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CHAPTER 5

Short-term Tests in Ecotoxicology*

5.1 INTRODUCTION

Human toxicology, by definition, is concerned with the effects of chemicals on a

single species-man. Research and testing are undertaken with one major objective,
protection of the health and safety of the individual. In contrast, ecotoxicology not
only deals with the impact of chemicals on individuals of an immense number of
species, but also deals with the influence of chemicals on supra-organismallevels of
biological organization. Thus, it is concerned with the potential impact of chemicals
on populations, communities and ecosystems as well as on individual species and
the individual organisms of those species. This introduces a great deal of complexity
because of the great variety of environmental factors, and their interactions, that
have to be taken into account (Levin and Kimball, 1983; Vouk and Sheehan, 1983;
Sheehan et at., 1984, Vouk et at., 1985).

In ecotoxicology, the main objective of testing procedures is to evaluate hypoth-
eses about the potential for chemical agents to exert adverse effects, the outcomes of
which might be serious not only in respect to ecosystem structure and function, but
also with respect to the health and welfare of human beings as a component of that
ecosystem. Thus, in addition to investigations aimed at elucidating the potential
effects of a chemical on individual species, testing methods should also provide data
suitable to predict effects and impacts on higher levels of biological organization
and complexity. This represents a challenge since our current understanding of the
subject is limited and the acquisition of experience, gained through observation of
adverse effects caused by past events, may, in reality, require many decades.

Ecotoxicologic tests are important for regulatory decisions relating to the registra-
tion of pesticides, for the generation of pre-manufacturing or pre-marketing data to
support approval of new chemicals in commerce, for management decisions affect-
ing the use of land, air and water and to protect the quality of these media by
controlling pollution, and for monitoring the effectiveness of remedial measures to
restore or improve a previously impacted site. Thus, there are many needs for

*This chapter was prepared by a Workgroup comprised of the following members: P. Bourdeau,
G. C. Butler, D. Calamari, J.W. Gillett, V. Landa, D. Peakall, P. Sheehan, G. Persoone, R Truhaut and P.
Wells.
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ecotoxicologic tests and any improvement in the predictive power,* efficiency and
interpretive capability of these tests will have direct economic and social benefits
and serve to increase credibility in the scientific and technical assessments that are

based upon them. In this way, the questions which ecotoxicologic tests propose to
answer have important socio-economic consequences, not least of which is the
influence they may have on the cost and availability of goods and services.

For the purpose of this section, short-term tests are considered as those that can be

generally completed within thirty days. Clearly, this is an arbitrary time-frame that
does not take into account the widely different time scales of environmental influ-
ences on different organisms, communities or functions that may be subject to
testing. Nevertheless, although arbitrary, this time-frame does fit within the time
scale of many decisions relating to the screening of new chemicals with a view to
their further development for commercial purposes, or for environmental manage-
ment decisions in the face of real or potential deteriorating situations.

5.2 SINGLE SPECIES TESTS

Short-term, single species tests have provided the basis for many important actions
to protect and enhance the quality of life and the environment (Mount and Gillett,
1982). They have been adopted in screening procedures for selection of new chemi-
cals which meet essential needs or provide useful products to improve the quality of
life, and they have been adopted as part of the regulatory controls that have been
implemented to prevent degradation of vital ecosystem functions.

Laboratory experiments of relatively short duration on single species have pro-
vided helpful information, especially in relation to the aquatic environment. In
particular, one may observe that single species tests have been widely used in the
assessment of the following (as discussed by Persoone et al., Chapter 18, this
volume):

. prediction of lethality and other effects (e.g. avoidance) for the tested species
under field conditions, including information on the concentrations of a chemi-
cal which cause these effects;

prediction of interactions and synergistic properties of mixtures of chemicals;
probability of toxicity under different physiochemical conditions;
prediction of toxicity (by extrapolation) to other species;
determination of acute-to-chronic toxicity ratios and their use as 'application
factors' for setting water quality objectives and effluent limits;
measurements of short-term developmental responses (as compared to long-
term, life-cycle responses);

.

.

.

.

.

*Predictive power covers a variety of different extrapolations that are made on the basis of the results
obtained. These include extrapolations from one species to another, from one chemical to another and
from one set of environmental conditions to many others.
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. prediction of long-tenn lethality based upon the shape of dose-response-time
curves; and

. detennination of bioconcentration factors.

