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MESAEP
Mediterranean Scientific Association of Environmental Protection e.V.

MESAEP was founded in 1979 in Munich, Germany, as a non-profit scientific organization. The members, hailing from the Mediterranean and other countries, are scientists engaged in research and development, mainly in the field of environmental chemistry and technology as well as ecotoxicology.
Objectives of MESAEP are:
•

To provide a forum for and to bring together interested individuals from all scientific disciplines, politics, and economics to examine the current problems of environmental protection in the Mediterranean
region. They shall investigate solutions to problems on regional, national, and international basis. For
this purpose MESAEP makes critical appraisals to protect man and the environment in the Mediterranean Region from harmful effects of chemicals and physical agents, both natural and man-made.

•

To elaborate proposals and recommendations concerning the environmental quality and safety in order to enable the regulatory bodies of Mediterranean Countries to make proper decisions on safe use
of chemicals and physical agents.
Among other activities, MESAEP organizes biennial symposia on "Environmental Pollution and its
Impact on Life in the Mediterranean Region" since 1981 together with further national and international organizations. These symposia were held in Athens/ Greece (1981), Crete/ Greece (1983), Istanbul/
Turkey (1985), Kavala/ Greece (1987), Blanes/ Spain (1989), Como/ Italy (1991), Juan Les Pin-Antibes/
France (1993), Rhodes/Greece (1995), S. Agnello di Sorrento/Italy (1997), Alicante/Spain (1999), and
Limassol/ Cyprus (2001). All scientific papers and posters are published either in special proceedings
volumes (1981, 1983) or in regular scientific journals (1985 in Chemosphere, 1987 and 1989 in Toxicological and Environmental Chemistry, and 1991-1999 in Fresenius Environmental Bulletin), as it is the
case for 2001.
The 11th International Symposium on “Environmental Pollution and its Impact on Life in the Mediterranean Region” was jointly organized by MESAEP and SECOTOX (Society of Ecotoxicology and
Environmental Safety) October 6-10, 2001, in Limassol, Cyprus, under the auspices of the Ministry of
Agriculture, Natural Resources and Environment of Cyprus and in collaboration with Universities and
Research Centers from all over Europe and the Mediterranean Region. It was further supported by several Cyprus’ Municipalities and Organizations.
Despite the extremely difficult political situation after the terror attack in New York September 11th,
2001, the symposium welcomed more than 150 scientists from Europe, Middle East, Asia and North Africa.
A huge number of papers were presented as oral plenary lectures and in poster sessions. The scientific programme included five sessions: (i) Environmental policy, (ii) Atmospheric chemistry and climate change,
(iii) Pathways and effects of chemicals in terrestrial, aquatic, and marine ecosystems, (iv) Environmental
control and risk assessment, and (v) Environmental and waste technologies. The main results of the symposium are summarized and concluded in this and further three successive issues of this journal.
MESAEP spares no effort to improve the life-standards in the Mediterranean Region and is, therefore,
ready for cooperation with all interested organizations and governmental bodies.
Prof. Dr. mult. Dr. h. c. Muefit Bahadir
(President of MESAEP)
Technical University of Braunschweig, Germany
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Proceedings of the 11th International Symposium
“Environmental Pollution and its Impact on Life in the Mediterranean Region”

TOPIC: Environmental Control and Policy

FOREWORD
This issue in the field of environmental policy and
risk assessment is a proceeding of the particular session of
the 11th International Symposium on Environmental
Pollution and its Impact on Life in the Mediterranean
Region, jointly organised by the Association "Mediterranean Scientific Association of Environmental Protection"
(MESAEP) and the "Society of Ecotoxicology and Environmental Safety" (SECOTOX) in Limassol, Cyprus,
from 6.-10. October 2001.
MESAEP, which was founded in 1979, seven years
after the foundation of the SECOTOX, from the beginning has been concerned on a tradition already begun by a
very small group of scientists almost 23 years ago, with
not only making appraisal of current problems of environmental pollution in the Mediterranean region and finding solutions to these problems, but also contributing to
the improvement of the Euro-Mediterranean cooperation
on environmental issues.
The growth of MESAEP was accompanied with the
development of multidisciplinary researches on the risk
assessment and management in the Mediterranean region
too, as a need for combining the interest in critical evaluation of risk assessment methodologies with an equally
strong interest in the use of risk assessment in policy
making. By studying the use of risk analysis in decision
making, MESAEP consolidated its position over the years
as a professional society that fosters intellectual exchange
among researchers, risk assessors and policy makers, that
examine the use of risk assessment in legislative, regulatory and other policy deliberations in order to encourage
public involvement in risk assessment and management
especially in the Mediterranean countries.

scientific process and challenges faced by the EU in implementing the new policy were obviously the important
topics. An emphasis on sustainable chemistry in education
and research, a complete reorganisation of the contents of
the data in co-ordination with economic, social, and legal
aspects, a choice of models and scientifically-based methodologies for the data interpretation, shows an augmentation of the scientific goals of the work for the future and
reflects an interaction among scientists or other interested
parties in the Mediterranean region.
On behalf of the steering committee of this 11th International Symposium, I express the hope that this volume
will serve, not only as a new contribution on the further
improvement of the environmental quality and safety in the
Mediterranean region, but also will be a small but pretentious contribution on the in-depth risk assessment process
carried out at the time in the European Community.
Finally, I would like to acknowledge all the authors
without whose scientific work this volume would not
have been possible. Particular thanks goes to the editorin-chief Prof. Dr. H. Parlar and the editorial staff of the
publishing house "Parlar Scientific Publications" with
whom we have enjoyed a long-standing and efficient
collaboration by publishing in the international journal
"Fresenius Environmental Bulletin" - the official journal
of MESAEP.

Looking at the specific objectives, the structure and
the scientific presentations of this 1st Symposium of the
new Millennium, both environmental risk assessment as a
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ENVIRONMENTAL AND HUMAN HEALTH RISK ASSESSMENT
Majlinda R. Lahaniatis1, Sazan Pakalin2 and Antonius Kettrup1,3
1

Technical University of Munich, Faculty Weihenstephan Scientific Centre for Nutrition, Land Use and Environment,
Chair of Ecological Chemistry and Environmental Analysis, Weihenstephaner Steig 23, 85350 Freising-Weihenstephan, Germany
2
JRC - Institute of Health and Consumer Protection, European Chemicals Bureau,
Toxicology and Chemical Substances, TP-582, via Fermi, 1, 21020 Ispra (VA), Italy
3
GSF - National Research Center for Environment and Health,
Institute of Ecological Chemistry, Ingolstaedter Landstrasse 1, 85764 Neuherberg, Germany

1 INTRODUCTION
In the last decades, much attention is focussed especially on perfecting the definitions of risk [1-3]. Some
authors state that "if distinct philosophical and linguistic
presumption underlies completing conceptions of risk, it
should be possible to formulate the contentiousness over
alternatives in terms of a principled philosophical debate,
with implications for risk analysis, risk evaluation and
risk communication" [4]. However, this paper will be
focussed on both the environmental and human health risk
assessments, often simply called ecological risk assessment. At first, to assess it is necessary to evaluate. The
term "evaluation is commonly used, but not commonly
understood and applied" because of "inconsistent use of
the terminology in the literature, absence of details concerning the needed steps to carry out evaluations from
start to finish, lack of common perspective about how
evaluation relates to program planning and absence of a
systematic approach to carry out evaluations" [5].
In order to master such problems in the field of the
human health and environmental risk assessment volumes
have been written, most of them emphasizing key lines
such as risk assessment and management, which represent
nowadays the key of an ideology, "a belief that a society
should make use of objective scientific analysis in setting
its agenda and managing its hazards" [6].
It is mentioned that "the scope of the risk assessment
covers emissions and consequent environmental impact
and human exposures at each stage of the life-cycle of a
chemical, from production, through processing, formulation and use, to recycling and disposal. Protection goals
for the environment include the atmosphere, aquatic organisms, sediment dwelling organisms, soil-dwelling
organisms, microorganisms in waste water treatment
plants, and mammals and birds exposed via accumulation
up the food chain" [7].
To understand the dimensions of the risk assessment
process nowadays, it will be enough to remark that only
by the U.S. Environmental Protection Agency (EPA), the

mission of which is to protect human health and safeguard
the natural environment – air, water, and land, – upon
which life depends, approximately 18 000 people are
employed in the headquarters’ program offices, regional
offices and several labs [8].
In the framework of environmental risk assessment
many directives and guidelines are developed in many
countries to provide an in-depth overview of this process.
Well-known are "Council Regulation (EEC) No 793/93 of
23 March 1993", "Commission Regulation (EC) No
1488/94 of 28 June 1994", "Technical Guidance Document (TGD) in Support of Commission Directive
93/67/EEC on Risk Assessment for New Notified Substances and Commission Regulation (EC) No 1488/94 on
Risk Assessment for Existing Substances of 1996" "Step
III: Risk Assessment" etc. in Europe, as well as "Managing Ecological Risks at EPA, Issues and Recommendations
for Progress" (1994), "Priorities for Ecological Protection:
An Initial List and Discussion Document for EPA" (1997),
"Guidance for Superfund, Process for Designing and Conducting Ecological Risk Assessments" (1997), "Guidelines
for Ecological Risk Assessment" (1998), " Science Policy
Council Handbook" (2000), "Toward Integrated environmental Decision-Making" (2000) etc. of the EPA in the
U.S.A. [9-18]. In the following, a short not-too-detailed
overview describing principles of the risk assessment
process will be presented.

KEYWORDS:
risk assessment, risk communication, risk management.

2 RISK ASSESSMENT AND
ITS CHARACTERISTICS
Risk assessment is the process used to evaluate the
degree and probability of harm to human health and the
environment from such stressors as pollution or habitat
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loss [19]. As far as the stressors may be any physical,
chemical, or biological entity, here the main line of the
discussion targets just one of those areas – the process of
estimating risk, especially to human health, posed by
exposure to chemical substances.
The risk assessment is a multilateral process, because
it observes many different species and multiple levels of
biological organisation. As far as people can not assess in
the same way organisms and ecosystems, it cannot be
possible to have consensus with respect to the level of
their protection.
By the human health risk assessment, only one species has to be considered. Consequently, it is the health
that should be protected and effects such as exposure
illness (i.e. allergy, cancer etc), deformity, reproductive
change, cancer and so on, should be reduced or, at best,
eliminated. After all, the human health is valuable. As far
as the human being is only a member in the creatures’
world of this planet, the human health risk assessment can
be imagined as a part of the environmental risk assessment.
Assessing the potential hazardous impacts from
chemical substances on the environment and human
health, it becomes clear that the ecological and human
health assessments will be performed simultaneously. For
instance, the U.S. EPA nowadays places equal emphasis
on assessing the potential impacts of hazardous waste
sites on both human health and the environment. However, the strategies developed for environmental risk
assessment are generally more complex than those of
human health risk assessment. The main difficulty is
mostly due to the large number of species and variety of

ways of exposure that must be considered for environmental risk assessment [20].
Based on the "Guidelines for Ecological Risk Assessment" of U.S. EPA of 1992, the risk assessment can
be used to predict the likelihood of future adverse effects
(prospective) or evaluate the likelihood, that effects are
caused by past exposure to stressors (retrospective). This
means that the risk assessment can be used to systematically evaluate and organise data, information, assumptions and uncertainties, which will help understanding and
foreseeing the relations between exposure to chemical
substances and ecological effects in a way that is useful
for environmental decision making. In many cases, both
approaches, prospective and retrospective, are included in
a single risk assessment [16].
Description of the likelihood of adverse effects may
range from qualitative judgements to quantitative opinions. Of particular importance is that the risk quantification is not always possible [16]. Since risk assessments
are technical in nature, they are expensive to conduct and
very time consuming [21].

2.1 Conceptual and practical aspects of the risk assessment

From the conceptual point of view the risk assessment
process involves three important phases:
•

definition of the scope

•

analysis, and

•

interpretation of the results of the analysis (Fig. 1).

Step 1
Scientific/technical

Political/legal/social

SCOPE
Managerial

Logistical

Step 2

ANALYSIS

Step 3

INTERPRETATION OF THE RESULTS
OF THE ANALYSIS

FIGURE 1 - Three conceptual phases of the risk assessment.
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Problem Identification and Formulation
Animal studies

In vitro studies

Comparison studies

Epidemiological studies

POSSIBLY HARMFUL TO HUMANS

Exposure Assessment

Effects Assessment

Risk Characterisation

Risk Assessment

FIGURE 2 - Overall picture of the ecological risk assessment process.

The first step is the most important, because an exact
understanding of the problem of the risk from chemical
exposure gives clarity and reduces uncertainty in the next
following steps. But the formulation of the scope is influenced at first by the scientific and technical development.
A high-quality scientific and technical assistance facilitates the correct characterisation of the problems, which
leads to a well-structured plan of the analysis in the second step. The regulatory authorities often define the scope
of an assessment. Additionally, the assessments are often
made in fixed periods of time, accompanied by the question as to the site, a facility or operation, or to use or ban a
technology [6]. As concerns the second step – analysis, in
some cases samples may be required to be analysed in a
specific way for environmental risk assessment than that
for human health. Also the minimum required detection
limits might be lower for ecological concerns than that for
human health [20]. In the third step the environmental
risks are monitored and evaluated, thereby providing
important feedback for management approaches. This
means that after a detailed assessment of risks, a risk
reduction under possible management scenarios has to be
designed.

Coming to practical aspects, the risk paradigm from
chemical exposure consists of two interrelated phases: the
risk assessment and the risk management. The term "risk
assessment" is referred to the entire process of estimating
risk: the problem identification, the exposure assessment,
the effects (toxicity) assessment, and risk characterisation
and the estimate itself [21]. A simplified overall image of
this phase is given in Figure 2. The second phase, the risk
management will be discussed later.
2.1.1 Problem identification and formulation

The problem identification is the first step of the risk
assessment, where it is evaluated whether a substance
may cause harm or not. In the problem formulation, the
purpose for the assessment is articulated, the problem is
defined, and the plan for analysing and characterising risk
is determined [16]. The "problem" may be defined in
terms of either a single risk (i.e., one stressor, but associated with multiple routes of exposure) or multiple risks
(i.e., environmental stressors associated with a particular
geographic location, possibly including multiple sources,
pathways, types of receptors, and effects) [18]. As a result
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of the problem formulation phase, ecological conceptual
models can be created. Such models represent a working
hypothesis of how the site components might have an
effect on the ecological components of the location, including descriptions of the source, route of transport,
exposure media, receptors (i.e. organisms, populations,
communities, ecosystems), the process of exposure to
contaminants as well as effects of the contaminants on
other environmental components [22].
Qualitative differences in human health and environmental risk assessments should be considered during
problem formulation phase. The focus of health risk assessment is within an individual species, while environmental risk assessments is focused on entire population of
one or more species [18].
In order to conduct the human health risk assessment
evidences of harmful chemicals are needed. As direct
evidence of harm to humans is seldom available, the evidence is instead gathered from animal studies, isolated
cells or microorganisms and epidemiological studies.
Animal studies: Animal studies are the most common
method of problem identification [23]. As an example,
one of the sources used by the Commission for the Investigation of Health Hazards of Chemical Compounds in the
Work Area of the German Research Foundation (Deutsche Forschungsgemeinschaft, DFG) to gather information for classifying a substance as respiratory allergen is
the animal studies. That is for most substances, which
have been tested adequately with at least two animal
methods. Advantage of such animal methods is that doseresponse relationships can be studied. The lymph-node
test and mouse ear-swelling test can be used, for example,
for screening and evaluation. When negative results are
obtained in these tests, however, other tests must be carried out. By the classification of a chemical as a respiratory
allergen, until today there is no thoroughly validated
method to diagnose in an animal model. With the models
used today – the guinea pig test and mouse IgE test – no
observed effect levels (NOEL) can be established, but it is
questionable whether they are applicable to man.
Because the effects for many substances in man are
not known, their MAK values ("maximale ArbeitsplatzKonzentration": maximum workplace concentration) are
often derived by the DFG Commission for the Investigation of Health Hazards of Chemical Compounds in the
Work Area in Germany, on the basis of scientific results
obtained with experimental animals.
As conclusion, animal studies carried out according
to contemporary principles offer advantages, including
precise characterisation of the exposure levels, the wide
variety of parameters that can be studied and, further, the
possibility of determining dose-response relationship and
NOAELs (no observed adverse effect levels) [24]. If the

substance causes health problems in animals, it is assumed that it may be harmful to humans.
Experiments on isolated cells or microorganisms (in
vitro test tube studies) are used to explore how chemicals
may elicit toxic effects. Coming back to the allergenic
potency of chemicals, there are still no validated standard
in vitro methods for determining the allergenic potency of
low molecular weight chemicals. The potency of high
molecular weight chemicals to induce the synthesis of
specific antibodies can be demonstrated in vitro. Mentionable is the fact that a limited data obtained from animal
studies can be supported by results of in vitro tests [24].
Epidemiological studies, if available, provide the
most reliable evidence. However, their relevance to the
present population of concern (perhaps a particularly
sensitive one such as children) must be judged [23]. Since
valid epidemiological studies of exposed persons have
been published only for a few substances, assessment is
mainly carried out on the basis of case reports [24].
Comparison with substances known to be harmful:
Even when there are no clinical or experimental data and
no reactions of exposed persons to the chemical have
been observed, it may be possible to conclude from theoretical consideration of the chemical structural analogy of
the substance in question with such a substance with similar properties known to be harmful [23,24].
Important is that in vitro and comparison studies are less
conclusive than animal studies, but they can be expanded.

2.1.1.1 The role of scientists, risk assessors and other
interested parties by the problem identification and formulation

By the problem identification and formulation, the
scientist plays a very important role by collecting, analysing and presenting the data. Using these data they perfect
the structure of the problem framework, articulate specific
questions for further analysis, interpret the results of the
scientific analysis, and convert them into recommendations for the future. Thus, the type and magnitude of the
problem under consideration can be estimated by the
other interested parties. On the other side, the risk assessors have further obligation to review that are usually
concentrated on the credibility of the scientific methods
and database. This type of review then needs to be expanded and to include questions related to problem definition. Professional judgement for "what is objective analysis and what is not " is strongly required not only of the
risk assessors, but also of all the experts involved in the
risk assessment process [6]. Briefly, all participants in this
phase - scientists, decision makers, and other interested
and affected parties, should seek agreement based on
transparency, sharing of information, concerns and opinions on a series of issues that will define the problem [18].
In problem formulation step, the guidelines generally
emphasise complementary roles in determining the scope
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and limits of the assessment, selecting ecological entities
that will be the focus of the assessment, and ensuring that
the product of the assessment will support environmental
decision making [16].

2.1.2 Exposure assessment

If a substance during the first step of risk assessment is
identified to be possibly harmful to humans, further studies
on exposure and effects’ (toxicity) assessments are required.
The term "exposure" is traditionally associated with
chemical stressors. Another term "co-occurrence" in relation to exposure denotes to the presence and combined
effect of chemical, physical, and biological stressors. In
this context, the exposure measures are more directly
related to effects than ambient levels of chemicals in
environmental media [18].
When estimating exposure, three dimensions should be
considered: intensity, time and space. Intensity, in case of
chemical exposure may be expressed as the amount of
chemical contacted per day. The temporal dimension of the
exposure has aspects of duration, frequency and timing.
The spatial extent – the third dimension of the exposure, is
expressed in terms of area (i.e., square meters of that exceeds a particular chemical threshold). In chemical assessments, intensity and time are often combined by averaging
intensity over the time. The duration over which intensity is
averaged is determined by considering the ecological effects of concern and the likely pattern of exposure [16]
The exposure assessment generally seeks to determine the extent to which a population is exposed to a
chemical or chemical mixture [25]. In other words, the
exposure assessment describes the populations or ecosystems exposed to stressors in terms of the magnitude, duration, and spatial extent [19] by using available data relevant to population exposure, such as emission data, measurements of the material in environmental media, and
biomarker information [25]. Thus, ideally exposure information includes all data needed to characterise and
quantify the human exposure.
The European Commission mentions in its publication " Technical Guidance Document (TGD) in Support
of Commission Directive 93/67/EEC on Risk Assessment
for New Notified Substances and Commission Regulation
(EC) No. 1488/94 on Risk Assessment for Existing Substances” that exposure assessment is an "estimation of the
concentration/dose to which human populations (e.g.,
workers, consumers and man exposed indirectly through
the environment) or environmental compartments (e.g.,
aquatic environment, terrestrial environment, atmosphere)
are or may be exposed. This estimation entails the determination of the sources, emission routes and degradation
pathways of the chemical" [12].

In human health risk assessment characteristically
three ways of exposure: oral, dermal and inhalation, are
considered. Differences in the properties of the cells that
line the surfaces of gastrointestinal tract, the skin, and the
air pathways and lungs may result in the different intake
patterns of chemical(s) depending on the route of exposure. The possibility for the highest exposure to chemicals
is often in the workplace. The DFG Commission for the
Investigation of Health Hazards of Chemical Compounds
in the Work Area in Germany, considering the air exposure workplace to chemicals in its report "List of MAK
and BAT values 2001", emphasises that the allergies
caused by substances affect mostly the skin (contact eczema, contact dermatitis), the respiratory passages (rhinitis, asthma, alveolitis, bronchitis) and the conjunctiva
(blepharoconjunctivitis). To some extent the kind of allergy is determined meanwhile by the route of uptake of
the substance [24].
The order in which chemical exposures occur and
time between exposures to different chemical agents may
affect also the nature of the response to chemical. In addition, the physical/chemical properties of the chemicals
and the condition of the microenvironment into which the
components are partitioned, may change the magnitude
and the routes of human exposure [25]. Similarly, the
DFG Commission for the Investigation of Health Hazards
of Chemical Compounds in the Work Area mentions that
during exposure to gaseous substances, which are metabolised and for which the blood/air distribution coefficient is
larger than 10, the concentrations of the substances in
blood and tissues are positively correlated to the level of
physical activity. Likewise, the concentrations of inhaled
gaseous substances in blood and tissues of persons working under hyperbaric pressure have been shown to correlate positively with the pressure [24]. Partitioning and
transformation of the chemicals will affect also the routes
of exposure [25].
Information about exposure to chemicals is directly
linked with information about the health effects, which
includes both hazard identification and dose-response
assessment. By the hazard identification the adverse effects
(e.g., short-term illness, cancer) that may occur from exposure to environmental stressors, are being identified [19].
The hazard identification stage of cancer risk analysis
presents particularly an interesting problem in the interaction between science, philosophy and decision-making
[26]. The DFG Commission for the Investigation of
Health Hazards of Chemical Compounds in the Work
Area in Germany has attempted to classify chemicals on
the basis of their properties as carcinogenic to humans or
not. Substances with adequate evidence for animal carcinogenicity can be only to a limited extent, or not at all
carcinogenic to human [24].
By the dose-response assessment, the determination
of the toxicity or potency of stressors is carried out [19].
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In simple terms, by the dose-response assessment the
relationship between dose or level of exposure to a substance, and the incidence and severity of an effect, where
appropriate, is being estimated. The best data would be
those for which a dose-response relationship can be established for the exposure route of interest. Unfortunately,
such high quality direct information is rarely available,
hence one or more extrapolations are usually made. Examples of such extrapolations include using animal data
to project potential human effects, inhalation data to predict risk from oral exposure, data from short-term human
clinical studies or subchronic animal bioassays to project
human health risks from chronic exposure. Each of these
extrapolations introduces uncertainties, that should be
discussed and accounted for in the final risk characterisation [25]. Other uncertainties may enter through an incomplete knowledge of how chemicals behave in the
environment, and peoples’ lifestyles and how these affect
exposure. However, an exposure assessment should describe the uncertainties present.
Unfortunately, it is not always possible to produce
adequate exposure data [24]. Data limitations on the environmental concentrations of substances of interest often
necessitate the use of modelling to provide relevant estimates of exposure.

2.1.2.1 Scientists’ role by the exposure assessment

In this step, again the scientists play a very important
role. Their manifold task is trussed not only with the consideration of both the accuracy and reliability of measurement techniques, but also with the identification
(maybe quantification) of the uncertainty based on imperfect analytical methods. Furthermore, the determination of
the reaction rates that govern the fate of the chemicals as
well as the examination of their bioavailability from the
medium and the route of concern are additional occupation of the scientists at this stage. Goal of this work is the
measurement or modelling on the basis of activity patterns of the magnitude of the human exposure, very
closely connected with the identification of key environmental reactions. At least, extrapolations between concentrations at measurement points and points of human exposure have to be made as well.

complicated, and in this case multivariate techniques may
be useful. So, by quantifying the relationship stressorresponse, qualitative evaluations are also possible by
using the terms such as the intensity, time, or space. The
most used parameters for characterisation of chemical
stressor-response relationship are the intensity (e.g. dose
concentration) and exposure duration (e.g., 24 hours).
Typically, for chemical stressors are the “Median Effect
Levels” expressed in terms of lethality or mortality (e.g.,
LC50, LD50 or EC50) and always associated with a time
parameter (e.g., 24 or 48 hours). However, still important
is to determine the “no-observed-adverse-effect level”
(NOAEL) and the “lowest-observed-adverse-effect-level”
(LOAEL). In order to compare the toxicity of various
chemical stressors, often the range between NOAEL and
LOAEL (MATC: maximum acceptable toxicant concentration) or the geometric mean between NOAEL and
LOAEL (GMATC: geometric maximum acceptable toxicant concentration) is reported [25].
For the environmental effect assessment, suggests the
European Chemicals Bureau in its "Risk Assessment
Principles", a Predicted No Effect Concentration (PNEC)
should be calculated for the species representative of the
environmental compartment under investigation using the
acute or chronic data and an assessment factor.
Again, in relation to the human health risk assessment, the effects’ assessment step examines how much of
a substance causes what kind of harm to humans. In
praxis, this means that the acute toxicity, irritation, corrosivity, sensitisation, repeated dose toxicity, mutagenicity,
carcinogenicity and toxicity to reproduction have to be
investigated [7].
The toxicity to humans is not usually measured directly by intentionally exposing people, but it is determined indirectly, usually by extrapolation from animal
studies. The extrapolation is one of the methods in risk
assessment, where many assumptions have to be made.
These may include assumptions about: the effects of size
and biological differences between animals and humans;
and the effects of high doses fed to the test animals versus
the low doses, which humans usually encounter in their
environment [23].

2.1.3 Effect assessment

2.1.4 Risk characterisation

After performing the exposure assessment, the next
step is the characterisation of the ecological effects, if
such effects are identified. Important is to relate the observed effects to the levels of the stressors (e.g., amount
of harmful chemicals). In simple cases only one response
effect variable (e.g., mortality) is analysed, and most
quantitative techniques have been developed for univariate analysis. If the effect of interest encompassed many
species (e.g., aquatic community), the situation is more

“Risk Characterisation is not just about science – it is
also about making clear that science doesn’t tell us certain
things and that policy choices must be made” [17]. The
risk characterisation is an integral component and a culminating step of every risk assessment, is the culmination
of planning, problem formulation and analysis of predicted or observed adverse ecological effects related to
the assessment endpoints [16]. In other words, it is a
process of using the data collected in the first three steps
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of risk assessment to estimate and describe the effects of
human or ecological exposure to stressors [19]. Risk
characterisation makes the whole risk assessment facts
clearer and easier to communicate. Since the risk characterisation is a part of the risk assessment itself, the goal of
the risk characterisation is not to repeat the entire assessment, but rather to identify the key findings and other
elements from each step of the human health or ecological
assessment paradigm.
Discussing about the "General principles of risk assessment for new and existing substances" the European
Commission defines the risk characterisation as an "estimation of the incidence and severity of the adverse effects
likely to occur in a human population or environmental
compartment due to the actual or predicted exposure to a
substance" and may include "risk estimation", i.e., the
quantification of that likelihood and express the risk characterisation mathematically as the ratio [7]:

Margin of Safety (MoS) =

No Observed Adversed Effects Level (NOAEL)
Exposure

A judgement is then required on the sufficiency of the
MoS. Either the margin is sufficiently large to conclude that
there is no concern, or so narrow that the risk to health
cannot be excluded. For the environmental protection
goals, the risk characterisation is expressed as the ratio:

Predicted Environemn tal Concentrat ion (PEC)
Predicted No Effect Concentrat ion (PNEC)
Where the ratio PEC/PNEC > 1, there is considered
to be a risk. Where the MoS is considered to be insufficient or PEC/PNEC exceeds 1, there is an option to request for further testing [7].
So, the aim should be to carry out a quantitative risk
characterisation, whenever possible, by identifying or
extrapolating from the toxicity/ecotoxicity data, and find
out concentrations at which no effects are expected, and
compare this level with estimated exposure level. Where
quantification is not possible, a judgement on the likelihood of risk has to be made on a qualitative basis. Every
risk characterisation has a fundamental, irreducible set of
information consisting of the key findings, thus it is more
than just a number [17,27].
The risk characterisation has to be based, generally,
on four essential principles such as transparency, clarity,
consistency and reasonableness. The first ensures that any
reader can understand all the steps, logic, key assumptions,
limitations and decisions in the risk assessment; the second,

clarity, makes it easy to be understood by all the readers;
the consistency refers to the presentation of the material in
the risk assessment in the context; and, finally, reasonableness demonstrates that the risk assessment process followed
an acceptable, overt logical path and retained common
sense in applying relevant guidance [17].
In their technical memorandum for "Performing Ecological Risk Assessment", Suter et al., described an approach for estimating risk based on four individual lines
of evidence (Tab. 1) and then combining them through a
process of weighing the evidence. In the first line of evidence, analysis of individual chemicals in individual
media are used to estimate exposure; to estimate effects,
the literature data on effects of individual chemicals are
considered. Characteristics of the chemicals, that are
relevant for risk, are also examined. In the second line of
evidence, risk characterisation begins by determining
whether the tests show significant toxicity. If significant
toxicity is found, then the relationship of toxicity to exposure must be characterised. The first possibility to do this
is to examine the relationship of toxicity to the concentrations of chemicals in the media.
An alternative and complementary approach is to determine the relationship between the occurrence of toxicity and the sources of contaminants. In the third, the biological surveys, if data for an endpoint species or community are available, then should be checked whether the
data suggest the occurrence of significant effects. If the
survey data are consistent, associations of apparent effects
with causal factors must be examined. Biological indicators (bioindicators) usually support other lines of evidence. If the bioindicators are characteristic of contaminant exposures, then the distribution and frequency of
elevated levels must be compared to the distributions and
concentrations of contaminants. The weighing of evidence begins by summarising the available lines of evidence for each endpoint. If significant effects are occurring, the nature, magnitude, and extent of effects have to
be estimated [20].
To consider the practical aspects, the following account discusses briefly the form and the appropriate
length of a risk characterisation. The U.S. EPA suggests
that the risk characterisation should begin with a brief but
concise summary (executive summary); then, continue
with the context of the risk assessment, including planning and scoping initiatives. In the third place, the elements can be considered, this means, the body of the risk
characterisation contains key information, sensitive subpopulations, scientific assumption, policy choices, variability, sensibility, bias and perspective, strengths and
weaknesses etc. Some key conclusions, alternatives or
research needs, complete the content of the risk characterisation. As to its extent, it depends on the length, depth
and breath of the corresponding risk assessment and the
audience to which it is intended [17].
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TABLE 1 - Risk estimation based on individual lines of evidence [20].

