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Abstract
ECDIN (Environmental Chemicals Data Information
Network) is a chemical and toxicological database covering
approximately 120.000 compounds.  The database includes
parameters such as: nomenclature, physicochemical
properties,  classical  toxicity,  mutagenicity   and
carcinogenicity.
This paper reviews the use of this information system in
predictive toxicology during the second half of the 80ties
and the early 90ies.
The review highlights advantages and pitfalls of the ECDIN
system for computational toxicology and permits the
formulation of future developments.

Introduction

Environmental Policy started in 1973 with the first 5-year
EC Environmental Action Program upon which the Joint
Research Centre (JRC) of the European Commission (EC)
has initiated a long term action in the area of design and
development of chemical databases oriented both towards
toxicology and ecotoxicology.  This trend was motivated
by the need of the European Community to regulate the
production of new chemical substances in relation to their
toxicity impact on organisms and ecosystems.
Given the disproportion between existing chemicals and
the toxicology investigations performed and considering
the cost and time scale of toxicological studies the JRC’s
interest for predictive toxicology and chemistry started
with some intensity at the beginning of the 80ties.
The desire for mathematical or statistical models capable
of predicting unknown physicochemical properties and
toxicological parameters derived from known data raised a
notable interest which triggered work in collaboration with
other research organisations.
The methodology which attracted the larger interest at the
JRC were SAR/QSAR ((Quantitative)/ Structure-Activity
Relationships) which are rooted in the assumption that
within a series of chemically and biologically similar
compounds, the variations in biological activity, from one
compound to the other may be related to the variation in
their structure.

Background   

In the EU the chemicals control was initiated with Council
Directive 67/548/EEC [1], which was adopted in 1967 in
order to provide uniform EU wide rules for the packaging,
classification and labelling of dangerous chemicals. A
family of regulations has been issued since which are now
called the EU Chemicals Directive. This Chemicals
Directive and its amendments over the years established
several important points which drive the JRC activity in
toxicology.   The 6th amendment to this Directive [2]
defined the so called market established chemicals at a
given date which are assumed to be known from a
toxicological viewpoint (a list of 100,000 chemicals).
Further it makes a distinction between "New" and
"Existing" Chemicals.  "Existing"  Chemicals are those
substances which were deemed to be on the European
Market before September 18, 1981 and are listed in
EINECS (European  INventory of Existing Commercial
chemical Substances) [3] of these, 2474 are the so-called
High Production Volume Chemicals (HPVCs), i.e.,
substances produced in the EU in volumes exceeding 1000
tonnes per year. All substances which have been placed on
the market after September 18, 1981 are called "New"
Chemicals and must be notified. With the 7th amendment it
is required that risk assessment  be carried out for New
Chemicals [4].  To set up a similar system for Existing
Chemicals the EU adopted Council Regulation (EEC)
793/93 [5] (hereafter referred to as the Regulation) which
foresees a systematic risk assessment of the existing
chemicals [6]. This is carried out in four steps: (1) a data
collection step, (2) a priority setting step, (3) a risk
assessment step, and (4), if necessary, a risk reduction
step.  The JRC has also prepared a Technical Guidance
Document (TGD) in support of directives on risk
assessment for New and Existing Chemicals.[7]
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The Need for Chemical Structural Databases

Chemical Structure Databases are becoming increasingly
important in response to the recent developments in the
fields of advanced chemical research and the large amount
of data collected under the Regulation.  In order to explore
the relationship between the structure of a molecule and its
physicochemical properties, not excluding the relationships
between properties,  it is necessary to manage data in a
way that allows for systematic research on these structural
chemical databases.  The experimentation on such
databases can help  define concepts and data models which
can be used for future toxicological and ecotoxicological
analysis.
Furthermore, the EU needs a database system to hold both
scientific data derived from research and literature and data
submitted by industry.  These databases must incorporate
interface programs that can run in different hardware
environments under the most common operating systems.
They must permit query for specific properties, data
exchange between several installations and report creation
on the substances.

ECDIN

The ECDIN (Environmental Chemicals Data Information
Network) [8] is a factual database on Chemicals
Toxicology created under the Environmental Research
Programme of the European Commission, Joint Research
Centre at the Ispra site, starting around the year 1974.
The scientific milestones of the ECDIN project are as
follows:
• list of chemicals (~120,000) which are produced in large

quantities or represent an actual or potential risk to the
environment or human health or both;

• selection of the families of parameters and information
to be collected for each chemical;

• definition of the design and structure of the database;
• definition of hardware and software;
• selection and often evaluation of the stored data by

highly qualified experts in every data field;
• extension of data collection to all the substances listed in

EINECS;
• data collection from the world-wide scientific literature

in collaboration with specialist institutes and by
incorporating existing databases;

• guaranty of severe quality control and cross reference
process;

• Internet dissemination.

