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SUMMARY

Experience gained from the EU environmental risk assessments has shown that certain
substances have properties that complicate the assessment of exposure and effects. Such
substances, often referred to as 'difficult substances', are the subject of this report.
Also included are naturally occurring essential and multi-ionic elements, as these
represent chemicals for which further scientific debate between the scientific community
and the Regulatory Authorities is required, in order that realistic risk assessments can
be performed.

The properties or attributes of the so-called 'difficult substances' have been analysed in
relation to the problems arising from the assessment of the effects and/or exposure.
Pragmatic guidance is presented to address these issues, so that more realistic assessments
can be conducted. This report was produced with the intention that it should be a
contribution to the revision of the EC Technical Guidance Document.

Properties and/or attributes that were specifically considered for this report are:

* Unstable and highly reactive;

* poorly water soluble;

* sorptive;

e surface active;

e volatile;

* naturally occurring, essential and multi-ionic elements.

It is clear that some substances may display more than one of these characteristics
and thus, no single property should be considered in isolation. Therefore, a holistic
approach should be applied when conducting a risk assessment for a 'difficult substance’,
taking into account the influence of all properties or attributes that can complicate the
exercise.

1
ECETOC TR No. 88 IS



N [ vironmental Risk Assessment of Difficult Substances

2
ECETOC TR No. 88 I

1. INTRODUCTION

Environmental risk assessment in the European Union (EU) is required for both 'new’
and 'existing' substances according to EC Directive 93/67/EC (EC, 1993) and Commission
Regulation (EC) No. 1488/94 respectively (EC, 1994). In addition under a proposal in
the EC White Paper entitled 'Strategy for a Future Chemicals Policy' (EC, 2001), a stringent
time line is proposed for risk assessment of all chemicals marketed in quantities greater
than one tonne per annum.

A satisfactory outcome of all such risk assessments will require that the ratio of the
Predicted Environmental Concentration (PEC) and the Predicted No Effect Concentration
(PNEC), that is referred to as the Risk Characterisation Ratio (RCR), be less than 1.0.
Details on how to derive PECs and PNECs are given in the EC Technical Guidance
Document (TGD) (EC, 1996) and by van Leeuwen and Hermens (1996). In view of the
risk management implications of a RCR greater than 1.0, it is important that the
environmental risk assessment process should be appropriate for all types of substances.
It was first recognised in 1993 (Whitehouse and Mallett, 1993), that some substances,
which were termed 'difficult substances', presented problems for aquatic toxicity testing,
and thus for their classification and labelling. Substances falling in this category included
those which are:

* Sparingly water soluble;
¢ volatile;

* adsorptive;

e unstable;

* complex mixtures.

More detailed guidance on the subject was published by ECETOC (1996) and this
later formed the basis of an official OECD guidance document (OECD, 2000a).

The term 'difficult substance’ has been applied to a substance that is difficult to test using
standard internationally recognised protocols. For the purposes of this report, it also
refers to substances for which, because of their properties, the conventional TGD approach
does not generate environmentally realistic PEC values. This may therefore have a
significant impact on the RCR. The Task Force has also extended the term 'difficult
substance' to include naturally occurring, essential and multi-ionic state elements, where
it is recognised that the current TGD is not appropriate. Given the objective of the Task
Force to provide timely guidance relevant to the TGD revision process, the scope of this
report was confined to addressing key difficulties that have arisen in applying past TGD
guidance to substances that have undergone risk assessment in the EU. As a result, only
a cursory discussion is provided on potential challenges arising in risk assessment of
complex mixtures (c.f section 3.4). Moreover, complications that occur for substances
that give rise to persistent metabolites were also excluded from the scope of the present
report. However, recent perspectives on this latter topic are provided by ECETOC (2003)
and Fenner et al (2002).
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The EU risk assessment model (EUSES, 1997) relies heavily on partitioning coefficients
between the various environmental compartments, for example:

e Air - water;

® air - aerosol;

* water - suspended matter;
* water - sewage sludge;

e water - sediment;

e water - soil.

Together with measured or, more frequently, predicted data on degradation processes
such as:

* Photodegradation in the atmosphere (OH radicals or ozone) and in water;
* biodegradation in surface water, sediment and soil;
¢ chemical transformation/reaction.

This information is used as inputs in multimedia box models (Mackay, 1991) to derive
the PEC. For most substances, measurements on partition coefficients are not available
and estimation methods based on fragment methods are often used (Lyman et al, 1990;
Hansch and Leo, 1995; Boethling and Mackay, 2000). Similarly, data are often lacking
on degradation rate constants, and estimations using models have to be made of the
distribution of the substance in the environment, from a few substance-specific data
including, for example:

* Molecular weight (mol wt);

* water solubility;

* vapour pressure;

* octanol - water partition coefficient.

If a substance has properties that do not allow the reliable estimation of partition
coefficients or environmental degradation rate constants, the models may fail to predict
realistic environmental concentrations.

Failure to take account of these unique properties may similarly influence the PNEC,
since aspects such as test design and interpretation, or bioavailability, are not taken into
consideration.