Nr. Individual Line

The data for risk characterisation should be:

1

Single chemical
exposure

questions asked:

2

Ambient media
toxicity tests

questions asked:

3

Biological survey

questions asked:

4

Bioindicators

questions asked:

-

are toxic concentrations of chemicals present?
what effects do these concentrations cause in the laboratory or at well-studied sites?
how intensive are toxic concentrations?
are they associated with identifiable sources or chemicals?
how must the source be diminished to eliminate toxicity?
how confident are you considering your answers?
is toxicity occurring?
how severe is it?
how extensive is it?
how frequent is it?
is it associated with identifiable source or contaminants?
are the endpoint ecological properties significantly reduced?
how much they are reduced?
how intensively?
is the reduction associated with identifiable sources of contaminants?
is the reduction associated with identifiable habitat variables?
are bioindicator levels significantly elevated?
what are the implications for populations or communities?
how extensive are the effects?
are they spatially or temporally associated with identifiable sources of contaminants?
are they spatially or temporally associated with identifiable habitat variables?
are they diagnostic characteristics of a contaminant or a habitat variable?
what is the most likely cause of the observed levels?
how confident are you concerning your answers?

2.1.4.1 Assessors’ role by the risk characterisation

To quote from the “Risk Characterisation Handbook”
of the U.S. EPA, “if you properly characterise the risk,
your risk assessment is easier to explain, justify, and defend”. This means that risk characterisation allows a better understanding and communication of the risk assessment findings [17]. But, for the preparation of the risk
characterisation it is important to know the information to
be included in the risk characterisation and the key information in the risk assessment. This is commonly the task
or the job of the risk assessors, who have access to several
toxicity and exposure studies. For each stage of the assessment, the assessors have, at first, to identify the studies and all available data from chemical analysis, toxicity
tests and biological surveys, and to check if the findings
have been repeated in an independent lab. Therefore, the
assessor further identifies whether the key data used for
the assessment are considered experimental, state-of-art
or generally accepted scientific knowledge, and helps to
bring the quantitative data in an easily understandable
form by checking at the same time the variability of the
results. Secondly, by using the results of the analytical
phase an estimate of the risk posed to ecological entities
have to be developed. So, in this stage the ecological risk
assessor describes the nature, magnitude, and extent of
effects on the distinctive assessment endpoints and develops the best possible judgement of risk [20]. Completing
risk characterisation allows the risk assessors to clarify the

the relationship between stressors, effects and ecological
entities and to reach conclusions regarding the occurrence of exposure and the adversity of existing or anticipated effects.
Part of the risk assessor's job is also to review the assumptions, estimate the central tendency and identify uncertainties in the different studies and evaluate how these
uncertainties may have affected the study findings [17].
At the end, the risk assessor provides an estimate of
risk, along with a description of the uncertainties that
cause his/her report to be a "best guess," not an irrefutable
statement of fact. It is important to note that, while scientists help to characterise the risk, they are not uniquely
qualified to set priorities among them.
2.2 Results of the risk assessments

Although a precise description of the risk is very
difficult, the risk assessors attempt to find some limits of
the risk, which means how low or high it could possibly
be. Scientists, regulators, and interest groups would
generally describe the risk as a single estimate or probability), rather than a range of likely probabilities. Usually
officials that consider the protection of public health,
consider the higher limit of risk. In this context, the MAK
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value is defined by the DFG Commission for the Investigation of Health Hazards of Chemical Compounds in the
Work Area in Germany, as "the maximum concentration
of a chemical substance in the workplace air, which generally does not have known adverse effects on the health
of the employee nor cause unreasonable annoyance even
when the person is repeatedly exposed during long periods, usually for 8 hours daily, but assuming on average a
40-hour working week".
Scientists or other experts may state the probability
that appears most likely, while the individuals, organisations, or others with special interests may report only the
highest or only the lowest limit, depending on the point
they wish to make.
Considering the TGD of the European Commission [11],
the "assessors will come to integrated conclusions/results
separately for human health and the environment, which
will in subsequent step be reviewed and integrated in
relation to the totality of risk posed by the substance".
Accordingly, for existing substances (Article 10, Regulation 793/93 and Annex V, Regulation 1488/94) [28,29] for
instance, possible results of the risk assessment can be:

–

there is a need for further information and/or testing.

–

there is, at present, no need for further information
and/or testing and no need for risk reduction measures which are being applied already.

–

there is a need for limiting risks; risk reduction measures which are already being applied, shall be taken
into account.

Sometimes a study is represented as a risk assessment, which it is not. This means that for example, a
report on the incidence of cancer to animals due to a certain substance can never be a risk assessment. It only
defines the toxicity to animals; or an extrapolation of this
information to the incidence of cancer in humans at postulated levels of exposure is a toxicity assessment, but not a
risk assessment. Risk assessment occurs only when the
information from toxicity assessments is combined with
that from exposure assessments (how much of the substance people are actually exposed to) [21].
2.3 Uncertainty

As already discussed above, uncertainties are involved in all steps of a risk assessment, particularly, in the
exposure and the toxicity assessment. Taking into consideration the time dimension, we can say that it is very
difficult to measure the amount of a pollutant in the environment over time and, furthermore, how much is taken
up by individuals [23]. As example may be stated, the
measuring of the concentrations of chemical compounds
in the air of work areas. The concentrations of chemical
compounds in the air fluctuate around the level of a statistical mean value, though concentrations far above (or

below) the mean value can also occur for brief periods. In
the toxicity assessment, uncertainties arise when the findings are extrapolated from animals to humans. On the
other side, the risk characterisation includes as well a
summery of uncertainties and implications [20]. Combining all these uncertainties leads to a statement of risk that
is not necessarily a statement of fact, but that indicates
whether a substance may or may not be of concern. The
uncertainty is inherent in risk assessment, means that the
risk assessors cannot precisely describe the risk.
2.4 Risk Communication

Another concept that needs to be clarified is the risk
communication. The U.S. EPA emphasises that risk communication is not a synonym for risk characterisation.
“Risk communication is used for such things as information and education, behaviour change and protective action, disaster warnings and emergency information, joint
problem solving and conflict resolution”. Risk communication can be seen as a process of exchanging information
and opinions, but “is probably better served by separate
documentation designed for particular audiences” [17].

3 GUIDELINES AS THE INTERACTION AMONG
RISK ASSESSORS, RISK MANAGERS AND
INTERESTED PARTIES
To address concerns over health risk from chemical
exposures, different scientific and political organisations or
institutions (i.e., European Commission, U.S. EPA, National Centre for Environmental Assessment) have published, especially after 1980, different guidelines for risk
assessment [16,25]. The major theme of such guidelines is
the interaction among risk assessors, risk managers, and
interested parties at the beginning (planning and problem
formulation) and end (risk characterisation) of the risk
assessment process. Considering, for example, the carcinogenicity, the guidelines help, on the one hand, the risk
analysts to understand the rational basis for both their
judgements and alternatives to judgements and, on the
other hand, aid decision-makers in understanding these
features in the final analyses [26].
In the end of the 80´s in some guidelines broad concepts related to mixture exposures and practical aspects
for conducting a mixture risk assessment were given. One
of the first recommendations to move away from singlechemical exposure was issued from the National Academy of Sciences in 1994 [30]. Three years later the EPA’s
Science Policy Council issued a policy statement on cumulative risk assessment. In the supplementary guidance
document of the U.S. EPA of August 2000 is written,
"because the science of risk assessment has continued to
evolve and EPA has learned from an array of experiences,
the Agency charged the Risk Assessment Forum with
developing guidance on challenging issues such as cumulative risk assessment" [25].
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3.1 Brief overview of the risk assessment according to the
Technical Guidance Document (TGD) of the European
Commission

The following will depict the environmental analysis
of a special concern in accordance with the European
Commission “Technical Guidance Document (TGD) in
Support of Commission Directive 93/67/EEC on Risk
Assessment for New Notified Substances and Commission Regulation (EC) No 1488/94 on Risk Assessment for
Existing Substances” [31].
This guidance is based on the two separate “packages”
issued by the European Commission, in 1993 for new
chemicals and 1994 for existing chemicals, and presents the
risk assessment for both new and existing substances [31,
32]. It should be noted that the TGD has been reviewed by
the European Commission and the EU Member States in
2002, and that this updated version will soon be made
available by the European Chemicals Bureau. The TGD
contains four parts. While in the first part of the TGD –
human health risk assessment, advices are given as to "how
to establish the exposure levels and dose-responserelationships", in the second part – environmental risk
assessment, the calculations of PECs and PNECs (see
2.1.4), as well as qualitative estimations of environmental
concentrations and effect/no effect concentrations are
dealt with. Other topics such as:

–

–

how to judge which of the possible administrative decisions on the risk assessment according
certain Directives or Regulations need to be
taken, or
how to decide on the testing strategy, if further
tests need to be carried out are also considered in
this part.

In the third part, the (Quantitative) Structure Activity Relationships ((Q)SARs) in risk assessment procedure is described, followed by emission scenario documents (Part IV) [33,34].
Generally, it is recommended that the risk assessment procedure should follow the sequence: → hazard
identification → dose (concentration) – response (effect)
assessment → exposure assessment → risk characterisation [11,12].
3.1.1 Environmental Risk Assessment according to the TGD

According to the TGD, the environmental risk assessment of a substance consists of comparing its concentration in the environmental compartments (predicted
environmental concentrations, PEC) with a concentration
of it, below which unacceptable effects on organisms will
most likely not occur (predicted no environmental concentrations, PNEC). In addition to the above, effects not
specific to a particular compartment, relevant to the food
chain, as well as the effects on the microbiological activ-

ity of sewage treatment systems are considered. Depending on the PEC/PNEC ratio the decision is taken on
whether a substance presents a risk in the environment.
As far as it is not always possible to conduct a quantitative risk assessment, a qualitative evaluation can be carried out of the likelihood that an adverse effect may occur. The environmental risk assessment proceeds in three
important stages: the assessment of the environmental
exposure, the effect assessment and, finally, the risk characterisation.
3.1.1.1 Environmental exposure assessment

The exposure assessment is based on representative
monitoring data and/or on model calculations. As far as
the environment may be exposed to chemical substances
from production to disposal or recovery, the environmental exposure assessment should consider all the stages
of life cycle of the chemical (Fig. 4).
Consideration should be given to whether the substances being assessed can be degraded, biotically or
abiotically, to give stable and/or toxic degradation products. For high production volume (HPV) chemicals, for
instance, known significant degradation products should
also be subject of the assessment. For chemicals, if such
information are not available, a qualitative assessment, in
other words, a qualitative description of the degradation
pathways, should be made.
In many cases, for exposure assessment, a range of
concentration derived not only from the measurements,
but also from modelling, has to be considered. It may be
assumed that measurement of the environmental concentrations of a certain chemical gives always more reliable
results than the model estimations. But, measured concentrations could be associated with considerable uncertainty,
due to temporal and spatial variation (see paragraph 2.3).
To be able to decide if the data are adequate for use in the
exposure assessment, and how much importance should
be attached to them, the verification of the quality of the
measuring techniques applied must be done. Finally,
both approaches – measurement and modelling – complement each other in the complex interpretation and
integration of the data.
Considering the space as an important dimension for
release assessment, a differentiation is made between
chemicals that are emitted from point sources (specific
locations) and that enter the environment through diffuse
release. Consequently, a local and regional PEC should be
calculated. Concentrations in air and water are normally
estimated on a continental scale (Europe) to provide inflow concentrations for the regional environment. It is
recommended that the continental, regional, and local
calculations must be done sequentially. As a matter of
course, adequate monitoring data have to be collected. In
order to evaluate their adequacy and representativeness
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Transport and storage
Processing

Production

THE ASSESSMENT PROCEDURE
SHOULD CONSIDER:
Use

Formulation
Disposal, including
waste treatment

FIGURE 4 - Stages that have to be considered when assessing the exposure of chemicals to the environment.

several criteria in a stepwise procedure are described in
the TGD. Without going into details a verification of the
quality of the measuring techniques applied, as well as a
selection of representative data for the environmental
compartment of concern is recommended. In a next step,
the allocation of the measured data to a local or a regional
scale should be also made, in order to define the nature of
the environmental concentration derived. In this context,
the geographical relation between emission sources and
sampling site has to be evaluated. Furthermore, the properties of the chemical have also to be considered.
The decision on the environmental concentration used
for the risk characterisation is the culminating point in the
process of environmental exposure assessment. This decision has to be taken after comparing PECs, deriving from

both measured data and calculation. The PECs can be
seen as output information of both local and regional
estimations. The PEClocal represents the concentration
expected at a certain distance from the source on a day
when release occurs and is calculated on the basis of a
daily rate, regardless of whether the release is intermediate
or continuous. In principle, degradation and distribution
processes are taken into consideration for the PEClocal.
The PECregional takes into account the further distribution and fate of the chemical upon release and provides a
background concentration to be incorporated in the calculation of the PEClocal, and it is assumed to be a steadystate concentration of the substance. The above mentioned
output information is summarised in the Tables 2 and 3.

TABLE 2 - Output information yielded from local estimations of substance release.

PEC

Explanation

Unit

PECmicroorganisms

PEC for microorganisms in the sewage treatment plant (STP)

[mg l-1]

PECwater

PEC in surface water (dissolved) during episode

[mg l-1]

PECwater,ann

Annual average PEC in surface water (dissolved)

[mg l-1]

PECsed

PEC in sediment (total)

[mg kg-1]

PECair,ann

Annual average PEC in air (total)

[mg m-3]

PECsoil

PEC in agricultural soil (total), averaged over 30 days

[mg kg-1]

PECagr,soil

PEC in agricultural soil (total), averaged over 180 days

[mg kg-1]

PECgrasslandl

PEC in grassland (total), averaged over 180 days

[mg kg-1]

PECagr,soil,porew

PEC in porewater of agricultural soil

[mg l-1]

PECgrasslandl,porew

PEC in porewater of grassland

[mg l-1]

PECgrw

PEC in groundwater under agricultural soil

[mg l-1]
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TABLE 3 - Output information yielded from regional estimations of substance release.

PEC

Explanation

Unit

PECwater

PEC in surface water (dissolved)

[mg l-1]

PECair

PEC in air (total)

[mg m-3]

PECagr,soil

PEC in agricultural soil (total)

[mg kg-1]

PECnatural,soil

PEC in natural soil (total)

[mg kg-1]

PECagr,soil,porew

PEC in porewater of agricultural soil

PECsed

PEC in sediment (total)

[mg l-1]
[mg kg-1]

PEC cal. ≈ PECb.m.c.

Calculated PEC
( PECcal. )

PEC cal. > PECb.m.c.

PEC based on measured concentrations
( PECb.m.c )

PEC cal. < PECb.m.c.

FIGURE 5 - Results of the comparison of the PECs derived from both measured data and calculation

Information, such as physico-chemical properties of
the substance, characterisation of the environment, emission data, partitioning coefficients, degradation rates and
fate in sewage treatment plants are input information, not
only for local, but also for regional estimations. By the
latter, parameters of the compartments should be additionally considered.
When PECs have been derived from both measured
data and calculation, they have to be compared. If they are
not of the same magnitude, then analysis and critical
treatment of the data are important steps for developing
an environmental risk assessment. The following cases
can be distinguished (Fig. 5):
1.

2.

PECcal. ≈ PECb.m.c.: the results indicate that the most
relevant sources of exposure were taken into account.
For the risk characterisation, the value with the highest confidence should be used.
PECcal. > PECb.m.c: the results might indicate that relevant elimination process was not considered in the
PECcal. or that the employed model was not suitable to
simulate the real environmental conditions for the sub-

stance considered. On the other hand, monitoring data
might represent the background concentration or the
PECregional in the concerned environmental compartment. If the PECcal. is larger than the detection limit,
but the measured data are below, then the detection
limit should be used in the risk characterisation.
3.

PECcal. < PECb.m.c: this relation can be caused by the fact
that relevant sources of emission were disregarded when
calculating the PEC or a recent change in the use pattern
or emission reduction measures, which are not yet reflected in the PEC based on measured concentrations.

If the measured concentrations have passed the procedure of critical, statistical and geographical evaluation,
a high degree of confidence can be attributed to those data
and they shall overwrite the calculated PECs.
3.1.1.2 Effect assessment

As already explained, the effect assessment procedure
comprises two steps: the hazard identification and the
dose-response assessment. According to the TGD, in the
first step the effects of concern has to be identified, while,
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in the second one, the PNEC has to be determined, where
possible. For both steps, the evaluation of data with regard to their adequacy and completeness is of particular
importance.

extrapolation should be carried out carefully, because
some substances may be taken up rapidly by the aquatic
organisms, which can lead to delayed effects even after
emission has stopped.

The assessment of data adequacy involves a review of
individual data elements with respect to how the study is
conducted and how the results are interpreted, and a critical selection (and rejection) of data in its proper context
and in accordance with the purpose of the assessment.

By the effect assessment, the microbial activity in
sewage treatment plants (STP) under the influence of
chemicals is being considered as well. Up to date, only a
few internationally accepted test systems of measuring the
impact of chemicals on microbial activity exist. For assessing the toxicity of a chemical to microorganisms in a
STP, the effluent concentration is recommended to be
compared to microbial effect data.

Discussing about the data perfection, a slight variance
of opinion about new and existing substances is made in
the TGD. For new substances, a base-set testing must be
available. This "package" contains relatively little data,
which are of relevance to the terrestrial and atmospheric
compartments. For existing substances, long-term toxicity
investigations with several species (not only fish, Daphnia, algae and bacteria), standard organisms as well as
no-standard organism should be also available.
The identification of effects of substance of concern
is directly connected with the evaluation of the relevance
of the available data. This means, checking, if the substance tested is representative of the substance applied
(i.e., properly identified and any significant impurities are
described) and judging, if the appropriate endpoints are
studied under relevant conditions.
In the effect assessment, short-term L(E)C50 and
long-term NOEC (no-observed-effect-level) values are
being used to calculate the PNEC. Referring to the TGD
"the PNEC can be calculated by dividing the lowest short
term L(E)C50 (the “Median Effect Levels”, paragraph
2.1.3) or NOEC value by an appropriate assessment factor". The assessment factors reflect the degree of uncertainty in extrapolation from laboratory toxicity test data
for a limited number of species to the "real" environment.
In Figure 6 a scheme of effect assessment procedure
according to the guidance of European Commission is
given. Many details about the selection of the appropriate
assessment factors for the aquatic compartment are given
in the second part of the TGD.
As shown in Figure 6, the effect assessment for the
aquatic compartment includes not only the calculation of
PNEC, but also the effect assessment for substances with
intermittent release. In this context the TGD defines the
intermittent release as "intermittent but only recurring
infrequently i.e. less than once for month and for no more
than 24 hours. This would correspond to a typical batch
process only required for a short period of the year (releases of chemical to the environment may be only of
limited duration)". Mentionable in the case of substances
ith intermittent release is that the assessment factors used
are to allow the extrapolation from the short-term laboratory toxicity test to short-term effects in ecosystems. This

Further, it is well-known that sediments integrate the
effects of surface water contamination over time and
space, thus may present a hazard to aquatic organisms. In
1996, the European Commission reported that only few
tests for sediment organisms have been conducted also in
Europe with existing substances, and the selection of
representative organisms and standardised sediments was
still in discussion. However, in the absence of any
ecotoxicological data for certain organisms a method for
the calculation of PNEC is described.
As for the terrestrial ecosystem (consisting of an
above-ground community, a soil community and a
groundwater community) is concerned, a strategy is described for effect assessment for soil organisms. Taking
into consideration the lack of the toxicity data on soil
organisms for new and existing chemicals, the use of "the
equilibrium partitioning method conforms to the approach
for sediment" is recommended. Important to note is that
the bioavailability of the test compound, and the toxicity
observed, is influenced by the soil properties. Consequently, the available data have to be normalised using
relationships, which describe the bioavailability of the
chemicals in soil. The results are then concerted to a
standard soil. In the TGD, in addition, the PNEC calculation for the terrestrial compartment using both "the
equilibrium partitioning method" and "assessment factors" is discussed.
For the risk assessment of the atmospheric compartment biotic and abiotic effects (global warming; ozone
depletion in the stratosphere; ozone formation in the troposphere; acidification) should be considered. The quantitative characterisation of risk by comparison PECair to
PNECair is not possible, because of the absence of methods for the determination of effects on species of chemicals arising from atmospheric contamination; only a qualitative assessment for air is feasible. A particular item in the
guideline represents the effect assessment for bioaccumulation and secondary poisoning. Secondary poisoning is
concerned with toxic effects in the higher members of the
food chain, either living in the aquatic or terrestrial environment, which results from ingestion of organisms at the
different trophic levels, that have accumulated substances.
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FIGURE 6 – Diagram of effect assessment procedure according to the TGD of the European Commission.
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As for the bioaccumulation is concerned, a strategy has
been described in the TGD for the assessment of the occurrence of secondary poisoning to further support the
decision, when to request for a bioaccumulation test. The
strategy takes into account of the PECwater, the resulting
concentration in food of higher organisms and the mammalian toxicity of the chemical as an indication of possible effects on birds and mammals in the environment via
the food-chain, water → fish → fish-eating mammal or
fish-eating bird. In the first step, the assessment considers
whether there are indicators for bioaccumulation potential
and whether the chemical has certain classification on the
basis of its mammalian toxicity data. Here, it is assumed
that the available mammalian toxicity data can give an
indication on the possible risk of the chemical to higher
organisms in the environment. The classification of the
substance accordingly means that an assessment of secondary poisoning should be performed. The second phase
of the assessment for secondary poisoning contains the
calculation of both PECoral and PNECoral. Using the bioconcentration factor (BCF), when known, and the
PECwater and PECoral it can be mathematically calculated.
If no measured BCF exists (i.e., new substances), an estimated BCF value based on the octanol/water partition
coefficient can be used. In the latter step, the PECoral has
to be compared with PNECoral. Therefore, it is emphasised
that the proposed methodology gives only an indication
that secondary poisoning is a critical process in the
aquatic characterisation of a chemical.
It is well-known that the biomagnification, defined as
"accumulation and transfer of chemicals via the food
chain", results in an increase of the internal concentration
in organisms at higher levels in the trophic chain. Thus, a
similar approach as for the aquatic route is described for
the assessment of the secondary poisoning through the
pathway food-chain, soil → earthworm → worm-eating
birds or mammals. Likewise, if the predicted concentration in food PECoral exceeds the PNEC, secondary poisoning can be a critical pathway for worm-eating predators.

3.1.1.3 Risk characterisation

The risk characterisation is carried out by comparing
the PEC with the PNEC separately for each of the protection goals: aquatic ecosystem, terrestrial ecosystem, atmosphere, top predators and microorganisms in sewage
treatment plants. In addition, these ratios have to be derived for all the stages of the life cycle of the chemical.
According to the TGD:

–

if the PEC/PNEC ratio is greater than one for the
aquatic and terrestrial ecosystems, the chemical
is of "concern" and further action has to be taken;

–

if, by the qualitative assessment of abiotic effects
for the air compartment, there are indications that
one or more effects occur for a given chemical,

expert knowledge should be consulted or the
substance be handed over to the relevant international group;

–

if the PECoral/ PNECoral ratio is greater than one, or
the improvement of the PECoral or the PNECoral is
not possible for the top predators, risk reduction
measures should be considered;

–

the risk characterisation for microorganisms in
sewage treatment systems should be done by
comparing the PECSTP with the PNECmicroorganisms.
If this ratio is greater than one, the chemical is of
"concern".

If an improvement of the risk characterisation is possible, but the necessary data are not available, further
information and/or testing needs to be requested.
It is clear that, if a quantitative determination of the
ratio PEC/ PNEC is not possible, the risk characterisation
shall entail a qualitative evaluation of the likelihood that
an effect will occur under the expected conditions of
exposure. For substances, for which also a full quantitative risk assessment cannot be done, it is recommended to
conduct a qualitative risk assessment. Finally, in this
guideline the risk characterisation for new and exiting
substances are treated separately.

3.1.2 Human health risk assessment according to the TGD

The human health risk assessment, like the environmental exposure assessment, should be carried out on the
basis of all the data available. The TGD recommends "it
may be useful to conduct initially a risk assessment using
exposure estimates based on the worst case assumptions".
A reasonable worst case is a reasonable unfavourable, but
not an unrealistic, situation. Citing the European Commission, the worst case situation "covers normal use patterns, including cases, where populations are exposed to
the same substance in more than one scenario (e.g., consumers or workers may use several products containing
the same substance). The reasonable worst case prediction
should also consider upper estimates of the extreme use
and reasonably foreseeable misuse".

3.1.2.1 Exposure assessment

The human exposure to chemicals should normally be
understood as external exposure, which can be defined
according to the TGD of the European Commission "as
the amount of the substance ingested, the total amount in
contact with the skin (expressed as mg cm-2 or mg cm-3 or
either the amount inhaled or the concentration of the substance in the atmosphere, as appropriate". As far as more
than one route can expose the human to chemical, it is
necessary to determine the total body burden.
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The humans may be exposed to substances in the
work place (the so-called occupational exposure), from
use of consumer products (consumer exposure) and indirectly via the environment (Fig. 7). It is possible that all
three types of exposure may contribute to an overall exposure value, which will be considered in the final risk
characterisation.
Similarly with the environmental exposure assessment, the human exposure assessment is based on representative monitoring data and/or on model calculations.
Again, information on substances with analogous use and
exposure patterns or analogous properties has also to be
taken into account.
The data measured have, firstly, to be evaluated carefully with regard to their reliability by determining the
adequacy of techniques, strategies and quality standards
applied for sampling, analysis and protocol. As by the
environmental risk assessment, as a second step, the representativeness of the data has to be established by evaluation
of the type, location, duration and frequency of sampling.
In a third step, the allocation of the representative data
measured to specific exposure scenarios should ensue.
By model calculations an important step is the choice
of sufficient input information on exposure scenarios. The
use of expert judgement to check the realism of the exposure value derived from a certain model is also an essential task in the human exposure assessment.
Looking at the Figure 7, the human health exposure
assessment comprises three important keys: the assessment of workplace exposure, the assessment of consumer
exposure and the assessment of indirect exposure via the
environment.
The workplace exposure assessment comprises: the
inhalation, dermal and ingestion exposure assessments.
Exposure by inhalations is defined in the TGD as "the
concentration of the substance in the breathing zone and
is usually expressed as an average concentration over a
reference period. By convention this reference period may
be either 8 hours to present (perhaps years) exposure or
15 minutes to represent short term exposure".
Furthermore, the dermal exposure is assessed in this
guideline as "potential dose rate predominantly to the
hands and the forearms". It is recommended that the
evaluation of the data measured for workplace exposure
must be carried out by application of occupational hygiene expertise rather than simply the application of statistical methods. On the other hand, for the assessment of
workplace exposure the use of a general-purpose model
called "Estimation and Assessment of Substance Exposure" (EASE) is recommended. This model helps the
assessor to form a considered judgement on occupational

exposure in a short period of time and in a logical and
consistent way.
In the case of modelling for inhalation exposure, the
physical properties of chemical during processing (the
tendency to be airborne), the use pattern and the pattern of
control are used as input information. It is necessary to
clarify that the pattern of control includes the full containment, local exhaust ventilation, segregation, dilution ventilation and direct handling. The treatment of all these criteria would lead to approximately 160 possible combinations,
i.e. to a large number of exposure fields or scenarios.
The dermal exposure assessment is carried out by assuming that only contact with solids and liquids is important, and that dermal exposure to gases and vapours is very
low. In this step it is important to clarify the acceptance of
the terms, "incidental, intermittent and extensive exposure"
used in this guideline. The "incidental exposure equates to
about one event each day, whilst intermittent exposure and
extensive exposure relate, respectively, to two to ten, and
greater than ten events per day". The "none", "incidental",
"intermittent" and "extensive" are four contact level criteria, that are combined with the criteria for the development
of the inhalation scenarios by the modelling of the dermal
exposure assessment. Otherwise, the modelling procedure
is similar to that for inhalation exposure.
The procedure of the assessment of consumer exposure represents a multistep approach, that begins also with
the evaluation and selection of the data. These data are
collected for consumers and consumer product(s). A consumer is a member of the general public, who may be of
any age, either sex or in any stage of health, who can be
exposed to chemicals by using consumer products. The
consumer product can be the substance itself, or a preparation, or an article containing the substance. The assessment of consumer exposure is a complicated process, if it
will be considered that a chemical can be used in several
consumer products or can be employed in different modes
of use. Ideally, for exposure assessment, contact data (i.e.,
frequency of product use, duration of product use per
event, site of product use, including size and air exchange
rate), are combined with both the concentration data (i.e.,
weight fraction of the substance in the product, concentration of the substance in the product) and the product use
(i.e., physical form of product, amount of product used
per event, contact surface, intended use of product). These
data are generally collected from different sources and
evaluated in accordance with some well-defined criteria,
in order to check their reliability and representativeness.
In the following step a qualitative and quantitative exposure assessment is illustrated. The qualitative judgement
is required in order to decide whether the exposure to
consumers of the chemical used in consumer products is
negligible or not. If the exposure cannot be negligible, a
quantitative assessment should be carried out.
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FIGURE 7 – Diagram of human health exposure assessment procedure according to the TGD of the European Commission.
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A more complicated approach is the assessment of
the indirect exposure via the environment, thus, by consumption of food, drinking water, inhalation of air and
ingestion of soil. The step-wise procedure of assessment
comprises the assessment of the concentration in the intake media, that of the intake rate of each medium and the
combination of the concentrations in the media with the
intake of each medium. It is well understood that human
behaviour varies not only from country to country, but
also within countries and even between individuals. Also
the distance from the source of the exposure influences
the exposure data. In this way the indirect exposure
should be principally assessed on local and regional
scales, similarly as by the environmental exposure assessment already described.
Finally, in every case of the exposure assessment, a
comparison of the exposure levels determined on the basis
of measured data and those obtained from modelling
should be performed. Every divergence in both exposure
levels is associated with analysis, and so critical discussion of the approaches used.
3.1.2.2 Effect assessment

According to the TGD of the European Commission,
the risk assessment should consider the following potential toxic effects: acute toxicity, irritation, corrosivity,
sensitisation, repeated dose toxicity, mutagenicity, carcinogenicity and toxicity for reproduction and should
comprise the following steps: the hazard identification
and the dose (concentration)- response (effect) assessment.
By the dose-response assessment the NOAL and, if possible, the LOAEL should be determined for the observed
effects. The criteria for classification of the substance:

–

on the basis of lethal or irreversible effects after a
single exposure, or on the basis of the discriminating dose, if the fixed dose procedure has been
used (acute toxicity), or

–

as irritant (substances which, through intermediate, prolonged or repeated contact with the tissue
under consideration may cause inflammation),

–

as corrosive (substance which may destroy living
tissues, with which it comes into contact),

–

as sensitiser (substance which, if inhaled or if it
penetrates the skin, is capable of eliciting a reaction of hypersensitisation),

–

as carcinogen (if they induce cancer or increase
its incidence when the chemicals inhaled or ingested or it penetrates the skin),

–
–

on the basis of adverse effects on reproduction,
on basis of repeated dose toxicity

can be found in the Directive 93/21/EEC [35].

