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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: Pathways and Effects of Chemicals

FOREWORD
The session C of the 11th MESAEP Symposium held
in Limassol, Cyprus in October 2001, addressed various
aspects of chemicals and their effects on the ecosystem.
Chemicals have become “essential” in our modern world,
over 100,000 are already registered and at least one thousand new ones are introduced every year on the market.
The problem of chemical pollution is becoming very
serious threatening the survival and sustainability of our
planet. How these cocktails of chemicals affect Human
Health and the Ecosystem? Which are the effective
mechanisms for protection and prevention? What are the
challenges for Environmental Chemists and Ecotoxicologists in the new century?
These concerns were addressed by various presentations
in the session C. Some of them are published in this issue
of Fresenius Environmental Bulletin. To highlight indicative examples, the presence of endocrine disruptors in
waste waters and in rivers and estuaries along the Mediterranean coast in Israel and Spain and their impacts on
the ecosystem, is to be mentioned. This issue was identified as an emerging threat for the fragile environment of
the Mediterranean region. Concerns were also expressed
in relation to the potential threats from the use of Depleted Uranium (DU) by the NATO forces in the Balkans.
The results of a study presented show that it can be reasonably expected that soldiers and population may develop certain tumours caused by DU. Expected occurrences are estimated to be quite small, however, considering the seriousness of the effects, these potential occurrences are of concern.

There is a need for more effective mechanisms of
prognosis, monitoring and prevention of the impacts of
chemicals and sustainable use of them in the Mediterranean region.
Due to the inherent complexity of the environment,
scientists will continue to face many uncertainties in their
endeavor for risk assessment and management of chemicals: Presently there are gaps in understanding the
ecotoxicological mechanisms, too many assumptions are
made when exposure concentrations are estimated, and it
is hardly possible to derive the so-called ‘safe levels’ for
the environment.
Nevertheless, risk assessment and management decisions have to be taken now and scientists must support
informed decision making and reasonable application of
the precautionary principle by providing data and sound
assessments. This has to be done on the basis of the optimum use and integration of existing tools and knowledge.
Furthermore, environmental chemists and ecotoxicologists, must create effective channels of communication
with decision makers and the public, and visualize both
possibilities and limitations for the application of their
results.
MESAEP through its networking and symposia provides a forum for exchange of knowledge and information
and can contribute to built up effective communication
and trust between scientists, politicians and the public in
the Mediterranean region .

From the various presentations and discussions the
complexity of the problem of chemicals was recognized
as well as the lack of comprehensive monitoring and
ecotoxicological data on toxic chemicals in many countries of the Eastern and Southern Mediterranean Area.
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THE WATER FRAMEWORK DIRECTIVE:
THE CHALLENGES OF IMPLEMENTATION
FOR RIVER BASIN-COASTAL ZONE RESEARCH
C. N. Murray, G. Bidoglio, J. Zaldivar and F. Bouraoui
European Commission, Institute for Environment and Sustainability, Joint Research Centre, 21020 Ispra (VA), Italy

SUMMARY
On the 23 Oct. 2000 the European Parliament and
Council passed a Directive establishing a framework of
community action in the field of water policy (Water
Framework Directive- WFD came into force on 22 Dec.
2000: Official Journal of the European Communities).
The implementation of this Directive will have very considerable long-term implications on information needs
and research objectives covering all European river basin
and coastal zones.
An effective and coherent water policy must take into
account of the vulnerability of all surface and ground
waters, including aquatic ecosystems located near the
coast and estuaries or in gulfs or related closed seas, as
their equilibrium is strongly influenced by the quality of
inland waters flowing into them.
There are diverse conditions and needs in the community, which require different specific solutions. This
diversity should be taken into account in the planning and
execution of measures to ensure protection and sustainable use of water in the framework of river basins. Decisions should be taken as close as possible to the locations
where water is effected or used. Priority should be given
to action within the responsibility of Member States by
drawing up of programmes of measures adjusted to regional and local conditions.

KEYWORDS: Water Framework Directive, Common European
Strategy, Implementation.

ber States shall implement the necessary measures to
prevent deterioration of the status of all bodies of surface water; protect, enhance and restore all bodies of
surface water with the aim of achieving good surface
water status, at the latest, 15 years after the entry in
force of the Directive; protect and enhance all artificial
and heavily modified bodies of water, with the aim of
achieving good ecological potential and good surface
water chemical status, at the latest, 15 years after the
entry in force of the Directive; progressively reduce
pollution from priority substances and cease or phase
out emissions, discharges and losses of priority hazardous substances.
For groundwater, Member States shall implement
measures necessary to prevent or limit the input of pollutants into groundwater and prevent deterioration of the
status of all bodies of groundwater; protect, enhance and
restore all bodies of groundwater, ensure a balance between
abstraction and recharge of groundwater, with the aim of
achieving good groundwater status, at the latest, 15 years
after the entry in force of the Directive; implement measures necessary to reverse any significant and sustained
upward trend in the concentration of any pollutant resulting
from the impact of human activity in order to reduce (trend
reversal) progressively pollution to groundwater.
Protected areas shall be designated and shall achieve
compliance with any standards and objectives, at the
latest, 15 years after the entry in force of the Directive.

THE CHALLENGES OF IMPLEMENTATION
ENVIRONMENTAL OBJECTIVES OF
THE WATER FRAMEWORK DIRECTIVE
The objective of the Water Framework Directive [1]
covers surface (inland, transitional and coastal waters),
groundwater and protected areas. For surface waters, Mem-

The implementation of the Water Framework Directive [1] raises major challenges. These include an extremely demanding timetable, in particular, in the nine
preparatory years; the complexity of the text and the diversity of possible solutions to scientific, technical and practical questions; the problem of capacity building and an
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TABLE 1
Important time-scales in the Water Framework Directive:
Länderarbeitsgemeinschaft Wasser (LAWA): Working Group of the German Federal States on Water Problems [2].

Article in
Water Framework Directive
Entry into force

25

Deadlines1

around
4th quarter 2000

Legal implementation
-

Adopting statutory provisions
Identification of the competent authority
Notifying the EC of competent authorities

24
3 (7)
3 (8)

Dec. 2003
Dec. 2003
June 2004

5 (1)
6 (1)
5 (1)
5 (1)
5 (2)

Dec. 2004
Dec. 2004
Dec. 2004
Dec. 2004
Dec.2013/
Dec. 2019

Status review
-

Analysis of characteristics of a river basin district
Register of areas requiring protection
Reviewing and assessing significant impacts
Economic analysis of water use
Updating of reviews and analyses

EC regulation of groundwater
-

Adoption of measures to protect groundwater by EC
Criteria for chemical status and trend reversal by EC
Criteria on a national basis (if necessary)

17 (1)
17 (2)
17 (4)

Dec. 2002
Dec. 2002
Dec. 2005

Monitoring programmes
Setting up networks and putting them into operation

8

Dec. 2006

Public participation
Publication of a timetable and work programme2
Publication of the most important water management issue2
Publication of drafts of the management plan2

14 (1a)
14 (1b)
14 (1c)

Dec. 2006
Dec. 2007
Dec. 2008

Management plan and programme of measures
Drawing up and publishing the management plan
Drawing up a programme of measures
Implementing the measures
Updating the management plan
Updating the programme of measures

13 (6)
11 (7)
11 (7)
13 (7)
11 (8)

Dec. 2009
Dec. 2009
Dec. 2012
Dec. 2015
Dec. 2015

Achieving objectives
Good surface water status
Good groundwater status
Compliance with objectives for protected areas
Extension of deadlines to meet objectives

4 (1a)
4 (1b)
4 (1c)
4 (4)

Dec. 2015
Dec. 2015
Dec. 2015
Dec. 2021/
2027

Lists of priority substances
-

Proposal of limit values for emissions and discharges
Updating of the priority substances list
Phasing out discharges of priority hazardous substances

Waste pricing to recover costs
Introduced by

-

1

16 (8)
16 (4)
16 (6)

Dec. 2002
Dec. 2004
20 years3

9 (1)

2010

The deadlines refer to the obligation to report to the EC; in some cases much shorter deadlines are to be set for finalising plans in
the sub-basin survey areas.
2
every six years
3
after proposals on the implementation of the requirements for priority hazardous substances have been adopted
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incomplete technical and scientific basis with a large
number of fundamental issues in the Directive (specially
in Annex II and V), which need further elaboration. A
strict limitation of human and financial resources in
Member States further adds to the challenge.
The tasks that flow from the adoption of the Water
Framework Directive (WFD) can be divided into a number of core areas to be completed within the first nine
years (Dec. 2009):
• reviewing the situation of waters within the river basin district from a water management, ecological and
economic perspective,
• monitoring the status of waters,
• identifying, developing and putting into operation
the objectives to be achieved in the river basin district with regard to the status of the waters,
• establishing the measures or programmes of measures needed to achieve these objectives.
As can be seen in Table 1 [2] the Water Framework
Directive imposes a series of deadlines for the reporting by
Member States to the European Commission. For the information requirements of the Status Review (Article 5) [1]
"Characteristics of the river basin district, review of the
environmental impact of human activities and economic
analysis of water use", as well as "Register of protected
areas" (Article 6) [1] the WFD gives a preliminary indication of areas of research needs over the mid-term. Member
States are to undertake the various identified actions according to technical specifications set out in Annex II and
Annex III of the WFD [1]. It is, however, recognised that
under the present state of knowledge considerable areas of
uncertainty and lack of sound scientific understanding of
certain processes exist that will need to be remedied over
the coming years.
A further problem is that a common understanding
and methodologies for the application of the different
areas of the WFD do not necessarily exist. Member States
have, historically, developed approach to monitoring,
impact assessment, economic analysis etc. that will need
to be compared in order to be certain that they provide
comparable level of results over the range of ecosystems
covered in the European Union.
Accession Countries will also have to start to adjust
their environmental legislation to be compatible with EU
Directives and standards. It is obvious that as a better
understanding of these various requirements become clear
new research activities will be needed to adequately respond to the obligations of the WFD.

COMMON EUROPEAN STRATEGY
ON IMPLEMENTATION OF THE FWD
In order to respond to this problem a Common Strategy on the Implementation of the Water Framework Directive is being developed by the European Commission
and Member States [3]. The aim of the development of
this Common Strategy is to allow, as far as possible, a
coherent and harmonious implementation of the Directive.
Most of the challenges and difficulties arising will inevitably be common to all Member States and many of the
European river basins are shared, crossing administrative
and territorial borders, where a common understanding and
approach is crucial to successful and effective implementation. A common strategy could limit the risks of bad application of the Directive and subsequent dispute.
Focus is on methodological questions related to a
common understanding of the technical and scientific
implications of the Directive. The aim is to clarify and
develop, where appropriate, supporting technical and
scientific information to assist in the practical implementation of the Directive. Guidance documents, advice for
operational methods and other supporting documents will
be developed for this purpose. However, such documents
will have an informal and non-legally binding character
and will be placed at the disposal of Member States who
wish to use them on a voluntary basis.
Guidance documents should be developed based on
the already existing practices in the Member States with a
strong emphasis on pragmatic and operational quality and
practicability. It is in this sense that the strategic document [3] highlights the needs for testing the guidelines
and stresses the constant interaction that should exist
between guidance document and testing on Pilot River
Basins, i.e. the testing and the development of the guidance documents should evolve in parallel where possible.
A modular structure has been chosen for the overall
strategy. The main modules are the key activities for the
implementation process. Each key activity is subdivided
into one or more specific projects (see Figure 1).
•

Activity 1: Information sharing

•

Activity 2: Develop guidance on technical issues

•

Activity 3: Information and data management

•

Activity 4: Application, testing and validation

The first three priorities have a more horizontal character. They are the key activities for developing a common understanding of the implementation of the Water
Framework Directive.
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1
Sharing
Information

1.1 Tools for information
sharing

Implementation strategy

1.2 Raising awareness

4
Application,
testing and
validation

2
Develop guidance

2.1 Analysis of pressures and
impacts

2.2 Heavily modified water
bodies
2.3 Refrence conditions inland
surface waters

2.4 Typology, classification of
transitional, coastal waters

2.7 Monitoring

2.5 Intercalibration

2.8 Tools on assessment,
classification of groundwater

2.6 Economic analysis

2.9 Best practices in
river basin planning

3. Geographical Information
Systems

4.1
Integrated
testing in
pilot
river basins

3
Information Management

FIGURE 1 - Overall structure of the implementation strategy.

