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Aquatic toxicity tests were originally designed for individnal
compounds that are soluble and stable in water. For sparingly
soluble substances that are not toxic at the solubility limit, the
issue is whether tests should be performed with insoluble test
substance present. Based on a literature evaluation of the physiology of uptake, it was concluded that only the dissolved fraction
is available for uptake and that the insoluble test substance may
introduce artifacts tbat aggravate data interpretation. Therefore,
toxicity tests should be conducted only up to tbe solubility limit.
Testing of volatile, unstable, or adsorptive substances is complicated by tbe ability to keep exposure concentrations relatively
constant. For these, appropriate test protocols iucludiug adequate design of tbe dosing systems must be employed. For
test medium preparation,
physical methods and, where
necessary, use of low concentrations of certain solvents are
recommended to support handling and speed of dissolution.
However, recommendation is made against the use of dispersants. Water-accommodated fractions are recommended as one
approach for dosing multicomponent substances. Interpretation
of observed effects depends on appropriate test medium preparation, correct measurement and expression of exposure
levels, and differentiation of true toxicity from indirect
physical effects of the substance, or the toxicity of impurities.
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Methods for conducting aquatic toxicity tests as described in various guidelines including those of the OECD,
EPA, EU, and ISO are typically designed for substances
that are essentially pure, 1 readily water soluble, chemically
stable, and nonvolatile.
As a consequence,
when such
methods are applied to unstable or volatile substances,
I A substance with one major compone'nt containing minor components
as impurities.
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complex substances,2 or sparingly soluble substances3 that
do not display toxicity at the solubility limit, difficulties in
conducting and interpreting toxicity tests are encountered.
Maintenance
of exposure concentrations
is important
since effects are expressed relative to the exposure concentration of the test substance. If the concentration
drops
significantly, or the test substance is present in a biologically
unavailable form, estimation of the true exposure concentration is difficult. Without knowledge of the true exposure,
the interpretation
of the observed effects and their extrapolation to possible environmental effects are compromised.
Against this background,
the European
Centre for
Ecotoxicology and Toxicology of Chemicals (ECETOC) established a Task Force with the following terms of reference:
• to review the scientific validity for the application of
standard aquatic toxicity tests to substances that are difficuI t to tes t;
• to develop guidance for the performance of tests and
interpretation
of results from such studies;
• to appraise the influence of auxiliary agents (solvents,
surfactants) on the distribution of the test substance in water
and the subsequent ecotoxicoJogical evaluation.
The Task Force's findings and recommendations
are based
on a review of the relevant literature, particularly concerning the uptake mechanisms and their significance for aquatic toxicity (uptake routes, factors influencing uptake);

1 Homogeneous
aggregates of a number of compounds with different
physical and/or chemical properties. These include oil products, mixtures
of homologues or isomers, reaction products made from impure starting
materials. or mixtures of substances and stabilizers but not "preparations"
that are deliberate mixtures of substances for purposes other than just
stabilization. They are commercially produced and listed in EINECS or
ELINCS.
3 The solubility in the test medium is
< 100 mgjliter. The value of
100 mgjliter was chosen because this is the limit for toxicity testing as
described in the 7th Amendment (EEC. 1992).

possible explanations for adverse effects reported above the
limit of water solubility; and the use of auxiliary agents
(their effects on the solubility in the test medium and its
effects on the toxicity). These are described in detail in
ECETOC (1996a).
The recommendations of the Task Force include some of
those made in other reports. A document prepared by
Whitehouse and Mallet (1993) for the Chemical Notification Unit of the u.K. Department of the Environment
provides comprehensive coverage for all the classes of difficult-to-test substances. It has been revised by Marshall and
van Egmond (1995), who take into account the recommendations on analytical chemistry requirements produced by
the U.K. Ecotoxicity Shadow Group (Stephenson, 1992).
Specific guidance on testing complex hydrocarbon mixtures
is given in a report prepared by CONCA WE (1993). Their
"hydrocarbon block method" is included in the EU Technical Guidance Document for risk assessment of new and
existing substances (EC, 1996). A draft document of ISO
(1994) describes the procedures for determining the toxicity
of difficult-to-test substances to algae and suggests the same
procedures as Whitehouse and Mallet (1993).
The Task Force considered carefully the performance of
tests for such substances and the interpretation and use of
the resulting data in the context of hazard identification,
classification, and labeling as well as risk assessment. The
results are outlined below.

