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(Acts whose publication is obligatory)

COMMISSION DIRECTIVE 2004/73/EC

of 29 April 2004

adapting to technical progress for the twenty-ninth 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)

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', and in particular Article 28 thereof,

Whereas:

(D

2)

Annex I to Directive 67/548/EEC contains a list of dangerous substances, together
with particulars of the classification and labelling of each substance. That list needs to
be updated to include further notified new substances and further existing substances
as well adapting the existing entries to technical progress such as setting
environmental concentration limits for certain substances. Accordingly it is also
necessary to delete entries for certain substances and to split some entries because the
classification no longer applies to all the substances under those entries. The labelling
of substances containing 1,3-butadiene should be changed in order to reflect that that
substance will be classified as a mutagen by the present Directive.

Annex V to Directive 67/548/EEC lays down the methods for the determination of the
physicochemical properties, toxicity and ecotoxicity of substances and preparations. It
is appropriate to amend that Annex in order to obtain a reduction to a minimum of the
number of animals used for experimental purposes, in accordance with Council
Directive 86/609/EEC of 24 November 1986 on the approximation of laws,
regulations and administrative provisions of the Member States regarding the

' 01 196, 16.8.1967, p. 1. Directive as last amended by Commission Directive 2001/59/EC (0J L 225, 6.8.2001, p. 1)
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3)

protection of animals used for experimental and other scientific purposes’. The
methods for sub-chronic oral toxicity in Chapters B.1, B.4, B.5, B.31 and B.35 should
be revised accordingly. Furthermore, Chapter B.42 should be added to Annex V in
order to make available a refined method on sub-chronic oral toxicity. Finally, Chapter
A.21 on physico-chemical properties, Chapter B.43 on sub-chronic oral toxicity and
Chapters C.21 to C.24 on environmental toxicity should be added in order to allow for
the determination of properties which are not yet sufficiently covered by the methods
in Annex V.

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 with Dangerous Substances and
Preparations,

HAS ADOPTED THIS DIRECTIVE:

Article 1

Directive 67/548/EEC is amended as follows:

(D

2)

Annex [ is amended as follows:
(a) note K in the foreword is replaced by the text set out in Annex 1A;

(b) the entries corresponding to the entries set out in Annex 1B to this Directive
are replaced by the text set out in that Annex;

(c) the entries set out in Annex 1C to this Directive are inserted in accordance with
the order of the entries set out in Annex I to Directive 67/548/EEC;

(d) the entries with index numbers 604-050-00-X, 607-050-00-8, 607-171-00-6
and 613-130-00-3 are deleted;

(e) the entry with index number 048-002-00-0 is replaced by the entries with index
numbers 048-002-00-0 and 048-011-00-X set out in Annex 1D to this
Directive;

(f)  the entry with index number 609-006-00-3 is replaced by the entries with index
numbers 609-006-00-3 and 609-065-00-5 set out in Annex 1D to this
Directive;

(g) the entry with index number 612-039-00-6 is replaced by the entries with index
numbers 612-039-00-6 and 612-207-00-9 as set out in Annex 1D.

Annex V is amended as follows:
(a) the text set out in Annex 2A to this Directive is added as Chapter A.21;

(b) chapter B.1bis is replaced by the text set out in Annex 2B to this Directive;

> QJ L 358, 18.12.1986, p. 1. Directive as last amended by Directive 2003/65/EC of the European Parliament and

of the Council (OJ L 230, 16.9.2003, p. 32).
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(c) chapter B.l1tris is replaced by the the text set out in Annex 2C to this Directive;
(d) chapter B.4 is replaced by the text set out in Annex 2D to this Directive;

(e) chapter B.5 is replaced by the text set out in Annex 2E to this Directive;

(f) chapter B.31 is replaced by the text set out in Annex 2F to this Directive;

(g) chapter B.35 is replaced by the text set out in Annex 2G to this Directive;

(h) the text set out in Annex 2H to this Directive is added as Chapter B.42 and
B.43;

(i) the text set out in Annex 21 to this Directive is added as Chapter C.21 to C.24.

Article 2

1. Member States shall bring into force the laws, regulations and administrative
provisions necessary to comply with this Directive by 31 October 2005 at the latest.
They shall forthwith communicate to the Commission the text of those provisions
and a correlation table between those provisions and this Directive. 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.

2. Member States shall communicate to the Commission the main provisions of
national law which they adopt in the field covered by this Directive.

Article 3
This Directive shall enter into force on the twentieth day following its publication in the
Official Journal of the European Union.

Article 4
This Directive is addressed to the Member States.

Done at Brussels, 29 April 2004.

For the Commission
Margot WALLSTROM
Member of the Commission
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Note K:

The classification as a carcinogen or mutagen need not apply if it can be shown that the substance
contains less than 0.1% w/w 1,3-butadiene (Einecs No 203-450-8). If the substance is not classified as a

carcinogen or mutagen, at least the S-phrases (2-)9-16 should apply. This note applies to certain complex
oil-derived substances in Annex I.
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A.21. OXIDIZING PROPERTIES (LIQUIDS)

1. METHOD

1.1 INTRODUCTION

This test method is designed to measure the potential for a liquid substance to increase the burning rate or
burning intensity of a combustible substance, or to form a mixture with a combustible substance which
spontaneously ignites, when the two are thoroughly mixed. It is based on the UN test for oxidizing liquids
(1) and is equivalent to it. However, as this method A.21 is primarily designed to satisfy the requirements
of Dir 67/548, comparison with only one reference substance is required. Testing and comparison to
additional reference substances may be necessary when the results of the test are expected to be used for
other purposes.1

This test need not be performed when examination of the structural formula establishes beyond reasonable
doubt that the substance is incapable of reacting exothermically with a combustible material.

It is useful to have preliminary information on any potential explosive properties of the substance before
performing this test.

This test is not applicable to solids, gases, explosive or highly flammable substances, or organic peroxides.

This test may not need be performed when results for the test substance in the UN test for oxidizing liquids
(1) are already available.

1.2 DEFINITIONS AND UNITS

Mean pressure rise time is the mean of the measured times for a mixture under test to produce a pressure
rise from 690 kPa to 2070 kPa above atmospheric.

1.3 REFERENCE SUBSTANCE
65% (w/w) aqueous nitric acid (analytical grade) is required as a reference substance.”

Optionally, if the experimenter foresees that the results of this test may eventually be used for other
purposes,’ testing of additional reference substances may also be appropriate.’

1.4 PRINCIPLE OF THE TEST METHOD

The tiquid to be tested is mixed in a 1 to 1 ratio, by mass, with fibrous cellulose and introduced into a
pressure vessel. If during mixing or filling spontaneous ignition occurs, no further testing is necessary.

If spontaneous ignition does not occur the full test is carried out. The mixture is heated in a pressure vessel
and the mean time taken for the pressure to rise from 690 kPa to 2070 kPa above atmospheric is
determined. This is compared with the mean pressure rise time for the 1:1 mixture of the reference
substance(s) and cellulose.

1.5 QUALITY CRITERIA

In a series of five trials on a single substance no results should differ by more than 30 % from the
arithmetic mean. Results that differ by more than 30 % from the mean should be discarded, the mixing and
filling procedure improved and the testing repeated.

! As, for example, in the framework of UN transport regulations.
% The acid should be titrated before testing to confirm its concentration.
3 E.g.: 50% (w/w) perchloric acid and 40% (w/w) sodium chlorate are used in reference 1.
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1.6 DESCRIPTION OF THE METHOD
1.6.1 Preparation
1.6.1.1 Combustible substance

Dried, fibrous cellulose with a fibre length between 50 and 250 um and a mean diameter of 25 um, g
used as the combustible material. It is dried to constant weight in a layer not more than 25 mm thick at 105
°C for 4 hours and kept in a desiccator, with desiccant, until cool and required for use. The water content of
the dried cellulose should be less than 0.5% by dry mass”, If necessary, the drying time should be
prolonged to achieve this.® The same batch of cellulose is to be used throughout the test.

1.6.1.2 Apparatus
1.6.1.2.1 Pressure vessel

A pressure vessel is required. The vessel consists of a cylindrical steel pressure vessel 89 mm in length and
60 mm in external diameter (see figure 1). Two flats are machined on opposite sides (reducing the cross-
section of the vessel to 50 mm) to facilitate holding whilst fitting up the firing plug and vent plug. The
vessel, which has a bore of 20 mm diameter is internally rebated at either end to a depth of 19 mm and
threaded to accept 1" British Standard Pipe (BSP) or metric equivalent. A pressure take-off, in the form of
a side arm, i3 screwed into the curved face of the pressure vessel 35 mm from one end and at 90° to the
machined flats. The socket for this is bored to a depth of 12 mm and threaded to accept the 1/2" BSP (or
metric equivalent) thread on the end of the side-arm. If necessary, an inert seal is fitted to ensure a gas-tight
seal. The side-arm extends 55 mm beyond the pressure vessel body and has a bore of 6 mm. The end of
the side-arm is rebated and threaded to accept a diaphragm type pressure transducer. Any pressure-
measuring device may be used provided that it is not affected by the hot gases or the decomposition
products and is capable of responding to rates of pressure rise of 690-2070 kPa in not more than 5 ms.

The end of the pressure vessel farthest from the side-arm is closed with a firing plug which is fitted with
two electrodes, one insulated from, and the other earthed to, the plug body. The other end of the pressure
vessel is closed by a bursting disk (bursting pressure approximately 2200 kPa) held in place with a
retaining plug which has a 20 mm bore. [f necessary, an inert seal is used with the firing plug to ensure a
gas-tight fit. A support stand (figure 2) holds the assembly in the correct attitude during use. This usually
comprises a mild steel base plate measuring 235 mm x 184 mm x 6 mm and a 185 mm length of square
hollow section (S.H.S.) 70 mm x 70 mm x 4 mm.

A section is cut from each of two opposite sides at one end of the length of S.H.S. so that a structure
having two flat sided legs surmounted by 86 mm length of intact box section results. The ends of these flat
sides are cut to an angle of 60° to the horizontal and welded to the base plate. A slot measuring 22 mm
wide x 46 mm deep is machined in one side of the upper end of the base section such that when the
pressure vessel assembly is lowered, firing plug end first, into the box section support, the side-arm is
accommodated in the slot. A piece of steel 30 mm wide and 6 mm thick is welded to the lower internal
face of the box section to act as a spacer. Two 7 mm thumb screws, tapped into the opposite face, serve to
hold the pressure vessel firmly in place. Two 12 mm wide strips of 6 mm thick steel, welded to the side
pieces abutting the base of the box section, support the pressure vessel from beneath.

4 e.g. Whatman Column Chromatographic Cellulose Powder CF 11, catalogue no 4021 050
3 Confirmed by (e.g.) Karl-Fisher titration
6 Alternatively, this water content can also be achieved by (e.g.) heating at 105 °C under vacuum for 24 h
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1.6.1.2.2 Ignition System

The ignition system consists of a 25 cm long Ni/Cr wire with a diameter 0.6 mm and a resistance of 3.85
ohm/m. The wire is wound, using a 5 mm diameter rod, in the shape of a coil and is attached to the firing
plug electrodes. The coil should have one of the configurations shown in figure 3. The distance between
the bottom of the vessel and the underside of the ignition coil should be 20 mm. [f the electrodes are not
adjustable, the ends of the ignition wire between the coil and the bottom of the vessel should be insulated
by a ceramic sheath. The wire is heated by a constant current power supply able to deliver at least 10 A.

1.6.2 Performance of the test’

The apparatus, assembled complete with pressure transducer and heating system but without the bursting
disk in position, is supported firing plug end down. 2.5 g of the liquid to be tested is mixed with 2.5 g of
dried cellulose in a glass beaker using a glass stirring rod®. For safety, the mixing should be performed
with a safety shield between the operator and mixture. If the mixture ignites during mixing or filling, no
further testing is necessary. The mixture is added, in small portions with tapping, to the pressure vessel
making sure that the mixture is packed around the ignition coil and is in good contact with it. It is
important that the coil is not distorted during the packing process as this may lead to erroneous results’.
The bursting disk is placed in position and the retaining plug is screwed in tightly. The charged vessel is
transferred to the firing support stand, bursting disk uppermost, which should be located in a suitable,
armoured fume cupboard or firing cell. The power supply is connected to the external terminals of the
firing plug and 10 A applied. The time between the start of mixing and switching on the power should not
exceed 10 minutes.

The signal produced by the pressure transducer is recorded on a suitable system which allows both
evaluation and the generation of a permanent record of the time pressure profile obtained (e.g. a transient
recorder coupled to a chart recorder). The mixture is heated until the bursting disk ruptures or until at least
60 s have elapsed. If the bursting disk does not rupture, the mixture should be allowed to cool before
carefully dismantling the apparatus, taking precautions to allow for any pressurization which may occur.
Five trials are performed with the test substance and the reference substance(s). The time taken for the
pressure to rise from 690 kPa to 2070 kPa above atmospheric is noted. The mean pressure rise time is
calculated.

In some cases, substances may generate a pressure rise (too high or too low), caused by chemical reactions
not characterizing the oxidizing properties of the substance. In these cases, it may be necessary to repeat
the test with an inert substance, e.g. diatomite (kieselguhr), in place of the cellulose in order to clarify the
nature of the reaction.

7 Mixtures of oxidizers with cellulose must be treated as potentially explosive and handled with due care

 In practice this can be achieved by preparing a 1:1 mixture of the liquid to be tested and cellulose in a greater amount
than needed for the trial and transferring 5 £ 0.1 g to the pressure vessel. The mixture is to be freshly prepared for each
trial.

*In particular, contact between the adjacent turns of the coil must be avoided.
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2 DATA
Pressure rise times for both the test substance and the reference substance(s). Pressure rise times for the
tests with an inert substance, if performed.
2.1 TREATMENT OF RESULTS

Some examples of results are shown in Table 1

Table 1

Examples of results ¢

The mean pressure rise times for both the test substance and the reference substances(s) are calculated.
The mean pressure rise time for the tests with an inert substance (if performed) is calculated.

Substance ¢

Mean pressure rise time
for a 1:1 mixture
with celulose

Inert Substance

Water:cellulose

(ms)
Ammonium dichromate, saturated aqueous solution 20800
Calcium nitrate, saturated aqueous solution 6700
Ferric nitrate, saturated aqueous solution 4133
Lithium perchlorate, saturated aqueous solution 1686
Magnesium perchlorate, saturated aqueous solution 777
Nickel nitrate, saturated aqueous solution 6250
Nitric acid, 65 % 4767 %
Perchloric acid, 50 % 1219
Perchloric acid, 55 % 59
Potassium nitrate, 30 % aqueous solution 26690
Silver nitrate, saturated aqueous solution o
Sodium chlorate, 40 % aqueous solution 25559
Sodium nitrate, 45 % aqueous solution 4133

b

a) Mean value from interlaboratory comparative trials

b) Maximum pressure of 2070 kPa not reached
¢) Saturated solutions should be prepared at 20 °C

d) See reference (1) for classification under the UN transport scheme,
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3 REPORT

3.1 TEST REPORT
The test report should include the following information:

— the identity, composition, purity, etc of the substance tested;

— the concentration of the test substance;

— the drying procedure of the cellulose used

— the water content of the cellulose used

— the results of the measurements;

— the results from tests with an inert substance, if any;

— the calculated mean pressure rise times;

— any deviations from this method and the reasons for them;

— all additional information or remarks relevant to the interpretation of the resuits;

3.2 INTERPRETATION OF THE RESULTS'
The test results are assessed on the basis of:
a) whether the mixture of test substance and cellulose spontaneously ignites; and

b) the comparison of the mean time taken for the pressure to rise from 690 kPa to 2070 kPa with that of
the reference substance(s).

A liquid substance is to be considered as an oxidizer when:

a) a l:1 mixture, by mass, of the substance and cellulose spontaneously ignites; or

b) a l:l mixture, by mass, of the substance and cellulose exhibits a mean pressure rise time less than or
equal to the mean pressure rise time of a 1:1 mixture, by mass, of 65% (w/w) aqueous nitric acid and

cellulose.

In order to avoid a false positive result, if necessary, the results obtained when testing the substance with
an inert material should also be considered when interpreting the results.

4 REFERENCES

(1) Recommendations on the Transport of Dangerous Goods, Manual of Tests and Criteria. 3rd revised
edition. UN Publication No: ST/SG/AC.10/11/Rev. 3, 1999, page 342. Test O.2: Test for oxidizing
liquids.

10 . . . .
See reference 1 for interpretation of the results under the UN transport regulations using several reference substances.
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(A) Pressure vessel body (B) Bursting disk retaining plug (C) Firing plug
(D) Soft lead washer (E) Bursting disc (F) Side arm
(G) Pressure transducer head  (H) Washer (J) Insulated electrode
(K) Earthed electrode (L) Insulation (M) Steel cone

(N) Washer distorting groove
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Figure 2

Support stand
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Figure 3

Ignition System

(A) Ignition coil (B) Insulation (C) Electrodes (D) Firing plug

Note: either of these configurations may be used.
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ANNEX 2B
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B.1 bis. ACUTE ORAL TOXICITY - FIXED DOSE PROCEDURE

1. METHOD

This test method is equivalent to OECD TG 420 (2001)

1.1 INTRODUCTION

Traditional methods for assessing acute toxicity use death of animals as an endpoint. In 1984, a new approach to acute
toxicity testing was suggested by the British Toxicology Society based on the administration at a series of fixed dose levels
(1). The approach avoided using death of animals as an endpoint, and relied instead on the observation of clear signs of
toxicity at one of a series of fixed dose levels. Following UK (2) and international (3) in vivo validation studies the
procedure was adopted as a testing method in 1992. Subsequently, the statistical properties of the Fixed Dose Procedure
have been evaluated using mathematical models in a series of studies (4)(5)(6). Together, the in vivo and modelling studies
have demonstrated that the procedure is reproducible, uses fewer animals and causes less suffering than the traditional
methods and is able to rank substances in a similar manner to the other acute toxicity testing methods.

Guidance on the selection of the most appropriate test method for a given purpose can be found in the Guidance Document
on Acute Oral Toxicity Testing (7). This Guidance Document also contains additional information on the conduct and
interpretation of Testing Method B.1bis.

It is a principle of the method that in the main study only moderately toxic doses are used, and that administration of doses
that are expected to be lethal should be avoided. Also, doses that are known to cause marked pain and distress, due to
corrosive or severely irritant actions, need not be administered. Moribund animals, or animals obviously in pain or showing
signs of severe and enduring distress shall be humanely killed, and are considered in the interpretation of the test results in
the same way as animals that died on test. Criteria for making the decision to kill moribund or severely suffering animals,
and guidance on the recognition of predictable or impending death, are the subject of a separate Guidance Document (8).

The method provides information on the hazardous properties and allows the substance to be ranked and classified
according to the Globally Harmonised System (GHS) for the classification of chemicals which cause acute toxicity (9).

The testing laboratory should consider all available information on the test substance prior to conducting the study. Such
information will include the identity and chemical structure of the substance; its physico-chemical properties; the results of
any other in vitro or in vivo toxicity tests on the substance; toxicological data on structurally related substances; and the
anticipated use(s) of the substance. This information is necessary to satisfy all concerned that the test is relevant for the
protection of human health, and will help in the selection of an appropriate starting dose.

1.2 DEFINITIONS

Acute oral toxicity: refers to those adverse effects occurring fotlowing oral administration of a single dose of a substance
or multiple doses given within 24 hours.

Delayed death: means that an animal does not die or appear moribund within 48 hours but dies later during the 14-day
observation period.

Dose: is the amount of test substance administered. Dose is expressed as weight of test substance per unit weight of test
animal (e.g. mg/kg).

Evident toxicity: is a general term describing clear signs of toxicity following the administration of test substance (see (3)
for examples) such that at the next highest fixed dose either severe pain and enduring signs of severe distress, moribund
status (criteria are presented in the Humane Endpoints Guidance Document (8)), or probable mortality in most animals can
be expected.
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GHS: Globally Harmonised Classification System for Chemical Substances and Mixtures. A joint activity of OECD
(human health and the environment), UN Committee of Experts on Transport of Dangerous Goods (physical-chemical
properties) and [LO (hazard communication) and co-ordinated by the Interorganisation Programme for the Sound
Management of Chemicals (IOMC).

Impending death: when moribund state or death is expected prior to the next planned time of observation. Signs indicative
of this state in rodents could include convulsions, lateral position, recumbence, and tremor. (See the Humane Endpoint
Guidance Document (8) for more details).

LDs¢ (median lethal dose): is a statistically derived single dose of a substance that can be expected to cause death in 50 per
cent of animals when administered by the oral route. The LDsy value is expressed in terms of weight of test substance per
unit weight of test animal (mg/kg).

Limit dose: refers to a dose at an upper limitation on testing (2000 or 5000 mg/kg).

Moribund status: being in a state of dying or inability to survive, even if treated. (See the Humane Endpoint Guidance
Document (8) for more details).

Predictable death: presence of clinical signs indicative of death at a known time in the future before the planned end of the
experiment, for example: inability to reach water or food. (See the Humane Endpoint Guidance Document (8) for more
details).

1.3 PRINCIPLE OF THE TEST METHOD

Groups of animals of a single sex are dosed in a stepwise procedure using the fixed doses of 5, 50, 300 and 2000 mg/kg
(exceptionally an additional fixed dose of 5000 mg/kg may be considered, see section 1.6.2). The initial dose level is
selected on the basis of a sighting study as the dose expected to produce some signs of toxicity without causing severe toxic
effects or mortality. Clinical signs and conditions associated with pain, suffering, and impending death, are described in
detail in a separate OECD Guidance Document (8). Further groups of animals may be dosed at higher or lower fixed doses,
depending on the presence or absence of signs of toxicity or mortality. This procedure continues until the dose causing
evident toxicity or no more than one death is identified, or when no effects are seen at the highest dose or when deaths
occur at the lowest dose.

1.4 DESCRIPTION OF THE TEST METHOD
1.4.1 Selection of animal species

The preferred rodent species is the rat, although other rodent species may be used. Normally females are used (7). This is
because literature surveys of conventional LDsg tests show that usually there is little difference in sensitivity between the
sexes, but in those cases where differences are observed, females are generally slightly more sensitive (10). However, if
knowledge of the toxicological or toxicokinetic properties of structurally related chemicals indicates that males are likely to
be more sensitive then this sex should be used. When the test is conducted in males, adequate justification should be
provided.

Healthy young adult animals of commonly used laboratory strains should be employed. Females should be nulliparous and
non-pregnant. Each animal, at the commencement of its dosing, should be between 8 and 12 weeks old and its weight
should fall in an interval within £ 20% of the mean weight of any previously dosed animals.

1.4.2 Housing and feeding conditions

The temperature of the experimental animal room should be 22°C (£ 3°C). Although the relative humidity should be at least
30% and preferably not exceed 70% other than during room cleaning the aim should be 50-60%. Lighting should be
artificial, the sequence being 12 hours light, 12 hours dark. For feeding, conventional laboratory diets may be used with an
unlimited supply of drinking water. Animals may be group-caged by dose, but the number of animals per cage must not
interfere with clear observations of each animal.
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The animals are randomly selected, marked to permit individual identification, and kept in their cages for at least 5 days
prior to the start of dosing to allow for acclimatisation to the laboratory conditions.

1.4.4 Preparation of doses

In general test substances should be administered in a constant volume over the range of doses to be tested by varying the
concentration of the dosing preparation. Where a liquid end product or mixture is to be tested however, the use of the
undiluted test substance, i.e. at a constant concentration, may be more relevant to the subsequent risk assessment of that
substance, and is a requirement of some regulatory authorities. In either case, the maximum dose volume for administration
must not be exceeded. The maximum volume of liquid that can be administered at one time depends on the size of the test
animal. In rodents, the volume should not normally exceed 1ml/100g of body weight: however in the case of aqueous
solutions 2 ml/100g body weight can be considered. With respect to the formulation of the dosing preparation, the use of an
aqueous solution/suspension/emulsion is recommended wherever possible, followed in order of preference by a
solution/suspension/emulsion in oil (e.g. corn oil) and then possibly solution in other vehicles. For vehicles other than water
the toxicological characteristics of the vehicle should be known. Doses must be prepared shortly prior to administration
unless the stability of the preparation over the period during which it will be used is known and shown to be acceptable.

1.5 PROCEDURE
1.5.1 Administration of doses

The test substance is administered in a single dose by gavage using a stomach tube or a suitable intubation canula. In the
unusual circumstance that a single dose is not possible, the dose may be given in smaller fractions over a period not
exceeding 24 hours.

Animals should be fasted prior to dosing (e.g. with the rat, food but not water should be withheld over-night; with the
mouse, food but not water should be withheld for 3-4 hours). Following the period of fasting, the animals should be
weighed and the test substance administered. After the substance has been administered, food may be withheld for a further
3-4 hours in rats or 1-2 hours in mice. Where a dose is administered in fractions over a period of time, it may be necessary
to provide the animals with food and water depending on the length of the period.

1.52 Sighting study

The purpose of the sighting study is to allow selection of the appropriate starting dose for the main study. The test substance
is administered to single animals in a sequential manner following the flow charts in Annex 1. The sighting study is
completed when a decision on the starting dose for the main study can be made (or if a death is seen at the lowest fixed
dose).

The starting dose for the sighting study is selected from the fixed dose levels of 5, 50, 300 and 2000 mg/kg as a dose
expected to produce evident toxicity based, when possible, on evidence from in vivo and in vitro data from the same
chemical and from structurally related chemicals. In the absence of such information, the starting dose will be 300 mg/kg.

A period of at least 24 hours will be allowed between the dosing of each animal. All animals should be observed for at least
14 days.

Exceptionally, and only when justified by specific regulatory needs, the use of an additional upper fixed dose level of 5000
mg/kg may be considered (see Annex 3). For reasons of animal welfare concern, testing of animals in GHS Category 5
ranges (2000-5000 mg/kg is discouraged and should only be considered when there is a strong likelihood that the results of
such a test have a direct relevance for protecting human or animal health or the environment.
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In cases where an animal tested at the lowest fixed dose level (Smg/kg) in the sighting study dies, the normal procedure is to
terminate the study and assign the substance to GHS Category 1 (as shown in Annex 1). However, if further confirmation of
the classification is required, an optional supplementary procedure may be conducted, as follows. A second animal is dosed
at Smg/kg. If this second animal dies, then GHS Category 1 will be confirmed and the study will be immediately
terminated. If the second animal survives, then a maximum of three additional animals will be dosed at Smg/kg. Because
there will be a high risk of mortality, these animals should be dosed in a sequential manner to protect animal welfare. The
time interval between dosing each animal should be sufficient to establish that the previous animal is likely to survive. If a
second death occurs, the dosing sequence will be immediately terminated and no further animals will be dosed. Because the
occurrence of a second death (irrespective of the number of animals tested at the time of termination) falls into outcome A
(2 or more deaths), the classification rule of Annex 2 at the Smg/kg fixed dose is followed (Category 1 if there are 2 or more
deaths or Category 2 if there is no more than | death). In addition, Annex 4 gives guidance on the classification in the EU
system until the new GHS is implemented.

1.53 Main study
1.5.3.1 Numbers of animals and dose levels

The action to be taken following testing at the starting dose level is indicated by the flow charts in Annex 2. One of three
actions will be required; either stop testing and assign the appropriate hazard classification class, test at a higher fixed dose
or test at a lower fixed dose. However, to protect animals, a dose level that caused death in the sighting study will not be
revisited in the main study (see Annex 2). Experience has shown that the most likely outcome at the starting dose level will
be that the substance can be classified and no further testing will be necessary.

A total of five animals of one sex will normally be used for each dose level investigated. The five animals will be made up
of one animal from the sighting study dosed at the selected dose level together with an additional four animals (except,
unusually, if a dose level used on the main study was not included in the sighting study).

The time interval between dosing at each level is determined by the onset, duration, and severity of toxic signs. Treatment
of animals at the next dose should be delayed until one is confident of survival of the previously dosed animals. A period of
3 or 4 days between dosing at each dose level is recommended, if needed, to allow for the observation of delayed toxicity.
The time interval may be adjusted as appropriate, e.g., in case of inconclusive response.

When the use of an upper fixed dose of 5000 mg/kg is considered, the procedure outlined in Annex 3 should be followed
(see also section 1.6.2).

1.5.3.2 Limit test

The limit test is primarily used in situations where the experimenter has information indicating that the test material is likely
to be nontoxic, i.e., having toxicity only above regulatory limit doses. Information about the toxicity of the test material can
be gained from knowledge about similar tested compounds or similar tested mixtures or products, taking into consideration
the identity and percentage of components known to be of toxicological significance. In those situations where there is little
or no information about its toxicity, or in which the test material is expected to be toxic, the main test should be performed.

Using the normal procedure, a sighting study starting dose of 2000 mg/kg (or exceptionally 5000 mg/kg) followed by
dosing of a further four animals at this level serves as a limit test for this guideline.

1.6 OBSERVATIONS

Animals are observed individually after dosing at least once during the first 30 minutes, periodically during the first 24
hours, with special attention given during the first 4 hours, and daily thereafter, for a total of 14 days, except where they
need to be removed from the study and humanely killed for animal welfare reasons or are found dead. However, the
duration of observation should not be fixed rigidly. It should be determined by the toxic reactions, time of onset and length
of recovery period, and may thus be extended when considered necessary. The times at which signs of toxicity appear and
disappear are important, especially if there is a tendency for toxic signs to be delayed (11). All observations are
systematically recorded, with individual records being maintained for each animal.
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Additional observations will be necessary if the animals continue to display signs of toxicity. Observations should include
changes in skin and fur, eyes and mucous membranes, and also respiratory, circulatory, autonomic and central nervous
systems, and somatomotor activity and behaviour pattern. Attention should be directed to observations of tremors,
convulsions, salivation, diarrhoea, lethargy, sleep and coma. The principles and criteria summarised in the Humane
Endpoints Guidance Document should be taken into consideration (8). Animals found in a moribund condition and animals
showing severe pain or enduring signs of severe distress should be humanely killed. When animals are killed for humane
reasons or found dead, the time of death should be recorded as precisely as possible.

1.6.1 Body weight
Individual weights of animals should be determined shortly before the test substance is administered and at least weekly
thereafter. Weight changes should be calculated and recorded. At the end of the test surviving animals are weighed and then
humanely killed.

1.6.2 Pathology
All test animals (including those that die during the test or are removed from the study for animal welfare reasons) should
be subjected to gross necropsy. All gross pathological changes should be recorded for each animal. Microscopic
examination of organs showing evidence of gross pathology in animals surviving 24 or more hours after the initial dosing
may also be considered because it may yield useful information.

2 DATA
Individual animal data should be provided. Additionally, all data should be summarised in tabular form, showing for each
test group the number of animals used, the number of animals displaying signs of toxicity, the number of animals found

dead during the test or killed for humane reasons, time of death of individual animals, a description and the time course of
toxic effects and reversibility, and necropsy findings.

3 REPORTING
3.1 Test report
The test report must include the following information, as appropriate:
Test substance:

— physical nature, purity, and, where relevant, physico-chemical properties (including isomerisation);
— identification data, including CAS number.

Vehicle (if appropriate):

— justification for choice of vehicle, if other than water.

Test animals:

— species/strain used;

— microbiological status of the animals, when known;

— number, age and sex of animals (including, where appropriate, a rationale for use of males instead of females);
— source, housing conditions, diet etc.;

Test conditions:

— details of test substance formulation, including details of the physical form of the material administered;

— details of the administration of the test substance including dosing volumes and time of dosing;

— details of food and water quality (including diet type/source, water source);
— the rationale for the selection of the starting dose.
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Results:

— tabulation of response data and dose level for each animal (i.e. animals showing signs of toxicity including mortality,
nature, severity and duration of effects);

— tabulation of body weight and body weight changes;

— individual weights of animals at the day of dosing, in weekly intervals thereafter, and at time of death or sacrifice;

— date and time of death if prior to scheduled sacrifice.

— time course of onset of signs of toxicity and whether these were reversible for each animal;

— necropsy findings and histopathological findings for each animal, if available.

Discussion and interpretation of results.

Conclusions.
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ANNEX 3

CRITERIA FFOR CLASSIFICATION OF TEST SUBSTANCES WITH EXPECTED LDs, VALUES EXCEEDING
2000 MG/KG WITHOUT THE NEED FOR TESTING.

Criteria for hazard Category 5 are intended to enable the identification of test substances which are of relatively low acute
toxicity hazard but which, under certain circumstances may present a danger to vulnerable populations. These substances are
anticipated to have an oral or dermal LDsy in the range of 2000-5000 mg/kg or equivalent doses for other routes. Test
substances could be classified in the hazard category defined by: 2000mg/kg <L.Dsy < 5000mg/kg (Category 5 in the GHS) in
the following cases:

a) if directed to this category by any of the testing schemes of Annex 2, based on mortality incidences

b) if reliable evidence is already available that indicates the LDs to be in the range of Category 5 values; or other
animal studies or toxic effects in humans indicate a concern for human health of an acute nature.

¢) through extrapolation, estimation or measurement of data if assignment to a more hazardous class is not
warranted, and

— reliable information is available indicating significant toxic effects in humans, or

— any mortality is observed when tested up to Category 4 values by the oral route, or

— where expert judgement confirms significant clinical signs of toxicity, when tested up to Category 4 values,
except for diarrhoea, piloerection or an ungroomed appearance, or

— where expert judgement confirms reliable information indicating the potential for significant acute effects from
the other animal studies.

TESTING AT DOSES ABOVE 2000 MG/KG

Exceptionally, and only when justified by specific regulatory needs, the use of an additional upper fixed dose level of 5000
mg/kg may be considered. Recognising the need to protect animal welfare, testing at 5000 mg/kg is discouraged and should
only be considered when there is a strong likelihood that the results of such a test would have a direct relevance for protecting
animal or human health (9).

Sighting Study

The decision rules governing the sequential procedure presented in Annex 1 are extended to include a 5000 mg/kg dose level.
Thus, when a sighting study starting dose of 5000 mg/kg is used outcome A (death) will require a second animal to be tested at
2000 mg/kg; outcomes B and C (evident toxicity or no toxicity) will allow the selection of 5000 mg/kg as the main study
starting dose. Similarly, if a starting dose other than 5000 mg/kg is used then testing will progress to 5000 mg/kg in the event
ot outcomes B or C at 2000 mg/kg: a subsequent 5000 mg/kg outcome A will dictate a main study starting dose of 2000 mg/kg
and outcomes B and C will dictate a main study starting dose of 5000 mg/kg.

Main Study

The decision rules governing the sequential procedure presented in Annex 2 are extended to include a 5000 mg/kg dose level.
Thus, when a main study starting dose of 5000 mg/kg is used, outcome A (=2 deaths) will require the testing of a second
group at 2000 mg/kg; outcome B (evident toxicity and/or <1 death) or C (no toxicity) will result in the substance being
unclassified according to GHS. Similarly, if a starting dose other than 5000 mg/kg is used then testing will progress to 5000
mg/kg in the event of outcome C at 2000 mg/kg; a subsequent 5000 mg/kg outcome A will result in the substance being
assigned to GHS Category 5 and outcomes B or C will lead to the substance being unclassified.
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B.1 tris. ACUTE ORAL TOXICITY - ACUTE TOXIC CLASS METHOD

1. METHOD

This test method is equivalent to OECD TG 423 (2001)

1.1 INTRODUCTION

The acute toxic class method (1) set out in this test is a stepwise procedure with the use of 3 animals of a single
sex per step. Depending on the mortality and/or the moribund status of the animals, on average 2-4 steps may be
necessary to allow judgement on the acute toxicity of the test substance. This procedure is reproducible, uses
very few animals and is able to rank substances in a similar manner to the other acute toxicity testing methods.
The acute toxic class method is based on biometric evaluations (2)(3)(4)(5) with fixed doses, adequately
separated to enable a substance to be ranked for classification purposes and hazard assessment. The method as
adopted in 1996 was extensively validated in vivo against LDsg data obtained from the literature, both nationally
(6) and internationally (7).

Guidance on the selection of the most appropriate test method for a given purpose can be found in the Guidance
Document on Acute Oral Toxicity Testing (8). This Guidance Document also contains additional information
on the conduct and interpretation of testing method B. I tris.