All these horizontal activities need to be integrated
and made operational in the River Basin Management
Plans. Activity 4 (Application, Testing and Validation)
significantly contributes to this integration role by making these activities operational in the River Basin
Management Plans. The integration step is crucial for
the effective implementation of the WFD.
Presently priority is being given to all projects for
which the outcome is needed to fulfil the requirements
of Phase 1 and 2 (Table 3) and in particular on the development of guidance documents on the key requirements of the Directive for 2004. Guidance documents
should be developed in a pragmatic way based on the
existing practices in the Member States. These guidance
documents should be practical, operational, and policy
and implementation oriented. Practical testing should be
part of the development of the guidance document.
As shown in Table 2, Action 2 (Development of
Guidance) covers all aspects of the WFD that are needed
for the development of the Status Review, Monitoring

Programmes, River Basin Management Plan, and Programme of Measures. Further, all guidance documents
resulting from the different projects in Action 2 must be
considered in Activity 4.1 (integrated testing in pilot
river basins).
As has been underlined above, key activities and
their importance are related to different phases of the
implementation process determined by the deadlines laid
down in the Water Framework Directive. These phases
are shown in Table 3 for the period up to 2009. As can
be seen in Table 2 the timetable is very tight for the
development of guidance documents and their testing in
time for the Status Review Report.
Practical testing in selected river basins should be
part of the development of the guidance document. The
documents should be finalised well in advance of the
specific deadlines in order to be of real operational use for
the Member States. The activities for developing the
guidance document should entail the development of a
concept for capacity building and training.

533

© by PSP Volume 11 – No 9a. 2002

Fresenius Environmental Bulletin

TABLE 2 - Time scale as presently foreseen for the development of guidance documents.

Action 2

Beginning date

Ending date

Project title

Project 2.1

05-2001

12-2002

Guidance on the analysis of pressure and
impact

Project 2.2

12-1999

12-2001/2002

Project 2.3

12-2000

12-2002

Project 2.4

06-2001

06-2002

Project 2.5

06-2001

12-2002

Project 2.6

12-2000

04-2002

Project 2.7

06-2001

2004

Project 2.8

12-1999

12-2001/2002

Guidance on tools for the assessment and
classification of groundwater

Project 2.9

2001

2003

Guidance on best practices in River Basin
Planning

Guidance on designation of heavily modified bodies of water
Guidance on classification of inland surface water status and identification of
reference conditions
Guidance on the development of typology
and classification systems of transitional
and coastal waters
Guidance for establishing the intercalibration network and inter-calibration
exercise
Develop guidance on economic analysis
Develop guidance on monitoring

TABLE 3 - Phases of implementation of FWD to 2009.

Phase 1:
Phase 2:

- Transposition
- Identification of River Basin Districts

Deadline: Dec. 2003

Status Review:
Deadline: Dec. 2004
- Establishment of reference conditions and reference sites for the
inter-calibration network
- Preparation for specification of values for the ecological
status classification systems
- Analyses of the characteristics of the river basin, of
pressures and impacts and the economics of water use

Phase 2a: - Establishment of Community criteria for assessing groundwater
(Commission proposals)
Deadline: Dec. 2002
- Individual Member State action in absence of
adoption criteria
Deadline: Dec. 2005
Phase 3:

Operational Monitoring Programmes

Deadline: Dec. 2006

Phase 4:

Publication of River Basin Management Plans
Programme of measures

Deadline: Dec. 2009
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Three major reporting miles stones (among others)
are required by the FWD during the preparatory period
(Dec. 2000-Dec. 2009). These are the Status Review
(Phase 2, Dec 2004), setting up of Monitoring Programmes
(Phase 3, Dec 2006) and River Basin Management Plan
and Programme of Measures (Phase 4, Dec 2009) [4].
Member States must report to the Commission in detail
on the actions they propose to take in response to FWD
obligations in these areas.
Research needs: As can be seen above, Table 2 highlights the urgent need to establish a Pilot River Basin
(PRB) testing scheme (Activity 4 in Figure 1) as rapidly
as possible in order to ensure that guidance document
development complies with the time scale (2001~2004)
foreseen. Many guidance documents will be available by
the end of 2002 (beginning of 2003). This time frame will
allow Member States to fulfil their reporting requirement
of Article 5 of the Directive (“Characteristics of the river
basin district, review of environmental impact of human
activity and economic analysis of water use”) by 2004.
It is evident, however, that even if the integrated testing
in PRBs starts immediately, the outcome of the evaluation
may be available too late to be used efficiently by Member States for their reporting in the short term, but will
significantly contribute to the scientific basis over the
longer term (2006, 2009).
Under Article 13 of the Water Framework Directive,
Management Plans have to be drawn up for River Basin
Districts. The management plan must cover an entire river
basin district. Where river basin districts are large, it may
be useful to divide the district into operational areas/ subbasin survey areas as part of the overall planning arrangements. The management plan itself should then
provide an overriding, unified presentation of the whole
river basin area and must distinguish the major factors
influencing the overall management of the river basin
district. The degree of detail required in this work is primarily determined by provisions contained in Annexes I
and V of the Water Framework Directive.

STATUS REVIEW (2004)
To characterise and determine the status of waters,
Article 5 of the Water Framework Directive requires
Member States to carry out:
• an analysis of the characteristics of the river basin
district
• a review of the impact of human activity on the
status of surface waters and groundwater, and
• an economic analysis of water use in the river basin district as required in Annexes II and III of the
Directive.

First of all the surface waters must be mapped
within the river basin, their location identified and the
catchment area delineated. It is necessary to distinguish
between surface water categories, namely rivers, lakes,
transitional waters or coastal waters.
Research needs: Type-specific reference conditions
are to be established for all surface water types that meet
the criterion of high ecological status (i.e. the quality of
the structure and functioning of aquatic ecosystems associated with surface waters, classified in accordance with
Annex V of the Directive). In addition, artificial bodies of
surface water are to be identified and designated. The
question as to whether heavily modified bodies of surface
water should also be designated has at present not been
decided.
To determine the significant anthropogenic pressures
identified in this way, it is necessary to assess these pressures with regard to their potential threat to good water
quality. For groundwater, it will also be necessary to
identify and describe groundwater bodies within river
basin districts and to undertake a survey and study of the
qualitative and quantitative effects on groundwater of any
significant pressures.
The review of water status is complemented by an
economic analysis for the river basin district in order to
comply with the principle of recovering the costs of water
services as set out in Article 9.
A further task is to register all existing water-relevant
protected areas established under EC Directives (conservation of natural habitats; bathing waters; nutritionsensitive/endangered/vulnerable areas) present in the
management plan, including areas protected for the abstraction of water for human consumption, and areas
designated for the protection of economically significant
aquatic species.

I) ESTABLISHMENT OF REFERENCE
CONDITIONS FOR SURFACE WATERS
Under Annex II. 1.3 of the Water Framework Directive, reference conditions are to be defined for all types of
surface waters in line with the characterisation of high
ecological status according to Annex V of the Water
Framework Directive. Generally, the reference condition
is equated with high status, with very good water quality
(largely natural state). Reference waters are selected according to chemical and hydro-morphological characteristics, but then characterised more specifically in quantitative terms on the basis of biological parameters. The list
of quality elements contains biological (priority, Table 4),
hydromorphological (supporting, Table 5) and physicochemical parameters (supporting, Table 6) are shown in
the tables below.
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Research needs: The ecological status is primarily
determined by the following groups of biological elements: aquatic flora, invertebrate fauna and fish fauna. It
is necessary to establish the species composition and
species abundance, as well as the age structure for fish
fauna (except in the case of transitional waters) and biomass for phytoplankton (except in rivers).
According to a recent communication from the Scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE)[5]: “On the other hand, defining ecological
quality, for communities and ecosystems, is not currently
possible from scientific first principles. This means the
approach has to be pragmatic and be based fundamentally on the judgements of scientists concerning the levels
of quality from “good” to “poor”. The implication of this
is that the definition of status has to be through the establishment of reference conditions. This will require transparency and careful attention to the design of the sampling programmes and statistical analysis. In our view
this should be subject to critical peer review, and be underpinned by a supported research programme.”

TABLE 4
Biological parameters required for different water bodies (priority).

Element

Rivers

Lakes

X

X

X

X

X
X

X
X

Phytoplankton
Macroalgae
Angiosperms
Macrophytes
Phytobenthos
Macrozoobenthos
Fish fauna

Transitional
waters
X
X
X

Coastal
waters
X
X
X

X
X

X

The normative definitions for the biological parameters contain descriptions for a five-class system based on
the gradations of high, good (objective) and moderate,
with waters below that status being classified as poor or
bad. The following characterisations apply to the three
high classification levels for the four surface water categories: no or only very minor changes from the natural
condition (high); minor deviation from the natural condition (good); moderate deviation from the natural condition (moderate).
Deviating from this pattern, artificial or heavily modified water bodies shall be classified according to their
maximum ecological potential, good ecological potential
and moderate ecological potential. The maximum ecological potential defines the reference condition. This
does not necessarily correspond to the natural condition,
but to what is possible in practice.
Hydromorphology is only described by its core parameters within the class of ”high status”. The other
classes are characterised by the biological elements, i.e.
good hydromorphological status is established where the
biology demonstrates at least good quality. Hydromorphology serves only for the selection of anthropogenically
undisturbed reference water bodies and is therefore
merely a supporting factor in the identification of ecological status.
Chemical and physical parameters serve not only to
establish the reference conditions but also to assess ecological water quality. It is, therefore, necessary, to take
into account the environmental quality standards required
under the Directives referred to in Annex IX of the Water
Framework Directive, the quality standards expected for
priority list substances under Art. 16 of the Directive and
the other relevant environmental quality standards.

TABLE 5 - Hydromorphological parameters (supporting).

Main parameter

Sub-parameters

Rivers

Hydrological regime

Flow quantity and dynamics
Connection to groundwater bodies
Water level dynamics
Water residence time

X
X

Continuity
Morphology

Tidal regime

Depth and width variations
Depth variation
Structure and substrate of bed
Quantity, structure and substrate of bed
Structure of riparian zone
Structure of tidal zone
Fresh water flow
Wave pressure
Direction of predominant current
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Lakes

Transitional-waters

Coastal
waters

X
X
X

X
X
X

X

X
X

X

X
X

X
X
X

X
X

X
X
X
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TABLE 6 - Chemical and physical parameters (italics: interpretation of WFD [2] ).

Main parameters
General

Pollutants

Sub-parameters
Transparency (m)
Temperature (°C)
Oxygen (mg/l)
Chloride (mg/l)
Conductibility
pH-value
Total-P (mg/l)
Total -N (mg/l)
priority substances (for discharge)
other substances (for discharge in
significant quantities)

Rivers

In the case of synthetic and non-synthetic pollutants
(defined under Annex VIII) occurring in river catchment
areas (other than the priority list substances taken for the
identification of chemical water quality), environmental
quality standards must be formulated for the ecological
asset aquatic biotic communities on the basis of longer term
eco-toxicological impact data. No quality standards are to
be set for the general chemical and physical parameters.

II) IDENTIFICATION OF SIGNIFICANT
ANTHROPOGENIC PRESSURES
a) Point and diffuse sources. The objective is to
evaluate the impacts of point and diffuse sources, in par-

X
X
X

Lakes
X
X
X
X

Transitional waters
X
X
X
X
X

Coastal waters
X
X
X
X
X

X
X
X
X

X
X
X
X

X
X
X

X
X
X

X

X

X

X

ticular, by substances referred to in Annex VIII (see
Table 7), and to assess, how high they must be to pose a
threat to the good quality status of waters.
Research needs: This will require the estimation and
description of significant pollution coming from urban,
industrial, agricultural and other installations and activities via point and diffuse sources, in particular by the
substances referred to in Annex VIII.
Data established in the framework of the CORINE
Programme can be used for a summary description of land
use. Drawing on the databases, land use classes of built-up
areas, agricultural areas, forest and semi-natural areas,
wetland areas and water areas can be distinguished.

TABLE 7 - Indicative list of main pollutants (Annex VIII).

1.

Organohalogen compounds and substances that may form such compounds in the aquatic environment

2.

Organophosphorous compounds

3.

Organotin compounds

4.

Substances and preparations, or the breakdown products of such, which may have been proved to possess cacinogenic or mutagenic properties or properties which may affect steroidogenic, thyroid, reproduction or other endocrine-related functions in or via the aquatic environment

5.

Persistent hydrocarbons and persistent bioaccumulable organic toxic substances

6.

Cyanides

7.

Metals and their compounds

8.

Arsenic and its compounds

9.

Biocides and plant protection products

10. Materials in suspension
11. Substances which contribute to eutrophication (in particular, nitrates and phosphates)
12. Substances which have an unfavourable influence on the oxygen balance (and can be measured using
parameters such as BOD, COD, etc)
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b) abstraction. An estimation and identification of
significant water abstraction is required for urban, industrial, agricultural and other uses, including seasonal
variations and total annual demand, and of water losses
in distribution systems.

c) Water flow regulation. An estimation and identification of the impact of significant water flow regulation,
including water transfer and diversion, on overall flow
characteristics and water balances must also be provided.

d) land use patterns, including the largest urban, industrial and agricultural areas, possibly also from fishery
areas and forests. The management plan should also
include a description of other anthropogenic impacts on
the state of the surface water body.