An indication of the need for a revised approach to risk assessment of substances with
difficult properties is illustrated by a review of the 4t EU priority list of chemicals for
risk assessment, which indicates that at least half of the substances assessed to date have
one or more of these properties (see Appendix I).
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With these considerations in mind, the objectives of this report are to:

* Clarify how the properties of a difficult substance impact environmental
risk assessment;

* describe how these properties influence PEC, PNEC or both;

* illustrate the problem with the help of case studies;

* make reference to published literature on existing methodology;

* where necessary, make proposals for improved methodology;

* provide decision making schemes and guidance.

4
ECETOC TR No. 88 IS
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2. UNSTABLE SUBSTANCES

In conducting an environmental risk assessment of an unstable substance, difficulties
arise because intermediates and degradation products that are formed require additional
specific consideration in addition to the parent substance. The aquatic effects testing
that forms the basis for risk assessment relies on experiments designed primarily for
stable chemicals and does not necessarily include consideration of intermediates or
degradation products. A consequence of the possible accumulation of intermediates in
the test systems is that the results obtained may be difficult to interpret, particularly
in terms of quantitative risk assessment.

This section deals with the testing and risk assessment of substances that are unstable
in experimental test systems and in the environment, with particular emphasis on those
substances that degrade rapidly in the aquatic compartment via abiotic or biotic
mechanisms (e.g. hydrolysis, oxidation, photolysis, biodegradation).

2.1 Property description

2.1.1 Hydrolysis

Hydrolysis is one of the most common degradation pathways in the environment.
Hydrolysis refers to a reaction of a chemical with water, with a net exchange of the group
X with OH at the reaction centre:

RX + H,0 —> ROH + HX

There are many functional groups that undergo significant hydrolysis in aquatic test
media; typical examples are carboxylic acid esters, amides, carbamates, phosphoric acid
esters, halogenated alkanes and epoxides.

Hydrolysis is commonly catalysed by hydrogen ions or hydroxide ions. Therefore, the
rate of hydrolysis depends directly on pH. With the introduction of the hydroxyl group,
additional polar products are formed, which are more water soluble and less lipophilic
than the parent compound.

Hydrolysis kinetic rates are usually determined experimentally according to OECD
guideline No. 111 (OECD, 1981a). This test guideline is applicable predominantly for
soluble substances. Quantitative structure activity relationship (QSAR) models for
hydrolysis kinetic rate are described in the literature for some specific chemical classes.

2.1.2 Photodegradation

Photodegradation refers to the reaction of a chemical after the absorption of (sun)
light leads to an electronically excited state with increased reactivity and subsequent
transformation. Two different types of photodegradation can occur:
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Direct photodegradation

Direct photodegradation involves the transformation of a chemical resulting from
the direct absorption from solar photons; the parent chemical degrades either directly
or via short-lived reactive intermediates (radicals) which result in stable degradation
products.

Indirect photodegradation

Indirect photodegradation refers to the transformation of a chemical due to the transfer
of excess energy from another photosensitive molecule. This involves electronically
excited triplet states and reactions with transient oxidants such as hydroxyl radicals,
singlet oxygen, and peroxy radicals resulting from the absorption of solar photons
by chromophoric dissolved organic matter and nitrate ions.

Since the rates of all photochemical reactions are proportional to light intensity, the
rate of photodegradation will be influenced by factors such as time of the day or
year, climatic conditions and the weather. In the aquatic environment, an important
fraction of sunlight is absorbed by dissolved and particulate organic matter, influencing
photodegradation rates in relation to the depth in water.

Kinetic photodegradation rates in aqueous media may be determined according to a
proposed new OECD draft guideline (OECD, 2000b; ECETOC, 1984). Currently, there
are no valid QSAR methods for either direct or indirect photodegradation in the aquatic
medium.

2.1.3 Biodegradation

Microbial degradation can present serious challenges in aquatic toxicity testing due to
the reduction in aqueous exposure concentrations. Often this problem can be overcome
by static renewal or flow-through test designs. However, in the case of poorly water-
soluble substances where test substances may be at or near the aqueous solubility limit,
the rate at which test substance is biodegraded may exceed the rate at which the test
substance can practically be re-supplied to the aqueous test media. As a consequence,
aqueous concentrations can decline significantly during the test, thereby confounding
interpretation. This is a problem particularly in chronic tests where test organisms are
fed, as the addition of food provides an excellent carbon source for promoting the
proliferation of microbes in the test system.

2.1.4 Other causes of instability

There may be other causes of instability in the aquatic environment for specific types
of chemicals, e.g. oxidation/reduction, polymerisation, reaction of oxidisers with other
materials, in addition to degradation by the test organisms.
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Oxidation in water has not been described in the literature as extensively as hydrolysis.
Functional groups susceptible to oxidation include phosphines, alkylated phenols,
aromatic diols, metals in low oxidation states and aldehydes. Testing the rate of oxidation
follows the same principles as those for hydrolysis, but with the use of constantly aerated
solutions.

Polymerisation may be a relevant process only for a limited number of substances
(e.g. alkoxysilanes and isocyanates), and is therefore not covered in this report.

It is thought that the general principles and proposals presented are also applicable for
chemicals susceptible to other potential modes of instability. However, specific problems
associated with such groups of chemicals may need consideration on a case-by-case
basis.

