis values are greater than those for the y-axis for three of the four chemicals.

y = 0.98x + 0.17

R2 = 1.00

4

5

6

7

8

9

4 5 6 7 8 9

log POW,Ref

log POW,Av

Figure 3. Plot of the variance weighted average of the individual log POW (log POW, average) results
against the reference values of log POW (log POW, ref).
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Discussion

Intralaboratory variation - Repeatability
Variation in the experimental results within one laboratory could be the result of differing
conditions between the different experiment (e.g. temperature, stirring rate) and differences in the
experimental manipulations. The variation of the temperature and the stirring rates within the
laboratories was low, with temperatures ranging between 20 and 25°C. The results obtained at
18°C were not considered. Given that the result obtained with large vortex depth did not appear
to deviate strongly from those obtained at small vortex depth, no further data were excluded. In
view of the large effect that microemulsions can have on the determination of log POW of highly
hydrophobic chemicals [2], the introduction of the octanol phase has to be considered as a pivotal
step. However, the variation in log POW determinations within the individual laboratories is less
than 0.1 log units. The good repeatability of the results indicates that the participating laboratories
were very consistent in carrying out the slow-stirring experiments.

Interlaboratory variation - Reproducibility
The results of the present ring test indicate that the variation in log POW determinations as
reflected by the standard deviation between the laboratories of the participants is at maximum
0.06 log units. Therefore, the observed interlaboratory variation has to be considered to be
satisfactory. This demonstrates that the slow-stirring experiment is a reproducible method for
determining log POW values of highly hydrophobic compounds (up to log POW of 8.24). The minor
differences in results of different laboratories are scattered around the reference value.

Accuracy
Figure 3 shows that the weighted average value of log POW is in good agreement with the
reference value of log POW for all compounds.  The discrepancy between the reference value and
that determined in the present study does not exceed 0.12 log units. This indicates that the method
can be employed to determine log POW for highly hydrophobic chemicals such as PCB 209 (log
POW = 8.24) with high accuracy.

A summary of the validation study will be published in the peer-reviewed literature and is
currently under preparation [3].
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