•

•

alterations to the state of vegetation. Largescale alterations to the state of vegetation can
result in alterations to the water balance owing
to different water retention and evaporation
conditions and thus have an impact on water
flow in surface waters. For example, large-scale
clear-cutting of forest land leads to an increase
in surface flow.
alterations to soil structures. Widespread compression of the soil prevents groundwater recharge and also results in an increase in surface
flow.

e) Assessing the impact of pressures, defining surface
waters at risk of failing to meet objectives. The assessment

is aimed at identifying the sensitivity of water bodies to
the established anthropogenic influences; moreover,
monitoring data has to be taken into account in order to
establish, whether there is a likelihood of failing to meet
the objective of good water quality. If this is the case,
operational monitoring has to be carried out in the respective waters.
f) Morphological alterations to water bodies. Changes
due to damming, water course works, pumping installations etc. must be identified.

tial hazards to which groundwater bodies are exposed.
On the basis of the groundwater bodies which are identified to be at risk of failing to meet environmental objectives (“at risk” status, Article IV), these groundwater
bodies will then, in a further step, be subject to more
detailed analysis to establish the facts that relate to the
specific risks identified (“further characterisation“). It is
necessary to assign a groundwater body to river catchment areas.
Since, with respect to the area of a groundwater
body, very different climatic, hydrological, pedological
and hydrogeological site conditions may exist, it will be
necessary to apply several methods in order to take these
conditions into account.
If there are major discrepancies between surface and
underground watersheds, these areas are to be represented and taken into account. This also applies to
groundwater bodies at deeper levels with which recognisable water exchange occurs. If the groundwater and
surface watersheds are found to differ considerably,
river catchment areas should be combined.
All bodies of surface water and terrestrial ecosystems that are dependent on groundwater and are worthy
of protection, are to be identified. The nature conservancy authorities are to be consulted for an assessment
of whether areas are worthy of protection.
a) Characterisation of pollution from point sources

Via point sources, pollutants can enter the groundwater directly (discharges) or indirectly via an underground pathway (contamination focus in or on the soil
surface). While the sources are confined to a small area,
the pollutants may spread over a large area in the
groundwater. Characteristically, point sources can be
localised well as a rule, but cannot always be traced
back to a single polluter, and the resulting pressure by
pollutants on the groundwater is comparably large.
Point sources are frequently a result of accidents or
are due to a longer term inappropriate treatment of substances that are hazardous to water. However, it is old
deposits (landfills that are no longer in use) and disused
sites (closed down industrial sites) that have the greatest
relevance to potential groundwater contamination.
Where a contamination of the soil and/or of the groundwater can be demonstrated here, we shall refer to the
presence of a contaminated site.

III) GROUNDWATER
Research needs: The general characteristics of all
groundwater bodies must be ascertained (“initial characterisation”). This means determining the protective
properties of the groundwater cover as well as the poten-

b) Characterisation of pollution from diffuse sources including a summary of land use

Potential pressures from diffuse sources of pollutants have to be identified in order to establish any
threats to groundwater bodies. For example, land use in
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the shape of intensive agriculture may constitute a diffuse source, and general air pollution is also regarded as
a diffuse source. In addition, traffic routes and linear
installations are also assigned to the category of diffuse
sources.
Emissions from diffuse sources can result in a modification of natural groundwater quality. The types and
quantities of substances that actually enter the groundwater depend on the retention and degradation processes
undergone by the respective substance on its way to the
groundwater. The Water Framework Directive requires a
review of emissions that starts with land use. For example, increased pesticide and nitrogen emissions can be
reckoned with in land used for agricultural purposes.

IV) PROTECTED AREAS
Under Article 6 the Member States shall ensure the
establishment of a register of all areas lying within each
River Basin District, which have been designated as
requiring special protection under specific Community
legislation for the protection of their surface waters and
groundwater or for the conservation of habitats and
species directly depending on water.
Under Annex IV the register of protected areas established under Article 6 should contain the following
types of protected areas:
i)

ii)

areas designated under Article 7 for the abstraction of water intended for human consumption
(water protection areas),
areas designated for the protection of economically significant aquatic species, water bodies
declared under statutory regulations as recreational waters,

iii) including areas designated as bathing waters
under the Directive (76/160/EEC).

Moreover, economic issues are seen as key to the
use of derogation and the definition of heavily modified
water bodies.
Research needs: At present, however, the Directive
provides little guidance on the objectives and type of
economic analysis required for analysing water uses
and for developing river basin management plans.

SETTING UP OF OPERATIONAL MONITORING PROGRAMMES (DEC 2006)
Member States shall ensure that the establishment of
programmes for the monitoring of water status in order
to establish a coherent and comprehensive overview of
water status within each river basin district.
In order to comply with the FWD Member States
must report to the Commission the programme of water
status monitoring that are to be applied. This will include the setting up of operational networks.

i) Monitoring activities for surface waters

Three types of monitoring activities form part of the
management plan: surveillance monitoring; operational
monitoring and investigative monitoring (WFD Annex V)
[1], [4].
a) Surveillance monitoring

The surveillance monitoring programme is intended
for assessing the long-term changes in the natural conditions and that resulting from significant human activity,
supplementing and validating the impact assessment procedure detailed in Annex II for anthropogenic influences
on surface waters, and the efficient and effective design of
future monitoring programmes. Representative monitoring sites are to be selected for surveillance monitoring.
Over the period of the management plan surveillance monitoring must be undertaken for each monitoring site for a period of one year for the following parameters:

V) ECONOMIC ANALYSIS OF WATER USE
The Water Framework Directive clearly integrates
economics and economic thinking into future water
policies. It does so through two specific articles:
1.

2.

The economic analysis of water uses to identify
the most cost-effective set of measures for
achieving the environmental objectives of the
Directive (Article 5 and Annex III).; and,
The use of prices and charges for enhancing the
sustainability of water resources (Article 9).
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• all biological, hydromorphological and general
physico-chemical parameter,
• the priority list substance, where they are being
discharged, and
• all other pollutants being discharged in significant quantities. The criterion for including these
substances is whether they are likely to exceed
environmental quality standards.
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b) Operational monitoring

Operational monitoring shall be undertaken as an
additional measure for those water bodies identified as
being at risk of failing to meet their environmental objectives under Article 4 and must be performed on an
ongoing basis throughout the period of a management
plan in order to:
• establish the status of endangered surface waters
and
• assess any changes in the status of these water
bodies resulting from the programme of measures.
The operational monitoring is to be carried out in
waters or sections of waters for which the impact assessment under Annex II or the surveillance monitoring
programme has shown that, at least, good water status
does not occur, in which priority list substances are
being introduced. Monitoring sites are selected in accordance with the statutory provisions that are laid down
for the relevant environmental quality standards.
c) Investigative monitoring

Investigative monitoring shall be performed in individual cases where:
• the reasons for exceeding environmental quality
standards are unknown,
• the surveillance monitoring programme reveals
that the objectives set for a body of water are not
likely to be achieved and operational monitoring
has not yet been established. The aim is to determine the causes of the failure to achieve the objectives, or
• the magnitude and impact of accidental pollution
should be ascertained.
Investigative monitoring should not be equated with
alarm monitoring, which is designed to detect accidents
and sudden damage incidents. The approach to establishing the required monitoring network and the frequency
of monitoring must be directed at the problems posed on
a case-by-case basis.
Research needs: Starting from the potential natural
condition as the reference status, it will be necessary to
develop biological survey methods aimed at elaborating
the normative descriptions and defining class boundaries.
It will be important to identify which quality elements are
appropriate or inappropriate for the description of surface
water categories and, among these categories of the types
of water body to be designated. All the anthropogenic factors influencing the water must be reflected and the procedures must be applicable to both the natural and the artificial and heavily modified water bodies.
ii) Comparability of biological monitoring results

Comparability of national evaluation systems is
needed Europe-wide and especially in international river
basins. The first step here is to convert the findings of a

particular procedure into a so-called environmental quality ratio with its scale from 0 to 1 (e.g. < 0.3 poor, ...
0.85 to 0.95 good etc.). The boundary between good and
satisfactory, which is decisive for triggering a programme of actions, is internationally intercalibrated.
This means that when a particular element (e.g. fish
fauna for rivers) is used, the category boundary originally chosen may have to modified after intercalibration.
This approach is intended to ensure comparability between different national procedures.
iii) Monitoring of the status of groundwater

The Directive calls for the establishment and implementation of groundwater monitoring programmes.
The aim is to achieve “good quantitative status”. This
objective shall be considered to have been achieved
when no excessive use of the groundwater takes place in
the sense of uses that lead to a quantitative or qualitative
impairment of the groundwater-dependent surface waters and terrestrial ecosystems or to an influx of salt
water. The principal parameter for assessing quantitative
status is the groundwater level.
In the case of groundwater bodies crossing national
boundaries, additional data is needed on the geometry
and permeability of the aquifer (cf. “further characterisation”) in order to determine the quantity of groundwater
flowing across the boundary.
The monitoring network must be designed to identify, early on, any negative changes occurring to the
quantitative status. We should distinguish here between
changes caused by a lack of rainfall and impairments
resulting from anthropogenic factors such as groundwater abstraction and recharge, and land sealing etc.
The choice of the position of monitoring sites must
ensure that the spatial variability and variability over
time of the groundwater surface can be sufficiently well
recorded within a groundwater body.
Research needs: The threshold values, at reference
monitoring sites, for the groundwater levels (or for
spring discharge) are intended to ensure that the current
status is maintained and that there is no reversion to an
original status. The status quo is in this sense the “reference status” for the assessment of the quantitative
status of the groundwater. Factors affecting the longterm variability of groundwater level or discharge rate
need to be clearly understood.

RIVER BASIN MANAGEMENT PLAN
(DEC. 2009)
Member States shall ensure that a river basin management plan is produced for each river basin district
lying entirely within their territory. In the case of an
international river basin district falling entirely within
the EU Member States shall ensure co-ordination with
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the aim of ensuring a single international river basin
management plan. In the case of an international river
basin district extending beyond the boundaries of the
community, Member States shall endeavour to produce a
single river basin management plan, and where this is
not possible, the plan shall at least cover the portion of
the international river basin district lying within the
Member State concerned. The river basin management
plan shall include the information detailed in Annex VII.

guidelines for drawing up a management plan. Länderarbeitsgemeinschaft Wasser (LAWA) (Working Group of
the German Federal States on Water Problems) - Subcommittee of the EU Liaison Committee on preparations
for the technical and legal implementation of the EC Water Framework, 70 pages, 20-2-2001 (draft text).
Strategic Document: Common Strategy on the Implementation of the Water Framework Directive 75 page,
11-4-2001, (draft document European Commission).

Within three years of the publication of the river basin management plan member States shall submit an
interim report describing progress in implementation of
the planned programme of measures.

PROGRAMME OF MEASURES (DEC. 2009)
Member States shall ensure for each river basin district the establishment of a programme of measures,
taking into account the results of the analysis required
under Article 5 (Characteristics of river basin district,
review of environmental impact of human activity and
economic analysis of water use), in order to achieve the
objectives established under Article 4 (Environmental
objectives). The programme of measure shall be reviewed after a further six years in order to report the
progress towards achieving good surface and groundwater status by 2015.
Where monitoring or other data indicate that objectives set under Article 4 for the body of water are unlikely to be achieved, the Member State shall ensure that
among other measures: the causes of the possible failure
are investigated; additional measures, as may be necessary, in order to achieve the objectives established.
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CONCLUSIONS
The successful carrying out of the common strategy
for the implementation of the Water Framework Directive will be a complex task, due not only to the wide
ranging nature of the Directive and the need to develop
adequate scientific and management responses if the
results in terms of water quality are to be achieved in the
projected time period, but also to the fact that time steps
for the different phases of implementation are in reality
very short, as this brief overview has tried to show.
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SUSPENDED MATTER AND PARTICULATE COPPER
SPECIATION IN THE POLLUTED ABU-KIR BAY, EGYPT
M.A.H. Saad, M.A. Abdel-Moati and N.B. Badr
Oceanography Department, Faculty of Science, Alexandria University, Moharem Bey, Alexandria, Egypt

SUMMARY

INTRODUCTION

Abu-Kir Bay, a shallow semicircular basin, receives
highly polluted drainage water via Tabia Pumping Station
(TPS), contaminated brackish water from Lake Edku and
fresh Nile water from Rosetta Nile branch. The suspended
matter (SM) values were high in the nearshore water and
decreased seaward. Its distinct peak in November at Tabia
Sector (TS) reflects the high bottom values. Copper partitioning patterns (fractions F1-F5) in Abu-Kir Bay were
studied to determine the metal sources, geochemistry, associations and availability for biota. At Maadia Sector (MS),
the copper fractions were dominated by F3 (49.0%) >
F5 (25.8%) >F4 (16.6%) > F2 (5.0%) > F1 (3.5%) of the
total copper. At TS the order was F5 (76.0%) > F4 (9.3%) >
F3 (6.5%) > F2 (5.8%) > F1 (2.4%).The equations of
multiple regression show that pH and dissolved oxygen
affected F1 at MS, contrary to TS where the F1 distribution was affected by temperature and SM. At this heavily
polluted sector, a higher surface F2 value was found and
it decreased with depth following the decrease in the
untreated industrial wastes with depth. The depth profile
of F3 indicates a higher surface value, showing that particles of Fe/Mn oxides are important terminal scavengers in
the surface water. The vertical distribution of F4 varied
slightly at TS, giving an increase in the surface water
from the discharged raw industrial wastes containing high
concentrations of organic and inorganic pollutants. Significant positive correlation between F5 and silicate was
found in the middle layer of MS and in the surface and
middle layers of TS, indicating an enrichment of aluminosilicate material in the SM in these water layers related to
wastewater effluents.