Test substances, at doses that are known to cause marked pain and distress due to corrosive or severely irritant
actions, need not be administered. Moribund animals, or animals obviously in pain or showing signs of severe
and enduring distress shall be humanely killed, and are considered in the interpretation of the test results in the
same way as animals that died on test. Criteria for making the decision to kill moribund or severely suffering
animals, and guidance on the recognition of predictable or impending death, are the subject of a separate
Guidance Document (9).

The method uses pre-defined doses and the results allow a substance to be ranked and classified according to
the Globally Harmonised System for the classification of chemicals which cause acute toxicity (10).

In principle, the method is not intended to allow the calculation of a precise LDsq, but does allow for the
determination of defined exposure ranges where lethality is expected since death of a proportion of the animals
is still the major endpoint of this test. The method allows for the determination of an LDsy value only when at
least two doses result in mortality higher than 0% and lower than 100%. The use of a selection of pre-defined
doses, regardless of test substance, with classification explicitly tied to number of animals observed in ditferent
states improves the opportunity for laboratory to laboratory reporting consistency and repeatability.

The testing laboratory should consider all available information on the test substance prior to conducting the
study. Such information will include the identity and chemical structure of the substance; its physico-chemical
properties; the result of any other in vivo or in vitro toxicity tests on the substance; toxicological data on the
structurally related substances; and the anticipated use(s) of the substance. This information is necessary to
satisfy all concerned that the test is relevant for the protection of human health and will help in the selection of
the most appropriate starting dose.
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1.2 DEFINITIONS

Acute oral toxicity: refers to those adverse effects occurring following oral administration of a single dose of a
substance or multiple doses given within 24 hours.

Delayed death: means that an animal does not die or appear moribund within 48 hours but dies later during the
14-day observation period.

Dose: is the amount of test substance administered. Dose is expressed as weight of test substance per unit
weight of test animal (e.g. mg/kg).

GHS: Globally Harmonised Classification System for Chemical Substances and Mixtures, A joint activity of
OECD (human health and the environment), UN Committee of Experts on Transport of Dangerous Goods
(physical-chemical properties) and ILO (hazard communication) and co-ordinated by the Interorganisation
Programme for the Sound Management of Chemicals (IOMC).

Impending death: when moribund state or death is expected prior to the next planned time of observation.
Signs indicative of this state in rodents could include convulsions, lateral position, recumbence, and tremor (See
the Humane Endpoint Guidance Document (9) for more details).

L.Dsy (median lethal oral dose): is a statistically derived single dose of a substance that can be expected to
cause death in 50 per cent of animals when administered by the oral route. The LDsq value is expressed in terms
of weight of test substance per unit weight of test animal (mg/kg).

Limit dose: refers to a dose at an upper limitation on testing (2000 or 5000 mg/kg).

Moribund status: being in a state of dying or inability to survive, even if treated (See the Humane Endpoint
Guidance Document (9) for more details).

Predictable death: presence of clinical signs indicative of death at a known time in the future before the
planned end of the experiment; for example: inability to reach water or food. (See the Humane Endpoint
Guidance Document (9) for more details).

1.3 PRINCIPLE OF THE TEST

It is the principle of the test that, based on a stepwise procedure with the use of a minimum number of animals
per step, sufficient information is obtained on the acute toxicity of the test substance to enable its classification.
The substance is administered orally to a group of experimental animals at one of the defined doses. The
substance is tested using a stepwise procedure, each step using three animals of a single sex (normally females).
Absence or presence of compound-related mortality of the animals dosed at one step will determine the next
step, 1.e.;

— no further testing is needed,
— dosing of three additional animals, with the same dose
— dosing of three additional animals at the next higher or the next lower dose level.

Details of the test procedure are described in Annex 1. The method will enable a judgement with respect to
classitying the test substance to one of a series of toxicity classes defined by fixed LDs; cut-off values.
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1.4 DESCRIPTION OF THE METHOD
1.4.1 Selection of animal species

The preferred rodent species is the rat, although other rodent species may be used. Normally females are used
(9). This is because literature surveys of conventional LDs tests show that, although there is little difference in
sensitivity between the sexes, in those cases where differences are observed females are generally slightly more
sensitive (11). However if knowledge of the toxicological or toxicokinetic properties of structurally related
chemicals indicates that males are likely to be more sensitive, then this sex should be used. When the test is
conducted in males adequate justification should be provided.

Healthy young adult animals of commonly used laboratory strains should be employed. Females should be
nulliparous and non-pregnant. Each animal, at the commencement of its dosing, should be between 8 and 12
weeks old and its weight should fall in an interval within + 20% of the mean weight of any previously dosed
animals.

1.42 Housing and feeding conditions

The temperature in the experimental animal room should be 22°C (£ 3°C). Although the relative humidity
should be at least 30% and preferably not exceed 70% other than during room cleaning the aim should be 50-
60%. Lighting should be artificial, the sequence being 12 hours light, 12 hours dark. For feeding, conventional
laboratory diets may be used with an unlimited supply of drinking water. Animals may be group-caged by dose,
but the number of animals per cage must not interfere with clear observations of each animal.

1.4.3 Preparation of animals

The animals are randomly selected, marked to permit individual identification, and kept in their cages for at
least 5 days prior to dosing to allow for acclimatisation to the laboratory conditions.

1.44 Preparation of doses

In general test substances should be administered in a constant volume over the range of doses to be tested by
varying the concentration of the dosing preparation. Where a liquid end product or mixture is to be tested
however, the use of the undiluted test substance, i.e. at a constant concentration, may be more relevant to the
subsequent risk assessment of that substance, and is a requirement of some regulatory authorities. In either case,
the maximum dose volume for administration must not be exceeded. The maximum volume of liquid that can
be administered at one time depends on the size of the test animal. In rodents, the volume should not normally
exceed Iml/100g of body weight: however in the case of aqueous solutions 2 ml/100g body weight can be
considered. With respect to the formulation of the dosing preparation, the use of an aqueous
solution/suspension/emulsion is recommended wherever possible, followed in order of preference by a
solution/suspension/emulsion in oil (e.g. corn oil) and then possibly solution in other vehicles. For vehicles
other than water the toxicological characteristics of the vehicle should be known. Doses must be prepared
shortly prior to administration unless the stability of the preparation over the period during which it will be used
is known and shown to be acceptable.

1.5 PROCEDURE
1.5.1 Administration of doses
The test substance is administered in a single dose by gavage using a stomach tube or a suitable intubation

canula. In the unusual circumstance that a single dose is not possible, the dose may be given in smaller fractions
over a period not exceeding 24 hours.
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Animals should be fasted prior to dosing (e.g. with the rat, food but not water should be withheld over-night,
with the mouse, food but not water should be withheld for 3-4 hours). Following the period of fasting, the
animals should be weighed and the test substance administered. After the substance has been administered, food
may be withheld for a further 3-4 hours in rats or 1-2 hours in mice. Where a dose is administered in fractions
over a period it may be necessary to provide the animals with food and water depending on the length of the
period.

1.5.2 Number of animals and dose levels

Three animals are used for each step. The dose level to be used as the starting dose is selected from one of four
fixed levels, 5, 50, 300 and 2000 mg/kg body weight. The starting dose level should be that which is most likely
to produce mortality in some of the dosed animals. The flow charts of Annex | describe the procedure that
should be followed for each of the starting doses. In addition, Annex 4 gives guidance on the classification in
the EU system until the new GHS is implemented.

When available information suggests that mortality is unlikely at the highest starting dose level (2000 mg/kg
body weight), then a limit test should be conducted. When there is no information on a substance to be tested,
for animal welfare reasons it is recommended to use the starting dose of 300 mg/kg body weight.

The time interval between treatment groups is determined by the onset, duration, and severity of toxic signs.
Treatment of animals at the next dose, should be delayed until one is confident of survival of the previously
dosed animals.

Exceptionally, and only when justified by specific regulatory needs, the use of additional upper dose level of
5000 mg/kg body weight may be considered (see Annex 2). For reasons of animal welfare concern, testing of
animals in GHS Category 5 ranges (2000-5000 mg/kg) is discouraged and should only be considered when
there is a strong likelihood that the results of such a test would have a direct relevance for protecting human or
animal health or the environment.

1.5.3 Limit test

The limit test is primarily used in situations where the experimenter has information indicating that the test
material is likely to be nontoxic, i.e., having toxicity only above regulatory limit doses. Information about the
toxicity of the test material can be gained from knowledge about similar tested compounds or similar tested
mixtures or products, taking into consideration the identity and percentage of components known to be of
toxicological significance. In those situations where there is little or no information about its toxicity, or in
which the test material is expected to be toxic, the main test should be performed.

A limit test at one dose level of 2000 mg/kg body weight may be carried out with six animals (three animals per
step). Exceptionally a limit test at one dose level of 5000 mg/kg may be carried out with three animals (see
Annex 2). If test substance-related mortality is produced, further testing at the next lower level may need to be
carried out.

1.6 OBSERVATIONS

Animals are observed individually after dosing at least once during the first 30 minutes, periodically during the
first 24 hours, with special attention given during the first 4 hours, and daily thereafter, for a total of 14 days,
except where they need to be removed from the study and humanely killed for animal welfare reasons or are
found dead. However, the duration of observation should not be fixed rigidly. It should be determined by the
toxic reactions, time of onset and length of recovery period, and may thus be extended when considered
necessary. The times at which signs of toxicity appear and disappear are important, especially if there is a
tendency for toxic signs to be delayed (12). All observations are systematically recorded with individual records
being maintained for each animal.
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Additional observations will be necessary if the animals continue to display signs of toxicity. Observations
should include changes in skin and fur, eyes and mucous membranes, and also respiratory, circulatory,
autonomic and central nervous systems, and somatomotor activity and behaviour pattern. Attention should be
directed to observations of tremors, convulsions, salivation, diarrhoea, lethargy, sleep and coma. The principles
and criteria summarised in the Humane Endpoints Guidance Document (9) should be taken into consideration.
Animals found in a moribund condition and animals showing severe pain or enduring signs of severe distress
should be humanely killed. When animals are killed for humane reasons or found dead, the time of death should
be recorded as precisely as possible.

1.6.1 Body weight
Individual weights of animals should be determined shortly before the test substance is administered, and at
least weekly thereafter. Weight changes should be calculated and recorded. At the end of the test surviving
animals are weighed and humanely killed.

1.6.2 Pathology
All test animals (including those that die during the test or are removed from the study for animal welfare
reasons) should be subjected to gross necropsy. All gross pathological changes should be recorded for each

animal. Microscopic examination of organs showing evidence of gross pathology in animals surviving 24 or
more hours may also be considered because it may yield useful information.

2. DATA
Individual animal data should be provided. Additionally, all data should be summarised in tabular form,
showing for each test group the number of animals used, the number of animals displaying signs of toxicity, the

number of animals found dead during the test or killed for humane reasons, time of death of individual animals,
a description and the time course of toxic effects and reversibility, and necropsy findings.

3. REPORTING
3.1 Test report
The test report must include the following information, as appropriate:
Test substance:

— physical nature, purity, and, where relevant, physico-chemical properties (including isomerisation);
— identification data, including CAS number.

Vehicle (if appropriate):

— justification for choice of vehicle, it other than water.

Test animals:

— species/strain used;

— microbiological status of the animals, when known;

— number, age, and sex of animals (including, where appropriate, a rationale for the use of males instead

of females);
— source, housing conditions, diet etc.;
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Test conditions:

— details of test substance formulation including details of the physical form of the material
administered;

— details of the administration of the test substance including dosing volumes and time of dosing;

— details of food and water quality (including diet type/source, water source);

— the rationale for the selection of the starting dose.

Results:

— tabulation of response data and dose level for each animal (i.e. animals showing signs of toxicity
including mortality; nature, severity, and duration of effects);

— tabulation of body weight and body weight changes;

— individual weights of animals at the day of dosing, in weekly intervals thereafter, and at the time of
death or sacrifice

— date and time of death if prior to scheduled sacrifice

— time course of onset of signs of toxicity, and whether these were reversible for each animal;

— necropsy findings and histopathological findings for each animal, if available.

Discussion and interpretation of results.

Conclusions,
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ANNEX 1

PROCEDURE TO BE FOLLOWED FOR EACH OF THE STARTING DOSES

GLENERAL REMARKS

For each starting dose, the respective testing schemes as included in this Annex outline the procedure to be followed.

— Annex | a: Starting dose is 5 mg/kg bw

— Annex | b: Starting dose is 50 mg/kg bw
— Annex | c: Starting dose is: 300 mg/kg bw
— Annex | d: Starting dose is: 2000 mg/kg bw

Depending on the number of humanely killed or dead animals, the test procedure follows the indicated arrows.



L 152/178

Official Journal of the European Union

EN

30.4.2004

7 Xauuy 23s r*m°q §y/8w o00¢ v Sunsay,
payjIsse[oun ix

(*m°q Sy/3w) WLISAS UOTIRDIISSR[) pasiucuLey A[[eqo[D) :SHD -
days yora 1B S[RWIUR PRIP 1O punqgLIow Jo Jaquiny :¢ ‘z ‘1 ‘0 -

pasn aJe (so[eurd) A[RULIOU) Xas J[SUIs ¥ JO S[RWIUER ¢

dars 1od -

@ 0008 00T 000z 0001 00§ 00¢ 00T 0s (3 ¢
+ + + + A A A 4 AA
0 I [4 £
o 0005 - 000T < 000T - 60¢€ < 00€ - 05 < 0§ -§< §-0<
¢ Ar0dae) p L1033)e) ¢ L1033)e) T A103ae) 1 L108a38)
A % A % A % A
s[eaarue ¢ sjeurtue ¢ sjewue ¢ BUuue ¢
By/3w p00T By/3w gog 3y/3ur g mm\me S
s[ewItue ¢ sjpuue ¢ e S[PWIUR € |og s[RWIIUR ¢
3y/3ur 000T /Bt 00¢ /3w g 3y/3urg

LHOTIM AdOI OMN/HDN € 10 HSOA ONILLAVLS V HLIM HdNdADIO0Ud LSHL

V I XUNNV

moq By/Bw
Ho-mod *qT

SHD



L 152/179

Official Journal of the European Union

EN

30.4.2004

7 Xauuy 23s r*m°q §y/8w o00¢ v Sunsay,

PRUISSB[OUN ik

(*m°q Sy/3w) WLISAS UOTIRDIISSR[) pasiucuLey A[[eqo[D) :SHD
days yora 1B S[RWIUR PRIP 1O punqgLIow Jo Jaquiny :¢ ‘z ‘1 ‘0
pasn are (saewa) A[euLiou) xas 9[3uls € Jo sjeunue ¢ doys sod

@® 0008 00sT 000T 0001 00¢ 00¢ 00¢ 0s 0t Y4 S
¥ ¥ £ f f g% 1t
0 I 4 € G
12410 e (05 1®) ¢
_ _
]
oo 0005 - 0007 < 0007 - 00€ < 00¢€ - 05 < 0s-s< §-9<
s L103ae) ¢ L103aje) ¢ L1o3ae) 7 Kio3ae) { 108918
y A A

ik

sjewue ¢
/3w (007

S[PLIUR ¢

y/Bur og

¢

sjeulue ¢ Ly
/8w (00T

N

Jy

11

sppwue ¢
B (og

S|ewIue ¢ SJRWIUE ¢
3y/3w (¢ 3y/8w ¢
S[pwiue ¢ S[pwiue ¢
By/8ur og p| B¢

<>

LHOTHM AdO4d DN/DN 0€ A0 HSOA ONILIAV.LS V HLIM HINAUDOUd LSHL

q 1 XHUNNV

Mg 8y/Bw
Jjo-md %5y

SID



L 152/180

Official Journal of the European Union

EN

30.4.2004

7 Xauuy 29s :'m'q Iy/Sw oS w Sunso], -

PalISSB[OUN 130 -

(*mq Sy/3w) WeIsAS UOTIRDYISSE]) pasiuouliey A[[eqo[D) :SHD -

days yora 1B S[RWIUR PRIP 1O punqgLIow Jo Jaquiny :¢ ‘z ‘1 ‘0 -
pasn are (saewa) A[euLiou) xas 9[3uls € Jo sjeunue ¢ doys sod -

@ 000s 00sT 000T 0001 00§ 00€ 00¢ 0s 0g 4 S
T T LI T f £ 1T
0 [ [4 £ ass [ e aas 1
| | 12110 (0og 1) ¢ 1y1o e (0S 1®) ¢
_ _ [ _ _
I ]
00 0005 - 0007 < 0007 - 00¢ < 00€ - 05 < 05 -8 < £-0<
S Arodare) y L103ae) ¢ K1odae)H 7 A¥08918) i £108a1e)
4 A
SjeuLue ¢ S[eWuE ¢ s[euue ¢ S{RWIIUE ¢
Fy/3w pooz Sy/Bw gog 3y/sur g 3y/3wr g
Iv ™.
sjewiue ¢ | s[ewiiue ¢ S[pwiue ¢ S[pwiue ¢
/8w 000z /Bw gog p| BBwos p| HBuwg

LHOIHM AdO4d DM/DN 00€ 10 ASOU ONLLIVLS V HLIM HINAAD0Ud LSHL
D 1T XUNNY

Mg 8y/Bw
Jjo-md %5y

SID



L 152/181

Official Journal of the European Union

EN

30.4.2004

7 Xauuy 29s 'm'q Sy/3uw 0s 1w Sunsa,

PaYISSE[OUn 1o

(*m°q Sy/3w) WLISAS UOTIRDIISSR[) pasiucuLey A[[eqo[D) :SHD -
days yora 1B S[RWIUR PRIP 1O punqgLIow Jo Jaquiny :¢ ‘z ‘1 ‘0 -
pasn are (saewa) A[euLiou) xas 9[3uls € Jo sjeunue ¢ doys sod -

w® 0008 00s¢T 000T 0001 00S 00g 00¢ 0s 3 Y4 g
A A ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ A A
days (e Jdais (T Ie dais (T I® days (1
0 : Lo | 000z 1) 2000z 1) ¢ | By (00g 1®) € 1ay1o e (OS 1®) ¢
_ _ _ [ [ _ [ _ _
] ] ]
0 000¢ - 0007 < 000T - 00€ < 00¢€ - 05 < 05§ < §-0<
< Lwdae) ¢ Lwdae) £ A103a18) 7 L1wdare) I A103918)

-0 e

e

09

7]

S[BLUIUR €
/8w o0z

S[RWITUR ¢
y/Bw gog

S[ewIue ¢
/8w (00T

&

sppwue ¢
p  SBw 0

S[euIrue ¢ SjewIiue ¢
3y/3w oS 8y/8w ¢

> v > " v
S[pwiue ¢ S[pwiue ¢

p  BBwos p| DyBwg

LHOTHM AdOd DM/DN 000T 10 ASOd ONLLIV.LS V HLIM HINAAD0dd LSHL

a1 XUNNV

moq By/Bw
Jjo-md %5y

SHD



30.4.2004 Official Journal of the European Union L 152/182

ANNEX 2

CRITERIA FFOR CLASSIFICATION OF TEST SUBSTANCES WITH EXPECTED LDs, VALUES EXCEEDING
2000 MG/KG WITHOUT THE NEED FOR TESTING

Criteria for hazard Category 5 are intended to enable the identification of test substances which are of relatively low acute
toxicity hazard but which, under certain circumstances may present a danger to vulnerable populations. These substances are
anticipated to have an oral or dermal LDsq in the range of 2000-5000 mg/kg or equivalent doses for other routes. The test
substance should be classified in the hazard category defined by: 2000mg/kg < LDsy < 5000mg/kg (Category 5 in the GHS) in
the following cases:

a) If directed to this category by any of the testing schemes of Annex la-1d , based on mortality incidences;

b) if reliable evidence is already available that indicates the LDs; to be in the range of Category 5 values; or other
animal studies or toxic effects in humans indicate a concern for human health of an acute nature.

¢) through extrapolation, estimation or measurement of data if assignment to a more hazardous class is not
warranted, and

— reliable information is available indicating significant toxic effects in humans, or

— any mortality is observed when tested up to Category 4 values by the oral route, or

—  where expert judgement confirms significant clinical signs of toxicity, when tested up to Category 4
values, except for diarrhoea, piloerection or an ungroomed appearance, or

— where expert judgement confirms reliable information indicating the potential for significant acute
effects from the other animal studies.

TESTING AT DOSES ABOVE 2000 MG/KG

Recognising the need to protect animal welfare, testing of animals in Category 5 (5000 mg/kg) ranges is discouraged and
should only be considered when there is a strong likelihood that results of such a test have a direct relevance for protecting
human or animal health (10). No further testing should be conducted at higher dose levels.

When testing is required a dose of 5000mg/kg, only one step (i.e. three animals) is required. If the first animal dosed dies, then
dosing proceeds at 2000mg/kg in accordance with the flow charts in Annex 1. If the first animal survives, two further animals
are dosed. If only one of the three animals dies, the LDsy value is expected to exceed 5000mg/kg. If both animals die, then
dosing proceeds at 2000mg/kg.
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ANNEX 3
TEST METHOD B.1 tris: Guidance on classififcation according to EU scheme to cover the transition period
until full implementation of the Globally Harmonised Classification System (GHS) (taken from reference (8))

o>

5 mg/kg 50 mg/kg 300 mg/kg 2000 mg/kg
3 animals P 3 animals 3 animals 3 animals
5 mg/kg 50 mg/kg 300 mg/kg 2000 mg/kg
3 animals 3 animals 3 animals 3 animals
4 A 4 A l '
Category 1 Category 2 Category 3 Category 4 Category 5
GHS >0-5 > 5- 50 > 50 - 300 > 300 - 2000 > 2000 - 5000
!J_\
3 2 1 0
A A A A 4 A 4 v + + v + +
LDso cut-off 5 25 30 50 200 300 500 1000 2000 2500 5000 o
mg/kg b, w,
A A A A 4 A 4 A 4 v A v ¢ v
EU/chemicals Liquid 25 200 2000 o0
pesticides
1 | | | | | | | | |
LU solid pesticides 5 500 o0
L1 | I I I I | I I I
UN liquids 5 50 500 [vel
1 | | | | | | | | |
UN solids 5 50 200 o0
L1 | I I I I | I I I
Swirzerland 5 50 500 2000 | 5000 | ©
1 | | | | | | | | |
US TPA erk 25 o
L1 | I I I I | I I I
Japan PDSCA 30 300 [¥e]
1 | | | | | | | | |
Canada/WHMIS/US OSHTA 50 500 0
L1 | I I I I | I I I
US EPA pesticides 50 500 5000 [}
1 | | | | | | | | |
US CPSC 50 5000 w0
L1 | I I I I | I I I
Canada pesticides 50 500 1000 2000 o0
- per step 3 animals of a single sex (normally female) are used - 20: unclassified
-0, 1, 2, 3: Number of moribund or dead animals at cach step - GHS: Globally Harmonised Classification System (mg/kg b.w.)
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ANNEX 3 (CONTINUED 1)
TEST METHOD B.1 tris: Guidance on classififcation according to EU scheme to cover the transition period
until full implementation of the Globally Harmonised Classification System (GHS) (taken from reference (8))
5 mg/kg < 50 mg/kg 300 mg/kg 2000 mg/kg
Janimals | 3 animals P 3 animals 3 animals
5 mg/kg 50 mg/kg 300 mg/kg 2000 mg/kg
3 animals 3 animals 3 animals 3 animals
% l y A 1 '
Category 1 Category 2 Category 3 Category 4 Category 5
GHS >0-5 > 5- 50 > 50 - 300 > 300 - 2000 > 2000 - 5000
| L
I |
3% (at 50) other
3 2 1 0
Woov U T S i 2R A !
LD;}: CE"““ 5 25 30 50 200 300 500 1000 2000 2500 5000 ©
MYE/KE D.w,
A A v v v v v A v ¢ v
EU/chemicals Liquid 25 200 2000 o0
pesticides
1 | | | | | | | | |
LU solid pesticides 5 500 o0
I1 | | | | | | | | |
UN liquids 5 50 500 [vel
1 | | | | | | | | |
UN solids 5 50 200 o0
I1 | | | | | | | | |
Switzerland 5 50 500 2000 | 5000 | 0
1 | | | | | | | | |
US TiPA crk 25 "
I1 | | | | | | | | |
Japan PDSCA 30 300 o0
1 | | | | | | | | |
Canada/WEHTMIS/US OSIIA 50 500 ©
I1 | | | | | | | | |
US EPA pesticides 50 500 5000 [}
1 | | | | | | | | |
US CPSC 50 5000 w0
I1 | | | | | | | | |
Canada pesticides 50 500 1000 2000 o0
- per step 3 animals of a single sex (normally female) are used - 20: unclassified
-0, 1,2, 3: Number of moribund or dead animals at cach step - *:at first step
- GIIS: Globally Harmonised Classification Svstem (ma/ke bow.)
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ANNEX 3 (CONTINUED 2)
TEST METHOD B.1 tris: Guidance on classififcation according to EU scheme to cover the transition period
until full implementation of the Globally Harmonised Classification System (GHS) (taken from reference (8))

>

Smgkg [® S0 mgkg [® 300 mg/ke 2000 mg/kg
3 animals 3 animals 3 animals 3 animals
é (i ; * ﬁg (;i) é (Zi)
5 mg/kg 50 mg/kg 300 mg/kg 2000 mg/kg
3 animals 3 animals 3 animals 3 animals
Category 1 Category 2 Category 3 Category 4 Category 5
GHS >0-5 > 5- 50 > 50 - 300 > 300 - 2000 > 2000 - 5000
| i | I—
I | I |
3% (at 50) other 3% (at 300) other | |
3 2 1 0
7SR R T 2 s i S s ;
LDy cut-off 5 25 30 50 200 300 500 1000 2000 2500 5000 o
mg/kg b, w,
A A A 4 A 4 A 4 A 4 A 4 A A 4 ¢ A 4
EU/chemicals Liquid 25 200 2000 o0
pesticides
1 I I I I I I I I I
LU solid pesticides 5 500 o0
I1 | | | | | | | | |
UN liquids 5 50 500 [vel
1 I I I I I I I I I
UN solids 5 50 200 o0
I1 | | | | | | | | |
Switzerland 5 50 500 2000 | 5000 | o0
1 I I I I I I I I I
US TiPA crk 25 o
I1 | | | | | | | | |
Japan PDSCA 30 300 [¢0]
1 I I I I I I I I I
Canada/WEHMIS/US OSITA 50 500 o0
I1 | | | | | | | | |
US EPA pesticides 50 500 5000 o0
1 I I I I I I I I I
US CPSC 50 5000 w0
I1 | | | | | | | | |
Canada pesticides 50 500 1000 2000 o0
- per step 3 animals of a single sex (normally female) are used - 20: unclassified
-0, 1,2, 3: Number of moribund or dead animals at cach step - *:at first step
- GIIS: Globally Harmonised Classification Svstem (ma/kg bow.)
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ANNEX 3 (CONTINUED 3)
TEST METHOD B.1 tris: Guidance on classififcation according to EU scheme to cover the transition period
until full implementation of the Globally Harmonised Classification System (GHS) (taken from reference (8))

o>

Smgkg [® S0 mg/kg € 300 mg/kg [ 2000 mg/kg
3 animals 3 animals 3 animals 3 animals
< [
5 mg/kg 50 mg/kg 300 mg/kg 2000 mg/kg
3 animals 3 animals 3 animals 3 animals
%g@%g@ 4& gg 3
A
Category 1 Category 2 Category 3 Category 4 Category 5 o0
GHS >0-5 > 5- 50 > 50 - 300 > 300 - 2000 > 20090 - 5000
| [ [ | |
I | I | I I |
3% other 3% other 3% 2% other 1 0
(at 50) (at 300) (at 2000) | (at 2000)
A A I I I I I I I v v
LDy cut-off 5 25 30 50 200 300 500 1000 2000 2500 5000 0
mg/kg b, w,
A A A 4 A 4 A 4 A 4 A 4 A 4 A 4 I A 4
EU/chemicals Liquid 25 200 2000 o0
pesticides
1 I I I I I I I I I
LU solid pesticides 5 500 o0
I1 | | | | | | | | |
UN liquids 5 50 500 [vel
1 I I I I I I I I I
UN solids 5 50 200 o0
I1 | | | | | | | | |
Switzerland 5 50 500 2000 | 5000 | o0
1 I I I I I I I I I
US TiPA crk 25 o
I1 | | | | | | | | |
Japan PDSCA 30 300 [¢0]
1 I I I I I I I I I
Canada/WEHMIS/US OSITA 50 500 o0
I1 | | | | | | | | |
US EPA pesticides 50 500 5000 o0
1 I I I I I I I I I
US CPSC 50 5000 w0
I1 | | | | | | | | |
Canada pesticides 50 500 1000 2000 o0
- per step 3 animals of a single sex (normally female) are used - 20: unclassified
-0, 1,2, 3: Number of moribund or dead animals at cach step - *:at first step
- GIIS: Globally Harmonised Classification Svstem (ma/kg bow.)
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ANNEX 2D
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B. 4. ACUTE TOXICITY: DERMAL IRRITATION/CORROSION

1. METHOD

This method is equivalent to the OECD TG 404 (2002).

1.1 INTRODUCTION

In the preparation of this updated method special attention was given to possible improvements in relation to
animal welfare concerns and to the evaluation of all existing information on the test substance in order to avoid
unnecessary testing in laboratory animals. This method includes the recommendation that prior to undertaking
the described in vivo test for corrosion/irritation of the substance, a weight-of-the-evidence analysis be
performed on the existing relevant data. Where insuftficient data are available, they can be developed through
application of sequential testing (1). The testing strategy includes the performance of validated and accepted in
vitro tests and is provided as an Annex to this method. In addition, where appropriate, the successive, instead of
simultaneous, application of the three test patches to the animal in the initial in vivo test is recommended.

In the interest of both sound science and animal welfare, in vivo testing should not be undertaken until all
available data relevant to the potential dermal corrosivity/irritation of the substance have been evaluated in a
weight-of-the-evidence analysis. Such data will include evidence from existing studies in humans and/or
laboratory animals, evidence of corrosivity/irritation of one or more structurally related substances or mixtures
of such substances, data demonstrating strong acidity or alkalinity of the substance (2)(3), and results from
validated and accepted in vitro or ex vivo tests (4)(5)(5a). This analysis should decrease the need for in vivo
testing for dermal corrosivity/irritation of substances for which sufficient evidence already exists from other
studies as to those two endpoints.

A preferred sequential testing strategy, which includes the performance of validated and accepted in vitro or ex
vivo tests for corrosion/irritation, is included as an Annex to this Method. The strategy was developed at, and
unanimously recommended by the participants of, an OECD workshop (6), and has been adopted as the
recommended testing strategy in the Globally Harmonised System for the Classification of Chemical
Substances (GHS) (7). It is recommended that this testing strategy be followed prior to undertaking in vivo
testing. For new substances it is the recommended stepwise testing approach for developing scientifically sound
data on the corrosivity/irritation of the substance. For existing substances with insufficient data on dermal
corrosion/irritation, the strategy should be used to fill missing data gaps. The use of a different testing strategy
or procedure, or a decision not to use a stepwise testing approach, should be justified.

If a determination of corrosivity or irritation cannot be made using a weight-of-the-evidence analysis, consistent
with the sequential testing strategy, an in vive test should be considered (see Annex).

1.2 DEFINITIONS

Dermal irritation: is the production of reversible damage of the skin following the application of a test
substance for up to 4 hours.

Dermal corrosion: is the production of irreversible damage of the skin; namely, visible necrosis through the
epidermis and into the dermis, following the application of a test substance for up to four hours. Corrosive
reactions are typified by ulcers, bleeding, bloody scabs, and, by the end of observation at 14 days, by
discoloration due to blanching of the skin, complete areas of alopecia, and scars. Histopathology should be
considered to evaluate questionable lesions.
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1.3 PRINCIPLE OF THE TEST METHOD

The substance to be tested is applied in a single dose to the skin of an experimental animal; untreated skin areas
of the test animal serve as the control. The degree of irritation/corrosion is read and scored at specified intervals
and is further described in order to provide a complete evaluation of the effects. The duration of the study
should be sufficient to evaluate the reversibility or irreversibility of the effects observed.

Animals showing continuing signs of severe distress and/or pain at any stage of the test should be humanely
killed, and the substance assessed accordingly. Criteria for making the decision to humanely kill moribund and
severely suffering animals can be found in reference (8).

1.4 DESCRIPTION OF THE TEST METHOD
1.4.1 Preparation for the in vivo test
1.4.1.1 Selection of animal species

The albino rabbit is the preferable laboratory animal, and healthy young adult rabbits are used. A rationale for
using other species should be provided.

1.4.1.2 Preparation of the animals

Approximately 24 hours before the test, fur should be removed by closely clipping the dorsal area of the trunk
of the animals. Care should be taken to avoid abrading the skin, and only animals with healthy, intact skin
should be used.

Some strains of rabbit have dense patches of hair that are more prominent at certain times of the year. Such
areas of dense hair growth should not be used as test sites.

1.4.1.3 Housing and feeding conditions

Animals should be individually housed. The temperature of the experimental animal room should be 20°C (£
3°C) for rabbits. Although the relative humidity should be at least 30% and preferably not exceed 70%, other
than during room cleaning, the aim should be 50-60%. Lighting should be artificial, the sequence being 12
hours light, 12 hours dark. For feeding, conventional laboratory diets may be used with an unrestricted supply
of drinking water.

1.4.2 Test procedure
1.4.2.1 Application of the test substance

The test substance should be applied to a small area (approximately 6 em?) of skin and covered with a gauze
patch, which is held in place with non-irritating tape. In cases in which direct application is not possible (e.g.,
liquids or some pastes), the test substance should first be applied to the gauze patch, which is then applied to the
skin. The patch should be loosely held in contact with the skin by means of a suitable semi-occlusive dressing
for the duration of the exposure period. If the test substance is applied to the patch, it should be attached to the
skin in such a manner that there is good contact and uniform distribution of the substance on the skin. Access by
the animal to the patch and ingestion or inhalation of the test substance should be prevented.

Liquid test substances are generally used undiluted. When testing solids (which may be pulverised, if
considered necessary), the test substance should be moistened with the smallest amount of water (or, where
necessary, of another suitable vehicle) sufficient to ensure good skin contact. When vehicles other than water
are used, the potential influence of the vehicle on irritation of the skin by the test substance should be minimal,
if any.

At the end of the exposure period, which is normally 4 hours, residual test substance should be removed, where
practicable, using water or an appropriate solvent without altering the existing response or the integrity of the
epidermis.
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1.42.2 Dose level
A dose of 0.5 ml. of liquid or 0.5 g of solid or paste is applied to the test site.
1.4.2.3 Initial test (In vivo dermal irritation/corrosion test using one animal)

It is strongly recommended that the /n vivo test be performed initially using one animal, especially when the
substance is suspected to have corrosion potential. This is in accordance with the sequential testing strategy (see
Annex 1),

When a substance has been judged to be corrosive on the basis of a weight-of-the-evidence analysis, no further
animal testing is needed. For most substances suspected of being corrosive, further /n vivo testing is normally
not necessary. However, in those cases where additional data are felt warranted because of insufficient
evidence, limited animal testing may be carried out using the following approach: Up to three tests patches are
applied sequentially to the animal. The first patch is removed after three minutes. If no serious skin reaction is
observed, a second patch is applied and removed after one hour. If the observations at this stage indicate that
exposure can humanely be allowed to extend to four hours, a third patch is applied and removed after four
hours, and the response is graded.

If a corrosive effect is observed after any of the three sequential exposures, the test is immediately terminated. If
a corrosive effect is not observed after the last patch is removed, the animal is observed for 14 days, unless
corrosion develops at an earlier time point.

In those cases in which the test substance is not expected to produce corrosion but may be irritating, a single
patch should be applied to one animal for four hours.

1.42.4 Confirmatory test (In vivo dermal irritation test with additional animals)

If a corrosive etfect is not observed in the initial test, the irritant or negative response should be confirmed using
up to two additional animals, each with one patch, for an exposure period of four hours. If an irritant effect is
observed in the initial test, the confirmatory test may be conducted in a sequential manner, or by exposing two
additional animals simultaneously. In the exceptional case, in which the initial test is not conducted, two or
three animals may be treated with a single patch, which is removed after four hours. When two animals are
used, if both exhibit the same response, no further testing is needed. Otherwise, the third animal is also tested.
Equivocal responses may need to be evaluated using additional animals.

