
This document is meant purely as documentation tool and the institutions do not assume any liability for its contents

"B COMMISSION DIRECTIVE 98/73/EC

of 18 September 1998

adapting to technical progress for the 24th time Council Directive 67/548/EEC on the approximation of the laws,
regulations and administrative provisions relating to the classification, packaging and labelling of dangerous

substances

(Text with EEA relevance)

(OJ L 305, 16.11.1998, p. 1)

Corrected by:

"C1 Corrigendum, OJ L 285, 8.11.1999, p. 1 (98/73)

1998L0073 — EN — 06.12.1998 — 000.001 — 1



COMMISSION DIRECTIVE 98/73/EC

of 18 September 1998

adapting to technical progress for the 24th time Council Directive
67/548/EEC on the approximation of the laws, regulations and adminis-
trative provisions relating to the classification, packaging and labelling of

dangerous substances

(Text with EEA relevance)

THE COMMISSION OF THE EUROPEAN COMMUNITIES,

Having regard to the Treaty establishing the European Community,

Having regard to Council Directive 67/548/EEC of 27 June 1967 on the
approximation of the laws, regulations and administrative provisions relating
to the classification, packaging and labelling of dangerous substances (1), as
last amended by Commission Directive 97/69/EC (2), and in particular Article
28 thereof,

Whereas Annex I to Directive 67/548/EEC contains a list of dangerous
substances, together with particulars of the classification and labelling
procedures in respect of each substance; whereas present scientific and
technical knowledge has shown that the list of dangerous substances in that
Annex should be adapted and supplemented;

Whereas Annex V to Directive 67/548/EEC lays down the methods for the
determination of the physico-chemical properties, toxicity and ecotoxicity of
substances and preparations; whereas it is necessary to adapt that Annex to
technical progress;

Whereas the measures provided for in this Directive are in accordance with
the opinion of the Committee on the Adaptation to Technical Progress of the
Directives for the Elimination of Technical Barriers to Trade in Dangerous
Substances and Preparations,

HAS ADOPTED THIS DIRECTIVE:

Article 1

Directive 67/548/EEC is hereby amended as follows:

1. Annex I is amended as follows:

(a) the entries in Annex I to this Directive replace the corresponding
entries in Annex I to Directive 67/548/EEC;

(b) the entries in Annex II to this Directive are inserted in Annex I to
Directive 67/548/EEC.

2. Annex V is amended as follows:

(a) the texts in Annexes III A, III B and III C to this Directive are added
to Part A of Annex V to Directive 67/548/EEC;

(b) the text in Annex III D to this Directive is added to Part C of Annex
V to Directive 67/548/EEC.

Article 2

Member States shall bring into force the laws, regulations and administrative
provisions necessary to comply with this Directive by 31 October 1999 at the
latest. They shall forthwith inform the Commission thereof.

When Member States adopt those provisions, they shall contain a reference to
this Directive or be accompanied by such a reference on the occasion of their
official publication. Member States shall determine how such reference is to
be made.

!B

(1) OJ 196, 16. 8. 1967, p. 1.
(2) OJ L 343, 13. 12. 1997, p. 19.
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Article 3

This Directive shall enter into force on the 20th day following its publication
in the Official Journal of the European Communities.

Article 4

This Directive is addressed to the Member States.
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ANNEX III A

A.18. NUMBER-AVERAGE MOLECULAR WEIGHT AND MOLECULAR WEIGHT
DISTRIBUTION OF POLYMERS

1. METHOD

This Gel Permeation Chromatographic method is a replicate of the OECD TG
118 (1996). The fundamental principles and further technical information are
given in reference 1.

1.1. Introduction

Since the properties of polymers are so varied, it is impossible to describe one
single method setting out precisely the conditions for separation and evaluation
which cover all eventualities and specificities occurring in the separation of
polymers. In particular complex polymer systems are often not amenable to gel
permeation chromatography (GPC). When GPC is not practicable, the
molecular weight may be determined by means of other methods (see Annex).
In such cases, full details and justification should be given for the method used.

The method described is based on DIN standard 55672 (1). Detailed
information about how to carry out the experiments and how to evaluate the
data can be found in this DIN standard. In case modifications of the
experimental conditions are necessary, these changes must be justified. Other
standards may be used, if fully referenced. The method described uses
polystyrene samples of known polydispersity for calibration and it may have to
be modified to be suitable for certain polymers, e.g. water soluble and long-
chain branched polymers.

1.2. Definitions and units

The number-average molecular weight Mn and the weight average molecular
weight Mw are determined using the following equations:

where,

Hi is the level of the detector signal from the baseline for the retention volume
Vi

Mi is the molecular weight of the polymer fraction at the retention volume Vi,
and

n is the number of data points.

The breadth of the molecular weight distribution, which is a measure of the
dispersity of the system, is given by the ratio Mw/Mn.

1.3. Reference substances

Since GPC is a relative method, calibration must be undertaken. Narrowly
distributed, linearly constructed polystyrene standards with known average
molecular weights Mn and Mw and a known molecular weight distribution are
normally used for this. The calibration curve can only be used in the
determination of the molecular weight of the unknown sample if the conditions
for the separation of the sample and the standards have been selected in an
identical manner.

A determined relationship between the molecular weight and elution volume is
only valid under the specific conditions of the particular experiment. The
conditions include, above all, the temperature, the solvent (or solvent mixture),
the chromatography conditions and the separation column or system of
columns.

The molecular weights of the sample determined in this way are relative values
and are described as ‘polystyrene equivalent molecular weights’. This means
that dependent on the structural and chemical differences between the sample
and the standards, the molecular weights can deviate from the absolute values
to a greater or a lesser degree. If other standards are used, e.g. polyethylene
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glycol, polyethylene oxide, polymethyl methacrylate, polyacrylic acid, the
reason should be stated.

1.4. Principle of the test method

Both the molecular weight distribution of the sample and the average
molecular weights (Mn, Mw) can be determined using GPC. GPC is a special
type of liquid chromatography in which the sample is separated according to
the hydrodynamic volumes of the individual constituents (2).

Separation is effected as the sample passes through a column which is filled
with a porous material, typically an organic gel. Small molecules can penetrate
the pores whereas large molecules are excluded. The path of the large
molecules is thereby shorter and these are eluted first. The medium-sized
molecules penetrate some of the pores and are eluted later. The smallest
molecules, with a mean hydrodynamic radius smaller than the pores of the gel,
can penetrate all of the pores. These are eluted last.

In an ideal situation, the separation is governed entirely by the size of the
molecular species, but in practice it is difficult to avoid at least some
absorption effects interfering. Uneven column packing and dead volumes can
worsen the situation (2).

Detection is effected by, for example, refractive index or UV-absorption and
yields a simple distribution curve. However, to attribute actual molecular
weight values to the curve, it is necessary to calibrate the column by passing
down polymers of known molecular weight and, ideally, of broadly similar
structure e.g. various polystyrene standards. Typically a Gaussian curve results,
sometimes distorted by a small tail to the low molecular weight side, the
vertical axis indicating the quantity, by weight, of the various molecular weight
species eluted, and the horizontal axis the log molecular weight.

1.5. Quality criteria

The repeatability (Relative Standard Deviation: RSD) of the elution volume
should be better than 0,3 %. The required repeatability of the analysis has to be
ensured by correction via an internal standard if a chromatogram is evaluated
time-dependently and does not correspond to the abovementioned criterion (1).
The polydispersities are dependent on the molecular weights of the standards.
In the case of polystyrene standards typical values are:

Mp 5 2 000 Mw/Mn 5 1,20

2 000 4 Mp 4 106 Mw/Mn 5 1,05

Mp 4 106 Mw/Mn 5 1,20

(Mp is the molecular weight of the standard at the peak maximum)

1.6. Description of the test method

1.6.1. Preparation of the standard polystyrene solutions

The polystyrene standards are dissolved by careful mixing in the chosen eluent.
The recommendations of the manufacturer must be taken into account in the
preparation of the solutions.

The concentrations of the standards chosen are dependent on various factors,
e.g. injection volume, viscosity of the solution and sensitivity of the analytical
detector. The maximum injection volume must be adapted to the length of the
column, in order to avoid overloading. Typical injection volumes for analytical
separations using GPC with a column of 30 cm × 7,8 mm are normally
between 40 and 100 µl. Higher volumes are possible, but they should not
exceed 250 µl. The optimal ratio between the injection volume and the
concentration must be determined prior to the actual calibration of the column.

1.6.2. Preparation of the sample solution

In principle, the same requirements apply to the preparation of the sample
solutions. The sample is dissolved in a suitable solvent, e.g. tetrahydrofuran
(THF), by shaking carefully. Under no circumstances should it be dissolved
using an ultrasonic bath. When necessary, the sample solution is purified via a
membrane filter with a pore size of between 0,2 and 2 µm.

The presence of undissolved particles must be recorded in the final report as
these may be due to high molecular weight species. An appropriate method
should be used to determine the percentage by weight of the dissolved
particles. The solutions should be used within 24 hours.
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1.6.3. Apparatus

— solvent reservoir,

— degasser (where appropriate),

— pump,

— pulse dampener (where appropriate),

— injection system,

— chromatography columns,

— detector,

— flowmeter (where appropriate),

— data recorder-processor,

— waste vessel.

It must be ensured that the GPC system is inert with regard to the utilised
solvents (e.g. by the use of steel capillaries for THF solvent).

1.6.4. Injection and solvent delivery system

A defined volume of the sample solution is loaded onto the column either
using an auto-sampler or manually in a sharply defined zone. Withdrawing or
depressing the plunger of the syringe too quickly, if done manually, can cause
changes in the observed molecular weight distribution. The solventdelivery
system should, as far as possible, be pulsation-free ideally incorporating a
pulse dampener. The flow rate is of the order of 1 ml/min.

1.6.5. Column

Depending on the sample, the polymer is characterised using either a simple
column or several columns connected in sequence. A number of porous
column materials with defined properties (e.g. pore size, exclusion limits) are
commercially available. Selection of the separation gel or the length of the
column is dependent on both the properties of the sample (hydrodynamic
volumes, molecular weight distribution) and the specific conditions for
separation such as solvent, temperature and flow rate (1) (2) (3).