KEY WORDS:
Marine pollution, copper speciation, Egypt.

Various types of pollutants, including heavy metals,
are known in the marine environment. These metals are
normally present in trace amounts and exhibit known
biological functions or effects. However, the same trace
metals become toxic when their concentrations exceed
those required for correct nutritional response.
The form in which the metal occurs and its oxidation
state play a role in determining its toxicity to aquatic
organisms. Whether it is in an ionized form or in an oxidized or reduced state, complexed with organic substances, or adsorbed onto inorganic or organic particulates, is a factor determining its uptake by marine organisms and thus its toxicity to them.
Heavy metals enter the marine environment through
weathering of the earth’s crust and human activities,
which introduce large quantities to localized areas of the
sea; in some cases upsetting the natural steady state balance. The two major anthropogenic sources are municipal
and industrial wastes, discharged into the sea mainly from
rivers and their branches.
The cupric ion is a potential toxicant to phytoplankton at subnanomolar concentrations Thus, copper can play
a role in limiting phytoplankton [1]. Also, cupric ion
appears to be the toxic agent for marine invertebrates and
fishes. The effectiveness of copper as a molluscicide has
been used since 1920.
Relative to the interest in heavy metal pollution in
developed countries, the Egyptian aquatic environments
have been subjected to few investigations only during the
last three decades. Some Egyptian authors have studied
the chemical behavior of each metal separately, from the
point of its distribution, speciation and effects on organisms. A research project was undertaken to study the
geochemical behavior of copper in two Egyptian coastal
ecosystems, subjected to different sources and types of
runoffs. The present paper, a part of this pioneer work,
deals with the total suspended matter (TSM) and particulate copper speciation in Abu-Kir Bay, which is a heavily
polluted coastal basin in the Mediterranean Sea.
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FIGURE 1 – Abu Kir Bay and location of sampling stations.

STUDY AREA
Abu-Kir Bay is a shallow semicircular basin located
about 36 km east of Alexandria. It is bordered from the
eastern side by the Rosetta estuary of the Nile and from
the western side by Abu-Kir headland. The area of the
bay is 360 km2, with an average depth of 12 m and a
volume of 4.32 km3. The seaward limit of the bay is considered as the line adjoining the Rosetta mouth and AbuKir headland (Fig. 1).
Abu Kir Bay receives fresh Nile water from Rosetta
estuary at its eastern side, brackish water from Lake Edku
through Maadia Channel at its southern side and highly
polluted waters via Tabia Pumping Station (TPS) at its
south western side (Fig. 1) and the rain water is insignificant. After damming of the Nile in 1964, the quantity of
the discharged Nile waters into the sea through Rosetta
mouth was much reduced to 3 milliard m3 annually (Irrigation Department). The discharged Nile water does not
show an effect on the western region of Abu-Kir Bay, but
decreases the surface salinity of its eastern part to about
37 ‰ during winter [2]. About 1400 million m3 of brackish lake water (less than 2‰ ) were discharged annually

from Lake Edku to Abu-Kir Bay and its flushing rate was
2.5 months [3]. The industrial wastes of several factories
discharged into Abu- Kir Drain result from several industries including fertilizer, textile, paper, food processing
and canning. Abu-Kir Drain flows through cultivated areas
till TPS. This heavily polluted water which spreads out into
the bay through TPS, amounted to about 2.0 x 106 m3/d and
contained mainly organic but also inorganic, pollutants.
The map of Abu-Kir Bay is showing the positions of
stations (Fig. 1).

MATERIALS AND METHODS
Water sampling was carried out at six stations selected along two sectors perpendicular to the coast; one in
front of Maadia channel and the other in front of TPS to
provide a uniform coverage of the different ecological
areas of Abu-Kir Bay (Fig.1). Maadia Sector was selected
to illustrate the effect of the agricultural discharge from
Lake Edku, while Tabia Sector represents the influence of
several factories dumping into Abu-Kir Bay. Vertical
water samples were collected seasonally from this bay
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during January, April, July and November, representing
winter, spring, summer and autumn, respectively. The
surface samples were collected by a silicon/ teflon water
pump, while the middle and bottom samples were collected using a Niskin PVC bottle of 5 litres capacity.
Before filtration of the samples, special standards of
cleanliness were adhered to in the laboratory. Filtration
was carried out immediately after sampling, using Millipore membrane filter papers (0.45µm) for determination
of TSM and separation of the dissolved from particulate
copper fractions. The TSM samples were subjected to a
chemical sequential leaching technique [4] for determination of the exchangeable (F1), bound to carbonate (F2),
bound to Fe-Mn oxides (F3), bound to organic matter/sulfide (F4) and residual (F5). Replicates showed high
reproducibility with less than 10% deviation.

RESULTS
Total suspended matter (TSM)

Variations of the regional and seasonal average values of TSM and particulate copper species in the different
depths and water column of Abu-Kir Bay are presented in
Tables 1-4. The regional average values are the averages
of all seasons at each depth or at each station. The seasonal averages are the averages of all depths or all stations
in each season.
The spatial distribution of TSM at Maadia Sector
showed an increase in values at station II, with a maximum regional average of 33.08 ± 28.34 mg/l, owing to
the highest bottom value in January. The lowest regional
average (15.44 ± 2.62 mg/l) was recorded at station III
(Table 2). At Maadia Sector, the regional average values
were the highest at the inshore station VI, giving a maximum average of 34.13 ± 9.44 mg/l and the regional averages decreased seaward (Table 2).
The concentrations of TSM at Maadia Sector differed
from one season to another for each water layer. In the
surface water, the minimum and maximum averages were
recorded in July and January, respectively. The middle
and bottom waters reached their minima in April. The
maximum averages, however, were observed in November and January for middle and bottom waters, respectively. The maximum and minimum seasonal averages of
TSM for the water column were found in January and
April, respectively (Table 3). For Tabia Sector, the three
water layers exhibited the same pattern of seasonal variations, giving a minimum seasonal average in April and a
maximum in November (Table 4).
The annual mean concentration of TSM in the surface, middle and bottom water layers of Maadia Sector
indicated a sequence of surface (18 ± 3 mg/l) < middle
(22 ± 9 mg/l) < bottom (40 ± 35 mg/l). The coefficient of
variation for the bottom water value was considerably

high, reflecting a wide range of variations in the bottom
values (Table 1). For Tabia Sector, a noticeable increase in
TSM values was found in the middle layer, with a maximum average of 29±27 mg/l, giving a highest coefficient of
variation. The minimum annual mean (18 ± 5 mg/l) was
found in the surface layer ( Table 1). The annual mean
values for the water columns of Maadia and Tabia Sectors
were 26.40 ± 11.54 and 24.67 ± 5.70 mg/l, respectively
(Table 2).

COPPER SPECIATION
Exchangeable fraction (F1)

The regional average values of F1 for the water column
at Maadia Sector varied in a narrow range, giving the highest average of 127.85 ± 46.97 µg/g at station II (Table 2). In
the other sector (Tabia), the lowest regional average value
occurred at station VI, located opposite to El-Tabia outlet
(51.70 ± 12.36 µg/g). A general trend of increasing in
values seaward was observed, as shown from the highest
average of 134.07 ± 38.09 µg/g at station IV (Table 2).
The seasonal variations of F1 at Maadia Sector
showed maximum values in spring, with an average of
167.53 ± 51.79 µg/g. However, the minimum seasonal
average value of 32.11 ± 2.92 µg/g for the water column
was detected in January. At Tabia Sector, the maximum
seasonal average of F1 for the water column was recorded
in July (154.55 ± 81.81 µg/g), reflecting the higher surface value. However, the lowest seasonal average for the
water column of 28.72 ± 8.16 µg/g was observed in January (Table 4).
The regional averages of F1 at Maadia Sector showed
no clear trend for increasing or decreasing in values with
depth. A noticeable highest F1 fraction appeared in the
middle layer of stations I and II. The annual means were
112 ± 26, 142 ± 42 and 93 ± 14 µg/.g for the surface, middle and bottom water layers, respectively (Table 1). At
Tabia Sector, an observed decrease of exchangeable copper
with depth was noticed , except at station VI. The annual
means of F1 for the three water layers at this sector scored
132 ± 75, 100 ± 45 and 67 ±24 µg/g for the surface, middle
and bottom waters, respectively (Table 1).The annual mean
of F1 for Maadia Sector was 115.73 ± 24.97 µg/g and that
for Tabia Sector was 99.46 ± 32.64 µg/g (Table 2).
Carbonate fraction (F2)

The regional distribution of F2 for the water column at
Maadia Sector showed that the variations between stations
I and III were limited, giving regional average values of
179.23 ± 92.02 and 171.87 ± 29.82 µg/g, respectively. The
minimum regional average (146.06 ± 64.37 µg/g) was
recorded at station II (Table 1). Tabia Sector showed a
sharp increase in the regional average of F2 of 292.42 ±
41.58 µg/g at station V, followed by a decrease at the
offshore station IV (Table 2).
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TABLE 1
Variations of the regional average values of TSM (mg/l), F1, F2, F3, F4 and F5 (µg/g) in the different depths of Abu-Kir Bay.

Stations

Average
depths (m)

Sample
depth

TSM

F1

F2

F3

F4

F5

Maadia

Sector
S
M
B
S
M
B
S
M
B

26.01
31.18
34.92
15.22
18.26
65.77
12.76
15.56
18.00

82.21
158.87
92.04
131.50
172.90
79.16
123.01
95.04
106.90

122.88
285.43
129.39
161.22
201.50
75.46
148.53
205.47
161.62

267.7
3731.3
168.9
4467.7
292.3
4486.3
487.0
327.1
302.4

392.6
1031.3
238.6
550.7
477.6
242.0
693.0
1054.8
243.2

353.9
2056.8
445.7
1153.0
677.2
368.4
836.2
1111.1
627.2

S

18± 3

112 ±26

144± 20

1740±1364

545±150

781± 402

Means

M
B

22± 9
40±35

142± 42
93± 14

231±47
122±43

1450±1075
1652±1255

854±327
241± 2

1282± 705
480± 133

Tabia

Sector
S
M
B
S
M
B
S
M
B

12.51
16.92
24.21
14.66
25.43
25.93
27.52
44.95
29.93

160.75
151.02
90.44
187.87
83.48
66.52
46.74
65.77
42.59

259.72
209.23
183.57
309.75
322.55
244.98
227.08
240.26
150.34

448.4
311.3
222.4
239.5
191.2
142.2
161.0
276.5
442.2

442.4
532.2
268.3
282.1
366.4
441.0
601.3
283.8
253.3

989.6
850.2
1393.8
4715.6
4761.5
3511.2
4475.9
4598.3
3012.1

S
M
B

18 ±5
29 ±27
27 ± 10

132±75
100± 45
67± 24

266± 42
257±59
193± 48

283± 149
260± 62
271 ±158

442± 160
394± 127
321± 104

3394±2086
3403±2213
2639± 1107

I

3.7

II

7.7

III

8.0

Annual

IV

8.2

V

7.0

VI

6.0

Annual

Means

TABLE 2
Variations of the regional average values of TSM (mg/l), F1, F2, F3, F4 and F5 (µg/g) in the water column of Abu-Kir Bay.

Stations

Average
Depth (m)

TSM

F1

F2

F3

F4

F5

I
II
III

Maadia
3.7
7.7
8.0

Sector
30.70±4.47
33.08±28.34
15.4±2.62

111.04±41.71
127.85±46.97
108.31±14.03

179.23±92.02
146.06±64.37
171.87±29.82

1389.3±1028.9
3083.0±2416.1
372.2±100.2

554.16±420.29
423.42±161.31
663.66±406.60

952.1±857.8
732.9±395.3
858.2±242.7

Annual

Means

26.40±11.54

115.73±24.97

165.71±57.43

1614.5±149.0

547.07±306.64

847.7±404.8

Tabia

Sector

IV
V
VI

8.2
7.0
6.0

17.88±5.90
22.00±6.36
34.13±9.44

134.07±38.09
112.62±65.71
51. 70±12.36

217.50±38.74
292.42±41.58
205.89±48.55

327.4±113.8
191.0±48.7
295.0±144.0

414.32±134.16
363.17±79.52
379.46±192.71

1077.9±282.3
4329.5±709.0
4028.8±882.6

Annual

Means

24.67±5.70

99.46±32.64

238.61±39.74

271.1±11.7

385.65±60.96

3145.4±438.5
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TABLE 3 - Variations of the seasonal average values of TSM (mg/l), F1, F2,
F3, F4 and F5 (µg/g) in the different depths and water column of Maadia Sector.