1.4.2.5 Observation period

The duration of the observation period should be sufficient to evaluate fully the reversibility of the effects
observed. However, the experiment should be terminated at any time that the animal shows continuing signs of
severe pain or distress. To determine the reversibility of etfects, the animals should be observed up to 14 days
after removal of the patches. If reversibility is seen before 14 days, the experiment should be terminated at that
time.
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1.4.2.6 Clinical observations and grading of skin reactions

All animals should be examined for signs of erythema and oedema, and the responses scored at 60 minutes, and
then at 24, 48 and 72 hours after patch removal. For the initial test in one animal, the test site is also examined
immediately after the patch has been removed. Dermal reactions are graded and recorded according to the
grades in the Table below. If there is damage to skin which cannot be identified as irritation or corrosion at 72
hours, observations may be needed until day 14 to determine the reversibility of the effects. In addition to the
observation of irritation, all local toxic effects, such as defatting of the skin, and any systemic adverse effects
(e.g., effects on clinical signs of toxicity and body weight), should be fully described and recorded.
Histopathological examination should be considered to clarify equivocal responses.

The grading of skin responses is necessarily subjective. To promote harmonisation in grading of skin response
and to assist testing laboratories and those involved in making and interpreting the observations, the personnel
performing the observations need to be adequately trained in the scoring system used (see Table below). An
illustrated guide for grading skin irritation and other lesions could be helpful (9).

2. DATA
2.1 PRESENTATION OF RESULTS

Study results should be summarised in tabular form in the final test report and should cover all items listed in
section 3.1,

22 EVALUATION OF RESULTS

The dermal irritation scores should be evaluated in conjunction with the nature and severity of lesions, and their
reversibility or lack of reversibility. The individual scores do not represent an absolute standard for the irritant
properties of a material, as other effects of the test material are also evaluated. Instead, individual scores should
be viewed as reference values, which need to be evaluated in combination with all other observations from the
study.

Reversibility of dermal lesions should be considered in evaluating irritant responses. When responses such as
alopecia (limited area), hyperkeratosis, hyperplasia and scaling, persist to the end of the 14-day observation
period, the test substance should be considered an irritant.
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3. REPORTING
3.1 TEST REPORT
The test report must include the following information:

Rationale for in vivo testing: weight-of-evidence analysis of pre-existing test data, including results from
sequential testing strategy:

— description of relevant data available from prior testing;

— data derived at each stage of testing strategy;

— description of in vitro tests performed, including details of procedures, results obtained
with test/reference substances;

— weight-of-the-evidence analysis for performing in vivo study.

Test substance:

— identification data (e.g., CAS number; source; purity; known impurities; lot number);
— physical nature and physicochemical properties (e.g. pH, volatility, solubility, stability);
— if mixture, composition and relative percentages of components.

Vehicle:

— identification, concentration (where appropriate), volume used;
— justification for choice of vehicle.

Test animals:

— species/strain used, rationale for using animals other than albino rabbit;
— number of animals of each sex;

— individual animal weights at start and conclusion of test;

— age at start of study;

— source of animals, housing conditions, diet, etc.

Test conditions:

— technique of patch site preparation;
— details of patch materials used and patching technique;
— details of test substance preparation, application, and removal.

Results:

— tabulation of irritation/corrosion response scores for each animal at all time points
measured;

— descriptions of all lesions observed;

— narrative description of nature and degree of irritation or corrosion observed, and any
histopathological findings;

— description of other adverse local (e.g., defatting of skin) and systemic effects in addition
to dermal irritation or corrosion.

Discussion of results
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TABLE I:GRADING OF SKIN REACTIONS

Erythema and Eschar Formation

INO BIYEIEITI ettt ettt et st et et s e e s et e b e e s se e sae e e s e e s se e smn e e s b e e sreesmn e e s e e sreesmnessneenreesaneens 0
Very slight erythema (barely perceptible) . 1
Well defined erythema .... 2
Moderate to severe erythema 3
Severe erythema (beet redness) to eschar formation preventing grading of erythema ... 4
Maximum possible: 4

Oedema Formation

NO OBARITIA oot e e s s s s e 0
Very slight oedema (barely PerceptiDle) ..o oo e e e e e e e s e e e e e e e e et e e e e eseeaneeeeeeseeaneeeneeeaneean 1
Slight oedema (edges of area well defined by definite raising) 2
Moderate oedema (raised approXimately T MITI) oottt ettt e e s s e saa e s re e smeeea 3
Severe oedema (raised more than | mm and extending beyond area Of €XPOSUIE) ..eeoieroieeoeriirriieeieeeeeere e eeeeeeeeee e eeeeas 4

Maximum possible: 4

Histopathological examination may be carried out to clarify equivocal responses.



30.4.2004 Official Journal of the European Union L 152/195

ANNEX

A Sequential Testing Strategy for Dermal Irritation and Corrosion

GENERAL CONSIDERATIONS

In the interest of sound science and animal welfare, it is important to avoid the unnecessary use of animals and to minimise
any testing that is likely to produce severe responses in animals. All information on a substance relevant to its potential skin
corrosivity/irritancy should be evaluated prior to considering in vive testing. Sufficient evidence may already exist to classify a
test substance as to its dermal corrosion or irritation potential without the need to conduct testing in laboratory animals.
Therefore, utilising a weight-of-the-evidence analysis and a sequential testing strategy, will minimise the need for in vivo
testing, especially if the substance is likely to produce severe reactions.

It is recommended that a weight-of-the-evidence analysis be used to evaluate existing information regarding the skin irritation
and corrosion of substances to determine whether additional studies, other than in vivo dermal studies, should be performed to
help characterise such potential. Where further studies are needed, it is recommended that the sequential testing strategy be
utilised to develop the relevant experimental data. For substances which have no testing history, the sequential testing strategy
should be utilised to develop the data set needed to evaluate its dermal corrosion/irritation potential. The testing strategy
described in this Annex was developed at an OECD workshop (1) and was later affirmed and expanded in the Harmonised
Integrated Hazard Classification System for Human Health and Environmental Effects of Chemical Substances, as endorsed
by the 28th Joint Meeting of the Chemicals Committee and the Working Party on Chemicals, in November 1998 (2).

Although this sequential testing strategy is not an integral part of testing method B.4, it expresses the recommended approach
for the determination of skin irritation/corrosion characteristics. This approach represents both best practice and an ethical
benchmark for in vivo testing for skin irritation/corrosion. The testing method provides guidance for the conduct of the in vivo
test and summarises the factors that should be addressed before initiating such a test. The strategy provides an approach for the
evaluation of existing data on the skin irritation/corrosion properties of test substances and a tiered approach for the generation
of relevant data on substances for which additional studies are needed, or for which no studies have been performed. It also
recommends the performance of validated and accepted in vitro or ex vivo tests for skin corrosion/irritation under specific
circumstances.

DESCRIPTION OF THE EVALUATION AND TESTING STRATEGY

Prior to undertaking tests as part of the sequential testing strategy (Figure), all available information should be evaluated to
determine the need for in vivo skin testing. Although significant information might be gained from the evaluation of single
parameters (e.g., extreme pH), the totality of existing information should be considered. All relevant data on the effects of the
substance in question, or its analogues, should be evaluated in making a weight-of-the-evidence decision, and a rationale for
the decision should be presented. Primary emphasis should be placed upon existing human and animal data on the substance,
followed by the outcome of in vitro or ex vivo testing. In vivo studies of corrosive substances should be avoided whenever
possible. The tactors considered in the testing strategy include:

Lvaluation of existing human and animal data (Step ). Existing human data, e.g. clinical or occupational studies and case
reports, and/or animal test data, e.g. from single or repeated dermal exposure toxicity studies, should be considered first,
because they provide information directly related to effects on the skin. Substances with known irritancy or corrosivity, and
those with clear evidence of non-corrosivity or non-irritancy, need not be tested in /n vivo studies.
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Analysis of structure activity relationships (SAR) (Step 2). The results of testing of structurally related substances should be
considered, if available. When sufficient human and/or animal data are available on structurally related substances or mixtures
of such substances to indicate their skin corrosion/irritancy potential, it can be presumed that the test substance being
evaluated will produce the same responses. In those cases, the test substance may not need to be tested. Negative data from
studies of structurally related substances or mixtures of such substances do not constitute sufficient evidence of non-
corrosivity/non-irritancy of a substance under the sequential testing strategy. Validated and accepted SAR approaches should
be used to identify both dermal corrosion and irritation potential.

Physicochemical properties and chemical reactivity (Step 3). Substances exhibiting pH extremes such as <2.0 and >11.5 may
have strong local effects. If extreme pH is the basis for identifying a substance as corrosive to skin, then its acid/alkali reserve
(or buffering capacity) may also be taken into consideration (3)(4). If the buffering capacity suggests that a substance may not
be corrosive to the skin, then further testing should be undertaken to confirm this, preferably by the use of a validated and
accepted in vitro or ex vivo test (see steps 5 and 6).

Dermal toxicity (Step 4). If a chemical has proven to be very toxic by the dermal route, an in vivo dermal irritation/corrosion
study may not be practicable because the amount of test substance normally applied could exceed the very toxic dose and,
consequently result in the death or severe suffering of the animals. In addition, when dermal toxicity studies utilising albino
rabbits have already been performed up to the limit dose level of 2000 mg/kg body weight or higher, and no dermal irritation
or corrosion has been seen, additional testing for skin irritation/corrosion may not be needed. A number of considerations
should be borne in mind when evaluating acute dermal toxicity in previously performed studies. For example, reported
information on dermal lesions may be incomplete. Testing and observations may have been made on a species other than the
rabbit, and species may differ widely in sensitivity of their responses. Also the form of test substance applied to animals may
not have been suitable for assessment of skin irritation/corrosion (e.g., dilution of substances for testing dermal toxicity (5).
However, in those cases in which well-designed and conducted dermal toxicity studies have been performed in rabbits,
negative findings may be considered sufficient evidence that the substance is not corrosive or irritating.

Results from in vitro or ex vivo tests (Steps 5 and 6). Substances that have demonstrated corrosive or severe irritant properties
in a validated and accepted in vitro or ex vivo test (6)(7) designed for the assessment of these specific effects, need not be
tested in animals. It can be presumed that such substances will produce similar severe effects in vivo.

In vivo test in rabbits (Steps 7 and 8). Should a weight-of the-evidence decision be made to conduct in vivo testing, it should
begin with an initial test using one animal, If the results of this test indicate the substance to be corrosive to the skin, further
testing should not be performed. If a corrosive effect is not observed in the initial test, the irritant or negative response should
be confirmed using up to two additional animals for an exposure period of four hours. If an irritant effect is observed in the
initial test, the confirmatory test may be conducted in a sequential manner, or by exposing the two additional animals
simultaneously.
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FIGURE
TESTING AND EVALUATION STRATEGY FOR DERMAL IRRITATION /CORROSION
Activity Finding Conclusion
1 | Existing human and/or animal data showing Corrosive Apical endpoint; considered
effects on skin or mucous membranes corrosive. No testing is
needed.

Irritating Apical endpoint; considered
to be an irritant. No testing is
needed.

Not corrosive/not irritating Apical endpoint; considered
not corrosive or irritating. No
testing required.

{
No information available, or available
information is not conclusive
{
2 | Perform SAR evaluation for skin Predict severe damage to skin Considered corrosive. No
corrosion/irritation testing is needed.

Predict irritation to skin Considered an irritant. No
testing is needed.

{
No predictions can be made, or predictions are
not conclusive or negative
3 | Measure pH (consider buffering capacity, if pH <2 or = 11.5 (with high Assume corrosivity, No
relevant) buffering capacity, if relevant) testing is needed.
{
2<pH <115, 0rpH 2.0 0r 2115
with low/no buffering capacity, if relevant

4 | Evaluate systemic toxicity data via dermal route M Very toxic No further testing is needed.

Not corrosive or irritating when Assume not corrosive or

tested to limit dose of 2000 mg/kg  irritating. No further testing

body weight or higher, using is needed.

rabbits

{
Such information is not available or is non-
conclusive
{
5 | Perform validated and accepted in vitro or ex vivo Corrosive response Assume corrosivity in vivo.
test for skin corrosion No further testing is needed.
{
Substance is not corrosive
{
6 | Perform validated and accepted in vitro or ex vivo Irritant response Assume irritancy in vivo. No
test for skin irritation further testing is needed.
{
(

Y can be considered before Steps 2 and 3.
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Validated in vitro or ex vivo testing methods for
skin irritation are not yet available or substance is
not an irritant

7 | Perform initial in vivo rabbit test using one animal | Severe damage to skin Considered corrosive. No
further testing is needed.
No severe damage
8 | Perform confirmatory test using one or two Corrosive or irritating Considered corrosive or
additional animals irritating. No further testing
is needed
Not corrosive or irritating Considered not corrosive or

irritating. No further testing
needed
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ANNEX 2E
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B. 5. ACUTE TOXICITY: EYE IRRITATION/CORROSION

1. METHOD

This method is equivalent to the OECD TG 405 (2002)

1.1 INTRODUCTION

In the preparation of this updated method special attention was given to possible improvements through the
evaluation of all existing information on the test substance in order to avoid unnecessary testing in
laboratory animals and thereby address animal welfare concerns. This method includes the
recommendation that prior to undertaking the described in vivo test for acute eye irritation/corrosion, a
weight-of-the-evidence analysis be performed (1) on the existing relevant data. Where insufficient data are
available, it is recommended that they be developed through application of sequential testing (2)(3). The
testing strategy includes the performance of validated and accepted in vitro tests and is provided as an
Annex to the testing method. In addition, the use of an in vivo dermal irritation/corrosion test to predict eye
corrosion prior to consideration of an in vivo eye test is recommended.

In the interest of both sound science and animal welfare, in vivo testing should not be considered until all
available data relevant to the potential eye corrosivity/irritation of the substance has been evaluated in a
weight-of-the-evidence analysis. Such data will include evidence from existing studies in humans and/or
laboratory animals, evidence of corrosivity/irritation of one or more structurally related substances or
mixtures of such substances, data demonstrating high acidity or alkalinity of the substance (4)(5), and
results from validated and accepted in vitro or ex vivo tests for skin corrosion and irritation (6)(6a). The
studies may have been conducted prior to, or as a result of, a weight-of-the-evidence analysis.

For certain substances, such an analysis may indicate the need for in vivo studies of the ocular
corrosion/irritation potential of the substance. In all such cases, before considering the use of the in vivo
eye test, preferably a study of the in vivo dermal effects of the substance should be conducted first and
evaluated in accordance with testing method B.4 (7). The application of a weight-of-the-evidence analysis
and the sequential testing strategy should decrease the need for in vivo testing for eye corrosivity/irritation
of substances for which sufficient evidence already exists from other studies. If a determination of eye
corrosion or irritation potential cannot be made using the sequential testing strategy, even after the
performance of an in vivo study of dermal corrosion and irritation, an in vivo eye corrosion/irritation test
may be performed.

A preferred sequential testing strategy, which includes the performance of vatidated in vitro or ex vivo tests
for corrosion/irritation, is included in the Annex to this testing method. The strategy was developed at, and
unanimously recommended by the participants of, an OECD workshop (8), and has been adopted as the
recommended testing strategy in the Globally Harmonised System for the Classification of Chemical
Substances (GHS) (9). It is recommended that this testing strategy be followed prior to undertaking in vivo
testing. For new substances it is the recommended stepwise testing approach for developing scientifically
sound data on the corrosivity/irritation of the substance. For existing substances with insufficient data on
skin and eye corrosion/irritation, the strategy should be used to fill missing data gaps. The use of a
different testing strategy or procedure, or the decision not to use a stepwise testing approach, should be
justified.

1.2 DEFINITIONS

Eye irritation: is the production of changes in the eye following the application of a test substance to the
anterior surface of the eye, which are fully reversible within 21 days of application.
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Eye corrosion: is the production of tissue damage in the eye, or serious physical decay of vision,
following application of a test substance to the anterior surface of the eye, which is not fully reversible
within 21 days of application

1.3 PRINCIPLE OF THE TEST METHOD

The substance to be tested is applied in a single dose to one of the eyes of the experimental animal; the
untreated eye serves as the control. The degree of eye irritation/corrosion is evaluated by scoring lesions of
conjunctiva, cornea, and iris, at specific intervals. Other effects in the eye and adverse systemic effects are
also described to provide a complete evaluation of the effects. The duration of the study should be
sufficient to evaluate the reversibility or irreversibility of the effects.

Animals showing continuing signs of severe distress and/or pain at any stage of the test should be
humanely killed, and the substance assessed accordingly. Criteria for making the decision to humanely kill
moribund and severely suffering animals can be found in reference (10).

1.4 DESCRIPTION OF THE TEST METHOD
1.4.1 Preparation for the in vivo test
1.4.1.1 Selection of species

The albino rabbit is the preferable laboratory animal, and healthy young adult animals are used. A rationale
for using other strains or species should be provided.

1.4.1.2 Preparation of animals

Both eyes of each experimental animal provisionally selected for testing should be examined within 24
hours before testing starts. Animals showing eye irritation, ocular defects, or pre-existing corneal injury
should not be used.

1.4.1.3 Housing and feeding conditions

Animals should be individually housed. The temperature of the experimental animal room should be 20°C
(£ 3°C) for rabbits. Although the relative humidity should be at least 30% and preferably not exceed 70%,
other than during room cleaning, the aim should be 50-60%. Lighting should be artificial, the sequence
being 12 hours light, 12 hours dark. For feeding, conventional laboratory diets may be used with an
unrestricted supply of drinking water.

1.4.2 Test procedure
1.4.2.1 Application of the test substance

The test substance should be placed in the conjunctival sac of one eye of each animal after gently pulling
the lower lid away from the eyeball. The lids are then gently held together for about one second in order to
prevent loss of the material. The other eye, which remains untreated, serves as a control.

1.42.2 Irrigation

The eyes of the test animals should not be washed for at least 24 hours following instillation of the test
substance, except for solids (see section 1.4.2.3.2), and in case of immediate corrosive or irritating effects.
At 24 hours a washout may be used if considered appropriate.

Use of a satellite group of animals to investigate the influence of washing is not recommended unless it is
scientifically justified. If a satellite group is needed, two rabbits should be used. Conditions of washing
should be carefully documented, e.g., time of washing; composition and temperature of wash solution;
duration, volume, and velocity of application.
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1423 Dose level
1.42.3.1 Testing of liquids

For testing liquids, a dose of 0.1 ml is used. Pump sprays should not be used for instilling the substance
directly into the eye. The liquid spray should be expelled and collected in a container prior to instilling 0.1
ml into the eye.

1.4232 Testing of solids

When testing solids, pastes, and particulate substances, the amount used should have a volume of 0.1 ml or
a weight of not more than 100 mg. The test material should be ground to a fine dust. The volume of solid
material should be measured after gently compacting it, e.g., by tapping the measuring container. If the
solid test substance has not been removed from the eye of the test animal by physiological mechanisms at
the first observation time point of 1 hour after treatment, the eye may be rinsed with saline or distilled
water.

1.42.33 Testing of aerosols

It is recommended that all pump sprays and aerosols be collected prior to instillation into the eye. The one
exception is for substances in pressurised aerosol containers, which cannot be collected due to
vaporisation. In such cases, the eye should be held open, and the test substance administered to the eye in a
simple burst of about one second, from a distance of 10 cm directly in front of the eye. This distance may
vary depending on the pressure of the spray and its contents. Care should be taken not to damage the eye
from the pressure of the spray. In appropriate cases, there may be a need to evaluate the potential for
“mechanical” damage to the eye from the force of the spray.

An estimate of the dose from an aerosol can be made by simulating the test as follows: the substance is
sprayed on to weighing paper through an opening the size of a rabbit eye placed directly before the paper.
The weight increase of the paper is used to approximate the amount sprayed into the eye. For volatile
substances, the dose may be estimated by weighing a receiving container before and after removal of the
test material.

1.42.4 Initial test (In vivo eye irritation/corrosion test using one animal)

As articulated in the sequential testing strategy (see Annex 1), it is strongly recommended that the in vivo
test be performed initially using one animal.

If the results of this test indicate the substance to be corrosive or a severe irritant to the eye using the
procedure described, further testing for ocular irritancy should not be performed.

1.42.5 Local anaesthetics

Local anaesthetics may be used on a case-by-case basis. If the weight-of-the-evidence analysis indicates
that the substance has the potential to cause pain, or initial testing shows that a painful reaction will occur,
a local anaesthetic may be used prior to instillation of the test substance. The type, concentration, and dose
of the local anaesthetic should be carefully selected to ensure that differences in reaction to the test
substance will not result from its use. The control eye should be similarly anaesthetised.

1.42.6 Confirmatory test (In vivo eye irritation test with additional animals)

If a corrosive effect is not observed in the initial test, the irritant or negative response should be confirmed
using up to two additional animals. If a severe irritant effect is observed in the initial test indicating a
possible strong (irreversible) effect in the confirmatory testing, it is recommended that the confirmatory
test be conducted in a sequential manner in one animal at a time, rather than exposing the two additional
animals simultaneously. If the second animal reveals corrosive or severe irritant effects, the test is not
continued. Additional animals may be needed to confirm weak or moderate irritant responses.
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1427 Observation period

The duration of the observation period should be sufficient to evaluate fully the magnitude and reversibility
of the effects observed. However, the experiment should be terminated at any time that the animal shows
continuing signs of severe pain or distress (9). To determine reversibility of effects, the animals should be
observed normally for 21 days post administration of the test substance. If reversibility is seen before 21
days, the experiment should be terminated at that time.

1.42.7.1 Clinical observations and grading of eye reactions

The eyes should be examined at 1, 24, 48, and 72 hours after test substance application. Animals should be
kept on test no longer than necessary once definitive information has been obtained. Animals showing
continuing severe pain or distress should be humanely killed without delay, and the substance assessed
accordingly. Animals with the following eye lesions post-instillation should be humanely killed: corneal
perforation or significant corneal ulceration including staphyloma; blood in the anterior chamber of the
eye; grade 4 corneal opacity which persists for 48 hours; absence of a light reflex (iridial response grade 2)
which persists for 72 hours; ulceration of the conjunctival membrane; necrosis of the conjuctivae or
nictitating membrane; or sloughing. This is because such lesions generally are not reversible

Animals that do not develop ocular lesions may be terminated not earlier than 3 days post instillation.
Animals with mild to moderate lesions should be observed until the lesions clear, or for 21 days, at which
time the study is terminated. Observations should be performed at 7, 14, and 21 days in order to determine
the status of the lesions, and their reversibility or irreversibility.

The grades of ocular reaction (conjunctivae, cornea and iris) should be recorded at each examination
(Table I). Any other lesions in the eye (e.g. pannus, staining) or adverse systemic effects should also be
reported.

Examination of reactions can be facilitated by use of a binocular loupe, hand slit-lamp, biomicroscope, or
other suitable device. After recording the observations at 24 hours, the eyes may be further examined with
the aid of fluorescein.

The grading of ocular responses is necessarily subjective. To promote harmonisation of grading of ocular
response and to assist testing laboratories and those involved in making and interpreting the observations,
the personnel performing the observations need to be adequately trained in the scoring system used.

2. DATA
2.2 EVALUATION OF RESULTS

The ocular irritation scores should be evaluated in conjunction with the nature and severity of lesions, and
their reversibility or lack of reversibility. The individual scores do not represent an absolute standard for
the irritant properties of a material, as other effects of the test material are also evaluated. Instead,
individual scores should be viewed as reference values and are only meaningful when supported by a full
description and evaluation of all observations.
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3. REPORTING

3.1 TEST REPORT
The test report must include the following information:

Rationale for in vivo testing: weight-of-the-evidence analysis of pre-existing test data, including results
from sequential testing strategy

— description of relevant data available from prior testing;

— data derived in each step of testing strategy;

— description of in vitro tests performed, including details of procedures, results obtained
with test/reference substances;

— description of in vivo dermal irritation/corrosion study performed, including results
obtained;

— weight-of-the-evidence analysis for performing in vivo study

Test substance:

— identification data (e.g., CAS number, source, purity, known impurities, lot number);

— physical nature and physicochemical properties (e.g. pH, volatility, solubility,
stability, reactivity with water);

— in case of a mixture, composition and relative percentages of components;

— if local anaesthetic is used, identification, purity, type, dose, and potential interaction with
test substance.

Vehicle:

— identification, concentration (where appropriate), volume used;
— justification for choice of vehicle.

Test animals:

— species/strain used, rationale for using animals other than albino rabbit;
— age of each animal at start of study;

— number of animals of each sex in test and control groups (if required);
— individual animal weights at start and conclusion of test;

— source, housing conditions, diet, etc.

Results:

— description of method used to score irritation at each observation time (e.g., hand
slitlamp, biomicroscope, fluorescein);

— tabulation of irritant/corrosive response data for each animal at each observation time up to removal
of each animal from the test;

— narrative description of the degree and nature of irritation or corrosion observed;

— description of any other lesions observed in the eye (e.g., vascularization, pannus formation,
adhesions, staining);

— description of non-ocular local and systemic adverse effects, and histopathological findings, if any.

Discussion of results.

32 INTERPRETATION OF THE RESULTS
Extrapolation of the results of eye irritation studies in laboratory animals to humans is valid only to a
limited degree. In many cases the albino rabbit is more sensitive than humans to ocular irritants or

corrosives.

Care should be taken in the interpretation of data to exclude irritation resulting from secondary infection.
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TABLE I: GRADING OF OCULAR LESIONS

Cornea
Opacity: degree of density (readings should be taken from most dense area)*

No ulceration or opacity
Scattered or diffuse areas of opacity (other than slight dulling of normal lustre); details of iris clearly visible
Easily discernible translucent area; details of iris slightly obscured .....occooviiiiiiinii e 2
Nacrous area; no details of iris visible; size of pupil barely discernible .........ccocovoiinininiee 3
Opaque cornea; iris not discernible through the OPACILY «ooeeeviiiiiiii e 4

Maximum possible: 4

* The area of corneal opacity should be noted

Iris

NOIMIAL. Lo O
Markedly deepened rugae, congestion, swelling, moderate circumcorneal hyperaemia;

or injection; iris reactive to light (a sluggish reaction is considered to be an effect) ..o 1
Hemorrhage, gross destruction, or no 1eaction 10 HERE .covviiiiiiiieeee ettt 2

Maximum possible: 2
Conjunctivae
Redness (refers to palpebral and bulbar conjunctivae; excluding cornea and iris) Normal. .....ocoooevvininivnininininennne 0
Some blood vessels hyperaemic (INJECIEA) wooviiriiiriiiieiee ettt sttt et e e s e e e smeesane e reesnee 1

Diffuse, crimson colour; individual vessels not easily discernible
Diffuse beefy red

Maximum possible: 3

Chemosis

Swelling (refers to lids and/or nictating membranes)

INOTIMAL oo e e bR e s 0
Some sWelling aDOVE NOTIMAL ...ttt ettt et et e et e e sae e e abeebe e bt e s ueeeseeaseesaeesbeeseanaeesseeas 1
Obvious swelling, with partial eversion of lids .2
Swelling, with 1ids about half CloSEd oot 3

Swelling, with lids more than half COSEA ...coii ettt et et st e e bt e e st e ese e aee e 4

Maximum possible: 4
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ANNEX

A Sequential Testing Strategy for Eye Irritation and Corrosion

GENERAL CONSIDERATIONS

In the interests of sound science and animal welfare, it is important to avoid the unnecessary use of animals, and to
minimise testing that is likely to produce severe responses in animals. All information on a substance relevant to its
potential ocular irritation/corrosivity should be evaluated prior to considering in vivo testing. Sufficient evidence may
already exist to classify a test substance as to its eye irritation or corrosion potential without the need to conduct testing in
laboratory animals. Therefore, utilizing a weight-of-the-evidence analysis and sequential testing strategy will minimise
the need for in vivo testing, especially if the substance is likely to produce severe reactions.

It is recommended that a weight-of-the-evidence analysis be used to evaluate existing information pertaining to eye
irritation and corrosion of substances and to determine whether additional studies, other than in vivo eye studies, should
be performed to help characterise such potential. Where further studies are needed, it is recommended that the sequential
testing strategy be utilised to develop the relevant experimental data. For substances which have no testing history, the
sequential testing strategy should be utilised to develop the data needed to evaluate its eye corrosion/irritation. The testing
strategy described in this Annex was developed at an OECD workshop (1). It was subsequently affirmed and expanded in
the Harmonised Integrated Hazard Classification System for Human Health and Environmental Effects of Chemical
Substances, as endorsed by the 28th Joint Meeting of the Chemicals Committee and the Working Party on Chemicals, in
November 1998 (2).

Although this testing strategy is not an integrated part of testing method B.5, it expresses the recommended approach for
the determination of eye irritation/corrosion properties. This approach represents both best practice and an ethical
benchmark for in vivo testing for eye irritation/corrosion. The Testing method provides guidance for the conduct of the in
vivo test and summarises the factors that should be addressed before considering such a test. The sequential testing
strategy provides a weight-of-the-evidence approach for the evaluation of existing data on the eye irritation/corrosion
properties of substances and a tiered approach for the generation of relevant data on substances for which additional
studies are needed or for which no studies have been performed. The strategy includes the performance first of validated
and accepted in vitro or ex vivo tests and then of testing method B.4 skin irritation/corrosion studies under specific
circumstances (3)(4).

DESCRIPTION OF THE STEPWISE TESTING STRATEGY

Prior to undertaking tests as part of the sequential testing strategy (Figure), all available information should be evaluated
to determine the need for in vivo eye testing. Although significant information might be gained from the evaluation of
single parameters (e.g., extreme pH), the totality of existing information should be assessed. All relevant data on the
effects of the substance in question, and its structural analogues, should be evaluated in making a weight-of-the-evidence
decision, and a rationale for the decision should be presented. Primary emphasis should be placed upon existing human
and animal data on the substance, followed by the outcome of in vitro or ex vivo testing. In vivo studies of corrosive
substances should be avoided whenever possible. The factors considered in the testing strategy include:

Evaluation of existing human and animal data (Step 1). Existing human data, e.g. clinical and occupational studies, and
case reports, and/or animal test data from ocular studies should be considered first, because they provide information
directly related to effects on the eyes. Thereafter, available data from human and/or animal studies investigating dermal
corrosion/irritation should be evaluated. Substances with known corrosivity or severe irritancy to the eye should not be
instilled into the eyes of animals, nor should substances showing corrosive or irritant effects to the skin; such substances
should be considered to be corrosive and/or irritating to the eyes as well. Substances with sufficient evidence of non-
corrosivity and non-irritancy from previously performed ocular studies should also not be tested in in vivo eye studies.
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Analysis of structure activity relationships (SAR) (Step 2). The results of testing of structurally related chemicals should
be considered, if available. When sufficient human and/or animal data are available on structurally related substances or
mixtures of such substances to indicate their eye corrrosion/irritancy potential, it can be presumed that the test substance
will produce the same responses. In those cases, the substance may not need to be tested. Negative data from studies of
structurally related substances or mixtures of such substances do not constitute sufficient evidence of non-
corrosivity/non-irritancy of a substance under the sequential testing strategy. Validated and accepted SAR approaches
should be used to identify the corrosion and irritation potential for both dermal and ocular effects.

Physicochemical properties and chemical reactivity (Step 3). Substances exhibiting pH extremes such as <2.0 or 211.5
may have strong local effects. If extreme pH is the basis for identifying a substance as corrosive or irritant to the eye, then
its acid/alkaline reserve (buffering capacity) may also be taken into consideration (5)(6). If the buffering capacity
suggests that a substance may not be corrosive to the eye, then further testing should be undertaken to confirm this,
preferably by the use of a validated and accepted in vitro or ex vivo test (see section step 5 and 6).

Consideration of other existing information (Step 4). All available information on systemic toxicity via the dermal route
should be evaluated at this stage. The acute dermal toxicity of the test substance should also be considered. If the test
substance has been shown to be very toxic by the dermal route, it may not need to be tested in the eye. Although there is
not necessarily a relationship between acute dermal toxicity and eye irritation/corrosion, it can be assumed that if an agent
is very toxic via the dermal route, it will also exhibit high toxicity when instilled into the eye. Such data may also be
considered between Steps 2 and 3.

Results from in vitro or ex vivo tests (Steps 5 and 6). Substances that have demonstrated corrosive or severe irritant
properties in an in vitro or ex vivo test (7)(8) that has been validated and accepted for the assessment specifically of eye or
skin corrosivity/irritation, need not be tested in animals. It can be presumed that such substances will produce similar
severe effects in vivo. If validated and accepted in vitro/ex vivo tests are not available, one should bypass Steps 5 and 6
and proceed directly to Step 7.

Assessment of in vivo dermal irritancy or corrosivity of the substance (Step 7). When insufficient evidence exists with
which to perform a conclusive weight-of-the-evidence analysis of the potential eye irritation/corrosivity of a substance
based upon data from the studies listed above, the in vivo skin irritation/corrosion potential should be evaluated first,
using testing method B.4 (4) and its accompanying Annex (9). If the substance is shown to produce corrosion or severe
skin irritation, it should be considered to be a corrosive eye irritant unless other information supports an alternative
conclusion. Thus, an in vivo eye test would not need to be performed. If the substance is not corrosive or severely
irritating to the skin, an in vivo eye test should be performed.

In vivo test in rabbits (Steps 8 and 9): In vivo ocular testing should begin with an initial test using one animal. If the
results of this test indicate the substance to be a severe irritant or corrosive to the eyes, further testing should not be
performed. If that test does not reveal any corrosive or severe irritant effects, a confirmatory test is conducted with two
additional animals.
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FIGURE

TESTING AND EVALUATION STRATEGY FOR EYE IRRITATION/CORROSION

Activity

1 Existing human and/or animal data
showing effects on eyes

Existing human and/or animal data
showing corrosive effects on skin

Existing human and/or animal data
showing severe irritant effects on

skin
J

no information available, or
available information is not
conclusive

\

2 Perform SAR for eye
corrosion/irritation

Perform SAR for skin corrosion

No predictions can be made, or
predictions are not conclusive or
negative

3 Measure pH (buffering capacity, if

relevant)
{

2<pH <115, 0r pHL2.0 0r 211.5
with low/no buffering capacity, if
relevant

4 | Evaluate systemic toxicity via the

dermal route
d

Such information is not available,
or substance is not very toxic

\

5 Perform validated and accepted in
vitro or ex vivo test for eye

corrosion
d

Finding

Severe damage to eyes

Eye irritant

Not corrosive/not irritating to
eyes

Skin corrosive

Severe skin irritant

Predict severe damage to eyes

Predict irritation to eyes

Predict skin corrosivity

pH <2 or > 11.5 (with high
buffering capacity, if relevant)

Very toxic at concentrations that
would be tested in the eye.

Corrosive response

Conclusion

Apical endpoint; consider corrosive
to eyes. No testing is needed.

Apical endpoint; consider irritating to
eyes. No testing is needed.

Apical endpoint; considered non-
corrosive and non-irritating to eyes.
No testing required.

Assume corrosivity to eyes. No
testing is needed.

Assume irritating to eyes. No testing
is needed

Assume corrosivity to eyes. No
testing is needed.

Assume irritating to eyes. No testing
is needed.

Assume corrosivity to eyes. No
testing is needed.

Assume corrosivity to eyes. No
testing is needed.

Substance would be too toxic for
testing. No testing is needed.

Assume corrosivity to eyes. No
further testing is needed.
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Substance is not corrosive, or
validated in vitro or ex vivo testing
methods for eye corrosion are not

yet available

6 | Perform validated and accepted in
vitro or ex vivo test for eye

irritation

Substance is not an irritant, or
validated in vitro or ex vivo testing
methods for eye irritation are not
yet available

\

7 | Experimentally assess in vivo skin
irritation/corrosion potential (see
Testing method B.4 including its

Annex)
{

Substance is not corrosive or
severely irritating to skin

8 | Perform initial in vivo rabbit eye
test using one animal

i)

No severe damage, or no response

9 | Perform confirmatory test using
one or two additional animals

[rritant response

Corrosive or severe irritant
response

Severe damage to eyes

Corrosive or irritating

Not corrosive or irritating

Assume irritancy to eyes. No further
testing is needed.

Assume corrosivity to eyes. No
further testing is needed.

Consider corrosive to eyes. No
further testing is needed.

Consider corrosive or irritating to
eyes. No further testing is needed

Consider non-irritating and non-
corrosive to eyes. No further testing
is needed.
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B.31. PRENATAL DEVELOPMENTAL TOXICITY STUDY

1. METHOD

This method is a replicate of OECD TG 414 (2001).