Short-tenn, single species tests have also been used as range-finding tests for
long-tenn studies and to provide data for the development of quantitative structure-
activity relationships (QSAR) for biological responses. Short-tenn assays can some-
times give useful infonnation on the rate of degradation of toxic compounds,
especially if degradation results in the fonnation of a more toxic substance as part of
the process.

Through the conduct of short-tenn bioassays using appropriate, preselected test
species, it is possible to predict whether a chemical is selectively toxic, to estimate
thresholds for hannful effects, to estimate safe concentrations, and to set limits on

the range and types of species likely to be affected by point sources of pollution.
Results of these investigations can be used, for example, to control the disposal of
industrial wastes or to establish pesticide application rates at levels which avoid
serious environmental impacts.

By the use of batteries of appropriate tests, and the application of safety factors to
the results obtained, specific protection of desirable resources (e.g. protection of
fisheries and habitats of endangered species) can be achieved. However, the use

of large, arbitrary safety factors may lead to unnecessarily stringent regulation of
environmental quality with consequent economic costs and social disbenefits. With

present limited knowledge, it is very difficult to judge whether safety factors used in

any given situation are excessive; from limited studies, it is evident that extrapola-
tion from laboratory test conditions to the field situation is fraught with difficulties
and that potential outcomes may vary considerably between different sets of field
conditions.

There are, however, a number of situations where data from single species testing
failed to reveal serious and significant impacts of chemicals on the environment.
These include:

(1)
(2)
(3)

shell thinning affecting raptors and pelagic seabirds;
avoidance by salmonoids of heavy metal plumes in rivers;
neurotoxic effects in mammals caused by the consumption of fish containing
residues of methyl mercury;
long-tenn impact of oil spills on shallow water and inshore invertebrates;
impact of mirex and other pesticides on many estuarine species; and
effects of airborne pollutants on lichens and forests.

(4)
(5)
(6)

Despite these limitations, single species tests have been widely accepted in scien-
tific and regulatory circles and this has resulted in their adoption as standardized
procedures such as those published by the OECD (1982). Their use, in combination

with physicochemical parameters such as the octanol-water partition coefficient (to
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estimate potential for bioaccumulation) and toxicokinetic studies (to estimate bio-
concentration potential) can yield substantial insight into the anticipated outcome of
chronic exposure, including bioaccumulation, biomagnification and food chain
amplification.

5.3 MULTI-SPECIES TESTS

In order to bridge the gap between the artificial, simple conditions of laboratory test
systems and the diverse, complex situation that exists in the real world of field
conditions, numerous multi-species test systems have been developed and applied
over the past decade (Gillett and Witt, 1979;Giesy, 1980;Hammonds, 1981).These
multi-species test systems have been compared to the more traditional methods of
predicting adverse outcomes in the environment with favourable results. They ap-
pear to be more relevant ecologically, and more realistic and more cost-effective in
operation. However, these systems require 45-90 days minimum for each test, and
experimental emphasis has tended to be given to the use of longer operating times to
enhance realism and effectiveness.

Rather than effects on single species, these systems test effects on processes,
structures and functions of ecological components as well as interactions between
species under more realistic exposure conditions. Microcosm tests have shown
impacts on primary production (plant photosynthesis), on growth, reproduction, and
se<;(ondaryproductivity of higher animals, on nutrient cycling and on various inter-
species interactions. They have been used extensively in the aquatic field for better
estimates of fate and effects of pollutants.

Many phenomena cannot be effectively or efficiently quantified by single species
tests in the laboratory or in the field. Because microcosms are relatively well
controlled, the quality and quantity of data can be high, without risks attendant to
field tests.

Originally it was hoped that, in addition to their value as an experimental research
technique, microcosms and other model ecosystems might be the answer to the high
costs of screening chemical substances (Draggan, 1976).Early failures due to over-
expectations, limitations in duration and self-sustaining operation, and credibility
has prevented wide acceptance of microcosm tests (Gillett and Witt, 1979).
However, recent progress has established the role of microcosm experiments as an
upper level test in a step-sequenced or tiered testing scheme. For example, the soil
core microcosm has been used to evaluate the application of flyash to agricultural
fields and compared favourably to tests in greenhouse flower-pots and small field
test plots (van Voris et ai., 1983a,b).Considerable progress has also been made with
the applicability of aquatic microcosmsjmesocosms.