Parameters
TSM

F1

F2

F3

F4

F5

Sample depths
S
M
B
Water column
S
M
B
Water column
S
M
B
Water column
S
M
B
Water column
S
M
B
Water column
S
M
B
Water column

January
21.68
26.61
90.91
46.39±38.62
35.38
29.75
31.20
32.11±2.92
37.82
61.07
81.39
60.09±21.80
107.63
300.19
52.64
153.48±129.98
89.08
206.70
95.50
130.42±66.13
876.79
437.94
162.07
492.26±360.44

April
17.68
13.26
15.71
15.55±2.21
141.79
227.16
133.65
167.53±51.79
129.45
211.64
83.51
141.53±64.91
6496.77
4678.57
6310.66
5828.66±1000.35
535.71
1942.40
325.36
934.69±878.98
744.34
2141.59
554.92
1146.95±866.57

July
15.21
14.58
22.91
17.56±4.63
121.70
197.00
107.76
142.15±48.00
185.43
396.82
173.01
251.75±125.78
166.29
702.31
129.45
332.68±320.63
112.55
556.88
136.46
268.63±249.91
1099.53
1964.28
688.72
1250.84±651.10

November
17.42
32.22
28.78
26.14±7.74
150.10
115.18
98.20
121.16±26.46
224.13
253.67
150.71
209.50±53.01
192.49
119.91
117.29
143.23±42.68
1444.45
712.16
408.21
854.94±532.67
403.40
583.00
515.98
500.79±90.75

TABLE 4 - Variations of the seasonal average values of TSM (mg/l), F1, F2,
F3, F4 and F5 (µg/g) in the different depths and water column of Tabia Sector.

Parameters
TSM

F1

F2

F3

F4

F5

Sample depths
S
M
B
Water column
S
M
B
Water column
S
M
B
Water column
S
M
B
Water column
S
M
B
Water column
S
M
B
Water column

January
19.95
27.42
26.92
24.76±4.17
24.57
23.48
38.13
28.72±8.16
33.05
54.10
59.61
48.92±14.01
117.36
191.62
405.23
238.07±149.45
142.36
203.63
105.66
150.55±49.50
671.08
758.77
522.08
650.64±119.66

April
14.09
9.87
16.23
13.39±3.23
153.44
156.92
114.89
141.74±23.32
416.93
589.57
395.06
467.18±106.55
494.57
448.59
410.43
451.19±42.13
430.65
529.10
505.28
488.34±51.36
984.71
1162.13
1247.79
1131.54±134.18
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July
14.20
11.03
22.90
16.04±6.14
229.09
167.54
67.02
154.55±81.81
249.73
217.29
167.89
211.63±41.21
252.04
282.50
147.74
227.42±70.67
264.34
313.68
105.82
227.94±108.60
11248.89
11171.73
8346.33
10255.65±1653.96

November
24.68
68.07
40.72
44.49±21.94
120.05
52.41
46.03
72.83±41.02
362.35
168.42
149.29
226.68±117.87
268.01
115.90
119.02
167.64±86.93
930.43
530.03
566.85
675.77±221.31
670.28
520.78
439.89
543.65±116.88
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The seasonal average concentrations of F2 at Maadia
Sector for the three water layers were minimum in January, with an average of 60.09 ± 21.80 µg/g for the water
column. The maximum seasonal average, however,
reached 251.75 ± 125.78 µg/g in July (Table 3). At Tabia
Sector, the seasonal variations of F2 showed maxima and
minima for the three water depths in April and January,
with averages of 467.18 ± 106.55 and 48.92 ± 14.01 µg/g,
for the water column, respectively (Table 4).
The regional averages of F2 at Maadia Sector showed
an increase in concentration in the middle water layer,
with an annual mean of 231 ± 47 µg/g, relative to the
other depths (Table 1). Relatively higher regional averages in the middle water layer were observed at Tabia
Sector at station V and VI (Table 1). The annual mean
values of F2 for the water column were 165.71 ±57.43
and 238.61 ± 39.74 µg/g for Maadia and Tabia Sectors,
respectively (Table 2).

Reducible (Fe / Mn oxides) fraction (F3)

The regional distribution of F3 in the water column
at Maadia Sector gave the highest average of 3083.0 ±
2416.1 µg/g at station II, while the lowest (372.2 ±
100.2 µg/g) was recorded at station III (Table 2). The
regional averages at Tabia Sector varied between a maximum of 327.4 ± 113.8 µg/g at station IV and a minimum
of 191.0 ± 48.7 µg/g at station V (Table 2).
Data of F3 at Maadia Sector showed peaks for the
three water layers in April, with a maximum average of
5828.66 ± 1000.35 µg/g for the water column (Table 3).The
lowest seasonal average, however, was observed in November (143.23 ± 42.68 µg/g). At Tabia Sector, the
maximum seasonal average value of 451.19 ± 42.13 µ g/g
and the minimum of 167.64 ± 86.93 µg/g were observed
also in April and November, respectively (Table 4).
At Maadia Sector, with the exception of station III,
characterized by a decrease in values with depth, no general trend of vertical distribution was noticed. The annual
mean of F3 for the surface water at Maadia Sector was
1740 ± 1364 µg/g. For the middle water, the highest regional average value of 3731.3 µg/g was recorded at station I, giving an annual mean of 1450 ± 1075 µg/g. In the
bottom water, the annual mean of 1652 ± 1255 µg/g was
computed (Table 1). At Tabia Sector, variation of F3
between the three water layers was relatively limited
compared with Maadia Sector, with a noticeable decrease
in values with depth at stations IV and V and an increase
at station VI. The average values for the surface, middle
and bottom waters were 283 ± 149, 260 ± 62 and 271 ±
158 µg/g, respectively (Table 1). Comparing the two
sectors, the highest annual mean of 1614.5 ± 149.0 µg/g
for the water column at Maadia Sector was six times
higher than that of 271.1 ± 11.7 µg/g for Tabia Sector
(Table 2).

Organic/ sulfide fraction (F4)

Based on the regional distribution of this fraction,
the maximum average values for the water column at
Maadia and Tabia Sectors (663.66 ± 406.60 and 414.32 ±
134.16 µg/g) were found at the offshore stations III and
IV, respectively. The minimum regional averages, however, were found at the middle of both sectors (Table 2).
It could be noticed from the seasonal variations of F4
at Maadia Sector that the concentrations differed from one
season to another. The minimum seasonal averages for
the three water depths were found in January, while the
maximum for the surface and bottom layers were observed in November and that for the middle layer in April.
The seasonal averages for the water column varied from
130.42 ± 66.13 to 934 69 ± 878.98 µg/g in January and
April, respectively. For Tabia Sector, the minimum and
maximum seasonal averages were in January and November for the three water layers, respectively (Table 3).
At Maadia Sector, the surface annual mean was 545 ±
150 µg/g. The considerable higher regional averages in
the middle layer of stations I and III reflect the highest
annual mean value of this layer (854 ± 327 µg/g). Variation in the concentrations of F4 in the bottom layer of the
three stations was negligible, with an annual mean of 241 ±
2 µg/g (Table 1). For Tabia Sector, the regional distribution of F4 averages showed that the surface layer sustained the highest concentrations at stations VI and IV
compared with station V (characterized by high bottom
value). A sequence of surface (442 ± 160 µg/g) > middle
(394 ± 127 µg/g) > bottom (321 ± 104 µg/g) layers was
observed (Table 1). The annual mean of F4 for Maadia
Sector was 547.07 ± 306.64 µg/g, which is noticeably
higher than that of 385.65 ± 60.96 µg/g for Tabia Sector
(Table 2).
Residual fraction (F5)

The highest regional average for the water column at
Maadia Sector was recorded at the coastal station I (952.1 ±
857.8 µg/g)and that for Tabia Sector was found at its
middle (station V), with an average of 4329.6 ± 709.0 µg/g
(Table 2).
The seasonal variations of F5 gave the maxima in July
of 1250.84 ± 651.10 and 10255. 65 ± 1653.96 µg/g for the
water column at Maadia and Tabia Sectors, respectively.
However, the minimum seasonal average for Maadia was
492.26 ± 360.44 µg/g in January and that for Tabia was
543.65 ± 116.88 µg/g in November (Tables 3 and 4).
With exception of station II, where values decreased
with depth, no clear sequence of vertical distribution was
observed in both sectors. Two highest regional average
values of copper-residual fraction were calculated in the
middle layer of stations I and III, which raises the annual mean of this layer to 1282 ± 705 µg/g relative to
that for the surface (781 ± 402 µg/g) and the bottom
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values (480 ± 133 µg/g). The values of F5 at Tabia Sector
showed high concentrations in the surface and middle layer
of stations V and VI, giving high annual means for these
two layers of 3394 ± 2086 and 3403 ± 2213 µg/g, respectively (Table 1). The annual means computed for the water
column for both sectors were 847.7 ± 404.8 µg/g and
3145.4 ± 438.5 µg/g for Maadia and Tabia Sectors, respectively (Table 2).

According to source, suspended particulates (seston)
are classified into two main divisions; minerogenic and
biogenic. The first fraction includes mineral particles
reaching the environment through drainage, erosion, bottom sediments resuspension and wind or may be formed
in situ by chemical processes, such as carbonate precipitation and colloidal hydroxide formation. The second fraction includes living (phytoplankton, bacteria, yeast and
fungi) and dead (detritus) forms.

DISCUSSION AND CONCLUSION
Exchangeable fraction (F1) variations

In coastal waters, where dissolved and particulate
runoffs from land-based sources interacts with seawater,
suspended particles play a major role in regulating the
chemical form, distribution and deposition of many oceanic constituents. Many trace elements occur in seawater
in association with one or more solid phases or in various
chemical forms.
Most studies dealing with particulate trace elements
in natural systems are concerned with total metal
concentration. Relatively few attempts, however, have
been made to evaluate the speciation of particulate metals;
partitioning among various forms in which they might
exist. Recently, many authors have used different approaches and methods to study metal speciation [5, 6].
The copper partitioning patterns in Abu-Kir Bay were
studied in order to determine the metal sources, geochemistry, associations and availability for biota. For Maadia Sector, the copper fractions were dominated by F3 (49.0 %) >
F5 (25.8 %) > F4 (16.6 %) > F2 (5.0 %) > F1 (3.5 %).
For Tabia Sector, however, the order was F5 (76.0%) >
F4 (9.3 %) > F3 (6.5 %) > F2 (5.8 %) > F1 (2.4 %).

Total suspended matter (TSM) variations

Suspended particles form carriers for many chemical
species transported from surface to deep waters through
sorption phenomena and are involved in different chemical reactions taking place in the system, such as oxidation
and solution processes. The TSM budget in Abu-Kir Bay is
controlled by several processes including; 1) input by land
discharges; 2) output to the sea; 3) regeneration from the
bottom sediments and 4) biological activities of marine
animals and plants. The ratio of the annual mean concentrations of TSM for Maadia and Tabia Sectors was 1 : 0.9.
With respect to seasonal variations of TSM, a distinct
peak of 44.49 ± 21.94 mg/l (C.V. 49%) was observed in
November for Tabia Sector (Table 4), reflecting the high
middle and bottom values. At Maadia Sector, however,
the maximum average TSM value for the water column
was recorded in January amounting to 46.39 ± 38.62 mg/l
(Table 3), giving C.V. of 83%. This high C.V. reflects the
great difference in concentrations of TSM between the
water layers.

F1 represents the very loosely bound copper and may
regulate and/ or reflect the composition of the surface
seawater. The adsorption of metal ions on mineral and
suspended matter is partly responsible for the distribution
of metals in the aquatic systems.
Copper was less partitioned towards F1 fraction, contributing only 115.73 ± 24.97 µg/g and 99.46 ± 32.64 µg/g
of the total particulate copper (PCu) for Maadia and Tabia
Sectors, respectively, as the loosely held copper is considered more soluble than other copper associations, which
in turn depend on the changing environmental parameters,
such as pH, temperature, salinity, turbulence and both
quantity and quality of wastewater discharges.
The suspended solids, which are capable of providing
adsorption sites for copper, are subjected to important
physico-chemical changes resulting from mixing of seawater with either agricultural and/ or industrial wastes.
These changes consequently influence the adsorption/
desorption processes.
The results for Maadia Sector gave a high annual
mean F1 content in the middle layer (142 ± 42 µg/g),
compared with the annual means of the over and underlying water layers (Table 1). Such a phenomenon was most
probably caused by continual mixing of the brackish and
saline waters, giving rise to large fluctuations in the ionic
strength, Eh, pH, and salinity. Thus, the mixing layer
represents a situation in which the solid – solution exchange of copper might conceivably lead to the enrichment or depletion of copper in either particulate or dissolved form. The ability of pre-existing solids to adsorbed
trace metals from solution under both freshwater and
marine conditions has been studied [7].
The relationship between salinity and F1 at Maadia
Sector was insignificant (r = 0.1498, n = 36, p > 0.05),
indicating that salinity is not the only factor affecting F1
distribution in this area [8]. A negative correlation between TSM and F1 (r = -0.3592, n = 36, p < 0.05) indicates
that loosely held copper is more released from suspended
matter under mixing conditions at Maadia Sector.
The sequence of F1 concentration through Tabia Sector was surface > middle > bottom water layers. This
might be attributed to the quantity and quality of pollutants
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discharged into the region through Tabia Pump, which
consequently changed the redox conditions and amounts
of sorbed copper onto particles. F1 was also negatively
correlated with TSM at Tabia Sector (r = - 0.5262, n = 36,
p< 0.001), presumably due to the changing local environmental conditions.
Regional variations of F1 in both sectors showed remarkably higher averages at stations II and IV (Table 2).
This is mainly due to the reduced anthropogenic effluents
reaching the mid and offshore stations, respectively,
which affected water conditions.
The minimum seasonal average F1 value for the water column was recorded in January for the two sectors
(Tables 3 and 4). This may be related to the turbulence
processes in winter changing the establishment of chemical equilibrium between adsorption/ desorption processes
and also resulting in increasing the rate of release of the
surface adsorbed copper. Besides, the slightly lower pH
values in winter [8] tended to increase the metal release [9].
The data of F1 were statistically treated , using a stepwise regression model as dependent variable against the
environmental parameters affecting its distribution. The
following equations of multiple regression were obtained:
Maadia Sector:
F1 = -831.445 ± 311.372 + 99.644 ± 38.503
pH – 15.662 ± 8.030 DO
(r = 0.672, n = 36, p< 0.001)
Tabia Sector:
F1 = - 32.708 ± 70.677 + 7.617 ± 2.924
Temp. – 1.610 ± 0.571 TSM
(r = 0.640, n = 36, p < 0.001)
These equations show that pH and dissolved oxygen
affected the distribution of F1 at Maadia sector, despite its
different environmental conditions and the types of discharges. At Tabia Sector, influenced by thermal as well as
organic and inorganic pollutants, the distribution of F1
was affected by temperature and TSM.
Carbonate-bound copper (F2) variations