As main sources for the effects´ data can be mentioned: the analytical epidemiology studies on exposed
populations, the descriptive or correlation epidemiology
studies, the controlled studies in human volunteers and
the case reports. As particularly relevant are considered
especially:

–

the analytical epidemiology studies, which may
provide the best data for risk assessment,

–

the human exposure studies in volunteers, which
are particularly useful for assessing exposure
levels associated with acute effects, and

–

the case reports, particularly, when they demonstrate effects, which cannot be observed in experimental animal studies.

Data required for the assessment: Outside of the human exposure data, other substance data such as those
obtained from animals and in-vitro studies (i.e., on metabolism and/or mechanism of action, dermal adsorption, various aspects of toxicity), or those obtained from protein
and/or DNA binding studies, studies in cell cultures from
different species, as well as from modelling systems (i.e.,
physiologically based pharmacokinetics models) should be
considered by performing the risk assessment. All these
data used in the risk assessment can be categorised in two
important groups: basic data requirements and other data,
which may already be available. In accordance with the
TGD the basic data requirements are the toxicokinetic
information. The term toxicokinetics includes "toxicodymanics and is used to describe the absorption, distribution,
metabolism and elimination of a substance following exposure, and the kinetics of these processes, as appropriate". In
the group "other data" are included not only the human data
and those from animal studies, but also such data from
in-vitro studies, protein and/or DNA binding studies, cell
studies and modelling systems.
Evaluation of the available data: The evaluation of
data for human health risk assessment includes several
steps. It begins, generally, with determination of the objectives of investigation for each of the above-mentioned
toxic effects and then continues with the choice and
evaluation of the available data. The evaluation of the
human data requires an in-depth critical assessment of the
reliability than animal data. On the other hand, the assessment of studies on the kinetics often requires a particular expert interpretation. Similar problems exist by the
evaluation of the animal data. The expert evaluation of the
toxicokinetic studies conducted in animals can also be
necessary. Prediction of the likely toxicokinetic behaviour
of a chemical can be qualitative. In order to facilitate
interpretation of the toxicity studies and their relevance to
humans, assessment of dose-response relationships for
toxicokinetic parameters, can be particularly helpful. In
the TGD the evaluation of the available data for toxic
effects being discussed is generally made for new and
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existing substances separately. The degree of uncertainty
in studies taken into consideration has also been discussed. In many cases a guidance or a strategy on testing
is also described.
3.1.2.3 Risk characterisation

The risk characterisation can be seen as a procedure
based on the comparison of the quantitative and/or qualitative information on exposure for a human population to
the N(L)OAEL. In case that the exposure estimate is
higher or equal to the N(L)OAEL, according to the TGD,
the substance is considered "of concern" with regard to
the exposure of the human population. The assessor has to
decide whether additional data on either exposure or
toxicity are needed, in order to improve not only the exposure or N(L)OAEL values, but also, consequently, the
comparison, which naturally influences the risk characterisation results. Then, where the exposure estimate is
less than the N(L)OAEL, the magnitude, by which the
N(L)OAEL exceeds the estimated exposure, needs to be
considered taking into consideration the different factors
such as the uncertainty, the nature and severity of the
effect, the differences in exposure, the dose-response
relationship observed and other factor, stressed very
clearly in this guideline.
Important for the risk characterisation is the decision
whether the exposed human population will include a
certain age of the exposed population or the general public. For certain types of effects particular attention should
be given to the "margin of safety", in order to protect
sensitive subpopulations, such as e.g. pregnant women.
Furthermore, individuals potentially exposed in the workplace should be specifically monitored and/or protected.
As a result the procedure leading to a decision by the risk
assessor should be first of all justified.
It should be pointed out that e.g. the toxicokinetics
studies are not only costly and time consuming, but also
involve the use of animals. Such factors make every decision of the risk assessor for other tests under consideration not as easy, as it can be assumed. However, if it is
considered that further information would be useful, the
information required should be clearly defined.
If even after improving the risk characterisation, the
exposure estimates is still higher than/equal to the
N(L)OAEL, again the risk assessor has to decide if there
is a need to recommend for risk reduction measures.
3.1.3 (Quantitative) Structure-Activity Relationships ((Q)SARs)

As it is already mentioned, in the TGD special attention is drawn to the use of (Quantitative) Structure-Activity
Relationships ((Q)SARs) methods in the risk assessment
process. The (Q)SARs techniques are estimation methods
developed and used for predicting certain effects or properties of chemical substances, being investigated on the basis

of their structure. The use of such methods save often time
and financial sources and may decrease the number of
experimental tests involving animals.
However, the use of (Q)SARs should not result in a reduction of the scientific basis on which the risk assessment
is made. A (Q)SARs method is considered to be acceptable
for a particular use, if, at first, a thorough evaluation has
been carried out (i.e., within national or international programs) and if the estimate possesses the necessary accuracy
for the intended use. Important is that the endpoint estimated through a certain (Q)SAR method is compatible with
an endpoint used in the risk assessment process. If such
requirements are fulfilled, the (Q)SAR can assist:

–
–

in data evaluation,
can contribute to the decision making process on
whether further testing is necessary to clarify an
endpoint of concern,

–

in establishing parameters, which are necessary
to conduct the exposure and/or effects΄ assessment,

–

in identifying effects which may be of potential
concern, on which test data are not available.

In the first type of use, the (Q)SARs help to decide
whether data from available tests are suitable for use in
the risk assessment, when the validity of the tests is not
obvious. Also when several studies are available with
differing results for a particular endpoint, (Q)SARs predictions may contribute to the weight of evidence used in
the risk assessment for the outcome. For the second type
of (Q)SARs use, it is recommended in the TGD that before requesting for any further testing, all the available
relevant data, including all relevant estimates established
by applying acceptable (Q)SARs should be considered.
The use of (Q)SARs for the estimation of specific parameters is generally applied for cases where measured
data are not available. Further, on acceptable, (Q)SARs
can be used in relation to preliminary assessment of endpoints which are not part of the base-set and for which
information may not be available. These (Q)SARs estimates may indicate the potential risk to man or the environment.

4 PLANNING THE RISK ASSESSMENT
“If you begin the overall risk assessment process with
planning and scoping, you set a sound foundation for a
good risk characterisation at its end” [17]. Based on the
experience, the planning and scoping are important keys
to ensure that each risk assessment has a clear purpose,
has a defined scope, and is well thought out. The planning
of the risk assessment is generally a complex process,
which includes two main questions: what ecosystem or
what species has to be protected. The term "to be protected" is directly connected with the goals and the objec-
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tives of the risk assessment procedure. After defining
clearly the goals it is important to complete the objectives,
making them understandable, measurable and controllable.
Once the goals and the objectives are well defined, it
is needed to decide what ecosystems or species have to be
examined. This decision is not an easy task, because of
many factors to be considered such as:

–

the physico-chemical properties, life cycle or
other factors directly linked with the chemical(s)
under investigation, and

–

the species attributes, species interaction or other
indirect factors linked with the population choice
to be investigated for assessment of the exposure
and effects.

Even though it looks that it is the planners job to take
such decisions, in praxis risk assessors, risk managers,
planners, analysts and/or other interested parties are asked
to reach a consensus.

5 RISK MANAGEMENT - RISK ASSESSMENT
VERSUS RISK MANAGEMENT
Risk management is an effort to reduce the risk through
education, regulation, and clean-up [23]. So it involves
determining whether and how risks should be managed or
reduced, and it is based on the results of the scientific risk
assessment as well as other factors (Fig. 8) [17].

While the scientific factors are apparently the primary
factor and driving force for most regulatory and risk management decisions, the economic factors generally inform
the manager on costs of risk and the benefits of reducing
them. Laws and legal decisions are factors that define the
basis for risk assessment, management decisions, and in
some instances, the schedule, level or methods for risk
reduction. Social factors may affect the susceptibility of
an individual or a definable group to risk form of a particular stressor. Technological factors include the feasibility, impacts, and range of risk management options. The
political factors and public values close the circle of factors playing an important role in decision making [17].
While economic, social, and legal considerations have a
legitimate place in risk management, they have no place
in the scientific process of risk assessment [23]. Risk
managers use the results of risk assessments, plus economic, social, and legal considerations to make regulatory
and policy decisions.
Risk management options include pollution prevention or control technologies to reduce or eliminate the
pollutants or other stressors on the environment. The
environmental or public health impacts resulting from risk
management decisions must then be monitored so that any
necessary adjustments can be made [19].
The risk management should be a part of a system of
quality control. In effective and efficient risk management,
the way activities are organised plays a central role [27].

Scientific
factors

Economic
factors

Public
values

Laws
RISK
MANAGEMENT
DECISION

Legal
decisions

Technological
factors

Social
factors

FIGURE 8 - Factors that a decision maker considers in arriving at a final environmental decision.
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6 CONCLUSIONS
The ecological evaluation is often being seen "as an
anthropogenic exercise; i.e., people's wishes count. To
identify goals of the environmental valuation and to characterise them, a close interaction and deliberation among
scientists, decision-makers and other stakeholders is required. An expanded, rich, and complex process using
multiple approaches is required to fully encompass ecological evaluation [18]". This process entails a sequence of
actions such as: exposure assessment, assessment of effects
comprising the hazard identification and dose-response
assessment, and the risk characterisation. The procedure of
the assessment begins with the problem identification and
formulation. Once identified, problems should be thoroughly described to provide insight into their nature and
magnitude. A problem can never be efficiently solved
unless described with precise problem statements. Such
statements aid in determining whether a particular problem
warrants the use of resources and should address:

–
–
–

The "Technical Guidance Document in Support of
Commission Directive 93/67/EEC on Risk Assessment
for New Notified Substances and Commission Regulation
(EC) No. 1488/94 on Risk Assessment for Existing Substances" of the European Commission is taken as an example for environmental and human health risk assessment. Within the European Union the risk assessment is
an iterative process for both new and existing substances,
and is on the verge of being reviewed under the concept
of the “New Chemicals Policy”, following the European
Commission’s White Paper (COM (2001) 88 final of
February 22nd 2001) [36].
During the risk management stage, a decision is made
about the tolerability of the risk. In the context of the present paper, this decision is made by risk assessors in collaboration with risk managers and other interested parties.

what is and should be occurring,
7 ACKNOWLEDGEMENTS

is there a discrepancy, and
is the nature and extent of the discrepancy important enough to justify using resources to reduce it?

In the sequential series steps of the ecological evaluation it is important to arrange the problems according to
priority. This requires objective criteria for systematically
determining which problems take precedence. A multitude of questions about the magnitude of the problems,
the seriousness of consequences, the state of knowledge
about such problems, the availability of human and technical resources required, the predisposition of the governmental authorities to support to solve the problems as
well as the costs associated with the attempts, all influence, in praxis; the process of risk assessment [5]. A
comprehensive assessment requires information from
many different sources. Here are thought of only the experimental sources other than those that enable to determine exactly the magnitude of problems identified within
the environmental or human health risk assessment.

The authors thank the editorial staff of the "Fresenius
Environmental Bulletin", especially Dr. R. Viswanathan
for the collaboration during the preparation of this paper.

The process of assessing the risk proceeds with definition of goals and objectives, which must be realistic and
measurable. This is an important step in devising and
performing a complete strategy for the risk assessment.
The projection of this strategy should be based on past
experience, scientific research and needs for ecological
protection in the future.
The real performance of this strategy in praxis depends on the exactitude of the plan for risk assessing. This
plan should stipulate all the steps of the risk evaluation,
and assessing should exactly describe the proposed monitoring researches and the respective deadlines, in order to
collect all the needed information required for the environmental decision making.
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SUMMARY
Teaching organic chemistry should be a compulsory
element in university education in the field of chemistry
and related subjects. However, most curricula are still
based on traditional laboratory classes in chemistry. They
focus on teaching basic experimental techniques for synthesis and analysis and demonstrate potential chemical
hazards. The efficiency of a chemical transformation is
usually only measured by the chemical yield of the product obtained. Students do not learn how to determine the
overall efficiency of a reaction, which directly correlates
with its sustainability.
The aspect of the efficiency and sustainability of a
reaction must be added to the content of teaching courses
in organic chemistry. Within this considerably wider
scope students learn how to plan, set up, and analyse
organic reactions taking their effects on man and the environment into account. Within an inter-university research
project of nine institutes from seven universities we
develop a free accessible internet database, which provides all necessary material, amongst others covering
experimental procedures, toxicity data, alternative reaction procedures to discuss and assess a chemical reaction
in a much wider sense. The provided information can be
individually adapted to a specific course.
KEYWORDS: Sustainability, green chemistry, lab courses, education,
dioxalane, microwave, risk assessment.

INTRODUCTION
Education in chemistry has a long history. For a long
time the most important goal of chemists was to make a
compound in suitable amounts and high purity. This biased chemical education, which had a strong focus on
practical laboratory techniques and methods for compound purification. But, in many traditional experiments
there is a considerable potential for generation of hazardous substances of significant toxicological relevance. As
we first could ascertain, considerable amounts of highly
toxic dioxins and furans are formed, e.g., while performing the Beilstein-Test for simple qualitative detection of

halogenated organic compounds. Hereby, students as well
as the laboratories can be significantly contaminated
[1,2]. Furthermore, important issues, such as efficiency
and sustainability of reactions, are ignored.
Together with the Institute of Organic Chemistry of
our Technical University we established a systematic
experimental series to examine the common experiments
for lab courses from standard organic chemistry text
books for their relevance for the environment and the
working places. This included reactions for the synthesis
of brominated phenols [3], brominated anilines [4], chlorinated benzoquinones [5], and further compounds [6] as
well as the detection and elimination of the chlorinated
and brominated dioxins and furans formed in laboratory
wastes before disposal [7-9] and recycling of contaminated solvents [10-12].
Based on these investigations to contribute to a stepwise adaptation of chemists' education to the requirements
of environmental protection and occupational health, an
inter-university research project entitled Organic Teaching Lab Course for the New Millennium was initiated
and is now supported by the German Environmental
Foundation (DBU). Besides the above mentioned aspects,
it is aiming at the improvement of the sustainability of
teaching experiments by developing and collecting material that allows students and teachers to assess reactions
beyond experimental set up, reaction mechanism, and
chemical yield to achieve better awareness of the important issues of sustainability in chemistry within the next
generation of scientist.

OPTIMIZED EXPERIMENTAL PROCEDURES
The last 20 years, in which much more attention was
paid on the effects of chemical production and chemical
compounds on the environment have taught us one clear
lesson: It is much better, less difficult, and less expensive
to develop processes and compounds that are sustainable
from scratch than to change an existing bad chemical
process or to remove a dangerous substance from the
environment to reduce potential hazard and pollution. In
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order to do so, chemists and scientists working in development of drugs or new materials must think of sustainability when they transform their ideas into production
and processes. One of the essential issues of the project is
the development of optimized experimental procedures.

To develop such reactions from existing procedures it is
necessary:
(vi) to evaluate procedures by the criteria of
sustainability,
(vii) to optimize experimental procedures,

Reactions capable of illustrating sustainable chemistry
should have the properties:

(viii) to develop alternative reaction techniques for
optimal energy input,

(i) being efficient (e.g. good atom economy, catalytic),

(ix) to collect safety data of all compounds,

(ii) no toxic by-products should be produced,

(x) to perform full product analysis, and

(iii) should be maximum recyclable (e.g. of solvents),

(xi) to search for highly toxic by-products
(e.g. dioxins).

(iv) should use renewable resources, and
(v) should have an efficient energy input
(e.g. by microwave).

H

The acid catalyzed acetalation of 3-nitrobenzaldehyde
with ethanediol (ethylene glycol) to 1,3-dioxolane could
serve as a good example to demonstrate the above:

O

O
HO

O

4-toluene sulfonic acid

+ H2O

+
NO2
C7H5NO3
(151.1)

HO

NO2
C7H8O3S . H2O
(190.2)

C2H6O2
(62.1)

C9H9NO4
(195.2)

FIGURE 1 - Acid catalyzed acetalation of 3-nitrobenzaldehyde to 1,3-dioxolane.

This is a non-problematic reaction: Reaction size
(micro scale, lab size, macro scale), equipment, difficulty,
reaction time, chance to interrupt, recycling, and waste
treatment can be specified. By an appropriate analysis of
the crude reaction product with HRGC/FID it can be
shown that the mixture consists of the remaining starting
material (3-nitrobenzaledhyde 9%, RT 4.5 min), the product formed (1,3-dioxolane 91%, RT 9.2 min) and impurities at trace levels (< 0.1%). The state-of-the-art analyses
not only include GC, but also 1H-NMR spectra of the
crude mixture as well as the pure product to assess the
specifity of this reaction. By doing so we could find just
a small resonance of the aldehyde-H (at δ 10.15 ppm)
besides the identical chemical shifts and signal strengths
of the raw mixture and the purified product (at δ (ppm)
8.37-8.35 m, 8.25-8.20 m, 7.83-7.79 m, 7.60-7.54 m, 5.90s,
and 4.18-4.05 m).
Conventionally, this reaction is performed under
azeotropic distillation of water formed, which takes
sometimes several hours. An alternative reaction control
is heating the starting materials in a microwave field at

900 W (Temp. 120-140 °C). The GC analysis showed that
after 5 min 85% product was formed and just 15% starting material remained in the mixture. If one compares
the energy consumption of the whole synthesis by different type of energy input the following picture will
come off (Fig. 2).
Factors influencing the energy consumption are usually (i) reaction temperature and reaction time, (ii) solvent type and volume, (iii) thermal isolation, heating,
and cooling. Loss of energy is an important factor. By
this, it can be explained why in set-ups using an oil bath
or a heating mantle much more energy is need for heating compared to a microwave oven. Isolation of parts of
the apparatus may reduce energy loss and the success
can be monitored by infrared photography and changes
in the energy uptake. The differences in energy consumption for laboratory experiments are insignificant in
their absolute numbers. The aim of such experiments is,
therefore, not the reduction of energy needed in lab
classes, but to make everybody working in science and
engineering aware of these issues that really make a
difference on the large scale.
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FIGURE 2 - Energy consumption for acetalation of 3-nitrobenzaldehyde to 1,3-dioxolane.

O

H3C
O

O

HO
C2H5 +
HO

C6H10O3
(130.1)

O

H3C
H+
O
cyclohexane

C2H6O2
(62.1)

O

O

C2H5

+ H2O

C8H14O4
(174.2)

FIGURE 3 - Acid catalyzed acetalation of acetoacetic ester to dioxolane.
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FIGURE 4 - Acid catalyzed decomposition of acetoacetic ester while heating (CO2 trapped with saturated Ba(OH)2 in bubble counter;
Ethanol and Acetone in the aqueous phase detected with NMR; Ethanol and Acetone in the cyclohexane phase detected with GC;
Acetone in the aqueous phase analyzed as 2,4-dinitrophenyl hydrazone)
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ANALYTICAL CONTROL OF SYNTHESES
(PROCESS ANALYSES)

following reaction, again a very typical example from
organic chemistry textbooks and frequently performed in
lab classes, is an illustrative example for this.

The next example again of an acid catalyzed acetalation (of acetoacetic ester) to dioxalane indicates the
necessity of a complete analysis of products formed
during an experiment (Fig. 3).

Nitration of toluene yields several reaction products
in different amounts. The careful analysis of the crude
product mixture reveals that besides the ortho- and parasubstitution products, as expected from the selectivity
rules of electrophilic aromatic substitution, considerable
amounts of other products are formed. Their relative
amounts vary with reaction conditions, but a reaction
yielding a single substitution product is hard to achieve.
Standard working up procedures allow the separation
and purification of single compounds. However, for our
assessment of potential hazards of a reaction we have to
take all reaction products into account, the desired ones
and the unwanted, because they all have been produced,
and humans are exposed to them.

The two reactions shown in Figs. 1 and 3 are given in
many textbooks of practical lab courses. Both reactions
are excellent from their atom economy: Only one equivalent of water is produced. The method of water removal,
the choice of catalyst and the work up procedures may
strongly influence the overall efficiencies. But there is a
more striking difference between the two reactions: While
the reaction in Fig. 1 gives a yield of 80-90% of chemical
product isolated depending on the experimental skill of
the operator, the reaction in Fig. 3 yields the acetal in only
55-65 %. In all textbooks around the globe, in which the
experiments are cited, the yields of the latter reaction are
significantly lower compared to the former. So there must
be a chemical reason for the difference. Interestingly, the
analysis of the crude reaction products of both reactions
by techniques, such as nuclear magnetic resonance
(NMR) or gas chromatography (GC) clearly show in both
cases a clean and specific reaction. Only the desired products and traces of unreacted starting material could be
detected. In the latter reaction some material must have
simply disappeared!
With the help of full analyses of all reactions
occurred during the synthesis and products formed we
could ascertain that hidden pathways and unwanted outlets exist, and indeed it was possible to trap CO2 evolving
from the reaction and to detect acetone in the aqueous
reaction phase. Now, the case becomes much clearer. The
ß-keto ester is hydrolyzed under the acidic reaction conditions to give a ß-keto carboxylic acid. These compounds
are known to split off CO2, when heated. In our reaction
this leads to the formation of CO2 and acetone (Fig. 4).
This reaction sequence, which competes with the acetalization, consumes approximately half of the starting material, so that the reduced yield of the desired product
becomes obvious. Now that we have spotted and understood the problem, we can start thinking how to do better
and turn the reaction into a more efficient process. Another catalyst, different reaction conditions or another
solvent could be the first things to be tried.
TOXICITY ASSESSMENT
Working with chemicals always implies a potential
hazard for man and the environment. Everyone using
chemicals in one´s professional life should, therefore,
be able to handle hazardous compounds safely, retrieve
information about toxicity and assess the implications of
a reaction or a compound for the environment from these
data. Using, understanding, and interpreting toxicological
data must be an essential part of chemical education. The

The measurement of the overall effect of a chemical
compound on humans and the environment is difficult.
A reasonable estimate is the effect factor, which is derived from a variety of toxicity data, but also considers
how easy a compound is distributed in the environment
and how long it withstands degradation. Figure 5 shows
all compounds used in and produced by the investigated
reaction with encoded effect factors to allow an easy
detection of dangerous components. The data to carry out
such an assessment for any kind of reaction will be provided as background material on the web pages of our
project. However, not for all compounds data are available and new compounds have not been tested. For these
cases we have to look for structural elements that may
indicate dangerous properties. Such structure-toxicity
relationships will be provided and discussed in examples.
With these material everyone, who has taken an organic
chemistry teaching lab course, will be able to estimate the
potential chemical hazard of a reaction.
RISK ASSESSMENT
The effect of a chemical reaction on the environment does not end at the door of the lab, but in the
teaching lab courses we mostly consider it like this due
to the small amounts of chemicals and waste involved.
To extend the view from time to time can provide new
insights and teach interesting lessons. The exercise starts
at the reaction itself. We then extend the scope to be considered step by step. How have our starting materials been
made? Can we trace them back to renewable resources?
What happens to our waste? From where do we get the
energy needed for the reaction and how is it generated?
What was necessary to produce our reaction apparatus?
Finally, we will end up with a complete picture how our
reaction interacts with the environment (Fig. 6). In most
cases it will be difficult to determine all parameters in
exact measures, but even rough estimates allow to identify problems and opportunities for improvement and
synergies.
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FIGURE 5 - Nitration of toluene with toxicological effect factors of all substances encoded.

TABLE 1 - Effect factors as indicators for hazard (after German regulation TRGS 440 from the year 2001).

Risk Phrases

1

Potential Hazards

Effect Factor

R45, R46, M1, M2, K1, K2

carcinogenic or mutagenic

50,000

R26, R27, R28
or LGW < 0,1 mg/m3

highly toxic

1,000

R32, R60, R61, RE1, RE2, RF1, RF2

potential reproduction toxicity or teratogenic,
formation of highly toxic gases in contact with acids

1,000

R35, R48/23, R48/24, R48/25, R42, R43

highly corrosive, high chronic toxicity,
potentially sensitizing

500

R23, R24, R25, R29, R31, R34, R41, H

toxic, generation of toxic gases in contact with water
or acids, cauterizing for eyes, skin absorption

100

R33, R40, K3, M3,
pH < 2 or pH > 11,5

risk of cumulative effects, potentially irreversible
damages, suspected mutagenic or carcinogenic effects

100

not tested sufficiently

= no LGW1, no risk phrases

100

R48/20, R48/21, R48/22, R62, R63,
RE3, RF3

chronically harmful, suspected reproduction toxicity or
teratogenic effects

50

R20, R21, R22

harmful

10

R36, R37, R38, R65, R67

irritating, narcotic

5

other risk phrases or
LGW > 100 mg/m3

none

1

LGW = Limiting values for air from TRGS 900: That means either MAK value (maximum working place concentration) or
TRK value (admissible requiring monitoring value) or ARW value (similar to TRK
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FIGURE 6 - Environmental assessment of a reaction at different levels.
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FINAL OUTCOMES, DOCUMENTS
STRUCTURE AND PUBLICATION

PARTICIPANTS AND ACKNOWLEDGEMENT
The participants in this project are

More than 100 laboratory experiments from different
types and categories of chemical reactions will be worked
out and evaluated during the course of this project. Each
experiment will be documented containing
•

detailed instructions for three batch scales,

•

all safety data (R/S phrases) with comments,

•

analyses of raw and pure products (GC, HPLC,
NMR, IR),

•

specification of reaction time, degree of difficulty, reaction mechanisms, significance of the
reaction, experimental methods, equipment,
waste treatment,

•

detailed assessment of reaction with respect to
efficiency and (eco)toxicological characteristics
of all substances,

•

if suitable: alternative and more efficient reaction
control,

•

and on demand: residue analyses of highly toxic
by-products.

All information will be provided for free in hyper
linked format via internet The instructor of a teaching lab
will be able to select the suitable topics for his own
course. Progress of the project, which will be completed
by the year 2004, can be followed at http://www.uniregensburg.de/Uni/Agenda21/OC Praktikum/umwelt-home.htm
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IMPROVED ENVIRONMENTAL MONITORING MANUAL OF BEST PRACTICE FOR THE DESIGN OF
WATER QUALITY MONITORING PROGRAMMES
D. C. Jowett
Environment Agency, Rio House, Waterside Drive, Aztec West, Almondsbury, Bristol, UK

SUMMARY
A major collaboration programme has been undertaken by the Environment Agency in the UK (in collaboration with the Scotland and Northern Ireland Forum for
Environmental Research (SNIFFER)) and the Po River
Authority in Italy (with scientific support of National
Research Council - Water Research Institute), resulting in
the development of a common Manual of Best Practice
for the design of water quality monitoring programme.
The Manual has the purpose of supplying a guidance for
organisations charged with monitoring activities, and it
has been organised in different versions for UK and Italy.
Both versions refer to common principles, but different
approaches to implementing monitoring programmes are
recognised. For a given monitoring objective, the Manual
gives the user step-by-step guidance through the choice of
an appropriate monitoring strategy, deciding what to
measure and how and when to measure it, as well as how
to analyse the resulting data and generate management
information. The guidance covers the use of both chemical and biological monitoring methods, for rivers, estuaries
and coastal waters. The user will, therefore, be able to
design a monitoring programme that will be most appropriate for the set of problems and circumstances encountered.

KEYWORDS:
Manual, monitoring, water, design, tools.

monitoring programmes to meet the requirements of EU
and national legislation, as well as local operational
needs. Water quality monitoring across Europe is estimated to cost about 500 million ECUs each year. Opportunities for securing better value for money and potential
savings through more efficient monitoring programmes
could be considerable.
The development of a Manual of Best Practice is seen
as an important contribution to the needs of Member
States and in support of the role of the European Environment Agency in promoting best monitoring practice.