2.1.5 Current testing and risk assessment procedure of unstable substances

2.1.5.1 OECD / EC Testing Guidelines / OECD Guidance Document on Testing

Current OECD / EC ecotoxicity testing guidelines do not provide specific guidance
on the testing of unstable substances. In toxicity tests, maintenance of 80% of initial test
concentrations is required whenever possible. The problems associated with maintaining
test concentrations have been recognised by different authors and numerous strategies
have been proposed, (ECETOC, 1996; UK DOE, 1996). These include semi-static or flow-
through testing, minimising media preparation time, or in the case of photo-labile
substances by testing, where feasible, with red light or in the dark.

Aquatic toxicity testing of unstable substances is specifically covered in a OECD Guidance
Document (OECD, 2000a). A preliminary stability study in water is usually recommended
under simulated test conditions, but in the absence of the test organisms. If losses are
due to the inherent instability of the test article, the protocol of the final study should
be modified in order to maintain exposure to the parent compound, or, if the degradation
is too rapid, decision parameters are proposed as to whether to test the parent substance
and/or its degradation products.

For substances that photolyse, working in a darkened environment or using red light
is recommended in short-term fish and Daphnia studies. For algae studies, three strategies
are proposed: selective removal of wavelengths to reduce photolysis but still enabling
photosynthesis of algae, testing by using dark/light cycles, or testing of the product after
pre-illumination. Despite the inherent problems of testing unstable substances in algae
studies, no clear decision criteria and guidance on how to use the results for hazard/risk
assessment are given.

For substances that hydrolyse, exposure concentration of the parent substance should
be maximised by keeping duration of media preparation to a minimum and by adjusting
pH and temperature within the range permitted in the test systems.
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2.1.5.2 Risk assessment according fo the Technical Guidance Document (TGD)

Risk assessment according to the TGD (EC, 1996) focuses primarily on the parent
compound. Nevertheless, it is stated that "if stable degradation products are formed,
these should be assessed as well". For chemicals that hydrolyse or photodegrade with
a half-life <12 hours, potential environmental effects are normally attributed to
degradation products rather than to the parent substances. Substances with a parent
half-life <12 hours are expected to have aqueous exposure concentrations reduced by
more than an order of magnitude during a standard 48-h acute aquatic toxicity test.
Consequently, for such short-lived substances, assessment of parent toxicity using
standard toxicity test guidelines is not appropriate.

The current TGD stipulates that both parent compound and its degradation products
should be studied. The difficulties that this can present are discussed in section 2.1.5.

In the generic scenario for PEC,_; calculation, instability due to hydrolysis or photolysis
is currently not considered. Only if there are specific environmental monitoring data
available, can this be incorporated into the risk assessment. On a regional and continental
scale, abiotic and biotic half-lives of chemicals are converted to pseudo first-order rate
constants, using the following equation:

K, - In2
DT,

This can then be used as valuable input into multimedia environmental fate models.

Hydrolysis

For risk assessment purposes, a pH of 7 and a temperature of 285°K, which conform
to the standard environment conditions, are normally used for generic calculations.
Where the use of an alternative pH would affect the environmental distribution and
toxicity significantly, this should be included in the risk assessment.

Photolysis

Due to large seasonal variations in light flux, only average values for photochemical
reactions are used in the generic calculations. Methods to calculate these are described
by Zepp and Cline (1977), but are not included in the EC modelling approach. Indirect
photochemical reactions are included in the overall degradation rate in aquatic media,
only if there is clear evidence that this is a significant pathway in comparison to other
processes. For facilitating the complex calculation of phototransformation processes in
natural waters, computer programmes have been developed and may be applied in
addition (e.g. Frank and Kloppfer, 1989).
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2.1.6 Case studies

2.1.6.1 Existing chemicals: risk assessment of dimethyl sulphate

* Dimethyl sulphate is an example of an Existing Chemical for which a risk assessment
has been performed by a Competent Authority under the Existing Chemicals Work
Programme and the framework set out in Commission Regulation (EC) 1488/94
(TNO, 1999);

* dimethyl sulphate hydrolyses rapidly in water leading to methanol/sulphuric acid
under neutral or acidic conditions and to methanol/monomethyl sulphate under
basic conditions with a DT, in water of <1 day. Ecotoxicity data were predominantly
generated on the parent compound, which was supposed to display the principal
aquatic hazard;

* the PNEC for dimethyl sulphate (14 ug/l) in the aquatic compartment was based
on the lowest value derived from acute toxicity tests. Due to the rapid degradation
of the parent compound also occurring during ecotoxicity testing, nominal
concentrations only were used in effects assessment, and no account was taken of
the decrease of parent and accumulating degradation products in the test systems;

* the hydrolysis products were not considered to be of particular concern for the
environment due to the known low environmental exposure and supposed toxicity.
Nevertheless, a full base set of data is lacking for these entities. The PNEC evaluation
for the hydrolysis products, based on the only available study, resulted in a figure
of >10 mg/1 for monomethyl sulphate and 630 ug/1 for sodium sulphate;

* due to control measures in force during manufacturing/application of dimethyl
sulphate, releases of the parent substance were considered insignificant, and thus,
PECs were calculated only for the two major hydrolysis products, i.e. monomethyl
sulphate and sodium sulphate. Arisk characterisation was therefore conducted for
these substances only;

* the risk assessment of dimethyl sulphate gives an example of a substance that rapidly
degrades in the environment and also during testing. In the ecotoxicity studies
conducted, this fact has not been adequately considered. However, due to its short
half-life, and the control measures applied during its use, there are no significant
releases of the parent compound to the environment. Significant exposure is only
to be expected to the degradation products. As the main focus has been on testing
of the parent substance, only few ecotoxicological data on the degradation products
were available for risk assessment purposes.