Several workers have shown that significant trace
metal concentrations can be associated with carbonates.
This is not only susceptible to changes of pH but also to
solubility product of the carbonate ions. The interactions
of a variety of environmental factors and biological activities play an important role in this context.
F2 recorded annual means of 165.71 ± 57.43 and
238.61 ± 39.74 µg/g at Maadia and Tabia Sectors, respectively (Table 2). At Maadia Sector, no statistical correlation between pH and F2 was observed in each of the
three water layers. An inverse correlation between F2
and POC [8] in the water column of Maadia Sector was
observed (r = - 0.1959, n = 36, p > 0.05), which implies
that carbonate fraction did not originate from the biogenic

fragments. F2 was enriched in the particulate samples in
the middle layer, giving an average of 231 ± 47 µg/g,
relative to the surface and bottom water layers (Table 1).
The increase in total PCu copper in the middle layer of
Boughaz Maadia resulting from mixing between the lake
and seawaters may explain the increase in F2 in this layer,
as this fraction represents a part of the total PCu.
At Tabia Sector, a higher value of F2 was observed in
the surface layer, giving an average of 266 ± 42 µg/g.
This gradually decreased with depth, as a direct response
to the decrease in industrial wastes with depth. As Tabia
Sector was affected by polluted water from Tabia Pump,
with a high concentration of various organic pollutants
beside a small fraction of inorganic wastes, precipitation
of copper on this inorganic fraction relatively enriched in
the surface layer might explain the relative increase in F2
of this layer.
Generally, the levels of F2 in Abu-Kir Bay were
higher at stations I and V (Table 2). For Maadia Sector,
the higher F2 value at station I was mainly referred to the
mixing process between brackish water (with normal
calcium and bicarbonate ions) and seawater (with neutral
pH conditions). This caused the increase in pH and consequently the solubility product of CaCO3 has drastically
increased and then precipitated in the mixing zone, carrying heavy metals from solution with it. According to
Abdel-Moati [10], F2 was enriched in a sample collected
from Lake Edku at the lake-sea connection site, where
carbonate content of the sediments reached > 55 %. The
relative increase in F2 at station V (reflected higher subsurface values in April) may be related to a biological
increase in this season, which affects pH values.
F2 was lower in winter and enriched in summer for
Maadia Sector and in spring for Tabia sector (Tables 3
and 4). This may be due to the decrease in phytoplankton
density and other algal vegetation during cold season
accompanied by the increase in CO2 content, which solubilizes the carbonate fraction. Opposite results were observed during the warm season.
In a stepwise regression model, choosing of F2 as dependent variable against environmental parameters, the
following equation was found, showing that no significant
relation was recorded at Tabia Sector.
F2 = - 104.267 ± 109.473 + 12.347 ± 4.911 Temp.
(r = 0.396, n = 36, p < 0.02)
Cu – Fe / Mn oxides fraction (F3) variations

Recent discoveries of abundant Fe oxy-hydroxide particles in hydrothermal plumes have shown the interest in
evaluating scavenging processes as important mechanisms
for removing trace elements from seawater [11].
Analysis of depth profile of F3 indicates higher surface averages at both sectors (Table 1). This shows that
particles of Fe/ Mn oxides are important terminal scaven-
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gers in the surface water. Also, the increase in surface F3
was associated with run-off sources. As Maadia region is
approached, a mixing process was observed, with higher
annual means in surface and bottom waters (Table 1). In
estuarine zone, Fe/ Mn oxides are usually considered as
an efficient scavenger for trace metals, as they coagulate
in low salinity areas [12].
The heavily polluted zone opposite to Tabia Pump
exhibited a considerably lower annual mean of F3 for the
water column (271.1 ± 11.7 µg/g) compared with that of
1614.5 ± 149.0 µg/g for Maadia Sector (Table 2). A little
variation in concentration between the water layers was
noticed (Table 1). The slight increase in F3 in the surface
layer confirms the direct pumping of industrial wastes
into the bay water, which consequently affects the degree
of acidity / alkalinity of the water and also its oxygen
content. This had a characteristic influence on the precipitation of hydrous Fe/ Mn oxides.
The spatial distribution of F3 showed significant
variations, due mainly to fluctuation in sewage inflow to
the inshore stations, current patterns and transport processes. The concentration of F3 at Maadia Sector was
associated with Fe / Mn oxide dynamics in the mixing
area, where station II (mid sector) recorded the highest
regional average value of 3083.0 ± 2416.1 µg/g (Table 2).
This process may be related to the effect of the lake runoff. El-Nady [13] found that the input to Abu-Kir Bay via
Madia channel was mostly enrichd with Fe and Mn. According to this author, the particulate Fe and Mn contents in
the surface layer at the stations off Maadia were 13.50 and
3.90 mg/g, while in the bottom layer they were 9.25 and
1.99 mg/g, respectively. This confirms the high concentrations of suspended iron and manganese in front of Maadia
channel, which sometimes extended to few kilometers
into Abu-Kir Bay. This is in agreement with the considerably higher F3 at this sector.
Generally, the changes in the redox conditions usually in conjunction with a decrease in the oxygen potential
alter and affect the distribution of Fe/ Mn oxides with
their scavenged trace metals. At Tabia Sector, there was a
noticeable increase in values in the offshore area (Table 2).
Referring to station averages, the lowest value was detected
at station V (mid sector), giving 191.0 ± 48.7 µg/g (Table 2),
which could be attributed to the lower average value of
oxygen in the bottom layer of this station (4.10 ml/l), as
reported by Badr [8]. The decrease in oxygen content prevents the formation of FeO(OH) or MnO2 and consequently
decreases the chance for copper adsorption. The data found
for the station off Tabia by El-Nady [13] gave average
values of 11.8 and 1.88 mg/g in the surface layer and 8.38
and 1.22 mg/g in the bottom layer for particulate Fe and
Mn, respectively. Sawlan & Murray [14] suggested that
copper was released during the reduction of manganese
oxides during sub-oxic diagenesis. The relatively enriched
F3 in the bottom particulate than in the middle and surface layers at the inshore station VI suggested another

source rather than industrial wastes from Tabia Pump.
This source is possibly the bottom sediments; Fe in the
sediments at station VI was 5.10 µg/g [8].
Seasonal variations of F3 at both Maadia and Tabia
Sectors illustrate marked spring maxima and autumn
minima (Tables 3 and 4), due mostly to biological processes. El-Nady [13] observed a remarkable decrease in
concentrations of dissolved iron during spring in surface
and bottom waters of Abu-Kir Bay and argued this to its
consumption of plankton and other marine organisms.
Copper bound to organic / sulfide fraction (F4) variations

Trace metals may be bound to various forms of organic matter or coating on mineral particles. The transport, solubility, sorption and uptake of trace metals in the
sea are strongly influenced by formation of metalloorganic complexes. The affinity of heavy metals for organic substances and for their decomposition products is
of great importance for the behaviour of trace substances
in aquatic systems.
Organic partitioning of copper appeared dominant at
Maadia Sector (directly affected by agricultural run-off),
giving an annual mean of 547.07 ± 306.64 µg/g for the
water column (Table 2). Under extremely polluted conditions (Tabia Sector), where the industrial discharge was
dominating, the organic/ sulfide fraction surprisingly gave
an annual mean of 385.65 ± 60.95 µg/g for the water
column (Table 2). It can be concluded that the high degree of copper –organic complexation appeared to be
dominant in the dumping site for sewage and agricultural
discharges than that affected by raw industrial wastes.
Based on the avergae value of F4 for each depth at
Maadia Sector, a higher value was recorded in the middle
layer (854 ± 327 µ g/g). This reflects the higher middle F4
values at stations I and III, especially during the warm
season. This finding is combined by speculation about the
changes in composition of organic materials during mixing process between lake/ seawater over the seasonal
cycle. The organic matter enters the lake/ sea connection
mainly from Lake Edku, which receives large amounts of
drainage waters (maximum flow occurs during warm
season), as well as sewage wastewater containing household detergents. The use of CuSO4 as an algicide in controlling aquatic plant blooms, especially during summer,
may transfer copper associated with organic matter to the
bay via Maadia outlet. Mixing process of brackish and
seawaters in the lake/ sea connection (station I) with their
organic load may facilitate scavenging of dissolved copper by organic matter in the middle layer relative to upper
and lower layers.
There is an evidence from a number of estuaries that
organic ligands play a dominant role in the complexation
of copper and zinc [15]. Complexation of metals by organic ligand was suggested as being important in controlling dissolved metals mixing in estuaries [16].
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Lability of copper from humus association increases
with decreasing pH and molecular size and with increasing
salinity [17]. F4 and pH gave in the water column of
Maadia Sector the following insignificant relationships; for
the surface (r = 0.4797, n = 12, p >0.1), middle (r = -0.1632,
n = 12, p >0.1) and bottom (r = 0. 5552, n = 12, p > 0.05)
layers [8]. These relations indicate that the mixing layer
was subjected to other physico-chemical changes.
The distribution of F4 in the water column varied
within a narrow range through Tabia Sector, with an increase in the average value in the surface layer (Table 1)
The raw industrial effluent discharges to this area via
Tabia Pump containing high concentrations of organic
and inorganic pollutants could have a characteristic effect
on the surface layer than on the subsurface layer.
Slight significant spatial variations were observed in
the average values of F4 at Maadia Sector; the station to
station variations depend on their degree of exposure to
1) agricultural discharge from Lake Edku; 2) micro and
macrophytic composition of the lake water and 3) shipyard
wastes from the boats anchoring at Boughaz Maadia.

was significant (r =0.937, n = 12, p <0.001 and r = 0.720,
n = 12, p < 0.01) for the surface and middle layers, respectively. Such relations indicate relative enrichment of
alumino-silicate material in the suspended matter of either
surface and/or middle layer in Abu-Kir Bay related to
wastewater effluents [8].
At Maadia Sector, the average values for water column fluctuated over a narrow range, where station I recorded the highest regional average value relative to other
stations (Table 2). This is mainly due to the effect of
natural weathering processes on the transport of particulate elements during passage of water through the
Boughaz outlet. The predominance of the crystalline
phases at Tabia Sector, especially at the inshore stations
VI and V, depends mainly on the effect of chemical erosion by industrial wastes. El-Baz Poulichet et al. [18]
studied the elements Cu, Ni and Pb partitioning between
different phases in polluted rivers draining industrialized
regions and suffering from serious human contamination. They found a relative increase in total particulate
metal concentrations, especially Fe/ Mn oxides and
residual fractions.

Consequently, a slight enrichment of F4 was observed
at station I, with a regional average of 554.16± 420.29 µg/g
(34%), giving C.V. of 75, due to the higher values in the
middle than in the other layers (Tables 1 and 2).
Seasonal variations of F4 may be controlled by one
or more of the following factors: 1) biological activities;
2) terrestrial input and 3) physico-chemical conditions in
the study areas. However, the lowest seasonal averages of
F4 for both sectors were found in winter (Tables 3 and 4)
when biological activities were reduced. Also, strong
turbulance from wind action prevailing in winter induces
favorable conditions for Fe to be transferred from solid
suspended particles to the water.
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SUMMARY
This study focuses on the determination of the natural
radioactivity concentration of various building materials
used for interior and exterior constructions in Greece.
Natural radionuclides (U-238, Th-232 and K-40) concentration in specially prepared samples is measured utilizing
the direct gamma-counting method. These values are
presented as specific activities (Bq Kg -1) for each radionuclide in every constructing material, while the overall results are tabulated, analyzed and compared with
similar data from other studies. Additionally, the
radiobiological impact to humans exposed to this specific
radiation is investigated by estimating the probable radiation dose uptake (in mSv per year) and comparing it with
the maximum permissible absorbed dose to humans as
given by the world standards.