2.1.1. Chemical Stability

For substances that are not chemically stable and are
likely to undergo degradation in the test medium under the
conditions of the experiment, a decision on whether to test
the unstable "parent" substance or the breakdown products
needs to be made. The Task Force's recommendations are:
• If the degradation half-life in the test medium is 12 h4
or longer, then the toxicity of the "parent" substance should
be determined.
• For substances that react spontaneously with water
(e.g.,certain acid chlorides or isocyanates), it is possible only
to test the decomposition products.
• For other substances, the decision on whether to test
the "parent" substance or the breakdown products should
be assessed case by case. (If there is an indication that the
"parent" substance is more toxic, then for hazard identification and labeling, the toxicity of the "parent" substance
should be determined, even if exposure levels cannot be
maintained within appropriate limits, e.g., ± 20% of the
initial concentrations.5)
Technical options to maintain test substance concentrations may be possible, where the degradation mechanism
is known (Table 1). The type and frequency of medium
replacement can be determined from stability trials or
assessment of physicochemical properties.
2.1.2.

Water Solubility

2.1. Test Design

When considering the influence of water solubility on the
test design, it has to be taken into consideration that the
solubility of a substance in water may not be the same as its
solubility in the test medium; the solubility may be difficult
to attain under the conditions in which test media are
prepared; solubility has a specific interpretation in the context of complex substances, and is dependent on the conditions, especially the amount of substance present per unit
volume of medium (the "loading rate").
After careful consideration of the relevant literature, the
Task Force concluded that the principal mechanism for the
uptake of substances is passive diffusion6; the driving force

To determine the test design for difficult-to-test substances, sufficient information needs to be available on chemical
stability; water solubility; purity of the test substance; the
substance's ability to produce stable dispersions, to volatilize, and to adsorb; and the potential effects of light attenuation in the case of alga testing. These physicochemical data
are best obtained in the dilution water or test medium being
considered for the toxicity test. In some cases it may be
appropriate to include test organisms (e.g., for biodegradable substances). Also, the Kow may need to be considered
with regard to test duration to determine the intrinsic toxicity of a substance (ECETOC, 1996b).

4 At a half-life of 12 h, approximately
80% of the nominal concentration
of the "parent" substance can be maintained in a flow-through test assuming that there are at least six renewals of the test solution in 24 h. Such
a half-life is therefore consistent with test guideline requirements for the
maintenance of exposure concentrations and is used as a guidance value by
Whitehouse and Mallet (1993).
'Limits are considered to be appropriate if they meet the need of the test
program. For example. the EU requires a range of ± 20% of the initial
measured concentration for testing of well-soluble substances. For testing
sparingly soluble substances at very low concentrations, however, wider
ranges may still be appropriate.
6 For material dissolved in water, diffusion occurs across the respiratory
surface. For materials in food, it occurs across the cell boundary of the
digestive system.

For difficult-to-test substances, it is particularly relevant
that information on the composition and identity of the test
substance, as well as appropriate physicochemical data, is
available prior to performing any test, so that the likely
behavior of the substance may be predicted and the appropriate experimental design employed. In addition, the purpose for which the data are required should be known and
taken into account where relevant (see Section 3).

TABLE 1

TABLE 2

Possible Technical Measures to Maintain Test Substance
Concentrations

Possible Technical Options to Maintain Test Substance
Concentrations with Respect to Sorption and Volatilization

Exclude relevant wavelengths
Perform test in darka
Replace medium

Use alternative materials (e.g., rigid plastics)
Treat surface (e.g., silanization of glassware)
Precondition glassware with test substance

Sterilize media and apparatus
Replace medium

Seal vessels with minimal headspace
Replace medium

Minimize aqueous contact: use solvents for stock
solutions
Adjust pH of stock solution
Replace medium

The type and frequency of medium replacement should be
determined in stability trials.
2.1.5. Light Attenuation

for uptake and hence tOXlcity is therefore the dissolv~d
concentration in the aqueous medium. There was limited
evidence to suggest that particulate uptake occurs to any
significant extent (ECETOC, 1996a). Therefore, there is no
advantage in testing above the water solubility limit to
determine the intrinsic toxicity of a substance.
Although the presence of excess test substance (in the
form of particulates or droplets) may be useful to maintain
saturated solutions, there is a danger of indirect effects,
particularly in studies with Daphnia. Therefore, it is recommended that excess material be removed.
The situation is different if the aim of the test is to gain
information on the presence of toxic soluble impurities.7 In
such a case a dose-response relationship observed above the
water solubility limit of the substance itself is due probably
to the toxicity of one or more impurities and not due to the
toxicity of the substance.