2.1.6.2 Existing chemicals: hydrogen peroxide (based on: Cefic Peroxygene Sector Group, 1997).

* The industrial use for hydrogen peroxide is mainly in the production of chemicals,
for bleaching of cellulose pulp and textiles and for other purposes such as wastewater
treatment. Hydrogen peroxide also occurs naturally as a consequence of
physiological and photochemical processes. In water and soil, it may also be formed
by oxidation of iron and copper ions. Hydrogen peroxide is also naturally produced
in water and soil, the amount depending on light intensity, the presence and
concentration of catalysts, and dissolved oxygen. Natural hydrogen peroxide
concentrations in sea and fresh water range from 0.3-30 pg/l. Decomposition in
water and soil takes from minutes to several hours, depending on the concentration
of microorganisms and oxygen in the water and the mineral content. Under
experimental test conditions with clean water and culture media, hydrogen peroxide
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is relatively stable, but in the presence of organic matter it degrades rapidly.
Furthermore, it is biologically degradable. In the water of the river Saone, the half-
life was determined to be 2-20 days depending on the initial concentrations. In
eutrophic lakes, the half-life is even shorter. Thus, under typical environmental
conditions, a half-life of 1-3 days may be regarded as a representative annual average.
Under test conditions, concentrations can be maintained satisfactorily, although
depending on the type of test, achieving 80% of the nominal concentration is not
always possible, for example in algal studies, where the high intensity light catalyses
the degradation.

* Hydrogen peroxide is a strong oxidant and, because of its high reactivity, only causes
local toxicity to organisms. Most aerobic species have defence mechanisms allowing
them to inactivate hydrogen peroxide and other reactive oxygen species. In addition,
under environmental conditions, many natural substances such as metals and
dissolved organic carbon can minimise the oxidising potential of hydrogen peroxide.
Acute (L/EC50) values for fish, Daphnia and algae are 30-42 mg/l, 7.7-15 mg/l and
1.6-4.3 mg/l respectively. In addition, no effects have been observed on zebra mussels
with concentrations up to 2 mg/l after 56 days exposure.

* Thus, despite the instability of hydrogen peroxide, test concentrations can be
maintained sufficiently to permit testing, and the risk assessment to be conducted
using the ecotoxicity studies available on the designated three trophic levels and
applying the current guidance procedures. As the degradation products are of
no concern, no specific consideration is deemed necessary.

2.1.6.3 Existing chemicals: Fluorescent whitening agents (FWAs); photoisomerisation /
photodegradation (based on Kramer 1996; Kramer et al 1996; Stoll, 1997; Poiger, 1994)

* FWAs are widely used in detergents, paper and textiles and consequently are
distributed ubiquitously in the environment. The most important worldwide FWAs
are the stilbenic-type, which are produced only as the fluorescent trans-isomer.
Based on the standard OECD test methods (e.g. 301 series), FWAs are not regarded
as "readily biodegradable”. When the FWAs are exposed to sunlight, the first step
in the degradation process is photoisomerisation. Experimental studies demonstrate
that on exposure to sunlight, FWAs dissolved in water are converted within minutes
from the trans-isomer into the non-fluorescent cis-isomer, significant concentrations
of which may already be present in the influent of a wastewater treatment plant
(WWTP). As the physico-chemical properties of FWAs vary depending on their
isomeric form, this will influence their behaviour in WWTPs. During wastewater
treatment, the concentration of the cis-isomer increases due to further
photoisomerisation of the trans-isomer combined with and adsorbed onto the sludge.
The different adsorption properties of the cis- and the trans-isomer favour a higher
relative concentration of the cis-isomer compared to the trans-isomer during the
later stages of the treatment. Activated sludge is stabilised and may be incinerated
or used as fertiliser. Incineration of FWAs yields CO,, H,O, SO, and some NO,_.
The fate of FWAs in soil is presently being monitored under a contract with EAWAG
Diibendorf (Switzerland); final results will be available 2003.

* Inasecond step, FWAs undergo photodegradation. This has been shown to be
significant in the photic zones of lakes and rivers. The kinetic data of the
photodegradation step are well known, and enable a prediction to be made of
photolysis under various light conditions. Depending on the chemical type, the
resulting metabolites may be biodegradable. Thus some FWAs show
photodegradation followed by biodegradation of the metabolites, thereby achieving
>70% (DOC) within 28 days.
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* The photodegradation of FWAs also affects the determination of the PNEC of the

parent compound. For studies where luminescence is required, a significant
proportion of the FWAs will be transformed due to photoisomerisation and
photodegradation. As some of the subsequent degradation products are
biodegradable, this will have a marked influence on the test results.
Unfortunately, clear guidelines for a classification of the combination of abiotic /
biotic degradability are still lacking. These findings contribute to the scientific basis
that will enable an amendment or a precise definition of this classification. Such
an approach supports the assessment that FWAs which show abiotic/biotic
degradation of >70% (DOC) within 28 days, are ready biodegradable.