KEYWORDS: Radioactivity, building materials, gamma spectroscopy, radiobiological impact.

INTRODUCTION
Natural radioactive isotopes are known to be present
in building materials used for interior and exterior adornments and most of them belong to the three principal
radioactive series: the uranium (parent nuclide 238U), the
thorium (parent nuclide 232Th) and the actinium decay
series (parent nuclide 235U). Therefore, the aim of the
present work is focused on determining the specific activity concentrations of 238U, 232Th and also of 40K presented
in many different types of such building materials as
cement, cement brick, asbestos, red bricks, sand, solid and
soft rocks, limestone and granite.
The technique used for these measurements is a direct
gamma counting spectroscopic method. These measurements are compared with similar data from other studies.

Finally, in order to assess the possible radiological
hazard to humans due to radiation, estimations of the
doses are carried out and the results are evaluated by
comparing them with international standards of permissible doses. However, it should be mentioned that the radiation dose received by individuals depends on factors such
as rates of ventilation, pattern of airflow, time, etc.

MATERIALS AND METHODS
The materials used for this investigation are divided
into two different categories: Building materials used for
interior constructions and are essential for the fine construction of the buildings and those which are used for
decorative purposes and may be found either inside or
outside the main buildings. Also, in order to demonstrate
a more general approach to this investigation, these materials were collected from different areas across the Greek
region in order to depict the variety of building materials
used for construction in whole Greece.
A total of thirteen (13) materials are crushed into fine
granules with the exception of cement and sand samples.
Each of the materials was homogenized and air-dried.
Approximately 50 ml of each of the samples was filled
into small cylindrical plastic containers (height 2 cm,
diameter 7 cm). Their respective net weights were measured and recorded with a high sensitive balance. Then
these samples were sealed and left airtight for 4 weeks to
allow for radium and its short progeny to be in radioactive
equilibrium.
The gamma-ray spectra of the samples were collected
using a high resolution HPGe detector (Eurisys High
Purity Germanium Coaxial P-Type Detector) with a photopeak relative efficiency of 20% and energy resolution
(FWHM) 1.80 KeV for the1332 KeV energy of 60Co.
Through a pre-amplifier, the detector was connected
to the amplifier, which was positioned inside the PC main
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box. An ADC of 8192 channels was assembled to the
system and the spectroscopic measurements and analysis
was performed via the Oxfordwin Assayer software
packed into the PC of the Laboratory.
In order to reduce gamma-ray background the detector was maintained in a vertical position and shielded by a
cubic type iron shield of 32cm height and 21 cm depth,
with a front moving door. The external iron shield contained two inner cubics made of 4cm thickness of lead
and 0.5 cm thickness of copper.
Absolute efficiency calibration of the detector was
carried out by a 50 ml standard solution of 152Eu inside a
glass container (for energies from 122 KeV to 1530 KeV)
using the same geometry as the measured samples. Corrections for self-absorption effects in the samples were
found to be insignificant for gamma rays with energies
greater than 400 KeV [1].
The activity of 238U was estimated from the 609.3 KeV
gamma transition energy of 214Bi (41.2% possibility).
Also the activity of 232Th was estimated from the 583.1 KeV
gamma transition energy of 208Tl (86% possibility) while
40
K activity was determined using the 1460 KeV gamma
ray (10.7 % possibility) [2]. However, other gamma transition energies may be selected in limited cases where the
total error of the measurement was inevitably very low.
Background activities for the three selected energies were
subtracted from the sample’s readings in order to assess
the true activities of each isotope.
The samples were placed coaxial 10 cm from the surface of the detector and the counting time for each sample
were 20 hours.
The activity concentration of each isotope were calculated using the following equation:
As = Cs / ε * Pr * Ms (Bq Kg-1)

(1)

Where,
As is activity concentration of the radionuclide (Bq Kg-1)
Cs is counting rate of the gamma ray (counts per second)
ε is detector efficiency of the specific gamma energy
Pr is absolute transition probability of gamma decay
Ms is mass of the sample (Kg)

Radium equivalent activity (Raeq) of each building material was calculated according to Beretka and Mathew [3]
as follows:
Raeq (Bq Kg-1) = ARa + (ATh * 1.43) + (AK * 0.077) (2)
Where, ARa, ATh and AK are the activity concentrations of uranium (238U), thorium (232Th) and potassium
(40K) in Bq Kg-1.
This equation is based on the estimation that 370 Bq
Kg-1 of 238U, 259 Bq Kg-1 of 232Th and 4810 Bq Kg-1 of
40
K produce the same gamma ray dosage.
Also the Raeq value of 370 Bq Kg-1 is equivalent to
the annual dose equivalent of 1.5 mSv per year, which
we assumed to be the maximum permissible dose to humans from their exposure to natural radiation from building materials in one year [4].

RESULTS AND DISCUSSION
Table 1 shows the gamma ray activity concentrations
of uranium (238U), thorium (232Th) and potassium (40K) in
Bq Kg-1, measured for the five (5) building materials used
for the main construction of the buildings and are always
present in a typical Greek construction.
Table 2 shows the gamma ray activity concentrations
of uranium (238U), thorium (232Th) and potassium (40K) in
Bq Kg-1, measured for the ten (10) building materials used
for decorative purposes in most of the Greek buildings as
an external addition to the walls, roofs and floors.
In both tables, radium equivalent activities of each
material were estimated using the equation (2). The last
column of both tables present a statement of whether the
radium equivalent activities of each building material are
above, below or near the Raeq value of 370 Bq Kg-1.
Finally, Table 3 demonstrates the average activities of
U, 232Th, 40K and 226Raeq which are present in the Greek
and World soil and can be used as comparison values to
those from the building materials, because soil in one of
the standard irradiation source to human life.

238

TABLE 1 - Specific activities of 238U, 232Th and 40K isotopes present in various
building materials used primary for interior main structures. The 226Raeq values are also presented.

Red Clay Brick
Asbestos

54 ± 24
19 ± 22

61 ± 22
7 ± 36

507 ± 63
0 ± 91

180 ± 60
27 ± 80

Maximum
Permissible
Dose
Below
Below

Cement Brick
Cement

31 ± 36
29 ± 25

0 ± 11
3 ± 23

172 ± 80
361 ± 55

44 ± 58
61 ± 62

Below
Below

Sand

17 ± 19

4 ± 14

0 ± 63

23 ± 44

Below

Samples

Specific Activities (Bq Kg-1)
232
U
Th

238

554

226

40

Raeq
(Bq Kg-1)

K
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TABLE 2 - Specific activities of 238U, 232Th and 40K isotopes present in various
building materials used primary for decorative purposes. The 226Raeq values are also presented.

Solid Rock of Pilio

121 ± 25

148 ± 24

2024 ± 103

488 ± 67

Maximum
Permissible
Dose
Above

Solid Rock of Caristos

57 ± 41

10 ± 25

302 ± 94

95 ± 84

Below

42 ± 23

36 ± 38

0 ± 91

93 ± 84

Below

42 ± 24

84 ± 23

1490 ± 97

277 ± 64

Below

Activity Concentration (Bq Kgr –1)
232
40
U
Th
K

Samples

226

Raeq
(Bq Kgr –1)

238

Soft Rock of Hios

1

Schist-Rock of Thessaloniki
2

129 ± 23

130 ± 37

153 ± 93

327 ± 83

Near

Granite of Thrace

92 ± 38

708 ± 36

2105 ± 153

1267 ± 101

Above

Limestone of Thasos

43 ± 41

0 ± 21

0 ± 85

43 ± 78

Below

Reddish Stone of Thasos

24 ± 21

8 ± 20

216 ± 89

52 ± 56

Below

Limestone of Crete

61 ± 22

7 ± 21

0 ± 85

71 ± 59

Below

Soft Rock of Rodos

55 ± 26

59 ± 24

193 ± 102

154 ± 68

Below

Soft Rock of Hios

1

2

Note: and are two different samples of different rocks from the Island Hios.

TABLE 3 - The evaluated average activities of 238U, 232Th, 40K

World Average Activity of soil [4]
Greek Average activity of soil [5]

and 226Raeq isotopes present in soil.

Activity Concentration (Bq Kgr –1)
238
232
40
U
Th
K
25
28
370
45

As shown in Table 1, the specific activities of uranium (238U) for all samples, which are categorized as the
basic components of the Greek construction, ranged from
17 to 54 Bq Kg-1. The lowest value was found in the sand,
while the highest value, in the red clay brick.
Thorium (232Th) specific activities ranged from zero
to 61 Bq Kg-1 for red clay brick.
Finally, potassium (40K) specific activities ranged
from zero to 507 Bq Kg-1 for red clay brick.
For red-clay brick the values obtained for uranium,
thorium and potassium well exceed the World and Greek
average activities for soil (almost two times higher).
Also the activity concentrations for uranium and potassium for the cement are very close to the World average activities for soil.
226

Radium equivalent ( Raeq) activities of the red-clay
brick exceed the World and Greek average radium
equivalent values.
In Table 2 the specific activities of uranium (238U) for
all samples, which are categorized as complementary materials for interior and exterior adornments in the Greek con-

47

460

226

Raeq
(Bq Kgr –1)
89
147

struction, ranged from 42 to 121 Bq Kg-1. The same for the
Thorium (232Th) specific activities, which ranged from zero
to 708 Bq Kg-1 and for potassium (40K) specific activities,
which ranged from zero to 2024 Bq Kg-1.
It is obvious that uranium (238U) activities for all these
materials exceed the World and Greek average activities for
soil (until three times higher for the solid rock of Pilio).
However, thorium (232Th) and potassium (40K) activities are
found to be from very low (zero) to very high (2024 Bq Kg-1)
and thus cannot give a safe conclusion by comparing them
with the activities of the World and Greek soil.
Radium equivalent (226Raeq) activities of the majority
of the special materials are shown to exceed the World
and Greek average radium equivalent values for the soil.
As the maximum radiation dose to be emitted by
building materials is 1.5 mSv per year, which corresponds
to the maximum radium equivalent activity of 370 Bq Kg-1,
we observe that all the main building materials from Table 1 are below this limit, two special materials from
Table 2 (solid rock of Pilio and Granite of Thrace) are
well above this limit and one special material (Soft rock
of Hios2) is near this limit value.
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TABLE 4
Comparison of the mean radium equivalent Activity Concentrations (Bq Kg-1) of various building materials of several studies.

Materials

Greek
(2001)

Greek
(2000)

Malaysia
(1996)

Zambia
(1995)

Australia
(1985)

Germany
(1981)

Red Clay Brick

54 ± 24

183 ± 17

895 ± 107

180

833

640

Asbestos

17 ± 22

23 ± 2

1131 ± 157

61

-

-

Cement

29 ± 25

53 ± 4

188 ± 27

79

115

70

Sand

17 ± 19

10 ± 1

136 ± 33

135

70

59
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CONCLUSIONS
The present results have shown that most of the main
building materials used in Greek construction meet the
criterion limit of radiation dose to humans for building
materials (1.5 mSv per year). A limited number (three out
of ten) of decorative special type materials collected from
different places in the whole Greece have shown an increased dose.
In addition, the majority of the main Greek building
materials show lower radium equivalent activities than the
World and Greek average activity of soil with and exception of the red clay brick. In contrast, the majority of the
Greek building materials used for interior and exterior
adornments show much higher radium equivalent activities
comparing to theWorld and Greek average activity of soil.
However, comparing these results with similar data of
other countries, the Greek samples have shown the lowest
radium equivalent activities.
In the future the study should concentrate to a more
systematic investigation of the natural radioactivity contained in building materials for interior and exterior
adornments from different brand and from different regions in Greece, as these materials are found from this
study to be the most contaminated with natural radioactive radionuclides.
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EFFECTS OF THE USE OF FLUMEQUINE IN AQUACULTURE:
MICROBIAL RESISTANCE AND SEDIMENT CONTAMINATION
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SUMMARY
The presence of both flumequine (10 µg/ml) resistant
strain in the heterotrophic aerobic community and residues
of the same antimicrobial drug has been demonstrated in
sediment samples in the proximity of an intensive aquaculture station. Resistant bacteria are widespread in the area
of deposition of wastes/medicated feed, both in winter and
in summer. Resistance occurs in the great majority of isolated strains. Only 12.5 % in winter and 9.4 % in summer
are unable to grow in the presence of flumequine. Their
minimum inhibitory concentration (MIC) is generally
around 16 – 32 µg/ml, although some strains were able to
grow at 128 µg/ml and more. The relation between the
chemical contamination and presence of resistant strains
is discussed. The selection of resistant strains poses environmental concerns, but also implies risks for fish and
human health.

Flumequine is a quinolone antibiotic widely used in intensive aquaculture [3]. Its introduction into the marine
environments as a consequence of the therapeutic use, has
been demonstrated at the output of an intensive farm located on land, with the presence of resistant bacterial
strains [4].
The objective of this study was to evaluate the presence of both flumequine-resistant strains in the heterotrophic aerobic microbial community and the residues of the
same antimicrobial drug in the bottom sediment of an area
near an open sea aquaculture station, off Cala Galera
(Orbetello, Tuscany). These data can give indications on
the risks for both natural environment and human health,
but also evaluation of possible damages to the economy
of aquaculture activities due to the selection of resistant
strains among bacterial pathogens of fish.

