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Abstract

This contribution is based on the assumption that the aim of toxicity testing as required by chemicals legislation is to identify as many
chemicals of concern to human health and the environment as possible, given a limited amount of resources allocated to testing. Based on
this assumption we propose a method for the optimization of test systems for industrial chemicals, based on the calculation of efficiency

ratios for tests and test systems. The efficiency ratio of a toxicity test depends on the monetary cost of performing the test and the prob-
ability that the test will identify a chemical of concern, as estimated by the rules for classification and warning labelling. Efficiency ratios
are estimated based on the results of basic standardized toxicity testing for acute toxicity, subacute toxicity, irritation and sensitization of
1409 industrial chemicals notified in the European Union between 1994 and 2004. This careful evaluation of the regulatory consequences
of testing indicated that many of these substances are classified based on short-term testing of acute toxicity, irritation and sensitization
and that most of the substances classified due to a 28-day study were also classified based on short-term testing. These results indicate
that, within the classification and labelling system, it is currently more efficient to perform short-term testing of a larger number of sub-
stances rather than to perform subacute toxicity studies on substances already tested for acute toxicity.
� 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Toxicological and ecotoxicological testing as a part of
regulatory risk assessment of chemicals aims at providing
sufficiently accurate predictions of adverse effects on
human health and the environment to guide risk manage-
ment measures. Furthermore, decisions about testing
regimes and regulatory test requirements need to take the
costs of performing these tests into account.1 Resource
restrictions make it impossible, at least in the short run,
to perform extensive testing programs for all industrial

chemicals that are subject to regulation, although this
would be needed to base risk management on the best pos-
sible scientific evidence. Testing has therefore to be priori-
tized and the choice of tests, and their combination into
test systems, should also be judged according to how they
support risk management. One promising approach to
the prioritization of testing is therefore to focus on their
expected regulatory impact. This means that a test that
has low probability of making a difference for a risk man-
agement decision should be given lower priority.

For an example of this, consider a substance that has
not yet been tested for either acute or subacute toxicity.2
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1 In this paper, we only consider the monetary cost of performing the
tests. In a subsequent paper, we will include also the cost of animal welfare
for tests that use animal experiments.

2 A well-informed risk management decision should of course be based
on both these types of tests (and several others), but since resources are
limited many existing industrial chemicals lack (publicly available) data
from both these types of tests.
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How important is it to perform both acute and subacute
toxicity tests? Would it be sufficient to perform just the
acute toxicity testing (and perhaps use the resources saved
in this way to test some other substances that we could not
otherwise afford testing)? The answer to this question will
depend on the correlations between the results obtained
from the acute and the subacute toxicity test. Suppose on
the one hand that there is a good correlation between sub-
acute toxicity and acute toxicity. An acute health effect may
manifest at higher exposures compared to the exposures
causing an adverse subacute effect (after repeated doses,
usually tested in a 28-day study). Reducing the exposures
below the levels causing acute effects will therefore not
always protect against the long-term effects. Still, a reduc-
tion in exposures will contribute to reducing long-term
risks. Then, for many substances risk management actions
that protect us against acute effects will also contribute to
the protection against the unknown subacute effects. But
suppose instead that there is no correlation between these
different types of hazards. Then measures against acute
effects will not protect us against long-term effects. The
need for subacute toxicity testing will then be larger. In
both cases, risk management decisions based on short-term
testing will provide direct protection against acute effects.
In the former, but not the latter case, it may also provide
us with indirect protection against subacute effects. Clearly,
the priority that we should assign to the testing of sub-
stances for subacute toxicity that have already been tested
for acute toxicity will depend on the size of this indirect
protective effect.

There is a reasonably large body of research exploring
the correlation between outcomes from tests of different
toxicological endpoints. In one of the several studies that
have found correlations between subacute and chronic tox-
icity data, Kramer et al. (1996) found the No Observed
Adverse Effect Level for subacute studies (NOAELsubacute)
to be a predictor for the corresponding chronic value
(NOAELchronic).