1.1 INTRODUCTION

This method for developmental toxicity testing is designed to provide general information concerning the
effects of prenatal exposure on the pregnant test animal and on the developing organism in utero; this may
include assessment of maternal effects as well as death, structural abnormalities, or altered growth in the foetus.
Functional deficits, although an important part of development, are not an integral part of this test method. They
may be tested for in a separate study or as an adjunct to this study using the test method for developmental
neurotoxicity. For information on testing for functional deficiencies and other postnatal effects the Test Method
for the two-generation reproductive toxicity study and the developmental neurotoxicity study should be
consulted as appropriate.

This test method may require specific adaptation in individual cases on the basis of specific knowledge on e.g.
physicochemical or toxicological properties of the test substance. Such adaptation is acceptable, when
convincing scientific evidence suggests that the adaptation will lead to a more informative test. In such a case,
this scientific evidence should be carefully documented in the study report.

1.2 DEFINITIONS

Developmental toxicology: the study of adverse effects on the developing organism that may result from
exposure prior to conception, during prenatal development, or postnatally to the time of sexual maturation. The
major manifestations ot developmental toxicity include 1) death of the organism, 2) structural abnormality, 3)
altered growth, and 4) functional deficiency. Developmental toxicology was formerly often referred to as
teratology.

Adverse effect: any treatment-related alteration from baseline that diminishes an organism’s ability to survive,
reproduce or adapt to the environment. Concerning developmental toxicology, taken in its widest sense it

includes any effect which interferes with normal development of the conceptus, both before and atter birth.

Altered growth: an alteration in offspring organ or body weight or size.
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Alterations (anomalies): structural alterations in development that include both malformations and variations
(28).

Malformation/Major Abnormality: Structural change considered detrimental to the animal (may also be

lethal) and is usually rare.

Variation/Minor Abnormality: Structural change considered to have little or no detrimental effect on

the animal; may be transient and may occur relatively frequently in the control population.

Conceptus: the sum of derivatives of a fertilised ovum at any stage of development from fertilisation until birth

including the extra-embryonic membranes as well as the embryo or foetus.

Implantation (nidation): attachment of the blastocyst to the epithelial lining of the uterus, including its

penetration through the uterine epithelium, and its embedding in the endometrium.

Embryo: the early or developing stage of any organism, especially the developing product of fertilisation of an

egg after the long axis appears and until all major structures are present.

Embryotoxicity: detrimental to the normal structure, development, growth, and/or viability of an embryo.
Foetus: the unborn offspring in the post-embryonic period.

Foetotoxicity: detrimental to the normal structure, development, growth, and/or viability of a foetus.

Abortion: the premature expulsion from the uterus of the products of conception: of the embryo or of a
nonviable foetus.

Resorption: a conceptus which, having implanted in the uterus, subsequently died and is being, or has been
resorbed.

EKarly resorption: evidence of implantation without recognisable embryo/foetus

Late resorption: dead embryo or foetus with external degenerative changes

NOAEL: abbreviation for no-observed-adverse-effect level and is the highest dose or exposure level where no
adverse treatment-related findings are observed.
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1.3 REFERENCE SUBSTANCE
None.
1.4 PRINCIPLE OF THE TEST METHOD

Normally, the test substance is administered to pregnant animals at least from implantation to one day prior to
the day of scheduled kill, which should be as close as possible to the normal day of delivery without risking loss
of data resulting from early delivery. The test method is not intended to examine solely the period of
organogenesis, (e.g. days 5-15 in the rodent, and days 6-18 in the rabbit) but also effects from preimplantation,
when appropriate, through the entire period of gestation to the day before caesarean section. Shortly before
caesarean section, the females are killed, the uterine contents are examined, and the foetuses are evaluated for
externally visible anomalies and for soft tissue and skeletal changes.

1.5 DESCRIPTION OF THE TEST METHOD
1.5.1 Selection of animal species

It is recommended that testing be performed in the most relevant species, and that laboratory species and strains
which are commonly used in prenatal developmental toxicity testing be employed. The preferred rodent species
is the rat and the preferred non-rodent species is the rabbit. Justification should be provided if another species is
used.

1.5.2 Housing and feeding conditions
The temperature in the experimental animal room should be 22 °C (+ 3°) for rodents and 18 °C (£ 3°) for rabbits.
Although the relative humidity should be at least 30 % and preferably not exceed 70 % other than during room
cleaning, the aim should be 50-60 %. Lighting should be artificial, the sequence being 12 hours light, 12 hours
dark. For feeding, conventional laboratory diets may be used with an unlimited supply of drinking water.
Mating procedures should be carried out in cages suitable for the purpose. While individual housing of mated
animals is preferred, group housing in small numbers is also acceptable.
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153 Preparation of the animals

Healthy animals, which have been acclimated to laboratory conditions for at least 5 days and have not been
subjected to previous experimental procedures, should be used. The test animals should be characterised as to
species, strain, source, sex, weight and/or age. The animals of all test groups should, as nearly as practicable, be
of uniform weight and age. Young adult nulliparous female animals should be used at each dose level. The
females should be mated with males of the same species and strain, and the mating of siblings should be
avoided. For rodents day 0 of gestation is the day on which a vaginal plug and/or sperm are observed; for
rabbits day 0 is usually the day of coitus or of artificial insemination, if this technique is used. Mated females
should be assigned in an unbiased manner to the control and treatment groups. Cages should be arranged in
such a way that possible effects due to cage placement are minimised. Each animal should be assigned a unique
identification number. Mated females should be assigned in an unbiased manner to the control and treatment
groups, and if the females are mated in batches, the animals in each batch should be evenly distributed across
the groups. Similarly, females inseminated by the same male should be evenly distributed across the groups.

1.6 PROCEDURE
1.6.1 Number and sex of animals

Each test and control group should contain a sufficient number of females to result in approximately 20 female
animals with implantation sites at necropsy. Groups with fewer than 16 animals with implantation sites may be
inappropriate. Maternal mortality does not necessarily invalidate the study providing it does not exceed
approximately 10 %.

1.6.2 Preparation of doses

If a vehicle or other additive is used to facilitate dosing, consideration should be given to the following
characteristics: effects on the absorption, distribution, metabolism, and retention or excretion of the test
substance; effects on the chemical properties of the test substance which may alter its toxic characteristics; and
effects on the food or water consumption or the nutritional status of the animals. The vehicle should neither be
developmentally toxic nor have effects on reproduction.
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1.6.3 Dosage

Normally, the test substance should be administered daily from implantation (e.g., day 5 post mating) to the day
prior to scheduled caesarean section. If preliminary studies, when available, do not indicate a high potential for
preimplantation loss, treatment may be extended to include the entire period of gestation, from mating to the
day prior to scheduled kill. It is well known that inappropriate handling or stress during pregnancy can result in
prenatal loss. To guard against prenatal loss from factors which are not treatment-related, unnecessary handling
of pregnant animals as well as stress from outside factors such as noise should be avoided.

At least three dose levels and a concurrent control should be used. Healthy animals should be assigned in an
unbiased manner to the control and treatment groups. The dose levels should be spaced to produce a gradation
of toxic effects. Unless limited by the physical/chemical nature or biological properties of the test substance, the
highest dose should be chosen with the aim to induce some developmental and/or maternal toxicity (clinical
signs or a decrease in body weight) but not death or severe suffering. At least one intermediate dose level
should produce minimal observable toxic effects. The lowest dose level should not produce any evidence of
either maternal or developmental toxicity. A descending sequence of dose levels should be selected with a view
to demonstrating any dosage-related response and no-observed-adverse-effect level (NOAEL). Two- to four-
fold intervals are frequently optimal for setting the descending dose levels, and the addition of a fourth test
group is often preferable to using very large intervals (e.g. more than a factor of 10) between dosages. Although
establishment of a maternal NOAEL is the goal, studies which do not establish such a level may also be
acceptable (1).

Dose levels should be selected taking into account any existing toxicity data as well as additional information
on metabolism and toxicokinetics of the test substance or related materials. This information will also assist in
demonstrating the adequacy of the dosing regimen.

A concurrent control group should be used. This group should be a sham-treated control group or a vehicle-
control group if a vehicle is used in administering the test substance. All groups should be administered the
same volume of either test substance or vehicle. Animals in the control group(s) should be handled in an
identical manner to test group animals. Vehicle control groups should receive the vehicle in the highest amount
used (as in the lowest treatment group).

1.6.4 Limit test

If a test at one dose level of at least 1000 mg/kg body weight/day by oral administration, using the procedures
described for this study, produces no observable toxicity in either pregnant animals or their progeny and if an
effect would not be expected based upon existing data (e.g., from structurally and/or metabolically related
compounds), then a full study using three dose levels may not be considered necessary. Expected human
exposure may indicate the need for a higher oral dose level to be used in the limit test. For other types of
administration, such as inhalation or dermal application, the physico-chemical properties of the test substance
often may indicate and limit the maximum attainable level of exposure (for example, dermal application should
not cause severe local toxicity).
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1.6.5 Administration of doses

The test substance or vehicle is usually administered orally by intubation. It another route of administration is
used, the tester should provide justification and reasoning for its selection, and appropriate modifications may
be necessary (2)(3)(4). The test substance should be administered at approximately the same time each day.

The dose to individual animals should normally be based on the most recent individual body weight
determination. However, caution should be exercised when adjusting the dose during the last trimester of
pregnancy. Existing data should be used for dose selection to prevent excess maternal toxicity. However, if
excess toxicity is noted in the treated dams, those animals should be humanely killed. If several pregnant
animals show signs of excess toxicity, consideration should be given to terminating that dose group. When the
substance is administered by gavage, this should preferably be given as a single dose to the animals using a
stomach tube or a suitable intubation canula. The maximum volume of liquid that can be administered at one
time depends on the size of the test animal. The volume should not exceed 1 ml/100 g body weight, except in
the case of aqueous solutions where 2 ml/100 g body weight may be used. When corn oil is used as a vehicle,
the volume should not exceed 0.4 ml/100 g body weight. Variability in test volume should be minimised by
adjusting the concentrations to ensure a constant volume across all dose levels.

1.6.6 Observations of the dams

Clinical observations should be made and recorded at least once a day, preferably at the same time(s) each day
taking into consideration the peak period of anticipated effects after dosing. The condition of the animals should
be recorded including mortality, moribundity, pertinent behavioural changes, and all signs of overt toxicity.

1.6.7 Body weight and food consumption

Animals should be weighed on day 0 of gestation or no later than day 3 of gestation if time-mated animals are
supplied by an outside breeder, on the first day of dosing, at least every 3 days during the dosing period and on
the day of scheduled kill.

Food consumption should be recorded at three-day intervals and should coincide with days of body weight
determination.

1.6.8 Post-mortem examination

Females should be killed one day prior to the expected day of delivery. Females showing signs of abortion or
premature delivery prior to scheduled kill should be killed and subjected to a thorough macroscopic
examination.

At the time of termination or death during the study, the dam should be examined macroscopically for any
structural abnormalities or pathological changes. Evaluation of the dams during caesarean section and
subsequent foetal analyses should be conducted preferably without knowledge of treatment group in order to
minimise bias.
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1.6.9 Examination of uterine contents

Immediately after termination or as soon as possible after death, the uteri should be removed and the pregnancy
status of the animals ascertained. Uteri that appear non gravid should be further examined (e.g. by ammonium
sulphide staining for rodents and Salewski staining or a suitable alternative method for rabbits) to confirm the
non-pregnant status (5).

Gravid uteri including the cervix should be weighed. Gravid uterine weights should not be obtained from
animals found dead during the study.

The number of corpora lutea should be determined for pregnant animals.

The uterine contents should be examined for numbers of embryonic or foetal deaths and viable foetuses. The
degree of resorption should be described in order to estimate the relative time of death of the conceptus (see
section 1.2).

1.6.10 Examination of foetuses

The sex and body weight of each foetus should be determined.
Each foetus should be examined for external alterations (6).

Foetuses should be examined for skeletal and soft tissue alterations (e.g. variations and malformations or
anomalies) (7)(8)N(10)(11HA2)(13)(1HISHA)TTYAR(19)(20)21)(22)(23)(24). Categorisation of foetal
alterations is preferable but not required. When categorisation is done, the criteria for defining each category
should be clearly stated. Particular attention should be paid to the reproductive tract which should be examined
for signs of altered development.

For rodents, approximately one-half of each litter should be prepared and examined for skeletal alterations. The
remainder should be prepared and examined for soft tissue alterations, using accepted or appropriate serial
sectioning methods or careful gross dissection techniques.

For non-rodents, e.g. rabbits, all foetuses should be examined for both soft tissue and skeletal alterations. The
bodies of these foetuses are evaluated by careful dissection for soft tissue alterations, which may include
procedures to further evaluate internal cardiac structure (25). The heads of one-half of the foetuses examined in
this manner should be removed and processed for evaluation of soft tissue alterations (including eyes, brain,
nasal passages and tongue), using standard serial sectioning methods (26) or an equally sensitive method. The
bodies of these foetuses and the remaining intact foetuses should be processed and examined for skeletal
alterations, utilising the same methods as described for rodents.



30.4.2004 Official Journal of the European Union L 152/221

2 DATA

2.1 TREATMENT OF RESULTS

Data shall be reported individually for the dams as well as for their offspring and summarised in tabular form,
showing for each test group and each generation the number of animals at the start of the test, the number of
animals found dead during the test or killed for humane reasons, the time of any death or humane kill, the
number of pregnant females, the number of animals showing signs of toxicity, a description of the signs of
toxicity observed, including time of onset, duration, and severity of any toxic etfects, the types of embryo/foetal
observations, and all relevant litter data,

Numerical results should be evaluated by an appropriate statistical method using the litter as the unit for data
analysis. A generally accepted statistical method should be used; the statistical methods should be selected as
part of the design of the study and should be justified. Data from animals that do not survive to the scheduled
kill should also be reported. These data may be included in group means where relevant. Relevance of the data
obtained from such animals, and therefore inclusion or exclusion from any group mean(s), should be justified
and judged on an individual basis.

22 EVALUATION OF RESULTS

The findings of the Prenatal Developmental Toxicity Study should be evaluated in terms of the observed
effects. The evaluation will include the following information:

— maternal and embryo/foetal test results, including the evaluation of the relationship, or lack thereof,
between the exposure of the animals to the test substance and the incidence and severity of all
findings;

— criteria used for categorising foetal external, soft tissue, and skeletal alterations if categorisation has
been done;

— when appropriate, historical control data to enhance interpretation of study results;
— the numbers used in calculating all percentages or indices;

— adequate statistical analysis of the study findings, when appropriate, which should include sufficient
information on the method of analysis, so that an independent reviewer/statistician can re-evaluate and
reconstruct the analysis;

In any study which demonstrates the absence of any toxic effects, further investigations to establish absorption
and bioavailability of the test substance should be considered.

23 INTERPRETATION OF RESULTS

A prenatal developmental toxicity study will provide information on the effects of repeated exposure to a
substance during pregnancy on the dams and on the intrauterine development of their progeny. The results of
the study should be interpreted in conjunction with the findings from subchronic, reproduction, toxicokinetic
and other studies. Since emphasis is placed on both general toxicity in terms of maternal toxicity and on
developmental toxicity endpoints, the results of the study will allow to a certain extent for the discrimination
between developmental effects occurring in the absence of general toxicity and those which are only induced at
levels that are also toxic to the maternal animal (27).
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3 REPORTING
TEST REPORT

The test report must include the following specific information:

Test substance:

— physical nature and, where relevant, physiochemical properties;
— identification including CAS number if known/established;
— purity.

Vehicle (if appropriate):
— Jjustification for choice of vehicle, if other than water.
Test animals:

— species and strain used;

— number and age of animals;

— source, housing conditions, diet, etc.;

— individual weights of animals at the start of the test.

Test conditions:

— rationale for dose level selection;

— details of test substance formulation/diet preparation, achieved concentration, stability and
homogeneity of the preparation;

— details of the administration of the test substance;

— conversion from diet/drinking water test substance concentration (ppm) to the actual dose (mg/kg
body weight/day), if applicable;

— environmental conditions;

— details of food and water quality.
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Results:
Maternal toxic response data by dose, including but not limited to:

— the number of animals at the start of the test, the number of animals surviving, the number
pregnant, and the number aborting, number of animals delivering early;

— day of death during the study or whether animals survived to termination;

— data from animals that do not survive to the scheduled kill should be reported but not included in
the inter-group statistical comparisons;

— day of observation of each abnormal clinical sign and its subsequent course;

— body weight, body weight change and gravid uterine weight, including, optionally, body weight
change corrected for gravid uterine weight;

— food consumption and, if measured, water consumption;

— necropsy findings, including uterine weight;

— NOAEL values for maternal and developmental effects should be reported.

Developmental endpoints by dose for litters with implants, including:

— number of corpora lutea;
— number of implantations, number and percent of live and dead foetuses and resorptions;
— number and percent of pre- and post-implantation losses.

Developmental endpoints by dose for litters with live foetuses, including:

— number and percent of live offspring;

— $ex ratio;

— foetal body weight, preferably by sex and with sexes combined;

— external, soft tissue, and skeletal malformations and other relevant alterations;

— criteria for categorisation if appropriate;

— total number and percent of foetuses and litters with any external, soft tissue, or skeletal alteration,
as well as the types and incidences of individual anomalies and other relevant alterations.

Discussion of results,

Conclusions,
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B.35. TWO-GENERATION REPRODUCTION TOXICITY STUDY

1. METHOD

This method is a replicate of the OECD TG 416 (2001).

1.1 INTRODUCTION

This method for two-generation reproduction testing is designed to provide general information concerning the
effects of a test substance on the integrity and performance of the male and female reproductive systems,
including gonadal function, the oestrus cycle, mating behaviour, conception, gestation, parturition, lactation,
and weaning, and the growth and development of the offspring. The study may also provide information about
the effects of the test substance on neonatal morbidity, mortality, and preliminary data on prenatal and postnatal
developmental toxicity and serve as a guide for subsequent tests. In addition to studying growth and
development of the F1 generation, this test method is also intended to assess the integrity and performance of
the male and female reproductive systems as well as growth and development of the F2 generation. For further
information on developmental toxicity and functional deficiencies, either additional study segments can be
incorporated into this protocol, consulting the methods for developmental toxicity and/or developmental
neurotoxicity as appropriate, or these endpoints could be studied in separate studies, using the appropriate test
methods.

1.2 PRINCIPLE OF THE TEST METHOD

The test substance is administered in graduated doses to several groups of males and females. Males of the P
generation should be dosed during growth and for at least one complete spermatogenetic cycle (approximately
56 days in the mouse and 70 days in the rat) in order to elicit any adverse effects on spermatogenesis. Effects on
sperm are determined by a number of sperm parameters (e.g., sperm morphology and motility) and in tissue
preparation and detailed histopathology. If data on spermatogenesis are available from a previous repeated dose
study of sufficient duration, e.g. a 90-day study, males of the P generation need not be included in the
evaluation. It is recommended, however, that samples or digital recordings of sperm of the P generation are
saved, to enable later evaluation. Females of the P generation should be dosed during growth and for several
complete oestrus cycles in order to detect any adverse effects on oestrus cycle normality by the test substance.
The test substance is administered to parental (P) animals during their mating, during the resulting pregnancies,
and through the weaning of their Fl offspring. At weaning the administration of the substance is continued to Fl
offspring during their growth into adulthood, mating and production of an F2 generation, until the F2 generation
is weaned.

Clinical observations and pathological examinations are performed on all animals for signs of toxicity with
special emphasis on effects on the integrity and performance of the male and female reproductive systems and
on the growth and development of the offspring.
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1.3 DESCRIPTION OF THE TEST METHOD

1.3.1 Selection of animal species

The rat is the preferred species for testing. If other species are used, justification should be given and
appropriate modifications will be necessary. Strains with low fecundity or well-known high incidence of
developmental defects should not be used. At the commencement of the study, the weight variation of animals
used should be minimal and not exceed 20 % of the mean weight of each sex.

1.3.2 Housing and feeding conditions

The temperature in the experimental animal room should be 22 °C (& 3°). Although the relative humidity should
be at least 30 % and preferably not exceed 70 % other than during room cleaning, the aim should be 50-60 %.
Lighting should be artificial, the sequence being 12 hours light, 12 hours dark. For feeding, conventional
laboratory diets may be used with an unlimited supply of drinking water. The choice of diet may be influenced
by the need to ensure a suitable admixture of a test substance when administered by this method.

Animals may be housed individually or be caged in small groups of the same sex. Mating procedures should be
carried out in cages suitable for the purpose. After evidence of copulation, mated females shall be single-caged
in delivery or maternity cages. Mated rats may also be kept in small groups and separated one or two days prior
to parturition. Mated animals shall be provided with appropriate and defined nesting materials when parturition
is near,

1.33 Preparation of animals

Healthy young animals, which have been acclimated to laboratory conditions for at least 5 days and have not
been subjected to previous experimental procedures, should be used. The test animals should be characterised as
to species, strain, source, sex, weight and/or age. Any sibling relationships among the animals should be known
so that mating of siblings is avoided. The animals should be randomly assigned to the control and treated groups
(stratification by body weight is recommended). Cages should be arranged in such a way that possible effects
due to cage placement are minimised. Each animal should be assigned a unique identification number. For the P
generation, this should be done before dosing starts. For the F1 generation, this should be done at weaning for
animals selected for mating. Records indicating the litter of origin should be maintained for all selected F1
animals. In addition, individual identification of pups as soon after birth as possible is recommended when
individual weighing of pups or any functional tests are considered.

Parental (P) animals shall be about 5 to 9 weeks old at the start of dosing. The animals of all test groups shall, as
nearly as practicable, be of uniform weight and age.
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1.4 PROCEDURE

1.4.1 Number and sex of animals

Each test and control group should contain a sutficient number of animals to yield preferably not less than 20
pregnant females at or near parturition. For substances that cause undesirable treatment related effects (e.g.
sterility, excessive toxicity at the high dose), this may not be possible. The objective is to produce enough
pregnancies to assure a meaningful evaluation of the potential of the substance to affect fertility, pregnancy and
maternal behaviour and suckling, growth and development of the F1 otfspring from conception to maturity, and
the development of their offspring (F2) to weaning. Therefore, failure to achieve the desired number of pregnant
animals (i.e. 20) does not necessarily invalidate the study and should be evaluated on a case-by-case basis.

1.4.2 Preparation of Doses

It is recommended that the test substance be administered orally (by diet, drinking water or gavage) unless
another route of administration (e.g. dermal or inhalation) is considered more appropriate.

Where necessary, the test substance is dissolved or suspended in a suitable vehicle. It is recommended that,
wherever possible, the use of an aqueous solution/suspension be considered first, followed by consideration of a
solution/emulsion in oil (e.g. corn oil) and then by possible solution in other vehicles. For vehicles other than
water, the toxic characteristics of the vehicle must be known. The stability of the test substance in the vehicle
should be determined.

1.4.3 Dosage

At least three dose levels and a concurrent control shall be used. Unless limited by the physical-chemical nature
or biological effects of the test substance, the highest dose level should be chosen with the aim to induce
toxicity but not death or severe suffering. In case of unexpected mortality, studies with a mortality rate of less
than approximately 10 percent in the parental (P) animals would normally still be acceptable. A descending
sequence of dose levels should be selected with a view to demonstrating any dosage related effect and
no-observed-adverse-effects levels (NOAEL). Two to four fold intervals are frequently optimal for setting the
descending dose levels and addition of a fourth test group is often preferable to using very large intervals (e.g.
more than a factor of 10) between dosages. For the dietary studies the dose interval should be not more than 3
fold. Dose levels should be selected taking into account any existing toxicity data, especially results from
repeated dose studies. Any available information on metabolism and kinetics of the test compound or related
materials should also be considered. In addition, this information will also assist in demonstrating the adequacy
of the dosing regimen.

The control group shall be an untreated group or a vehicle-control group if a vehicle is used in administering the
test substance. Except for treatment with the test substance, animals in the control group should be handled in
an identical manner to the test group subjects. If a vehicle is used, the control group shall receive the vehicle in
the highest volume used. If a test substance is administered in the diet, and causes reduced dietary intake or
utilisation, then the use of a pair-fed control group may be considered necessary. Alternatively data from
controlled studies designed to evaluate the effects of decreased food consumption on reproductive parameters
may be used in lieu of a concurrent pair-fed control group.
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Consideration should be given to the following characteristics of vehicle and other additives: effects on the
absorption, distribution, metabolism, or retention of the test substance; effects on the chemical properties of the
test substance which may alter its toxic characteristics; and effects on the food or water consumption or the
nutritional status of the animals.

1.44 Limit test

If an oral study at one dose level of at least 1000 mg/kg body weight/day or, for dietary or drinking water
administration, an equivalent percentage in the diet or drinking water using the procedures described for this
study, produces no observable toxic effects in either parental animals or their offspring and if toxicity would not
be expected based upon data from structurally and /or metabolically related compounds, then a tull study using
several dose levels may not be considered necessary. The limit test applies except when human exposure
indicates the need for a higher oral dose level to be used. For other types of administration, such as inhalation or
dermal application, the physical-chemical properties of the test substance, such as solubility, often may indicate
and limit the maximum attainable level of exposure.

1.4.5 Administration of doses

The animals should be dosed with the test substance on a 7-days-a-week basis. The oral route of administration
(diet, drinking water, or gavage) is preferred. If another route of administration is used, justification shall be
provided, and appropriate modifications may be necessary. All animals shall be dosed by the same method
during the appropriate experimental period. When the test substance is administered by gavage, this should be
done using a stomach tube. The volume of liquid administered at one time should not exceed 1 ml/I00 g body
weight (0.4 ml/100 g body weight is the maximum for corn oil), except in the case of aqueous solutions where 2
ml/100 g body weight may be used. Except for irritant or corrosive substances, which will normally reveal
exacerbated effects with higher concentrations, variability in test volume should be minimised by adjusting the
concentration to ensure a constant volume at all dose levels. In gavage studies, the pups will normally only
receive test substance indirectly through the milk, until direct dosing commences for them at weaning. In diet or
drinking water studies, the pups will additionally receive test substance directly when they commence eating for
themselves during the last week of the lactation period.

For substances administered via the diet or drinking water, it is important to ensure that the quantities of the test
substance involved do not interfere with normal nutrition or water balance. When the test substance is
administered in the diet either a constant dietary concentration (ppm) or a constant dose level in terms of the
body weight of the animal may be used; the alternative used must be specified. For a substance administered by
gavage, the dose should be given at similar times each day, and adjusted at least weekly to maintain a constant
dose level in terms of animal body weight. Information regarding placental distribution should be considered
when adjusting the gavage dose based on weight.
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1.4.6 Experimental schedules

Daily dosing of the parental (P) males and females shall begin when they are 5 to 9 weeks old. Daily dosing of
the FI males and females shall begin at weaning; it should be kept in mind that in cases of test substance
administration via diet or drinking water, direct exposure of the F1 pups to the test substance may already occur
during the lactation period. For both sexes (P and F1), dosing shall be continued for at least 10 weeks before the
mating period. Dosing is continued in both sexes during the 2 week mating period. Males should be humanely
killed and examined when they are no longer needed for assessment of reproductive effects. For parental (P)
females, dosing should continue throughout pregnancy and up to the weaning of the FI offspring. Consideration
should be given to modifications in the dosing schedule based on available information on the test substance,
including existing toxicity data, induction of metabolism or bioaccumulation. The dose to each animal should
normally be based on the most recent individual body weight determination. However, caution should be
exercised when adjusting the dose during the last trimester of pregnancy.

Treatment of the P and F1 males and females shall continue until termination. All P and F1 adult males and
females should be humanely killed when they are no longer needed for assessment of reproductive effects. F1
offspring not selected for mating and all F2 oftspring should be humanely killed after weaning.

1.47 Mating procedure

1.4.7.1 Parental (P) mating

For each mating, each female shall be placed with a single male from the same dose level (1:1 mating) until
copulation occurs or 2 weeks have elapsed. Each day, the females shall be examined for presence of sperm or
vaginal plugs. Day 0 of pregnancy is defined as the day a vaginal plug or sperm are found. In case pairing is
unsuccessful, re-mating of females with proven males of the same group could be considered. Mating pairs
should be clearly identified in the data. Mating of siblings should be avoided.

1.47.2 Il mating

For mating the F1 offspring, at least one male and one female should be selected at weaning from each litter for
mating with other pups of the same dose level but different litter, to produce the F2 generation. Selection of
pups from each litter should be random when no significant differences are observed in body weight or
appearance between the litter mates. In case these differences are observed, the best representatives of each
litter should be selected. Pragmatically, this is best done on a body weight basis but it may be more appropriate
on the basis of appearance. The F1 offspring should not be mated until they have attained full sexual maturity.

Pairs without progeny should be evaluated to determine the apparent cause of the infertility. This may involve
such procedures as additional opportunities to mate with other proven sires or dams, microscopic examination
of the reproductive organs, and examination of the oestrous cycles or spermatogenesis.
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1.47.3 Second mating

In certain instances, such as treatment-related alterations in litter size or the observation of an equivocal effect
in the first mating, it is recommended that the P or F1 adults be remated to produce a second litter. It is
recommended to remate females or males, which have not produced a litter with proven breeders of the opposite
sex. If production of a second litter is deemed necessary in either generation, animals should be remated
approximately one week after weaning of the last litter.

1.47.4 Litter size

Animals shall be allowed to litter normally and rear their offspring to weaning. Standardisation of litter sizes is
optional. When standardisation is done, the method used should be described in detail.

1.5 OBSERVATIONS

1.5.1 Clinical observations

A general clinical observation should be made each day and, and in the case of gavage dosing its timing should
take into account the anticipated peak period of effects after dosing. Behavioural changes, signs of difficult or
prolonged parturition and all signs of toxicity should be recorded. An additional, more detailed examination of
each animal should be conducted on at least a weekly basis and could conveniently be performed on an
occasion when the animal is weighed. Twice daily, during the weekend once daily when appropriate, all
animals should be observed for morbidity and mortality.

1.5.2 Body weight and food/water consumption of parent animals

Parental animals (P and Fl) shall be weighed on the first day of dosing and at least weekly thereafter. Parental
females (P and FI) shall be weighed at a minimum on gestation days 0, 7, 14, and 20 or 21, and during lactation
on the same days as the weighing of litters and on the day the animals are killed. These observations should be
reported individually for each adult animal. During the premating and gestation periods food consumption shall
be measured weekly at a minimum. Water consumption shall be measured weekly at a minimum if the test
substance is administered in the water.

153 Qestrus cycle

Estrous cycle length and normality are evaluated in P and F1 females by vaginal smears prior to mating, and
optionally during mating, until evidence of mating is found. When obtaining vaginal/cervical cells, care should
be taken to avoid disturbance of mucosa and subsequently, the induction of pseudopregnancy (1).
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1.54 Sperm parameters

For all P and F1 males at termination, testis and epididymis weight shall be recorded and one of each organ
reserved for histopathological examination (see section 1.5.7, 1.5.8.1). Of a subset of at least ten males of each
group of P and Fl males, the remaining testes and epididymides should be used for enumeration of
homogenisation-resistant spermatids and cauda epididymal sperm reserves, respectively. For this same subset of
males, sperm from the cauda epididymides or vas deferens should be collected for evaluation of sperm motility
and sperm morphology. If treatment-related effects are observed or when there is evidence from other studies of
possible effects on spermatogenesis, sperm evaluation should be conducted in all males in each dose group;
otherwise enumeration may be restricted to control and high-dose P and F1 males.

The total number of homogenisation-resistant testicular spermatids and cauda epididymal sperm should be
enumerated (2)(3). Cauda sperm reserves can be derived from the concentration and volume of sperm in the
suspension used to complete the qualitative evaluations, and the number of sperm recovered by subsequent
mincing and/or homogenising of the remaining cauda tissue. Enumeration should be performed on the selected
subset of males of all dose groups immediately after killing the animals unless video or digital recordings are
made, or unless the specimens are freezed and analysed later. In these instances, the controls and high dose
group may be analysed first. If no treatment-related etfects (e.g., effects on sperm count, motility, or
morphology) are seen the other dose groups need not be analysed. When treatment-related effects are noted in
the high-dose group, then the lower dose groups should also be evaluated.

Epididymal (or ductus deferens) sperm motility should be evaluated or video taped immediately after sacrifice.
Sperm should be recovered while minimising damage, and diluted for motility analysis using acceptable
methods (4). The percentage of progressively motile sperm should be determined either subjectively of
objectively. When computer-assisted motion analysis is performed (5)(6)(7)(8)(9)(10) the derivation of
progressive motility relies on user-defined thresholds for average path velocity and straightness or linear index.
If samples are videotaped (11) or the images are otherwise recorded at the time of necropsy, subsequent analysis
ot only control and high-dose P and FI males may be performed unless treatment-related effects are observed,
in that case, the lower dose groups should also be evaluated. In the absence of a video or digital image, all
samples in all treatment groups should be analysed at necropsy.

A morphological evaluation of an epididymal (or vas deferens) sperm sample should be performed. Sperm (at
least 200 per sample) should be examined as fixed, wet preparations (12) and classified as either normal or
abnormal. Examples of morphologic sperm abnormalities would include fusion, isolated heads, and misshapen
heads and/or tails. Evaluation should be performed on the selected subset of males of all dose groups either
immediately after killing the animals, or, based on the video or digital recordings, at a later time. Smears, once
fixed, can also be read at a later time. In these instances, the controls and high dose group may be analysed first.
If no treatment-related effects (e.g., effects on sperm morphology) are seen the other dose groups need not be
analysed. When treatment-related effects are noted in the high-dose group, then the lower dose groups should
also be evaluated.

If any of the above sperm evaluation parameters have already been examined as part of a systemic toxicity
study of at least 90 days, they need not necessarily be repeated in the two-generation study. It is recommended,
however, that samples or digital recordings of sperm of the P generation are saved, to enable later evaluation, if
necessary.



30.4.2004 Official Journal of the European Union L 152/234

1.55 Offspring

Each litter should be examined as soon as possible after delivery (lactation day 0) to establish the number and
sex of pups, stillbirths, live births, and the presence of gross anomalies. Pups found dead on day 0, if not
macerated, should preferably be examined for possible defects and cause of death and preserved. Live pups
should be counted and weighed individually at birth (lactation day 0) or on day 1, and on regular weigh days
thereafter, e.g., on days 4, 7, 14, and 21 of lactation. Physical or behavioural abnormalities observed in the dams
or otfspring should be recorded.

Physical development of the offspring should be recorded mainly by body weight gain. Other physical
parameters (e.g. ear and eye opening, tooth eruption, hair growth) may give supplementary information, but
these data should preferably be evaluated in the context of data on sexual maturation (e.g. age and body weight
at vaginal opening or balano-preputial separation) (13). Functional investigations (e.g. motor activity, sensory
function, reflex ontogeny) of the FI offspring before and/or after weaning, particularly those related to sexual
maturation, are recommended it such investigations are not included in separate studies. The age of vaginal
opening and preputial separation should be determined for F1 weanlings selected for mating. Anogenital
distance should be measured at postnatal day 0 in F2 pups if triggered by alterations in F1 sex ratio or timing of
sexual maturation.

Functional observations may be omitted in groups that otherwise reveal clear signs of adverse effects (e.g.,
significant decrease in weight gain, etc.). If functional investigations are made, they should not be done on pups
selected for mating.

1.5.6 Gross necropsy

At the time of termination or death during the study, all parental animals (P and F1), all pups with external
abnormalities or clinical signs, as well as one randomly selected pup/sex/litter from both the F1 and F2
generation, shall be examined macroscopically for any structural abnormalities or pathological changes. Special
attention should be paid to the organs of the reproductive system. Pups that are humanely killed in a moribund
condition and dead pups, when not macerated, should be examined for possible defects and/or cause of death
and preserved.

The uteri of all primiparous females should be examined, in a manner which does not compromise
histopathological evaluation, for the presence and number of implantation sites.
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1.57 Organ weights

At the time of termination, body weight and the weight of the following organs of all P and F1 parental animals
shall be determined (paired organs should be weighed individually):

— Uterus, ovaries;

— Testes, epididymides (total and cauda);

— Prostate;

— Seminal vesicles with coagulating glands and their fluids and prostate (as one unit);

— Brain, liver, kidneys, spleen, pituitary, thyroid and adrenal glands and known target organs.

Terminal body weights should be determined for F1 and F2 pups that are selected for necropsy. The following
organs from the one randomly selected pup/sex/litter (see section 1.5.6) shall be weighed: Brain, spleen and
thymus.