FWAs represent compounds that undergo rapid photoisomerisation under light
conditions. It is therefore only possible to test the parent substance in those
ecotoxicological studies not requiring illumination. In the algae study, only
photoisomers can be tested. For a long-term risk assessment, additional
considerations on the degradation products might be envisaged. However, as
degradation products are biodegradable, they might be of no specific concern.

2.1.6.4 New chemicals: photodegradable substance

The data were generated for a 'full notification' of a-hydroxyketone photoinitiator of
proprietary chemical structure, used for UV catalysis of polymer coatings,

Stability in Water

Biodegradation: not readily biodegradable (<10%, 28 days)
Hydrolysis in algae medium: stable (half-life > 1 year at different pH)
Ecotoxicity

Fish, LCy), 96 hours: >100 mg/1 under light/dark cycle
Daphnia, EC;,, 48 hours: >100 mg/1 light/dark cycle

Algae EbCy, 72 hours: 9 mg/l nominal, degraded completely

Risk Assessment

* For notification purposes the ecotoxicity studies were performed under standard

light conditions. The substance proved essentially non-toxic in short-term daphnia
and fish studies. The PNEC was derived based on the results of the most sensitive
species, i.e. algae, with an EC5, of 9 mg/l based on measured concentrations at time
zero. Complete photolytic degradation was observed during the course of the test.
Since the test substance is not readily biodegradable in the Modified Sturm test, the
default TGD model assumes an insignificant degradation rate for the local risk
assessment. As a result, the full risk assessment indicates concern on the local scale.
Subsequently, stability studies were performed both in sunlight and under standard
algal study conditions. After illumination, two major stable degradation products
were identified in algal medium. Based on their chemical structure, they are
predicted to be at least inherently biodegradable. Two short-term toxicity algal
studies were also performed with and without a pre-illumination step prior to
the standard test. The results of these studies were:
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Stability in water
Photodegradation half-life: 3-10 min pre-illumination of test medium

7 hours standard algal study light conditions
(300-800 nm, 400-765 W/m?, 7'700 Lux)

Ecotoxicity

* Algae EbCy, 72 hours: 35 mg/1 after 24-h pre-illumination in medium;

* full recovery of algae after 120 hours illumination;

* itis apparent that the parent compound is very unstable in the presence of sunlight.
Therefore, its direct effect could be investigated only in fish and daphnia and not
in algae. No ecotoxicological hazard potential of the parent compound itself was
identified towards fish, daphnia and bacteria. Due to its inherent instability in
the presence of light, it is proposed that the transient photodegradation intermediates
are responsible for the algaestatic effect as a consequence of their inherent reactivity.
Any toxic effects on algae are transient in nature and decline if pre-illumination
occurs. Therefore, and due to the highly transient nature, these intermediates are
not considered to present a long-term risk to the aquatic environment.

2.2 Environmental risk assessment

2.2.1 Environmental effects assessment

There are two main problems associated with the testing and derivation of PNECs for
unstable chemicals:

Firstly, unstable chemicals may degrade during testing. Maintenance of the concentration
as required in the guidelines can be almost impossible if degradation is very rapid or
where semi-static or flow-through testing is not possible (e.g. in an algae study). A
strong reduction of parent substance concentration during testing may lead to increased
uncertainty or an error in a quantitative risk assessment, since the (no)-effect
concentrations cannot be directly related to the concentration of test substance.

Secondly, degradation of a substance during testing may lead to the formation of stable
degradation products, whose toxicity may differ from those of the parent substance,
and which may have varying residence times in the environment. As a consequence,
a main challenge with regard to risk assessment of unstable chemicals is to relate toxicity
quantitatively to the different entities generated in the course of degradation, i.e. parent
substance versus stable degradation product(s) if formed. Additionally, degradation of
the parent substance could impose on the test organisms secondary effects that need
specific consideration, e.g. effects arising from salt formation or changes in the test
medium such as oxygen depletion and pH fluctuation.
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2.2.2 Environmental exposure assessment

The most critical factor in the derivation of local, regional and continental PECs for a
chemical is the identification and quantitative assessment of the different chemical
entities generated during the potential degradation process, particularly as these are
often more water soluble than the parent material. Since the toxicity and the half-life
of the parent, intermediate and degradation products may vary significantly, careful
consideration must be given to their respective relevance for the environment.

Instability is a factor considered for the PEC, ;.. estimation, where multimedia models
are applied. However, it is not considered in the calculation of PEC,__,, for the aquatic
compartment, due to the short distance between the point of effluent discharge and the
exposure location. Even in the sewage treatment plant (STP) model, no mode of
degradation other than biodegradation is considered. Although the default residence
time in STPs is 6 hours, in reality it can be up to 32 hours in industrial plants. At the
local scale, this may result in an unrealistic focus on parent compound toxicity, by
disregarding potential degradation products, especially where measured environmental
concentration data are lacking.