However, as mentioned above, knowledge about corre-
lations between different types of toxicity needs to be sup-
plemented with information about the relationship
between the outcomes of these tests and risk management
decisions. One recent study by Hoffmann et al. (2005)
investigated the impact of the in vivo skin irritation test
on the classification and labelling of substances according
to the European regulations and to the GHS (Globally
Harmonised System). They found the frequency of skin
irritants to be 10% among a large set of industrial chemi-
cals tested for this endpoint. Their study also indicates that
the European system is biased towards overclassification
of this effect. These authors propose that the prevalence
of the effect tested for should be taken into consideration
when designing testing strategies.

In this article, we will propose a method for the optimi-
zation of test systems for basic toxicity testing of industrial
chemicals with the aim of increasing the cost efficiency in
regulatory testing to enable testing of a large number of

previously insufficiently tested chemicals. The purpose
and methods of the study are stated in Section 2. This is
followed by the results of the empirical study in Section
3. Finally, in Section 4, our conclusions from the study
are presented.

2. Purpose and methods

We have explored the testing procedures and the decisions on tox-
icity classifications and warning labelling taken for industrial chemicals
introduced on the European market between 1994 and 2004. In partic-
ular we have utilized the risk phrases for labelling assigned to sub-
stances classified according to data from studies of acute and
subacute toxicity, irritation and sensitisation in accordance with the
classification and labelling directive. Based on information on the prev-
alence of different risk phrases and the relative cost of the testing
required to arrive at that particular risk labelling, an efficiency ratio

was developed for the purpose of this article. The efficiency ratio is
used to evaluate the usefulness of these different standardized tests
from a risk management perspective. The overall purpose of this exer-
cise is to improve the efficiency of regulatory testing of industrial
chemicals.

This investigation is based on information obtained from the Euro-
pean classification and labelling system, and the former legislation for
notification of new industrial chemicals (Commission Directive 92/32/
EC, Commission Directive 2001/59/EC). The legislation on new chemicals
has as of June 1, 2007 been replaced by the REACH system, but this does
not affect this investigation as we have only studied substances regulated
under the old legislation. The legislation for new industrial chemicals spec-
ified the testing that should have been performed before a new chemical
was introduced on the European market. Data according to fixed test bat-
teries were required, and the test requirements depended on the volume to
be marketed. These testing requirements were implemented quite strictly,
meaning that there was little room for manufacturers and importers to
avoid performing any of the tests (information from the Swedish Chemi-
cals Agency).

In Section 2.1, the legislation for new substances is outlined. In Section
2.2, the database we have used is described and in Section 2.3 we explain
how we evaluate the efficiency of test requirements in relations to the clas-
sification and labelling criteria.

2.1. The classification and labelling system

Commission Directive 2001/59/EC regulates the criteria for classifi-
cation and warning labelling of chemical substances and preparations
within the European Union. This system classifies substances and
preparations according to their chemical and toxicological properties
into the following classes: Explosive, Extremely flammable, Highly
flammable, Flammable, Oxidising, Very toxic, Toxic, Corrosive, Harm-
ful, Irritant, Sensitisation, Carcinogenic, Mutagenic, Toxic to reproduc-
tion and Dangerous for the environment. The classification and
labelling of a substance is constituted of danger symbols, safety
phrases and risk phrases (R-phrases). For the purpose of this study
we have only studied the use of tests for acute toxicity, subacute tox-
icity, irritation (skin and eyes) and sensitisation and the corresponding
classifications as Very toxic, Toxic, Harmful, Irritant and Sensitisation
(see Table 1).

The classification and labelling legislation does not make any testing
mandatory. Instead this legislation defines criteria for the interpretation
of available data, used to categorize chemicals (and mixtures) according
to their toxicity and other properties. For each of the classification catego-
ries, there is a set of criteria for classification, sufficient to place the sub-
stance in a particular category. Hence, a substance can be classified as
‘‘toxic” either due to the outcome of a test of its acute toxicity or due to
the outcome of a test of its toxicity after repeated doses (Commission
Directive 2001/59/EC).
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