THE NEED FOR
WATER QUALITY MONITORING
Water quality monitoring may be undertaken to obtain information to satisfy the requirements of EU legislation, international agreements, national legislation, classification schemes and local water management activities.
A number of EU Directives and Decisions have been
adopted that require monitoring of rivers for a variety of
reasons, including: monitoring compliance with environmental quality standards, monitoring trends in surface
water quality, and identifying areas susceptible to pollution.
Monitoring is undertaken also to satisfy national requirements resulting from the implementation of specific
legislation or to support more general water management
activities at the operational level.

INTRODUCTION
The purpose of this paper is to highlight a major collaboration programme undertaken by the Environment
Agency in the UK (in collaboration with the Scotland and
Northern Ireland Forum for Environmental Research
(SNIFFER) and the Po River Authority in Italy, two of the
major regulatory authorities in Europe. This has resulted
in the development of a common Manual of Best Practice
for the design of water quality monitoring programmes.
The collaboration addressed the need to develop efficient

In Italy the Regions are charged with water monitoring activities, and the national government is empowered
with supervision, co-ordination and regulation tasks. The
basic legal framework for water quality protection and
monitoring is established by:
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•

Legislative Decree 152/99, which transposes the
EEC Directives 91/271 and 91/676 and defines
the main requirements for water quality monitoring in inland waters, coastal water, estuaries and
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lagoons. For the first time in Italy, the Decree
sets environmental and functional objectives for
water bodies;
Inter-ministerial Committee Resolution of
4/2/77, on the protection of water from pollution,
which regulates any topic that is not thoroughly
defined by the Legislative Decree 152/99;
Law 183/89, which establishes river catchment
as the ecosystem, within which environmental
protection activities have to be designed and performed, and creates river authorities;
Law 36/94 concerning the re-organisation of the
public services that are charged with water abstraction, water supply and distribution, and
wastewater treatment;
Law 61/94 concerning the re-organisation of environmental controls and instituting the National
Agency for Environmental Protection (ANPA)
and Regional Agencies (ARPAs)

In England and Wales the legal framework for river
monitoring stems from the Water Resources Act 1991 and
the Environment Act 1995. Various Sections and Schedules of these Acts require the Environment Agency to
undertake monitoring as follows:
•

•

•

To determine applications for consents to discharge and, although there is no explicit legal requirement on the Agency to monitor discharges
to assess compliance with consent conditions, in
practice this is the approach taken;
To meet any Water Quality Objectives (WQ0s)
applied to protect certain uses of the aquatic environment and maintain them on a public register. River monitoring must be undertaken to
gauge the degree of compliance with WQ0s. In
practice, most WQ0s have arisen from the introduction of European Union legislation.
To “monitor the extent of pollution in controlled
waters”. This basic requirement has been taken
to mean that river monitoring must be done to
gauge compliance with specific environmental
quality standards, in order to protect the various
uses of water.

Under the Water Act 1989 (subsequently consolidated into the Water Resources Act 1991), use related and
classification water quality schemes were separated into
two new systems; Water Quality Objectives (Rivers Ecosystem Classification) incorporating the use-related elements, and a General Quality Assessment (GQA) scheme
for classification purposes.
The GQA scheme has been implemented in a consistent manner by the eight regions of the Environment
Agency, enabling objective comparisons to be made of
water quality across the country.

In addition to the monitoring requirements outlined
above, monitoring is undertaken also to satisfy the data
requirement to support local water management activities.
In Italy, responsibility for environmental protection
and monitoring has been largely devolved from the national level to the Regions, provided that the minimum
requirements of the national legislation are satisfied.
The Po River Authority has made concerted steps towards the co-ordination of water management activities at
the basin level. On 1 July 1993, the Po River Authority's
Institutional Committee approved the project for a basinscale monitoring system for surface water classification.
This agreement was signed by the Authority and the organisations responsible for water management in the Po
catchment: six Regions, an autonomous Province and the
Meteorological Service of Air Force.
In England and Wales, local monitoring programmes
are undertaken by the eight Environment Agency regions
for local or regional water quality management purposes.
The design of these types of monitoring programmes is
undertaken at the local level, on a case-by-case basis. The
range and extent of programmes vary but local monitoring
can be divided into different categories, such as discharge
impact assessment and pre-consenting studies, development impact assessment, diffuse source impact assessment, trend detection and general quality characterisation,
national and regional research and development, post
pollution incidents, real-time water quality management,
model development and validation.
The diverse origins of the eight Environment Agency
regions means that, approaches to monitoring under these
categories differ.
In terms of expenditure, the most important categories are discharge impact assessment and pre-consenting
studies; post-pollution incidents; and detection of trends
and general quality characterisation.
Comparison of the current scale of river monitoring
in the Po River Basin and England and Wales indicates
that river monitoring is undertaken on a larger scale in
England and Wales.
More monitoring sites, in terms of both average river
length and catchment area, are currently operated in England and Wales (average 1 site/7 km) and a greater number of samples per year are taken at each monitoring site
than in the Po River Basin (average 1 site/9 km). A further explanation of a larger monitoring requirement is the
adoption of the Environmental Quality Standard approach
to water management rather than the Uniform Emission
Standard approach.
In the near future monitoring requirements in all EU
member states will change radically as a result of the
implementation of the new Water Framework Directive.
Monitoring under the Directive will commence at the end
of 2006. It is vital that these new requirements are imple-
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mented in the most efficient and cost effective manner.
The Manual of Best Practice can play a key role in ensuring that these new programmes are based on sound science while giving the best possible value for money.
DEVELOPMENT OF A
MANUAL OF BEST PRACTICE
Our collaboration has resulted in detailed information
collected on current monitoring practices from the Environment Agency and the Po River Authority. This has
included identifying the requirements of those involved in
the design and interpretation of monitoring programmes
and the range of tools and procedures used. This information formed the basis of a draft Manual of Best Practice for
water quality monitoring. Following this stage, extensive
testing of the principles of the Manual was made in a series
of test catchments in both the UK and Italy. The final versions of the Manual were completed in both countries in
early 1999 [1, 2]. We have agreed that while principles
embodied in both manuals must be common, differences in
approach to implementing programmes must be recognised. So we have produced two versions of the Manual.
These give step-by-step guidance through all the
stages of a monitoring programme. For a given monitoring objective, the user is guided through the processes of
choosing an appropriate monitoring strategy, deciding
what to measure and how and when to measure it, as well
as how to analyse the resulting data and generate management information. The guidance covers the use of both
chemical and biological monitoring methods, for rivers,
estuaries and coastal waters. The user will, therefore, be
able to design a monitoring programme that will be most

appropriate for the set of problems and circumstances
encountered.
A key feature of the approach offered by the Manual
of Best Practice is the ability to design a cost-effective
monitoring programme within the constraints of the staff
and other resources available.
THE MANUAL OF BEST
PRACTICE – UK VERSION
The Manual of Best Practice consists of the manual
itself and eight associated software tools. Through the use
of the software tools, the principles of the Manual are put
into practice when planning a monitoring programme.
The Manual itself is split into four parts.
Part A, Concepts, lists the acknowledged business
needs for water quality monitoring. Six monitoring strategies that can be used to address these needs are then defined: quality characterisation, spatial comparison, spatial
trend detection, temporal comparison, temporal trend
detection, and before-after control impact (BACI). The
process of designing a monitoring programme to address
any particular Strategy is broken down into a sequential
series of logical steps. A vital element of this process is an
understanding of the types of variability present in the
water body of interest (e.g. seasonal, tidal, diurnal), and the
mechanisms that help to cause those variations (e.g. temperature, rainfall, intermittent discharges, flow). Part A
provides a comprehensive review of this important theme,
together with a general overview of the planning process.
Examples of diurnal and seasonal variations are
shown below (Figures 1 and 2).

FIGURE 1 - Diurnal Variation
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FIGURE 2 - Seasonal Variation.

Part B then supplies a more detailed treatment of the
planning and analysis activities. First, a general introductory section deals with each of the steps in turn, guiding
the user through the decision-making processes with a
combination of general advice on factors to consider and,
where appropriate, detailed step-by-step guidance through
statistical procedures. Details specific to the individual
strategies are then provided in the subsequent six sections.
Two key aspects of the manual are its use of a resourcedriven approach reflecting what usually happens in practice, and its emphasis on assessing the likely value of the
information to be generated by the proposed monitoring
programme. This ensures that a cost-effective programme
can be designed for fixed resources.
The eight software tools produced in support of the
methodology are set out in the Manual. Three of the tools
deal with the planning aspects of a programme, the other
five are to help with generating management information
through the statistical analysis of data gathered by the
monitoring programmes. The tools are:
1.

2.

Tables of typical variability for a series of parameters at a range of sites across the UK. This
tool is designed to obtain information on typical
components of variability in the system that is
proposed to be monitoring in the absence of existing supporting data
Programme Planning Worksheets. These are used
to enter the details of the proposed programme
and the components of known variability within
that system. This then gives a value for the residual variation left over in the system not covered
by the programme as designed. The information
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generated is then used to predict the expected
performance of the planned programme. This is
where the user can see what will be obtained
from the programme, e.g. what trend will be detected over what time period if the planned number of samples are taken, and can then adjust the
programme to meet the initial aim. An example
output is shown in Figure 3. In this case this
shows that the selected programme will detect a
year on year trend provided that the difference
in means is greater than 0.393 units each year.
3.

Monitoring Programme Simulator. Allows the
user to simulate a monitoring programme based
on the known components of variability and gives
a vivid demonstration of its precision and bias.

The Data Analysis Tools are:
1. Understanding Continuous Monitoring Data.
This tool provides a comprehensive analysis of
high frequency data (e.g. that obtained from a
continuous monitor typically taking readings
every hour);
2.

Analysis of Spatial Comparisons. This tool carries
out a paired analysis of any determinand common
to two data sets. It is particularly useful in
comparing data between two sites in a catchment
to detect differences in quality or trends in quality;

3.

Temporal Trend Analysis. This tool enables the
user to detect both linear and step-change trends in
a data set at a given site and carries out a statistical
test to decide which of these is the most significant;

© by PSP Volume 11 – No 10a. 2002

Fresenius Environmental Bulletin

FIGURE 3 - Programme Planning output.

FIGURE 4 - Temporal (before-after) comparison.

4.

Analysis of temporal (before-after) comparisons.
This tool allows the user to decide at which point
in a data series to analyse if there is a statistically
significant difference in quality. This is particularly useful if, for example, a known impact has
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taken place at a given time, e.g. an improvement
to a discharge came on line, and you want to
know if this has resulted in an improvement in
water quality. An example is shown in Figure 4.
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FIGURE 5 - Spatial Analysis of Biological Data (macroinvertebrates).

5.

Analysis of spatial trends in biological data.
Compares biological data e.g. number of taxa,
BMWP scores, average score per taxa, EQIs, at a
series of sites along a river system. Allows the
user to detect statistically similar quality or
where there is a trend in quality. This helps with
the identification of potentially redundant sites or
where extra monitoring stations may be needed.
This tool has recently been used to optimise the
biological monitoring network in rivers in England and Wales. The result was an overall 18%
reduction in the number of sites in the network,
but with no loss of information on general river
biological quality. An example output is shown
in Figure 5.

Part C of the Manual presents the results of a series of
case studies undertaken in the UK during the development
of the Manual. The case studies are examples of the various
Monitoring Strategies, illustrating the application of the
Manual itself and then use of the nine software tools.
The final part of the Manual comprises a series of Appendices comprising a Glossary of statistical terms, an
explanation of the need for the “Statistical Approach” to
monitoring programme design, background to designing
monitoring programmes, typical chemical and biological
methods, estimation of mixing zones in rivers, tables of
typical variations for selected determinants at some continuously monitored sites, statistical tables, technical details
for planning procedures, summary of available software;
and user guides to the eight software tools for use in association with the Manual.

DISCUSSION AND CONCLUSION
The Manual of Best Practice or the Design of Water
Quality Monitoring Programmes has been developed to fill
a gap in the actual way monitoring programmes are
planned. Historically there have always been tools available
to aid the planner in designing a statistically robust programme [3]. Usually, however, this approach has often generated the need to take large numbers of samples in order to
meet a specified statistical confidence level. More often than
not the planner is restricted in the choice and type of samples
that can be taken by the resources available. For example, the
statistical approach could indicate that 365 samples a year
are needed to meet the chosen aim, but in practice the planner only has the resources to take 12 samples. Often the
planner has proceeded anyway with the programme despite
the prior knowledge that it may not be statistically valid.
The Manual aims to address this dilemma. The Manual will
give you a prediction of the statistical confidence you can
expect from your chosen programme. We call this “the
resource driven approach”. For example, it will tell you that
if you take 12 samples over one year you may need a
change in mean quality of 30% to be 90% confident of
measuring a true change. This may be too great a change to
be useful to the planner. For example a 5% change may be
critical in that this presents a danger that a water quality
standard may be breached. The Manual gives you the option
of either increasing the number of samples you take or to
wait for a longer period to assess a smaller change using the
resources available. The Manual gives the planner at least a
good idea of what the designed programme is likely to
achieve before monitoring commences. In this way the best
use is made of the available resource.
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In conclusion the Manual gives the planner the best
chance of achieving a statistically robust programme within
the available resources leading to better management decisions based on sound data. This will also lead to better
targeting of investment leading to real improvements in
water quality.
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INTEGRATED ENVIRONMENTAL AND HEALTH PROTECTION:
IMPLEMENTATION OF THE PRECAUTIONARY PRINCIPLE
Dimosthenis A. Sarigiannis
European Commission – Joint Research Centre, Square de Meeûs, 8, 1050 Brussels, Belgium

and biological processes with social ones. Models
of such systems require multi-disciplinary approaches, the success of which depends heavily
on the establishment of common grounds for
communication among different scientific disciplines and various classes of stakeholders.

SUMMARY
This paper discusses the main difficulties in implementing the precautionary principle in policy decisions.
Precaution is a fundamental principle in integrated environmental and health protection. The essential elements of
a scientific research programme, which could support the
implementation of the precautionary principle in the environmental and health fields, are delineated. Three case
studies ranging from chemical substance safety, genetically
modified organisms (GMO) in the environment and food
chain, and air quality (PM10) management are presented
and conclusions are drawn regarding the elements of a
precautionary policy frame based on sound scientific input
and extensive dialogue with all concerned stakeholders.

KEYWORDS: precautionary principle, science for policy, environment and health protection.

INTRODUCTION
Environmental systems and, consequently, environmental management problems have several attributes that
render their formal representation particulars and the
proposed solutions multidisciplinary. Some of these distinctive features are highlighted below [1]:
•

•

•

•

Randomness. Many environmental processes are
stochastic. Parameter uncertainty characterises
the models representing them.

•

Periodicity. Many environmental processes are
periodic, adding thus a further degree of complexity in parameter calibration and validation.

•

Heterogeneity and scale. Processes in different
media may have quite varying characteristic time
and space scales.

•

Paucity of information. Observational data on
environmental systems typically suffice only for
the characterisation of simply parametric models.

Environmental phenomena associated with health
effects are characterised by the following additional
qualities [2]:

Dynamics. Environmental systems evolve with
time and many of these have memory (for instance, accumulation of toxic pollutants with
biocumulative effects).
Spatial coverage. Modelling environmental processes rigorously needs linking spatially referenced variables with time referenced ones. Data
are stored in spatial databases often via a geographic information system (GIS) to assist in
spatial analysis.
Complexity. Environmental systems are complex,
involving interactions between physical-chemical

750

–

Additional complexity in the assessment of the
biological response of living organisms to environmental factors.

–

Confounding factors that render the process of
identifying cause-and-effect relationships between environmental stressors and health impoverishment cumbersome.

–

Longer time scale of health effects than the phenomenological representation of typical environmental problems.

–

Contained time scales of epidemics outbreaks
rendering emergency preparedness and fast response to crises necessary.
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Notwithstanding the difference between environmental and health effect, the information base for environmental and health management needs to stem from
measurements:

attempt to provide integrated solutions. Thus, the problem
must be defined as broadly as possible based on:

a) reliable, objective, accurate at the local level

−

inherent properties of the hazardous agent

−

source intensity

−

environmental fate of the hazardous substance

b) representative and comparable at regional, national, international levels

−

human or ecosystem exposure mechanisms and
dose-response relationships

The users of environmental and health management
decision-support systems vary, including scientists, managers (decision-makers) and concerned stakeholders. Each
of the users’ categories has different needs, knowledge
acquisition and communication standards, and final objectives [3].

−

impact evaluation

Traditional safety assessment methodologies do not
represent the actual safety performance of technological
innovation when they are based on either limited deterministic analyses or probabilistic risk assessment using frequently controversial criteria and/or data sets. The current
trend towards enhanced public and industry awareness of
the external cost of technology warrants the development
of an enlarged perspective of technological risk [4]. A
multi-aspect definition is proposed in this work, whereby
risk encompasses the probability of occurrence and consequences of:
(a) direct insults to human health,
(b) direct and indirect insults to the natural ecosystem, and
(c) macrosocietal repercussions of specific technological choices.
This approach of technological risk assessment has
the potential of being a low-cost, high-benefit strategy for
the internalisation of technological externalities mainly in
the long term. It may minimise the risk and the consequent financial burden of regulatory policies imposing
"over-protection" obligations to the industry. Such constraints driven by legislation are frequently instigated
after inspections based on traditional safety reports not
adequately depicting the actual safety performance of
technology. Moreover, the combined approach would
reduce the societal risk caused by "under-protection"
owed to inherent uncertainties and frequent limitations of
information resources.

METHODOLOGY
Sound decision making

Environmental management and policy-making
should be based on sound scientific knowledge covering
all facets of the specific environmental problem in an

The current policy trends in the European Union call
for sectoral integration of environmental concerns, i.e. for
the consideration of environmental aspects in all sectoral
policies of the Union. Environmental analysis should
include all the elements outlined above in order to provide
a complete set of information regarding the impacts of
various Community policies on the quality of the environment and human health.
The second step to sound policy-making that integrates the environmental dimensions needs to examine all
available evidence of pollution in all media, as well as the
respective impact on key vulnerable receptors. A wide
range of options and trade-offs needs to be considered in
devising the policy response to the perceived environmental and health impact. This calls for multidisciplinary
approaches and the determination of early detection and
alert and continuous monitoring systems that cross disciplinary borders. Avoiding “tunnel vision”, the limitation
of scientific input to the policy-making process within
disciplinary borderlines is a sine qua non for an all-around
examination of environmental and health impacts and of
the respective solutions. Such a requirement warrants
extensive networking amongst the scientific community
in Europe and even on a worldwide basis. A good example of the response of the scientific world according to
this framework is given by the co-ordinated attempts to
provide scientific and technical support to the threat of
terrorist attack via biological and chemical agents.
The third step in decision-making that is based on
sound science, is a comprehensive examination of the
uncertainty associated with the interactions of different
environmental media and the vulnerability of human
population and ecosystem functions characterised by nonlinear dose-response relationships [5]. Precautionary
decisions can be based on how much evidence of a hazard
exists, on amount of uncertainty and availability of preventive measures.
Embedding precaution in the culture of decisionmaking at various levels will require a combined “topdown” and “bottom-up” approach. It requires not only
mandates on government agencies and proponents of
potentially harmful activities to exercise precaution, it is
also a structure and procedures that build experience in
applying precaution from the bottom up – among citizens,
in firms, and in all levels of government. Finally, it re-
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quires both top-down and bottom-up changes in the way
science is conducted for public policy. The broad recommendations presented herein determine the types of
changes that would need to occur to institutionalise the
precautionary principle as an overarching guide to environmental health decision-making.
1.

Institute a guiding duty to exercise precaution in
environmental and health legislation.

2.

Reconfiguring environmental science for public
policy [6].

3.

Refocus policies, guidance, and priorities toward
seeking safer alternatives to hazardous activities
and opportunities for prevention. This is a clear
driver for the development of innovative, clean
technologies, countering criticisms that the precautionary principle is only used to stop technologies.

4.

Institutionalise precautionary decision-making
procedures (precautionary assessment). Precaution can be established as a guideline to environmental decision-making only to the extent
that procedures guiding a precautionary analysis
of hazards are in place [7].

The concept of “risk preoccupation threshold” could
be of help in terms of identifying risk values, which can
be defined as acceptable by the European citizens.
Clearly, such a notion would require an evaluation of the
opportunity cost generated, when a policy is defined and
economic, human and natural resources are geared towards a given direction. Not investing these resources to
face other areas of risk imposes a societal cost, which has
to be taken into consideration for overall cost-effective
policy-making.

of action, subject to review, in the light of new scientific
data, and indicate responsibility for producing the scientific evidence necessary for a more comprehensive risk
assessment. In this context, the precautionary principle
should not be used as a substitute or excuse for seeking
zero risk. Zero risk is rarely found, and in the vast majority of cases, policy makers are in the field of managing
and controlling risk [11].
The most efficient contribution of the scientific
community in trying to support precautionary policymaking would be to present policy makers with options
available for avoiding unnecessary disturbances to the
environment and public health rather than with the likely
reaction of the environment and human body to activity x
or substance y. This entails developing a comprehensive
research agenda aiming at:
−

generating better focused and higher quality of
information

−

drawing from multiple disciplines and constituencies

−

synthesizing patterns from the evidence in a holistic manner

A practical guide on how to implement the above
strategic guidelines encompasses the following elements:
−

Render scientific knowledge informative to policy makers

−

Broaden system boundaries as appropriate

−

Examine cumulative effects of multiple stressors

−

Adopt interdisciplinary approaches to review
scientific evidence – exploit potential of
information fusion

−

Greater integration of qualitative information
into scientific results

−

Develop more effective monitoring and early
alert systems

−

Be clear and explicit about uncertainties and
limitations (what is known, not known, can be
known) [5]

Science for public policy

The concept of risk is characterised by multiple dimensions [8]. The crucial point with regard to many of
these dimensions is that, as with many of the different
classes of impact, they are irreducibly qualitative in nature. Even where some effort at quantification under an
individual dimension is possible, the resulting values will
be incommensurable in the sense that they cannot readily
or unambiguously be reduced to a single measure of performance. The relative priority attached to the different
dimensions of risk is intrinsically a matter of subjective
value judgement [9, 10]. These properties of multidimensionality and incommensurability are crucial and intractable features of technological risk, which determine the
envelope of available policy measures to face it.
Policy measures based on the precautionary principle
should comply with the basic principles for all other legislation and be: proportional to the chosen level of protection, non-discriminatory in their application, consistent
with similar measures already taken, based on an examination of the potential benefits and costs of action or lack

EXAMPLES – CASE STUDIES
The new EU chemicals policy

The European Union has recently approved a White
Paper on a future strategy for the assessment and management of risk associated to chemical substances and products [12]. The implementation of this strategy is characterised by a strong communication and participation component; a well structured method for enhancing the participation of all concerned stakeholders. This included:
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(a) A stakeholders conference organised in Brussels
in April 2001;
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(b) Information days in all member states of the EU
within the second half of 2001;

•

Development of bioinformatic tools including
GMO databases allowing DNA fingerprinting
and identification of specified genes across the
food chain

•

Validation and dissemination of advanced detection methods through extensive networking of the
competent reference laboratories across the EU.
Initiatives going in that direction include the
European network of GMO reference laboratories
(ENGL) set up by the Joint Research Centre of the
European Commission. ENGL aims at acting as a
platform co-ordinating European research efforts
towards advanced GMO detection and identification, focusing in particular on providing integrated
training to scientific and technical staff from authorities competent for the implementation and
enforcement of Community legislation.

•

Incorporation of the explicit limitations of the
current state of the art into the legislative requirements. Law cannot go beyond the limits of
scientific knowledge; it would be better to recognise the current scientific uncertainties and
make sure that regulatory provisions support the
development of the necessary scientific tools.

(c) Setting up of joint working groups from member
states for drafting the follow-up legislation
The development of policy taking into account the
precautionary principle requires answering several key
scientific questions that still burden its knowledge basis.
Uncertainties of this type prove to be determining the
decision-making process and limiting the final efficacy of
the resulting policies [13]. Scientific input could – even
partially – shed some light to these uncertainties. The
research priorities that could actively support the implementation of this crucial Community policy should include amongst others:
−

Putting an additional focus on the real risk based
on the actual use and fate of chemicals using extensive modelling (to determine quantitative
structure-activity relationships; QSARs)

−

Identifying possible hazardous interactions with
other substances and cumulative effects; the
eventual impact of mixtures of chemicals in heterogeneous media is a very important hazard indicator that needs to be considered in the procedures for authorisation of the use of chemicals

−

Examining alternatives to the use of hazardous
substances and assess the respective risk (i.e. the
risk of using the alternative) taking into account
the potential availability, access to and use of the
alternatives

GMOs in the environment and the food chain

The current situation with regard to the use of genetically modified organisms and micro-organisms in agriculture and, in general, in the food chain in Europe is characterised by the lack of scientific consensus with regard to
potential risk on human health. The main risks to human
health are linked to potential allergenicity (allergic reaction to foodstuff that is genetically engineered to express
proteins associated to allergies), and induced bacterial
(viral) resistance to antibiotics [14, 15]. Another risk that
is associated to the use of GMOs in the environment is the
risk to biodiversity [16, 17]. The debate around the issue
of contained use of GMOs in the food chain is particularly
heated in Europe. Thus far, however, it has proven to be
fruitless; hence, a political moratorium to the use of
GMOs in food and feedstuff produced or imported in the
EU has been decided until more sound science answers
the main questions of the debate [18].
A precautionary research agenda that would be able
to support the development and implementation of adequate policies to address the issue of GMO use in the
environment and the food chain should encompass the
following items:
•

Development and availability of analytical controls across the food chain.

Air quality management

Over the last three years, the region of Lombardy in
Northern Italy has been characterised by extreme pollution incidents distinguished by PM10 values exceeding
alert levels according to Community and national legislation. Reliable pollution characterisation, however, is
plagued by the existence of only a limited number of
PM10 stations in an extended geographical area. The
management solution considered by the regional administration included blocking traffic in major cities for up to
weekly intervals. However, this decision was – and still
is – based on a few, non-representative data of the PM10
loading at the regional scale.
An alternative approach taking into account the precautionary principle would comprise zoning the regional
territory based on integrated environmental and health
impact assessment of PM10 loading. Given the inefficiency of the current ground-based air quality monitoring
network to provide reliable information on PM10, information on environmental stressors from various sources
needs to be assimilated and linked to exposure data. The
goal of this integrated research agenda should be to establish cause and effect relationships between actual PM10
loading and human health. These would guide the development of alternative management scenarios. The information flow among the various available information
sources that may be of use in implementing a precautionary approach to air quality management with regard to the
human health risk due to fine particulate matter is given in
Figure 1. This is currently pursued in the frame of the ECfunded project ICAROS NET, co-ordinated by the author.
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FIGURE 1 - Information fusion flow chart for integrated PM10-health impact assessment.
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SUMMARY
Nitrophenols, detected in appreciable concentrations
in many areas from the nitration of phenols, are toxic in
all living organisms. Their phytotoxicity, the uncoupling
activity of the oxidative phosphorylation and the inhibitory effect of oxygen consumption in mammalian mitochondria have been determined in vitro for commercial
phenol-derivatives. Experimental data have been modelled in a QSAR approach using a wide set of theoretical
molecular descriptors, selected by the Genetic Algorithm
procedure. Using validated OLS models it is possible to
predict the toxicity responses, also for compounds still not
tested experimentally.

KEYWORDS:
Molecular descriptors, Genetic Algorithm, phytotoxicity, nitrocresols.

transport. Thus they are classified as “inhibitory uncouplers” [9], generally inhibiting electron transport at concentrations higher than the required to cause uncoupling.
In order to verify the main toxic effect of these relevant
compounds both the uncoupling activity of the oxidative
phosphorylation and the inhibitory effect of the oxygen
consumption in mammalian mitochondria were determined in vitro for commercially available phenol and
cresol derivatives. Considering that the in vivo phytotoxicitiy of nitrophenols is not uniquely due to their uncoupling activity on oxidative phosphorylation [10], the phytotoxicity of nitrophenols and nitrocresols was studied by
determining the reduced germination of soy seeds. In
assessing the relative toxicity of nitrophenol derivatives,
toxicity data evaluated for commercial products were
modelled by a QSAR approach, using different molecular
descriptors.

MATERIALS AND METHODS
Sampling and Sample Preparation

INTRODUCTION
Aromatic compounds are important constituents of
gasoline, automobile exhaust gases and the ambient air in
tunnels and urban atmospheres [1]. Among these, phenols
(phenol, cresols, nitrophenols, nitrocresols) have been
observed in the gas and particle phase, in fog moisture,
rainwater and snow [2, 3] deriving directly from biogenic
and anthropogenic source emissions [4, 5] and indirectly
from photochemically induced reactions in either the gas
[6] or the aqueous tropospheric phase. Phenol concentration in rain and clouds are in the range of µg L-1 [7].
These compounds are toxic to both animal and plant
species, because they interfere with the cell energy transduction process [8] and some, like dinitro-o-cresol and
2,4-dinitrophenol, are potent uncouplers and inhibitors of
the respiratory chain. The major ecotoxicological effect of
nitrophenol derivatives is on the vegetal component of
ecosystems, where they inhibit photosynthetic electron

The field study methodology using our method has
already been described and is available [11].
Chemicals. All the chemicals were of the highest
quality and were purchased from Sigma Chem. Phenol,
cresols and their nitro derivatives were obtained from
Fluka Chemika.
Animals. Six week old male CD1 Charles River mice
were kept in the light for 12 hrs each day; humidity was
maintained at approximately 60 % and temperature at 22 °C.
Plants. Seeds of Glycine max were purchased from
Ingegnoli, Milan Italy.
Isolation of mitochondria. Mouse liver mitochondria
were prepared according to the method described by Sordal et al. [12] and placed in Tris sucrose medium (10 to
20 mg/ml). The mitochondrial protein concentration was
assayed using the method of Lowry et al. [13].
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Measurement of respiratory rate and uncoupling activity.