1.6.6. Theoretical plates

The column or the combination of columns used for separation must be
characterised by the number of theoretical plates. This involves, in the case of
THF as elution solvent, loading a solution of ethyl benzene or other suitable
non-polar solute onto a column of known length. The number of theoretical
plates is given by the following equation:

N ¼ 5; 54
Ve

W1=2

� �2

or N ¼ 16
Ve

W

� �2

where,

N is the number of theoretical plates

Ve is the elution volume at the peak maximum

W is the baseline peak width

W1/2 is the peak width at half height.

1.6.7. Separation efficiency

In addition to the number of theoretical plates, which is a quantity determining
the bandwidth, a part is also played by the separation efficiency, this being
determined by the steepness of the calibration curve. The separation efficiency
of a column is obtained from the following relationship:

Ve;Mx � V
e; 10Mxð Þ

cross sectional area of the column
5 6; 0

cm3

cm2

� �

where,

Ve,Mx
is the elution volume for polystyrene with the molecular weight Mx

Ve,(10Mx
) is the elution volume for polystyrene with a 10 times greater

molecular weight.
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The resolution of the system is commonly defined as follows:

R1;2 ¼ 2 � Ve1 � Ve2

W1 þ W2
� 1

log10 M2=M1ð Þ

where,

Ve1, Ve2 are the elution volumes of the two polystyrene standards at the peak
maximum

W1, W2 are the peak widths at the baseline

M1, M2 are the molecular weights at the peak maximum (should differ by a
factor of 10).

The R-value for the column system should be greater than 1,7 (4).

1.6.8. Solvents

All solvents must be of high purity (for THF purity of 99,5 % is used). The
solvent reservoir (if necessary in an inert gas atmosphere) must be sufficiently
large for the calibration of the column and several sample analyses. The
solvent must be degassed before it is transported to the column via the pump.

1.6.9. Temperature control

The temperature of the critical internal components (injection loop, columns,
detector and tubing) should be constant and consistent with the choice of
solvent.

1.6.10. Detector

The purpose of the detector is to record quantitatively the concentration of
sample eluted from the column. In order to avoid unnecessary broadening of
peaks the cuvette volume of the detector cell must be kept as small as possible.
It should not be larger than 10 µl except for light scattering and viscosity
detectors. Differential refractometry is usually used for detection. However, if
required by the specific properties of the sample or the elution solvent, other
types of detectors can be used, e.g. UV/VIS, IR, viscosity detectors, etc.

2. DATA AND REPORTING

2.1. Data

The DIN Standard (1) should be referred to for the detailed evaluation criteria
as well as for the requirements relating to the collecting and processing of data.

For each sample, two independent experiments must be carried out. They have
to be analysed individually.

Mn, Mw, Mw/Mn and Mp must be provided for every measurement. It is
necessary to indicate explicitly that the measured values are relative values
equivalent to the molecular weights of the standard used.

After determination of the retention volumes or the retention times (possibly
corrected using an internal standard), log Mp values (Mp being the peak
maxima of the calibration standard) are plotted against one of those quantities.
At least two calibration points are necessary per molecular weight decade, and
at least five measurement points are required for the total curve, which should
cover the estimated molecular weight of the sample. The low molecular weight
end-point of the calibration curve is defined by n-hexyl benzene or another
suitable non-polar solute. The number average and the weight-average
molecular weights are generally determined by means of electronic data
processing, based on the formulas of section 1.2. In case manual digitisation is
used, ASTM D 3536-91 can be consulted (3).

The distribution curve must be provided in the form of a table or as figure
(differential frequency or sum percentages against log M). In the graphic
representation, one molecular weight decade should be normally about 4 cm in
width and the peak maximum should be about 8 cm in height. In the case of
integral distribution curves the difference in the ordinate between 0 and 100 %
should be about 10 cm.

2.2. Test report

The test report must include the following information:

2.2.1. Test substance

— available information about test substance (identity, additives, impurities),

— description of the treatment of the sample, observations, problems.
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2.2.2. Instrumentation

— reservoir of eluent, inert gas, degassing of the eluent, composition of the
eluent, impurities,

— pump, pulse dampener, injection system,

— separation columns (manufacturer, all information about the character-
istics of the columns, such as pore size, kind of separation material etc.,
number, length and order of the columns used),

— number of the theoretical plates of the column (or combination),
separation efficiency (resolution of the system),

— information on symmetry of the peaks,

— column temperature, kind of temperature control,

— detector (measurement principle, type, cuvette volume),

— flowmeter if used (manufacturer, measurement principle),

— system to record and process data (hardware and software).

2.2.3. Calibration of the system

— detailed description of the method used to construct the calibration curve,

— information about quality criteria for this method (e.g. correlation
coefficient, error sum of squares, etc.),

— information about all extrapolations, assumptions and approximations
made during the experimental procedure and the evaluation and
processing of data,

— all measurements used for constructing the calibration curve have to be
documented in a table which includes the following information for each
calibration point:

— name of the sample,

— manufacturer of the sample,

— characteristic values of the standards Mp, Mn, Mw and Mw/Mn, as
provided by the manufacturer or derived by subsequent measure-
ments, together with details about the method of determination,

— injection volume and injection concentration,

— Mp value used for calibration,

— elution volume or corrected retention time measured at the peak
maxima,

— Mp calculated at the peak maximum,

— percentage error of the calculated Mp and the calibration value.

2.2.4. Evaluation:

— evaluation on a time basis: methods used to ensure the required
reproducibility (method of correction, internal standard, etc.),

— information about whether the evaluation was effected on the basis of the
elution volume or the retention time,

— information about the limits of the evaluation if a peak is not completely
analysed,

— description of smoothing methods, if used,

— preparation and pre-treatment procedures of the sample,

— the presence of undissolved particles, if any,

— injection volume (µl) and injection concentration (mg/ml),

— observations indicating effects which lead to deviations from the ideal
GPC profile,

— detailed description of all modifications in the testing procedures,

— details of the error ranges,

— any other information and observations relevant for the interpretation of
the results.
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Annex

Examples of other methods for determination of number-average molecular weight
(Mn) for polymers

Gel permeation chromatography (GPC) is the preferred method for determination of
Mn, especially when a set of standards are available, whose structure is comparable with
the polymer structure. However, where there are practical difficulties in using GPC or
there is already an expectation that the substance will fail a regulatory Mn criterion (and
which needs confirming), alternative methods are available, such as:

1. Use of colligative properties

1.1. Ebullioscopy/cryoscopy: involves measurement of boiling point elevation
(ebullioscopy) or freezing point depression (cryoscopy) of a solvent, when the
polymer is added. The method relies on the fact that the effect of the dissolved
polymer on the boiling/freezing point of the liquid is dependent on the
molecular weight of the polymer (1) (2).

Applicability: Mn 5 20 000.

1.2. Lowering of vapour pressure: involves the measurement of the vapour pressure
of a chosen reference liquid before and after the addition of known quantities
of polymer (1) (2).

Applicability: Mn 5 20 000 (theoretically; in practice however of limited
value).

1.3. Membrane osmometry: relies on the principle of osmosis, i.e. the natural
tendency of solvent molecules to pass through a semi-permeable membrane
from a dilute to a concentrated solution to achieve equilibrium. In the test, the
dilute solution is at zero concentration, whereas the concentrated solution
contains the polymer. The effect of drawing solvent through the membrane
causes a pressure differential that is dependent on the concentration and the
molecular weight of the polymer (1) (3) (4).

Applicability: Mn between 20 000 - 200 000.

1.4. Vapour phase osmometry: involves comparison of the rate of evaporation of a
pure solvent aerosol to at least three aerosols containing the polymer at
different concentrations (1) (5) (6).

Applicability: Mn 5 20 000.

2. End-group analysis

To use this method, knowledge of both the overall structure of the polymer and
the nature of the chain terminating end groups is needed (which must be
distinguishable from the main skeleton by, for example, NMR or titration/
derivatisation). The determination of the molecular concentration of the end
groups present on the polymer can lead to a value for the molecular weight (7)
(8) (9).

Applicability, Mn up to 50 000 (with decreasing reliability).
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ANNEX III B

A.19 LOW MOLECULAR WEIGHT CONTENT OF POLYMERS

1. METHOD

This gel permeation chromatographic method is a replicate of the OECD TG
119 (1996). The fundamental principles and further technical information are
given in the references.

1.1. Introduction

Since the properties of polymers are so varied, it is impossible to describe one
single method setting out precisely the conditions for separation and evaluation
which cover all eventualities and specificities occurring in the separation of
polymers. In particular complex polymer systems are often not amenable to gel
permeation chromatography (GPC). When GPC is not practicable, the
molecular weight may be determined by means of other methods (see Annex).
In such cases, full details and justification should be given for the method used.

The method described is based on DIN Standard 55672 (1). Detailed
information about how to carry out the experiments and how to evaluate the
data can be found in this DIN standard. In case modifications of the
experimental conditions are necessary, these changes must be justified. Other
standards may be used, if fully referenced. The method described uses
polystyrene samples of known polydispersity for calibration and it may have to
be modified to be suitable for certain polymers, e.g. water soluble and long-
chain branched polymers.

1.2. Definitions and units

Low molecular weight is arbitrarily defined as a molecular weight below 1 000
dalton.

The number-average molecular weight Mn and the weight average molecular
weight Mw are determined using the following equations:

where,

Hi is the level of the detector signal from the baseline for the retention volume
Vi

Mi is the molecular weight of the polymer fraction at the retention volume Vi,
and

n is the number of data points.

The breadth of the molecular weight distribution, which is a measure of the
dispersity of the system, is given by the ratio Mw/Mn.

1.3. Reference substances

Since GPC is a relative method, calibration must be undertaken. Narrowly
distributed, linearly constructed polystyrene standards with known average
molecular weights Mn and Mw and a known molecular weight distribution are
normally used for this. The calibration curve can only be used in the
determination of the molecular weight of the unknown sample if the conditions
for the separation of the sample and the standards have been selected in an
identical manner.

A determined relationship between the molecular weight and elution volume is
only valid under the specific conditions of the particular experiment. The
conditions include, above all, the temperature, the solvent (or solvent mixture),
the chromatography conditions and the separation column or system of
columns.

