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a b s t r a c t

Tests with vertebrates are an integral part of environmental hazard identification and risk assessment of
chemicals, plant protection products, pharmaceuticals, biocides, feed additives and effluents. These tests
raise ethical and economic concerns and are considered as inappropriate for assessing all of the sub-
stances and effluents that require regulatory testing. Hence, there is a strong demand for replacement,
reduction and refinement strategies and methods. However, until now alternative approaches have only
rarely been used in regulatory settings. This review provides an overview on current regulations of chem-
icals and the requirements for animal tests in environmental hazard and risk assessment. It aims to high-
light the potential areas for alternative approaches in environmental hazard identification and risk
assessment. Perspectives and limitations of alternative approaches to animal tests using vertebrates in
environmental toxicology, i.e. mainly fish and amphibians, are discussed. Free access to existing (proprie-
tary) animal test data, availability of validated alternative methods and a practical implementation of
conceptual approaches such as the Adverse Outcome Pathways and Integrated Testing Strategies were
identified as major requirements towards the successful development and implementation of alternative
approaches. Although this article focusses on European regulations, its considerations and conclusions
are of global relevance.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

Animal tests are an integral part of environmental hazard
identification and risk assessment of industrial chemicals, plant
protection products, biocides, feed additives and pharmaceuticals.
They are also used to monitor the quality of effluents and surface
waters to improve the assessment of the status of European waters
under the auspices of the Water Framework Directive (EU, 2000).
Depending on intended use, diverse regulations are applied that

require different types of animal tests. This has raised ethical
concerns with regard to tests using vertebrates in environmental
risk assessment (mainly fish, amphibians, and birds; occasionally,
mammals are used, for example for testing of rodenticides
and plant protection products, EU, 2013, 2012c). Ethical concerns
– according to European regulation (EU, 2010a) – apply also to
cephalopods, but these are not commonly used in environmental
risk assessment. Even though many regulatory frameworks
principally encourage the use of alternative approaches such as
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