Resting state respiration (STATE 4), ADP-stimulated
respiration (STATE 3) and the uncoupled state were determined polarografically using a Clark-type oxygen
electrode (Hansatech Instruments Ltd.) in a 1-3 ml cell
with stirrer at 30 °C, containing 2 ml of the respiratory
medium for mitochondria, described by Sordhal et al. [12]
and 1-2 mg mitochondrial protein per ml as previously
described [14]. The rate of oxygen consumption for
STATE 3 and STATE 4, the respiratory control index
(RCI) and the ADP/O ratio were calculated as described
by Chance and Williams [15, 16]: the RCI = ng atom O2
consumed on STATE 3 per min/ ng atom O2 consumed on
STATE 4; ADP/O = nmoles ADP /ng atom O2 consumed
in the STATE 3 respiration. The inhibitory effect of the
oxygen consumption was calculated as RCI inhibition,
while the uncoupling activity was measured as ADP/O
ratio reduction. The 20 % inhibiting doses (IC20) were
calculated using linear regression analysis on probit/log
transformed data according to Finney [17].
Measurement of soybean seeds germination. 10 soy
seeds per sample were grown in petri dishes on filter
paper disks soaked with 7 ml of aqueous solution containing nitro derivatives at concentrations ranging from 11 to
360 mg/L, control dishes contained 7 ml of distilled water. Each sample was in triplicate. The dishes were covered and kept in a termostated chamber at 25 °C in the
dark. After 4 days of exposure the reduction in germination was determined by measuring the root length of the
seedlings, counting the germinated seeds and calculating
the germination index (GI) as follows:

GI = R × L/Rr × Lr,
where R = % rooting of treated seeds, L = average
root length of treated seeds, Rr =% rooting of control
seeds, Lr = average root length of control seeds.
The median inhibiting dose (IC50) was calculated using linear regression analysis on probit/log transformed
data according to Finney [17].

QSAR Modelling
Molecular Descriptors. Molecular descriptors for
QSPR modelling were computed using the package
DRAGON of Todeschini and Consonni [18]. The input
files for descriptor calculation containing information on
atomic spatial coordinates relative to the minimum energy
conformation, were obtained by the molecular mechanics
method of Allinger (MM+) using the package HYPERCHEM [19]. A set of 245 molecular descriptors was
used: a) constitutional (1D-descriptors, i.e. counting of
atoms and fragments, MW and sum of atomic properties);
b) topological and geometrical (2D-descriptors from molecular graph); c) 3D-WHIM (Weighted Holistic Invariant
Molecular) descriptors [20, 21].

Chemometric Methods. Multiple linear regression
analysis and variable selection were performed by the
package MOBY DIGS of Todeschini [22], using Ordinary
Least Squares regression (OLS) and GA-VSS (Genetic
Algorithm - Variable Subset Selection). This approach was
applied to the whole set of independent variables so as to
select the most relevant descriptors giving models with the
highest predictive power. All the models were internally
validated by the leave-one-out (Q2 LOO) and leave-more-out
procedure with 25 % of perturbation (Q2 LMO). The models
were also checked for reliability by scrambling the responses (Y scrambling) to avoid chance correlation and
the predicted values have been checked for reliability by
the leverage approach.

RESULTS AND DISCUSSION
Monitoring Studies: Concentration of phenol and nitrophenols measured in atmosphere.

The Senato sample point, located in the city of Milan,
is an area frequently the subject of heavy air pollution,
both for high motor vehicle emissions and stagnant meteorological conditions. The atmosphere field study was
performed on 5-25 July 1999. An air sample collection
apparatus with SiOH cartridges allowed continuous monitoring, with 4 h time resolution. After elution and HPLCDAD analysis the daily patterns of phenol, 2-nitrophenol
and 4-nitrophenol were obtained and revealed the influence of the emissions and the dispersion characteristics of
the atmosphere, the daily evolution of the air pollutants
being calculated for different groups of days, e. g. working and non-working days (Table 1). It was found that the
patterns for the afternoons and evenings of working days
and the pattern for Sundays are rather similar, and the
Sunday pattern does not have a morning maximum. The
differences between working days and Sunday patterns
seem principally due to traffic emissions. Our recent paper [23] dealing with five sites in Lombardy reports on
the separation and determination of 4-nitrophenol, 3methyl-4-nitrophenol and 2,6-dimethyl-4-nitrophenol in
the gas phase and three other components, 2,4dinitrophenol, 4,6-dinitro-2-methylphenol, 2,6-dinitro-4methyl-phenol found in rainwater.
Toxicity studies

As expected 4,6-dinitro-o-cresol is the most active
compound both in inhibiting mitochondrial respiration
and in uncoupling the oxidative phosphorylation: IC20
values of both effects range from 1 to 10 µ M. Also the
IC20 values on RCI of 2,4-, 2,5-, 2,6-, 2,3-dinitrophenol;
2,6-dinitro-p-cresol; 4-nitro-p-cresol and p-nitrophenol
are below to 10 µM, but these compounds are not as potent uncouplers as 4,6-dinitro-o-cresol. Phenol and cresols
have practically no effect on the cell energy transduction
process (Table 2).
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TABLE 1 - Phenol and nitrophenols mean concentration pattern on working days and non-working days (July 1999).

Time (hour)

Phenol(µ
µg/m3)

01:00 – 05:00
05:00 – 09:00
09:00 – 13:00
13:00 – 17:00
17:00 – 21:00
21.00 – 01.00

0.161±0.191
0.462±0.135
0.161±0.020
0.065±0.069
0.199±0.141
0.188±0.186

01:00 – 05:00
05:00 – 09:00
09:00 – 13:00
13:00 – 17:00
17:00 – 21:00
21.00 – 01.00

0.242±0.075
0.284±0.010
0.071±0.053
0.036±0.008
0.342±0.115
0.434±0.106

4-nitrophenol (µ
µg/m3)
Working Days
0.162±0.050
0.176±0.060
0.252±0.056
0.175±0.089
0.259±0.075
0.235±0.119
Non-Working Days
0.128±0.046
0.174±0.105
0.125±0.002
0.137±0.015
0.183±0.105
0.104±0.025

2-nitrophenol (µ
µg/m3)
0.207±0.081
0.177±0.113
0.233±0.139
0.101±0.018
0.397±0.135
0.285±0.119
0.182±0.127
0.093±0.002
0.163±0.079
0.131±0.055
0.132±0.057
0.114±0.032

TABLE 2 - Observed and predicted values, in Log(1/IC), that cause 20 % inhibition of RCI and
ADP/O and 50 % inhibition of GI. (The values are expressed in mmol/l)

ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

NAME
Phenol
o-nitrophenol
m-nitrophenol
p-nitrophenol
2,3-dinitrophenol
2,4-dinitrophenol
2,5-dinitrophenol
2,6-dinitrophenol
3,4-dinitrophenol
3,5-dinitrophenol
o-cresol
m-cresol
p-cresol
3-nitro-o-cresol
4-nitro-o-cresol
5-nitro-o-cresol
6-nitro-o-cresol
2-nitro-m-cresol
4-nitro-m-cresol
5-nitro-m-cresol
6-nitro-m-cresol
2-nitro-p-cresol
3-nitro-p-cresol
3,4-dinitro-o-cresol
3,5-dinitro-o-cresol
3,6-dinitro-o-cresol
4,5-dinitro-o-cresol
4,6-dinitro-o-cresol
5,6-dinitro-o-cresol
2,4-dinitro-m-cresol
2,5-dinitro-m-cresol
2,6-dinitro-m-cresol
4,5-dinitro-m-cresol
4,6-dinitro-m-cresol
5,6-dinitro-m-cresol
2,3-dinitro-p-cresol
2,5-dinitro-p-cresol
2,6-dinitro-p-cresol
3,5-dinitro-p-cresol

RCI obs. RCI pred. ADP/O obs. ADP/O pred.
-6.15
outlier
-3.14
-3.31
-1.38
-1.44
-4.45
-4.00
-1.33
-1.33
-2.02
-2.44
-0.98
-1.07
-2.04
-2.22
-0.69
-0.62
-1.80
-1.61
-0.66
-0.69
-1.03
-1.36
-0.28
-0.70
-1.60
-1.26
-0.99
-0.73
-1.76
-1.92
-1.05
-0.61
-1.39
-1.75
*
-0.65
*
-1.34
*
-1.54
-4.43
-4.25
-1.81
-1.62
*
-3.42
*
-1.39
-11.96
outlier
-1.47
-1.74
-2.03
-2.01
*
-1.71
*
-1.33
-1.52
-1.35
-2.14
-1.89
*
-1.33
*
-2.33
-1.14
-1.51
-6.45
outlier
-0.72
-0.90
-1.79
-1.52
*
-0.86
*
-2.33
-1.92
-1.46
*
-1.98
-1.81
-1.69
-2.56
-2.62
-1.21
-1.39
-2.82
-3.06
*
-0.59
*
-1.63
*
-0.62
*
-0.63
*
-0.68
*
-0.48
*
-0.14
*
-1.02
2
1.95
-0.43
-0.21
*
-0.57
*
-1.13
*
-0.65
*
-0.94
*
-0.62
*
-0.40
*
-0.83
*
-1.67
*
0.19
*
-0.40
*
-0.37
*
-0.99
*
-0.34
*
-0.32
*
-1.11
*
-0.90
*
-0.91
*
-0.36
-0.83
-0.89
*
-0.18
*
-0.95
*
-1.37
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GI obs.
No effect
0.68
0.91
0.63
0.41
0.11
0.31
0.15
0.42
*
No effect
No effect
No effect
0.75
*
0.94
*
*
0.90
*
*
1.47
1.14
*
*
*
*
0.18
*
*
*
*
*
*
*
*
*
0.46
*

GI pred.
high lev
0.66
0.85
0.64
0.30
0.21
0.27
0.28
0.40
0.30
1.50
1.41
1.87
0.77
0.95
0.96
0.95
0.82
0.88
1.02
0.98
outlier
1.19
0.37
0.34
0.30
0.07
0.18
0.17
0.50
0.43
0.29
0.38
0.11
0.28
0.34
0.04
0.38
0.55
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Mononitrophenols are always more potent inhibitors
than uncouplers of the respiratory chain. Concerning
phytotoxicity, the results obtained indicate that phenol
and cresols have no effect at the tested doses, while the
nitration products always show some effect. In particular,
the activity of the dinitro derivates is higher than that of
the corresponding mononitro derivates.
QSAR Modelling

The QSAR (Quantitative Structure-Activity Relationships) approach has been applied on the experimental data
of different kinds of toxicity (Table 2) in order to have a
more complete knowledge of the potential risk of the
nitrophenols and nitrocresols. The structural representation of compounds was realised using different kinds of
molecular descriptors (1D-, 2D-, and 3D-WHIM descriptors). WHIM descriptors [20] are holistic descriptors,
containing information about the whole 3D-molecular
structure in terms of size, symmetry and atom distribution; they have been already applied with good predictive
performance to many environmental concerns [21].

Our representation of a chemical is based on a lot of
different molecular descriptors, thus an effective variable
selection strategy is necessary. GA-VSS (Genetic Algorithm – Variable Subset Selection) was applied to the
whole set of descriptors in order to set out the most relevant variables in modelling the various experimental
toxicity data by Ordinary Least Squares regression (OLS).
All the obtained models, validated for their predictive
power, are linear functions of 2 – 3 molecular descriptors
and have good performances, reported in Table 3. The
molecular descriptors selected in the different models are
constitutional (nNO, number of nitro groups), topological
(BAC, centric index of Balaban), geometrical (SPAN for
dimension and APS for sphericity) and mainly 3D-WHIM
descriptors (As, total dimension, Ks global shape, G1e
and G2v symmetry, E1p atomic distribution).
By these models (as example, the regression line of
ADP/O model is reported in Figure 1) it is easily possible
to predict toxicity values (see Table 2), also for not experimentally tested compounds.

TABLE 3 - QSAR Models

Response

Obj.

Q2LOO

R2

Q2LMO

Variables

SDEP

SDEC

F

s

GI

14

93.03

96.05

92.00

nNO, G2v, E1p

0.084

0.063

81.08

0.236

RCI

18

88.13

93.54

86.95

BAC, SPAN,G1e

0.291

0.240

53.05

0.272

ADP/O

16

87.83

91.91

86.14

APS, As, Ks

0.366

0.266

57.94

0.307

1

0

28

Predicted values

-1

7
19
5
16
14
4
3

-2

6
9

8

22
23

-3

-4

-5
-5

1

2
11

-4

-3

-2

-1

0

1

Experimental Values

FIGURE 1 – Regression line for the QSAR model of Phosphorylation uncoupling (ADP/O).
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CONCLUSIONS
Phenols (phenol, cresols, nitro- and dinitro-phenols,
nitro- and dinitro-cresols) have been observed in the Milan area and derive from direct emissions from anthropogenic sources (traffic) and from reactions in the gaseous
phase and aqueous tropospheric phase.
Nitrophenols and nitrocresols are widespread compounds, always present in complex mixtures, and toxic in
all organisms, as they interfere with energy transduction.
Their phytotoxicity, the uncoupling activity of the oxidative phosphorylation and the inhibitory effect of oxygen
consumption in mammalian mitochondria were determined in vitro for commercial phenol-derivatives.
Good predictive QSAR models have been achieved
using the experimental data, resulting in a complete
knowledge of the relative toxicity (on plants and animals)
of all the nitrophenol and nitrocresol isomers. The developed QSAR models could play a role in the risk assessment process concerning mixtures of atmospheric pollutants. These models not only allow us to predict toxicity
responses, also for not experimentally tested compounds
that can be found in complex atmospheric mixtures, but
they are also useful for clarifying toxicity mechanisms.
The mechanism of action of nitroderivatives on oxidative
phosphorylation has not yet been completely clarified.
Studies on substituted phenols have given evidence of a
shuttle–type mechanism across the inner mitochondrial
membrane, where weak acids act as protonophores [24].
Other studies, on the contrary, support the hypothesis that
uncouplers specifically interact with a binding site in the
mitochondrial inner membrane [25]. Since our results
indicate that the uncoupling activity of the nitroderivatives rather appears related to the dimension and shape of
the molecule rather than dependent on its pKa, the possibility that uncoupler nitroderivatives interact specifically
with a discrete uncoupler binding site cannot be excluded.
No data are available concerning the mechanism of these
compounds inhibiting oxygen consumption. Our results
related this effect to the dimension and symmetry of the
molecule, confirming that it is unrelated to the nitrophenol and nitrocresol uncoupling activities. Germination
inhibition is modelled by the number of nitro groups,
symmetry and atomic distribution, giving evidence that
the phytotoxicitiy of nitrophenol derivatives is not
uniquely due to their uncoupling activity on oxidative
phosphorylation [10].
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SUMMARY
Sustainable development as a desired goal in construction is a result of recent legislation in Greece and its
harmonisation with European Directives. In this study, in
order to assess the implementation to the existing legislation of the sustainability issues in construction activities
the related objectives examined were Energy Efficiency
and Pollution Prevention (including Greenhouse Gas
Emissions Reduction). The data used were collected from
pioneer projects such as the Solar Village III in Lykovrisi
Athens and the innovative heating system in Kozani West
Macedonia Greece using real time control monitoring
systems. The project data concerned with fuel consumption and basic pollutants (SO2, NOx, PM10). The comparison before and after the establishment of the pioneer
project indicated that there is 45-70% reduction of fuel
consumption, up to 25% reduction of dust and 35% of
NOx, while SO2 was reduced up to 24%. Therefore, the
corresponding sustainability indicators express a significant change and challenge for further implementation of
such projects.

KEYWORDS: Sustainable construction, sustainability indicators,
sustainable development.

INTRODUCTION
Sustainable construction is defined as "the creation
and responsible management of a healthy built environment based on resource efficient and ecological principles" [1]. Sustainability designed construction aims to
lessen their impact on our environment through energy
efficiency and pollution prevention [2]. It includes the
following principles [3]:
•

minimising non-renewable resource consumption

•

enhancing the natural environment

•

eliminating or minimising the environmental pollution

“Sustainable construction" may include practices,
which strive for integral quality (including economic,
social and environmental performance) in a very broad
way [4]. Thus, the rational use of natural resources and
appropriate management of the building stock will contribute to saving scarce resources, reducing energy consumption (energy conservation), and improving environmental quality [5, 6].
Specifically, in November 1998 the working party on
Pollution Prevention and Control (WPPPC) initiated a
four-year project on sustainable construction as part of its
activity to advance resource efficiency within OECD
Member Countries. The objective of this project is to support Member Countries in their efforts to develop effective
policies to address environmental impacts of buildings and
construction sector [7]. By the end of July 1999, Greece as
well as 15 other Member Countries and the European
Commission had submitted reports providing overviews
of policy frameworks in the area of "sustainable construction" [8, 9].
Between the Committee conclusions are “The building
and construction sectors have been responsible for onethird to one-half of total commodity flows in terms of their
weight. Appropriate material selection, waste minimisation,
recycling of building materials and efficient use of water,
are essential factors to curtail depletion of natural resources. Those factors also promote increased durability of
buildings and allow for the cyclical utilisation of materials”.

BACKGROUND
Sustainable construction was included in the environmental program of Greece aimed at facing the major
environmental problems related to the present situation
described by Bikas and Milonas [9] as follows:
•
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The demand for energy in Greece registered an
important increase throughout the last years. (This
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increase in energy demand led to an increase in
the supply of electricity).
•

The increase in energy demand was not uniform in all
sectors. (The increased rates recorded in the domestic
and, particularly, in the transport sector were much
greater in comparison to the other sectors.)

•

The increase in CO2 emissions was much larger
than the respective growth rates of the Greek
economy and of the national energy demand.

•

Energy production and consumption in Greece account for 88 per cent of all greenhouse gas emissions and for as much as 98 per cent of the CO2 released into the atmosphere.

•

The evolution of CO2 emissions in Greece
throughout the 1970-1990 period marked by a
drastic increase from 22 to 82 million tons.

•

When the contribution of power generation is distributed to the final energy users, it appears that
the domestic-commercial-services´ sector registered the sharpest increase in CO2 emissions and
the highest global (direct and indirect) participation in 1990. (Rising from roughly 32% in 1970 to
39% in 1990).

•

The emissions of the transports to the emissions of
CO2 remained stable (at around 20%). Residential
building represents the 73.3% of the existing building stock. Another important statistic aspect concerns the age of the existing building stock where
the 89.4% are constructed before 1981 and only
6.7% are constructed after. The above separation is
important, as the reference year 1981 is when the
enactment of Thermal insulation Regulation has
been activated in building construction [10]. The
sustainability program consists of an outline of the
national legal framework, a list of relevant organisations, some model or pilot projects, a list of publications and/or other available information on
building and the construction environment.

From the construction enterprise point of view the
impact of increased environmental awareness on is twofold. Firstly, they will need to adopt to the additional
constrains imposed on their activities. The better adopted
a company the more likely it is to gain competitive advantage, using environmentally friendly construction as a
marketing tool. Secondly, the climate of environmental
awareness and sustainable development will create new
markets and new opportunities for those companies that
are able to record the changing demand of clients. Sustainable development and its adoption in the construction
industry improves the quality and environmental requirements as well as economic consequences. The sector
generates an enormous quantity of construction waste and
demolition materials and only a small part is recycled or
reused. The other part ends in disposal sites, which are
organised by local authorities. (The amount is approximately calculated to be 500 kg/person/year)
From the designers point of view the necessity of proving greater environmental protection may in time lead to
the need for more complex design solutions. A proactive
attitude both from the enactors in the construction sector
and from public authorities appears necessary to ensure the
achievement of environmental objectives such as reducing
the use of resources and energy, increasing re-use and
recycling and achieving a proper disposal of waste.
The Greek government through a corporate body inspects all building construction works in terms of environmental delinquency. The company is staffed with
qualified engineers and other scientists in order to audit
the observance of national and EU legislation and standards in all the categories of construction works. However, no effort has been made to date to evaluate the implementation of sustainable construction.

OBJECTIVE OF THE STUDY
The objective of this work was to evaluate the implementation of some pioneer projects of the Action Program of
European Union for the Environment in Greece such as:
• Sustainable human settlement development (energy
efficient).
• Pollution prevention

LEGAL FRAMEWORK – POLITICAL ACTORS
Greece’s sustainability program aims at creating the
infrastructures for the efficient management of the Greek
environment in the 21st century. National and community
funding support the Operation Environmental Program of
Greece. The legal framework of OEP was the National
law 1650/86 for the protection of the environment, the EC
environmental regulation and recent directives (93/76/EE,
91/156, 93/76/EEC - L 37/28/22.9.93, 94/319), and the
obligations of Greece with respect to International environmental Agreement and Conventions have definitely an
effect on the basic elements of the actors.

Since harmonization of sustainable construction in
Greece is at its beginning in this study characteristic pioneer
projects in the operational stage are used as demonstration
projects. The data necessary for the assessment are derived
from the Solar Village III energy saving measures and the
city of Kozani pollution emission measurements recorded in
real time control. In the following the demonstration projects
are presented, the materials and methods and the criteria
examined for the assessment are analysed. Then the implementation of these criteria is examined and demonstration
projects – case studies are presented. Finally, conclusions
are derived and suggestions made for further studies.
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MATERIALS AND METHODS
Description of the study areas

Two demonstration projects - cases are used in this
study. These are:
1. Solar Village III in Lykovrisi Athens [11]. Lykovrisi is
a suburban area in Athens with housing activities.
The project consists of 25 solar constructions of
435 apartments and surrounding areas (squares,
streets, school and shopping centre). The project is
the result of the cooperation agreement between the
Greek Ministry of Research and Technology and
the equivalent of West Germany, in 1978 in a solar
energy research program. The management of this
project was undertaken by the Solar Village SA,
that was established for this reason.
2. Kozani is the larger town of Western Macedonia, an
area in north Greece and has a population of about
60.000 inhabitants. The town is located in the south
part of Eordea basin, an area with significant industrial activity. Within this basin four lignite power
stations are operated by combustion local lignite.
These stations produce 70% of the electrical energy
produced in Greece. As has been shown by Triantafyllou [12], there is the possibility of transport of
pollutants emitted by these power stations to Kozani town under specific atmospheric condition
prevailing. On the other hand, during the last year’s
district heating works utilizing hot water from
thermal power stations were used as a pioneer project to replace fuel consumption, yet another pollution source, mainly dust sources.
Sampling points

Fuel consumption, SO2, NOx, and PM10 data were
used in this analysis. In order to monitor and evaluate the

impact of energy saving measurements, the Ministry of
the Environment, Planning and Public Works is establishing a data bank. A modern Information System consisting
of 1500 measurement points in different locations for real
time control was established. The monitoring data used in
this analysis concerning energy consuming were collected
on a 24 hour basis every 1 min and integrated every 30 min
for the period 1996-1998.
Specifically, for a three-year period, SO2, NO2, and
PM10 concentration data were taken by a monitoring
program operating in real time control [13]. In Figs. 1 to 3
the observations on dust are presented. Standard methods
were used for all pollutants except PM10. UV fluorescence was used for SO2 and chemiluminescence for NOx.
measurements. For the PM10 measurements a beta absorption monitor was used with an aerodynamic diameter
smaller than or equal to 10 microns. All analyzing instruments were calibrated once a week and the data were
recorded hourly as mean values.
Analytical methods

In the following the sustainability indicators derived
from the statistical analysis of the above data in terms of
sustainable development are presented. Sustainability indicators are further classified to Energy Efficiency and Pollution Prevention Indicators. The Energy Efficiency Indicator
is expressed as the saving of energy in terms of fuel consumption as a percentage. It is used as an indicator for the
comparison of the solar energy heating works utilizing hot
water from thermal power stations versus the traditional
heating methods. The Pollution Prevention Indicators is the
reduction of criteria pollutants such as O3, NOx and PM10.
The sustainability indicators were calculated in terms of
mean annual values. For the case of pollutants SO2, NO2,
and PM10 the above indicators are also calculated in terms
of the reduction of extreme-high levels of observed pollutants measurements.

Obs ervation day

FIGURE 1 - Dust (PM10) measurements for 1996.
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FIGURE 2 - Dust (PM10) measurements for 1997.
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FIGURE 3 - Dust (PM10) measurements for 1998.

RESULTS
The following results are derived from the statistical
analysis of the data used for the period 1996-1998:
1) energy efficiency indicator came up to a reduction
of the fuel consumption ranging from 45-70%
2) reduction of the mean year values of dust
(PM10) from 10%, to 25% and for extreme high
levels of PM10 by 16%. In Figs. 1 to 3 as an example the successive years 1996, 1997 and 1998
are presented for reasons of comparison.
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3) reduction of the mean year values of NO from
3.5%, to 25% and for the extremely high levels
of NO by 14%
4) reduction of the mean year values of NO2 from
3.5% to 35% and for the extremely high levels of
NO2 by 35%
5) reduction of SO2 from 13% to 24% and for the
extremely high levels of SO2 by 31%
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FIGURE 4 - Mean annual reduction of fuel consumption and emissions for the two sampling points
after the pioneer projects (bright bar before and dark bar after project implementation).
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DISCUSSION AND CONCLUSIONS
The alignment of Greek standards and regulations
with those of the European Union in terms of construction
sustainability is at its beginning in Greece. The corresponding projects concerning building construction, that
received attention, were promotion of solar bio climatic
architecture and planning as well as technical infrastructure such as heating.
The comparatively recent application of these innovative designs and technology, especially, in relation to energy saving, can be a comprehensive approach. The existing energy consumption patterns and emissions constitute
important measures, which will require the long-term application of specific policy strategies in order for the Action
Plan to be effective. The examination of pioneer projects
indicated significant change with regard to the sustainability indicators and a challenge for further implementation
considering the resulting economic benefits.
An important factor, still not answered is the degree
of social acceptability of the fairly major changes in mentality on the part of the users.
There is need for further research in the above subjects as well as in the field of monitoring and assessment.
In order to cover the need of sustainable construction
several criteria will have to be introduced and new ideas
to engineering construction, such as saving of resources in
construction activities integrating economic and environmental aspects already studied.
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SUMMARY
The present paper reports on the current ecotoxicological risk profiles of the five antifouling biocides,
copper, tributyltin, Irgarol 1051, Sea-Nine 211 and pyrithionate. These risk profiles consist of evaluations of the
five risk indicators release, spatiotemporal range, bioaccumulation, biological activity and uncertainty for each of
the biocides. The indicators are evaluated on the basis of
the data from scientific as well as administrative sources.
For the evaluation of the spatiotemporal range of the
substances, results from a global fate model were used,
which was recently presented elsewhere.

KEYWORDS: Antifouling agents, ecotoxicological risk, persistence, tributyltin, copper, Irgarol.

INTRODUCTION
The ecotoxicological relevance of organotin compounds used for fouling protection of large commercial
ships is hardly to be questioned. However, in the course
of a global ban of these substances, the use of alternative
biocidal substances receive increased attention - they are
both of ecological and economic interest. Furthermore,
there is a chance for responsible action on the part of the
biocides and coatings producers, by choosing techniques
that are well-investigated and have low ecotoxicological
impact. Several activities of biocides producers [1], coatings manufacturers [2], researchers [3] and governments
(the EU directive concerning biocides [4]) show how this
might be possible.
The ecotoxicological risk profiles presented here are
the result of a detailed analysis of the risk of environmental damage due to the release of four antifouling biocides, as is constituted by the five risk categories release,
spatiotemporal range, bioaccumulation, biological activity
and uncertainty [5]. These risk categories are lined up
along the way from the technical systems, from which the
substances are released, up to the risk research team,
which evaluates the risk corresponding to the release as
illustrated in Figure 1.

Fig. 1 shows how ecotoxicological risk perception
could be broken up into five sections handling increasing
complexity. The complexity increases, because from each
release point on the interface technosphere/environment,
the substances not only spread into different environmental
compartments, but they also degrade into transformation
products, which, in turn, spread according to their different
properties. Bioaccumulation further increases complexity,
because of the number and variability of organisms living
in the environment and because of their various exposure
pathways from their surrounding media and from food
organisms. Finally, every released substance or transformation product, which has been taken up by any organism,
can exhibit various kinds of acute, chronic, mobilizing,
reproductive or even communication-distorting effects.
Splitting up this pathway brings the advantage that the
specific uncertainties of each part of the assessment can be
allocated to one of the indicators, so that very uncertain
evaluations at the end of the path do not spoil the whole
result, if the evaluation base for the indicators in the part of
the path before them is good.

FIGURE 1 - The path of ecotoxicants from release to biological targets and the different risk categories along this path,
including the uncertainty of these informations. The five risk
indicators as derived from this path are printed in light grey.

These uncertainty evaluations form the fifth risk indicator, which is incorporated into the risk profiles as an
integral and necessary part of the information conveyed to
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Decision-makers, who, in turn, are expected to take riskmanaging decisions which have influence on the technospheric releases.
Copper and tributyltin (TBT) are predominant in todays antifouling coatings for commercial ships. 2-t-butylamino-4-cyclopropylamino-6-methylthio-1,3,5-triazine
(Irgarol®1051, commonly Irgarol), 4,5-dichloro-2-n-octyl4-isothiazoline-3-one (commonly DCOI, active substance
in Sea-Nine® 211) and the complexes of 2-mercaptopyridine-N-oxide (pyrithionate) were evaluated because
of their occurrence in organtin-free coatings for the same
type of ships.
When it comes to a choice of alternative biocides in
these antifouling coating systems, there seems to be no
easy way to avoid the use of copper as a basic biocide.
The decision to be taken in the coating design or the purchase of a coating can, therefore, be viewed as a decision,
which additional ("booster") biocide or biocides will be
used in the coating. For this reason, the comparison of the
ecotoxicological risk profiles is only presented for TBT,
Irgarol, Sea-Nine and Pyrithionate. Because of space
limitations and to ensure readability, only the general
proceeding of the evaluations is described here. The resulting risk profiles in Fig. 2 show the indicator values for
the five indicators for each of the four substances. The
uncertainty of each indicator for each substance is shown
by the length of the grey bars - the longer the bar, the
higher the uncertainty. Details of the assessment process
can be found in [6]. Almost all data used in the assessment process can be freely accessed in the database
UFT_SAR [7].