In order to support the EU Policy not only in the chemicals
sector but also in the pharmaceuticals regulatory sector,
ECDIN has recently been updated with a significant
amount of information on medicinal data in line with the
perspective towards improved predictive toxicological data
information systems.  The data chapters in the current
ECDIN are:
• Identification of Chemicals
• Pharmacological Characteristics

• Toxicological data
• Epidemiological data
• Health hazard evaluation
• Legislation

IUCLID
The IUCLID [6] project of the JRC consists in the study
and development of a comprehensive and standardised
information system aimed to organise and manage the data
that are generated by the Regulation. This system has been
developed and is at the centre of the data interchange and
co-ordination of toxicological and chemical data between
the JRC and the European chemical industry. At present
IUCLID contains a complete set of chemical and
toxicological descriptions for approximately 4000 new
chemicals coming from industry which is obliged to submit
all readily available data on the HPVCs as the data source
for selecting priority substances and for carrying out the
risk assessment on them.
The IUCLID system has been installed in ca. 50 chemical
companies and laboratories, Member States Authorities,
OECD, US-EPA, and three Japanese institutions, IRPTC
Geneva has a version for evaluation.

Use of ECDIN in Predictive Toxicology

Conceptual Approach of SAR/QSAR in the JRC
This chapter is the synthesis of the conceptual approach
adopted by the JRC in the early 90ies to use (Q)SAR
analysis utilising ECDIN data supply facilities.
At the end of 80ies, two main factors have contributed to
the growing importance of (Q)SAR.  One is the large
amount of data available for organic chemicals which are
marketed and potentially may present a risk to human
health and/or the environment. The other is the fast
development of the information processing capabilities.
Within the framework of the JRC’s activities and its
available databases (Q)SAR is seen as a tool for
pharmaceutical and agricultural purposes to screen and
predict the toxicological endpoints of a chemical from its
structure.  ECDIN is built on data derived from research
and  literature and has many missing data fields.  Several
possibilities exist to fill some of those data gaps mostly
involving costly and time-consuming laboratory
experiments.  (Q)SAR could contribute to this data
completion process reducing cost and effort. Additionally,
these techniques can also help to decide whether data
generated from laboratory tests are suitable for the use in
the risk assessment when the validity of a given test is not
obvious.  This is an important issue especially since
ECDIN contains data coming from different sources and
has consequently been collected under varying guidelines
and standards.



Karcher and Devillers [9] describe in their paper on
(Q)SAR in environmental chemistry and toxicology that
the most crucial part of any experiment is the selection of a
relevant training set with well documented, reliable and
experimentally tested data (e.g. ECDIN in Europe, Aquire
[10] in the USA, RTECS [11], etc.).  Their discussion is in
particular relevant when looking at the recent initiatives of
the JRC to update, upgrade and restructure the ECDIN
database.  Current JRC efforts to improve the ECDIN
database and to explore new areas in
computational/predictive   toxicology are very much in line
with the evolution of the (Q)SAR approach summarised in
short hereafter [9]:
In order to develop (Q)SAR models a well-structured
database must be accompanied by a method allowing the
establishment of a relationship between some biological
activity of a substance and the molecule structure and/or
some of its physicochemical properties.
The next step is the identification and choice of molecular
descriptors and/or physicochemical properties.   The third
step and focal  point is the identification and estimation of
a statistical model. Here one can distinguish between two
approaches  for  (Q)SAR models.  In the SAR approach
several multivariate analyses tools are used, such as cluster
analysis, principal component analysis, discriminant
analysis or correspondence factor analysis whereas in the
QSAR approach regression analysis is applied.  Following
the statistical analysis one can hopefully achieve an
adequate model which links the parameter of interest to the
physicochemical properties or to the biological activity.
The testing and validation of that relationship is an integral
part of the process.
In the end (Q)SARs must be considered complementary
tools that can provide some understanding of the
physicochemical and (eco) toxicological characteristics  of
a substance.  They remain estimation methods and, as such,
can be misleading and produce wrong results.  Therefore
results of  a (Q)SAR should be evaluated for consistency in
the light of available data and validated estimates from
other endpoints.
It is evident that ECDIN offers a wide spectrum of
application possibilities for the (Q)SAR approach which
carries many advantages that Karcher and Devillers
summarised as follows:

- provide swift and economic complementary tool for
experimental tests;

- may be used to confirm experimental data, where
appreciable spread is observed;

- might be the first choice in an initial screening
which aims primarily at the introduction of priority
criteria for risk assessment;

- techniques allow to structure large inventories of
chemicals (such as EINECS with more than
100.000 entries, see next paragraph);

- can permit the allocation of chemicals under review
to well defined groups of similar structure.