• Whitehouse and Mallet (1993) recommended reinoculation of algae into fresh medium (without substance) after
the end of the normal exposure period to discriminate
between algistatic and algicidal effects.
• Memmert (1994) recommended comparison of population growth response of algae directly exposed to the
colored test substance with that of algae exposed to light
that is filtered through the colored test medium (a difference
in effects may give an estimate of the inherent toxicity of the
test substance).
• Comber et al. (1995) proposed increased light intensity,
reduced solution volume, and algal inoculum, which results
in a reduced average light path through the test solution and
an increased algal growth rate.

2.1.3. Substances

Further studies are required to validate and standardize
these approaches.

Forming Stable Dispersions

For substances forming dispersions on stirring in water
that are difficult to separate by centrifugation or filtration,
testing with excess substance present may be unavoidable.
However, there is a potential for indirect effects, which may
have to be taken into account, and the results must be
carefully applied to risk assessment.
2.1.4.

Volatilization

and Adsorption

Test methodologies to maintain exposure concentrations
of volatile and adsorptive substances should be employed
when appropriate. Such options are summarized in Table 2.
7 For the purposes
of classification and labeling of a substance as
"dangerous to the environment," it is not relevant that, for some substances, the toxicity may be caused by impurities.

Several recommendations have been made to overcome
the problems of light attenuation, particularly for alga tests:

2.2.1. General Principles

The Task Force recommends that the preferred options
for preparing test solutions are physical methods, such as
stirring and sonication. The use of ball mills or a vacuum
may be helpful for substances that are difficult to wet.
Column generator systems are also useful, but have limited
applications.s
8 In the case of hydroiytically unstable substances or substances containing components with different water solubilities, for example, the saturated
medium may be significantly different in composition compared with the
original test substance. Therefore, the composition of the final medium
sho uJd be assessed.

The Task Force recognizes that solvents may be essential
in handling some substances; for example, for preparing
stock solutions of hydrolytically unstable or highly viscous
substances, use, where necessary, of cosolvents of low
toxicity at low concentrations is recommended to aid
preparation of media.

2.2.3. Dispersants

Dispersants (e.g., surfactants), even if nontoxic, may have
a pronounced effect on the physical form of the test substances in the test medium and may thereby influence their
bioavailability. Thus, results from a test involving a dispersant may be specific for a defined substance/dispersant
system and it may be difficult to extrapolate to other exposure conditions. Controls containing dispersant only can
identify dispersant-related effects, but not dispersant-test
substance interactions. Therefore a recommendation IS
made against the use of dispersants as a dosing vehicle.

2.2.4. Complex Substances and Water-Accommodated
Fractions

Complex substances can contain individual compounds,
each containing one or more of the other characteristics of
a difficult-to-test substance in varying degrees. Further,
testing mixtures is complicated by the issue of what to
measure analytically during the toxicity test and then how
to express the results given the differential loss of mixture
components. Due to the complexity of this subject, one
answer cannot be provided and each substance has to be
dealt with on a case-by-case basis. One area that has
received a considerable amount of research is the testing of
complex hydrocarbon mixtures (e.g., petroleum products)
(Girling et al., 1992; CONCAWE, 1993). When these mixtures contain components of low water solubility, the use of
water-accommodated fractions9 (WAFs) is recommended
for the preparation of test media. WAFs allow the toxicity of
a complex test substance to be determined while minimizing
the potential for physical effects resulting from undissolved
test substance.
WAFs will have to be prepared separately for each test
concentration by adding the appropriate amounts of test
substance (expressed as weight, volume, or surface area) and
9 A water-accommodated
fraction is an aqueous medium containing
only that fraction of a substance that remains in the aqueous phase once
any source of mixing energy has been removed and after a period sufficient
for phase separation. The product may be present either in true solution or
as a stable emulsion (Girling er ai., 1992; CONCAWE, 1993).

cannot be prepared by dilution. It is recommended that
loading rates be used to express results.