ECOTOXICOLOGICAL RISK PROFILES
Release

The release indicator is quantified by the amount of
the substance released to the environment during the
technospheric life-cycle of the substance.
The evaluation of the release rate of the biocides, except for copper, has been carried out in a quite simplistic
manner: In the available literature, only detailed data on
TBT (e.g. [8, 9]) and copper [10, 9] were encountered. For
the evaluation of release rates of the other substances, the
percentages used in antifouling coatings served as first
indicators [2, 10].
The high control of tributyltin release in self-polishing
copolymer (SPC) coatings and the presence of the low
percentage of tributyltin fluoride suggest that the release
rates for tributyltin necessary for fouling protection are
lower than those for the other biocides. This is also confounded by the very high biological activity of TBT. Release rate measurements from a recent preprint [11] partially corroborate this, namely, regarding the measurements
with the custom flume system. The TBT release rates measured with the test system according to ISO/DIS 15181-1 are

not significantly lower than the release rates of the other
evaluated substances. Unfortunately, the details of use
conditions for which the respective coatings were manufactured were not reported, which means that the efficacy
of the reported release rates in yielding the antifouling
effect could only be assumed. Because of this, and since
the ranges encountered for the single biocides overlap, and
the only comparable data that were available for all the
biocides are of limited significance, since they were each
derived from only one coating type, no unequivocal differences in the biocide release rate necessary for fouling protection could be established between Pyrithionate, Irgarol
and Sea-Nine (Fig. 2, indicator R).
Spatiotemporal range

This indicator describes the tendency of a substance
and its transformation products to cause exposure of organisms by spreading out in space and time - independent
of the released amount.
The persistence of TBT, Irgarol 1051 and Sea-Nine
has been analysed by means of a global Level III fate
model, as reported in [12], Table 1. However, only primary degradation was taken into account in that study.
The evaluation of the spatiotemporal range also takes into
account the ecotoxicologically most relevant transformation products. For TBT, these were dibutyltin (DBT) and
monobutyltin (MBT). For Irgarol, the classes Irgarol
oxides (OI), desalkyl-Irgarol (DAI) which consists mainly
of decylopropyl-Irgarol, were distinguished. The transformation product classes for Sea-Nine were the monochloro-N-octyl-isothiazolones
(MCOIT),
ocytlisothiazolone (OIT) and the dealkylated isothiazolones
(IT), with zero, one or two chlorine substituents. Pyrithionate transformation products were distinguished as
pyrithionate oxides (PTO), where the thione group is
oxidized to varying degrees, mercaptopyridine (MP) and
mercaptopyridine oxides (MPO).
The uncertainty regarding type and kinetics of secondary degradation processes leading to these transformation products is considerable. This is also reflected in the
uncertainty of the indicator values for the spatiotemporal
range, as shown in Fig. 2, indicator S.
Bioaccumulation

The bioaccumulation indicator aggregates the available information about the tendency of the substance and
its transformation products to be taken up by the organisms, if present in their environment.
A global bioaccumulation indicator can even be defined as the fraction of a substance plus relevant transformation products in the environment, which is accumulated in any organism. This idealized metric has been
aimed at in the bioaccumulation evaluation shown in Fig.
2 (indicator B). According to the fate model, the biggest
quantity of the evaluated substances is present in water
compartments rather than sediment compartments. Since
bioaccumulation from sediments expressed in volume per
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FIGURE 2 - Ecotoxicological risk profiles of the four selected antifouling agents which are used in combination
with copper. R ist the release indicator, S is spatiotemporal range, B is bioaccumulation, A ist biological activity
and U is uncertainty. Higher indicator values indicate higher risk.

unit is generally lower than from water, the absence of
accumulation data from sediment-dwelling organisms was
not seen crucial for this indicator. However, there are
considerable uncertainties for the evaluation of pyrithionate compounds, for which almost none of the typical bioaccumulation data are available, and whose chemical structure is ambiguous from the viewpoint of structure-bioaccumulation relationships.
Biological activity

This indicator is most accurately assessed by internal
effect concentrations. Single species toxicity tests are less
accurate, because they represent both accumulation and
toxicity.
In the present case study, only very little data about
internal effect concentrations were encountered for TBT
and copper, while none was available for the other biocides. Therefore, biological activity was almost exclusively evaluated according to external effect concentrations like EC50 or NOEC values. Since the amount of
toxicity data for TBT is so abundant, and its extreme
toxicity is well agreed on, external effect concentrations
for TBT were used as a benchmark in the evaluation of
the biological activity. Effect data on the five biocides
that have been published were collected in the database
UFT_SAR [7]. The resulting evaluations of the indicator
biological activity, including their uncertainties, are also
depicted in Fig. 2, indicator A.

indicator is presented as the indicator U in Fig. 2. Currently, it is not viewed as being uncertain itself, so it only
covers one segment in the profiles.

CONCLUSIONS
The comparison of the risk profiles shows, that the
advantages of the alternative biocides are partly ambiguous. Actually, the spatiotemporal range of tributyltin is
quite favorable compared, e.g., to Irgarol. On the other
hand, its bioaccumulation and biological activity are outstanding. While pyrithionate seems to be favorable with
respect to its spatiotemporal range and its biological activity, the uncertainty of its evaluation is high. Clearly, more
research concerning release, fate and bioaccumulation of
the alternative substances are necessary to draw less ambiguous conclusions.
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Uncertainty

The uncertainty is the overall uncertainty of the risk
profile. It can be assessed by averaging the uncertainties
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SUMMARY
This paper presents the project carried out by NTUA
and the DLI, which focused on the development of an
integrated system for the control of industrial pollution
and chemical substances at national level and its main
features included: (i) identification of the existing state
concerning chemicals, (ii) determination of the industrial
pollution state, (iii) development of guidelines for the
implementation of Best Available Techniques in various
industrial sectors, (iv) design and development of databases and geographic information system (GIS) for the
management of data, and (v) establishment of legislative
framework concerning industrial pollution.

KEYWORDS:
Industrial pollution control, best available techniques.

INTRODUCTION
The European Union’s environmental policy, as set
out in the Treaty on European Union, aims at achieving
sustainability by including environmental protection in
EU sectoral policies, preventive measures, the ‘polluter
pays’ principle, combating environmental pollution at
source and shared responsibility. The development of an
integrated system for control of industrial pollution at a
national level is of vital importance for every country
according to the targets of the European Union Fifth Environmental Action Program. One of the main priorities is
the Integrated Pollution Prevention and Control and the
minimization of the environmental impacts of the industrial activities on atmosphere, water and soil. Pollution
prevention is based on the promotion of environmentally
friendly technologies and the implementation of Best
Available Techniques (BATs), while pollution control is
achieved by data collection concerning the emissions from

certain activities, assurance of the compliance with the
EU Directives and implementation of the Regulations.
Within this context industrial emissions and VOCs are
considered as a priority at EU level in order to minimize
the impact on the environment and public health from
certain activities [1].
Cyprus as an accession country is taking the necessary measures to harmonize its legislation, administrative
and other procedures to the Acquis Communautaire. Cyprus places very high on the priority list the development
of a comprehensive system for the control of industrial
pollution.
The control and minimization of industrial emissions
(gaseous emissions and liquid effluents) is an essential part
of the IPPC Directive [2]. An integrated policy concerning
the overall assessment of industrial pollution and a strategic plan for the effective prevention and control of industrial emissions is of primary importance. Furthermore, the
EU policy includes the collection of statistical data concerning industrial emissions and the establishment of European Environment Information and Observation Network
(EIONET) in the European Environment Agency, which
deal with environmental data. Particularly, the European
Waste Management Strategy promotes the development of
a conceptual model for waste generation and flow of information within the context of source-oriented monitoring
and an integrated emission inventory [3, 4]. The European
Commission has adopted the Decision 2000/479/EC [5]
on the implementation of a European Pollutant Emission
Register (EPER) according to Article 15 of Council Directive 96/61/EK concerning Integrated Pollution Prevention and Control (IPPC). The general purpose of the IPPC
Directive is to reduce pollution by industry and to control
emissions from larger facilities. National governments of
all EC Member States are required to maintain inventories
of emission data from specified industrial sources and to
report emissions from individual facilities to the European
Commission.
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mation on the use, import export, etc, was developed and
sent to the various units dealing with chemicals, to be
filled out.

METHODOLOGY
The overall objectives of the project were the following:
• Establishment of integrated systems for chemical
substances control and risk management, for
industrial emissions and emissions of volatile organic compounds
• Implementation of these systems in Cyprus aiming
at a detailed assessment of the situation concerning
the chemical substances and preparations, industrial VOCs emissions and industrial emissions
(gaseous and liquid).
• Development of Best Available Techniques guidelines for the implementation of the EU Directive
for Integrated Pollution Prevention and Control
(IPPC).
• Development of a new legislative framework for
industrial pollution controls the aim being the harmonization with the EU Directives.
The main actions required to meet the above objectives were:
1. Development of inventory system of chemical substances imported, manufactured or stored and upgrading and completion of the existing inventory
systems on industrial and VOCs emissions
2. Development of appropriate databases and GIS
3. Elaboration of inventory systems
4. Determination – selection of the preventive measures for the main industrial sectors in Cyprus

RESULTS
Chemical Substances and Preparations

The methodology and the appropriate tools that were
developed in order to establish an integrated chemical
control system included the following:
The chemical substances and preparations of that of
interest were prepared according to EU Directives, Regulations and the European Inventory of Existing Commercial Chemical Substances (EINECS) [6]. All the activities
that take place in Cyprus and are related to these chemicals were registered. A questionnaire containing queries
concerning the enterprises (trade name, location, address,
tel, fax, email), the general director of the unit (address,
tel, fax, etc), the person responsible for the completion of
the questionnaire (address, tel, fax, etc), the operation
permit, the person responsible for safety and environmental issues, the existing chemical substances and preparations (IUPAC Name, Characteristic numbers, safety
information, quantities, supplier, etc), quantitative infor-

Almost a thousand units were registered, located all
around the island. Approximately half of them (586) were
selected for further examination. 15% of the questionnaires sent were returned filled out with the information
required. All data collected from the inventory were then
inserted into a database, which was designed and developed specifically for this purpose. The database can provide important information on the quantity of chemicals
for each enterprise of Cyprus giving at the same time the
necessary details of the identity of the chemical substance
or preparation as well as information on the enterprise
itself and its owner [7].
Industrial and VOCs Emissions

For an effectively operational inventory of the industrial pollution sources a comprehensive method and various tools were developed and implemented as follows:
The industrial activities that are considered of high interest for the island were selected and the industrial units
falling into these categories were registered. Some examples of the activities registered are: ceramic and tiles, lime
and cement, energy, rendering, metal plating, refineries,
slaughter houses, metal foundries, food industries, detergents, dry cleaners, dyeing industries, tanneries, dairies,
oil mills, fisheries, hydrometallurgical processes, aluminium recycling, piggeries, poultry raising, breweries, cosmetics, canning industries, meat processing plants, pharmaceuticals, wood processing units, paper mills, production of construction material, etc.
Information sheets with the basic data for each sector
(e.g. expected pollution loads, basic processes, major
environmental impacts, etc) to be used by the Ministry’s
personnel as guide for the targeted inventory were compiled. Questionnaires were also developed containing
queries regarding the units’ location, the activities that
take place, the waste management practices, the pollution
loads, etc. These were sent to the selected industrial units
and then the inspectors carried out site visits the aim being the collection of all data required. In addition, technical specifications for sampling and experimental analysis
were developed.
A list of the industrial units and other premises to be
surveyed with respect to VOCs emissions was prepared.
The major sources of VOC emissions are petrol storage
and distribution, motor vehicle exhausts, evaporative
emissions from cars, solvent usage and industrial processes. The VOC emissions are considered very significant
since they contribute to the stratospheric ozone depletion,
ground level ozone formation, human health effects,
greenhouse effect and they also accumulate in the environment. The inventory focused on the collection of data
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– The commissioning dates for new or existing
installations

in petrol stations and terminals as well as industrial units
and other activities such as printing and adhesives (printing, footwear production, wood/plastic lamination, adhesive coating), surface cleaning, dry cleaning–wood impregnation, coating manufacture, rubber conversion,
vegetable oil extraction and pharmaceutical manufacture.
A list of the volatile organic compounds, that are of
high importance according to ozone creation potential and
health effects, was developed. Questionnaires both for
industrial units and petrol stations’ emissions were prepared and distributed. The inspectors carried out site visits, the aim being the collection of all data required. It is
important to note that Quality Control and Quality Assurance procedures for the monitoring of the data collected
were developed. All data collected from the inventory
were then inserted into a database, which was designed
and developed specifically for this purpose.
Formulation of Pollution Prevention Measures

Over the last decades improvements have been
achieved in industry regarding several major polluting
substances, and gradually, the environmental impact has
shifted towards the so-called diffuse sources of pollution.
Nevertheless, industrial production processes still account
for a considerable share of the overall pollution in Europe
and it is very important to further reduce their contribution to ‘unsustainability’ [8]. The EU has a set of common
rules on permitting for industrial installations. These rules
are set out in the so-called IPPC Directive of 1996. In
order to gain access formally to the E.U., Cyprus has to
follow an implementation process and take into account
all the obligations that the 15 Member States have to
respect. A large number of obligations derive from IPPC
Directive, which intends to result in the protection of the
environment as a whole and the public health as well. In
the framework of the Life project, after a thorough examination of a large number of documents relevant to the Best
Available Techniques, guidelines were developed for the
application of BATs for 14 industrial sectors in Cyprus [9].

– The length of time needed to introduce the best
available technique
– The consumption and nature of raw materials (including water) used in the process and their energy
efficiency
– The need to prevent or reduce to a minimum the
overall impact on the environment and the risks to it
– The need to prevent accidents and to minimize the
consequences for the environment
– The information published by the Commission or
by international organizations.
The experience obtained by the implementation of the
IPPC Directive in other countries such as Bulgaria, Estonia and Ireland was also examined [10 – 12]. The applied
techniques in the industrial units of Cyprus were reviewed
and compared with the corresponding developed BAT
guidelines. Finally, suggestions for the introduction of
BAT into the production processes of the IPPC industrial
sectors in Cyprus were made.
Organization of data in computerized archives – development
of databases and GIS

An industrial waste database system, in which technical and environmental data of industrial units are statistically processed and evaluated according to the environmental regulations, was developed. The application was
designed for use in a network environment with Microsoft
SQL Server. The application was developed using the
programming language DELPHI. The GIS used was Arcview. This database contains programs that allow the user
to enter data concerning the industry’s identity, water
supply, liquid wastes, VOC emissions, solid and hazardous wastes, oil residues, etc, to manage these data, produce reports and perform statistical analysis. This application is very important as a decision support tool since it
can assist the environmental authorities to:

In determining the best available techniques, special
consideration was given to the following items:

– access / update the existing situation of emissions

– The use of low-waste technology

– define problematic areas where pollutants exceed
allowable levels and

– The use of less hazardous substances

– take necessary pollution control measures.

– The furthering of recovery and recycling of substances generated and used in the process and of
waste, where appropriate
– Comparable processes, facilities or methods of operation, which have been tried with success on an
industrial scale
– Technological advances and changes in scientific
knowledge and understanding
– The nature, effects and emissions concerned

Legislative Framework

New legislative framework for industrial pollution
control and in particular for Air Pollution Control was
developed. All relative EC legislation was gathered. A
screening has been performed, in order to focus on the EC
directives, which are of interest to industrial pollution.
The relative Greek legislation was also collected in order
to examine the Greek experience. All relative Cyprus
legislation was gathered. A legal gap analysis has been
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performed and finalised. An article by article approach
and analysis was performed, in order to achieve full assessment. Finally, the work for the development of the
Air Pollution Control Law took place.

[7]

National Technical University of Athens and Ministry of Labor and Social Insurance of Cyprus (2001) Management of
Chemical Substances and Preparations. Final Report for
Work Package 1 / Task 1, Life Third Countries, Project
98TCY/CY/167.

[8]

Dalton J. (1998) Bringing in Integrated Pollution Prevention
& Control. Environment Agency Literature.
(http://www.environment- agency.gov.uk//files/ippc.pdf).

[9]

National Technical University of Athens and Ministry of Labor and Social Insurance of Cyprus (2001) Development of
Guidelines for the Industrial Pollution Prevention and Control. Final Report for Work Package 2, Life Third Countries,
Project 98TCY/CY/167.

DISCUSSION
Through the project administrative, legal and other
arrangements necessary for the monitoring, assessment
and control of chemicals substances and for the integrated
control of industrial pollution and VOCs emissions in line
with EU legislative requirements and practices were developed and implemented. The main benefits that are
expected to emerge from the implementation of the
aforementioned activities are:
– The evaluation of the environmental quality
through the continuous monitoring and control of
the most important parameters which have direct
effect on it, such as chemical substances, VOCs
and industrial emissions.
– The immediate overview of the prevailing environmental conditions of each industry (retrieval
from the database) and the organization of the related monitoring and remedial action programmes
and

[10] http://envir.envir.ee/ippc/english/index.html (1999) IPPC in
Estonia.
[11] Friis J (2000) Practical use of BREF in permitting- Danish pilot project on the implementation of the IPPC project in Bulgaria. In: The Sevilla Process: A Driver for Environmental
performance in Industry. Stuttgart.
[12] Macken K. (2000) The introduction of integrated permitting
to Ireland, In: The Sevilla Process: A Driver for Environmental performance in Industry. Stuttgart.

– The pollution prevention and control through
minimization of pollution at source.
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USE OF NEAR INFRARED SPECTROSCOPY TO EVALUATE
HEAVY METAL CONTENT IN Brassica juncea CULTIVATED ON
THE POLLUTED SOILS OF THE GUADIAMAR RIVER AREA
Rafael Font, Mercedes del Río and Antonio de Haro
IAS-CSIC. Alameda del Obispo s/n. 14080 Córdoba. Spain

SUMMARY
The ability of Near Infrared Spectroscopy (NIRS) to
determine the concentration of Pb, Cu and Zn in plants of
Indian mustard (Brassica juncea) grown on contaminated
soils was investigated. Calibration equations for Pb, Cu
and Zn were developed and then validated by crossvalidation. Cross-validation resulted in coefficients of
determination (1-VR) for Pb, Cu and Zn of 0.65, 0.60 and
0.50, respectively. These results indicate that NIRS can be
used as a rapid screening method for determining these
heavy metals in B. juncea.

KEYWORDS:
NIRS, heavy metals, phytoremediation, Brassica juncea.

The objective of this work was to study the ability of
NIRS to determine the contents of Pb, Cu and Zn occurring in plants of B. juncea cultivated on the contaminated
soils of the Aznalcollar area.

MATERIAL AND METHODS
Plants

One-hundred and twenty three plants of B. juncea
were cultivated on the contaminated soils of the Guadiamar river area. The sowing was done in February, 2000.
The field trials had two replicates. Plants were harvested
in May 2000, when they reached their highest biomass.
Laboratory analysis

INTRODUCTION
Phytoremediation is considered as a potential solution
for the remediation of contaminated soils. The success of
phytoremediation technology is dependent on several
factors such as the ability of the selected plant species for
accumulating high concentrations of metal in the shoots
and to produce high biomass. Previous works have shown
the possibilities of using Brassica juncea for phytoremediation of contaminated soils, as performed in the case of
the toxic spill of the Aznalcollar disaster [1].
Due to the high costs and labor input required for the
determination of the heavy metal content in any sample,
technologies that have been successfully applied in other
fields should be examined for determining trace metals in
biological and non-biological materials. In this way, Near
Infrared Spectroscopy (NIRS), that has been extensively
used in the past in the agricultural field [2], and, more
recently, in environmental studies [3], could be tested for
its ability to evaluate the content of heavy metals in plant
tissues.

Shoot tissues of the plants were thoroughly washed
and fresh weight was determined. Elemental analysis was
carried out by acid digestion of 80 (41 in the case of Pb)
dry samples as described by Del Río et al. [1], followed
by measurement of total concentrations of all the elements
of interest. Zn and Cu were measured using Atomic Absorption Spectrometry (AAS), while Pb was measured
using AAS with graphite furnace. These samples were
used to develop the NIRS calibration equations for each
of the metals studied.
NIRS

Spectra of the ground samples of B. juncea were obtained in a Near Infrared Spectrophotometer (NIRSystems
mod. 6500, Foss-NIRSystems, Inc., Silver Spring, MD,
USA) in the reflectance mode, acquiring spectra over a
wavelength range from 400 to 2500 nm (visible and near
infrared regions). The absorbance values (log 1/R, where
R is reflectance) were registered at 2 nm intervals. Using
the program GLOBAL v. 1.50 (WINISI II, Infrasoft International, LLC, Port Matilda, PA, USA), calibration equations for Pb, Zn and Cu were developed. Calibration equations were computed using the raw optical data (log 1/R),
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or first or second derivatives of the log 1/R data, with
several combinations of segment (smoothing) and derivative (gap) sizes. Wavelengths from 400 to 2500 nm every
8 nm, were used to perform the different calibration equations. Modified partial least squares (MPLS) was the
regression method employed to correlate spectral
information and metal content in the samples. This
regression method constructs a number of factors as linear
combinations of the original spectral data, performing a
regression on the factor scores to derive a prediction
equation. The final objective of the mathematical
procedure is to reduce the high number of spectral data
points (absorbance values from 400 to 2500 nm every 2
nm, i.e. 1050 data) and to eliminate the correlation of
absorbance values presented by neighboring wavelengths
[4]. Standard normal variate and Detrend transformations
(SNV-DT) [5] were used to correct baseline offset due to
scattering effects (differences in particle size among
samples). Cross-validation was performed on the

was performed on the calibration set for determining the
best number of terms to use in the equation, as well as to
determine the ability of each equation to predict on unknown samples [6].
RESULTS AND DISCUSSION
Results obtained in the calibration and cross-validation
processes for Pb, Cu and Zn are shown in Table 1. Range,
mean and standard deviation are listed to show the concentration level and range for heavy metal contents in the
calibration set of samples. For all the heavy metals studied
in this work, the second derivative of the raw optical data,
with a gap of 5 nm and 5 and 2 nm for the first and second
smooth, respectively, yielded the equations with the highest
accuracy in the cross-validation.

TABLE 1 - Calibration and cross-validation statistics for Pb, Cu and Zn (mg kg-1 dm).

Metal
Pb
Cu
Zn

n
42
80
80

range
5.07-25.01
1.78-14.38
19.76-100.82

Calibration
mean
SD
11.49
5.37
8.08
2.10
60.29
13.50

SEC
2.31
1.32
7.69

R2
0.81
0.60
0.67

Cross-validation
SECV
1-VR RPD
3.12
0.65
1.72
1.35
0.60
1.55
10.06
0.50
1.34

n: number of samples; SD: standard deviation; SEC: standard error of calibration; R2: coefficient of determination in the calibration; SECV: standard error of cross-validation; 1-VR: coefficient of determination in
the cross-validation; RPD: ratio SD to SECV.

Pb (laboratory)

Pb (predicted)
FIGURE 1 - Cross-validation scatter plot for Pb (mg kg-1 dm).
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Cu (laboratory)

Cu (predicted)
FIGURE 2 - Cross-validation scatter plot for Cu (mg kg-1 dm).

Zn (laboratory)

Zn (predicted)
FIGURE 3 - Cross-validation scatter plot for Zn (mg kg-1 dm).
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Cross validation resulted in coefficients of determination (1-VR) of 0.65, 0.60 and 0.50 for Pb, Cu and Zn,
respectively (Table 1, Figs. 1 to 3), indicating that 65%,
60% and 50% of the variability present in the data was
explained by the respective calibration equations. In the
past, little attention has been paid to exploring the capabilities of NIRS to determine metals, and thus, available
information is limited. Clark et al [7, 8] studied the potential of NIRS to predict the content of different metals in
forages. The coefficients of determination (r2) in the external validation reported by this author for the different
metals and plant species studied varied from 0.01 (Pb
determined in alfalfa) to 0.50 (Cu determined in alfalfa),
generally being much lower than those obtained for Brassica juncea in our study
When a cross-validation is performed on the calibration set, NIR prediction error is defined as the standard
error of cross-validation (SECV). Statistically, the SECV
is the standard deviation for the residuals due to differences between reference and NIR predicted values for
samples used in the calibration, using a specific calibration equation. For a comparison of the potential of the
prediction among the equations obtained, a standardization of the different SECVs is needed. In this way, the
relative percent difference (RPD), defined as the SD to
SECV ratio [9] was estimated for each equation. As
shown in Table 1, the calibration equation for Pb exhibited a higher prediction ability than those obtained for Zn
and Cu. The calibration equation for Cu showed higher
prediction ability than that obtained for Zn.

evaluating heavy metal content in plants is related with
their association with organic or hydrated inorganic molecules, which are detected and measured by NIRS and
correlated with the reference value of the metal.

CONCLUSIONS
The results presented in this paper show that it is possible to use NIRS technology for determining Pb, Cu and
Zn contents in ground samples of B. juncea plants for
screening purposes. The use of this low-cost technique
represents an important reduction of the analysis time
without using hazardous chemicals, and will be used in
future research aiming to select the best heavy metal accumulator genotypes after screening of thousands of
plants from a germplasm collection of B. juncea to be
grown on contaminated soils.
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From SEP and SD data reported by Clark et al [7] for
Pb, in forages, RPDs for tall fescue (Festuca arundinacea
Schreb.), crested wheatgrass (Agropyron cristatum and A.
desertorum) and alfalfa (Medicago sativa L.) were calculated. These were, respectively, 1.12, 1.14 and 0.85. The
same author reported predictions by NIRS of Cu and Zn in
the same species mentioned previously [6]. Calculated
RPDs in this case were for tall fescue (Cu: 1.00; Zn:
1.21), crested wheatgrass (Cu: 0.9; Zn: 0.93) and alfalfa
(Cu: 1.40; Zn: 0.87).
Although sometimes differences could exist between
SECV and SEP, in general terms RPDs reported by us in
this work in Brassica juncea are higher than those obtained for Pb and Cu by the above-mentioned author [7].
An exception is alfalfa, which presented a RPD for Cu
similar to that shown by B. juncea. The RPD value for Zn in
B. juncea was higher than RPD obtained for crested wheatgrass and alfalfa, and similar to that obtained for tall fescue.
Although metals do not absorb NIR radiation, and
therefore it is not possible to directly measure the metal
contained in any sample, acceptable correlations have
been obtained between predicted and laboratory values
for the heavy metals studied. The ability of NIRS for
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THE USE OF HYPER-SPECTRAL REMOTE SENSING
IN COMPLIANCE MONITORING OF WATER QUALITY
(PHYTOPLANKTON AND SUSPENDED PARTICLES) AT
'HOT SPOT' AREAS (MEDITERRANEAN COAST OF ISRAEL)
B. Herut, N. Kress and G. Tibor
Israel Oceanographic and Limnological Research, National Institute of Oceanography, P.O.Box 8030, Haifa 31080, Israel

SUMMARY
The quality of marine waters depends to a large extent on the density of phytoplankton (as chlorophyll a)
and suspended particulate matter (SPM), and their composition. The water quality at two 'hot spot' areas along
the Mediterranean coast of Israel was mapped with the
hyper-spectral Compact Airborne Spectrographic Imager
(CASI) sensor during two airborne campaigns (April 1997
and October 1999). The present study demonstrates the
advantage of hyper-spectral remote sensing techniques as
a rapid synoptic monitoring tool in coastal sites affected
by land-based point sources of nutrients and particles. The
coastal sites are characterized by patchy distribution and
sharp concentration changes of SPM and Chl a. It is suggested that integration of CASI in compliance monitoring
at 'hot spot' areas can provide vital information on the
state of the environment and on the effectiveness of pollution control measures taken.

KEYWORDS: pollution, remote sensing, monitoring, chlorophyll a,
suspended particulate matter.

INTRODUCTION
Since the early 1980’s the overall pollution load into
the Mediterranean coastal zone of Israel has probably
declined due to the combination of the following factors: a)
the increase of public awareness and governmental actions,
b) the national commitment to implement international
conventions on marine pollution prevention, and c) the
progress and expansion of the National Sewage Project
and sewage treatment. At present only two cities (Akko
and Naharya) discharge raw sewage (after primary filtration) into the sea. Yet, the exact development in load of

nutrients and their distribution between point and diffused
sources is unknown. To assess the status of the coastal
marine environment with regard to contamination sources,
monitoring activity is performed along the Mediterranean
Israeli coastline. The Israel’s National Monitoring Program (within the framework of the international MED
POL program) includes the following components:
1. Monitoring of heavy metals in the coastal waters
(carried out since 1978);
2. Monitoring of the introduction of nutrients and
particulate metals into the coastal waters through
coastal rivers (since 1990);
3. Monitoring of the atmospheric fluxes of nutrients and
heavy metals into the coastal waters (since 1996);
4. Monitoring of nutrient levels and algal populations
along the shallow coastal area (started in 2000).
The application of remote sensing techniques to
monitor parameters that have a direct effect on the optical
properties of the examined water body, have shown potential to provide synoptic spatial information. This includes, particularly, phytoplankton biomass/ concentration (as chlorophyll a pigment) and suspended particulate
matter (SPM). In recent years, the use of airborne sensors
with high spectral and spatial resolution made remote
sensing techniques attractive, particularly in relatively
small areas, where high spatial resolution is required. The
Compact Airborne Spectrographic Imager (CASI) is a
commercial pushbroom imager that is sensitive from the
visible to the near infrared wavelength of the electromagnetic spectrum [1]. CASI is used mainly for studies on
water quality [2, 3, 4], agriculture [5] and forestry [6].
Recently (April 1997), the hyper-spectral CASI sensor was implemented to monitor water quality in a transi-
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tional zone, from polluted to clean seawater in Haifa Bay,
Israel [7]. Synoptic measurements of optical data acquired
from the airborne scanner were used to map Chl a and
SPM concentrations in surface waters. The distribution of
SPM concentrations was mainly dictated by the polluted
riverine inputs. During October 1999 we carried out a
second CASI campaign to monitor the water quality at the
Qishon River estuary in the southern part of Haifa Bay
and at the Soreq River mouth (south of Tel-Aviv), both
known to be polluted. The aims of this study were to
evaluate the data collected at these sites and to compare
them to those of the previous study performed in 1997.
This was performed in order to emphasize the advantages
of remote sensing techniques in comparison to the in-situ
traditional measurements. It is suggested that such techniques will provide essential information on the state of

the environment and the effectiveness of pollution control
measures taken, especially in 'hot spot' areas.