Limitations:
- exclusion of inorganic compounds;
- if applied improperly, results can be misleading;
- also for organic compounds not all structures can be

used for (Q)ASR estimations with sufficient
reliability;

- for a structure which cannot be defined adequately,
(Q)SARs are unsuitable;

- decrease of predictive ability in proceeding from
physicochemical via environmental fate properties
and acute toxicities to parameters  related to chronic
toxicity such as mutagenicity and carcinogenicity.

The JRC Experience

A set of experiments in collaboration with the Health and
Safety Executive at the University of  Sheffield was carried
out with the purpose to investigate the use of similarity and
clustering methods with chemical structure databases.
In particular one experiment was done with the objective to
cluster all EINECS data as contained in ECDIN.  Using
both physicochemical property data and toxicity data
groups and subgroups were created based on similarity of
composition and properties. This experiment was the first
in a series of experiments listed further in this section.  The
second step would be to develop a family of (Q)SAR
models based on the obtained clusters for the estimation of
substance properties and with the ultimate goal to fill some
data gaps in the ECDIN database.

In their paper [12] Downs and Willett describe a series of
experiments in the area of similarity and clustering
methods carried out to confirm concepts and techniques
that would justify and lead to the EINECS clustering
experiment.  Three subsets of RTECS provided insight in
the statistical significance relationship between toxicity
data and molecular structure.  Other two subsets of RTECS
demonstrated that similarity methods have applicability in
large heterogeneous databases and a subset of ECDIN (757
physicochemical substances) led to the conclusion that the
similarity search and the "standard prediction" methods
yielded comparable results.  The same data set has also
been used to test the use of fragment and ring screens, the
Tanimoto Coefficient similarity measure and the Jarvis-
Patrick clustering method which was the basis for the pilot
study to the group structuring study of EINECS.   In this
study a subset of 10800 of EINECS substances has been
selected.  Frequent missing information on physical
properties made the use of traditional SAR techniques
inappropriate and required  the alternative hierarchical
clustering which grouped substances with similar
structures from quite rough features down to specific
similarity features.   Downs and Willett concluded from the
study that the Jarvis-Patrick method for predicting
quantitative physical properties was well suited for large
databases and that using fragment-based similarity and
clustering methods held an  advantage over complex



connection tables.   The reason being that fragments can be
parameterised in a simple manner, most computer based
chemical information systems include such data and
efficient algorithms exist for their implementation.   For
the JRC the EINECS clustering exercise and the
accompanying conclusions from the other small scale
experiments were of value in that they allowed to:

- confirm a conceptual idea
- validate similarity and clustering methods
- test techniques and (Q)SAR models
- gain insight into the feasibility of larger scale

experiments
- indicate what future work is necessary to continue

towards the ultimate objective.
However the second step, the development of  families of
(Q)SAR models acceptable in terms of quality and cross
validation was not done.  As a consequence, the ultimate
objective to produce new chemical and toxicological data
and/or fill data gaps within the ECDIN database was not
met.  A number of reasons can be responsible :  The first
cause could be  the incompleteness of the ECDIN database.
A second cause could be  related to the validation process
which must be based on the framework of the statistical
projections of known properties to a new case and their
underlying relationship with the probability theory.
Another cause could be that the QSAR model usually
applies to a quite restricted collection of chemicals and
their practical application to a wider range of chemicals (or
broader clusters) results too complex and in many
occasions misleading.

Future Developments

• Introduce new physicochemical parameters such as logP
• Complete the current representation of molecular

structure (SMILES format)
• Acquire a database of QSAR models
• Integrate (Q)SAR instruments
• Data Viewing, "Cluster View" of the database
• Investigate in depth the AI approach to predictive

toxicology (e.g: Artificial Neural Networks and  Case
Base Reasoning)
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