The molecular weights of the sample determined in this way are relative values
and are described as ‘polystyrene equivalent molecular weights’. This means
that dependent on the structural and chemical differences between the sample
and the standards, the molecular weights can deviate from the absolute values
to a greater or a lesser degree. If other standards are used, e.g. polyethylene
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glycol, polyethylene oxide, polymethyl methacrylate, polyacrylic acid, the
reason should be stated.

1.4. Principle of the test method

Both the molecular weight distribution of the sample and the average
molecular weights (Mn, Mw) can be determined using GPC. GPC is a special
type of liquid chromatography in which the sample is separated according to
the hydrodynamic volumes of the individual constituents (2).

Separation is effected as the sample passes through a column which is filled
with a porous material, typically an organic gel. Small molecules can penetrate
the pores whereas large molecules are excluded. The path of the large
molecules is thereby shorter and these are eluted first. The medium-sized
molecules penetrate some of the pores and are eluted later. The smallest
molecules, with a mean hydrodynamic radius smaller than the pores of the gel,
can penetrate all of the pores. These are eluted last.

In an ideal situation, the separation is governed entirely by the size of the
molecular species, but in practice it is difficult to avoid at least some
absorption effects interfering. Uneven column packing and dead volumes can
worsen the situation (2).

Detection is effected by e.g. refractive index or UV-absorption and yields a
simple distribution curve. However, to attribute actual molecular weight values
to the curve, it is necessary to calibrate the column by passing down polymers
of known molecular weight and, ideally, of broadly similar structure e.g.
various polystyrene standards. Typically a Gaussian curve results, sometimes
distorted by a small tail to the low molecular weight side, the vertical axis
indicating the quantity, by weight, of the various molecular weight species
eluted, and the horizontal axis the log molecular weight.

The low molecular weight content is derived from this curve. The calculation
can only be accurate if the low molecular weight species respond equivalently
on a per mass basis to the polymer as a whole.

1.5. Quality criteria

The repeatability (Relative Standard Deviation: RSD) of the elution volume
should be better than 0,3 %. The required repeatability of the analysis has to be
ensured by correction via an internal standard if a chromatogram is evaluated
time-dependently and does not correspond to the abovementioned criterion (1).
The polydispersities are dependent on the molecular weights of the standards.
In the case of polystyrene standards typical values are:

Mp 5 2 000 Mw/Mn 5 1,20

2 000 4 Mp 4 106 Mw/Mn 5 1,05

Mp 4 106 Mw/Mn 5 1,20

(Mp is the molecular weight of the standard at the peak maximum).

1.6. Description of the test method

1.6.1. Preparation of the standard polystyrene solutions

The polystyrene standards are dissolved by careful mixing in the chosen eluent.
The recommendations of the manufacturer must be taken into account in the
preparation of the solutions.

The concentrations of the standards chosen are dependent on various factors,
e.g. injection volume, viscosity of the solution and sensitivity of the analytical
detector. The maximum injection volume must be adapted to the length of the
column, in order to avoid overloading. Typical injection volumes for analytical
separations using GPC with a column of 30 cm × 7,8 mm are normally
between 40 and 100 µl. Higher volumes are possible, but they should not
exceed 250 µl. The optimal ratio between the injection volume and the
concentration must be determined prior to the actual calibration of the column.

1.6.2. Preparation of the sample solution

In principle, the same requirements apply to the preparation of the sample
solutions. The sample is dissolved in a suitable solvent, e.g. tetrahydrofuran
(THF), by shaking carefully. Under no circumstances should it be dissolved
using an ultrasonic bath. When necessary, the sample solution is purified via a
membrane filter with a pore size of between 0,2 and 2 µm.

The presence of undissolved particles must be recorded in the final report as
these may be due to high molecular weight species. An appropriate method
should be used to determine the percentage by weight of the undissolved
particles. The solutions should be used within 24 hours.
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1.6.3. Correction for content of impurities and additives

Correction of the content of species of M 5 1 000 for the contribution from
non-polymer specific components present (e.g. impurities and/or additives) is
usually necessary, unless the measured content is already 5 1 %. This is
achieved by direct analysis of the polymer solution or the GPC eluate.

In cases where the eluate, after passage through the column, is too dilute for a
further analysis it must be concentrated. It may be necessary to evaporate the
eluate to dryness and dissolve it again. Concentration of the eluate must be
effected under conditions which ensure that no changes occur in the eluate.
The treatment of the eluate after the GPC step is dependent on the analytical
method used for the quantitative determination.

1.6.4. Apparatus

GPC apparatus comprises the following components:

— solvent reservoir,

— degasser (where appropriate),

— pump,

— pulse dampener (where appropriate),

— injection system,

— chromatography columns,

— detector,

— flowmeter (where appropriate),

— data recorder-processor,

— waste vessel.

It must be ensured that the GPC system is inert with regard to the utilised
solvents (e.g. by the use of steel capillaries for THF solvent).

1.6.5. Injection and solvent delivery system

A defined volume of the sample solution is loaded onto the column either
using an auto-sampler or manually in a sharply defined zone. Withdrawing or
depressing the plunger of the syringe too quickly, if done manually, can cause
changes in the observed molecular weight distribution. The solvent-delivery
system should, as far as possible, be pulsation-free ideally incorporating a
pulse dampener. The flow rate is of the order of 1 ml/min.

1.6.6. Column

Depending on the sample, the polymer is characterised using either a simple
column or several columns connected in sequence. A number of porous
column materials with defined properties (e.g. pore size, exclusion limits) are
commercially available. Selection of the separation gel or the length of the
column is dependent on both the properties of the sample (hydrodynamic
volumes, molecular weight distribution) and the specific conditions for
separation such as solvent, temperature and flow rate (1) (2) (3).

1.6.7. Theoretical plates

The column or the combination of columns used for separation must be
characterised by the number of theoretical plates. This involves, in the case of
THF as elution solvent, loading a solution of ethyl benzene or other suitable
non-polar solute onto a column of known length. The number of theoretical
plates is given by the following equation:

N ¼ 5; 54
Ve

W1=2

� �2

or N ¼ 16
Ve

W

� �2

where

N is the number of theoretical plates

Ve is the elution volume at the peak maximum

W is the baseline peak width

W1/2 is the peak width at half height
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1.6.8. Separation efficiency

In addition to the number of theoretical plates, which is a quantity determining
the bandwidth, a part is also played by the separation efficiency, this being
determined by the steepness of the calibration curve. The separation efficiency
of a column is obtained from the following relationship:

Ve;Mx � V
e; 10Mxð Þ

cross sectional area of the column
5 6; 0

cm3

cm2

� �

where

Ve,Mx
is the elution volume for polystyrene with the molecular weight Mx

Ve,(10 Mx
) is the elution volume for polystyrene with a 10 times greater

molecular weight.

The resolution of the system is commonly defined as follows:

R1;2 ¼ 2 � Ve1 � Ve2

W1 þ W2
� 1

log10 M2=M1ð Þ

where

Ve1, Ve2 are the elution volumes of the two polystyrene standards at the peak
maximum

W1, W2 are the peak widths at the baseline

M1, M2 are the molecular weights at the peak maximum (should differ by a
factor of 10).

The R-value for the column system should be greater than 1,7 (4).

1.6.9. Solvents

All solvents must be of high purity (for THF purity of 99,5 % is used). The
solvent reservoir (if necessary in an inert gas atmosphere) must be sufficiently
large for the calibration of the column and several sample analyses. The
solvent must be degassed before it is transported to the column via the pump.

1.6.10. Temperature control

The temperature of the critical internal components (injection loop, columns,
detector and tubing) should be constant and consistent with the choice of
solvent.

1.6.11. Detector

The purpose of the detector is to record quantitatively the concentration sample
eluted from the column. In order to avoid unnecessary broadening of peaks the
cuvette volume of the detector cell must be kept as small as possible. It should
not be larger than 10 µl except for light scattering and viscosity detectors.
Differential refractometry is usually used for detection. However, if required by
the specific properties of the sample or the elution solvent, other types of
detectors can be used, e.g. UV/VIS, IR, viscosity detectors, etc.

2. DATA AND REPORTING

2.1. Data

The DIN Standard (1) should be referred to for the detailed evaluation criteria
as well as for the requirements relating to the collecting and processing of data.

For each sample, two independent experiments must be carried out. They have
to be analysed individually. In all cases it is essential to determine also data
from blanks, treated under the same conditions as the sample.

It is necessary to indicate explicitly that the measured values are relative values
equivalent to the molecular weights of the standard used.

After determination of the retention volumes or the retention times (possibly
corrected using an internal standard), log Mp values (Mp being the peak
maxima of the calibration standard) are plotted against one of those quantities.
At least two calibration points are necessary per molecular weight decade, and
at least five measurement points are required for the total curve, which should
cover the estimated molecular weight of the sample. The low molecular weight
end-point of the calibration curve is defined by n-hexyl benzene or another
suitable non-polar solute. The portion of the curve corresponding to molecular
weights below 1 000 is determined and corrected as necessary for impurities
and additives. The elution curves are generally evaluated by means of
electronic data processing. In case manual digitisation is used, ASTM D 3536-
91 can be consulted (3).
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If any insoluble polymer is retained on the column, its molecular weight is
likely to be higher than that of the soluble fraction, and if not considered would
result in an overestimation of the low molecular weight content. Guidance for
correcting the low molecular weight content for insoluble polymer is provided
in the Annex:

The distribution curve must be provided in the form of a table or as a figure
(differential frequency or sum percentages against log M). In the graphic
representation, one molecular weight decade should be normally about 4 cm in
width and the peak maximum should be about 8 cm in height. In the case of
integral distribution curves the difference in the ordinate between 0 and 100 %
should be about 10 cm.

2.2. Test report

The test report must include the following information:

2.2.1. Test substance

— available information about test substance (identity, additives, impurities),

— description of the treatment of the sample, observations, problems.

2.2.2. Instrumentation

— reservoir of eluent, inert gas, degassing of the eluent, composition of the
eluent, impurities,

— pump, pulse dampener, injection system,

— separation columns (manufacturer, all information about the character-
istics of the columns, such as pore size, kind of separation material, etc.,
number, length and order of the columns used),

— number of the theoretical plates of the column (or combination),
separation efficiency (resolution of the system),

— information on symmetry of the peaks,

— column temperature, kind of temperature control,

— detector (measurement principle, type, cuvette volume),

— flowmeter if used (manufacturer, measurement principle),

— system to record and process data (hardware and software).