Gross necropsy and organ weight results should be assessed in context with observations made in other repeated
dose studies, when feasible.

1.5.8 Histopathology

1.5.8.1 Parental Animals

The following organs and tissues of parental (P and F1) animals, or representative samples thereof, shall be
fixed and stored in a suitable medium for histopathological examination.

— Vagina, uterus with cervix, and ovaries (preserved in appropriate fixative);

— One testis (preserved in Bouin’s or comparable fixative), one epididymis, seminal vesicles, prostate,
and coagulating gland;

— Previously identified target organ(s) from all P and F1 animals selected for mating.

Full histopathology of the preserved organs and tissues listed above should be performed for all high dose and
control P and F1 animals selected for mating. Examination of the ovaries of the P animals is optional. Organs
demonstrating treatment-related changes should also be examined in the low- and mid-dose groups to aid in the
elucidation of the NOAEL. Additionally, reproductive organs of the low-and mid-dose animals suspected of
reduced fertility, e.g., those that failed to mate, conceive, sire, or deliver healthy oftspring, or for which oestrus
cyclicity or sperm number, motility, or morphology were affected, should be subjected to histopathological
evaluation. All gross lesions such as atrophy or tumours shall be examined.
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Detailed testicular histopathological examination (e.g. using Bouin’s fixative, paraffin embedding and
transverse sections of 4-5 um thickness) should be conducted in order to identify treatment-related effects such
as retained spermatids, missing germ cell layers or types, multinucleated giant cells or sloughing of
spermatogenic cells into the lumen (14). Examination of the intact epididymis should include the caput, corpus,
and cauda, which can be accomplished by evaluation of a longitudinal section. The epididymis should be
evaluated for leukocyte infiltration, change in prevalence of cell types, aberrant cell types, and phagocytosis of
sperm. PAS and haematoxylin staining may be used for examination of the male reproductive organs.

The postlactational ovary should contain primordial and growing follicles as well as the large corpora lutea of
lactation. Histopathological examination should detect qualitative depletion of the primordial follicle
population. A quantitative evaluation of primordial follicles should be conducted for F1 females; the number of
animals, ovarian section selection, and section sample size should be statistically appropriate for the evaluation
procedure used. Examination should include enumeration of the number of primordial follicles, which can be
combined with small growing follicles, for comparison of treated and control ovaries (15)(16)(17)(18)(19).

1.58.2 Weanlings

Grossly abnormal tissue and target organs from all pups with external abnormalities or clinical signs, as well as
from the one randomly selected pup/sex/litter from both the F1 and F2 generation which have not been selected
for mating, shall be fixed and stored in a suitable medium for histopathological examination. Full
histopathological characterisation of preserved tissue should be performed with special emphasis on the organs
of the reproductive system.

2 DATA

2.1 TREATMENT OF RESULTS

Data shall be reported individually and summarised in tabular form, showing for each test group and each
generation the number of animals at the start of the test, the number of animals found dead during the test or
killed for humane reasons, the time of any death or humane kill, the number of fertile animals, the number of
pregnant females, the number of animals showing signs of toxicity, a description of the signs of toxicity
observed, including time of onset, duration, and severity of any toxic effects, the types of parental and offspring
observations, the types of histopathological changes, and all relevant litter data.
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Numerical results should be evaluated by an appropriate, generally accepted statistical method; the statistical
methods should be selected as part of the design of the study and should be justified. Dose-response statistical
models may be useful for analysing data. The report should include sufficient information on the method of
analysis and the computer program employed, so that an independent reviewer/statistician can re-evaluate and
reconstruct the analysis.

2.2 EVALUATION OF RESULTS

The findings of this two-generation reproduction toxicity study should be evaluated in terms of the observed
effects including necropsy and microscopic findings. The evaluation will include the relationship, or lack
thereof, between the dose of the test substance and the presence or absence, incidence and severity of
abnormalities, including gross lesions, identified target organs, affected fertility, clinical abnormalities, affected
reproductive and litter performance, body weight changes, effects on mortality and any other toxic effects. The
physico-chemical properties of the test substance, and when available, toxicokinetics data should be taken into
consideration when evaluating test results.

A properly conducted reproduction toxicity test should provide a satisfactory estimation of a no-effect level and
an understanding of adverse effects on reproduction, parturition, lactation, postnatal development including
growth and sexual development.

23 INTERPRETATION OF RESULTS

A two-generation reproduction toxicity study will provide information on the effects of repeated exposure to a
substance during all phases of the reproductive cycle. In particular, the study provides information on the
reproductive parameters, and on development, growth, maturation and survival of offspring. The results of the
study should be interpreted in conjunction with the findings from subchronic, prenatal developmental and
toxicokinetic and other available studies. The results of this study can be used in assessing the need for further
testing of a chemical. Extrapolation of the results of the study to man is valid to a limited degree. They are best
used to provide information on no-effect-levels and permissible human exposure (20)(21)(22)(23).
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3 REPORTING

TEST REPORT

The test report must include the following information:

Test substance:

— physical nature and, where relevant, physicochemical properties;
— identification data;
— purity.

Vehicle (if appropriate):
— justification for choice of vehicle if other than water.
Test animals:

— species/strain used;

— number, age and sex of animals;

— source, housing conditions, diet, nesting materials, etc.;
— individual weights of animals at the start of the test.

Test conditions:

— rationale for dose level selection;

— details of test substance formulation/diet preparation, achieved concentrations;

— stability and homogeneity of the preparation;

— details of the administration of the test substance;

— conversion from diet/drinking water test substance concentration (ppm) to the achieved dose (mg/kg body
weight/day), if applicable;

— details of food and water quality.
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Results:

— food consumption, and water consumption if available, food efficiency (body weight gain per gram of food
consumed), and test material consumption for P and Fl animals, except for the period of cohabitation and
for at least the last third of lactation;

— absorption data (if available);

— body weight data for P and F1 animals selected for mating;

— litter and pup weight data;

— body weight at sacrifice and absolute and relative organ weight data for the parental animals;

— nature, severity and duration of clinical observations (whether reversible or not);

— time of death during the study or whether animals survived to termination;

— toxic response data by sex and dose, including indices of mating, fertility, gestation, birth, viability, and
lactation; the report should indicate the numbers used in calculating these indices;

— toxic or other effects on reproduction, offspring, post-natal growth, etc.;

— necropsy findings;

— detailed description of all histopathological findings;

— number of P and F1 females cycling normally and cycle length;

— total cauda epididymal sperm number, percent progressively motile sperm, percent morphologically normal
sperm, and percent of sperm with each identified abnormality;

— time-to-mating, including the number of days until mating ;

— gestation length;

— number of implantations, corpora lutea, litter size;

— number of live births and post-implantation loss;

— number of pups with grossly visible abnormalities, if determined the number of runts should be reported;

— data on physical landmarks in pups and other post natal developmental data; physical landmarks evaluated
should be justified:

— data on functional observations in pups and adults, as applicable:

— statistical treatment of results, where appropriate.

Discussion of results.

Conclusions, including NOAEL values for maternal and oftspring effects.
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B.42. SKIN SENSITISATION: LOCAL LYMPH NODE ASSAY

1. METHOD

This test method is equivalent to the OECD TG 429 (2002)

1.1 INTRODUCTION

The Local Lymph Node Assay (LLLNA) has been sufficiently validated and accepted to justify its adoption as a
new Method (1)(2)(3). This is the second method for assessing skin sensitisation potential of chemicals in
animals. The other method (B.6) utilises guinea pig tests, notably the guinea pig maximisation test and the
Buehler test (4).

The LLNA provides an alternative method for identifying skin sensitising chemicals and for confirming that
chemicals lack a significant potential to cause skin sensitisation. This does not necessarily imply that in all
instances the LLLNA should be used in place of guinea pig test, but rather that the assay is of equal merit and
may be employed as an alternative in which positive and negative results generally no longer require further
confirmation.

The LLNA provides certain advantages with regard to both scientific progress and animal welfare. It studies the
induction phase of skin sensitisation and provides quantitative data suitable for dose response assessment. The
details of the validation of the LLNA and a review of the associated work have been published (5)(6)(7)(8). In
addition, it should be noted that the mild/moderate sensitisers, which are recommended as suitable positive
control substances for guinea pig test methods, are also appropriate for use with the LLNA (6)(8)(9).

The LLNA is an ir vivo method and, as a consequence, will not eliminate the use of animals in the assessment
of contact sensitising activity. It has, however, the potential to reduce the number of animals required for this
purpose. Moreover, the LLLNA offers a substantial refinement of the way in which animals are used for contact
sensitisation testing. The LLNA is based upon consideration of immunological events stimulated by chemicals
during the induction phase of sensitisation. Unlike guinea pig tests the LLNA does not require that challenged-
induced dermal hypersensitivity reactions be elicited. Furthermore, the LLNA does not require the use of an
adjuvant, as is the case for the guinea pig maximisation test. Thus, the LLNA reduces animal distress. Despite
the advantages of the LLNA over traditional guinea pig tests, it should be recognised that there are certain
limitations that may necessitate the use of traditional guinea pigs tests (e.g., false negative findings in the LLNA
with certain metals, false positive findings with certain skin irritants)(10).

See also Introduction part B.



30.4.2004 Official Journal of the European Union L 152/244

1.2 PRINCIPLE OF THE TEST METHOD

The basic principle underlying the LLNA is that sensitisers induce a primary proliferation of lymphocytes in the
lymph node draining the site of chemical application. This proliferation is proportional to the dose applied (and
to the potency of the allergen) and provides a simple means of obtaining an objective, quantitative measurement
of sensitisation. The LLLNA assesses this proliferation as a dose-response relationship in which the proliferation
in test groups is compared to that in vehicle treated controls. The ratio of the proliferation in treated groups to
that in vehicular controls, termed the Stimulation Index, is determined, and must be at least three before a test
substance can be further evaluated as a potential skin sensitiser. The methods described here are based on the
use of radioactive labelling to measure cell proliferation. However, other endpoints for assessment of
proliferation may be employed provided there is justification and appropriate scientific support, including full
citations and description of the methodology.

1.3 DESCRIPTION OF THE TEST METHOD
1.3.1 Preparations
1.3.1.1 Housing and feeding conditions

Animals should be individually housed. The temperature of the experimental animals room should be 22°C
(+3°C). Although the relative humidity should be at least 30% and preferably not exceed 70% other than during
room cleaning, the aim should be 50-60%. Lighting should be artificial, the sequence being 12 hours light, 12
hours dark. For feeding, conventional laboratory diets may be used with an unlimited supply of drinking water.

1.3.1.2 Preparation of animals

The animals are randomly selected, marked to permit individual identification (but not by any tform of ear
marking), and kept in their cages for at least 5 days prior to the start of dosing to allow for acclimatisation to the
laboratory conditions. Prior to the start of treatment all animals are examined to ensure that they have no
observable skin lesions.

1.32 Test Conditions
1.32.1 Lxperimental animals

The mouse is the species of choice for this test. Young adult female mice of CBA/Ca or CBA/J strain, which are
nulliparous and non-pregnant are used. At the start of the study, animals should be between 8-12 weeks old, and
the weight variation of the animals should be minimal and not exceed 20% of the mean weight. Other strains
and males may be used when sufficient data are generated to demonstrate that significant strain and/or gender-
specific differences in the LLNA response do not exist.

1.32.2 Reliability check

Positive controls are used to demonstrate appropriate performance of the assay and competency of the
laboratory to successfully conduct the assay. The positive control should produce a positive LLNA response at
an exposure level expected to give an increase in the stimulation index (SI) >3 over the negative control group.
The positive control dose should be chosen such that the induction is clear but not excessive. Preferred
substances are hexyl cinnamic aldehyde (CAS No 101-86-0, EINECS No 202-983-3) and
mercaptobenzothiazole (CAS No 149-30-4, EINECS No 205-736-8). There may be circumstances in which,
given adequate justification, other control substances, meeting the above criteria, may be used. While ordinarily
a positive control group may be required in each assay, there may be situations in which test laboratories will
have available historic positive control data to show consistency of a satisfactory response over a six-month or
more extended period. In those situations, less frequent testing with positive controls may be appropriate at
intervals no greater than 6 months. Although the positive control substance should be tested in the vehicle that
is known to elicit a consistent response (e.g., acetone: olive oil), there may be certain regulatory situations in
which testing in non-standard vehicle (clinically/chemically relevant formulation) will also be necessary. In
such situation the possible interaction of a positive control with this unconventional vehicle should be tested.
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1.32.3 Number of animals, dose levels and vehicle selection.

A minimum of four animals is used per dose group, with a minimum of three concentrations of the test
substance, plus a negative control group treated only with the vehicle for the test substance, and, as appropriate,
a positive control. In those cases in which individual animal data are to be collected, a minimum of five animals
per dose group are used. Except for absence of treatment with the test substance, animals in the control groups
should be handled and treated in a manner identical to that of animals in the treatment groups.

Dose and vehicle selection should be based on the recommendations given in reference (1). Doses are selected
from the concentration series 100%, 50%, 25%, 10%, 5%, 2.5%, 1%, 0.5% etc. Existing acute toxicity and
dermal irritation data should be considered, where available, in selecting the three consecutive concentrations so
that the highest concentration maximises exposure whilst avoiding systemic toxicity and excessive local skin
irritation (2)(11).

The vehicle should be selected on the basis of maximising the test concentrations and solubility whilst
producing a solution/suspension suitable for application of the test substance. In order of preference,
recommended vehicles are acetone/olive oil (4:1 v/v), dimethylformamide, methyl ethyl ketone, propylene
glycol and dimethy! sulphoxide (2)(10), but others may be used if sufficient scientitic rationale is provided. In
certain situations it may be necessary to use a clinically relevant solvent or the commercial formulation in
which the test substance is marketed as an additional control. Particular care should be taken to ensure that
hydrophilic materials are incorporated into a vehicle system, which wets the skin and does not immediately run
off. Thus, wholly aqueous vehicles are to be avoided.

1.33 Test procedure
1.3.3.1 Experimental schedule
The experimental schedule of the assay is as follows:

e  Dayl:
Individually identify and record the weight of each animal. Open application of 25ul of the appropriate
dilution of the test substance, the vehicle alone, or the positive control (as appropriate), to the dorsum of
each ear.

e  Days2and3:
Repeat the application procedure carried out on day 1.

e  Daysdand$5 :
No treatment,

e Day6:
Record the weight of each animal. Inject 250ul of phosphate-buffered saline (PBS) containing 20 uCi
(7.4e + 8 Bq) of 3H—methyl thymidine into all test and control mice via the tail vein. Alternatively inject
250 pL PBS containing 2 uCi (7.4e + 7 Bq) of IZSI—iododeoxyuridine and 10° M fluorodeoxyuridine into
all mice via the tail vein.

Five hours later, the animals are killed. The draining auricular lymph nodes from each ear are excised and
pooled in PBS for each experimental group (pooled treatment group approach); alternatively pairs of
lymph nodes from individual animals may be excised and pooled in PBS for each animal (individual
animal approach). Details and diagrams of the node identification and dissection can be found in Annex I
of reference 10.
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1.3.3.2 Preparation of cell suspensions

A single cell suspension of lymph node cells (LNC) either from pooled treatment groups or bilaterally from
individual animals is prepared by gentle mechanical disaggregation through 200 pm-mesh stainless steel gauze.
Lymph node cells are washed twice with an excess of PBS and precipitated with 5% trichloroacetic acid (TCA)
at 4 °C for 18h (2). Pellets are either re-suspended in 1 ml TCA and transferred to scintillation vials containing
10 ml of scintillation fluid for 3H—counting, or transferred directly to gamma counting tubes for 125I—counting.

1.33.3 Determination of cell proliferation (incorporated radioactivity)

Incorporation of 3H—methyl thymidine is measured by B-scintillation counting as disintegrations per minute
(DPM). Incorporation of 125I—iododeoxyuridine is measured by 125I—counting and also is expressed as DPM.
Depending on the approach used, the incorporation will be expressed as DPM/treatment group (pooled
approach) or the DPM/animal (individual approach).

1.33.4 Observations
1.3.3.4.1 Clinical observations

Animals should be carefully observed once daily for any clinical signs, either of local irritation at the
application site or of systemic toxicity. All observations are systematically recorded with individual records
being maintained for each animal.

1.33.42 Body Weights

As stated in section 1.3.3.1, individual animal body weights should be measured at the start of the test and at the
scheduled kill of the animals.

1.34 Calculation of results

Results are expressed as the Stimulation Index (ST). When using the pooled approach, the SI is obtained by
dividing the pooled radioactive incorporation for each treatment group by the incorporation of the pooled
vehicle control group; this yields a mean SI. When using the individual approach, the SI is derived by dividing
the mean DPM/animal within each test substance group and the positive control group by the mean
DPM/animal for the solvent/vehicle control group. The average Sl for vehicle treated controls is then 1.

Use of the individual approach to calculate the SI will enable the performance of a statistical analysis of the
data. In choosing an appropriate method of statistical analysis the investigator should maintain an awareness of
possible inequalities of variances and other related problems that may necessitate a data transformation or a
non-parametric statistical analysis. An adequate approach for interpreting the data is to evaluate all individual
data of treated and vehicle controls, and derive from these the best fitting dose response curve, taking
confidence limits into account (8)(12)(13). However, the investigator should be alert to possible “outlier”
responses for individual animals within a group that may necessitate the use of an alternative measure of
response (e.g., median rather than mean) or elimination of the outlier.

The decision process with regard to a positive response includes a stimulation index 23 together with
consideration of dose-response and, where appropriate, statistical significance (3)(6)(8)(12)(14).

If it is necessary to clarify the results obtained, consideration should be given to various properties of the test
substance, including whether it has a structural relationship to known skin sensitisers, whether it causes
excessive skin irritation and the nature of the dose response seen. These and other considerations are discussed
in detail elsewhere (7).
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2 DATA

Data should be summarised in tabular form showing the mean and individual DPM values and stimulation
indexes for each dose (including vehicle control) group.

3 REPORTING
TEST REPORT
The test report should contain the following information:
Test substance:

— identification data (e.g., CAS number, if available; source; purity; known impurities; lotnumber);
— physical nature and physicochemical properties (e.g., volatility, stability, solubility);
— it mixture, composition and relative percentages of components.

Vehicle:

— identification data | purity; concentration (where appropriate); volume used|
— justification for choice of vehicle.

Test animals:

— strain of mice used;

— microbiological status of the animals, when known;
— number, age and sex of animals;

— source of animals, housing conditions, diet, etc.

Test conditions:

— details of test substance preparation and application;

— justification for dose selection, including results from range finding study, if conducted; vehicle and test
substance concentrations used and the total amount of substance applied

— details of food and water quality (including diet type/source, water source).

Reliability check:

— a summary of the results of the latest reliability check including information on substance, concentration and
vehicle used.
— concurrent and/or historical positive and negative control data for testing laboratory

Results:

— individual weights of animals at the start of dosing and at scheduled kill.

— a table of mean (pooled approach) and individual (individual approach) DPM values as well as the range of
values for both approaches and the stimulation indices for each dose (including vehicle control) group.

— statistical analysis where appropriate

— time course of onset and signs of toxicity, including dermal irritation at site of administration, if any, for
each animal.

Discussion of results:

— A brief commentary on the results, the dose-response analysis, and statistical analyses, where appropriate,
with a conclusion as to whether the test substance should be considered a skin sensitiser.
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B.43. NEUROTOXICITY STUDY IN RODENTS

1. METHOD
This method is equivalent of OECD TG 424 (1997).

This Test Method has been designed to obtain the information necessary to confirm or to further characterise
the potential neurotoxicity of chemicals in adult animals. It can either be combined with existing Test Methods
for repeated dose toxicity studies or to be carried out as a separate study. It is recommended that the OECD
Guidance Document on Neurotoxicity Testing Strategies and Methods (1) be consulted to assist in the design of
studies based on this Test Method. This is particularly important when modifications of the observations and
test procedures as recommended for routine use of this Method are considered. The Guidance Document has
been prepared to facilitate the selection of other test procedures for use in specific circumstances.

The assessment of developmental neurotoxicity is not the subject of this Method.

1.1 INTRODUCTION

In the assessment and evaluation of the toxic characteristics of chemicals, it is important to consider the
potential for neurotoxic effects. Already the Test Method for repeated dose systemic toxicity includes
observations that screen for potential neurotoxicity. This Test Method can be used to design a study to obtain
further information on, or to confirm, the neurotoxic etfects observed in the repeated dose systemic toxicity
studies. However, consideration of the potential neurotoxicity of certain classes of chemicals may suggest that
they may be more appropriately evaluated using this Method without prior indications of the potential
neurotoxicity from repeated dose systemic toxicity studies. Such considerations include, for example:

* observation of neurological signs or neuropathological lesions in toxicity studies other than repeated
dose systemic toxicity studies, or

* structural relationship or other information linking them to known neurotoxicants.
In addition there may be other instances when use of this Test Method is appropriate; for further details see (1).

This Method has been developed so that it can be tailored to meet particular needs to confirm the specific
histopathological and behavioural neurotoxicity of a chemical as well as provide a characterization and
quantification of the neurotoxic responses.

In the past, neurotoxicity was equated with neuropathy involving neuropathological lesions or neurological
dysfunctions, such as seizure, paralysis or tremor. Although neuropathy is an important manifestation of
neurotoxicity, it is now clear that there are many other signs of nervous system toxicity (e.g. loss of motor co-
ordination, sensory deficits, learning and memory dysfunctions) that may not be reflected in neuropathy or other
types of studies.

This neurotoxicity Test Method is designed to detect major neurobehavioural and neuropathological effects in
adult rodents. While behavioural effects, even in the absence of morphological changes, can reflect an adverse
impact on the organism, not all behavioural changes are specific to the nervous system. Therefore, any changes
observed should be evaluated in conjunction with correlative histopathological, haematological or biochemical
data as well as data on other types of systemic toxicity. The testing called for in this Method to provide a
characterization and quantification of the neurotoxic responses includes specific histopathological and
behavioural procedures that may be further supported by electrophysiological and/or biochemical investigations

(H@BGHD.
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Neurotoxicants may act on a number of targets within the nervous system and by a variety of mechanisms.
Since no single array of tests is capable of thoroughly assessing the neurotoxic potential of all substances, it
may be necessary to utilize other in vivo or in vitro tests specific to the type of neurotoxicity observed or
anticipated.

This Test Method can also be used, in conjunction with the guidance set out in the OECD Guidance Document
on Neurotoxicity Testing Strategies and Methods (1) to design studies intended to further characterize or
increase the sensitivity of the dose-response quantification in order or better estimate a no-observed-adverse
effect level or to substantiate known or suspected hazards of the chemical. For example, studies may be
designed to identify and evaluate the neurotoxic mechanism(s) or supplement the data already available from
the use of basic neurobehavioural and neuropathological observation procedures. Such studies need not
replicate data that would be generated from the use of the standard procedures recommended in this Method, if
such data are already available and are not considered necessary for the interpretation of the results of the study.

This neurotoxicity study, when used alone or in combination, provides information that can:
* identify whether the nervous system is permanently or reversibly affected by the chemical tested;

* contribute to the characterization of the nervous system alterations associated with exposure to the
chemical, and to understanding the underlying mechanism.

* determine dose-and time-response relationships in order to estimate a no-observed-adverse-effect level
(which can be used to establish safety criteria for the chemical).

This Test Method uses oral administration of the test substance. Other routes of administration (e.g. dermal or
inhalation) may be more appropriate, and may require modification of the procedures recommended.
Considerations of the choice of the route of administration depend on the human exposure profile and available
toxicological or kinetic information.

1.2 DEFINITIONS

Adverse effect: is any treatment-related alteration from baseline that diminishes an organism's ability to
survive, reproduce or adapt to the environment.

Dose: is the amount of test substance administered. Dose is expressed as weight (g, mg) or as weight of test
substance per unit weight of the test animal (e.g. mg/Kg), or as constant dietary concentrations (ppm).

Dosage: is a general term comprising of dose, its frequency and the duration of dosing.

Neurotoxicity: is an adverse change in the structure or function of the nervous system that results from
exposure to a chemical, biological or physical agent.

Neurotoxicant: is any chemical, biological or physical agent having the potential to cause neurotoxicity.

NOAEL.: is the abbreviation for no-observed-adverse effect level and is the highest dose level where no adverse
treatment-related findings are observed.

1.3 PRINCIPLE OF THE TEST METHOD

The test chemical is administered by the oral route across a range of doses to several groups of laboratory
rodents. Repeated doses are normally required, and the dosing regimen may be 28 days, subchronic (90 days) or
chronic (1 year or longer). The procedures set out in this Test Method may also be used for an acute
neurotoxicity study. The animals are tested to allow the detection or the characterization of behavioural and/or
neurological abnormalities. A range of behaviours that could be affected by neurotoxicants is assessed during
each observation period. At the end of the test, a subset of animals of each sex from each group are perfused in
situ and sections of the brain, spinal cord, and peripheral nerves are prepared and examined.
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When the study is conducted as a stand-alone study to screen for neurotoxicity or to characterize neurotoxic
effects, the animals in each group not used for perfusion and subsequent histopathology (see Table 1) can be
used for specific neurobehavioural, neuropathological, neurochemical or electrophysiological procedures that
may supplement the data obtained from the standard examinations required by this Method (1). These
supplemental procedures can be particularly useful when empirical observations or anticipated etfects indicate a
specific type or target of a chemical's neurotoxicity. Alternatively, the remaining animals can be used for
evaluations such as those called for in Test Methods for repeated dose toxicity studies in rodents.

When the procedures of this Test Method are combined with those of other Test Methods, a sufficient number
of animals is needed to satisty the requirements for the observations of both studies.

1.4 DESCRIPTION OF THE TEST METHOD
1.4.1 Selection of animal species

The preferred rodent species is the rat, although other rodent species, with justification, may be used.
Commonly used laboratory strains of young adult healthy animals should be employed. The females should be
nulliparous and non-pregnant. Dosing should normally begin as soon as possible after weaning, preferably not
later than when animals are six weeks, and, in any case, before the animals are nine weeks age. However, when
this study is combined with other studies this age requirement may need adjustment. At the commencement of
the study the weight variation of animals used should not exceed + 20 % of the mean weight of each sex. Where
a repeated dose study of short duration is conducted as a preliminary to a long term study, animals from the
same strain and source should be used in both studies.

1.42 Houwsing and feeding conditions

The temperature in the experimental animal room should be 22 °C (+ 3 °C). Although the relative humidity
should be at least 30 % and preferably not exceed 70 % other than during room cleaning, the aim should be 50-
60 %. Lighting should be artificial, the sequence being 12 hours light, 12 hours dark. Loud intermittent noise
should be kept to a minimum. For feeding, conventional laboratory diets may be used with an unlimited supply
of drinking water. The choice of diet may be influenced by the need to ensure a suitable admixture of a test
substance when administered by this method. Animals may be housed individually, or be caged in small groups
of the same sex.

1.4.3 Preparation of animals

Healthy young animals are randomly assigned to the treatment and control groups. Cages should be arranged in
such a way that possible effects due to cage placement are minimized. The animals are identified uniquely and
kept in their cages for at least (5) five days prior the start of the study to allow for acclimatization to the
laboratory conditions.

1.4.4 Route of administration and preparation of doses

This Test Method specifically addresses the oral administration of the test substance. Oral administration may
be by gavage, in the diet, in drinking water or by capsules. Other routes of administration (e.g. dermal or
inhalation) can be used but may require modification of the procedures recommended. Considerations of the
choice of the route of administration depend on the human exposure profile and available toxicological or
kinetic information. The rationale for choosing the route of administration as well as resulting modifications to
the procedures of this Test Method should be indicated.

Where necessary, the test substance may be dissolved or suspended in a suitable vehicle. It is recommended that
the use of an aqueous solution/suspension be considered first, followed by consideration of a
solution/suspension in oil (e.g., corn oil) and then by possible solution/suspension in other vehicle. The toxic
characteristics of the vehicle must be known. In addition, consideration should be given to the following
characteristics of the vehicle: effects of the vehicle on absorption, distribution, metabolism, or retention of the
test substance which may alter its toxic characteristics; and effects on the food or water consumption or the
nutritional status of the animals.
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1.5 PROCEDURES
1.5.1 Number and sex animals

When the study is conducted as a separate study, at least 20 animals (10 females and 10 males) should be used
in each dose and control group for the evaluation of detailed clinical and functional observations. At least five
males and five females, selected from these 10 males and 10 females, should be perfused in situ and used for
detailed neurohistopathology at the end of the study. In cases where only a limited number of animals in a given
dose group are observed for signs of neurotoxic effects, consideration should be given to the inclusion of these
animals in those selected for perfusion. When the study is conducted in combination with a repeated dose
toxicity study, adequate numbers of animals should be used to meet the objectives of both studies. The
minimum numbers of animals per group for various combinations of studies are given in Table 1. If interim
kills or recovery groups for observation of reversibility, persistence or delayed occurrence of toxic effects post
treatment are planned or when supplemental observations are considered, then the number of animals should be
increased to ensure that the number of animals required for observation and histopathology are available.

1.5.2 Treatment and control group

At least three dose groups and a control group should generally be used, but if from the assessment of other
data, no effects would be expected at a repeated dose of 1000 mg/kg body weight/day, a limit test may be
performed. If there are no suitable data available, a range finding study may be performed to aid in the
determination of the doses to be used. Except for treatment with the test substance, animals in the control group
should be handled in an identical manner to the test group subjects. If a vehicle is used in administering the test
substance, the control group should receive the vehicle at the highest volume used.

153 Reliability check

The laboratory performing the study should present data demonstrating its capability to carry out the study and
the sensitivity of the procedures used. Such data should provide evidence of the ability to detect and quantify, as
appropriate, changes in the different end points recommended for observation, such as autonomic signs, sensory
reactivity, limb grip strength and motor activity. Information on chemicals that cause different types of
neurotoxic responses and could be used as positive control substances can be found in references 2 to 9.
Historical data may be used if the essential aspects of the experimental procedures remain the same. Periodic
updating of historical data is recommended. New data that demonstrate the continuing sensitivity of the
procedures should be developed when some essential element of the conduct of the test or procedures has been
changed by the performing laboratory.

154 Dose selection

Dose levels should be selected by taking into account any previously observed toxicity and kinetic data
available for the test compound or related materials. The highest dose level should be chosen with the aim of
inducing neurotoxic etfects or clear systemic toxic effects. Thereafter, a descending sequence of dose levels
should be selected with a view to demonstrating any dose-related response and no-observed-adverse effect
(NOAEL) at the lowest dose level. In principle, dose levels should be set so that primary toxic effects on the
nervous system can be distinguished from effects related to systemic toxicity. Two to three intervals are
frequently optimum and addition of a fourth test group is often preferable to using very large intervals (e.g.,
more than a factor of 10) between dosages. Where there is a reasonable estimation of human exposure this
should also be taken into account.

1.5.5 Limit test

If a study at one dose level of at least 1000 mg/kg body weight/day, using the procedures described, produces
no observable neurotoxic effects and if toxicity would not be expected based upon data from structurally related
compounds, then a full study using three dose levels may not be considered necessary. Expected human
exposure may indicate the need for a higher oral dose level to be used in the limit test. For other types of
administration, such as inhalation or dermal application, the physical chemical properties of the test substance
often may dictate the maximum attainable level of exposure. For the conduct of an oral acute study, the dose for
a limit test should be at least 2000 mg/kg.
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1.5.6 Administration of doses

The animals are dosed with the test substance daily, seven days each week, for a period at least 28 days; use of a
five-day dosing regime or a shorter exposure period needs to be justified. When the test substance is
administered by gavage, this should be done in a single dose using a stomach tube or a suitable intubation
cannula. The maximum volume of a liquid that can be administered at one time depends on the size of the test
animals. The volume should not exceed 1 ml/100 g body weight. However in the case of aqueous solutions, the
use of up to 2 ml/100 g body weight can be considered. Except for irritating or corrosive substances, which will
normally reveal exacerbated effects with higher concentrations, variability in test volume should be minimized
by adjusting the concentration to ensure a constant volume at all dose levels.

For substances administered via the diet or drinking water, it is important to ensure that the quantities of the test
substance involved do not interfere with normal nutrition or water balance. When the test substance is
administered in the diet either a constant dietary concentration (ppm) or a constant dose level in terms of the
animals’ body weight may be used; the alternative used must be specified. For a substance administered by
gavage, the dose should be given at similar times each day, and adjusted as necessary to maintain a constant
dose level in terms of animal body weight. Where a repeat dose study is used as a preliminary to a long term
study, a similar diet should be used in both studies. For acute studies, if a single dose is not possible, the dose
may be given in smaller fractions over a period not exceeding 24 hours.

1.6 OBSERVATION
1.6.1 Frequency of observations and tests

In repeated dose studies, the observation period should cover the dosage period. In acute studies, 14-day post-
treatment period should be observed. For animals in satellite groups which are kept without exposure during a
post-treatment period, observations should cover this period as well.

Observations should be made with sufficient frequency to maximize the probability of detection of any
behavioural and/or neurological abnormalities. Observations should be made preferably at the same times each
day with consideration given to the peak period of anticipated effects after dosing. The frequency of clinical
observations and functional tests is summarized in Table 2. If kinetic or other data generated from previous
studies indicates the need to use different time points for observations, tests or post-observation periods, an
alternative schedule should be adopted in order to achieve maximum information. The rationale for changes to
the schedule should be provided.

1.6.1.1 Observations of general health condition and mortality/morbidity

All animals should be carefully observed at least once daily with respect to their health condition as well as at
least twice daily for morbidity and mortality.

1.6.1.2 Detailed clinical observations

Detailed clinical observations should be made on all animals selected for this purpose (see Table 1) once before
the first exposure (to allow for within-subject comparisons) and at different intervals thereafter, dependant on
the duration of the study (see Table 2). Detailed clinical observations on satellite recovery groups should be
made at the end of the recovery period. Detailed clinical observations should be made outside the home cage in
a standard arena. They should be carefully recorded using scoring systems that include criteria or scoring scales
for each measurement in the observations. The criteria or scales used should be explicitly defined by the testing
laboratory. Effort should be made to ensure that variations in the test conditions are minimal (not systematically
related to treatment) and that observations are conducted by trained observers unaware of the actual treatment.
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It is recommended that the observations be carried out in a structured fashion in which well-defined criteria
(including the definition of the normal "range") are systematically applied to each animal at each observation
time. The "normal range” should be adequately documented. All observed signs should be recorded. Whenever
feasible, the magnitude of the observed signs should also be recorded. Clinical observations should include, but
not be limited to, changes in skin, fur, eyes, mucous membranes, occurrence ot secretions and excretions and
autonomic activity (e.g., lacrimation, piloerection, pupil size, unusual respiratory pattern and/or mouth
breathing, any unusual signs of urination or defecation, and discoloured urine).

Any unusual responses with respect to body position, activity level (e.g., decreased or increased exploration of
the standard arena) and co-ordination of movement should also be noted. Changes in gait (e.g., waddling,
ataxia), posture (e.g., hunched-back) and reactivity to handling, placing or other environmental stimuli, as well
as the presence ot clonic or tonic movements, convulsions or tremors, stereotypes (e.g., excessive grooming,
unusual head movements, repetitive circling) or bizarre behaviour (e.g., biting or excessive licking, self
mutilation, walking backwards, vocalization) or aggression should be recorded.

1.6.1.3 Functional tests

Similar to the detailed clinical observations, functional tests should also be conducted once prior to exposure
and frequently thereafter in all animals selected for this purpose (see Table 1). The frequency of functional
testing is also dependent on the study duration (see Table 2). In addition to the observation periods as set out in
Table 2, functional observations on satellite recovery groups should also be made as close as possible to the
terminal kill. Functional tests should include sensory reactivity to stimuli of different modalities [e.g., auditory,
visual and proprioceptive stimuli (5)(6)(7)], assessment of limb grip strength (8) and assessment of motor
activity (9). Motor activity should be measured with an automated device capable of detecting both decreases
and increases in activity. If another defined system is used it should be quantitative and its sensitivity and
reliability should be demonstrated. Each device should be tested to ensure reliability across time and
consistency between devices. Further details of the procedures that can be followed are given in the respective
reterences. If there are no data (e.g. structure-activity, epidemiological data, other toxicology studies) to
indicate the potential neurotoxic effects, the inclusion of more specialized tests of sensory and motor function or
learning and memory to examine these possible effects in greater details should be considered. More
information on more specialized tests and their use is provided in (1).