Correct interpretation of effects observed in aquatic
toxicity tests is dependent on (1) preparation oftest media in
a manner appropriate to the objectives of the study and the
nature of the test substance; (2) correct measurement and
expression of exposure levels; and (3) differentiation of true
toxicity from indirect physical effects, such as fouling and
smothering of the test organism.
3.1. Use of Data for Hazard

Identification

aDd Classification

and Labeling

In the ED, hazard identification data are used as a basis
for classification and labeling of substances and the procedures are clearly defined in the relevant legislation (EC,
1992). If testing is performed in the context of classification
and labeling under the 7th Amendment to ED Directive
(67/548jEEC), it is stipulated that the toxicity is determined
for the registered substance (listed in EINECS or ELlNCS)
albeit that from a chemical perspective it may contain
various chemical elements and their compounds.
The conclusions of the Task Force are:
• For all difficult-to-test substances, if a meaningful test
can be designed by selecting appropriate test conditions, the
data can be used for classification and labeling.
• If sparingly water-soluble substances are toxic at a
concentration below their water solubility, then they should
be classified according to the Directive.
• For sparingly soluble substances that in acute tests do
not display toxicity at the water solubility limit and toxic
impurities are not present in significant amounts, the toxicity criterion for classifying a substance as "dangerous to the
environment" is not fulfilled.
• For substances that can be tested only using dispersions or WAFs, the results expressed in loading rates should
be considered to be equivalent to the standard EC/LC
values and the substances classified accordingly.

Environmental risk posed by any substance released to
the environment will be due to the sum of its components.
Therefore, the applicability of the test data for those
substances that contain compounds with widely differing
characteristics or toxicities needs to be assessed on a caseby-case basis. In certain circumstances additional testing of
individual compounds and separate risk assessments may
be necessary. Certain groups of substances require special
attention, such as complex substances and substances not
toxic at their water solubility limit.

3.2. J. Complex Substances

Toxicity data expressed in terms of loading rates cannot
be used as the basis for predicting no-effect concentrations
in the environment (PNECs). Furthermore, for certain complex substances, such as oil products, it may not be feasible
to test individual compounds. Instead, the following approaches may be suitable for the purpose: (1) quantitative
structure-activity relationship (QSAR) principles should be
applied, where possible, and knowledge of the composition
of the substance used to evaluate existing data from related
substances; (2) for petroleum products, the so-called "block"
approach recommended by CONCA WE (1993) should be
used. The "block" approach is based on the assumption of
additivity, which may, however, not apply for other groups
of substances or for the application of sublethal effects.
3.2.2. Substances Not Toxic at the Water Solubility Limit

If no toxicity value exists for a substance, then it,is
impossible to derive a PNEC for a risk assessment. Furthermore, even if a substance is found to be nontoxic in an acute
test at its limit of solubility, it cannot be assumed that toxic
effects will not occur at lower concentrations over a chronic
exposure period.
There are a number of cases, however, where it would not
be feasible to perform chronic toxicity tests. The following
calculation should be performed to determine whether the
results of chronic tests can contribute useful information to
the risk assessment: The highest measured soluble concentration (or solubility limit) is taken as the acute LCso and
the assessment factor usually applied to the Leso is assigned
to that concentration to calculate a safe upper limit for
a PNEC. Only in those cases where the risk assessment
using the resulting value indicates an upper limit for the
risk characterisation ratio10 of greater than one may it be
necessary to determine the chronic toxicity of the substance.
For substances with extremely low solubilities (e.g., certain pigments or organosilicones), the above calculation
may not have merit because the figures for the "safe upper
limit for a PNEC" may become totally unrealistic. Chronic
aquatic phase testing may also not be feasible because an
analytical method of suitable sensitivity is not available. In
such cases, the use of a sediment test should be considered as
being more representative of the real environment.