2.3 Recommendations

2.3.1 Recommendations for improving effects assessment

Based on known information on a substance, particularly its physico-chemical properties
and the behaviour of structurally related compounds, a stability test may be necessary
prior to eco-toxicity testing. Before initiating full ecotoxicity tests for any substance that
is predicted or known to degrade during testing, the determination of degradation rate
under the respective test conditions, or according to specific guidelines, with appropriate
analytical support, is recommended in accordance with the OECD guidance document
on testing of difficult substances (OECD, 2000a). Maintenance of test concentrations
is crucial for the assessment of continuous exposure, which could occur locally at point
emission sources.

For very rapidly degrading substances, compliance with current guidelines may not
always be possible, e.g. in the algae study, as semi-static or flow-through testing is not
feasible, and results generated are considered of limited value with regard to risk
assessment. The following example may serve as an illustration: a substance degrading
with a half-life of 6 hours tested in an algal study will be at one thousandth of the nominal
test concentration at the end of the study but there may be a concomitant increase in
degradation products. Data generated under conditions of rapid degradation may be
appropriate for hazard assessment but of little value for risk assessment, since the results
can be related neither to a chemical entity, nor to a specific test substance concentration.
Some of these problems arising specifically in the algae study, could in principle be
circumvented by using semistatic technique proposed by Radetski (1995), by using
repeated spiking, or by testing higher plant species (US-EPA, 1996). The interpretation
of test results for risk assessment purposes generated under these conditions might
be difficult. Since such test systems have not yet been fully validated, they cannot be
generally recommended.
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In the case of certain substances (e.g. readily biodegradable substances), unstable
degradation products are not expected to occur. However, in other cases stable
degradation products may result, and warrant independent assessment. A well-known
example is nonylphenol ethoxylates. As outlined in Figure 1, it may be postulated
that the overall relevance of a chemical depends strongly on its residence time in the
environment, being directly influenced both by abiotic and biotic degradation rates.
For highly unstable substances, parent environmental toxicity could lead to local adverse
effects only, due to the rapid dissipation of parent chemical and concomitant generation
of degradation products. For a risk assessment of such a highly unstable chemical,
excluding accidents and incident situations, main emphasis could therefore be put on
degradation products. For chemicals reacting spontaneously with water (e.g. certain
acid chlorides or isocyanates) testing of the parent chemical may not be possible except
as its decomposition products. On the other hand inherent stability leads, at least on
a local scale, to the emphasis being mainly on parent chemical. Between these two
extreme situations, the relevance would shift from parent chemical to stable degradation
products or vice versa.

Figure 1: lllustration of relationship between parent chemical degradation products and DT,
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Based on these considerations, common sense should be used to choose a pragmatic
testing and risk assessment approach for those specific cases where the degradation
half-life of a chemical is very short and compliance with testing guidelines is not possible.
A specific framework for testing and risk assessment is recommended and outlined in
the scheme below.

Substances degrading during testing

If a substance is highly unstable, and maintenance of test concentrations by secondary
measures, as recommended in the OECD guidance document (OECD, 2000a), is not
possible within appropriate limits, the degradation half-life in the test system may serve
as criteria to inform decisions for further testing and subsequent risk assessment.

For such substances, testing may be achieved by degradation of the test substance over
a certain period of time (e.g. six times its instability half-life), and exposing the test
organisms to its breakdown products. Subsequently, a targeted risk assessment is
performed with the main emphasis on the degradation products.
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A distinct threshold might be defined as decision criteria for priority setting of testing
and risk assessment. A DTy, of approximately 12 hours is advocated, reflecting a point
where approximately 80% of the nominal concentration can be maintained in a flow-
through test, and >1% of nominal concentration in a static short-term ecotoxicity test. A
DTy, of 12 hours is also supported in the current TGD, where it is stated that for substances
with a DT, <12 hours, environmental effects are likely to be attributed to degradation
products, rather than to the parent substance itself.

Substances stable during testing

For substances with reasonable stability in the test systems (i.e. DT, >12 hours) or where
study procedure can be modified in order to maintain the test concentration satisfactorily,
it is reasonable to assume that the results from ecotoxicity testing are directly applicable
in the risk assessment process related to continuous exposure.

For substances with reasonable stability in the test systems, but decomposing at an
intermediate rate, it should be decided on a case-by-case basis whether potential
degradation products are to be included in a full risk assessment, and whether its mode
of instability, the kinetics, and the ecotoxicity hazard of resulting degradation products
require a further specific evaluation on a regional and continental scale. Such decisions
may be based on a tiered approach; considering the tonnage of the substance, the potential
that degradation products may exert significant toxicity (known from specific testing
or expected from QSAR) or other relevant properties of specific concern (stability,
bioaccumulation potential). The principles described in the TGD are considered
appropriate for this process. The recommendations are summarised in Figure 2.
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Figure 2: Proposed scheme for ecotoxicity testing and risk assessment of unstable

substances
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2.3.2 Recommendations for improving exposure assessment

With respect to the PEC, it is recommended that for the PEC,__,,, instability should be
included in the modelling process for those highly unstable substances (e.g. DT5,< 4
hours) where the reduction of the concentration in the aquatic compartment at a local
scale is considered to be significant.