Exceptionally, animals that reveal signs of toxicity to an extent that would significantly interfere with the
functional test may be omitted from that test. Justification for the elimination of animals from a functional test
should be provided.

1.6.2 Body weight and food/water consumption

For studies up to 90 days duration, all animals should be weighed at least once a week and measurements
should be made of food consumption (water consumption, when the test substance is administered by that
medium) at least weekly. For long term studies, all animals should be weighed at least once at week for the first
13 weeks and at least once every 4 weeks thereafter. Measurements should be made of food consumption (water
consumption, when the test substance is administered by that medium) at least weekly for the first 13 weeks and
then at approximately three-month intervals unless the health status or body weight changes dictate otherwise.

1.6.3 Ophthalmology

For studies longer than 28 days duration, ophthalmologic examination, using an ophthalmoscope or an
equivalent suitable instrument, should be made prior to the administration of the test substance and at the
termination of the study, preferably on all animals, but at least on animals in the high dose and control groups.
If changes in the eyes are detected or, if clinical signs indicate the need, all animals should be examined. For
long term studies, an ophthalmologic examination should also be carried out at 13 weeks. Ophthalmologic
examinations need not to be conducted if this data is already available from others studies of similar duration
and at similar dose levels.
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1.6.4 Haematology and clinical biochemistry

When the neurotoxicity study is carried out in combination with a repeated dose systemic toxicity study,
haematological examinations and clinical biochemistry determinations should be carried out as set out in the
respective Method of the systemic toxicity study. Collection of samples should be carried out in such a way
that any potential effects on neurobehaviour are minimized.

1.6.5 Histopathology

The neuropathological examination should be designed to complement and extend the observations made
during the in vivo phase of the study. Tissues from at least 5 animals/sex/group (see Table | and next
paragraph) should be fixed in situ, using generally recognized perfusion and fixation techniques (see reference
3, chapter 5 and reference 4, chapter 50). Any observable gross changes should be recorded. When the study is
conducted as a stand-alone study screen for neurotoxicity or to characterize neurotoxic effects, the remainder of
the animals may be used either for specific neurobehavioural (10)(11), neuropathological (10)(11)(12)(13),
neurochemical (10)(11)(14)(15) or electrophysiological (10)(11)(16)(17) procedures that may supplement the
procedures and examinations described here, or to increase the number of subjects examined for
histophatology. These supplementary procedures are of particular use when empirical observations or
anticipated effects indicate a specific type or target of neurotoxicity (2)(3). Alternatively, the remainder of the
animals can also be used for routine pathological evaluations as described in Method for repeated dose studies.

A general staining procedure, such as haematoxylin and eosin (H&E), should be performed on all tissue
specimens embedded in paraffin and microscopic examination should be carried out. If signs of peripheral
neuropathy are observed or suspected, plastic-embedded samples of peripheral nerve tissue should be
examined. Clinical signs may also suggest additional sites for examination or the use of special staining
procedures. Guidance on additional sites to be examined can be found in (3)(4). Appropriate special stains to
demonstrate specific types of pathological change may also be helpful (18).

Representative sections of the central and peripheral nervous system should be examined histologically (see
reference 3, chapter 5 and reference 4, chapter 50). The areas examined should normally include: the forebrain,
the centre of the cerebrum, including a section through the hippocampus, the midbrain, the cerebellum, the
pons, the medulla oblongata, the eye with optic nerve and retina, the spinal cord at the cervical and lumbar
swellings, the dorsal root ganglia, the dorsal and ventral root fibres, the proximal sciatic nerve, the proximal
tibial nerve (at the knee) and the tibial nerve calf muscle branches. The spinal cord and peripheral nerve
sections should include both cross or transverse and longitudinal sections. Attention should be given to the
vasculature of the nervous system. A sample of skeletal muscle, particularly calf muscle, should also be
examined. Special attention should be paid to sites with cellular and fibre structure and pattern in the CNS and
PNS known to be particularly affected by neurotoxicants.

Guidance on neurophatological alterations that typically result from toxicant exposure can be found in the
references (3)(4). A stepwise examination of tissue samples is recommended in which sections from the high
dose group are first compared with those of the control group. If no neurophatological alterations are observed
in the samples from these groups, subsequent analysis is not required. If neuropathological alterations are
observed in the high dose group, sample from each of the potentially affected tissues from the intermediate and
low dose groups should then be coded and examined sequentially.

If any evidence of neuropathological alterations is found in the qualitative examination, then a second
examination should be performed on all regions of the nervous system showing these alterations. Sections from
all dose groups from each of the potentially affected regions should be coded and examined at random without
knowledge of the code. The frequency and severity of each lesion should be recorded. After all regions from all
dose groups have been rated, the code can be broken and statistical analysis performed to evaluate dose-
response relationships. Examples of different degrees of severity of each lesion should be described.

The neuropathological findings should be evaluated in the context of behavioural observations and
measurements, as well as other data from preceding and concurrent systemic toxicity studies of the test
substance.
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2 DATA

2.1 TREATMENT OF RESULTS
Individual data should be provided. Additionally, all data should be summarized in tabular form showing for
each test or control group the number of animals at the start of the test, the number of animals found dead
during the test or killed for humane reasons and the time of any death or humane kill, the number showing
signs of toxicity, a description of the signs of toxicity observed, including time of onset, duration, type and
severity of any toxic effects, the number of animals showing lesions, including the type and severity of the
lesion(s).

2.2 EVALUATION AND INTERPRETATION OF RESULTS
The findings of the study should be evaluated in terms of the incidence, severity and correlation of
neurobehavioural and neuropathological effects (neurochemical or electrophysiological effects as well if
supplementary examinations are included) and any other adverse effects observed. When possible, numerical
results should be evaluated by an appropriate and generally acceptable statistical method. The statistical
methods should be selected during the design of the study.

3 REPORTING
TEST REPORT

The test report must include the following information:
Test substance:

- physical nature (including isomerism, purity and physicochemical properties):
- identification data.

Vehicle (if appropriate):
- Jjustification for choice of vehicle.
Test animals:

- species/strain used:

- number, age and sex of animals;

- source, housing conditions, acclimatization, diet, etc;
- individual weights of animals at the start of the test.

Test conditions:

- details of test substance formulation/diet preparation, achieved concentration, stability and homogeneity
of the preparation:

- specification of the doses administered, including details of the vehicle, volume and physical form of the
material administered;

- details of the administration of the test substance;

- rationale for dose levels selected;

- rationale for the route and duration of the exposure;

- conversion from diet/drinking water test substance concentration (ppm) to the actual dose (mg/kg body
weight/day), if applicable;

- details of the food and water quality.
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Observation and Test Procedures:

- details of the assignment of animals in each group to the perfusion subgroups;

- details of scoring systems, including criteria and scoring scales for each measurement in the detailed
clinical observations;

- details on the functional tests for sensory reactivity to stimuli of different modalities (e.g., auditory,
visual and proprioceptive); for assessment of limb grip strength; for motor activity assessment (including
details of automated devices for detecting activity): and other procedures used;

- details of ophthalmologic examinations and, if appropriate, haematological examinations and clinical
biochemistry tests with relevant base-line values;

- details for specific neurobehavioural, neuropathological, neurochemical or electrophysiological
procedures.

Results:

- body weight/body weight changes including body weight at kill;

- food consumption and water consumption, as appropriate;

- toxic response data by sex and dose level, including signs of toxicity or mortality;

- nature, severity and duration (time of onset and subsequent course) of the detailed clinical observations
(whether reversible or not);

- a detailed description of all functional test results;

- necropsy findings;

- a detailed description of all neurobehavioural, neuropathological, and neurochemical or
electrophysiological findings, if available;

- absorption and metabolism data, if available;

- statistical treatment of results, where appropriate.

Discussion of results;

- dose response information;

- relationship of any other toxic effects to a conclusion about the neurotoxic potential of the test chemical;
- no-observed-adverse effect level.

Conclusions:

- a specific statement of the overall neurotoxicity of the test chemical is encouraged.
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C.21. SOIL MICROORGANISMS: NITROGEN TRANSFORMATION TEST

1. METHOD

This test method is a replicate of OECD TG 216 (2000).

1.1 INTRODUCTION

This Testing method describes a laboratory method designed to investigate the long-term effects of chemicals,
after a single exposure, on nitrogen transformation activity of soil microorganisms. The test is principally based
on the recommendations ot the European and Mediterranean Plant Protection Organization (1). However, other
guideline, including those of the German Biologische Bundesanstalt (2), the US Environmental Protection
Agency (3) SETAC (4) and the International Organization for Standardization (5), were also taken into account.
An OECD Workshop on soil/sediment Selection held at Belgirate, Italy, in 1995 (6) agreed on the number and
type of soils for use in this test. Recommendations for collection, handling and storage of soil sample are based
on an [SO Guidance Document (7) and recommendations from the Belgirate Workshop. In the assessment and
evaluation of toxic characteristics of test substances, determination of effects on soil microbial activity may be
required, e.g. when data on the potential side effects of crop protection products on soil microflora are required
or when exposure of soil microorganisms to chemicals other than crop protection products is expected. The
nitrogen transformation test is carried out to determine the effects of such chemicals on soil microflora. If
agrochemicals (e.g. crop protection products, fertilisers, forestry chemicals) are tested, both nitrogen
transformation and carbon transformation tests are conducted. If non agrochemicals are tested, the nitrogen
transformation test is sufficient. However, if ECsg values of the nitrogen transformation test for such chemicals
fall within the range found for commercially available nitrification inhibitors (e.g. nitrapyrin), a carbon
transformation test can be conducted to gain further information.

Soils consist of living and non-living components which exist in complex and heterogeneous mixtures.
Microorganisms play an important role in break-down and transformation of organic matter in fertile soils with
many species contributing to different aspects of soil fertility. Any long-term interference with these
biochemical processes could potentially interfere with nutrient cycling and this could alter soil fertility.
Transformation of carbon and nitrogen occurs in all fertile soils. Although the microbial communities
responsible for these processes differ from soil to soil, the pathways of transformation are essentially the same.

This Testing method described is designed to detect long-term adverse effects of a substance on the process of
nitrogen transformation in aerobic surface soils. The test method also allows estimation of the effects of
substances on carbon transformation by the soil microflora, Nitrate formation takes place subsequent to the
degradation of carbon-nitrogen bonds. Therefore, if equal rates of nitrate production are found in treated and
control soils, it is highly probable that the major carbon degradation pathways are intact and functional. The
substrate chosen for the test (powdered lucerne meal) has a favourable carbon to nitrogen ratio (usually between
12/1 and 16/1). Because of this, carbon starvation is reduced during the test and if microbial communities are
damaged by a chemical, they might recover within 100 days.

The tests from which this Testing Method was developed were primarily designed for substances for which the
amount reaching the soil can be anticipated. This is the case, for example, for crop protection products for
which the application rate in the field is known. For agrochemicals, testing of two doses relevant to the
anticipated or predicted application rate is sufficient. Agrochemicals can be tested as active ingredients (a.i.) or
as formulated products. However, the test is not limited to agrochemicals. By changing both the amounts of test
substance applied to the soil, and the way in which the data are evaluated, the test can also be used for
chemicals for which the amount expected to reach the soil is not known. Thus, with chemicals other than
agrochemicals, the effects of a series of concentrations on nitrogen transformation are determined. The data
from these tests are used to prepare a dose-response curve and calculate ECy values, where x is defined %
effect.
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1.2 DEFINITIONS

Nitrogen transformation: is the ultimate degradation by microorganisms of nitrogen-containing organic
matter, via the process of ammonification and nitrification, to the respective inorganic end-product nitrate.

EC, (Effective Concentration): is the concentration of the test substance in soil that results in a x percent
inhibition of nitrogen transformation to nitrate.

ECsy (Median Effective Concentration): is the concentration of the test substance in soil that results in a 50
percent (50%) inhibition of nitrogen transformation to nitrate.

1.3 REFERENCE SUBSTANCES
None.
1.4 PRINCIPLE OF THE TEST METHOD

Sieved soil is amended with powdered plant meal and either treated with the test substance or left untreated
(control). If agrochemicals are tested, a minimum of two test concentrations are recommended and these should
be chosen in relation to the highest concentration anticipated in the field. After 0, 7, 14 days and 28 days of
incubation, samples of treated and control soils are extracted with an appropriate solvent, and the quantities of
nitrate in the extracts are determined. The rate of nitrate formation in treated samples is compared with the rate
in the controls, and the percent deviation of the treated from the control is calculated. All tests run for at least 28
days. If, on the 28th day, differences between treated and untreated soils are equal to or greater than 25%,
measurements are continued to a maximum of 100 days. If non agrochemicals are tested, a series of
concentrations of the test substance are added to samples of the soil, and the quantities of nitrate formed in
treated and control samples are measured after 28 days of incubation. Results from tests with multiple
concentrations are analysed using a regression model, and the EC, values are calculated (i.e. ECsy, ECs5 and/or
EC)p). See definitions.

1.5 VALIDITY OF THE TEST

Evaluations of test results with agrochemicals are based on relatively small differences (i.e. average value
125%) between nitrate concentrations in control and treated soil samples, so large variations in the controls can
lead to false results. Therefore, the variation between replicate control samples should be less than £15%.

1.6 DESCRIPTION OF THE TEST METHOD
1.6.1 Apparatus

Test containers made of chemically inert material are used. They should be of 4 suitable capacity in compliance
with the procedure used for incubation of soils, i.e. incubation in bulk or as a series of individual soil samples
(see section 1.7.1.2). Care should be taken both to minimise water loss and to allow gas exchange during the
test (e.g. the test containers may be covered with perforated polyethylene foil). When volatile substances are
tested, sealable and gas-tight containers should be used. These should be of a size such that approximately one
quarter of their volume is filled with the soil sample.

Standard laboratory equipment including the following is used:

— agitation device: mechanical shaker or equivalent equipment;
— centrifuge (3000 g) or filtration device (using nitrate-free filter paper);

— instrument of adequate sensitivity and reproducibility for nitrate analysis.
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1.6.2 Selection and number of soils
One single soil is used. The recommended soil characteristics are as follows:

— sand content: not less than 50% and not greater than 75%;:
— pH:5.5-7.5;
— organic carbon content: 0.5 - 1.5%;

— the microbial biomass should be measured (8)(9) and its carbon content should be at least 1% of the
total soil organic carbon.

In most cases, a soil with these characteristics represents a worst case situation, since adsorption of the test
chemical is minimum and its availability to the microflora is maximum. Consequently, tests with other soils are
generally unnecessary. However, in certain circumstances, e.g. where the anticipated major use of the test
substance is in particular soils such as acidic forest soils, or for electrostatically charged chemicals, it may be
necessary to use an additional soil.

1.6.3 Collection and storage of soil samples
1.6.3.1 Collection

Detailed information on the history of the field site from where the test soil is collected should be available.
Details include exact location, vegetation cover, dates of treatments with crop protection products, treatments
with organic and inorganic fertilisers, additions of biological materials or accidental contaminations. The site
chosen for soil collection should be one which allows long-term use. Permanent pastures, fields with annual
cereal crops (except maize) or densely sown green manures are suitable. The selected sampling site should not
have been treated with crop protection products for a minimum of one year before sampling. Also, no organic
fertiliser should have been applied for at least six months. The use of mineral fertiliser is only acceptable when
in accordance with the requirements of the crop and soil samples should not be taken until at least three months
after fertiliser application. The use of soil treated with fertilisers with known biocidal effects (e.g. calcium
cyanamide) should be avoided.

Sampling should be avoided during or immediately following long periods (greater than 30 days) of drought or
water logging. For ploughed soils, samples should be taken from a depth of 0 down to 20 cm. For grassland
(pasture) or other soils where ploughing does not occur over longer periods (at least one growing season), the
maximum depth of sampling may be slightly more than 20 cm (e.g. to 25 cm).

Soil samples should be transported using containers and under temperature conditions which guarantee that the
initial soil properties are not significantly altered.

1.6.3.2 Storage

The use of soils freshly collected from the field is preferred. If storage in the laboratory cannot be avoided, soils
may be stored in the dark at 4+2°C for a maximum of three months. During the storage of soils, aerobic
conditions must be ensured. If soils are collected from areas where they are frozen for at least three months per
year, storage for six months at minus 18°C to minus 22°C can be considered. The microbial biomass of stored
soils is measured prior to each experiment and the carbon in the biomass should be at least 1% of the total soil
organic carbon content (see section 1.6.2).
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1.6.4 Handling and preparation of soil for the test
1.6.4.1 Pre-incubation

If the soil was stored (see section 1.6.3.2), pre-incubation is recommended for a period between 2 and 28 days.
The temperature and moisture content of the soil during pre-incubation should be similar to that used in the test
(see sections 1.6.4.2 and 1.7.1.3).

1.6.4.2 Physical-chemical characteristics

The soil is manually cleared of large objects (e.g. stones, parts of plants, etc.) and then moist sieved without
excess drying to a particle size less than or equal to 2 mm. The moisture content of the soil sample should be
adjusted with distilled or deionised water to a value between 40% and 60% of the maximum water holding
capacity.

1.64.3 Amendment with organic substrate

The soil should be amended with a suitable organic substrate, e.g. powdered lucerne-grass-green meal (main
component: Medicago sativa) with a C/N ratio between 12/1 and 16/1. The recommended lucerne-soil ratio is 5
g of lucerne per kilogram of soil (dry weight).

1.6.5 Preparation of the test substance for the application to soil

The test substance is normally applied using a carrier. The carrier can be water (for water soluble substances) or
an inert solid such as fine quartz sand (particle size: 0.1-0.5mm). Liquid carriers other than water (e.g. organic
solvents such as acetone, chloroform) should be avoided since they can damage the microflora. If sand is used
as a carrier, it can be coated with the test substance dissolved or suspended in an appropriate solvent. In such
cases, the solvent should be removed by evaporation before mixing with the soil. For an optimum distribution
of the test substance in soil, a ratio of 10 g of sand per kilogram of soil (dry weight) is recommended. Control
samples are treated with an equivalent amount of water and/or quartz sand only.

When testing volatile chemicals, losses during treatment should be avoided as far as possible and an attempt
should be made to ensure homogeneous distribution in the soil (e.g. the test substance should be injected into
the soil at several places).

1.6.6 Test concentrations

If agrochemicals are tested, at least two concentrations should be used. The lower concentration should reflect
at least the maximum amount expected to reach the soil under practical conditions whereas the higher
concentration should be a multiple of the lower concentration. The concentrations of test substance added to soil
are calculated assuming uniform incorporation to a depth of 5 cm and a soil bulk density of 1.5. For
agrochemicals that are applied directly to soil, or for chemicals for which the quantity reaching the soil can be
predicted, the test concentrations recommended are the maximum Predicted Environmental Concentration
(PEC) and five times that concentration. Substances that are expected to be applied to soils several times in one
season should be tested at concentrations derived from multiplying the PEC by the maximum anticipated
number of applications. The upper concentration tested, however, should not exceed ten times the maximum
single application rate. If non-agrochemicals are tested, a geometric series of at least five concentrations is used.
The concentrations tested should cover the range needed to determine the EC, values.
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1.7 PERFORMANCE OF THE TEST
1.7.1 Conditions of exposure
1.7.1.1 Treatment and control

If agrochemicals are tested, the soil is divided into three portions of equal weight. Two portions are mixed with
the carrier containing the product, and the other is mixed with the carrier without the product (control). A
minimum of three replicates for both treated and untreated soils is recommended. If non-agrochemicals are
tested, the soil is divided into six portions of equal weight. Five of the samples are mixed with the carrier
containing the test substance, and the sixth sample is mixed with the carrier without the chemical. Three
replicates for both treatments and control are recommended. Care should be taken to ensure homogeneous
distribution of the test substance in the treated soil samples. During mixing, compacting or balling of the soil
should be avoided.

1.7.1.2 Incubation of soil samples

Incubation of soil samples can be performed in two ways: as bulk samples of each treated and untreated soil or
as a series of individual and equally sized subsamples of each treated and untreated soil. However, when
volatile substances are tested, the test should only be performed with a series of individual subsamples. When
soils are incubated in bulk, large quantities of each treated and untreated soils are prepared and subsamples to
be analysed are taken as needed during the test. The amount initially prepared for each treatment and control
depends on the size of the subsamples, the number of replicates used for analysis and the anticipated maximum
number of sampling times. Soils incubated in bulk should be thoroughly mixed before subsampling. When soils
are incubated as a series of individual soil samples, each treated and untreated bulk soil is divided into the
required number of subsamples, and these are utilised as needed. In the experiments where more than two
sampling times can be anticipated, enough subsamples should be prepared to account for all replicates and all
sampling times. At least three replicate samples of the test soil should be incubated under aerobic conditions
(see section 1.7.1.1). During all tests, appropriate containers with sufficient headspace should be used to avoid
development of anaerobic conditions. When volatile substances are tested, the test should only be performed
with a series of individual subsamples.

1.7.1.3 Test conditions and duration

The test is carried out in the dark at room temperature of 20+£2°C. The moisture content of soil samples should
be maintained during the test between 40% and 60% of the maximum water holding capacity of the soil (see
section 1.6.4.2) with a range of 25%. Distilled, deionized water can be added as needed.

The minimum duration of tests is 28 days. If agrochemicals are tested, the rates of nitrate formation in treated
and control samples are compared. If these differ by more than 25% on day 28, the test is continued until a
difference equal to or less than 25% is obtained, or for a maximum of 100 days, whichever is shorter. For non-
agrochemicals, the test is terminated after 28 days. On day 28, the quantities of nitrate in treated and control soil
samples are determined and the EC, values are calculated.

1.7.2 Sampling and analysis of soils
1.7.2.1 Soil sampling schedule

If agrochemicals are tested, soil samples are analysed for nitrate on days 0, 7, 14 and 28. If a prolonged test is
required, further measurements should be made at 14 days intervals after day 28.
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If non-agrochemicals are tested, at least five test concentrations are used and soil samples are analysed for
nitrate at the beginning (day 0) and at the end of the exposure period (28 days). An intermediate measurement,
e.g. at day 7, may be added if deemed necessary. The data obtained on day 28 are used to determine EC, value
for the chemical. If desired, data from day O control samples can be used to report the initial quantity of nitrate
in the soil.

1.7.2.2 Analysis of soil samples

The amount of nitrate formed in each treated and control replicate is determined at each sampling time. Nitrate
is extracted from soil by shaking samples with a suitable extraction solvent, e.g. a 0.1 M potassium chloride
solution. A ratio of 5 ml of KCI solution per gram dry weight equivalent of soil is recommended. To optimise
extraction, containers holding soil and extraction solution should not be more than half full. The mixtures are
shaken at 150 rpm for 60 minutes. The mixtures are centrifuged or filtered and the liquid phases are analysed
for nitrate. Particle-free liquid extracts can be stored prior to analysis at minus 20+5 °C for up to six months.

2 DATA
2.1 TREATMENT OF RESULTS

If tests are conducted with agrochemicals, the quantity of nitrate formed in each replicate soil sample should be
recorded, and the mean values of all replicates should be provided in tabular form. Nitrogen transformation
rates should be evaluated by appropriate and generally acceptable statistical methods (e.g. F-test, 5%
significance level). The quantities of nitrate formed are expressed in mg nitrate/kg dry weight soil/day. The
nitrate formation rate in each treatment is compared with that in the control, and the percent deviation from the
control is calculated.

If tests are conducted with non-agrochemicals, the quantity of nitrate formed in each replicate is determined,
and a dose-response curve is prepared for estimation of the EC; values. The quantities of nitrate (i.e.
mg nitrate/kg dry weight soil) found in the treated samples after 28 days are compared to that found in the
control. From these data, the % inhibition values for each test concentration are calculated. These percentages
are plotted against concentration, and statistical procedures are then used to calculate the EC, values.
Confidence limits (p = 0.95) for the calculated EC; are also determined using standard procedures (10)(11)(12).

Test substances that contain high quantities of nitrogen may contribute to the quantities of nitrate formed during
the test. It these substances are tested at a high concentration (e.g. chemicals which are expected to be used in
repeated applications) appropriate controls must be included in the test (i.e. soil plus test substance but without
plant meal). Data from these controls must be accounted for in the EC, calculations.

2.2 INTERPRETATION OF RESULTS

When results from tests with agrochemicals are evaluated, and the difference in the rates of nitrate formation
between the lower treatment (i.e. the maximum predicted concentration) and control is equal to or less than 25%
at any sampling time after day 28, the product can be evaluated as having no long-term influence on nitrogen
transformation in soils. When results from tests with chemicals other than agrochemicals are evaluated, the
ECs0, ECas and/or ECyq values are used.
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3 REPORTING
The test report must include the following information:
Complete identification of the soil used including:

— geographical reference of the site (latitude, longitude);

— information on the history of the site (i.e. vegetation cover, treatments with crop protection products,
treatments with fertilisers, accidental contamination, etc.);

— use pattern (e.g. agricultural soil, forest, etc.);

— depth of sampling (cm);

— sand/silt/clay content (% dry weight);

— pH (in water);

— organic carbon content (% dry weight);

— nitrogen content (% dry weight);

— initial nitrate concentration (mg nitrate/kg dry weight);

— cation exchange capacity (mmol/kg);

— microbial biomass in terms of percentage of the total organic carbon;
— reference of the methods used for the determination of each parameter;
— all information relating to the collection and storage of soil samples;

— details of pre-incubation of soil if any.
Test substance:

— physical nature and, where relevant, physical-chemical properties;

— chemical identification data, where relevant, including structural formula, purity (i.e. for crop
protection products the percentage of active ingredient), nitrogen content.

Substrate:

— source of substrate;
— composition (i.e. lucerne meal, lucerne-grass-green meal);
— carbon, nitrogen content (% dry weight);

— sieve size (mm).
Test conditions:

— details of the amendment of soil with organic substrate;

— number of concentrations of test chemical used and, where appropriate, justification of the selected
concentrations;

— details of the application of test substance to soil;

— incubation temperature;

— soil moisture content at the beginning and during the test;

— method of soil incubation used (i.e. as bulk or as a series of individual subsamples);
— number of replicates;

— sampling times;

— method used for extraction of nitrate from soil;
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Results:

— analytical procedure and equipment used to analyse nitrate;

— tabulated data including individual and mean values for nitrate measurements;
— variation between the replicates in treated and control samples:

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

— the percent variation in nitrate formation rates at each sampling time or, if appropriate, the ECs value
with 95 per cent confidence limit, other EC, (i.e. ECss or ECyy) with confidence intervals, and a graph
of the dose-response curve;

— statistical treatment of results;

— all information and observations helpful for the interpretation of the results.
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C.22. SOIL MICROORGANISMS: CARBON TRANSFORMATION TEST

1. METHOD

This method is a replicate of OECD TG 217 (2000).

1.1 INTRODUCTION

This Testing method describes a laboratory method designed to investigate long term potential effects of a
single exposure of crop protection products and possibly other chemicals on carbon transformation activity of
soil microorganisms. The test is principally based on the recommendations of the European and Mediterranean
Plant Protection Organization (1). However, other guideline, including those of the German Biologische
Bundesanstalt (2), the US Environmental Protection Agency (3) and SETAC (4), were also taken into account.
An OECD Workshop on Soil/Sediment Selection held at Belgirate, Italy, in 1995 (5) agreed on the number and
type of soils for use in this test. Recommendations for collection, handling and storage of soil sample are based
on an ISO Guidance Document (6) and recommendations from the Belgirate Workshop.

In the assessment and evaluation of toxic characteristics of test substances, determination of effects on soil
microbial activity may be required, e.g. when data on the potential side effects of crop protection products on
soil microflora are required or when exposure of soil microorganisms to chemicals other than crop protection
products is expected. The carbon transformation test is carried out to determine the effects of such chemicals on
soil microflora. If agrochemicals (e.g. crop protection products, fertilisers, forestry chemicals) are tested, both
carbon transformation and nitrogen transformation tests are conducted. If non-agrochemicals are tested, the
nitrogen transformation test is sufficient. However, if ECsy values of the nitrogen transformation test for such
chemicals fall within the range found for commercially available nitrification inhibitors (e.g. nitrapyrin), a
carbon transformation test can be conducted to gain further information.

Soils consist of living and non-living components which exist in complex and heterogeneous mixtures.
Microorganisms play an important role in breakdown and transformation of organic matter in fertile soils with
many species contributing to different aspects of soil fertility. Any long-term interference with these
biochemical processes could potentially interfere with nutrient cycling and this could alter the soil fertility.
Transformation of carbon and nitrogen occurs in all fertile soils. Although the microbial communities
responsible for these processes differ from soil to soil, the pathways of transformation are essentially the same.

This Testing Method is designed to detect long-term adverse effects of a substance on the process of carbon
transformation in aerobic surface soils. The test is sensitive to changes in size and activity of microbial
communities responsible for carbon transformation since it subjects these communities to both chemical stress
and carbon starvation. A sandy soil low in organic matter is used. This soil is treated with the test substance and
incubated under conditions that allow rapid microbial metabolism. Under these conditions, sources of readily
available carbon in the soil are rapidly depleted. This causes carbon starvation which both kills microbial cells
and induces dormancy and/or sporulation. If the test runs for more than 28 days, the sum of these reactions can
be measured in (untreated soil) controls as a progressive loss of metabolically active microbial biomass (7). If
the biomass in carbon-stressed soil, under the conditions of the test, is affected by the presence of a chemical, it
may not return to the same level as the control. Hence, disturbances caused by the test substance at any time
during the test will often last until the end of the test.
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The tests from which this Testing Method was developed were primarily designed for substances for which the
amount reaching the soil can be anticipated. This is the case, for example, for crop protection products for
which the application rate in the field is known. For agrochemicals, testing of two doses relevant to the
anticipated or predicted application rate is sutficient. Agrochemicals can be tested as active ingredients (a.i.) or
as formulated products. However, the test is not limited to chemicals with predictable environmental
concentrations. By changing both the amounts of test substance applied to the soil, and the way in which the
data are evaluated, the test can also be used for chemicals for which the amount expected to reach the soil is not
known. Thus, with non-agrochemicals, the effects of a series of concentrations on carbon transtormation are
determined. The data from these tests are used to prepare a dose-response curve and calculate EC, values, where
x is defined % effect.

1.2 DEFINITIONS

Carbon transformation: is the degradation by microorganisms of organic matter to form inorganic end-
product carbon dioxide.

EC, (Effective Concentration): is the concentration of the test substance in soil that results in a X percent
inhibition of carbon transformation in carbon dioxide.

ECs (Median Effective Concentration): is the concentration of test substance in soil that results in a 50 per
cent inhibition of carbon transformation in carbon dioxide.

1.3 REFERENCE SUBSTANCES
None.
1.4 PRINCIPLE OF THE TEST METHOD

Sieved soil is either treated with the test substance or left untreated (control). If agrochemicals are tested, a
minimum of two test concentrations are recommended and these should be chosen in relation to the highest
concentration anticipated in the field. After 0, 7, 14 and 28 days incubation, samples of treated and control soils
are mixed with glucose, and glucose-induced respiration rates are measured for 12 consecutive hours.
Respiration rates are expressed as carbon dioxide released (mg carbon dioxide/kg dry soil/h) or oxygen
consumed (mg oxygen/kg soil/h). The mean respiration rate in the treated soil samples is compared with that in
control and the percent deviation of the treated from the control is calculated. All tests run for at least 28 days.
If, on the 28th day, differences between treated and untreated soils are equal to or greater than 25%
measurements are continued in 14 day intervals for a maximum of 100 days. If chemicals other than
agrochemicals are tested, a series of concentrations of the test substance are added to samples of the soil, and
glucose induced respiration rates (i.e. the mean of the quantities of carbon dioxide formed or oxygen consumed)
are measured after 28 days. Results from tests with a series of concentrations are analysed using a regression
model, and the EC, values are calculated (i.e. ECso, ECas and/or ECyg). See definitions.

1.5 VALIDITY OF THE TEST

Evaluations of test results with agrochemicals are based on relatively small differences (i.e. average value
+259%) between the carbon dioxide released or the oxygen consumed in (or by) control and treated soil samples,
so large variations in the controls can lead to false results. Therefore, the variation between replicate control
samples should be less than £15%.
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1.6 DESCRIPTION OF THE TEST METHOD
1.6.1 Apparatus

Test containers made of chemically inert material are used. They should be of 4 suitable capacity in compliance
with the procedure used for incubation of soils, i.e. incubation in bulk or as a series of individual soil samples
(see section 1.7.1.2). Care should be taken both to minimise water loss and to allow gas exchange during the
test (e.g. the test containers may be covered with perforated polyethylene foil). When volatile substances are
tested, sealable and gas-tight containers should be used. These should be of a size such that approximately one
quarter of their volume is filled with the soil sample.

For determination of glucose-induced respiration, incubation systems and instruments for measurement of
carbon dioxide production or oxygen consumption are required. Examples of such systems and instruments are
found in the literature (8) (9) (10) (11).

1.6.2 Selection and number of soils
One single soil is used. The recommended soil characteristics are as follows:

— sand content: not less than 50% and not greater than 75%:
— pH:5.5-7.5;
— organic carbon content: 0.5 - 1.5%;:

— the microbial biomass should be measured (12)(13) and its carbon content should be at least 1% of
the total soil organic carbon.

In most cases, a soil with these characteristics represents a worst case situation, since adsorption of the test
chemical is minimised and its availability to the microflora is maximum. Consequently, tests with other soils are
generally unnecessary. However, in certain circumstances, e.g. where the anticipated major use of the test
substance is in particular soils such as acidic forest soils, or for electrostatically charged chemicals, it may be
necessary to substitute an additional soil.

1.6.3 Collection and storage of soil samples
1.6.3.1 Collection

Detailed information on the history of the field site from where the test soil is collected should be available.
Details include exact location, vegetation cover, dates of treatments with crop protection products, treatments
with organic and inorganic fertilisers, additions of biological materials or accidental contaminations. The site
chosen for soil collection should be one which allows long-term use. Permanent pastures, fields with annual
cereal crops (except maize) or densely sown green manures are suitable. The selected sampling site should not
have been treated with crop protection products for a minimum of one year before sampling. Also, no organic
fertiliser should have been applied for at least six months. The use of mineral fertiliser is only acceptable when
in accordance with the requirements of the crop and soil samples should not be taken until at least three months
after fertiliser application. The use of soil treated with fertilisers with known biocidal effects (e.g. calcium
cyanamide) should be avoided.

Sampling should be avoided during or immediately following long periods (greater than 30 days) of drought or
water logging. For ploughed soils, samples should be taken from a depth of 0 down to 20 cm. For grassland
(pasture) or other soils where ploughing does not occur over longer periods (at least one growing season), the
maximum depth of sampling may be slightly more than 20 cm (e.g. to 25 cm). Soil samples should be
transported using containers and under temperature conditions which guarantee that the initial soil properties are
not significantly altered.
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1.6.3.2 Storage

The use of soils freshly collected from the field is preferred. It storage in the laboratory cannot be avoided, soils
may be stored in the dark at 4 £ 2 °C for a maximum of three months. During the storage of soils, aerobic
conditions must be ensured. If soils are collected from areas where they are frozen for at least three months per
year, storage for six months at minus 18 °C can be considered. The microbial biomass of stored soils is
measured prior to each experiment and the carbon in the biomass should be at least 1% of the total soil organic
carbon content (see section 1.6.2).

1.6.4 Handling and preparation of soil for the test
1.6.4.1 Pre-incubation

If the soil was stored (see sections 1.6.4.2 and 1.7.1.3), pre-incubation is recommended for a period between
2 and 28 days. The temperature and moisture content of the soil during pre-incubation should be similar to that
used in the test (see sections 1.6.4.2 and 1.7.1.3).

1.6.4.2 Physical-chemical characteristics

The soil is manually cleared of large objects (e.g. stones, parts of plants, etc.) and then moist sieved without
excess drying to a particle size less than or equal to 2 mm. The moisture content of the soil sample should be
adjusted with distilled or deionised water to a value between 40% and 60% of the maximum water holding
capacity.

1.6.5 Preparation of the test substance for the application to soil

The test substance is normally applied using a carrier. The carrier can be water (for water soluble substances) or
an inert solid such as fine quartz sand (particle size: 0.1-0.5 mm). Liquid carriers other than water (e.g. organic
solvents such as acetone, chloroform) should be avoided since they can damage the microflora. If sand is used
as a carrier, it can be coated with the test substance dissolved or suspended in an appropriate solvent. In such
cases, the solvent should be removed by evaporation before mixing with the soil. For an optimum distribution
of the test substance in soil, a ratio of 10 g of sand per kilogram of soil (dry weight) is recommended. Control
samples are treated with the equivalent amount of water and/or quartz sand only.

