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Abstract
The widespread concern about the hazard to human health
and the environment posed by chemicals has become over
the past few years a priority issue, recognized by
international organizations, governments and industry.
Criteria for hazard and risk assessment of plant protection
products (PPPs) for registration at EU level are established
by Council Directive 91/414/EEC. The assessment of
hazard for a substance is based on the comparison of the
predicted exposure with the no effect concentration of the
compound to some suitable indicator species. Data on
toxicity and ecotoxicity of the substance have to be
provided, including data on mammalians (acute, subacute
and chronic toxicity, teratogenicity, mutagenicity and
carcinogenicity) and data on a wide range of non-target
species in the environment (birds, wild mammals, fish,
aquatic invertebrates, beneficial arthropods, earthworms and
soil microorganisms). This huge amount of experimental
data requested involves high costs for the PPP company, in
terms of both time and money (7-10 years and 30-40 milion
dollars). The interest of PPP companies for predictive tools
is therefore high. Suggestions from the point of view of a
PPP company on how predictive efforts could be addressed
and on data sources that could be used are presented.

The widespread concern about the possible hazard posed
by chemicals to human health and the environment has over
the past few years become a priority issue, recognised by
international organisations, governments and industries.
Criteria for hazard and risk assessment of plant protection
products (PPPs) prior to their introduction on the market
are established by Council Directive 91/414/EEC (EC
1991). They are based on various trigger values and ensure
that the assessments are consistent and provide a high level
of protection. Occupational exposure, exposure to residues
in food and environmental exposure represent the main
routes of exposure and the hazard assessment is therefore
developed accordingly.
Specific requirements for the hazard evaluation of the
active substance contained in the PPP have been agreed at
the EU level (EC 1991). Data provided according to the
Annex II of 91/414/EEC Directive are the basis of the
evaluation document - the so called “monograph” -, a
working document prepared for the inclusion in the EU list
of authorised active substances. General information on the
substance and a complete list of its physico-chemical

properties are required, along with details on dose and
timing of application. Furthermore, data on metabolism and
excretion of the substance constitute the preliminary data
for the toxicological assessment, which is articulated in a
series of acute, short and long term studies, and includes
also a specific part on the hazard assessment for the
consumer and the exposed operator. At the same time, the
ecotoxicological and environmental fate assessment have to
be considered in order to provide a complete picture of the
behaviour of the substance. The use of the active substance
in agriculture could be allowed only when the results of
risk assessment do not reveal any hazard.
Physico-chemical properties serve as basic elements to start
the studies on the susbtance; its main features (volatility,
solubility, partition coefficient in octanol-water and
hydrolysis rate) being determinant to suggest which can be
the areas most concerned.
Velocity and degree of absorption, distribution in tissues
and excretion, and metabolic pathways are all parameters
relevant to understand the mechanism, extent and
significance of the toxicological effects (Chambers and
Carr 1995). Data on mammalian acute toxicity (oral,
percutaneous, inhalatory, skin and eye irritation),
subchronic and chronic toxicity, carcinogenicity,
mutagenicity, reproductive toxicity, and teratogenic effects
are the main toxicological data required. More specific
aspects such as the neurotoxic effects have to be
investigated when some structural alerts, already codified
as indicators of neurotoxicity, are recognised within the
structural formula of the compound.
The toxicological effects have also to be extrapolated to
humans, that can be affected either at the occupational level
(exposed operators) or through ingested food (general
population). An acceptable operator exposure level
(AOEL) and acceptable daily intake (ADI) sound as
important indicators of the long term hazard to humans.
The calculation of these parameters is based, respectively,
on the no-observed adverse effect level (NOAEL) and the
no-observed effect level (NOEL), derived experimentally
from long term studies on mammalians. A conservative
approach is adopted, multiplying the values obtained from
the most sensitive species tested by an appropriate safety
factor, which can vary depending on the evaluation by
experts of the toxicological and biochemical evidence
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available for the substance. The respect of the AOEL
ensures the absence of risk for the operator, who, during
the field trials, loads, mixes and sprays the PPP on the
crop. The ADI is useful to evaluate the risk posed to the
consumer by residues present in food, resulting from the
treatment of crops with the PPP. A TMDI (theoretical
maximum daily intake), equivalent to the sum of residues
present in the basket food daily consumed, is calculated for
each substance. Additionally, the experts have defined the
acute reference dose (RfD) as an indicator for the acute
effects elicited by residues (GEMS-Food 1996). The
criteria to calculate the RfD is analogue to that adopted for
the ADI: a no-observed adverse effect level is identified
from the database on acute effects and multiplied by a
safety factor. The introduction of this parameter is not
redundant, if compared with the ADI, and important to alert
on short term risks that can arise after just one or few doses
above the defined RfD.
As far as regards the effects on the environment, the most
sensitive non-target fields can change (Vaal et al. 1997),
depending on the properties and patterns of use of the
substance. Aquatic toxicity, toxicity towards terrestrial
organisms splitted into toxicity on birds and on arthropods,
and toxicity on soil macro-organisms (mainly earthworms)
and micro organisms are the main areas of concern (Klein
et al. 1993).
The background principle adopted is that of considering the
effects of the substance on the ecosystem as a whole
(Moriarty 1983). Data on different species have therefore
to be provided, the selected species becoming indicators
for the whole ecosystem. This approach allows also to take
into account the variability in sensitivity towards
substances occurring between different species.
Acute toxicity data for fish, daphnia and algae, two species
of birds, honeybees and other arthropods, earthworms and
soil micro-organisms have to be provided, in order to
define the effects on all the environmental compartments.
Short term toxicity for birds and chronic toxicity for fish
and daphnia have also to be produced; other chronic
toxicities can be required, depending on the areas of
concern suggested by results of acute tests.
Data provided for the active substance have to be presented
for the formulated product as well, in order to assess the
absence of higher risks deriving from formulation.
A new emphasis on the need for a deep evaluation of
degradation products and their toxicological relevance has
arisen in recent years. Toxicity of degradation products
may be exerted from that of the parent compound or they
have to be tested separately, depending on the degree of
stability of the substance and the percentage formation of
degradation products.
A huge amount of experimental data is therefore requested
for the registration of a new substance at the EU level. The
consequence for the PPP company are high costs in terms
of both time and money. These two are really key rate