Given large uncertainties in applying default TGD procedures and EUSES model
algorithms to unstable substances, field measurements may serve as an alternative for
exposure assessment. General guidance on the design and conduct of field monitoring
studies has been provided by ECETOC (1999).

ECETOC TR No. 88 I
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3. POORLY WATER SOLUBLE SUBSTANCES
3.1 Property description

Poorly water-soluble substances (PWSSs) have been defined as substances with a limit
of water solubility below 100 mg/l (OECD, 2000a). This definition reflects the upper
concentration used in standard tests to assess ready biodegradability, as well as the
upper limit of aquatic toxicity used for environmental classification of substances in the
European Union (EC, 1988). However from a risk assessment perspective, practical
difficulties are encountered typically for substances with water solubility below 1 mg/I,
which is consistent with the definition used in the TGD (EC, 1996). Nevertheless, many
existing and new substances fall within this narrower definition. Examples of
commercially important PWSS include chlorinated paraffins, brominated flame
retardants, hydrophobic dyes, phthalate plasticisers, methylsiloxanes, triaryl phosphates,
nonionic detergents, fatty amines and alcohols, liquid crystals, as well as many
hydrocarbon solvents.

PWSS can be divided into two general classes:

* Single component or simple multi-component mixtures;
* complex multi-component mixtures.

For the purpose of this report, simple multi-component mixtures refer to substances
that are comprised of components that are structurally-related, and do not show a wide
range of physico-chemical properties (e.g. water solubility). For example, a commercial
product (e.g. di-isononyl phthalate) comprised of various isomers having a similar alkyl
chain length but differing primarily in branching pattern, can be considered to be a
simple PWSS, despite the structural diversity of the isomeric constituents. In contrast,
complex multi-component mixtures refer to substances with components that exhibit
large differences in physico-chemical properties. Many petroleum substances (e.g.
gasoline) fall into this second category. Substances included in this class would be
considered PWS if the water solubility of at least one component was below 1 mg/1.

The significance of dividing PWSSs into these two groups can be understood better
by considering the different behaviour when added to water (see Figure 3). As the
amount of a pure (or simple multi-component) substance is added to water, the aqueous
concentration increases linearly until the solubility limit is attained. Above this point,
further addition of test substance results in a two-phase system, and no further increase
in the truly dissolved concentration is observed. Now consider the same situation with
a complex multi-component PWSS. Initially, as test substance is added in amounts
below the solubility limit of the least soluble component, the aqueous concentration
increases proportionally, in a manner similar to the pure substance. However, as the
solubility limit of the least soluble component is reached, only the more soluble
components continue to dissolve, and a two-phase system forms. Further addition of
the test substance results in an aqueous concentration that is a non-linear
function of the amount added. Moreover, the relative composition of the aqueous phase
no longer remains constant as a function of the amount added.
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At low loading (mass of substances per volume water) the relative importance of the
less water soluble components dominate. In contrast, at high loading the more water
soluble components become increasingly important. This fundamental difference in
the aqueous partitioning behaviour of these two classes of PWSS has important
implications for risk assessment. As a result the limitations of current technical guidance
for performing risk assessments and suggested future methodology improvements are
discussed separately for each PWSS class.

Figure 3: Behaviour of a simple (a) and a complex multi-component (b) poorly water
soluble substance when added to water
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3.2 Environmental risk assessment - nonionic organic substances

The current EC risk assessment is based on a risk quotient approach in which the PNEC,
derived from ecotoxicity tests, is compared to the PEC, that is derived from joint
consideration of exposure modelling calculations and actual field measurements (EC,
1996). The limitations of applying this approach in both the effect and exposure
assessment of simple PWSSs are described. Practical recommendations for improving
current approaches/methodologies are also discussed.

3.2.1 Limitations in effects assessment

The difficulty in applying the current guidance for conducting effect assessments for
simple PWSSs involves both practical testing issues, as well as concerns regarding
test interpretation that may lead to the potential for false positive and false negative
conclusions.

3.2.1.1 Experimental design of aquatic toxicity tests

From a methodology perspective, the key criteria for performing aquatic toxicity tests
with a PWSS are:

* Expose test organisms to aqueous concentrations as close as possible to the water
solubility limit that reflects only truly dissolved test substance;

* analytically confirm the low exposure concentrations tested;

* maintain aqueous concentrations reasonably constant over the exposure period.

The first challenge requires a reliable estimate of the water solubility to be available.
Cousins and Mackay (2000) have outlined an approach for assessing the reliability of
experimental water solubility, and other physico-chemical measurements, for a given
substance using quantitative structure property relationships (QSPRs). If experimental
data are not available, QSPRs can be used to estimate water solubility based on theory
(Karickhoff et al, 1991) or semi-empirical correlations (Meylan and Howard, 1995). A
limited comparison of model predictions, with reliably-determined experimental
measurements, is provided in Table 2 for selected simple PWSS. This preliminary analysis
suggests that model predictions are approximately equal to, or greater than, measured
values. Thus, QSPR models may provide a logical first step in assessing available data,
or deciding if an experimental measurement of water solubility is possible, given the
limits for analytical detection of the substance.