When testing volatile chemicals, losses during treatment should be avoided and an attempt should be made to
ensure homogeneous distribution in the soil (e.g. the test substance should be injected into the soil at several
places).

1.6.6 Test concentrations

If crop protection products or other chemicals with predictable environmental concentrations are tested, at least
two concentrations should be used. The lower concentration should reflect at least the maximum amount
expected to reach the soil under practical conditions whereas the higher concentration should be a multiple of
the lower concentration. The concentrations of test substance added to soil are calculated assuming uniform
incorporation to a depth of 5 cm and a soil bulk density of 1.5. For agrochemicals that are applied directly to
soil, or for chemicals for which the quantity reaching the soil can be predicted, the test concentrations
recommended are the Predictable Environmental Concentration (PEC) and five times that concentration.
Substances that are expected to be applied to soils several times in one season should be tested at concentrations
derived from multiplying the PEC by the maximum anticipated number of applications. The upper
concentration tested, however, should not exceed ten times the maximum single application rate.

If non-agrochemicals are tested, a geometric series of at least five concentrations is used. The concentrations
tested should cover the range needed to determine the EC, values.
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1.7 PERFORMANCE OF THE TEST
1.7.1 Conditions of exposure
1.7.1.1 Treatment and control

If agrochemicals are tested, the soil is divided into three portions of equal weight. Two portions are mixed with
the carrier containing the product, and the other is mixed with the carrier without the product (control). A
minimum of three replicates for both treated and untreated soils is recommended. If non-agrochemicals are
tested, the soil is divided into six portions of equal weight. Five of the samples are mixed with the carrier
containing the test substance, and the sixth sample is mixed with the carrier without the chemical. Three
replicates for both treatments and control are recommended. Care should be taken to ensure homogeneous
distribution of the test substance in the treated soil samples. During mixing, compacting or balling of the soil
should be avoided.

1.7.1.2 Incubation of soil samples

Incubation of soil samples can be performed in two ways: as bulk samples of each treated and untreated soil or
as a series of individual and equally sized subsamples of each treated and untreated soil. However, when
volatile substances are tested, the test should only be performed with a series of individual subsamples. When
soils are incubated in bulk, large quantities of each treated and untreated soils are prepared and subsamples to
be analysed are taken as needed during the test. The amount initially prepared for each treatment and control
depends on the size of the subsamples, the number of replicates used for analysis and the anticipated maximum
number of sampling times. Soils incubated in bulk should be thoroughly mixed before subsampling. When soils
are incubated as a series of individual soil samples, each treated and untreated bulk soil is divided into the
required number of subsamples, and these are utilised as needed. In the experiments where more than two
sampling times can be anticipated, enough subsamples should be prepared to account for all replicates and all
sampling times. At least three replicate samples of the test soil should be incubated under aerobic conditions
(see section 1.7.1.1). During all tests, appropriate containers with sufficient headspace should be used to avoid
development of anaerobic conditions. When volatile substances are tested, the test should only be performed
with a series of individual subsamples.

1.7.1.3 Test conditions and duration

The test is carried out in the dark at room temperature of 20+2°C. The moisture content of soil samples should
be maintained during the test between 40% and 60% of the maximum water holding capacity of the soil (see
section 1.6.4.2) with a range of +5%. Distilled, deionised water can be added as needed.

The minimum duration of tests is 28 days. If agrochemicals are tested, the quantities of carbon dioxide released
or oxygen consumed in treated and control samples are compared. If these differ by more than 25% on day 28,
the test is continued until a difference equal to or less than 25% is obtained, or for a maximum of 100 days,
whichever is shorter. If non-agrochemicals are tested, the test is terminated after 28 days. On day 28, the
quantities of carbon dioxide released or oxygen consumed in treated and control soil samples are determined
and the EC, values are calculated.

1.7.2 Sampling and analysis of soils
1.7.2.1 Soil sampling schedule

If agrochemicals are tested, soil samples are analysed for glucose-induced respiration rates on days 0, 7, 14 and
28. It a prolonged test is required, further measurements should be made at 14 days intervals after day 28.

If non-agrochemicals are tested, at least five test concentrations are used and soil samples are analysed for
glucose-induced respiration at the beginning (day ) and at the end of the exposure period (28 days). An
intermediate measurement, e.g. at day 7, may be added if deemed necessary. The data obtained on day 28 are
used to determine EC, value for the chemical. It desired, data from day O control samples can be used to
estimate the initial quantities of metabolically active microbial biomass in the soil (12).
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1.72.2 Measurement of glucose-induced respiration rates

The glucose-induced respiration rate in each treated and control replicate is determined at each sampling time.
The soil samples are mixed with a sufficient amount of glucose to elicit an immediate maximum respiratory
response. The amount of glucose needed to elicit a maximum respiratory response from a given soil can be
determined in a preliminary test using a series of concentrations of glucose (14). However, for sandy soils with
0.5-1.5% organic carbon, 2000 mg to 4000 mg glucose per kg dry weight soil is usually sufficient. The glucose
can be ground to a powder with clean quartz sand (10 g sand/kg dry weight soil) and homogeneously mixed
with the soil.

The glucose amended soil samples are incubated in a suitable apparatus for measurement of respiration rates
either continuously, every hour, or every two hours (see section 1.6.1) at 20 £ 2 °C. The carbon dioxide released
or the oxygen consumed is measured for 12 consecutive hours and measurements should start as soon as
possible, i.e. within 1 to 2 hours after glucose supplement. The total quantities of carbon dioxide released or
oxygen consumed during the 12 hours are measured and mean respiration rates are determined.

2 DATA

2.1 TREATMENT OF RESULTS

If agrochemicals are tested, the carbon dioxide released from, or oxygen consumed by each replicate soil
sample should be recorded, and the mean values of all replicates should be provided in tabular form. Results
should be evaluated by appropriate and generally acceptable statistical methods (e.g. F-test, 5% significance
level). Glucose-induced respiration rates are expressed in mg carbon dioxide/kg dry weight soil/h or
mg oxygen/dry weight soil/h. The mean carbon dioxide formation rate or mean oxygen consumption rate in
each treatment is compared with that in control, and the percent deviation from the control is calculated.

If tests are conducted with non-agrochemicals, the quantities of carbon dioxide released or oxygen consumed by
each replicate is determined, and a dose-response curve is prepared for estimation of the ECy values. The
glucose-induced respiration rates (i.e. mg carbon dioxide/kg dry weight soil/h or mg oxygen/dry weight soil/h)
found in the treated samples after 28 days are compared to that found in control. From these data, the %
inhibition values for each test concentration are calculated. These percentages are plotted against concentration,
and statistical procedures are used to calculate the EC, values. Confidence limits (p = 0.95) for the calculated
EC; are also determined using standard procedures (15)(16)(17).

22 INTERPRETATION OF RESULTS

When results from tests with agrochemicals are evaluated, and the difference in respiration rates between the
lower treatment (i.e. the maximum predicted concentration) and control is equal to or less than 25% at any
sampling time after day 28, the product can be evaluated as having no long-term influence on carbon
transformation in soils. When results from tests with chemicals other than agrochemicals are evaluated, the
ECs0, ECas and/or ECyq values are used.
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3 REPORTING
TEST REPORT
The test report must include the following information:
Complete identification of the soil used including:

— geographical reference of the site (latitude, longitude);

— information on the history of the site (i.e. vegetation cover, treatments with crop protection products,
treatments with fertilisers, accidental contamination, etc.)

— use pattern (e.g. agricultural soil, forest, etc.);

— depth of sampling (cm);

— sand/silt/clay content (% dry weight);

— pH (in water);

— organic carbon content (% dry weight);

— nitrogen content (% dry weight);

— cation exchange capacity (mmol/kg);

— initial microbial biomass in terms of percentage of the total organic carbon;
— reference of the methods used for the determination of each parameter;

— all information relating to the collection and storage of soil samples:

— details of pre-incubation of soil if any.
Test substance:

— physical nature and, where relevant, physical-chemical properties;

— chemical identification data, where relevant, including structural formula, purity (i.e. for crop
protection products the percentage of active ingredient), nitrogen content.

Test conditions:

— details of the amendment of soil with organic substrate;

— number of concentrations of test chemical used and, where appropriate, justification of the selected
concentrations;

— details of the application of test substance to soil;

— incubation temperature;

— soil moisture content at the beginning and during the test;

— method of soil incubation used (i.e. as bulk or as a series of individual subsamples);
— number of replicates;

— sampling times.
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Results:
— method and equipment used for measurement of respiration rates;
— tabulated data including individual and mean values for quantities of carbon dioxide or oxygen;
— variation between the replicates in treated and control samples;
— explanations of corrections made in the calculations, if relevant;

— the percent variation of glucose-induced respiration rates at each sampling time or, if appropriate, the
ECsy with 95 per cent confidence limit, other EC, (i.e. EC,5 or EC)¢) with confidence intervals, and a
graph of the dose-response curve;

— statistical treatment of results, where appropriate;

— all information and observations helpful for the interpretation of the results.
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C.23. AEROBIC AND ANAEROBIC TRANSFORMATION IN SOIL

1. METHOD

This Test Method is a replicate of the OECD TG 307 (2002)

1.1 INTRODUCTION

This Test Method is based on existing guidelines (1)(2)(3)(4)(5)(6)(7)(8)(9). The method described in this Test
Method is designed for evaluating aerobic and anaerobic transformation of chemicals in soil. The experiments
are performed to determine (i) the rate of transtormation of the test substance, and (ii) the nature and rates of
formation and decline of transformation products to which plants and soil organisms may be exposed. Such
studies are required for chemicals which are directly applied to soil or which are likely to reach the soil
environment. The results of such laboratory studies can also be used to develop sampling and analysis protocols
for related field studies.

Aerobic and anaerobic studies with one soil type are generally sufficient for the evaluation of transformation
pathways (8)(10)(11). Rates of transformation should be determined in at least three additional soils (8)(10).

An OECD Workshop on soil and sediment selection, held at Belgirate, Italy in 1995 (10) agreed, in particular,
on the number and types of soils for use in this test. The types of soils tested should be representative of the
environmental conditions where use or release will occur. For example, chemicals that may be released in
subtropical to tropical climates should be tested with Ferrasols or Nitosols (FAO system). The Workshop also
made recommendations relating to collection, handling and storage of soil samples, based on the ISO Guidance
(15). The use of paddy (rice) soils is also considered in this method.

1.2 DEFINITIONS
Test substance: any substance, whether the parent compound or relevant transformation products.

Transformation products: all substances resulting from biotic or abiotic transformation reactions of the test
substance including CO, and products that are in bound residues.

Bound residues: "Bound residues” represent compounds in soil, plant or animal, which persist in the matrix in
the form of the parent substance or its metabolite(s)/transtormation products after extraction. The extraction
method must not substantially change the compounds themselves or the structure of the matrix. The nature of
the bond can be clarified in part by matrix-altering extraction methods and sophisticated analytical techniques.
To date, for example, covalent ionic and sorptive bonds, as well as entrapments, have been identified in this
way. In general, the formation of bound residues reduces the bioaccessibility and the bioavailability
significantly (12) [modified from [UPAC 1984 (13)].

Aerobic transformation: reactions occurring in the presence of molecular oxygen (14).
Anaerobic transformation: reactions occurring under exclusion of molecular oxygen (14).

Soil: is a mixture of mineral and organic chemical constituents, the latter containing compounds of high carbon
and nitrogen content and of high molecular weights, animated by small (mostly micro-) organisms. Soil may be
handled in two states:

(a) undisturbed, as it has developed with time, in characteristic layers of a variety of soil types;
(b) disturbed, as it is usually found in arable fields or as occurs when samples are taken by digging and used in
this test method (14).
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Mineralisation: is the complete degradation of an organic compound to CO- and H>O under aerobic conditions,
and CH4, CO» and H,O under anaerobic conditions. In the context of this test method, when “C labelled
compound is used, mineralisation means extensive degradation during which a labelled carbon atom is oxidised
with release of the appropriate amount of HCO, (14).

Half-life: tys is the time taken for 50% transformation of a test substance when the transformation can be
described by first-order kinetics; it is independent of the concentration.

DTs (Disappearance Time 50): is the time within which the concentration of the test substance is reduced by
50%; it is different from the half-life ty s when transformation does not follow first order kinetics.

DTs (Disappearance Time 75): is the time within which the concentration of the test substance is reduced by
75%.

DTy, (Disappearance Time 90): is the time within which the concentration of the test substance is reduced by
90%.

1.3 REFERENCE SUBSTANCES

Reference substances should be used for the characterisation and/or identification of transformation products by
spectroscopic and chromatographic methods.

1.4 APPLICABILITY OF THE TEST

The method is applicable to all chemical substances (non-labelled or radiolabelled) for which an analytical
method with sufficient accuracy and sensitivity is available. It is applicable to slightly volatile, non-volatile,
water-soluble or water-insoluble compounds. The test should not be applied to chemicals which are highly
volatile from soil (e.g. fumigants, organic solvents) and thus cannot be kept in soil under the experimental
conditions of this test.

1.5 INFORMATION ON THE TEST SUBSTANCE

Non-labelled or labelled test substance can be used to measure the rate of transformation. Labelled material is
required for studying the pathway of transformation and for establishing a mass balance. 14C—labelling is
recommended but the use of other isotopes, such as 13C, ISN, 3H, 3ZP, may also be useful. As far as possible, the
label should be positioned in the most stable part(s) of the molecule’. The purity of the test substance should be
at least 95 %.

Before carrying out a test on aerobic and anaerobic transtormation in soil, the following information on the test
substance should be available:

(a) solubility in water (Method A.6)

(b) solubility in organic solvents;

(c) vapour pressure (Method A.4) and Henry’s law constant;

(d) n-octanol/water partition coefficient (Method A.8):

(e) chemical stability in dark (hydrolysis) (Method C.7);

(f) pK, if a molecule is liable to protonation or deprotonation [OECD Guideline 112 | (16).

Other useful information may include data on toxicity of the test substance to soil micro-organisms [Testing
Methods C.21 and C.22] (16).

Analytical methods (including extraction and clean-up methods) for quantification and identification of the test
substance and its transformation products should be available.

For example, if the test substance contains one ring, labelling on this ring is required; if the test substance contains two
or more rings, separate studies may be needed to evaluate the fate of each labelled ring and to obtain suitable
information on formation of transformation products.
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1.6 PRINCIPLE OF THE TEST METHOD

Soil samples are treated with the test substance and incubated in the dark in biometer-type flasks or in flow-
through systems under controlled laboratory conditions (at constant temperature and soil moisture). After
appropriate time intervals, soil samples are extracted and analysed for the parent substance and for
transformation products. Volatile products are also collected for analysis using appropriate absorption devices.
Using 'C-labelled material, the various mineralisation rates of the test substance can be measured by trapping
evolved l4CO; and a mass balance, including the formation of soil bound residues, can be established.

1.7 QUALITY CRITERIA

1.7.1 Recovery

Extraction and analysis of, at least, duplicate soil samples immediately after the addition of the test substance
gives a first indication of the repeatability of the analytical method and of the uniformity of the application
procedure for the test substance. Recoveries for later stages of the experiments are given by the respective mass
balances. Recoveries should range from 90% to 110% for labelled chemicals (8) and from 70% to 110% for
non-labelled chemicals (3).

1.7.2 Repeatability and sensitivity of analytical method

Repeatability of the analytical method (excluding the initial extraction efficiency) to quantify test substance and
transformation products can be checked by duplicate analysis of the same extract of the soil, incubated long
enough for formation of transformation products.

The limit of detection (LOD) of the analytical method for the test substance and for the transformation products
should be at least 0.01 mg-kgl soil (as test substance) or 1% of applied dose whichever is lower. The limit of
quantification (LOQ) should also be specified.

1.7.3 Accuracy of transformation data

Regression analysis of the concentrations of the test substance as a function of time gives the appropriate
information on the reliability of the transformation curve and allows the calculation of the confidence limits for
half-lives (in the case of pseudo first order kinetics) or DTsy values and, if appropriate, DT7s and DTy values.

1.8 DESCRIPTION OF THE TEST METHOD

1.8.1 Equipment and chemical reagents

Incubation systems consist of static closed systems or suitable flow-through systems (7)(17). Examples of
suitable flow-through soil incubation apparatus and biometer-type flask are shown in Figures 1 and 2,
respectively. Both types of incubation systems have advantages and limitations (7)(17).

Standard laboratory equipment is required and especially the following:

— Analytical instruments such as GLC, HPLC, TLC-equipment, including the appropriate detection
systems for analysing radiolabelled or non-labelled substances or inverse isotopes dilution method;

— Instruments for identification purposes (e.g. MS, GC-MS, HPLC-MS, NMR, etc.);

— Liquid scintillation counter;

— Oxidiser for combustion of radioactive material;

— Centrifuge:

— Extraction apparatus (for example, centrifuge tubes for cold extraction and Soxhlet apparatus for

continuous extraction under reflux);
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— Instrumentation for concentrating solutions and extracts (e.g. rotating evaporator);
— Water bath;
— Mechanical mixing device (e.g. kneading machine, rotating mixer).

Chemical reagents used include, for example:

— NaOH, analytical grade, 2 mol - dm?, or other appropriate base (e.g. KOH, ethanolamine);
— H>SO0,, analytical grade, 0.05 mol - dm'S:,

— Ethylene glycol, analytical grade;

— Solid absorption materials such as soda lime and polyurethane plugs;

— Organic solvents, analytical grade, such as acetone, methanol, etc.;

— Scintillation liquid.

1.8.2 Test substance application

For addition to and distribution in soil, the test substance can be dissolved in water (deionised or distilled) or,
when necessary, in minimum amounts of acetone or other organic solvents (6) in which the test substance is
sufficiently soluble and stable. However, the amount of solvent selected should not have a signiticant influence
on soil microbial activity (see sections 1.5 and 1.9.2-1.9.3 The use of solvents which inhibit microbial activity,
such as chloroform, dichloromethane and other halogenated solvents, should be avoided.

The test substance can also be added as a solid, e.g. mixed in quartz sand (6) or in a small sub-sample of the test
soil which has been air-dried and sterilised. If the test substance is added using a solvent the solvent should be
allowed to evaporate before the spiked sub-sample is added to the original non-sterile soil sample.

For general chemicals, whose major route of entry into soil is through sewage sludge/farming application, the
test substance should be first added to sludge which is then introduced into the soil sample. (see sections 1.9.2
and 1.9.3)

The use of formulated products is not routinely recommended. However, e.g. for poorly soluble test substances,
the use of formulated material may be an appropriate alternative.

1.8.3 Soils
1.8.3.1 Soil selection

To determine the transtormation pathway, a representative soil can be used; a sandy loam or silty loam or loam
or loamy sand [according to FAO and USDA classification (18)| with a pH of 5.5-8.0, an organic carbon
content of 0.5-2.5% and a microbial biomass of at least 1% of total organic carbon is recommended (10).

For transformation rate studies at least three additional soils should be used representing a range of relevant
soils. The soils should vary in their organic carbon content, pH, clay content and microbial biomass (10).

All soils should be characterised, at least, for texture (% sand, % silt, % clay) [according to FAO and USDA
classification (18)], pH, cation exchange capacity, organic carbon, bulk density, water retention characteristic’
and microbial biomass (for aerobic studies only). Additional information on soil properties may be useful in
interpreting the results. For determination of the soil characteristics the methods recommended in references
(19X20)(21)(22)(23) can be used. Microbial biomass should be determined by using the substrate-induced
respiration (SIR) method (25)(26) or alternative methods (20).

Water retention characteristic of a soil can be measured as field capacity, as water holding capacity or as water suction
tension (pF). For explanations see Annex 1. It should be reported in the test report whether water retention characteristics
and bulk density of soils were determined in undisturbed field samples or in disturbed (processed) samples.
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1.8.3.2 Collection, handling, and storage of soils

Detailed information on the history of the field site from where the test soil is collected should be available.
Details include exact location, vegetation cover, treatments with chemicals, treatments with organic and
inorganic fertilisers, additions of biological materials or other contamination. If soils have been treated with the
test substance or its structural analogues within the previous four years, these should not be used for
transformation studies (10)(15).

The soil should be freshly collected from the field (from the A horizon or top 20 cm layer) with a soil water
content which facilitates sieving. For soils other than those from paddy fields, sampling should be avoided
during or immediately following long periods (> 30 days) of drought, freezing or flooding (14). Samples should
be transported in a manner which minimises changes in soil water content and should be kept in the dark with
free access of air, as much as possible. A loosely-tied polyethylene bag is generally adequate for this purpose.

The soil should be processed as soon as possible after sampling. Vegetation, larger soil fauna and stones should
be removed prior to passing the soil through a 2 mm sieve which removes small stones, fauna and plant debris.
Extensive drying and crushing of the soil before sieving should be avoided (15).

When sampling in the field is difficult in winter (soil frozen or covered by layers of snow), it may be taken from
a batch of soil stored in the greenhouse under plant cover (e.g. grass or grass-clover mixtures). Studies with
soils freshly collected from the field are strongly preferred, but if the collected and processed soil has to be
stored prior to the start of the study storage conditions must be adequate and for a limited time only (4 £ 2°C for
a maximum of three months) to maintain microbial uctivityg. Detailed instructions on collection, handling and
storage of soils to be used for biotransformation experiments can be found in (8)(10)(15)(26)(27).

Before the processed soil is used for this test, it should be pre-incubated to allow germination and removal of
seeds, and to re-establish equilibrium of microbial metabolism following the change from sampling or storage
conditions to incubation conditions. A pre-incubation period between 2 and 28 days approximating the
temperature and moisture conditions of the actual test is generally adequate (15). Storage and pre-incubation
time together should not exceed three months.

1.9 PERFORMANCE OF THE TEST
1.9.1 Test conditions
1.9.1.1 Test temperature

During the whole test period, the soils should be incubated in the dark at a constant temperature representative
of the climatic conditions where use or release will occur. A temperature of 20 £ 2 °C is recommended for all
test substances which may reach the soil in temperate climates. The temperature should be monitored.

For chemicals applied or released in colder climates (e.g. in northern countries, during autumn/winter periods),
additional soil samples should be incubated but at a lower temperature (e.g. 10 £ 2 °C).

Recent research results indicate that soils from temperate zones can also be stored at —20°C for more than three months
(28)(29) without significant losses of microbial activity.
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1.9.1.2 Moisture content

For transformation tests under aerobic conditions, the soil moisture content’ should be adjusted to and
maintained at a pF between 2.0 and 2.5 (3). The soil moisture content is expressed as mass of water per mass of
dry soil and should be regularly controlled (e.g. in 2 week intervals) by weighing of the incubation flasks and
water losses compensated by adding water (preferably sterile-filtered tap water). Care should be given to
prevent or minimise losses of test substance and/or transformation products by volatilisation and/or
photodegradation (if any) during moisture addition.

For transformation tests under anaerobic and paddy conditions, the soil is water-saturated by flooding.
1.9.1.3 Aerobic incubation conditions

In the tlow-through systems, aerobic conditions will be maintained by intermittent flushing or by continuously
ventilating with humiditied air. In the biometer flasks, exchange of air is maintained by diffusion.

1.9.1.4 Sterile aerobic conditions

To obtain information on the relevance of abiotic transformation of a test substance, soil samples may be
sterilised (for sterilisation methods see references 16 and 29), treated with sterile test substance (e.g. addition of
solution through a sterile filter) and aerated with humidified sterile air as described in section 1.9.1.3. For paddy
soils, soil and water should be sterilised and the incubation should be carried out as described in section 1.9.1.6.

1.9.1.5 Anaerobic incubation conditions

To establish and maintain anaerobic conditions, the soil treated with the test substance and incubated under
aerobic conditions for 30 days or one half-life or DTy (whichever is shorter) is then water-logged (1-3 cm water
layer) and the incubation system flushed with an inert gas (e.g. nitrogen or urg(m)s. The test system must allow
for measurements such as pH, oxygen concentration and redox potential and include trapping devices for
volatile products. The biometer-type system must be closed to avoid entrance of air by diffusion.

1.9.1.6 Paddy incubation conditions

To study transtormation in paddy rice soils, the soil is flooded with a water layer of about 1-5 ¢cm and the test
substance applied to the water phase (9). A soil depth of at least 5 cm is recommended. The system is ventilated
with air as under aerobic conditions. pH, oxygen concentration and redox potential of the aqueous layer should
be monitored and reported. A pre-incubation period of at least two weeks is necessary before commencing
transformation studies (see section 1.8.3.2).

* The soil should neither be too wet nor too dry to maintain adequate aeration and nutrition of soil microflora. Moisture
contents recommended for optimal microbial growth range from 40-60% water holding capacity (WHC) and from 0.1-
0.33 bar (6). The latter range is equivalent to a pF-range of 2.0 — 2.5. Typical moisture contents of various soil types are
given in Annex 2.

s

Aerobic conditions are dominant in surface soils and even in sub-surface soils as shown in an EU sponsored research
project |K. Takagi et al. (1992). Microbial diversity and activity in subsoils: Methods, field site, seasonal variation in
subsoil temperatures and oxygen contents. Proc. Internat. Symp. Environm. Aspects Pesticides Microbiol., 270-277, 17-21
August 1992, Sigtuna, Sweden|. Anaerobic conditions may only occur occasionally during flooding of soils after heavy
rainfalls or when paddy conditions are established in rice fields.



30.4.2004 Official Journal of the European Union L 152/286

1.9.1.7 Test duration

The rate and pathway studies should normally not exceed 120 days(’ (3)(6)(8), because thereafter a decrease of
the soil microbial activity with time would be expected in an artificial laboratory system isolated from natural
replenishment. Where necessary to characterise the decline of the test substance and the formation and decline
of major transformation products, studies can be continued for longer periods (e.g. 6 or 12 months) (8). Longer
incubation periods should be justified in the test report and accompanied by biomass measurements during and
at the end of these periods.

1.9.2 Performance of the test

About 50 to 200 g of soil (dry weight basis) are placed into each incubation flask (see Figures 1 and 2 in Annex
3) and the soil treated with the test substance by one of the methods described in section 1.8.2. When organic
solvents are used for the application of the test substance, they should be removed from soil by evaporation.
Then the soil is thoroughly mixed with a spatula and/or by shaking of the flask. If the study is conducted under
paddy tield conditions, soil and water should be thoroughly mixed after application of the test substance. Small
aliquots (e.g. 1 g) of the treated soils should be analysed for the test substance to check for uniform distribution.
For alternative method, see below.

The treatment rate should correspond to the highest application rate of a crop protection product recommended
in the use instructions and uniform incorporation to an appropriate depth in the field (e.g. top 10 cm layer7 of
soil). For example, for chemicals foliarly or soil applied without incorporation, the appropriate depth for
computing how much chemical should be added to each flask is 2.5 cm. For soil incorporated chemicals, the
appropriate depth is the incorporation depth specified in the use instructions. For general chemicals, the
application rate should be estimated based on the most relevant route of entry; for example, when the major
route of entry in soil is through sewage sludge, the chemical should be dosed into the sludge at a concentration
that reflects the expected sludge concentration and the amount of sludge added to the soil should reflect normal
sludge loading to agricultural soils. If this concentration is not high enough to identify major transformation
products, incubation of separate soil samples containing higher rates may be helpful, but excessive rates
influencing soil microbial functions should be avoided (see sections 1.5 and 1.8.2).

Alternatively, a larger batch (i.e. | to 2 kg) of soil can be treated with the test substance, carefully mixed in an
appropriate mixing machine and then transferred in small portions of 50 to 200 g into the incubation flasks (for
example with the use of sample splitters). Small aliquots (e.g. 1 g) of the treated soil batch should be analysed
for the test substance to check for uniform distribution. Such a procedure is preferred since it allows for more
uniform distribution of the test substance into the soil.

Also untreated soil samples are incubated under the same conditions (aerobic) as the samples treated with the
test substance. These samples are used for biomass measurements during and at the end of the studies.

" Aerobic studies might be terminated much before 120 days provided that ultimate transformation pathway and ultimate

mineralisation are clearly reached at that time. Termination of the test is possible after 120 days, or when at least 90% of
the test substance is transformed, but only if at least 5% CO; is formed.
Calculation of the initial concentration on an area basis using the following equation:

Alkg/ha]-10°|mg/kg]
1Im]-10%m? /ha]-dikg,.; /m’ |
C,oin= Initial concentration in soil [mg-kg"]
A = Application rate [kg-hu'l]; | = thickness of field soil layer [m]; d = dry bulk density of soil [kg-m'3].
As a rule of thumb, an application rate of | kg-ha'1 results in a soil concentration of approximately 1 mg-kg'I inal0cm
layer (assuming a bulk density of 1 g - cm™).

Cs()il[mg/kgsoil] =
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When the test substance is applied to the soil dissolved in organic solvent(s), soil samples treated with the same
amount of solvent(s) are incubated under the same conditions (aerobic) as the samples treated with the test
substance. These samples are used for biomass measurements initially, during and at the end of the studies to
check for effects of the solvent(s) on microbial biomass.

The flasks containing the treated soil are either attached to the flow-through system described in Figure | or
closed with the absorption column shown in Figure 2 (see Annex 3).

1.9.3 Sampling and measurement

Duplicate incubation flasks are removed at appropriate time intervals and the soil samples extracted with
appropriate solvents of different polarity and analysed for the test substance and/or transformation products. A
well-designed study includes sufficient flasks so that two flasks are sacrificed at each sampling event. Also,
absorption solutions or solid absorption materials are removed at various time intervals (7-day intervals during
the first month and after one month in 17 -day intervals) during and at the end of incubation of each soil sample
and analysed for volatile products. Besides a soil sample taken directly after application (0-day sample) at least
5 additional sampling points should be included. Time intervals should be chosen in such a way that pattern of
decline of the test substance and patterns of formation and decline of transformation products can be established
(e.g. 0, 1,3, 7 days; 2, 3 weeks; 1, 2, 3 months, etc.).

When using "C-labelled test substance, non-extractable radioactivity will be quantified by combustion and a
mass balance will be calculated for each sampling interval.

In the case of anaerobic and paddy incubation, the soil and water phases are analysed together for test substance
and transformation products or separated by filtration or centrifugation before extraction and analysis.

1.9.4 Optional tests

Aerobic, non-sterile studies at additional temperatures and soil moistures may be useful for the estimation of the
influence of temperature and soil moisture on the rates of transtormation of a test substance and/or its
transformation products in soil.

A further characterisation of non-extractable radioactivity can be attempted using, for example, supercritical
fluid extraction.

2 DATA
2.1 TREATMENT OF RESULTS

The amounts of test substance, transtormation products, volatile substances (in % only), and non-extractable
should be given as % of applied initial concentration and, where appropriate, as mg-kg'I soil (based on soil dry
weight) for each sampling interval. A mass balance should be given in percentage of the applied initial
concentration for each sampling interval. A graphical presentation of the test substance concentrations against
time will allow an estimation of its transformation half-life or DTsq Major transformation products should be
identified and their concentrations should also be plotted against time to show their rates of formation and
decline. A major transformation product is any product representing = 10% of applied dose at any time during
the study.

The volatile products trapped give some indication of the volatility potential of a test substance and its
transformation products from soil.
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More accurate determinations of half-lives or DTs values and, if appropriate, DT7s and DTy values should be
obtained by applying appropriate kinetic model calculations. The half-life and DTs, values should be reported
together with the description of the model used, the order of kinetics and the determination coefficient (). First
order kinetics is favoured unless r” < 0.7. If appropriate, the calculations should also be applied to the major
transformation products. Examples of appropriate models are described in references 31 to 35.

In the case of rate studies carried out at various temperatures, the transformation rates should be described as a
function of temperature within the experimental temperature range using the Arrhenius relationship of the form:

k=A.¢c B o 1nk:1nA-%

where In A and B are regression constants from the intercept and slope, respectively, of a best fit line generated
from linearly regressing In k against 1/T, k is the rate constant at temperature T and T is the temperature in
Kelvin. Care should be given to the limited temperature range in which the Arrehenius relationship will be valid
in case transformation is governed by microbial action.

22 EVALUATION AND INTERPRETATION OF RESULTS

Although the studies are carried out in an artificial laboratory system, the results will allow estimation of the
rate of transtormation of the test substance and also of rate of formation and decline of transformation products
under field conditions (36)(37).

A study of the transformation pathway of a test substance provides information on the way in which the applied
substance is structurally changed in the soil by chemical and microbial reactions.

3 REPORTING

TEST REPORT

The test report must include:

Test substance:
— common name, chemical name, CAS number, structural formula (indicating position of label(s) when

radiolabelled material is used) and relevant physical-chemical properties (see section 1.5);

— purity (impurities) of test substance;
— radiochemical purity of labelled chemical and specific activity (where appropriate);

Reference substances:

— chemical name and structure of reference substances used for the characterisation and/or identification of
transformation product;

Test soils:

— details of collection site;

— date and procedure of soil sampling;

— properties of soils, such as pH, organic carbon content, texture (% sand, % silt, % clay), cation exchange
capacity, bulk density, water retention characteristic, and microbial biomass;

— length of soil storage and storage conditions (if stored);
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Test conditions:

— dates of the performance of the studies;

— amount of test substance applied;

— solvents used and method of application for the test substance;

— weight of soil treated initially and sampled at each interval for analysis;

— description of the incubation system used;

— air flow rates (for flow-through systems only);

— temperature of experimental set-up;

— soil moisture content during incubation;

— microbial biomass initially, during and at the end of the aerobic studies;

— pH, oxygen concentration and redox potential initially, during and at the end of the anaerobic and paddy
studies;

— method(s) of extraction;

— methods for quantification and identification of the test substance and major transformation products in
soil and absorption materials;

— number of replicates and number of controls.

Results:

— result of microbial activity determination;
— repeatability and sensitivity of the analytical methods used;
— rates of recovery (% values for a valid study are given in section 1.7.1);
— tables of results expressed as % of applied initial dose and, where appropriate, as mg-kgl soil (on a dry
weight basis);
— mass balance during and at the end of the studies;
— characterisation of non-extractable (bound) radioactivity or residues in soil;
— quantification of released CO, and other volatile compounds;
— plots of soil concentrations versus time for the test substance and, where appropriate, for major
transformation products;
— half-life or DTsy , DTys and DTy tor the test substance and, where appropriate, for major transformation
products including confidence limits;
— estimation of abiotic degradation rate under sterile conditions;
— an assessment of transformation kinetics for the test substance and, where appropriate, for major
transformation products;
— proposed pathways of transformation, where appropriate;
— discussion and interpretation of results;
— raw data (i.e. sample chromatograms, sample calculations of transformation rates and means used to
identify transformation products).
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WATER TENSION, FIELD CAPACITY (FC) AND WATER HOLDING CAPACITY (WHC)(1)

Height of Water Column

[em] pF®¥ bar® Remarks

10 7 10° Dry Soil

1.6+ 10 4.2 16 Wilting point

10} 4 10

10° 3 1

6+ 10° 2.8 0.6

33-10° 2.5 0.33¢

10° 2 0.1 Range of

60 1.8 0.06 Field cupucity(d)

33 1.5 0.033

10 1 0.01 WHC (approximation)
1 0 0.001 Water saturated soil

(a) pF = log of cm water column.

(b) 1 bar = 10° Pa.

(c) Corresponds to an approximate water content of 10% in sand, 35% in loam and 45% in clay.
(d) Field capacity is not constant but varies with soil type between pF 1.5 and 2.5.

Water tension is measured in cm water column or in bar . Due to the large range of suction tension it is expressed simply as pF

value which is equivalent to the logarithm of cm water column.

Field capacity is defined as the amount of water which can be stored against gravity by a natural soil 2 days after a longer
raining period or after sutficient irrigation. It is determined in undisturbed soil in situ in the field. The measurement is thus not
applicable to disturbed laboratory soil samples. FC values determined in disturbed soils may show great systematic variances.

Water holding capacity (WHC) is determined in the laboratory with undisturbed and disturbed soil by saturating a soil column
with water by capillary transport. It is particularly useful for disturbed soils and can be up to 30 % greater than field capacity

(1). It is also experimentally easier to determine than reliable FC-values.