SAMPLING AND METHODS
Data collection

Multi-spectral data were collected on October 14-15,
1999 with the CASI sensor from the Free University in
Berlin. The CASI was mounted on a Cessna 401 and the
data collected in a spatial mode (full across-track resolution
of 512 pixels) with 19 spectral channels along 8 east-west
lines across the southern part of Haifa Bay (including the
Qishon River estuary) and two lines (one normal and second parallel to shoreline) at the Soreq River mouth (Fig. 1).

FIGURE 1 - Location of sampling stations and the flight lines at the southern
part of Haifa Bay and the Soreq River mouth (Mediterranean coast of Israel).
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concentrations lower than 1 µg L-1 and ±0.2 µg L-1 for
concentrations higher than 2 µg L-1. The calibration
of the SPM was based on the 624/534 nm peaks ratio. The accuracy of the calculated SPM concentrations is estimated as ±0.5 mg L-1 for concentrations
lower than 10 mg L-1.

The flight height was about 2,600 m, which gave a
pixel size of 4 X 4 m. During the flight, surface water samples were collected at 12 stations along a southeastnorthwest transect in Haifa Bay and at 9 stations along eastwest transect at the Soreq River mouth (Fig. 1). Water
samples for Chl a analyses were filtered at sea using glass
fiber filters after pre-filtration through 63 µm sieve. Chl a
was determined using the procedure developed by [8]. The
concentration of SPM was determined from the mass retained on a pre-weighed Millipore HA type filter (0.45 µm)
after pre-filtration through a 63 µm sieve. In several stations
the upwelling radiance from the water surface and from a
standard reflectance BaSO4 plate were measured several
times with a portable LICOR LI-1800 radiometer from a
height of about 2 m above the water surface with a view field
of 150. In each station Chl-a and SPM concentrations were
determined for the calibration of the CASI images.

d) The final step of the image processing was to geometrically correct the images into local coordinates.
This was done by first applying the GPS and gyro
data that was collected during the flight on the images and then registration of the images using
ground control points taken from maps and other
sources. The last stage of these corrections was the
integration of the mosaic of the different flight lines
into one image.

RESULTS AND DISCUSSION

CASI data processing and calibration

The processing of the CASI data followed several steps:
a) Radiometric corrections, which convert the raw data
acquired by the CASI into Spectral Radiance Unit
(SRU). Some of these corrections are done automatically in the sensor to remove the background values
(e.g. electronic offset, CCD dark current, scattered
light and frame shift exposure) and the rest are done
with spectral calibration files, that are established from
the laboratory measurements before the flight [9].
b) Spectral corrections, which convert the SRU into
reflectance. This process takes into consideration the
atmospheric effects between the sun and the water
and between the water surfaces to the sensor. In the
present study the reflectance was calculated by dividing the upwelling radiance from the water surface
and the upwelling radiance from the reference plate.
The variations in the illumination across track that is
caused by the scattering effect, were also corrected
at this stage of the processing.
c) Calibration and interpretation of the CASI data,
which involves the construction of algorithms for
Chl a and SPM, using the correlation between the
chemical and the ground spectral measurements. Previous spectral study in Haifa Bay showed that the reflectance minimum near 670 nm and the maximum
near 700 nm were expedient features for construction
of algorithms of Chl a estimation [10]. The spectral
signatures of Chl a and SPM in Haifa Bay were similar to the ones that we observed in the previous CASI
campaign [7]. The Chl a has two peaks, at 681 nm for
low concentrations and between 704 to 715 nm for
higher concentrations. To avoid the problems of
peak position and shape, and to enhance the sensitivity of the measurements, the reflectance heights (at
681, 704 and 715 nm) above baseline (in the range
667 to 748 nm) were determined. The accuracy of the
calculated Chl a concentrations was ±0.1 µg L-1 for

The mosaic of the flight lines at the southern part of
Haifa Bay is shown in Fig. 2. This mosaic is a composite
image of three wavelengths (468nm, 530nm and 634nm)
that are sensitive to turbidity and seafloor features. The
decrease in water turbidity (SPM concentrations) from the
Qishon River estuary toward the north and west of the bay
is clearly observed. Relatively high SPM concentrations
were observed across an approximately half a kilometer
belt extending westward, with fractal border morphology
at its northern front. The northward bathymetric ridge
(water depths 10-15m) is clearly observed north of Rosh
Carmel where the turbidity is low. The changes in Chl a
and SPM concentrations are shown along three profiles
(Fig. 2b). The highest SPM concentrations were found in
profile 2, located at the Qishon River estuary between the
entrance to Qishon and Haifa harbors, ranging between 815 mg L-1. The two other profiles (2 and 3) depict the
relatively high concentrations of SPM and Chl a across
this belt and the sharp drop of concentrations at its northern border. These abrupt changes in SPM and Chl a concentrations demonstrate the advantage of the synoptic
spatial mapping by the CASI.
In both campaigns (1999 and 1997) the distribution of
SPM and Chl a concentrations at the southern part of
Haifa Bay were mainly due to the Qishon River inputs,
but were different in their magnitude and pattern of
spatial distribution. While in 1999 SPM concentrations
were distributed as a westward strip, in 1997 it extended
northward [9], probably attributed to the different current directions during the surveys. The Chl a concentrations mapped and measured in 1997 were unusually low
(<1 µg L-1) compared to values usually found in the area
[10], due to a long-period of intermission in the introduction of anthropogenic phosphate and nitrate to the bay. In
1999 the highest Chl a concentrations were found in profile
2 near the Qishon River estuary ranging between 2-5 µg L-1.
Similar to the distribution of SPM, the two other profiles
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FIGURE 2 - Gray color image of the mosaic of flight lines (southern part of Haifa Bay) mapped with the CASI sensor (a) and
variation of Chl a (µ
µg L-1) and suspended particulate matter (SPM, mg L-1) concentrations along 3 profiles (b). This mosaic is a composite image
of three wavelengths (468nm, 530nm and 634nm) that are sensitive to turbidity and seafloor features and the pixel is 4m.
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showed an abrupt change of concentrations at the northern
border of the patch, from approximately 2 to 1 µg L-1.
At the Soreq River mouth we sampled 2 stations in the
river and 7 at sea, extending to about 2.5 km offshore (Fig. 1).
SPM concentrations in the river (maximum 61 mg L-1) were
more than an order of magnitude higher than in the sea,
showing a sharp gradient across the stations close to the
shoreline (Fig. 3). The change in Chl a concentration was
even more pronounced presenting a clear border between
the river system (14-19 µg L-1) and the sea (~1 µg L-1).
Fig. 3 presents the dispersion of the river waters during
1999 and 1997 campaigns as depicted by three wavelengths (468nm, 530nm and 634nm) in the visible spectrum. While in the 1997 survey the flow was southward at
a narrow strip along the shoreline, in 1999 it was westward and southward, reflecting the frequent temporal
variability of the river water dispersion.

The Qishon River is regarded as the most polluted
river in Israel mainly by heavy metals [12-15 and references therein], nutrients [7, 11] and, in a lesser degree, by
organic contaminants [13]. Among the other coastal rivers
the Soreq River is one of the most polluted, especially with
regard to nutrient concentrations (mainly phosphate and
ammonium, [16]) and some heavy metals [17]. Therefore,
for both areas it is essential to provide information on the
state of the environment and the effectiveness of pollution
control measures taken. It was shown that both study areas
exhibit variable distribution patterns of SPM and Chl a
depending on the hydrographic climate of the marine environment and the river flow. This dynamic spatial and temporal distribution emphasizes the need of implementing a
frequent synoptic monitoring tool in specific 'hot spot'
areas. This type of proposed tool for compliance monitoring in 'hot spot' areas, will serve as a functional indicator
for environmental quality requirements and for assessing
the usefulness of land-base control measures.

FIGURE 3 - Gray color image mapped with the CASI sensor at the Soreq River mouth in 1997 and 1999,
and variation of suspended particulate matter (SPM) concentrations along a transect normal to shoreline.
This image is composed of three wavelengths (468nm, 530nm and 634nm) and the pixel is 3.5m.
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CONCLUSIONS
1. The use of CASI remote sensing technique to map
quantitatively the distribution of Chl a and SPM
concentrations in the selected coastal 'hot spot' areas was found useful and accurate.
2. The advantage of high spatial resolution and ability to collect data over relatively large areas in real
time makes CASI a useful tool to monitor the effectiveness of pollution control measures in 'hot
spot' areas. It is suggested to apply it in compliance monitoring programs at 'hot spot' areas.
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MONITORING OF WATER QUALITY
OF KALAMAS RIVER, EPIRUS GREECE
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SUMMARY
Kalamas River is one of the most important aquatic
systems of the western Greece and flows into the Ionian
Sea. In order to estimate the pollution level and to evaluate biotic community, an integrated monitoring system
was applied during the low flowing season. An attempt
was made to estimate the water quality using physicochemical variables, chlorophyll a, aquatic macrophytes,
and multivariate data analyses. Correlations were sought
between the environmental factors and the abundance of
the different species using canonical analysis.

KEYWORDS: Macrophytes, multivariate analyses, nutrients,
river, water quality, western Greece.

INTRODUCTION
Rivers are important pathways for the flow of energy,
matter and organisms through the landscape. A wide
range of human activities at the catchment areas may lead
to environmental deterioration of river waters. However,
the assessment of the changes in river communities as the
result of the impact of pollution, is a particularly interesting issue within the framework of aquatic ecology, since
running waters is becoming increasingly affected by anthropogenic discharges [1].
Studies from Mediterranean rivers are scarce and focused mainly on French and a few from Iberian Peninsula.
Greek river systems, however, some other western Mediterranean systems as well as present interesting features
for aquatic organisms, macrophytes, benthic invertebrates
etc., including an extended summer period of dryness,
land use practices, and the intense of human activities
close or at drainage basin influencing the river biota.
Knowledge of specific relationships between particular
organisms and environmental factors enables a quick and
fairly reliable evaluation of the essential features of a given

biotope. Therefore, there is an increasing interest in the
utilization of indicative value of various biota in numerous fields of human activities. In Greece, most studies
have focused on the abiotic environment and very few
have examined, especially in the last few years, the biotic
features of the water systems or have attempted to objectively identify those environmental variables influencing
species distributions and community structure [2, 3].
According to the newly proposed ‘’Water Framework
Directive’’ (2000/60) of the EU, all member states are
obliged to establish national monitoring systems determining the ‘ecological status’ of water quality, referring
to the biological elements of the ecosystem and give a
greater role to biological monitoring.
In the present study, an attempt was made to estimate
the water quality of Kalamas river using physicochemical
parameters, nutrients, aquatic macrophytes and multivariate analyses. The study aims at the assessment of the
water quality and the distribution of aquatic macrophytes.
The river was chosen, because it has a typical Mediterranean hydrological regime and it is one of the most important aquatic systems of the western Greece, entirely
within Greek territory. The protection and management of
Kalamas waters are of great economic and ecological
importance and should be based on a thorough environmental study.

THE STUDY SITE AND METHODS
Kalamas river with a length of 113 km originates
from the central of Epirus and discharges into the Ionian
Sea (Fig 1). Its drainage area is of 1747 Km2. It can be
considered as a middle-sized river with seasonal changes
in water level [4]. Water from Pamvotis lake is led to the
Kalamas river through a narrow channel, by name Lapsista, which receives some urban and industrial wastes.
The volume of the outflow through this connection fluctuates depending on the water level of the lake and is
usually discontinued during the summer [5].
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FIGURE 1
Map of the study area and sampling stations (St.1: Klimatia, St. 2: Soulopoulo, St.3: Vrosina, St.4:Neraida, St.5: Ragio).

The maximum water discharge of Kalamas is,
54m3/sec, in winter and minimum, 32m3/sec, in summer.
The climate of the study area is Mediterranean with a
pronounced summer drought and a mild winter. Average
annual rainfall is about 1100 mm and means air temperature is 17.4 °C. Autumn is the rainiest season. In the
catchment areas there are important agricultural cultivations (20-30%) with corn, grains and vegetables. Although protected by national and international law (Important Bird Area and site proposed to the “NATURA
2000” network), it is a very disturbed area. It receives
urban effluents, treated domestic effluents and untreated
effluents from many semi-urban settlements along the
river, small-scale industrial discharges and surface runoff
from agricultural land. As regards the pesticides detected
in the river, they are higher than those found in the Lapsista canal [6].
The distribution of physicochemical parameters and
nutrients of surface waters of the river Kalamas were
studied at bimonthly intervals from April to September
2000 at two sampling stations, one upstream station
(Neraida) and the other downstream (Ragio) close to the
delta area. Additionally, for the present study another two
sampling sites (Soulopoulo and Vrosina) were chosen in

relation to the morphological and hydrological characteristics of the river and to pollution resources and one sampling site at the Lapsista canal (Klimatia) close to its
inflow at the river and samplings was carried out during
summer 2001 (Fig. 1). At each site water samples were
collected at a position nearer to the bank, where aquatic
macrophytes grow. From the same sites also plant material were collected and reliefs were made. Several physicochemical parameters (substrate, temperature, water
transparency, pH, conductivity, dissolved oxygen), nutrients (PO4-P, NO3-N, NO2-N, NH4-N), and chlorophyll α
were measured. Water samples were filtered through a
0.45 mm membrane. The determination of nitrogen and
phosphate nutrients in the water was carried out spectrophotometrically using the methods described in APHA [7].
Filtration’s for chlorophyll-a measurements were carried
out through GF/C glassfiber filters, on the day of sampling and extraction with acetone solution.
The relationships between the aquatic macrophytes,
physicochemical parameters, and sampling sites were
analysed by using Canonical Correspondence Analysis
(CANOCO) [8]. It is particularly suited for a forward
selection of environmental variables in order to determine
which variables best explain the species data.
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Physicochemical parameters

RESULTS AND DISCUSSION
The complexity of natural ecosystems requires the
use of a number of variables for water quality assessment.
Nutrients and chlorophyll content of the water are considered as the most significant parameters in eutrophication
studies since they represent the general trends of enrichment of the water systems and can be easily recorded in
monitoring programs.

The substrate at the sampling sites is characterized by
a depositional substrate, consisting mainly of fine materials such as silt and clay. Pebbles and cobbles and a
smaller amount of gravel mainly compose the Neraida
site. In Fig. 2 time series plots of basic water quality parameters indicating organic pollution of Kalamas River
are shown.

o

PO4-P (µg/l)

Temperature ( C)
Neraida
Ragio

Neraida

25,0

1000

20,0

800

15,0

600

10,0

400

5,0

200

0,0

APR

MAY

J UN

J UL

AUG

0

SEP

APR

MAY

pH
Neraida

10,0

Ragio

SEP

16
14
12
10

4,0

6

8
4

2,0

2
APR

MAY

J UN

J UL

AUG

0

SEP

APR

MAY

DO (mg/l)
Neraida

14,0

J UN

J UL

AUG

SEP

AUG

SEP

AUG

SEP

NH4-N (µg/l)

Ragio

Neraida

250

12,0

Ragio

200

10,0
8,0

150

6,0

100

4,0

50

2,0
APR

MAY

J UN

J UL

AUG

0

SEP

APR

MAY

NO2-N (µg/l)
Neraida

16

J UN

J UL

NO3-N (µg/l)

Ragio

Neraida

1200

14

Ragio

1000

12

800

10

600

8
6

400

4

200

2
0

AUG

3

6,0

0,0

J UL

CHL-a (mg/m )
Neraida
Ragio

8,0

0,0

J UN

Ragio

APR

MAY

J UN

J UL

AUG

0

SEP

APR

MAY

J UN

J UL

FIGURE 2 - Seasonal fluctuation of physicochemical parameters and chlorophyll α at Kalamas river.
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Temperature increases from the springs down to the
mouth of the river, varying within normal levels for the
area. During the study period, water temperature was
least in April (10 °C) and highest in July (21 °C), as
shown in Fig 2. pH ranges in high levels without significant changes between the sampling points. The lowest
value (6.1) was at the station Ragio in April and the
highest value in September at Neraida station (8.25).
The highest values of conductivity were measured at the
station Soulopoulo (885 µs/cm).
Domestic sewage and wastes discharged into the
river may cause the prevalence of the high values at the
upstream part of the river. Dissolved Oxygen (D.O.),
varies along the river and presents very low values at the
inflow channel (Klimatia 2 mg/l). The nitrate -nitrogen
concentrations ranged between 220-1130 µg/l N, with
maximum values in June- July in the two sampling-sites
and minimum concentrations (200-300µg/l) during April
and May. Similar pattern was also observed for ammonium-nitrogen, with higher values appearing in May. No
obvious seasonal fluctuations were observed in nitrite
concentrations. The main form of nitrogen was nitrate
(NO3-N) indicating that full nitrification had already
occurred. Generally concentrations of DIN (NO3N+NO2-N+NH4-N) in the river Kalamas appeared lower
to those measured in other rivers studied in North
Greece (e.g. Strymon, Axios) and in central Greece
(Pinios) located in mainly agricultural areas [9,10].
Phosphates ranged from 50 µg/l to 900 µg/l P. Higher
values were observed during May-June, while the lowest
values were recorded in mid-summer, probably due to
the increase of phytoplankton biomass at the same period. Moreover, phosphate concentrations were lower in
all cases (except two samples) than 500µg/l, which is
considered as the lower limit for river waters to pose a
risk of eutrophication [11]. The DIN to phosphorus ratio
ranged between 0.45-11 (with the exception of 22) suggesting a N-limitation in Kalamas river during the monitoring period.
Chlorophyll a

Chlorophyll a (chl a), has been widely used as an estimation of phytoplankton biomass. The concentrations
of in Kalamas river, ranged from 2.4mg/m3 to 15 mg/m3.
Higher values were observed during the summer period.
The observed values were lower than those measured in
other Greek rivers as Strymon and Nestos [10,12] and
may be due to the hydrological conditions inhibiting the
development of river phytoplankton.

Aquatic communities

Macrophytes are very sensitive to the conditions in
which they live, and so their occurrence, abundance and
habit can be used to interpret these conditions. A poor
richness and diversity characterize the macrophytic

community of the river during the whole growing season. A total of 18 taxa of aquatic macrophytes and riparian species were recorded during the vegetation
period. The most common plants are Phragmites australis and Typha angustifolia. Moreover, there is rooted,
submerged vegetation including Ranunculus trichophyllus association, that covers extensive areas early in
spring, Zannichelia palustris, Cladophora glomerata,
and Potamogeton pectinatus. Extensive riparian galleries and thickets of Tamarix parviflora, which in some
areas is mixed with reed-beds, Phragmites australis,
that occupy the west part of the river around the estuary. The riparian vegetation is well developed along the
watercourses and is characterized mainly by the occurrence of Platanus orientalis, Salix alba, and Populus
species. The riparian vegetation may act as a buffer
system between the agricultural land and the receiving
water body, retaining the nutrients and the eroded sediments. Therefore, in the absence of such a retention
buffer zone, the quasi-totality of the leached nutrients
and pesticides will eventually reach the river water. The
deterioration of water quality, canalization of watercourse, partial drainage etc. have detrimentally affected
the freshwater habitats of Kalamas river and resulted in
the loss of their natural vegetation. Many other surface
waters have lost their natural aquatic vegetation in recent years especially submerged macrophytes [13].
Since macrophytes are of major importance to river
biological and chemical processes, their disappearance
has changed the ecosystem and the ecological stability
of many aquatic systems.

Multivariate Analyses

The successive Eigen values of the four axes of
CANOCO indicated a well-structured dataset. The first
two axes explained 50% of the variance. Canonical
Correspondence Analyses suggests that the sampling
stations named Klimatia, Ragio and Vrosina differentiated clearly from the others and occupied the most extreme sites of the plot (Figs. 3a, b). Vrosina station
shows a clear distinction mainly due to high depth, pH
values, and dissolved oxygen. At the opposite side is
the Klimatia station with high phosphate, ammonia
nitrogen and Chlorophyll a concentrations. These differentiations can be explained also by the unique species composition of the stations (Fig. 3c). The composition of the aquatic macrophytic communities was so
different in the above stations with Cladophora glomerata and Potamogeton pectinatus, which occupied the
most polluted sites, mainly at Klimatia and Soulopoulo
stations. Vallisneria spiralis dominates at Vrosina station and shows a clear preference in deepest waters.
Ragio station also distinguished from the others mainly
due to a low water depth and a highest temperature. In
the protected areas of Ragio station dominate mainly by
lemnid species (Fig. 3c), such as Lemna minor and
Spirodella polyrhiza.
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FIGURE 3 (c) - CCA diagram with aquatic macrophytes at 5 cites of Kalamas river.

These preliminary results indicate that, in order to
prevent the adverse environmental effect of development
into a river system and its catchment's area, the implementation of an integrated environmental management
plan is considered as the most effective approach to ensure sustainable use of water resources and protection of
river water quality.
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SUMMARY
Due to the complexity of the mixture of sediment
sorbed micropollutants, the selection of proper chemical
indicators can be relevant to distinguish between different
sources of sediment toxicity. In this study, the distribution
of nonylphenol ethoxylates (NPEs) in sediment samples
of Po River (Italy) was investigated with the aim to evaluate the possible role of this class of organics as chemical
tracer of recent industrial contamination. NPEs were
compared with more traditional classes of indicators of
different contamination sources, such as PCBs, PAHs,
DDTs and herbicides. The relationships found between
the toxic potential, as measured by S.capricornutum
growth test, and the analyzed concentrations of the solvent extracted chemicals support the role of NPEs as
reliable indicators of sediment toxicity and suggest their
use as possible tracers of recent industrial contamination.

KEYWORDS: Sediment contamination, NPEs, chemical indicators, toxic potential, S.capricornutum, Po River.

INTRODUCTION
The releases of many organic chemicals from industrial, urban and agricultural activities have led to widespread contamination of aquatic environments. Since
many of these compounds are likely to be associated with
settling particles, aquatic sediments tend to become contaminated by a complex mixture of organic chemicals [1].
The inability to predict the toxic potential of trace
amounts of mixed chemicals makes toxicity bioassays
essential tools to define the effects of contaminated sediments upon both organisms and aquatic ecosystems [2].

While chemical analyses can help to provide qualitative and quantitative evaluation of the anthropogenic
contamination, but cannot provide information on the risk
associated with the sediment-borne toxicants, toxicity
tests are still unable to distinguish between the role of the
different compounds or the contamination sources. Therefore, the combined use of chemical and ecotoxicological
analyses is the most effective approach for the assessment
of hazardous sites and contamination causes. Particularly,
the use of sediment solvent extracts for both analyses
provides a good opportunity to evaluate the relationships
linking toxic effects to chemical concentrations [3]. However, apart from a few studies, where a special TIE procedure was used [4], chemical characterization of sediments
usually consists of analyzing some classes of hydrophobic
organic compounds, or a set of individual chemicals,
which may be poor indicators of extract toxicity [5]. The
selection of proper indicators is, thus, essential for the
identification of the toxic contamination sources.
Nonylphenol ethoxylates (NPEs) are a class of organic compounds which has been widely used during the
last few decades. Mainly because of their surfactant properties, NPE-containing compounds are largely employed
in a variety of industrial activities [6]. Despite their
known environmental hazard involving toxic and estrogenic effects [7-9], their production, as well as their entry
into the environment increased during recent years [10].
In addition, the high affinity and persistence in sediments
[11] are the properties making this class of organics of
relevant interest as chemical indicator of sediment contamination in aquatic environments.
In this study, the role of NPEs as chemical tracers of
recent industrial pollution was evaluated in sediments of
the largest Italian river, which can be regarded as representative of the complex organic pollution originating by industrial, urban or agricultural activities of Northern Italy.
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The distribution of NPEs was studied on freeze-dried
sediment samples collected during a monitoring program
previously undertaken on the Po River [12] with the aim
to compare NPEs with selected classes of organics released by different anthropogenic activities and to compare the relationships between analytical and toxicological concentrations of sediment solvent extracts. As a sensitive biological model to measure the combined effects
of the complex mixture of organics [13-15], Selenastrum
capricornutum 72-h EC50 was selected as ecotoxicological end point.

MATERIALS AND METHODS
The Po River was selected as study area, since the
most economically important area of Northern Italy
(70,000 km2) drains into it and its sediments are affected
by different sources of contamination. Sampling was
performed within a monitoring program recently undertaken to investigate the quality of the river sediments [12].
A total of 20 sediment samples were collected downstream of the confluences of the main tributaries of the
river and close to the river springs, during two (summer
and winter) sampling seasons. In Figure 1 the location of
sampling stations is shown in the map. While the first station (UP) was used as an ambient control, the other stations are affected by the contribution of the Po River tributaries: Dora Riparia (DR), Dora Baltea (DB), Sesia (SE),

Tanaro (TA), Ticino (TI), Lambro (LA), Adda (AD),
Oglio (OG), Panaro (PA), the last being close to the end
section of the river basin.
As already described in previous papers [12, 16],
sediment fine fractions (<63 µm), collected by sieving
freeze-dried sediment samples, were Soxhlet-extracted
using a mixture of n-hexane and acetone (1:1) and used
for both chemical and toxicological analyses. In this study
we selected some of the previously analyzed parameters
to be used as chemical and toxicological indicators and
compared with NPEs.
The Selenastrum capricornutum growth test [17, 16]
was selected, since it proved to be the most effective
within the biotest battery to assess the toxic potential of
Po river sediments [12].
Four different classes of organic chemicals were selected as representative for the anthropogenic pollution
originating from different sources, such as industrial,
urban and agricultural activities. PCBs and DDTs were
analyzed by HRGC and ECD detection, PAHs by HPLC
and fluorescence detection, and herbicides by HRGCNPD. While DDT analyses were performed only on winter samples, herbicides were detected only during summer
sampling. The concentrations of Alachlor, as the most
representative compound detected for the agricultural
impact in the Po river plain [16], were used.

FIGURE 1 - Map of sampling stations located along the Po river course (Northern Italy).
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NPE analysis was performed later, using the stored
freeze-dried samples. The whole sediment samples were
Soxhlet-extracted with methanol. After a clean-up on alumina the extracts were analyzed by HPLC using a 9012 Q
ternary pump (Varian, Walnut Creek, CA, U.S.A.), with a
10 µl sample loop, and a FP-920 fluorescence detector
(Jasco Corporation, Tokyo, Japan), set at 230 nm ex. and
302 nm em.. The separation was achieved on a C18
LiChrospher 60 RP-select B, 250 x 4.6 mm, 5 µm, (Merck,
Darmstadt, Germany) at 25 °C [18].

RESULTS AND DISCUSSION
The presence of NPE compounds was detected in Po
river sediments all over the river course during both sampling seasons. The concentrations were ranging from 0.05
µg/g in the UP station up to 6.13 µg/g in LA station. In
both samplings the lowest contamination level was observed in the same UP station, confirming the role of
ambient control for this upstream location. Also, the highest level in both seasons was found in the same LA station, which was already identified as one of the river sites
of major toxicological hazard [12, 16].
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TABLE 1
Correlation coefficients, r, and probability, p, of linear correlations between toxicological and chemical data.

Summer

EC50

PCB

PAH

Alachlor

NPE

-.7879
p=.007
.7411
p=.035

-.7027
p=.035
.7941
p=.019

-.9491
p=.0003

-.9491
p=.0003

-.9279
p=.0001
.9168
p=.001

EC50

PCB

PAH

DDT

NPE

-.9036
p=.0003
.9191
p=.003

-.7359
p=.015
.7693
p=.043

-.8639
p=.012

-.8639
p=.012

-.8812
p=.001
.9116
p=.004

EC50
NPE
Winter
EC50
NPE

Comparing the contamination levels analyzed in the
present study with those from European and U.S. rivers
[10, 19, 20], NPE concentrations in Po river sediments are
comparable with those determined in moderately polluted
European rivers.
As already observed for the other classes of organic
compounds [16], NPEs cannot be regarded as directly
responsible for the toxic effects measured by testing the
sediment extracts with S. capricornutum. Even when
considering the highest concentration (6.13 µg/g) detected, the 72-h EC50 on the same sample was 7.5 g/l,
which could be related to a NPE concentration of about
46 µg/l, while a value of 410 µg/l is reported as 96-h EC50
for NP tested by the same S. capricornutum growth inhibition test [9]. These results seem to confirm the previously hypothesized role of the combined action of the
mixture of the extracted organics as affecting the toxic
potential [16]. The possible role of NPEs as good tracers
of the complex mixture of micropollutants accumulated in
Po river sediments was thus investigated by comparing
both toxicological and analytical data with NPEs.
In Figure 2 the concentrations of the different classes
of organics are plotted together with the effects measured
(72-h EC50) for comparison purpose.
The trends observed during both samplings showed a
good agreement between toxic potential of Po river sediments and levels of most contaminants analyzed, distinguishing sediment quality changes over the river course.
Apart from herbicides, the concentrations of organics
which were analyzed using identical extraction procedure
[16], as well as the toxicity data, similarly indicated two
most critical sites at DR and LA stations. As previously
described, the two stations are collecting the drain mainly
of the heavily industrialized areas of the Po River basin
(Turin and Milan, respectively).
Compared to the other organics, the NPE concentrations, although analyzed later with separate extraction of
the whole sediment, seem to be in good agreement with
the previous observations, following a similar trend over
the river course. However, lower levels than expected

were detected in the first part of the river (DR and the
nearest downstream stations), compared to the lower part.
The observed differences can be related to the different
particle-size sediment composition, which was characterized by a much higher content of fine fraction (<63 µm)
in the lower than in the upper stations [12]. While further
experimental evaluations would be needed, particularly
when comparing DR with LA samples, the differences
found between NPE and toxicity concentrations can be
justified by the differences in particle-size composition
measured in the two stations in both seasons [12]. Thus,
NPE concentrations identified by dotted lines in Fig. 2
(DR and the nearest downstream stations) were not considered for statistical calculations.
While general trends of Figure 2 are suggesting a primary role of industrial rather than agricultural impact in
sediment contamination, further evaluations were made
using linear correlation procedures to compare NPEs with
both toxicological data and analytical concentrations of the
different classes of organics. Statistical significance coefficients (correlation coefficients, r, and related probability, p)
of linear correlation between EC50, NPE and the other
selected chemical variables are reported in Table 1.
In summer sampling the highest correlations with the
toxicological data were found for NPEs (r=0.95 p= 3 x
10-4, n=7) and PCBs (r=0.93 p= 10-4, n=10). In winter
sampling PAHs were the chemical class showing the best
correlation with EC50 (r=0.90 p= 3 x 10-4, n=10), but
NPEs and PCBs were again highly correlated between
themselves, suggesting a common source.
In addition to the industrial sources, in winter time
the contribution of PAHs could be likely affected by the
presence of more toxic (4-5 rings hydrocarbons) compounds released by urban activities such as domestic
heating [12].
These results support the role of both, NPEs and
PCBs as good tracers of industrial contamination sources.
Further, good correlations with the toxicity of river sediment were observed for both classes, even if PCBs and
algal growth inhibitions were analyzed using identical
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extraction procedure, while NPE analyses were performed
using different solvent extraction and different sized fractions of sediment samples.