For solids, a generator column is usually the preferred approach for measuring aqueous
solubility (Billington et al, 1988). For liquids, a slow-stir technique is preferred (Ellington,
1999; Varaprath et al, 1996). Further experience in applying this method with
biodegradable test substances indicates that the aqueous test system should be poisoned
to prevent the water solubility from being underestimated as a result of biotic loss
processes during the equilibration period (Letinski et al, 1999). If it is determined that
the aqueous solubility of the PWSS cannot be quantified due to a lack of analytical
sensitivity, it is obvious that it will not be possible analytically to confirm aqueous
concentrations in an aquatic toxicity test.
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However, even if it is possible to confirm analytically aqueous concentrations at the
solubility limit of the PWSS, it may not be possible to maintain low aqueous concentrations
sufficiently constant during a toxicity test, due to abiotic and biotic loss processes.
This is especially true in the conduct of chronic toxicity studies with readily biodegradable
PWSSs since the addition of food often promotes bacterial growth and can result in
significant loss of test substance even under flow-through conditions, or in algal tests
that are conducted under static conditions. Recognising such concerns, OECD (2000a)
recommended that a preliminary assessment of the stability of the test substance be
performed. This test should be performed in the test medium and at the test temperature
used in the aquatic toxicity test. For nonpolar organic chemicals, lower temperature and
higher ionic strength of dilution water is expected to lower, by a factor of two to four, the
solubility that can be achieved relative to that obtained in distilled water at 25° C.

Several methods have been used for introducing PWSSs into aqueous media for aquatic
toxicity testing which include:

* Direct addition (no stirring);

* mechanical mixing (slow-stirring; vigorous-stirring);
* heating;

* sonication;

* water miscible co-solvents (e.g. acetone);

* dispersants (e.g. Tween 80);

* generator column systems.

The thermodynamic basis of various methods used to facilitate dissolution of PWSSs
into aqueous test media, has been reviewed by Sijm (1996). Practical guidance in applying
the various methods are also provided by Bowmer and Hooftman (1995), ECETOC
(1996) and OECD (2000a). One important generalisation from these reviews is that
presence of undissolved test material should be avoided. For this reason, the use of
dispersants and vigorous mechanical mixing that promote emulsion formation is not
recommended. Co-solvents, if used, must be mixed homogeneously with water to
prevent local supersaturation. Furthermore, due to potential interactions with the
test substance, and influence on accumulation by test organisms, use of co-solvents is
generally recommended only for hydrolytically unstable and highly viscous PWSSs
(OECD, 2000a). Recent research on passive generator systems (partition driven
administration systems) seems to offer the most technically promising and cost effective
strategy for maintaining constant concentrations of truly dissolved PWSSs in aquatic
tests (Urrestarazu Ramos et al, 1997; Mayer et al, 1999; Mayer, 2000).

3.2.1.2 Interpretation of aquatic toxicity tests

Historically the interpretation of aquatic toxicity test results with PWSSs has been difficult
for two principle reasons. First, early toxicity tests, that were often conducted with
emulsions of PWSSs at concentrations that were orders of magnitude higher than the
true aqueous solubility, were sometimes found to harm test organisms. Several possible
explanations to account for such findings have been discussed by ECETOC (1996).
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The most common explanation is direct physical impairment of test organisms, caused
when substances are tested well in excess of their true aqueous solubility. This problem
seems to occur most frequently for hydrophobic liquids in tests with Daphnia,
unfortunately, one of the most commonly tested aquatic species. For example,
irreproducible effects on Daphnia have been reported for di-2-ethylhexyl phthalate and
polydimethylsiloxane, when tested at concentrations several orders of magnitude above
their respective solubility limits. These unexplained effects do not exhibit a consistent
concentration-response relationship and have been attributed to physical coating and
subsequent entrapment (Rhodes et al, 1995; Sousa et al, 1995). Physical impairment limits
feeding ability, and/or may lead to suffocation if the test organism gets trapped in the
surface film, as has been observed in tests with these substances. As a result, the
unexplained effects are an artifact, not related to the concentration of the test substance,
but rather to the physical form of the emulsion formed under unrealistic laboratory test
conditions. Such problems can be identified readily by a consideration of QSARs
(Parkerton and Konkel, 2000). The inherent toxicity hazard posed by PWSSs may also
be understood better by consideration of internal tissue concentration-effect relationships
(van Egmond et al, 1999).

In addition to physical effects, there may be other explanations to account for effects
that occur above the water solubility limit including the presence of a water-soluble
impurity or degradation product. For these reasons, aquatic toxicity data which show
effects at concentrations above the water solubility of a test substance, should be regarded
as not interpretable and rejected for use in risk assessment (Robertson, 1995). Fortunately,
current test guidelines for PWSSs clearly stipulate that water solubility should not be
exceeded (OECD, 2000a). In the future, therefore, such improved approaches should
prevent the occurrence of observed effects that are simply a laboratory artifact associated
with excess undissolved test substance.

3.2.1.3 Adequacy of aquatic toxicity tests

While effects reported above the water solubility limit may be regarded as false positives,
thereby confusing proper test interpretation as discussed above; of equal concern is that
absence of effects at the solubility limit, may represent a false negative (de Bruijn and
Herremans, 1995). False conclusions regarding the lack of aquatic toxicity for PWSSs
may arise because:

* The duration of the toxicity test is not sufficient to allow the test organism to appr