2.2.3. Calibration of the system

— detailed description of the method used to construct the calibration curve,

— information about quality criteria for this method (e.g. correlation
coefficient, error sum of squares, etc.),

— information about all extrapolations, assumptions and approximations
made during the experimental procedure and the evaluation and
processing of data,

— all measurements used for constructing the calibration curve have to be
documented in a table which includes the following information for each
calibration point:

— name of the sample,

— manufacturer of the sample,

— characteristic values of the standards Mp, Mn, Mw, Mw/Mn, as
provided by the manufacturer or derived by subsequent measure-
ments, together with details about the method of determination,

— injection volume and injection concentration,

— Mp value used for calibration,

— elution volume or corrected retention time measured at the peak
maxima,

— Mp calculated at the peak maximum,

— percentage error of the calculated Mp and the calibration value.

2.2.4. Information on the low molecular weight polymer content

— description of the methods used in the analysis and the way in which the
experiments were conducted,
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— information about the percentage of the low molecular weight species
content (w/w) related to the total sample,

— information about impurities, additives and other non-polymer species in
percentage by weight related to the total sample.

2.2.5. Evaluation

— evaluation on a time basis: all methods to ensure the required
reproducibility (method of correction, internal standard, etc.),

— information about whether the evaluation was effected on the basis of the
elution volume or the retention time,

— information about the limits of the evaluation if a peak is not completely
analysed,

— description of smoothing methods, if used,

— preparation and pre-treatment procedures of the sample,

— the presence of undissolved particles, if any,

— injection volume (µl) and injection concentration (mg/ml),

— observations indicating effects which lead to deviations from the ideal
GPC profile,

— detailed description of all modifications in the testing procedures,

— details of the error ranges,

— any other information and observations relevant for the interpretation of
the results.
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Averages and Molecular Weight Distribution by Liquid Exclusion
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Annex

Guidance for correcting low molecular content for the presence of insoluble
polymer

When insoluble polymer is present in a sample, it results in mass loss during the GPC
analysis. The insoluble polymer is irreversibly retained on the column or sample filter
while the soluble portion of the sample passes through the column. In the case where the
refractive index increment (dn/dc) of the polymer can be estimated or measured, one
can estimate the sample mass lost on the column. In that case, one makes a correction
using an external calibration with standard materials of known concentration and dn/dc
to calibrate the response of the refractometer. In the example hereafter a poly(methyl
methacrylate) (pMMA) standard is used.

In the external calibration for analysis of acrylic polymers, a pMMA standard of known
concentration in tetrahydrofuran, is analysed by GPC and the resulting data are used to
find the refractometer constant according to the equation:

K = R/(C × V × dn/dc)

where

K is the refractometer constant (in microvoltsecond/ml)

R is the response of the pMMA standard (in microvoltsecond)

C is the concentration of the pMMA standard (in mg/ml)

V is the injection volume (in ml) and

dn/dc is the refractive index increment for pMMA in tetrahydrofuran (in ml/mg).

The following data are typical for a pMMA standard:

R = 2 937 891

C = 1,07 mg/ml

V = 0,1 ml

dn/dc = 9 × 10−5 ml/mg.

The resulting K value, 3,05 × 1011 is then used to calculate the theoretical detector
response if 100 % of the polymer injected had eluted through the detector.
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ANNEX III C

A.20. SOLUTION/EXTRACTION BEHAVIOUR OF POLYMERS IN WATER

1. METHOD

The method described is a replicate of the revised version of OECD TG 120
(1997). Further technical information is given in reference (1).

1.1. Introduction

For certain polymers, such as emulsion polymers, initial preparatory work may
be necessary before the method set out hereafter can be used. The method is
not applicable to liquid polymers and to polymers that react with water under
the test conditions.

When the method is not practical or not possible, the solution/extraction
behaviour may be investigated by means of other methods. In such cases, full
details and justification should be given for the method used.

1.2. Reference substances

None.

1.3. Principle of the test method

The solution/extraction behaviour of polymers in an aqueous medium is
determined using the flask method (see A.6 water solubility, flask method)
with the modifications described below.

1.4. Quality criteria

None.

1.5. Description of the test method

1.5.1. Equipment

The following equipment is required for the method:

— crushing device, e.g. grinder for the production of particles of known size,

— apparatus for shaking with possibility of temperature control,

— membrane filter system,

— appropriate analytical equipment,

— standardised sieves.

1.5.2. Sample preparation

A representative sample has first to be reduced to a particle size between 0,125
and 0,25 mm using appropriate sieves. Cooling may be required for the
stability of the sample or for the grinding process. Materials of a rubbery
nature can be crushed at liquid nitrogen temperature (1).

If the required particle size fraction is not attainable, action should be taken to
reduce the particle size as much as possible, and the result reported. In the
report, it is necessary to indicate the way in which the crushed sample was
stored prior to the test.

1.5.3. Procedure

Three samples of 10 g of the test substance are weighed into each of three
vessels fitted with glass stoppers and 1 000 ml of water is added to each vessel.
If handling an amount of 10 g polymer proves impracticable, the next highest
amount which can be handled should be used and the volume of water adjusted
accordingly.

The vessels are tightly stoppered and then agitated at 20 °C. A shaking or
stirring device capable of operating at constant temperature should be used.
After a period of 24 hours, the content of each vessel is centrifuged or filtered
and the concentration of polymer in the clear aqueous phase is determined by a
suitable analytical method. If suitable analytical methods for the aqueous phase
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are not available, the total solubility/extractivity can be estimated from the dry
weight of the filter residue or centrifuged precipitate.

It is usually necessary to differentiate quantitatively between the impurities and
additives on the one hand and the low molecular weight species on the other
hand. In the case of gravimetric determination, it is also important to perform a
blank run using no test substance in order to account for residues arising from
the experimental procedure.

The solution/extraction behaviour of polymers in water at 37 °C at pH 2 and
pH 9 may be determined in the same way as described for the conduct of the
experiment at 20 °C. The pH values can be achieved by the addition of either
suitable buffers or appropriate acids or bases such as hydrochloric acid, acetic
acid, analytical grade sodium or potassium hydroxide or NH3.

Depending on the method of analysis used, one or two tests should be
performed. When sufficiently specific methods are available for direct analysis
of the aqueous phase for the polymer component, one test as described above
should suffice. However, when such methods are not available and
determination of the solution/extraction behaviour of the polymer is limited
to indirect analysis by determining only the total organic carbon content (TOC)
of the aqueous extract, an additional test should be conducted. This additional
test should also be done in triplicate, using 10 times smaller polymer samples
and the same amounts of water as those used in the first test.

1.5.4. Analysis

1.5.4.1. Te s t c o n d u c t e d w i t h o n e s a m p l e s i z e

Methods may be available for direct analysis of polymer components in the
aqueous phase. Alternatively, indirect analysis of dissolved/extracted polymer
components, by determining the total content of soluble parts and correcting
for non polymer-specific components, could also be considered.

Analysis of the aqueous phase for the total polymeric species is possible:

either by a sufficiently sensitive method, e.g.

— TOC using persulphate or dichromate digestion to yield CO2 followed by
estimation by IR or chemical analysis,

— atomic absorption spectrometry (AAS) or its inductively coupled plasma
(ICP) emission equivalent for silicon or metal containing polymers,

— UV absorption or spectrofluorimetry for aryl polymers,

— LC-MS for low molecular weight samples,

or by vacuum evaporation to dryness of the aqueous extract and spectroscopic
(IR, UV, etc.) or AAS/ICP analysis of the residue.

If analysis of the aqueous phase as such is not practicable, the aqueous extract
should be extracted with a water-immiscible organic solvent, e.g. a chlorinated
hydrocarbon. The solvent is then evaporated and the residue analysed as above
for the notified polymer content. Any components in this residue which are
identified as being impurities or additives are to be subtracted for the purpose
of determining the degree of solution/extraction of the polymer itself.

When relatively large quantities of such materials are present, it may be
necessary to subject the residue to, for example, HPLC or GC analysis to
differentiate the impurities from the monomer and monomer-derived species
present so that the true content of the latter can be determined.

In some cases, simple evaporation of the organic solvent to dryness and
weighing the dry residue may be sufficient.

1.5.4.2. Te s t c o n d u c t e d w i t h t wo d i f f e r e n t s a m p l e s i z e s

All aqueous extracts are analysed for TOC.

A gravimetric determination is performed on the undissolved/not extracted part
of the sample. If, after centrifugation or filtering of the content of each vessel,
polymer residues remain attached to the wall of the vessel, the vessel should be
rinsed with the filtrate until the vessel is cleared from all visible residues.
Following which, the filtrate is again centrifuged or filtered. The residues
remaining on the filter or in the centrifuge tube are dried at 40 °C under
vacuum and weighed. Drying is continued until a constant weight is reached.

2. DATA

2.1. Test conducted with one sample size

The individual results for each of the three flasks and the average values should
be given and expressed in units of mass per volume of the solution (typically
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mg/l) or mass per mass of polymer sample (typically mg/g). Additionally, the
weight loss of the sample (calculated as the weight of the solute divided by the
weight of the initial sample) should also be given. The relative standard
deviations (RSD) should be calculated. Individual figures should be given for
the total substance (polymer + essential additives, etc.) and for the polymer
only (i.e. after subtracting the contribution from such additives).

2.2. Test conducted with two different sample sizes

The individual TOC values of the aqueous extracts of the two triplicate
experiments and the average value for each experiment should be given
expressed as units of mass per volume of solution (typically mgC/l), as well as
in units of mass per weight of the initial sample (typically mgC/g).

If there is no difference between the results at the high and the low sample/
water ratios, this may indicate that all extractable components were indeed
extracted. In such a case, direct analysis would normally not be necessary.

The individual weights of the residues should be given and expressed in
percentage of the initial weights of the samples. Averages should be calculated
per experiment. The differences between 100 and the percentages found
represent the percentages of soluble and extractable material in the original
sample.