Multispecies tests are required for long-term environmental prorection, to exam-
ine interspecies interactions, population and community dynamics, and ecosystem
processes (Cairnes et al., 1981). They must be combined with QSAR to develop
more efficient approaches to the testing and evaluation of chemicals.
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5.4 CONCLUSIONS AND RECOMMENDATIONS

5.4.1 Conclusions

1. There are no true short-term tests of ecosystem function. There are inherent and
theoretical reasons that do not permit extrapolation from in vivo and in vitro

tests to higher levels of biological organization and across taxa, and the lack of
field-to-field and lab-to-field validation efforts further hamper predictive

capabilities.
Deficiencies in knowledge of ecosystem structure and function is obviously
limiting, but, more critical to the purposes of this report, there is an explicit
absence of data and understanding linking many lower level tests (physiochemi-
cal, physiological, and single species) with higher level tests (population, com-
munity and ecosystem). This deficiency is further affected by lack of adequate
knowledge of the behaviour of chemicals and organisms relative to exposure,
especially in heterogeneous environments (such as soil and sediment).
Two major areas, however, show substantial promise for shortening the time-to-
decision, lessening resource requirements, and providing more incisive infor-
mation relative to outcomes hypothesized for a chemical substance in the
environment:

2.

3.

(a) quantitative structure-activity relationships (QSAR) (particularly for
properties important to prediction of environmental behaviour) and the
prediction of environmental concentrations and dosages; and

(b) multi-species test systems (including microcosms or other model eco-
systems) for studying ecological processes and chemical disposition.

4. Single species tests are the only ones widely accepted and employed at present,
although they are not sufficient for purposes of ecotoxicologic assessment with-
out the use of large and arbitrary' safety factors'.
Multi-species tests have been developed for a variety of natural systems, but
have not been widely employed with a great number of types and classes of
chemicals and have not been recognized officially by any regulatory body. In
spite of the more limited experience and greater technical requirements of these
test systems, they have been found to be more incisive and cost-effective than
simpler tests.

5.

5.4.2 Recommendations

1. A concerted effort should be made to make proprietary data, in the hands of
governments and private organizations and companies, more available in order
to establish better QSAR for both chemical fate and biological effects.

(a) The potential for using QSAR and 'pre-biological' estimates of effect
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2.

should be pursued and elaborated upon by specific research and testing
efforts at both the single-species and multiple-species levels.
Research to establish understanding of the linkages of these properties and
molecular structure to toxicologic effect must be pursued.

Improvements in testing effectiveness and efficiency will require better linkage
between single species tests (both laterally between taxa and vertically between
levels of biological organization) and multiple species tests. This is particularly
important in establishing actions which should be taken (regulatory action,
further testing, waiving of further testing, etc.) on the basis of test results.
Research and development must extend and expand multiple species tests (mi-
crocosms, mesocosms, and similar test vehicles), specifically to enhance the
range of chemical classes considered and of geographic/ecologic zones repres-
ented. Efforts must be made to extend the time over which such systems are
representative of natural environments.
Perhaps most importantly, in terms of enhanced efficiency of resource use and
information obtained, an improved contextual basis for the use of ecotox-
icologic tests must be created. This will require research into the connections
between tested outcomes and those factors resulting in action to avoid or correct
problems ('regulatory end-points '), and harmonization of testing and evaluation
schemes.

Specific development of single species assays for particular types of questions
will continue to be needed, so these should be pursued in research and develop-
ment activities. Examples noted include plant life cycle bioassays, honeybee
tests, earthworm tests and aquatic invertebrate tests. However, testing of more
species or development of new types of tests need not be pursued simply to
broaden the testing base. The standardization of many existing tests, and inter-
laboratory calibration of these is needed. Of special interest are short-term
aquatic embryo-larval systems because of their focus on sensitive developmen-
tal stages.
Specific attention must be given to research to develop better powers of extra-
polation from one test system to another, requiring further research in bio-
metrics, ecology, and biogeographical relationships.

(b)

3.

4.

5.

6.
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