(1) Miickenhausen, E. (1975). Die Bodenkunde und ihre geologischen, geomorphologischen, mineralogischen und

petrologischen Grundlagen. DLG-Verlag, Frankfurt, Main.
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ANNEX 2
SOIL MOISTURE CONTENTS (g water per 100 g dry soil) OF VARIOUS SOIL TYPES FROM VARIOUS
COUNTRIES
Soil Moisture Content at
Soil Type Country
WHC! pF=138 pF=25

Sand Germany 28.7 8.8 39
Loamy sand Germany 50.4 17.9 12.1
Loamy sand Switzerland 44.0 353 9.2
Silt loam Switzerland 72.8 56.6 28.4
Clay loam Brazil 69.7 38.4 27.3
Clay loam Japan 74.4 57.8 31.4
Sandy loam Japan 82.4 59.2 36.0
Silt loam USA 47.2 332 18.8
Sandy loam USA 40.4 25.2 13.3

" Water Holding Capacity
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ANNEX 3
Figure 1
Example of a flow-through apparatus to study transformation of chemicals in soil (1)(2)
I:  needle valve 4: soil metabolism flask (water- 7,8: sodium hydroxide trap for CO,

logged only for anaerobic and & other acidic volatiles
paddy conditions;)

2: gas washing bottle containing 5: ethylene glycol trap for organic 9: flow meter.
water volatile compounds
3: ultramembrane (sterile conditions 6: sulphuric acid trap for alkaline

only), pore size (0.2 um volatile compounds

Figure 2

Example of a biometer-type flask for studying the transformation of chemicals in soil (3)

AR Soda lime to absorb CO»

Oil - treated glass wool or
polyurethane foam to absorb
organic volatiles

Soil + test substance

(1) Guth, J.A. (1980). The study of transformations. In Interactions between Herbicides and the Soil (R.J. Hance, Ed.),
Academic Press, 123-157.

(2) Guth, J.A. (1981). Experimental approaches to studying the fate of pesticides in soil. In Progress in Pesticide Biochemistry.
D.H. Hutson, T.R. Roberts, Eds. J. Wiley & Sons. Vol [, 85-114.

(3) Anderson, J.P.E. (1975). Einfluss von Temperatur und Feuchte auf Verdamptung, Abbau und Festlegung von Diallat im
Boden. Z. PflKrankh Pflschutz, Sonderheft VII, 141-146.
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C.24. AEROBIC AND ANAEROBIC TRANSFORMATION IN AQUATIC SEDIMENT SYSTEMS

1. METHOD

This test method is a replicate of the OECD TG 308 (2002).

1.1 INTRODUCTION

Chemicals can enter shallow or deep surface waters by such routes as direct application, spray drift, run-oft,
drainage, waste disposal, industrial, domestic or agricultural effluent and atmospheric deposition. This Testing
Method describes a laboratory method to assess aerobic and anaerobic transformation of organic chemicals in
aquatic sediment systems. It is based on existing Guidelines (1)(2)(3)(4)(5)(6). An OECD Workshop on
Soil/Sediment Selection, held in Belgirate, Italy in 1995 (7) agreed, in particular, on the number and type of
sediments for use in this test. It also made recommendations relating to collection, handling and storage of
sediment samples, based on the ISO Guidance (8). Such studies are required for chemicals which are directly
applied to water or which are likely to reach the aqueous environment by the routes described above.

The conditions in natural aquatic sediment systems are often aerobic in the upper water phase. The surface layer
of sediment can be either aerobic or anaerobic, whereas the deeper sediment is usually anaerobic. To encompass
all of these possibilities both aerobic and anaerobic tests are described in this document. The aerobic test
simulates an aerobic water column over an aerobic sediment layer that is underlain with an anaerobic gradient.
The anaerobic test simulates a completely anaerobic water-sediment system. If circumstances indicate that it is
necessary to deviate significantly from these recommendations, for example by using intact sediment cores or
sediments that may have been exposed to the test substance, other methods are available for this purpose (9).

1.2 DEFINITIONS
Standard International (SI) units should be used in any case.
Test substance: any substance, whether the parent or relevant transformation products.

Transformation products: all substances resulting from biotic and abiotic transformation reactions of the test
substance including CO- and bound residues.

Bound residues: “Bound residues” represent compounds in soil, plant or animal that persist in the matrix in the
form of the parent substance or its metabolite(s) after extractions. The extraction method must not substantially
change the compounds themselves or the structure of the matrix. The nature of the bond can be clarified in part
by matrix-altering extraction methods and sophisticated analytical techniques. To date, for example, covalent
ionic and sorptive bonds, as well as entrapments, have been identified in this way. In general, the formation of
bound residues reduces the bioaccessibility and the bioavailability significantly (10) [modified from [UPAC
1984 (11)].

Aerobic transformation: (oxidising): reactions occurring in the presence of molecular oxygen (12).
Anaerobic transformation: (reducing): reactions occurring under exclusion of molecular oxygen (12).
Natural waters: are surface waters obtained from ponds, rivers, streams, etc.

Sediment: is a mixture of mineral and organic chemical constituents, the latter containing compounds of high

carbon and nitrogen content and of high molecular masses. It is deposited by natural water and forms an
interface with that water.
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Mineralisation: is the complete degradation of an organic compound to CO,, H,O under aerobic conditions,
and CH4, CO> and H,O under anaerobic conditions. In the context of this test method, when radiolabelled
compound is used, mineralisation means extensive degradation of a molecule during which a labelled carbon
atom is oxidised or reduced quantitatively with release of the appropriate amount of "“CO, or "CH,,
respectively.

Half-life, tys, is the time taken for 50% transformation of a test substance when the transformation can be
described by first-order kinetics; it is independent of the initial concentration.

DTsy (Disappearance Time 50): is the time within which the initial concentration of the test substance is
reduced by 50%.

DT7s (Disappearance Time 75): is the time within which the initial concentration of the test substance is
reduced by 75%.

DTy (Disappearance Time 90): is the time within which the initial concentration of the test substance is
reduced by 90%.

1.3 REFERENCE SUBSTANCES

Reference substances should be used for the identification and quantification of transformation products by
spectroscopic and chromatographic methods.

1.4 INFORMATION ON THE TEST SUBSTANCE

Non-labelled or isotope-labelled test substance can be used to measure the rate of transtormation although
labelled material is preferred. Labelled material is required for studying the pathway of transformation and for
establishing a mass balance. l4C—lubelling is recommended, but the use of other isotopes, such as 13C, ISN, 3H,
2p, may also be useful. As far as possible, the label should be positioned in the most stable part(s) of the
molecule'. The chemical and/or radiochemical purity of the test substance should be at least 95%.

Before carrying out a test, the following information about the test substance should be available:

(a) solubility in water (Method A.6);

(b) solubility in organic solvents;

(c) vapour pressure (Method A.4) and Henry’s Law constant;

(d) n-octanol/water partition coefficient (Method A.8);

(e) adsorption coefticient (Kg4, K or K, where appropriate) (Method C.18);
(f) hydrolysis (Method C.7);

(g) dissociation constant (pK,) [OECD Guideline 112] (13);

(h) chemical structure of the test substance and position of the isotope-label(s), if applicable.
Note: The temperature at which these measurements were made should be reported.

Other useful information may include data on toxicity of the test substance to microorganisms, data on ready
and/or inherent biodegradability, and data on aerobic and anaerobic transformation in soil.

' For example , if the substance contains one ring, labelling on this ring is required; if the test substance contains two or more
rings, separate studies may be needed to evaluate the fate of each labelled ring and to obtain suitable information on formation
of transformation products.



30.4.2004 Official Journal of the European Union L 152/297

Analytical methods (including extraction and clean-up methods) for identification and quantification of the test
substance and its transformation products in water and in sediment should be available (see section 1.7.2).

1.5 PRINCIPLE OF THE TEST METHOD

The method described in this test employs an aerobic and an anaerobic aquatic sediment (see Annex 1) system

which allows:

(i) the measurement of the transformation rate of the test substance in a water-sediment systemn,

(ii) the measurement of the transformation rate of the test substance in the sediment,

(iii) the measurement of the mineralisation rate of the test substance and /or its transformation products (when
C-labelled test substance is used),

(iv) the identification and quantification of transformation products in water and sediment phases including
mass balance (when labelled test substance is used),

(v) the measurement of the distribution of the test substance and its transformation products between the two
phases during a period of incubation in the dark (to avoid, for example, algal blooms) at constant
temperature. Half-lives, DTso, DT5s and DTg values are determined where the data warrant, but should not
be extrapolated far past the experimental period (see section 1.2).

At least two sediments and their associated waters are required for both the aerobic and the anaerobic studies
respectively (7). However, there may be cases where more than two aquatic sediments should be used, for
example, for a chemical that may be present in freshwater and/or marine environments.

1.6 APPLICABILITY OF THE TEST

The method is generally applicable to chemical substances (unlabelled or labelled) for which an analytical
method with sufficient accuracy and sensitivity is available. It is applicable to slightly volatile, non-volatile,
water-soluble or poorly water-soluble compounds. The test should not be applied to chemicals which are highly
volatile from water (e.g. fumigants, organic solvents) and thus cannot be kept in water and/or sediment under
the experimental conditions of this test.

The method has been applied so far to study the transformation of chemicals in fresh waters and sediments, but
in principle can also be applied to estuarine/marine systems. It is not suitable to simulate conditions in flowing
water (e.g. rivers) or the open sea.

1.7 QUALITY CRITERIA

1.7.1 Recovery

Extraction and analysis of, at least, duplicate water and sediment samples immediately after the addition of the
test substance gives a first indication of the repeatability of the analytical method and of the uniformity of the
application procedure for the test substance. Recoveries for later stages of the experiments are given by the
respective mass balances (when labelled material is used). Recoveries should range from 90% to 110% for
labelled chemicals (6) and from 70% to 110% for non-labelled chemicals.

1.7.2 Repeatability and sensitivity of analytical method

Repeatability of the analytical method (excluding the initial extraction efficiency) to quantify test substance and
transformation products can be checked by duplicate analysis of the same extract of the water or the sediment
samples which were incubated sufficiently long enough for formation of transformation products.
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The limit of detection (LOD) of the analytical method for the test substance and for the transtormation products
should be at least 0.01 mg-kg'1 in water or sediment (as test substance) or 1% of the initial amount applied to a
test system whichever is lower. The limit of quantification (LOQ) should also be specified.

1.7.3 Accuracy of transformation data

Regression analysis of the concentrations of the test substance as a function of time gives the appropriate
information on the accuracy of the transformation curve and allows the calculation of the confidence limits for
half-lives (if pseudo first-order kinetics apply) or DTy values and, if appropriate, DT7s and DTy values.

1.8 DESCRIPTION OF THE METHOD
1.8.1 Test system and apparatus

The study should be performed in glass containers (e.g. bottles, centrifuge tubes), unless preliminary
information (such as n-octanol-water partition coefficient, sorption data, etc.) indicates that the test substance
may adhere to glass, in which case an alternative material (such as Teflon) may have to be considered. Where
the test substance is known to adhere to glass, it may be possible to alleviate this problem using one or more of
the following methods:

— determine the mass of test substance and transformation products sorbed to glass;
— ensure a solvent wash of all glassware at the end of the test;
— use of formulated products (see also section 1.9.2);

— use an increased amount of co-solvent for addition of test substance to the system; if a co-solvent is
used it should be a co-solvent that does not solvolyse the test substance.

Examples of typical test apparatus, i.e. gas flow-through and biometer-type systems, are shown in Annexes 2
and 3, respectively (14). Other useful incubation systems are described in reference 15. The design of the
experimental apparatus should permit the exchange of air or nitrogen and the trapping of volatile products. The
dimensions of the apparatus must be such that the requirements of the test are complied with (see section 1.9.1).
Ventilation may be provided by either gentle bubbling or by passing air or nitrogen over the water surtace. In
the latter case gentle stirring of the water from above may be advisable for better distribution of the oxygen or
nitrogen in the water. CO»-free air should not be used as this can result in increases in the pH of the water. In
either case, disturbance of the sediment is undesirable and should be avoided as far as possible. Slightly volatile
chemicals should be tested in a biometer-type system with gentle stirring of the water surface. Closed vessels
with a headspace of either atmospheric air or nitrogen and internal vials for the trapping of volatile products can
also be used (16). Regular exchange of the headspace gas is required in the aerobic test in order to compensate
for the oxygen consumption by the biomass.

Suitable traps for collecting volatile transformation products include but are not restricted to | mol-dm™
solutions of potassium hydroxide or sodium hydroxide for carbon dioxide® and ethylene glycol, ethanolamine or
29 paraftin in xylene for organic compounds. Volatiles formed under anaerobic conditions, such as methane,
can be collected, for example, by molecular sieves. Such volatiles can be combusted, for example, to CO; by
passing the gas through a quartz tube filled with CuO at a temperature of 900 °C and trapping the CO» formed
in an absorber with alkali (17).

2 As these alkaline absorption solutions also absorb the carbon dioxide from the ventilation air and that formed by

respiration in aerobic experiments, they have to be exchanged in regular intervals to avoid their saturation and thus loss of
their absorption capacity.
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Laboratory instrumentation for chemical analysis of test substance and transtformation products is required (e.g.
gas liquid chromatography (GLC), high performance liquid chromatography (HPLC), thin-layer
chromatography (TLC), mass spectroscopy (MS), gas chromatography-mass spectroscopy (GC-MS), liquid
chromatography-mass spectrometry (LC-MS), nuclear magnetic resonance (NMR), etc.), including detection
systems for radiolabelled or non-labelled chemicals as appropriate. When radiolabelled material is used a liquid
scintillation counter and combustion oxidiser (for the combustion of sediment samples prior to analysis of
radioactivity) will also be required.

Other standard laboratory equipment for physical-chemical and biological determinations (see section Table 1,
section 1.8.2.2), glassware, chemicals and reagents are required as appropriate.

1.8.2 Selection and number of aquatic sediments

The sampling sites should be selected in accordance with the purpose of the test in any given situation. In
selecting sampling sites, the history of possible agricultural, industrial or domestic inputs to the catchment and
the waters upstream must be considered. Sediments should not be used if they have been contaminated with the
test substance or its structural analogues within the previous 4 years.

1.8.2.1 Sediment selection

Two sediments are normally used for the aerobic studies (7). The two sediments selected should differ with
respect to organic carbon content and texture. One sediment should have a high organic carbon content (2.5-
7.5%) and a fine texture, the other sediment should have a low organic carbon content (0.5-2.5%) and a coarse
texture. The ditference between the organic carbon contents should normally be at least 2%. "Fine texture” is
defined as a [clay + silt]3 content of >50% and "coarse texture” is defined as a [clay + silt] content of <50%.
The difference in [clay + silt] content for the two sediments should normally be at least 20%. In cases, where a
chemical may also reach marine waters, at least one of the water-sediment systems should be of marine origin.

For the strictly anaerobic study, two sediments (including their associated waters) should be sampled from the
anaerobic zones of surface water bodies (7). Both the sediment and the water phases should be handled and
transported carefully under exclusion of oxygen.

Other parameters may be important in the selection of sediments and should be considered on a case-by-case
basis. For example, the pH range of sediments would be important for testing chemicals for which
transformation and/or sorption may be pH-dependent. pH-dependency of sorption might be reflected by the pK,
of the test substance.

1.8.2.2 Characterisation of water-sediment samples
Key parameters that must be measured and reported (with reference to the method used) for both water and
sediment, and the stage of the test at which those parameters are to be determined are summarised in the Table
hereafter. For information, methods for determination of these parameters are given in references
(18)(19H20)(21).

In addition, other parameters may need to be measured and reported on a case by case basis (e.g. for freshwater:
particles, alkalinity, hardness, conductivity, NOs/PO, (ratio and individual values); for sediments: cation
exchange capacity, water holding capacity, carbonate, total nitrogen and phosphorus; and for marine systems:
salinity). Analysis of sediments and water for nitrate, sulfate, bioavailable iron, and possibly other electron
acceptors may be also useful in assessing redox conditions, especially in relation to anaerobic transformation.

? [Clay + silt| is the mineral fraction of the sediment with particle size of < 50 um
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Measurement of parameters for characterisation of water-sediment samples (7)(22)(23)
Parameter Stage of test procedure
field post- start of start during end of test
acclimation of test

Origin/source

Temperature

O concentration®

Redox Potential*
Sediment

Origin/source

bl Bl el

Bl BN b

bl Bl el

Depth of layer X

pH X X X X X

Particle size distribution X

TOC X X X X

Microbial biomass** X X X

Redox potential * Observation X X X X
(colour/smell)

“*
W%

Recent research results have shown that measurements of water oxygen concentrations and of redox potentials
have neither a mechanistic nor a predictive value as far as growth and development of microbial populations in
surface waters are concerned (24)(25). Determination of the biochemical oxygen demand (BOD, at field
sampling, start and end of test) and of concentrations of micro/macro nutrients Ca, Mg and Mn (at start and end
of test) in water and the measurement ot total N and total P in sediments (at field sampling and end of test) may
be better tools to interpret and evaluate aerobic biotransformation rates and routes.

Microbial respiration rate method (26), fumigation method (27) or plate count measurements (e.g. bacteria,
actinomycetes, fungi and total colonies) for aerobic studies; methanogenesis rate for anaerobic studies.

Collection, Handling and Storage
Collection

The draft ISO guidance on sampling of bottom sediment (8) should be used for sampling of sediment. Sediment
samples should be taken from the entire 5 to 10 cm upper layer of the sediment. Associated water should be
collected from the same site or location and at the same time as the sediment. For the anaerobic study, sediment
and associated water should be sampled and transported under exclusion of oxygen (28)(see section 1.8.2.1).
Some sampling devices are described in the literature (8)(23).



30.4.2004 Official Journal of the European Union L 152/301

1.8.3.2 Handling

The sediment is separated from the water by filtration and the sediment wet-sieved to a 2 mm-sieve using
excess location water that is then discarded. Then known amounts of sediments and water are mixed at the
desired ratio (see section 1.9.1) in incubation flasks and prepared for the acclimation period (see section 1.8.4).
For the anaerobic study, all handling steps have to be done under exclusion of oxygen (29)(30)(31)(32)(33).

1.83.3 Storage

Use of freshly sampled sediment and water is strongly recommended, but if storage is necessary, sediment and
water should be sieved as described above and stored together, water-logged (6-10 cm water layer), in the dark,
at 4 + 2°C* for a maximum of 4 weeks (7)(8)(23). Samples to be used for aerobic studies should be stored with
free access of air (e.g. in open containers), whereas those for anaerobic studies under exclusion of oxygen.
Freezing of sediment and water and drying-out of the sediment must not occur during transportation and
storage.

1.8.4 Preparation of the sediment/water samples for the test

A period of acclimation should take place prior to adding the test substance, with each sediment/water sample
being placed in the incubation vessel to be used in the main test, and the acclimation to be carried out under
exactly the same conditions as the test incubation (see section 1.9.1). The acclimation period is the time needed
to reach reasonable stability of the system, as reflected by pH, oxygen concentration in water, redox potential of
the sediment and water, and macroscopic separation of phases. The period of acclimation should normally last
between one week and two weeks and should not exceed four weeks. Results of determinations performed
during this period should be reported.

1.9 PERFORMANCE OF THE TEST
1.9.1 Test conditions

The test should be performed in the incubation apparatus (see section 1.8.1) with a water sediment volume ratio
between 3:1 and 4:1, and a sediment layer of 2.5 cm (£ 0.5 em).” A minimum amount of 50 g of sediment (dry
weight basis) per incubation vessel is recommended.

The test should be performed in the dark at a constant temperature in the range of 10 to 30 °C. A temperature of
(20 £ 2)°C is appropriate. Where appropriate, an additional lower temperature (e.g. 10°C) may be considered on
a case-by-case basis, depending on the information required from the test. Incubation temperature should be
monitored and reported.

4 . . . . .
Recent studies have shown that storage at 4 °C can lead to a decrease of the organic carbon content of the sediment which
may possibly result in a decrease of microbial activity (34).
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1.9.2 Treatment and application of test substance

One test concentration of chemical is used®. For crop protection chemicals applied directly to water bodies, the
maximum dosage on the label should be taken as, the maximum application rate calculated on the basis of the
surface area of the water in the test vessel. In all other cases, the concentration to be used should be based on
predictions from environmental emissions. Care must be taken to ensure that an adequate concentration of test
substance is applied in order to characterise the route of transformation and the formation and decline of
transformation products. It may be necessary to apply higher doses (e.g. 10 times) in situations where test
substance concentrations are close to limits of detection at the start of the study and/or where major
transformation products could not readily be detected when present at 10% of the test substance application
rate. However, if higher test concentrations are used they should not have a significant adverse effect on the
microbial activity of the water-sediment system. In order to achieve a constant concentration of test substance in
vessels of differing dimensions an adjustment to the quantity of the material applied may be considered
appropriate, based on the depth of the water column in the vessel in relation to the depth of water in the field
(which is assumed to be 100 cm, but other depths can be used). See Annex 4 for an example calculation.

Ideally the test substance should be applied as an aqueous solution into the water phase of the test system. If
unavoidable, the use of low amounts of water miscible solvents (such as acetone, ethanol) is permitted for
application and distribution of the test substance, but this should not exceed 1% v/v and should not have adverse
effects on microbial activity of the test system. Care should be exercised in generating the aqueous solution of
the test substance - use of generator columns and pre-mixing may be appropriate to ensure complete
homogeneity. Following addition of the aqueous solution to the test system, gentle mixing of the water phase is
recommended, disturbing the sediment as little as possible.

The use of formulated products is not routinely recommended as the formulation ingredients may affect the
distribution of the test substance and/or transformation products between water and sediment phases. However,
for poorly water-soluble test substances, the use of formulated material may be an appropriate alternative.

The number of incubation vessels depends on the number of sampling times (see section 1.9.3). A sufficient
number of test systems should be included so that two systems may be sacrificed at each sampling time. Where
control units of each aquatic sediment system are employed, they should not be treated with the test substance.
The control units can be used to determine the microbial biomass of the sediment and the total organic carbon
of the water and sediment at the termination of the study. Two of the control units (i.e. one control unit of each
aquatic sediment) can be used to monitor the required parameters in the sediment and water during the
acclimation period (see Table in section 1.8.2.2). Two additional control units have to be included in case the
test substance is applied by means of a solvent to measure adverse effects on the microbial activity of the test
system.

193 Test duration and sampling

The duration of the experiment should normally not exceed 100 days (6), and should continue until the
degradation pathway and water/sediment distribution pattern are established or when 90 % of the test substance
has dissipated by transtormation and/or volatilisation. The number of sampling times should be at least six
(including zero time), with an optional preliminary study (see section 1.9.4) being used to establish an
appropriate sampling regime and the duration of the test, unless sufficient data is available on the test substance
from previous studies. For hydrophobic test substances, additional sampling points during the initial period of
the study may be necessary in order to determine the rate of distribution between water and sediment phases.

Test with a second concentration can be useful for chemicals that reach surface waters by different entry routes resulting

in significantly different concentrations, as long as the lower concentration can be analysed with sufficient accuracy.
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At appropriate sampling times, whole incubation vessels (in replicate) are removed for analysis. Sediment and
overlying water are analysed separately(’. The surface water should be carefully removed with minimum
disturbance of the sediment. The extraction and characterisation of the test substance and transformation
products should follow appropriate analytical procedures. Care should be taken to remove material that may
have adsorbed to the incubation vessel or to interconnecting tubing used to trap volatiles.

1.94 Optional preliminary test

If duration and sampling regime cannot be estimated from other relevant studies on the test substance, an
optional preliminary test may be considered appropriate, which should be performed using the same test
conditions proposed for the definitive study. Relevant experimental conditions and results from the preliminary
test, if performed, should be brietly reported.

1.95 Measurements and analysis

Concentration of the test substance and the transformation products at every sampling time in water and
sediment should be measured and reported (as a concentration and as percentage of applied). In general,
transformation products detected at 210% of the applied radioactivity in the total water-sediment system at any
sampling time should be identified unless reasonably justified otherwise. Transtormation products for which
concentrations are continuously increasing during the study should also be considered for identification, even if
their concentrations do not exceed the limits given above, as this may indicate persistence. The latter should be
considered on a case by case basis, with justifications being provided in the report.

Results from gases/volatiles trapping systems (CO, and others, i.e. volatile organic compounds) should be
reported at each sampling time. Mineralisation rates should be reported. Non-extractable (bound) residues in
sediment are to be reported at each sampling point.

2 DATA
2.1 TREATMENT OF RESULTS

Total mass balance or recovery (see section 1.7.1) of added radioactivity is to be calculated at every sampling
time. Results should be reported as a percentage of added radioactivity. Distribution of radioactivity between
water and sediment should be reported as concentrations and percentages, at every sampling time.

Half-life, DTsg and, it appropriate, DT;5s and DTy of the test substance should be calculated along with their
confidence limits (see section 1.7.3). Information on the rate of dissipation of the test substance in the water
and sediment can be obtained through the use of appropriate evaluation tools. These can range from
application of pseudo-first order kinetics, empirical curve-fitting techniques which apply graphical or
numerical solutions and more complex assessments using, for example, single- or multi-compartment models.
Further details can be obtained from the relevant published literature (35)(36)(37).

In cases where rapid re-oxidation of anaerobic transtormation products may readily occur, anaerobic conditions should be

maintained during sampling and analysis.
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All approaches have their strengths and weaknesses and vary considerably in complexity. An assumption of
first-order kinetics may be an oversimplification of the degradation and distribution processes, but when
possible gives a term (the rate constant or half-life) which is easily understood and of value in simulation
modelling and calculations of predicted environmental concentrations. Empirical approaches or linear
transformations can result in better fits of curves to data and therefore allow better estimation of half-lives,
DTy and, if appropriate, DTys and DTy, values., The use of the derived constants, however, is limited.
Compartment models can generate a number of useful constants of value in risk assessment that describe the
rate of degradation in different compartments and the distribution of the chemical. They should also be used
for estimation of rate constants for the formation and degradation of major transformation products. In all
cases, the method chosen must be justified and the experimenter should demonstrate graphically and/or
statistically the goodness of fit.

3 REPORTING
3.1 TEST REPORT

The report must include the following information:

Test substance:

— common name, chemical name, CAS number, structural formula (indicating position of the label(s) when
radiolabelled material is used) and relevant physical-chemical properties;

— purity (impurities) of test substance ;

— radiochemical purity of labelled chemical and molar activity (where appropriate).
Reference substances:

— chemical name and structure of reference substances used for the characterisation and/or identification of
transformation products

Test sediments and waters:

— location and description of aquatic sediment sampling site(s) including, if possible, contamination
history;

— all information relating to the collection, storage (if any) and acclimation of water-sediment systems;

— characteristics of the water-sediment samples as listed in Table in section 1.8.2.2.

Test conditions:

— test system used (e.g. flow-through, biometer, way of ventilation, method of stirring, water volume, mass
of sediment, thickness of both water and sediment layer, dimension of test vessels, etc.)

— application of test substance to test system: test concentration used, number of replicates and controls
mode of application of test substance (e.g. use of solvent if any), etc.

— incubation temperature;
— sampling times;
— extraction methods and efficiencies as well as analytical methods and detection limits;

— methods for characterisation/identification of transtormation products;
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— deviations from the test protocol or test conditions during the study.
Results:

— raw data figures of representative analyses (all raw data have to be stored in the GLP-archive);
— repeatability and sensitivity of the analytical methods used;
— rates of recovery (% values for a valid study are given in section 1.7.1);

— tables of results expressed as % of the applied dose and in mg-kg'I in water, sediment and total system (%
only) for the test substance and, if appropriate, for transformation products and non-extractable
radioactivity;

— mass balance during and at the end of the studies;

— a graphical representation of the transformation in the water and sediment fractions and in total system
(including mineralisation);

— mineralisation rates;

— half-life, DTs, and, it appropriate, DT5s and DTy, values for the test substance and, where appropriate, for
major transformation products including confidence limits in water, sediment and in total system;

— an assessment of the transformation kinetics of the test substance and, where appropriate, the major
transformation products;

— aproposed pathway of transformation, where appropriate;

— discussion of results.

4 REFERENCES
(1) BBA-Guidelines for the examination of plant protectors in the registration process. (1990). Part [V,
Section 5-1: Degradability and fate of plant protectors in the water/sediment system. Germany.

(2) Commission for registration of pesticides: Application for registration of a pesticide. (1991). Part G.
Behaviour of the product and its metabolites in soil, water and air, Section G.2.1 (a). The Netherlands.

(3) MAFF Pesticides Safety Directorate. (1992). Preliminary guideline for the conduct of biodegradability
tests on pesticides in natural sediment/water systems. Ref No SC 9046. United-Kingdom.

(4) Agriculture Canada: Environmental chemistry and fate. (1987). Guidelines for registration of pesticides
in Canada. Aquatic (Laboratory) - Anaerobic and aerobic. Canada. pp 35-37.

(5) US-EPA: Pesticide assessment guidelines, Subdivision N. Chemistry: Environmental fate (1982). Section
162-3, Anaerobic aquatic metabolism.

(6) SETAC-Europe publication. (1995). Procedures for assessing the environmental fate and ecotoxicity of
pesticides. Ed. Dr Mark R. Lynch. SETAC-Europe, Brussels.

(7) OECD Test Guidelines Programme. (1995). Final Report of the OECD Workshop on Selection of
Soils/sediments, Belgirate, [taly, 18-20 January 1995.

(8) ISO/DIS 5667-12. (1994). Water quality - Sampling - Part 12: Guidance on sampling of bottom
sediments.

(9) US-EPA (1998a). Sediment/water microcosm biodegradation test. Harmonised Test Guidelines (OPPTS
835.3180). EPA 712-C-98-080.

(10) DFG: Pesticide Bound Residues in Soil. Wiley-VCH (1998).

(11) T.R. Roberts: Non-extractable pesticide residues in soils and plants. Pure Appl. Chem. 56, 945-956
(TUPAC 1984).



30.4.2004 Official Journal of the European Union L 152/306

(12) OECD Test Guideline 304A: Inherent Biodegradability in Soil (adopted 12 May 1981).

(13) OECD (1993): Guidelines for Testing of Chemicals. Paris. OECD (1994-2000): Addenda 6-11 to
Guidelines for the Testing of Chemicals.

(14) Scholz, K., Fritz R., Anderson C. and Spiteller M. (1988) Degradation of pesticides in an aquatic model
ecosystem. BCPC - Pests and Diseases, 3B-4, 149-158.

(15) Guth, J.A. (1981). Experimental approaches to studying the fate of pesticides in soil. In Progress in
Pesticide Biochemistry (D.H. Hutson, T.R. Roberts, Eds.), Vol. 1, 85-114. J. Wiley & Sons.

(16) Madsen, T., Kristensen, P. (1997). Effects of bacterial inoculation and non-ionic surfactants on
degradation of polycyclic aromatic hydrocarbons in soil. Environ. Toxicol. Chem. 16, 631-637.

(17) Steber, J., Wierich, P. (1987). The anaerobic degradation of detergent range fatty alcohol ethoxylates.
Studies with *C-labelled model surfactants. Water Research 21, 661-667.

(18) Black, C.A. (1965). Methods of Soil Analysis. Agronomy Monograph No. 9. American Society of
Agronomy, Madison.

(19) APHA (1989). Standard Methods for Examination of Water and Wastewater (17‘h edition). American
Public Health Association, American Water Works Association and Water Pollution Control Federation,
Washington D.C.

(20) Rowell, D.L. (1994). Soil Science Methods and Applications. Longman.
(21) Light, T.S. (1972). Standard solution for redox potential measurements. Anal. Chemistry 44, 1038-1039.

(22) SETAC-Europe publication (1991). Guidance document on testing procedures for pesticides in
freshwater mesocosms. From the Workshop “A Meeting of Experts on Guidelines for Static Field
Mesocosms Tests”, 3-4 July 1991,

(23) SETAC-Europe publication. (1993). Guidance document on sediment toxicity tests and bioassays for
freshwater and marine environments. From the Workshop On Sediment Toxicity Assessment (WOSTA),
8-10 November 1993. Eds.: [.LR. Hill, P. Matthiessen and F. Heimbach.

(24) Vink, J.P.M., van der Zee, S.E.A.T.M. (1997). Pesticide biotransformation in surface waters: multivariate
analyses of environmental factors at field sites. Water Research 31, 2858-2868.

(25) Vink, J.P.M., Schraa, G., van der Zee, S.E.A. T.M. (1999). Nutrient effects on microbial transformation of
pesticides in nitrifying waters. Environ. Toxicol, 329-338.

(26) Anderson, T.H., Domsch, K.H. (1985). Maintenance carbon requirements of actively-metabolising
microbial populations under in-situ conditions. Soil Biol. Biochem. 17, 197-203.

(27) ISO-14240-2. (1997). Soil quality - Determination of soil microbial biomass - Part 2: Fumigation-
extraction method.

(28) Beelen, P. Van and F. Van Keulen. (1990), The Kinetics of the Degradation of Chloroform and Benzene
in Anaerobic Sediment from the River Rhine. Hydrobiol. Bull. 24 (1), 13-21.

(29) Shelton, D.R. and Tiedje, J.M. (1984). General method for determining anaerobic biodegradation
potential. App. Environ. Microbiol. 47, 850-857.

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

(31) Pagga, U. and Beimborn, D.B. (1993). Anaerobic biodegradation tests for organic compounds.
Chemoshpere 27, 1499-1509.

(32) Nuck, B.A. and Federle, T.W. (1986). A batch test for assessing the mineralisation of C-radiolabelled
compounds under realistic anaerobic conditions. Environ. Sci. Technol. 30, 3597-3603.

(33) US-EPA (1998b). Anaerobic biodegradability of organic chemicals. Harmonised Test Guidelines
(OPPTS 835.3400). EPA 712-C-98-090.



30.4.2004 Official Journal of the European Union L 152/307

(34) Sijm, Haller and Schrap (1997). Influence of storage on sediment characteristics and drying sediment on
sorption coefficients of organic contaminants. Bulletin Environ. Contam. Toxicol. 58, 961-968.

(35) Timme, G., Frehse H. and Laska V. (1986) Statistical interpretation and graphic representation of the
degradational behaviour of pesticide residues 11. Pflanzenschutz - Nachrichten Bayer, 39, 187 - 203.

(36) Timme, G., Frehse, H. (1980) Statistical interpretation and graphic representation of the degradational
behaviour of pesticide residues I. Pflanzenschutz - Nachrichten Bayer, 33, 47 - 60.

(37) Carlton, R.R. and Allen, R. (1994). The use of a compartment model for evaluating the fate of pesticides
in sediment/water systems. Brighton Crop Protection Conference - Pest and Diseases, pp 1349-1354.



30.4.2004 Official Journal of the European Union L 152/308

ANNEX 1
sUIDANCE ON THE AEROBIC AND THE ANAEROBIC TEST SYSTEMS

Aerobic test system

The aerobic test system described in this test method consists of an aerobic water layer (typical oxygen concentrations range
from 7 to 10 mg-l'l) and a sediment layer, aerobic at the surface and anaerobic below the surface (typical average redox
potentials (Ey) in the anaerobic zone of the sediment range from —80 to —190 mV). Moistened air is passed over the surface of
the water in each incubation unit to maintain sufficient oxigen in the head space.

Anaerobic test system
For the anaerobic test system, the test procedure is essentially the same as that outlined for the aerobic system with the
exception that moistened nitrogen is passed above the surface of the water in each incubation unit to maintain a head space of

nitrogen. The sediment and water are regarded as anaerobic once the redox potential (Ep,) is lower than —100 mV.

In the anaerobic test, assessment of mineralisation includes measurement of evolved carbon dioxide and methane.
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ANNEX 2

EXAMPLE OF A GAS FLOW-THROUGH APPARATUS
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ANNEX 3

EXAMPLE OF A BIOMETER APPARATUS
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ANNEX 4

EXAMPLE CALCULATION FOR APPLICATION DOSE TO TEST VESSELS

Cylinder internal diameter: =8cm
Water column depth not including sediment: =12 cm
Surface area: 3,142 x 4 =50.3 cm”

Application rate: 500 g test substance/ha corresponds to 5 Iug/cm:

Total ug: 5 x 50.3 =2515pg
Adjust quantity in relation to a depth of 100 cm:

12 x 251.5 + 100 =30.18 pg
Volume of water column: 50.3 x 12 =603 ml

Concentration in water: 30.18 + 603 =0.050 pg/ml or 50 pg/l
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