3. REPORTING

3.1. Test report

The test report must include the following information:

3.1.1. Test substance

— available information about test substance (identity, additives, impurities,
content of low molecular weight species).

3.1.2. Experimental conditions

— description of the procedures used and experimental conditions,

— description of the analytical and detection methods.

3.1.3. Results

— results of solubility/extractivity in mg/l; individual and mean values for
the extraction tests in the various solutions, broken down in polymer
content and impurities, additives, etc.,

— results of solubility/extractivity in mg/g of polymer,

— TOC values of aqueous extracts, weight of the solute and calculated
percentages, if measured,

— the pH of each sample,

— information about the blank values,

— where necessary, references to the chemical instability of the test
substance, during both the testing process and the analytical process,

— all information which is important for the interpretation of the results.

4. REFERENCES

(1) DIN 53733 (1976) Zerkleinerung von Kunststofferzeugnissen für
Prüfzwecke.
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ANNEX III D

C.13 BIOCONCENTRATION: FLOW-THROUGH FISH TEST

1. METHOD

This bioconcentration method is a replicate of the OECD TG 305 (1996).

1.1. Introduction

This method describes a procedure for characterising the bioconcentration
potential of substances in fish under flow-through conditions. Although flow-
through test regimes are much to be preferred, semi-static regimes are
permissible, provided that the validity criteria are satisfied.

The method gives sufficient details for performing the test while allowing
adequate freedom for adapting the experimental design to the conditions in
particular laboratories and for varying characteristics of test substances. It is
most validly applied to stable organic chemicals with log Pow values between
1,5 and 6,0 (1), but may still be applied to superlipophilic substances (having
log Pow 4 6,0). The pre-estimate of the bioconcentration factor (BCF),
sometimes denotes as KB, for such superlipophilic substances will presumably
be higher than the steady-state bioconcentration factor (BCFSS) value expected
to be obtained from laboratory experiments. Pre-estimates of the bioconcen-
tration factor for organic chemicals with log Pow values up to about 9,0 can be
obtained by using the equation of Bintein et al (2). The parameters which
characterise the bioconcentration potential include the uptake rate constant
(k1), the depuration rate constant (k2) and the BCFSS.

Radio-labelled test substances can facilitate the analysis of water and fish
samples and may be used to determine whether degradate identification and
quantification should be made. If total radioactive residues are measured (for
example by combustion or tissue solubilisation), the BCF is based on the
parent compound, any retained metabolites and also assimilated carbon. BCFs
based on total radioactive residues may not, therefore, be directly comparable
to a BCF derived by specific chemical analysis of the parent compound only.

Clean-up procedures may be employed in radio-labelled studies in order to
determine BCF based on the parent compound, and the major metabolites may
be characterised if deemed necessary. It is also possible to combine a fish
metabolism study with a bioconcentration study by analysis and identification
of the residues in tissues.

1.2. Definitions and units

Bioconcentration/bioaccumulation is the increase in concentration of the test
substance in or on an organism (specified tissues thereof) relative to the
concentration of test substance in the surrounding medium.

The bioconcentration factor (BCF or KB) at any time during the uptake phase
of this accumulation test is the concentration of test substance in/on the fish or
specified tissues thereof (Cf as µg/g (ppm)) divided by the concentration of the
chemical in the surrounding medium (Cw as µg/ml (ppm)).

The steady-state bioconcentration factor (BCFSS or KB) does not change
significantly over a prolonged period of time, the concentration of the test
substance in the surrounding medium being constant during this period of time.

A plateau or steady-state is reached in the plot of test substance in fish (Cf)
against time when the curve becomes parallel to the time axis and three
successive analyses of Cf made on samples taken at intervals of at least two
days are within ± 20 % of each other, and there are no significant differences
among the three sampling periods. When pooled samples are analysed at least
four successive analyses are required. For test substances which are taken up
slowly the intervals would more appropriately be seven days.

Bioconcentration factors calculated directly from kinetic rate constants (k1/k2)
are termed kinetic concentration factor, BCFk.

The octanol-water partition coefficient (Pow) is the ratio of a chemical’s
solubility in n-octanol and water at equilibrium (method A.8) also expressed as
Kow. The logarithm of Pow is used as an indication of a chemical’s potential for
bioconcentration by aquatic organisms.

The exposure or uptake phase is the time during which the fish are exposed to
the test chemical.

The uptake rate constant (k1) is the numerical value defining the rate of
increase in the concentration of test substance in/on test fish (or specified
tissues thereof) when the fish are exposed to that chemical (k1 is expressed in
day− 1).
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The post-exposure or depuration (loss) phase is the time, following the transfer
of the test fish from a medium containing test substance to a medium free of
that substance, during which the depuration (or the net loss) of the substance
from the test fish (or specified tissue thereof) is studied.

The depuration (loss) rate constant (k2) is the numerical value defining the rate
of reduction in the concentration of the test substance in the test fish (or
specified tissues thereof) following the transfer of the test fish from a medium
containing the test substance to a medium free of that substance (k2 is
expressed in day− 1).

1.3. Principle of the test method

The test consists of two phases: the exposure (uptake) and post-exposure
(depuration) phases. During the uptake phase, separate groups of fish of one
species are exposed to at least two concentrations of the test substance. They
are then transferred to a medium free of the test substance for the depuration
phase. A depuration phase is always necessary unless uptake of the substance
during the uptake phase has been insignificant (e.g. the BCF is less than 10).
The concentration of the test substance in/on the fish (or specified tissue
thereof) is followed through both phases of the test. In addition to the two test
concentrations, a control group of fish is held under identical conditions except
for the absence of the test substance, to relate possible adverse effects observed
in the bioconcentration test to a matching control group and to obtain
background concentrations of test substance.

The uptake phase is run for 28 days unless it is demonstrated that equilibrium
has been reached earlier. A prediction of the length of the uptake phase and the
time to steady-state can be made from the equation in Annex 3. The depuration
period is then begun by transferring the fish to the same medium but without
the test substance in another clean vessel. Where possible the bioconcentration
factor is calculated preferably both as the ratio (BCFSS) of concentration of the
fish (Cf) and in the water (Cw) at apparent steady-state and as a kinetic
bioconcentration factor (BCFk) as the ratio of the rate constants of uptake (k1)
and depuration (k2) assuming first-order kinetics. If first-order kinetics are
obviously not obeyed, more complex models should be employed (Annex 5).

If a steady-state is not achieved within 28 days, the uptake phase should be
extended until steady-state is reached, or 60 days, whichever comes first; the
depuration phase is then begun.

The uptake rate constant, the depuration (loss) rate constant (or constants,
where more complex models are involved), the bioconcentration factor, and
where possible, the confidence limits of each of these parameters are
calculated from the model that best describes the measured concentrations of
test substance in fish and water.

The BCF is expressed as a function of the total wet weight of the fish.
However, for special purposes, specified tissues or organs (e.g. muscle, liver),
may be used if the fish are sufficiently large or the fish may be dividied into
edible (fillet) and non-edible (viscera) fractions. Since, for many organic
substances, there is a clear relationship between the potential for bioconcen-
tration and lipophilicity, there is also a corresponding relationship between the
lipid content of the test fish and the observed bioconcentration of such
substances. Thus, to reduce this source of variability in test results for those
substances with high lipophilicity (i.e. with log Pow 4 3), bioconcentration
should be expressed in relation to lipid content in addition to whole body
weight.

The lipid content should be determined on the same biological material as is
used to determine the concentration of the test substance, when feasible.

1.4. Information on the test substance

Before carrying out the test for bioconcentration, the following information for
the test substance should be known:

(a) solubility in water;

(b) octanol-water partition coefficient Pow (denoted also as Kow, determined
by an HPLC method in A.8);

(c) hydrolysis;

(d) phototransformation in water determined under solar or simulated solar
irradiation and under the irradiation conditions of the test for
bioconcentration (3);

(e) surface tension (i.e. for substances where the log Pow cannot be
determined);

(f) vapour pressure;

(g) ready biodegradability (where appropriate).
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Other information required is the toxicity to the fish species to be used in the
test, preferably the asymptotic LC50 (i.e. time-independent). An appropriate
analytical method, of known accuracy, precision and sensitivity, for the
quantification of the test substance in the test solutions and in biological
material must be available, together with details of sample preparation and
storage. Analytical detection limit of test substance in both water and fish
tissues should also be known. When 14C labelled test substance is used, the
percentage of radioactivity associated with impurities should be known.

1.5. Validity of the test

The following conditions should apply for a test to be valid:

— the temperature variation is less than ± 2 °C,

— the concentration of dissolved oxygen does not fall below 60 %
saturation,

— the concentration of the test substance in the chambers is maintained
within ± 20 % of the mean of the measured values during the uptake
phase,

— the mortality or other adverse effects/disease in both control and treated
fish is less than 10 % at the end of the test; where the test is extended over
several weeks or months, death or other adverse effects in both sets of fish
should be less than 5 % per month and not exceed 30 % in all.

1.6. Reference compounds

The use of reference compounds of known bioconcentration potential would be
useful in checking the experimental procedure, when required. However,
specific substances cannot yet be recommended.

1.7 Description of the test method

1.7.1. Apparatus

Care should be taken to avoid the use of materials, for all parts of the
equipment, that can dissolve, sorb or leach and have an adverse effect on the
fish. Standard rectangular or cylindrical tanks, made of chemically inert
material and of a suitable capacity in compliance with loading rate can be used.
The use of soft plastic tubing should be minimised. Teflon (R), stainless steel
and/or glass tubing are preferably used. Experience has shown that for
substances with high absorption coefficients, such as the synthetic pyrethroids,
silanised glass may be required. In these situations the equipment will have to
be discarded after use.

1.7.2. Water

Natural water is generally used in the test and should be obtained from an
uncontaminated and uniform quality source. The dilution water must be of a
quality that will allow the survival of the chosen fish species for the duration of
the acclimation and test periods without them showing any abnormal
appearance or behaviour. Ideally, it should be demonstrated that the test
species can survive, grow and reproduce in the dilution water (e.g. in
laboratory culture or a life-cycle toxicity test). The water should be
characterised at least by pH, hardness, total solids, total organic carbon and,
preferably also ammonium, nitrite and alkalinity and, for marine species,
salinity. The parameters which are important for optimal fish well-being are
fully known, but Annex 1 gives recommended maximum concentrations of a
number of paramters for fresh and marine test waters.