determining steps for the registration process. Costs for a
registration are around 30-40 milion dollars and 7-10 years.
The importance of the efficiency in the regulatory process
has been recognised and targeted by the main organisations
operating in the field at the EU level, but the time and costs
needed to perform the experiments still remain crucial rate
determining steps.
Scientific and public pressure to reduce animal testing and
the industrial interest for limiting the huge time and costs
needed, in particular for experiments long lasting (such as
those on long term toxicity and carcinogenicity on rodents)
motivate the attention given at the international level to
models for the prediction of endpoints for toxicity and
ecotoxicity.
Predictive efforts, in the opinion of the regulatory affairs
director of a PPP company, can be targeted at least to two
different goals: 1) predictions of the main physico-chemical
properties of the substance and 2) of a wide spectrum of
toxic and ecotoxic endpoints at different durations (acute,
short term, long term).
The background of prediction in toxicology is based on the
concept of a relationship between the chemical structure of
the molecule and its activities (the so called “structure
activity relationship”). When just the molecular formula of
the compound is known, the prediction of its physico-
chemical properties can be the first useful information,
since they determine the behaviour of the substance in the
different media and organisms considered. Predictions of a
wide series of endpoints (metabolism and excretion, acute
toxicity on mammalians, mutagenicity, reproductive and
teratogenic effects, and the main ecotoxic effects) can serve
to individuate the main areas of concern for a new
substance developed, thus providing suggestions for
deepening the insight into compartments at highest risk and
avoiding experiments recognised unuseful. Extrapolations
of the same endpoint from one duration to another (i.e.
from acute or short term to long term toxicity) (Heger et al.
1995) can also represent a valid tool for saving the huge
experimental costs needed, when studies have to be
repeated due to treatment doses not correctly chosen.
Results in this case can be limited by the extent of the
approach adopted (for instance the degree of inclusion of
other information such as those on the metabolism and
excretion of the substance).
Monographs can be suggested as useful sources since they
can guarantee the provision of a wide spectrum of
endpoints with a good degree of internal homogeneity.
Monographs are sold by some institutions such as the PSD
(UK), once the new substances have received the official
approval. About 100 monographs have already been
prepared and others will be available in the near future.
Moreover, “review reports” for authorised substances will
be prepared by the Commission and available to the
general public after inclusion in  the EU positive list
(Annex I of 91/414/EEC), as the result of the revision



process.
Problems can instead occur when data for a higher number
of molecules are needed and commercial databases are
adopted. These databases often lack of consistency, since
data are collected from several and not controlled sources:
data could have been produced in different moments and in
compliance with different guidelines. Data originated
before the beginning of the ’80s were not generated in
laboratories certified as GLP (good laboratory practice)
according to international protocols. In addition, lack of
data for some endpoints can not be excluded.
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