[11] John D.M., House W.A., White G.F., 2000. Environmental
fate of nonylphenol ethoxylates: differential adsorption of
homologs to components of river sediment. Environ. Toxicol.
Chem., 19: 293-300.

CONCLUSIONS
NPEs are present in Po river sediments at moderate
contamination levels. The detected concentrations seem to
contribute to the combined action of the mixture of the
sorbed chemicals affecting the toxic potential of the river
sediments. In agreement with the more traditional classes
of organics, the contamination trend of NPEs supports the
major role of the industrial sources for sediment contamination. The good relationships found between toxic potential and chemical concentrations suggest the use of NPEs
as the proper indicators of sediment toxicity and as possible tracers of recent industrial contamination.
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SUMMARY
Within the framework of this paper, the implementation of major pedestrianization schemes introduced in
central areas is analysed and evaluated through the use of
traffic simulation modelling. Parameters such as traffic
volumes, delays, speed, use of road network and Public
Transport system data are examined, with special consideration given to the environmental impacts of such measures (vehicle emissions, fuel consumption). The modelling results showed that special attention must be paid in
the near area of the pedestrianization schemes in order to
improve the efficiency of the road network, to promote the
relieving effects of pedestrianization and to minimize possible negative environmental impacts due to excess traffic.

KEYWORDS:
Environment, Modelling, Assessment, Pedestrianization, SATURN.

INTRODUCTION
The excessive use of private cars during the last decades led to the creation of major traffic and associated
environmental problems in urban areas and especially in
city centres [1-3]. The confrontation of these problems
includes, amongst others, the improvement of the level of
service offered by the Public Transport systems, the construction of the necessary infrastructure for the pedestrians and the implementation of traffic and demand management measures. The traffic and associated environmental impact of these measures can be assessed through
the use of modelling techniques. Within the framework of
this paper, the results of the environmental impact assessment due to the introduction of pedestrian streets in
central areas are presented, having as a case study the city

of Komotini, Northern Greece. The tool used in order to
perform the evaluation was the Simulation and Assignment of Traffic to Urban Road Networks model, widely
known as SATURN.

MATERIALS AND METHODS
The case study refers to the city of Komotini, a medium size city situated in Northern Greece with a population of about 50,000 inhabitants, which covers an area of
about 6,168 hectares. The city road network is of a radial
shape to some extent and the “heart” of the city, as highly
expected, is its centre, where the most important land uses
are situated (e.g. commerce, administration, education,
entertainment etc.).
The city faces severe environmental and traffic problems due to its insufficient road network and the absence of
traffic and demand management measures, which lead to
an overall poor performance of the transport system [4].
The use of Public Transport system is limited, since it
basically serves long distance trips (external trips), to and
from the nearby villages and do not provide adequate
level of service for trips between city districts (internal
trips). It has to be mentioned here that no new technology,
environmentally friendly, vehicles are used by the Public
Transport system nowadays.
Moreover, the absence of alternative routes to serve
through traffic and to bypass the city centre is the main
reason for the traffic problems appeared along the two
basic road axes crossing the city centre. Another problem
in the central area is the lack of parking places due to poor
geometric characteristics of the road network, and also due
to the absence of free space in and around the city centre
that could be used for the construction of parking stations.
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Therefore, drivers are subjected to increased travel
time until they will be able to find a place to park. Pedestrian trips are also limited, since no extensive pedestrian
streets network exists and thus the environmental and
safety conditions do not promote this kind of trips in the
central area.
It is known that the implementation of pedestrianization schemes in city centres aims not just to the provision
of a safe environment for the pedestrians, but also to the
relief of traffic and associated environmental problems.
The overall objective of such schemes is the improvement of the quality of life for residents, employees
and visitors in the central area. Therefore, an extensive
pedestrianization scheme was proposed, amongst other
measures, for the city of Komotini concerning the two
main streets passing nowadays through the city centre.
This scheme is proposed in order to create an integrated
network of pedestrian streets and also to provide an acceptable level for pedestrian trips in the city in terms of
environment and safety.
The basic scope of this research is to test and assess the
environmental impacts of this scheme and to examine various environmental parameters such as energy consumption
and pollutants emitted (CO, CO2, NOx, HC, and Pb) through
the use of a model. Since the city examined is representative
of medium sized cities, all facing similar environmental and
traffic problems, the results are of general interest and applicability. The same applies to the evaluation methodology
that was followed during this research.
The traffic simulation model that was used for the purposes of the present study was the Simulation and Assignment of Traffic to Urban Road Networks (SATURN),
which is a suite of flexible network analysis program developed at the Institution for Transport Studies, University
of Leeds, UK. SATURN is a combined traffic simulation
and assignment model for the analysis of traffic management schemes over relatively localised networks [5, 6].
The basic structure of SATURN consists of two general inputs – the “trip matrix”, which specifies the number
of trips from one zone to another, and the “network”, which
specifies the physical structure of the roads upon which
trips take place. These may be thought as the “demand” and
“supply” inputs and must be provided by the user.
SATURN is also closely linked with the ME2 Model
(Matrix Estimation from Maximum Entropy), a technique
that enables demand trip matrices to be estimated directly
from traffic counts. Therefore, for the purposes of this
research an extensive data collection took place in the city
of Komotini, including traffic counts, link travel times,
geometric characteristics of roads etc. As a result of the
data collection, all the necessary information was obtained for building the SATURN road network and the
trip matrix, which was estimated with the use of the
aforementioned ME2 program. The use of SATURN as a

tool to assess environmental and traffic impacts was
proved to be of great importance in various research efforts in Greece (with reference to the city of Thessaloniki
and Larissa) [7-9].
The SATURN road network consists of 44 nodes and
110 links. The proposed scheme concerns the pedestrianization of two main one–way roads in the city centre.
These roads were represented in the SATURN road network by the two – directional link from node 16 to node
18 (see Figures 2 and 3). The area mostly affected by the
implementation of this scheme includes the two directional links 100–104 and 104–103, which inevitably deliver the traffic from the pedestrian streets, since no construction of new roads is foreseen.
Various parameters describing the performance and
the level of service of the city road network were examined through the use of SATURN. The values of the performance indicators were calculated for the city road
network both “before” and “after” the implementation of
the proposed pedestrianization scheme.
The parameters examined in this research include
traffic volumes, speed, delays, Public Transport system
data as well as parameters describing the use of the road
network expressed in travel distance (pcu*kms) and in
travel time (pcu*hrs), where pcu is passenger car unit.
Special consideration was given to the environmental
impacts of the proposed scheme, which were evaluated
through the examination of parameters such as the emission of pollutants and the fuel consumption.

RESULTS AND DISCUSSION
For the evaluation purposes a comparison was made
between the values of the above-mentioned performance
indicators “before” and “after” the implementation of the
pedestrianization scheme. The evaluation results are presented in Tables hereinafter. The comparison of speed,
delays, Public Transport system data and the values of
parameters describing the use of the road network, travel
distance (pcu*kms) and travel time (pcu*hrs) for the
whole road network are presented in Table 1.
As can be seen in Table 1, the average speed in the
whole road network after the implementation of the
pedestrianization scheme was not actually affected (it has
been slightly reduced but it remained at a satisfactory
level). Delays were not affected at all, although a slight
increase in travel distance and travel time has been observed. On the other hand, it seems that the Public Transport system was significantly affected, mainly due to the
lack of sufficient road network for alternative routes. The
construction of new roads in the periphery of the centre
and also in the suburbs seems to be the only solution to
this problem. The comparison of traffic volumes, speed
and delays in the near area of the pedestrian streets is
presented in Table 2.
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TABLE 1
Comparison of performance indicators and Public Transport system data for the whole network.

Comparison elements
Performance indicators for the whole road network
Average speed (km/h)
Delays (pcu*hrs)
Travel distance (pcu*kms)
Travel time (pcu*hrs)
Public Transport system data
Average speed (km/h)
Travel distance (pcu*kms)
Travel time (pcu*hrs)
Fuel consumption (lit)

Before

After

Difference (%)

34.7
71.0
10081.0
290.9

34.6
71.0
10095.7
291.5

-0.29
0.00
+0.15
+0.21

31.8
81.3
2.6
9.7

30.8
84.5
2.7
10.7

-3.14
+3.94
+3.85
+10.31

TABLE 2
Comparison of traffic volumes, speed and delays in the area of major influence.

From node
To node
Traffic volumes (pcu/h)
100
104
104
100
104
103
103
104
Speed (km/h)
100
104
104
100
104
103
103
104
Delays (sec)
100
104
104
100
104
103
103
104

Before

After

Difference (%)

210
228
386
297

266
463
434
546

+26.7
+103.1
+12.4
+83.8

34
41
34
41

33
41
34
41

-2.9
0.0
0.0
0.0

4
0
4
0

4
0
4
0

0.0
0.0
0.0
0.0

12
10

9,62 9,92

Before

9,10 9,31

After

8
6
4

2,58 2,64
1,76 1,81

2

1,00 1,10

0
CO (kg *10)

CO2 (kg*100)

NOx (kg*10)

HC (kg*10)

Pb (kg*0.1)

FIGURE 1 - Pollutants emitted in the whole city road network.
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From Table 2 it can be seen that, as highly expected,
traffic volumes in the streets around the pedestrianised
area have been significantly increased, even doubled in
some cases. The vehicle emissions for the whole city road
network are presented in Figure 1.

TABLE 4 - Comparison of fuel consumption before and
after the implementation of the pedestrianization scheme.

From
Node

100
104
104
100
104
103
103
104
Total fuel consumption in the network

Especially for the near area of the pedestrianization
scheme, the comparison of the CO2 emissions, which
appear to be the pollutant with the most significant values,
is presented in Table 3.
TABLE 3
Emissions of CO2 in the near area of pedestrianization scheme.

From
Node
100
104
104
103

To
Node
104
100
103
104

CO2 emitted (kg)
Before
4
3
8
4

After
5
6
9
8

Difference
(%)
+25.0
+100.0
+12.5
+100.0

Fuel consumption in the near area of pedestrianization scheme and also in the whole city road network is
presented in Table 4.

To
Node

Fuel consumption (lit)

Difference
(%)

Before
5
4
11
6

After
7
8
11
10

+40.0
+100.0
+0.0
+66.7

1174.1

1201.0

+2.29

The results presented in the graph of Figure 1 show
that, when considering the whole road network, there was
a noticeable increase in all values of pollutants. In the
near area of the pedestrianization scheme the situation got
even worse, as we can see from the comparison of the
CO2 emissions in Table 3. Finally, fuel consumption has
been increased, both in the whole city road network and
the near area of the pedestrianization scheme. Values for
CO2 and fuel consumption for the pedestrianization
scheme are presented in Figures 2 and 3, respectively
(SATURN outputs).

FIGURE 2 - Values of CO2 (kg) for the pedestrianization scheme.
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FIGURE 3 - Fuel consumption (lit) for the pedestrianization scheme.

From the comparative analysis of the performance
indicators, that were calculated through the use of SATURN, it can be seen that the road network of the city is
able to function at a rather acceptable level after the
implementation of the pedestrianization scheme. There
was a significant increase in the values of certain pollutants, with more clear impacts in the near area of the
proposed measures. However, the pedestrianization of
the two main streets contributes to the overall improvement of the quality of life and provide sufficient environmental and safety conditions for pedestrians to move
in and around the city centre. What is necessary, though,
is the construction of new roads in order to serve the
excess traffic together with demand management measures in order to control the access of private cars in the
near area of the pedestrian streets. The use of Public
Transport must be promoted by all means, since it is the
most environmental friendly and cost effective solution
for the confrontation of traffic and environmental problems in urban areas, and moreover in areas where major
pedestrianization schemes are implemented.
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TO DIFFERENT ENVIRONMENTAL STUDIES
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MATERIALS AND METHODS

SUMMARY
A sea urchin bioassay was applied to some harbour
and coastal sediment samples. The aim of this study is to
consider two end-points, fertilization-rate and embryo
development for toxicity evaluation in areas with various
degree of human impact.

KEYWORDS: Paracentrotus lividus, bioassay, fertilization,
embryo development, sediment toxicity.

Sediments

The harbour sediment has been sampled from
Livorno in Toscana (LI1, LI2, LI3, LI4, LI5) and La Spezia in Liguria (SP1, SP2, SP3), while the coastal sediment
has been sampled along the Ligurian coast (CA1, CA2,
CA3, CA4, CA5). For the preparation of the elutriate, the
equivalent of one dry weight sediment part and three parts
of filtered natural sea water has been mixed. The suspensions obtained have been placed in agitation for 1 h at
ambient temperature and centrifuged for 20' by 3000 rpm.
Toxicity test

INTRODUCTION
Many pollutants in marine sediment can be the cause
of stress to the benthic organisms. These negative interferences are evidenced through monitoring strategy that
integrate chemical and ecotoxicological analyses. In particular this last approach can provide important information about pollutants bioavailability and, therefore, on the
real danger of toxicants towards the biota. Organisms as
the sea urchins, with external fertilization and floating
larvae are particularly sensitive either in the reproductive
processes or during the larval development. These characteristics, added to the advantage of a good reproducibility
and contained costs, have contributed to their increasing
use in the field of the biological tests [1].
In this work harbour and coastal sediment samples
have been tested using the sea urchin Paracentrotus lividus
(Lamark), widely diffused in all the Mediterranean Sea and
already employed with good results in other studies for the
evaluation of the toxicity of marine sediment [2 - 7]. The
present study aims to compare two different end-points
for the evaluation of the use of short-term and/or longer
term toxicity test in areas with various degree of human
impact.

The bioassays have been conducted estimating the
egg fertilization success after sperm exposure for the
evaluation of the short-term toxicity, and the larval development rate to the stage of pluteo for the study of a
longer-term toxicity (Fig.1). The procedures are referred
to international standardized protocols [8, 9]. For the use
of the P. lividus, however, some procedural modifications; 15,000:1 sperm:egg ratio, test temperature (18°C),
water salinity 33-36‰, have become necessary [6].
The fertilization assay has been carried out by exposing 0.1 ml of the diluted sperm suspension for 1 h in individual test tubes containing 9 ml of test elutriate. After
this period, about 200/250 eggs were added to each tube.
After 20 min, fertilization was stopped by addition of formaldehyde. An amount of 100 eggs from each replicate
were examined by the presence of fertilization membrane.
Serially diluted copper nitrate solutions (16, 32, 46 µg l-1)
were used as positive control to estimate EC50 value. Control water was collected in previously cleaned plastic bottle
immediately above the sea urchin sampling area.
The embryo development bioassay has been prepared
by the same procedure of fertilization test. Test was
stopped when embryos reached the normal stage of pluteo
in the control after about 48 hours from the fertilization.
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a)

b)

FIGURE 1 - a) Fertilized egg; end-point for the short-term toxicity evaluation
b) pluteo; larval development end-point for the longer-term toxicity evaluation

Statistical analysis

RESULTS

The data have been employed with t-Student test
and the Abbott’s correction that considers the control
results. The correction of Abbott has been calculated by
the following formula:
Abbott = (A - B) x 100/(100 - B)

The positive control results (Cu) showed a good quality of gametes employed in this work and data that are
comparable with other precedent experiments: EC50 = 21,
26µg/L.
As reported in Tables 2 and 3, the results on egg fertilization and embryo development show various situations and a different kind of influence on test organisms.

A = % of unfertilized eggs or undevelopped embryos
in the sample (Average value)
B = % of unfertilized eggs or undevelopped embryos
in the control (Average value)

Harbour samples

The used toxicity scale, modified with respect to
Pellegrini et al., 2001 [10], is reported in Table 1. In this
scale the value of Abbott (represents the percentage of
effect in the sample normalised to control) has been integrated with the significant difference effect (p-value)
between the fertilization (or the development) with respect to the control. After the elaboration of results,
every sample has been attributed with a value of toxicity
from 0 to 3 corresponding to an absent, low, medium
and high toxicity, respectively.

Some harbour sediment samples showed a high toxicity level already at the first end-point (fertilization). In
particular, SP2 and SP3 samples coming from La Spezia
and LI6 of Livorno induce a total block of fertilization.
In the latter area a different situation has been observed
in the stations LI1 and LI2: the absence of toxicity in the
short-term assay (class 0) followed by a high toxicity in
the phase of larval development (class 3). The remaining
part of samples coming from Livorno (L3, L4, L5),
show similar results in both the end-points: no toxicity
in the fertilization test, and medium or no toxicity for
the larval development.

TABLE 1 - Toxicity scale for the sediment evaluation.
Abbott (A)

t-Test

A≤0
0<A≤8
0<A≤8
8 < A ≤ 24
8 < A ≤ 24
24 < A ≤ 56
24 < A ≤ 56
A > 56

p ≥ 0,05
p < 0,05
p ≥ 0,05
p < 0,05
p ≥ 0,05
p < 0,05
-

Toxicity

Toxicity
value

Absent

0

Low

1

Medium

2

High

3

Coastal samples

The sediment coming from the Ligurian coast shows
generally an absence of toxicity. The high fertilizationrates, shown in the short-term assay, are comparable at
the control results. In the development, three out of five
samples have repeated the fertilization results with a
total absence of toxicity. The remaining two stations
(CA2, CA5) have, instead, proved an elevated chronic
toxicity at longer-term with a toxicity class 3.
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TABLE 2 – Fertilization and development results of Paracentrotus lividus bioassays for harbour samples.
Site

Fertilization
(Average)

(±S.D)

Development
Average

(±S.D)

Control LI

95.67

(2.5)

96.00

(2.0)

LI1

91.67

(3.8)

0.20

4.18

LI2

91.00

(2.0)

0.80

4.88

0

0.33

0

1.00

LI3

96.00

(2.0)

0.04

-0.35

0

LI4

96.00

(2.0)

1.00

-0.35

LI5

98.00

(1.7)

0.26

-2.44

t-Student Abbott

Toxicity

t-Student

Abbott

Toxicity

(0.6)

0.00

99.65

3

(1.0)

0.00

98.96

3

88.00

(1.0)

0.00

8.33

2

0

96.67

(1.6)

0.67

-0.69

0

0

73.00

(8.7)

0.01

23.96

2

LI6

0.67

(0.6)

0.00

99.30

3

2.00

(2.6)

0.00

97.92

3

SP1

88.67

(4.2)

0.06

9.22

1

0.33

(0.6)

0.00

99.66

3

SP2

0.33

(0.6)

0.00

99.66

3

0.67

(1.1)

0.00

99.32

3

SP3

0.67

(0.6)

0.00

99.32

3

2.00

(2.0)

0.00

97.97

3

Control SP

97.67

(0.6)

98.33

(0.6)

TABLE 3 – Fertilization and development results of Paracentrotus lividus bioassays for coastal sediment samples.
Site

Fertilization
(Average)

(±S.D)

t-Student

Abbott

Toxicity

Development
Average

(±S.D) t-Student

Abbott

Toxicity

Control CA
CA1
CA2

97.67
98.67
98.67

(0.6)
(0.6)
(0.6)

0.10
0.10

-1.02
-1.02

0
0

98.33
98.00
53.00

(0.6)
(1.0)
(7.8)

0.64
0.01

0.34
46.10

0
3

CA3

98.33

(0.6)

0.23

-0.68

0

98.00

(1.0)

0.64

0.34

0

CA4

98.67

(0.6)

0.10

-1.02

0

94.00

(3.5)

0.10

4.41

0

CA5

98.67

(0.6)

0.10

-1.02

0

74.00

(2.6)

0.00

24.75

3

DISCUSSION AND CONCLUSIONS
Sediments are generally a complex matrix with a
wide range of chemical-physical characteristics. Many
problems concerning the evaluation of sediment toxicity
are besides due at the chemical nature of the pollutants.
Some of these, as heavy metals and chlorophenols, can
cause an immediate response of biota (mortality) or a
longer-term deleterious effect (reproductive success/birth
defects) [11].
In this work, short and longer-term results suggest a
possible difference in the application of Paracentrotus
lividus bioassay for coastal or harbour sediment monitoring.
Harbour areas are generally characterized by various
grain-size composition and high pollutant concentrations,
that can lead to different toxicity levels.
In particular, in this work has been shown that it is
possible to find in the same harbour area sediment inducing a short and/or longer-term toxicity.

These results suggest that for harbour or off-shore
area differently impacted from anthropic activities (dumping operation, oil extractions, etc), the evaluation of sediment quality could be carried out by both the end-points.
The fertilization test could only be used in the strongly
polluted zones.
Concerning the evaluation of the coastal area samples,
or where presumable modest amounts of pollutant are present, the fertilization test cannot be sensitive enough. Nevertheless, possible long-term negative effects could be
better monitored with the embryo development study.
As reported by others authors [12], different early development protocols can be used as more sensitive tests.
For this sensitive, simple and fast bioassay further
deeper knowledge and development of standard procedures are desirable. A future international protocol developed with the species Paracentrotus lividus, in course of
today’s standardization, could constitute a valid support
either for the management of harbour sediments or for the
monitoring of coastal sediments of the Mediterranean area.
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SUMMARY
A deterministic model is developed with respect to
the influence of nutrients (silicon, nitrates and phosphates), light and temperature on the spatial and temporal changes of the diatoms' maximum growth rate (µmax)
on the surface of Thermaikos Gulf. The way each of the
above abiotic factors changes in time and influences the
maximum growth rate (µmax) represent individual units
of the model. Model's results show that during the year
diatoms' µmax has three peaks and spatial variability
appears. Temporal changes may be correlated with temperature, light and silicon while spatial variations with
the heterogeneity of nitrate and phosphate concentrations.

The most common processes that usually influence
N0 are predation, competition, water stratification and
vertical movements of population, while µmax is influenced by abiotic factors such as temperature, light and
nutrients, as they act directly on the individuals’ biochemistry. Thus, population is more sensitive to small
changes of µmax, especially in eutrophic ecosystems,
where N0 is usually large [8, 9]. In this paper a deterministic model is developed to estimate the maximum
growth rate of the diatoms as a function of temperature,
nutrients (nitrates, phosphates and silicon) and light as
follows: For each day of the year, the maximum growth
rate of the diatoms is at first estimated as a function of
temperature and then this value is reduced by the influence of the light and nutrients [10-12].

KEYWORDS:
Diatoms growth rate, phytoplankton models, Thermaikos gulf.

MODEL DESCRIPTION
Temperature

INTRODUCTION
Thermaikos Gulf is located in the N.W. Aegean Sea.
For the last 30 years it has been subjected to pollution
by domestic waste and industrial effluents [1-3].
Although there is much information for a lot of biotic and abiotic environmental factors of Thermaikos
Gulf [4-7], it is the first effort of modeling the relation
between diatoms’ quality and quantity changes with
space and time and the abiotic factors such as light nutrients and temperature.
In populations following exponential growth, the
factors regulating their density in space and time are the
starting population (N0) and the growth rate (µ).

The mean daily surface temperature of Thermaikos
Gulf changes periodically in time with no important spatial differences [5, 6, 13]. Thus, the mean daily temperature can be described by the following equation which
gives a minimum of 6.6 oC at the end of January and a
maximum of 27 oC at the end of June (Fig. 1b).

é 2π (t - 29) ù
T(t) = 16.8 - 10.2 cos ê
ú
ë 365 û
Eppley’s equation [10] is used to describe the way
temperature influences µmax. By taking logarithms and
changing the base (from 2 to e), we receive:
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µ (t)= 0.59 e 0.0633T(t)
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a)

Light

The influence of light on µ (t) has been welldocumented by many researches using field data and
laboratory investigation [14, 15]. In this model, the Stele
equation is used [16]. As the light intensity is not constant
throughout the day, and it is much higher than the intensity of the photosynthetic active light [17], the mean daily
light intensity (MDI (t), Fig. 1b) of the photosynthetic
active light is computed as a function of maximum light
intensity of each day (Imax (t), Fig. 1a) and sunshine duration (du(t), Fig1 c) [8].

ly/min

ly/day
500

1

0.8

400

0.6

300

0.4

200

0.2

100

Imax (t)=0.45-0.73cos [ 2π(t+9)/365] (Iy\min)
0

0

du(t)=6.95-5.1 cos [2π (t-15) /365]

0

73

146

Therefore, Stele’s equation could be transformed as
follows:
µ(I,t)= µt

MDI(t) 1-MDI(t)I opt
e
I opt

219

292

365

292

365

b)
o

C

30

Nutrients

20

The nutrients are considered to influence the µ(I,t)
following Michaelis-Menten’s equation [18]:
µmax=µ(I,t) [SP/kSP+SP] [SN/kSN+SN] [SSi/kSSi+SSi] ,

10

where µmax is maximum growth rate, SP, SN, SSi are
the concentrations of nitrates, phosphate and Silicon and
kSP, kSN, kSS are the half saturation constants for the
above nutrients.

0
0

73

146

219

c)
hours/day
15

12

9

6

3

0
0

73

146

219

2 92

365

FIGURE 1
a) Imax (line), and mean daily light intensity (dots); b) Mean daily temperature of the water's surface;
c) Field data concerning sunshine duration (dots) and the fitted model (r=-0.75) in hours.
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RESULTS
The model has been applied on regions where data
had been available, in order to compare its results with the
field observations [1, 3, 6, 13] (Figs. 2 and 3). ANOVA
analysis shows that the values of silicon have no significant differences among stations, while nitrates and phosp-

hates have. The above model is utilised using three different Iopt for diatoms' growth and data from three regions of
Thermaikos Gulf, specifically two coastal regions (Karabournaki, Biamil) and a region where the main sewage
pipe discharges about 800 m from the shore (Fig. 4.)

a)

b)

µ g N /l X 1 0 0

µ g P /l
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200
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160
6
120
4
80

2

40

0

0
0
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219

292

365

0
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146

c)

292

365

d)

µ gN /l

µ g P /l
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40

64

20

0

0
0

219

73

146

219

292

365

0

73

146

219

292

365

FIGURE 2 - Experimental values (dots) and cubic splines for: a) nitrates in Karambournaki,
b) phosphates in Karambournaki, c) nitrates in Viamyl and d) phosphates in Viamyl.
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FIGURE 3 - Experimental values (dots) and cubic splines for a) nitrates
b) phosphates in the area of the sewage system discharges and c) silicon in Thermaikos Gulf..
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b)
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FIGURE 4 - Maximum growth rates of diatoms from: Karambournaki (......), Biamyl (
) and from
the sewage system discharges (---), with a) Iopt = 0.10 ly/min, b) Iopt = 0.12 ly/min and c) Iopt = 0.14 ly/min.
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DISCUSSION
As the values of light, temperature and silicon’s concentration remain the same in Thermaikos gulf, the spatial
variations of the growth rates are probably correlated with
the heterogeneity of nitrates and phosphates concentrations [12, 19].
According to temporal changes of the maximum
growth rate it could be said that:
a) During winter diatoms’ growth rate decreased,
although nutrients’ concentrations were high.
Consequently, it seems, that in winter temperature and light are the most important factors for
the phytoplankton’s growth [20]. Diatoms, which
have small Iopt and tolerance for low temperatures, may dominate that time.
b) In the beginning of spring the first peak of the
diatoms appears due to the rise of temperature.
So, diatoms with small Iopt (0.1 ly/min) continue
to dominate [8].
c) During the summer photo-inhibition seems to
play an important role, especially in diatoms
with Iopt 0.10 ly/min. Furthermore, the nutrients
decrease at this time of the year and this seems to
influence the growth rate of the diatoms. At the
end of July we can observe that µmax has its lowest values. So, we can expect that species with
relatively high Iopt will be near the water surface,
while species with relatively small Iopt will move
deeper [21].
d) In autumn, all the groups of diatoms have the
highest growth rate values. Therefore, the structure of the community will change with time, as
in the beginning of autumn we expect diatoms
with higher Iopt to dominate and at the end these
with relatively low Iopt.
It can be concluded that the light intensity in combination with the temperature in winter and the nutrients in summer and autumn may regulate diatoms
growth rates, the size of population and also processes
like succession [9].
Finally, as nutrients' concentrations and light intensity
change in marine ecosystems, the above discussion points
out the necessity for more investigation, in order to determine the optimum light intensity and half saturation
constants.
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