The water should be of constant quality during the period of a test. The pH
value should be within the range 6,0 to 8,5, but during a given test it should be
within a range of ± 0,5 pH units. In order to ensure that the dilution water will
not unduly influence the test result (for example, by complexation of the test
substance) or adversely affect the performance of the stock of fish, samples
should be taken at intervals for analysis. Determination of heavy metals (e.g.
Cu, Pb, Zn, Hg, Cd, Ni), major anions and cations (e.g. Ca, Mg, Na, K, Cl,
SO4), pesticides (e.g. total organophosphorous and total organochlorine
pesticides), total organic carbon and suspended solids should be made, for
example, every three months where a dilution water is known to be relatively
constant in quality. If water quality has been demonstrated to be constant over
at least one year, determinations can be less frequent and intervals extended
(e.g. every six months).

The natural particle content as well as the total organic carbon (TOC) of the
dilution water should be as low as possible to avoid absorption of the test
substance to organic matter which may reduce its bioavailability (4). The
maximum acceptable value is 5 mg/l for particulate matter (dry matter, not
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passing a 0,45 µm filter) and 2 mg/l for total organic carbon (see Annex 1). If
necessary, the water should be filtered before use. The contribution to the
organic carbon content in water from the test fish (excreta) and from the food
residues should be as low as possible. Throughout the test, the concentration of
organic carbon in the test vessel should not exceed the concentration of organic
carbon originating from the test substance and, if used, the solubilising agent
by more than 10 mg/l (± 20 %).

1.7.3. Test solutions

A stock solution of the test substance is prepared at a suitable concentration.
The stock solution should preferably be prepared by simply mixing or agitating
the test substance in the dilution water. The use of solvents or dispersants
(solubilising agents) is not recommended; however this may occur in some
cases in order to produce a suitably concentrated stock solution. Solvents
which may be used are ethanol, methanol, ethylene glycol monomethyl ether,
etheylene glycol dimethyl ether, dimethylformamide and triethylene glycol.
Dispersants which may be used are Cremophor RH40, Tween 80, methylcel-
lulose 0,01 % and HCO-40. Care should be taken when using readily
biodegradable agents as these can cause problems with bacterial growth in
flow-through tests. The test substance may be radio-labelled and should be of
the highest purity (e.g. preferably 4 98 %).

For flow-through tests, a system which continuously dispenses and dilutes a
stock solution of the test substance (e.g. metering pump, proportional diluter,
saturator system) is required to deliver the test concentrations to the test
chambers. At least five volume replacements through each test chamber per
day are preferably allowed. The flow-through mode is to be preferred, but
where this is not possible (e.g. when the test organisms are adversely affected)
a semi-static technique may be used provided that the validity criteria are
satisfied. The flow rates of stock solutions and dilution water should be
checked both 48 hours before and then at least daily during the test. In this
check the determination of the flow-rate through each test chamber is included
and ensured that it does not vary by more than 20 % either within or between
chambers.

1.7.4. Selection of species

Important criteria in the selection of species are that they are readily available,
can be obtained in convenient sizes and can be satisfactorily maintained in the
laboratory. Other criteria for selecting fish species include recreational,
commercial, ecological importance as well as comparable sensitivity, past
successful use, etc.

Recommended test species are given in Annex 2. Other species may be used
but the test procedure may have to be adapted to provide suitable test
conditions. The rationale for the selection of the species and the experimental
method should be reported in this case.

1.7.5. Holding of fish

Acclimate the stock population of fish for at least two weeks in water at the test
temperature and feed throughout on a sufficient diet and of the same type to be
used during the test.

Following a 48-hour settling-in period, mortalities are recorded and the
following criteria applied:

— mortalities of greater than 10 % of population in seven days: reject the
entire batch,

— mortalities of between 5 and 10 % of population in seven days: acclimate
for seven additional days,

— mortalities of less than 5 % of population in seven days: accept the batch
— if more than 5 % mortality during second seven days reject the entire
batch.

Ensure that fish used in tests are free from observable diseases and
abnormalities. Discard any diseased fish. Fish should not receive treatment
for disease in the two weeks preceding the test, or during the test.

1.8. Performance of the test

1.8.1. Preliminary test

It may be useful to conduct a preliminary experiment in order to optimise the
test conditions of the definitive test, e.g. selection of test substance
concentration(s), duration of the uptake and depuration phases.
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1.8.2. Conditions of exposure

1.8.2.1. D u r a t i o n o f u p t a k e p h a s e

A prediction of the duration of the uptake phase can be obtained from practical
experience (e.g. from a previous study or an accumulation related chemical) or
from certain empirical relationships utilising knowledge of either the aqueous
solubility or the octanol/water partition coefficient of the test substance (see
Annex 3).

The uptake phase should be run for 28 days unless it can be demonstrated that
equilibrium has been reached earlier. If the steady-state has not been reached
by 28 days, the uptake phase should be extended, taking further measurements,
until steady-state is reached or 60 days, whichever is shorter.

1.8.2.2. D u r a t i o n o f t h e d e p u r a t i o n p h a s e

A period of half the duration of the uptake phase is usually sufficient for an
appropriate (e.g. 95 %) reduction in the body burden of the substance to occur
(see Annex 3 for explanation of the estimation). If the time required to reach
95 % loss is impractically long, exceeding for example twice the normal
duration of the uptake phase (i.e. more than 56 days) a shorter period may be
used (i.e. until the concentration of test substance is less than 10 % of steady-
state concentration). However, for substances having more complex patterns of
uptake and depuration than are represented by a one-compartment fish model,
yielding first order kinetics, allow longer depuration phases for determination
of loss rate constants. The period may, however, be governed by the period over
which the concentration of test substance in the fish remains above the
analytical detection limit.

1.8.2.3. N u m b e r s o f t e s t f i s h

Select the numbers of fish per test concentration such that minimum of four
fish per sample are available at each sampling. If greater statistical power is
required, more fish per sample will be necessary.

If adult fish are used, report whether male or female, or both are used in the
experiment. If both sexes are used, differences in lipid content between sexes
should be documented to be non-significant before the start of the exposure;
pooling all male and all female fish may be necessary.

In any one test, fish of similar weight are selected, such that the smallest are no
smaller than two-thirds of the weight of the largest. All should be of the same
year-class and come from the same source. Since weight and age of a fish
appear sometimes to have a significant effect on BCF values (1) these details
are recorded accurately. It is recommended that a sub-sample of the stock of
fish is weighed before the test in order to estimate the mean weight.

1.8.2.4. L o a d i n g

High water-to-fish ratios are used in order to minimise the reduction in Cw

caused by the addition of the fish at the start of the test and also to avoid
decreases in dissolved oxygen concentration. It is important that the loading
rate is appropriate for the test species used. In any case, a loading rate of 0,1 to
1,0 g of fish (wet weight) per litre of water per day is normally recommended.
High loading rates can be used if it is shown that the required concentration of
test substance can be maintained within ± 20 % limits, and that the
concentration of dissolved oxygen does not fall below 60 % saturation.

In choosing appropriate loading regimes, account of the normal habitat of the
fish species is taken. For example, bottom-living fish may demand a larger
bottom area of the aquarium for the same volume of water than pelagic fish
species.

1.8.2.5. Fe e d i n g

During the acclimation and test periods, fish are fed with an appropriate diet of
known lipid and total protein content, in an amount sufficient to keep them in a
healthy condition and to maintain body weight. Fish are fed daily throughout
the acclimation and test periods at a level of approximately 1 to 2 % of body
weight per day; this keeps the lipid concentration in most species of fish at a
relatively constant level during the test. The amount of feed should be re-
calculated, for example, once per week, in order to maintain consistent body
weight and lipid content. For this calculation, the weight of the fish in each test
chamber can be estimated from the weight of the fish sampled most recently in
that chamber. Do not weigh the fish remaining in the chamber.

Uneaten food and faeces are siphoned daily from the test chambers shortly
after feeding (30 minutes to one hour). Chambers are kept as clean as possible
throughout the test so that the concentration of organic matter is kept as low as
possible, since the presence of organic carbon may limit the bioavailability of
the test substance (1).

!B

1998L0073 — EN — 06.12.1998 — 000.001 — 161



Since many feeds are derived from fishmeal, the feed should be analysed for
the test substance. It is also desirable to analyse the feed for pesticides and
heavy metals.

1.8.2.6. L i g h t a n d t e m p e r a t u r e

The photoperiod is usually 12 to 16 hours and the temperature (± 2 °C) should
be appropriate for the test species (see Annex 2). The type and characteristics
of illumination should be known. Caution should be given to the possible
phototransformation of the test substance under the irradiation conditions of
the study. Appropriate illumination should be used avoiding exposure of the
fish to unnatural photoproducts. In some cases it may be appropriate to use a
filter to screen out UV irradiation below 290 nm.

1.8.2.7. Te s t c o n c e n t r a t i o n s

Fish are exposed under flow-through conditions to at least two concentrations
of the test substance in water. Normally, the higher (or highest) concentration
of the test substance is selected to be about 1 % of its acute asymptotic LC50,
and to be at least ten-fold higher than its detection limit in water by the
analytical method used.

The highest test concentration can also be determined by dividing the acute
96h LC50 by an appropriate acute/chronic ratio (appropriate ratios for some
chemicals can be about three up to 100). If possible, choose the other
concentration(s) such that it differs from the one above by a factor of 10. If this
is not possible because of the 1 % of LC50 criterion and the analytical limit, a
lower factor than 10 can be used or the use of 14 C labelled test substance
should be considered. No concentration used should be above the solubility of
the test substance.

Where a solubilising agent is used its concentration should not be greater than
0,1 ml/l and should be the same in all test vessels. Its contribution, together
with the test substance, to the overall content of organic carbon in the test
water should be known. However, every effort should be made to avoid the use
of such materials.

1.8.2.8. C o n t r o l s

One dilution water control or if relevant, one control containing the
solubilising agent should be run in addition to the test series, provided that
it has been established that the agent has no effects on the fish. If not, both
controls should be set up.