The ECETOC Task Force concluded that conducting
aquatic toxicity tests for difficult-to-test substances as
The risk characterization ratio = PEC/PNEC where the PEC is the
predicted environmental soluble concentration and the PNEC is the acute
I.C,o or the solubility limit, whichever is lower, divided by the appropriate
assessment factor.
10

described in this article requires careful consideration of the
following points:
1. There should be sufficient understanding of the nature
and physicochemical properties of the substances to design
appropriate exposure systems for unstable, volatile, highly
adsorptive, or colored substances.
2. The use of water-accommodated fractions as test
media is recommended for the testing of complex multicomponent substances (e.g., petroleum products). Results should
be expressed as "loading rates."
3. Because uptake of the test substance by organisms
from the water phase is primarily by passive diffusion across
the respiratory surface, testing at concentrations above the
solubility limit is not recommended.
4. The presence of undissolved material in the test
medium should be avoided as far as possible as its presence
may cause undesirable physical effects.
5. Physical methods such as stirring and sonication and,
where necessary, the use of low concentrations of certain
solvents to support handling and speed of dissolution of test
substances are recommended, but the use of dispersants
(e.g., surfactants) during test medium preparation is not
recommended because of unpredictable test substance-surfactant interactions.
6. If a substance is found to be nontoxic in an acute test
at its limit of solubility, it is recommended that limit calculations (as explained in Section 3.2.2) be performed or the
specific properties be considered before chronic tests are
addressed, to prevent unnecessary testing.
7. It would be desirable to have the existing guidelines for
aquatic toxicity testing amended for the specific needs of
difficult-to-test substances. These amendments will have to
take into account the nature and physicochemical properties of the test substances and will need a high degree of
flexibility for the design of the test.

Comber, M. H. I., Smyth, D. V., and Thompson, R. S. (1995). Assessment of
the toxicity to algae of coloured substances. Bull. Environ. Contam.
Toxicol. 55, 922-928.
CONCA WE (1993). Ecotoxicological Testing of Petroleum Products: Test
Methodology, Report No. 92/56. CONCAWE, Brussels.
European Centre for Ecotoxicology and Toxicology of Chemicals
(ECETOq (1996a). Aquaric Toxicity Testing of Sparingly Soluble, Volarile and Unstable Substances, Monograph No. 26. ECETOC, Brussels.
European Centre for Ecotoxicology and Toxicology of Chemicals
(ECETOq (1996b). The Role of Bioaccumulatioll in Environmental Risk
Assessmenr: The Aquatic Environmellt alld Relared Food Webs, Technical
Report No. 67. ECETOC, Brussels.
European Commission (EC) (1992). Council Directive 92i32/EEC of 3D
April 1992 amending for the 7th time Council Directive 67/548/EEC on
the approximation of laws, regulations and administrative provisions
relating to the classification, packaging and labelling of substances ("7th
Amendment"). Off. J. Eur. Communities, I. 154/1.

European Commission (Ee) (1996). Technical Guidance Documents Jor
New and Existing Substances. European Chemicals Bureau, lspra, Italy.

Memmert, U. (1994). Inhibition oj Algal Growth Cal/sed by Coloured Tesr
Substances. Interim Report, RCC Project 460302, October.

Gicling, A. E., Markarian, R. K., and Bennett, D. (1992). Aquatic toxicity
testing of oil products: Some recommendations. Chemosphere 24,
1469-1472.

Stephenson, R. (t992). Guidance Jor Analytical Chemistry Requiremenrs
in Support oj Aquaric Toxicity Testing and Some Proposals on Testing
DiJficufr Marerials. Report of a U.K. Ecotoxicity Shadow Group.

International Organisation for Standardization (ISO) (1994). Warer
Quality: Guidance Jor Algal Growth Inhibition Tests with Poorly Soluble
Organic and Inorganic Substances, Volatile Organic Compounds, Heavy
Merals and Waste Water. ISOrrC 147/SC 5/WG SIN 151, draft, August.

Whitehouse, P., and Mallett, M. (1993). Aquaeic Toxicity TesringJor Notification oj New Subsrances. An advisory document on dealing with
"difficult" substances. Report to the Chemical Notification Unit,
Department of the Environment, CP 722. Publications Unit, WRc pic.,
Henley Road, Medmenham, PO Box 16, Marlow, Buckinghamshire SL7
2HD, U.K.

Marshall, S. J., and Van Egmond, R. (1995). Bioavailablility, U.K. Department of Environment Research Conttact, Final Report.