1.8.3. Frequency of water quality measurements

During the test, dissolved oxygen, TOC, pH and temperature should be
measured in all vessels. Total hardness and salinity, if relevant, should be
measured in the controls and one vessel at the higher (or highest)
concentration. As a minimum, dissolved oxygen and salinity, if relevant,
should be measured three times — at the beginning, around the middle and end
of the uptake period — and once a week in the depuration period. TOC should
be measured at the beginning of the test (24 hours and 48 hours prior to test
initiation of uptake phase) before addition of the fish and at least once a week,
during both uptake and depuration phases. Temperature should be measured
daily, pH at the beginning and end of each period and hardness once each test.
Temperature should preferably be monitored continuously in at least one
vessel.

1.8.4. Sampling and analysis of fish and water

1.8.4.1. F i s h a n d wa t e r s a m p l i n g s c h e d u l e

Water from the test chambers for the determination of test substance
concentration is sampled before addition of the fish and during both uptake
and depuration phases. As a minimum, the water is sampled at the same time
as the fish and before feeding. During the uptake phase, the concentrations of
test substance are determined in order to check compliance with the validity
criteria.

Fish is sampled on at least five occasions during the uptake phase and at least
on four occasions during the depuration phase. Since on some occasions it will
be difficult to calculate a reasonably precise estimate of the BCF value based
on this number of samples, especially when other than simple first-order
depuration kinetics are indicated, it may be advisable to take samples at a
higher frequency in both periods (see Annex 4). The extra samples are stored
and analysed only if the results of the first round of analyses prove inadequate
for the calculation of the BCF with the desired precision.

An example of an acceptable sampling schedule is given in Annex 4. Other
schedules can readily be calculated using other assumed values of Pow to
calculate the exposure time for 95 % uptake.
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Sampling is continued during the uptake phase until a steady-state has been
established or for 28 days, whichever is the shorter. If the steady-state has not
been reached within 28 days sampling continues until a steady-state has been
attained or for 60 days, whichever is shorter. Before beginning the depuration
phase the fish are transferred to clean tanks.

1.8.4.2. S a m p l i n g a n d s a m p l e p r e p a r a t i o n

Water samples for analysis are obtained, for example, by siphoning through
inert tubing from a central point in the test chamber. Since neither filtration nor
centrifuging appear always to separate the non-bioavailable fraction of the test
substance from that which is bioavailable (especially for super-lipophilic
chemicals, i.e. those chemicals with a log Pow 4 5) (1) (5), samples may not be
subjected to those treatments.

Instead, measures should be taken to keep the tanks as clean as possible and the
content of total organic carbon should be monitored during both the uptake and
depuration phases.

An appropriate number of fish (normally a minimum of four) are removed
from the test chambers at each sampling time. The sampled fish are rinsed
quickly with water, blot ‘dry’, killed instantly using the most appropriate and
humane method, and then weighed.

It is preferable to analyse fish and water immediately after sampling in order to
prevent degradation or other losses and to calculate approximate uptake and
depuration rates as the test proceeds. Immediate analysis also avoids delay in
determining when a plateau has been reached.

Failing immediate analysis, samples are stored by an appropriate method.
Before the beginning of the study, information on the proper method of storage
for the particular test substance — for example, deep-freezing, holding at 4 °C,
duration of storage, extraction, etc. are obtained.

1.8.4.3. Q u a l i t y o f a n a l y t i c a l m e t h o d

Since the whole procedure is governed essentially by the accuracy, precision
and sensitivity of the analytical method used for the test substance, check
experimentally that the precision and reproducibility of the chemical analysis,
as well as recovery of the test substance from both water and fish are
satisfactory for the particular method. Also, check that the test substance is not
detectable in the dilution water used.

If necessary, the values of Cw and Cf obtained from the test are corrected for
the recoveries and background values of controls. Fish and water samples are
handled throughout in such a manner as to minimise contamination and loss
(e.g. resulting from adsorption by the sampling device).

1.8.4.4. A n a l y s i s o f f i s h s a m p l e

If radiolabelled materials are used in the test, it is possible to analyse for total
radio label (i.e. parent and metabolites) or, the samples may be cleaned up so
that parent compound can be analysed separately. Also, the major metabolites
may be characterised at steady-state or at the end of the uptake phase,
whichever is the sooner. If the BCF in terms of total radiolabelled residues is
5 1 000 %, it may be advisable, and for certain categories of chemicals such
as pesticides strongly recommended, to identify and quantify degradates
representing 5 10 % of total residues in fish tissues at steady state. If
degradates representing 5 10 % of total radiolabelled residues in the fish
tissue are identified and quantified, then it is also recommended to identify and
quantify degradates in the test water.

The concentration of the test substance should usually be determined for each
weighed individual fish. If this is not possible, pooling of the samples on each
sampling occasion may be done but pooling does restrict the statistical
procedures which can be applied to the data. If a specific statistical procedure
and power are important considerations, then an adequate number of fish to
accommodate the desired pooling procedure and power should be included in
the test (6) (7).

BCF should be expressed both as a function of total wet weight and, for high
lipophilic substances, as a function of the lipid content. Lipid content of the
fish is determined on each sampling occasion if possible. Suitable methods
should be used for determination of lipid content (references 8 and 2 of Annex
3). Chloroform/methanol extraction technique may be recommended as
standard method (9). The various methods do not give identical values (10),
so it is important to give details of the method used. When possible, the
analysis for lipid should be made on the same extract as that produced for
analysis for the test substance, since the lipids often have to be removed from
the extract before it can be analysed chromatographically. The lipid content of
the fish (as mg/kg wet weight) at the end of the experiment should not differ
from that at the start by more than ± 25 %. The tissue percent solids should
also be reported to allow conversion of lipid concentration from a wet to a dry
basis.
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2. DATA

2.1. Treatment of results

The uptake curve of the test substance is obtained by plotting its concentration
in/on fish (or specified tissues) in the uptake phase against time on arithmetic
scales. If the curve has reached a plateau, that is, becomes approximately
asymptotic to the time axis, the steady-state BCFSS is calculated from:

Cf as steady� state meanð Þ
Cw as stedy� state meanð Þ

When no steady-state is reached, it may be possible to calculate a BCFSS of
sufficient precision for hazard assessment from a ‘steady-state’ at 80 % (1,6/
k2) or 95 % (3,0/k2) of equilibrium.

Also the concentration factor (BCFk) is determined, as the ratio k1/k2, the two
first-order kinetic constants. The depuration rate constant (k2) is usually
determined from the depuration curve (i.e. a plot of the decrease in test
substance concentration in the fish with time). The uptake rate constant (k1) is
then calculated given k2 and a value of Cf which is derived from the uptake
curve (see also Annex 5). The preferred method for obtaining BCFk and the
rate constants, k1 and k2, is to use non-linear parameter estimation methods on
a computer (11). Otherwise, graphical methods may be used to calculate k1 and
k2. If the depuration curve is obviously not first-order, then more complex
models should be employed (see references in Annex 3) and advice from a
biostatistician sought.

2.2. Interpretation of results

The results should be interpreted with caution where measured concentrations
of test solutions occur at levels near the detection limit of the analytical
method.

Clearly defined uptake and loss curves are an indication of good quality
bioconcentration data. The variation in uptake/depuration constants between
the two test concentrations should be less than 20 %. Observed significant
differences in uptake/depuration rates between the two applied test concentra-
tions should be recorded and possible explanations given. Generally the
confidence limit of BCFs from well-designed studies approach ± 20 %.

3. REPORTING

The test report must include the following information:

3.1. Test substance

— physical nature and, where relevant, physicochemical properties,

— chemical identification data (including the organic carbon content, if
appropriate),

— if radio labelled, the precise position of the labelled atom(s) and the
percentage of radioactivity associated with impurities.

3.2. Test species

— scientific name, strain, source, any pre-treatment, acclimation, age, size-
range, etc.

3.3. Test conditions

— test procedure used (e.g. flow-through or semi-static),

— type and characteristics of illumination used and photoperiod(s),

— test design (e.g. number and size of test chambers, water volume
replacement rate, number of replicates, number of fish per replicate,
number of test concentrations, length of uptake and depuration phases,
sampling frequency for fish and water samples),

— method of preparation of stock solutions and frequency of renewal (the
solubilising agent, its concentration and its contribution to the organic
carbon content of test water must be given, when used),

— the nominal test concentrations, the means of the measured values and
their standard deviations in the test vessels and the method by which these
were attained,

— source of the dilution water, description of any pre-treatment, results of
any demonstration of the ability of test fish to live in the water, and water
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characteristics: pH, hardness, temperature, dissolved oxygen concentra-
tion, residual chlorine levels (if measured), total organic carbon,
suspended solids, salinity of the test medium (if appropriate) and any
other measurements made,

— water quality within test vessels, pH, hardness, TOC, temperature and
dissolved oxygen concentration,

— detailed information on feeding (for example, type of food, source,
composition — at least lipid and protein content if possible, amount given
and frequency),

— information on the treatment of fish and water samples, including details
of preparation, storage, extraction and analytical procedures (and
precision) for the test substance and lipid content (if measured).

3.4. Results

— results from any preliminary study performed,

— mortality of the control fish and fish in each exposure chamber and any
observed abnormal behaviour,

— the lipid content of the fish (if determination on testing occasion),

— curves (including all measured data) showing the uptake and depuration
of the test chemical in the fish, the time to steady-state,

— Cf and CW (with standard deviation and range, if appropriate) for all
sampling times (Cf expressed in µg/g wet weight (ppm) of whole body or
specified tissues thereof, e.g. lipid, and CW in µg/ml (ppm). CW values for
the control series (background should also be reported),

— the steady-state bioconcentration factor (BCFSS) and/or kinetic concen-
tration factor (BCFk) and if applicable, 95 % confidence limits for the
uptake and depuration (loss) rate constants (all expressed in relation to the
whole body and the total lipid content, if measured, of the animal or
specified tissues thereof), confidence limits and standard deviation (as
available) and methods of computation/data analysis for each concentra-
tion of test substance used,

— where radio-labelled substances are used, and if it is required, the
accumulation of any detected metabolites may be presented,

— anything unusual about the test, any deviation from these procedures, and
any other relevant information.

Minimise results as ‘not detected at the limit of detection’ by pre-test method
development and experimental design, since such results cannot be used for
rate constant calculations.
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Annex 1

Chemical characteristics of an acceptable dilution water

Substance
Limit concentra-

tion

1 Particulate matter 5 mg/l

2 Total organic carbon 2 mg/l

3 Un-ionised ammonia 1 µg/l

4 Residual chlorine 10 µg/l

5 Total organophosphorous pesticides 50 ng/l

6 Total organochlorine pesticides plus polychlorinated
biphenyls

50 ng/l

7 Total organic chlorine 25 ng/l

8 Aluminium 1 µg/l

9 Arsenic 1 µg/l

10 Chromium 1 µg/l

11 Cobalt 1 µg/l

12 Copper 1 µg/l

13 Iron 1 µg/l

14 Lead 1 µg/l

15 Nickel 1 µg/l

16 Zinc 1 µg/l

17 Cadmium 100 ng/l

18 Mercury 100 ng/l

19 Silver 100 ng/l
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Annex 2

Fish species recommended for testing

Recommended species

Recommended
range of test
temperature

(°C)

Recom-
mended to-
tal length

of test ani-
mal
(cm)

1 Danio rerio (1) (Teleostei, Cyprinidae) (Hamilton-Bucha-
nan) Zebra-fish

20 — 25 3,0 ± 0,5

2 Pimephales promelas (Teleostei, Cyprinidae) (Rafinesque)
Fathead minnow

20 — 25 5,0 ± 2,0

3 Cyprinus carpio (Teleostei, Cyprinidae) (Linnaeus) Com-
mon Carp

20 — 25 5,0 ± 3,0

4 Oryzias latipes (Teleostei, Poeciliidae) (Temminck and
Schlegel) Ricefish

20 — 25 4,0 ± 1,0

5 Poccilia reticulata (Teleostei, Poeciliidae) (Peters) Guppy 20 — 25 3,0 ± 1,0

6 Lepomis macrochirus (Teleostei, Centrarchidae) (Rafin-
esque) Bluegill

20 — 25 5,0 ± 2,0

7 Oncorhynchus mykiss (Teleostei, Salmonidae) (Walbaum)
Rainbow trout

13 — 17 8,0 ± 4,0

8 Gasterosteus aculeatus (Teleostei, Gasterosteidae) (Lin-
naeus) Three-spined stickleback

18 — 20 3,0 ± 1,0

(1) Meyer A., Orti G. (1993) Proc. Royal Society of London, Series B., Vol. 252, p. 231.

Various estuarine and marine species have been used in different countries, for example:

Spot Leiostomus xanthurus

Sheepshead minnow Cyprinodon variegatus

Silverside Menidia beryllina

Shiner perch Cymatogaster aggregata

English sole Parophrys vertulus

Staghorn sculpin Leptocottus armatus

Three-spined stickleback Gasterosteus aculeatus

Sea bass Dicentracus labrax

Bleak Alburnus alburnus

Collection

The fresh water fish listed in the table are easy to rear and/or are widely available
throughout the year, whereas the availability of marine and estuarine species is partially
confined to the respective countries. They are capable of being bred and cultivated
either in fish farms or in the laboratory, under disease- and parasite-controlled
conditions, so that the test animal will be healthy and of known parentage. These fish
are available in many parts of the world.
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Annex 3

Prediction of the duration of the uptake and depuration phases

1. Prediction of the duration of the uptake phase

Before performing the test, an estimate of k2 and hence some percentage of the
time needed to reach steady-state may be obtained from empirical relationships
between k2 and the n-octanol/water partition coefficient (Pow) or k2 and the
aqueous solubility (s).

An estimate of k2 (day−1) may be obtained, for example from the following
empirical relationship (1):

log10k2 = −0,414 log10(Pow) + 1,47 (r2 = 0,95) (equation 1)

For other relationships see reference 2.

If the partition coefficient (Pow) is not known, an estimate can be made (3)
from a knowledge of the aqueous solubility (s) of the substance using:

log10(Pow) = 0,862 log10(s) + 0,710 (r2 = 0,994) (equation 2)

where s = solubility (moles/l): (n = 36).

These relationships apply only to chemicals with log Pow values between 2 and
6,5 (4).

The time to reach some percentage of steady-state may be obtained, by
applying the k2-estimate, from the general kinetic equation describing uptake
and depuration (first-order kinetics):

or if Cw is constant:

When steady-state is approached (t ? ?), equation 3 may be reduced (5) (6)
to:

Then k1/k2 .Cw is an approach to the concentration in the fish at ‘steady-state’
(Cf,s).

Equation 3 may be transcribed to:

Cf = Cf,s (1−e−k2t) or
Cf

Cfs
¼ 1 � e�k2t (equation 4)

Applying equation 4, the time to reach some percentage of steady-state may be
predicted when k2 is pre-estimated using equation 1 or 2.

As a guideline, the statistically optimal duration of the uptake phase for the
production of statistically acceptable data (BCFk) is that period which is
required for the curve of the logarithm of the concentration of the test
substance in fish plotted against linear time to reach its mid-point, or 1,6/k2, or
80 % of steady-state but not more than 3,0/k2 or 95 % of steady-state (7).

The time to reach 80 % of steady-state is (equation 4):

0,80 = 1 − e−k2t80 or t80 ¼ 1; 6

k2
(equation 5)

Similarly 95 % of steady-state is:

t95 ¼ 3; 0

k2
(equation 6)
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For example, the duration of the uptake phase (up) for a test substance with log
Pow = 4 would be (using equations 1, 5 and 6):

log10k2 = −0,414. (4) + 1,47 k2 = 0,652 days−1

up (80 %) = 1,6/0,652, i.e. 2,45 days (59 hours)

or up (95 %) = 3,0/0,652, i.e. 4,60 days (110 hours)

Similarly, for a test substance with s = 10−5 mol/l (log(s) = 5,0), the duration of
up would be (using equations 1, 2, 5 and 6):

log10 (Pow) = −0,862 (−5,0) + 0,710 = 5,02

log10k2 = −0,414 (5,02) + 1,47

k2 = 0,246 days−1

up (80 %) = 1,6/0,246, i.e. 6,5 days (156 hours)

or up (95 %) = 3,0/0,246, i.e. 12,2 days (293 hours)

Alternatively, the expression:

teq = 6,54 × 10−3 Pow + 55,31 (hours)

may be used to calculate the time for effective steady-state to be reached (4).

2. Prediction of the duration of the depuration phase

A prediction of the time needed to reduce the body burden to some percentage
of the initial concentration may also be obtained from the general equation
describing uptake and depuration (first order kinetics) (1) (8).

For the depuration phase, Cw is assumed to be zero. The equation may be
reduced to:

where Cf,o is the concentration at the start of the depuration period. 50 %
depuration will then be reached at the time (t50):

Similarly 95 % depuration will be reached at:

If 80 % uptake is used for the first period (1,6/k2) and 95 % loss in the
depuration phase (3,0/k2), then the depuration phase is approximately twice the
duration of the uptake phase.

It is important to note, however, that the estimations are based on the
assumption that uptake and depuration patterns will follow first order kinetics.
If first order kinetics are obviously not obeyed, more complex models should
be employed (e.g. reference (1)).
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Annex 4

Theoretical example of sampling schedule for bioconcentration tests of substances with log Pow = 4

Fish sampling

Sample time schedule

Number of water sam-
ples

Number of fish per
sampleMinimal required fre-

quency
(days)

Additional sampling

Uptake phase − 1
0

2 (*)
2

Add 45 to 80 fish

1st 0,3 0,4 2
(2)

4
(4)

2nd 0,6 0,9 2
(2)

4
(4)

3rd 1,2 1,7 2
(2)

4
(4)

4th 2,4 3,3 2
(2)

4
(4)

5th 4,7 2 6

Depuration phase Transfer fish to water
free of test chemical

6th 5,0 5,3 4
(4)

7th 5,9 7,0 4
(4)

8th 9,3 11,2 4
(4)

9th 14,0 17,5 6
(4)

(*) Sample water after minimum of three ‘chamber-volume’ have been delivered.

NB:

Values in brackets are numbers of samples (water, fish) to be taken if additional sampling is carried out.

Pre-test estimate of k2 for log Pow of 4,0 is 0,652 days−1. The total duration of the experiment is set to 3 × up = 3 × 4,6 days, i.e. 14
days. For the estimation of ‘up’ refer to Annex 3.
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Annex 5

Model discrimination

Most bioconcentration data have been assumed to be ‘reasonably’ well described by a
simple two-compartment/two-parameter model, as indicated by the rectilinear curve
which approximates to the points for concentrations in fish, during the depuration
phase, when these are plotted on semi-log paper. (Where these points cannot be
described by a rectilinear curve then more complex models should be employed, see, for
example, Spacie and Hamelink, reference 1 in Annex 3).

Graphical method for determination of depuration (loss) rate constant k2

Plot the concentration of the test substance found in each sample of fish against
sampling time on semi-log paper. The slope of that line is k2.

k2 ¼ ln Cf1 = Cf2ð Þ
t2 � t1

Note that deviations from straight line may indicate a more complex depuration pattern
than first order kinetics. A graphical method may be applied for resolving types of
depuration deviating from first order kinetics.

Graphical method for determination of uptake rate constant k1

Given k2, calculate k1 as follows:

The value of Cf is read from the midpoint of the smooth uptake curve produced by the
data when log concentration is plotted versus time (on an arithmetical scale).

Computer method for calculation of uptake and depuration (loss) rate constants

The preferred means for obtaining the bioconcentration factor and k1 and k2 rate
constants is to use non-linear parameter estimation methods on a computer. These
programs find values for k1 and k2 given a set of sequential time concentration data and
the model:

Cf ¼ Cw � k1
k2

x l � e�k2t
� �

0 5 t 5 tc (equation 2)
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Cf ¼ Cw � k1
k2

x e�k2 t � tcð Þ � e�k2t
� �

t 5 tc (equation 3)

where tc = time at the end of the uptake phase.

This approach provides standard deviation estimates of k1 and k2.

As k2 in most cases can be estimated from the depuration curve with relatively high
precision, and because a strong correlation exists between the two parameters k1 and k2

if estimated simultaneously, it may be advisable first to calculate k2 from the depuration
data only, and subsequently calculate k1 from the uptake data using non-linear
regression.
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