KEYWORDS: Aquaculture, antibiotic contamination, flumequine,
antibiotic resistance.

INTRODUCTION
Intensive aquaculture requires the use of large
amounts of antibacterial drugs. These drugs are used to
prevent bacterial diseases, which can be easily spread in
high breeding densities. Drugs are mainly administered by
the oral route via medicated feed. They are slowly absorbed and are excreted in active form with the dejecta.
Fish dejecta and unconsumed feed are usually discharged
directly into the environment, particularly in open sea
farming. Waste discharge leads to the introduction of
these chemicals into the environment. Fate and effects of
antimicrobial drugs in the environmental compartments
are scarcely documented [1, 2]. However, their presence
in the marine environment poses several concerns; among
them, the contamination of abiotic compartments (water,
sediment, etc.) and the selection of resistance in the microbial flora are the most common.

MATERIAL AND METHODS
Sampling was performed in January and July 2001 in
an area close to an open sea aquaculture station located
off Cala Galera (Orbetello, Tuscany). A total of 44 samples (20 in winter; 24 in summer) were collected from an
area of about 500 m around the cages, in which sea bass
were bred. The sampling area has been superimposed on
the dilution direction: that is, on the main intermediate
and deep currents running South East - North West and
vice versa. Sampling has been performed with a Petersen
grab of 25 cm3. One l sediment was collected, kept in a
plastic bottle and stored in a fresh and dark site. Samples
were immediately transferred to the lab for the microbiological analyses, the remaining was stored at –20 °C for
chemical analyses.
Microbial analysis was performed within 24 h from
sampling by plating five g of sediment, serially diluted
(1:5; 1:25; 1:125; 1:625) in sterile synthetic sea water, and
0.1 ml of each dilution was plated onto marine agar for
total bacterial counts. The 1:5 dilution was also plated
onto marine agar supplemented with 10 µg/ml flumequine
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to enumerate the resistant organisms. Plates were maintained at 24 °C for three days in the dark. Colonies grown
on both media after two and three days were counted and
data reported as colony forming units (CFU) per gram of
sediment.

matographic conditions: mobile phase acetonitrile (80%)/
oxalic acid 0.035M (pH 2.2) 2:8 at the start of running. Linear gradient: after the 1st min up to 100% acetonitrile at the
15th min and return to initial conditions in 3 min; flow: 0.75;
loop: 50 µl; fluorimetric detector settled at λ ex = 327 nm;
λ em = 369 nm; recovery rates were about 70 %; LOD
(limit of determination) = 20 ng.

Based on their different morphology, a total of 545
colonies (214 for the winter sampling and 331 for the summer) were picked up, purified and stored frozen at –80 °C.
280 colonies were taken from the plates containing flumequine (winter sampling: 115; summer sampling: 165), and
265 from the plates without the drug (winter sampling: 99;
summer sampling: 166) and tested for their ability to grow
in the presence of flumequine. The minimal inhibitory
concentration (MIC) of flumequine was determined by
the agar dilution method. Each strain was tested against
15 doubling dilutions (from 128 to 0.008 µg/ml) in marine agar.

RESULTS
The bacterial counts in the samples collected in winter and summer are reported in Figs 1 and 2, respectively.
The total counts made on non-selective medium were
quite constant, ranging from 0.6x104 to 2.5x104 CFU/g in
winter, and from 0.3x104 to 4.6x104 in summer.
Flumequine-resistant strains were present in all samples, representing a fraction between 1 and 23% in the winter
samples and between 2 and 40% in the summer samples.
Their number ranged from 1x102 to 1.2x104 CFU/g in
winter and from 5x102 to 5.3x103 CFU/g in summer. In
the winter sampling the number of resistant CFU/g always
remains under 103: AA4, B4, L12, and LL1 showed values lower or equal to 2x102 CFU/g, with the exception of
F2 (1.4x103 CFU/g), A4 (2x103 CFU/g), M2 and M8
(3x103 CFU/g), B2 (3.7x103 CFU/g), M4 (1x104 CFU/g)
and L1 (1.2x104 CFU/g). In the summer sampling the
number of resistant CFU/g was generally higher (> 103):
A12, A8, CZ1 and CZ6 showed values lower than 6x102
CFU/g, while CZ3, CZ12 and CZ4 showed 1.9x103,
2.5x103 and 5.3x103 CFU/g, respectively.

The chemical analysis of flumequine residues in the
sediment was performed by HPLC fluorimetric detection.
Sediment was dried at 40 °C for 4 days; 5 g sediment
(spiked with 100 ng oxolinic acid) was extracted by a
double partition with chloroform and H3PO4 and then
purified on silica columns (3 ml) conditioned with hexane
and chloroform (3:1), washed with 3 ml hexane and then
eluted with 5 ml methanol/H3PO4 at pH 2. Samples were
then dried under nitrogen stream and resuspended in 100 µl
methanol.
Samples were analysed in a Water 600 System,
equipped with a column LiChrocart (5 µm) 100 RP-18
(250 x 4 mm) and a fluorimetric detector (Waters 466) Chro-
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The different strains (214 for winter sampling and
331 for summer sampling), isolated from selective and
non-selective media, were tested for their capability to
grow in the presence of 10 µg/ml flumequine: only a
small percentage (12.5 in winter and 9.4% in summer)
was sensitive, the remaining was resistant to the antimicrobial drug.

The MIC of resistant strains was determined. As
shown in Fig. 3, the great majority of the strains was
inhibited by media containing 16-32 µg/ml, but some
grew in media containing up to 128 µg/ml flumequine.
Chemical analyses demonstrated that in winter 71% of
the tested sediments (12 samples) contained flumequine
residues in a range between 8.35 and 27.89 ng/g; in summer 23% of the tested sediments (11 samples) contained
residues in a range between 5.01 and 17.78 ng/g.
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DISCUSSION
The analyses of the sediment in the proximity of an
aquaculture station showed evidence of environmental
alterations likely related to the use of flumequine during
intensive fish farming activities.

These results strongly suggest that the introduction of
flumequine in the marine environment has an effect of
selective pressure on the heterotrophic aerobic community
of the sediment

The presence of bacterial strains resistant to 10 µg/ml
of flumequine was widespread on both spatial and temporal
scale, and they were found in all samples and in both seasons. The counts of resistant strains were generally higher
in summer, probably in relation to the favourable environmental conditions at our latitude. The analysis of the isolated strains showed that about 30% of them had an MIC
for flumequine higher than 32 µg/ml, and that some strains
were even able to grow in the presence of 128 µg/ml.

In the cold waters of Northern Europe, Samuelsen et
al. [5] demonstrated that flumequine can persist 6 months
in the sediment, maintaining its antimicrobial activity.
Samuelsen et al. [6], Coyne et al. [7] and Smith et al. [8]
found oxitetracycline resistant strains as a result of
salmon treatment. In more southern and warmer regions,
this kind of data are not available, with the exception of
preliminary studies from our laboratory [5] (Fig. 4).

In the sampling area, the area in which the most
probable diffusion of fish dejecta and non-consumed
medicated feed occurs, the chemical analyses demonstrated the presence of flumequine residues in several
sediment samples. The percentage was higher in winter
than in summer, probably in relation to environmental
conditions facilitating degradation and/or dilution in the
deposition area.

The chemical analyses have demonstrated the presence of flumequine residues in several sediment samples:
the percentage is higher in winter than in summer, probably in relation to environmental conditions facilitating
degradation and/or dilution in the deposition area.
In conclusion, our results demonstrate that the use of
flumequine in intensive aquaculture can be responsible
for environmental alterations, as chemical contamination
and selection of resistant strains. Furthermore, the selection of resistant strains can cause lower productivity and
economic loss for aquaculture activities and, last but not
least, it implies risks for the health of both fish and human
populations due to the horizontal and vertical transmission of resistance [9].
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SUMMARY

INTRODUCTION

Both the changes of total cell protein composition and
the composition of cell wall protein of A.oxydans under
Cr(VI) influence were investigated. The effect of concentration of chromium on the protein composition of cells
grown in the culture medium was studied by adding
Cr(VI) (as potassium chromate ) at the beginning of the
stationary phase of growth. The range of concentrations
studied was from 3.5 ppm to 210 ppm. The effect of Cr(VI)
exposure time was investigated with 35 ppm Cr(VI). The
time-course of chromium effect considered was from 1 hr
to 72 hrs (without subculture). The protein compositions of
the whole cell extract and the cell wall were characterized
by sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) on 10% (w/w) acrylamide gel. The
cell wall protein was investigated by capillary electrophoresis too. It was observed that the protein composition
of the bacterial extract begins to change at 28 ppm chromium. Similar changes were observed in the whole protein
extract composition after a 40 hour exposure to chromate at
35 ppm. In all cases, the relative quantity of proteins of
different molecular weight changed. Those that are
mostly affected are the protein with a molecular weight
about 80 kDa, the protein fraction with molecular weight
about 45 kDa and the cell wall protein with a molecular
weight 60 kDa. According to results obtained, the main part
of chromium is transformed on the cell wall. Such a suggestion was confirmed by Electron Spin Resonance (ESR) and
microcalorimetry measurements.

Chromium is a widespread pollutant from leaching of
waste dumps and industrial applications. On the one hand,
chromium is an essential trace metal which is necessary for
different physiological functions, e.g. glucose and lipid
metabolism [1, 2]. But, on the other hand, it was confirmed,
that over-exposure of chromium produces mutagenic and
carcinogenic effects [3, 4]. It is known that chromium
compounds in the form of Cr(VI) are water soluble, toxic
and mutagenic. Cr (VI) as CrO42- actively enters cells by
the anion transport system (e.g. SO42-). It is believed, that
Cr(VI) transforms into reactive intermediates such as Cr(V)
and Cr(IV), causing toxic effects [5, 6], in contrast to
Cr(III), the final product of the cellular reduction.
Bacterial reduction of Cr(VI) has been widely reported [7-12]. The possibility of using intrinsic microorganisms to transform toxic heavy metal Cr(VI) to Cr(III)
state has stimulated intensive interests in studying the
metal-organic reactions [13-15]. The effectiveness of biotransformation often depends on the genetically regulated
mechanisms of microbial resistance to metal toxicity, that
dictate the mode of metal-organic reactions. With a view
to investigate the molecular basis of bacterial detoxification of Cr(VI) we studied Arthrobacter oxydans - Grampositive endolithic bacterium from Columbia basalt rocks
of U.S. DOE contaminated site, that has been polluted
with heavy metals, radionuclides and organic compounds
due to nuclear production activity.
In this manuscript we present the first part of our
study - investigation of the influence of Cr(VI) action on
the protein composition of A.oxydans bacterial cells.

KEYWORDS:
Arthrobacter oxydans, Cr(VI) reduction, protein composition.

MATERIALS AND METHODS
Chemicals. All experimental chemicals were ACSreagent grade and purchased from Sigma (St. Louis, MO,
USA). Aqueous solutions of potassium chromate were
prepared at pH 7.0 in phosphate buffer solutions.
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Bacterial growth conditions and preparation of samples.

The bacterial culture of A. oxydans was maintained in a
medium recommended for Arthrobacter species [16] without caseic acid hydrolysate. The growth was controlled by
optical density measurements at 590 nm. A. oxydans was
grown in Erlenmeyer flasks as suspension culture (medium
was inoculated with 0.1 ml of overnight broth culture and
incubated at 21 0C with permanent shaking). The cells were
harvested by centrifugation (10,000 rpm, 10 min, 4 0C),
rinsed twice in 0.15 M NaCl. The total bacterial extract
was obtained by adding 500 µl lysis buffer - B-PERTM
in phosphate buffer pH 7.5 (Pierce) per 5 -6 x 108 cells
for overnight, followed by centrifugation (15,000 rpm,
20 min, 4 0C).
Determination of protein concentration. Protein concentration was determined by BCA (bicinchoninic acid) Protein Assay Kit (Pierce) using bovine serum albumin as the
standard. The absorbance was monitored at 562 nm.
Determination of protein composition. The compositions were analyzed by sodium dodecyl sulfate - polyacrylamide gel electrophoresis (SDS-PAGE) on 10% (w/v)
acrylamide gel according to Laemmli's method [17]. The
molecular masses of proteins were determined by Sigma
marker (wide range, 6.5 -205 kDa). About 30 µg of proteins was subjected to electrophoresis. The fractionated
proteins were stained with Coomassie blue.

Hewlett Packard PVA (polyvinyl amide) coated capillary
of 75 µm inner diameter (ID) was used with the total length
60 cm and 57 cm effective length. The samples were introduced into the capillary by hydrostatic injection mode:
injection time 20 sec with a height difference of 10 cm.
ESR (electron spin resonance) investigations were carried out on the RE 1306 Radiospectrometer with 100 kHz
modulation at 9.3 GHz frequency.

RESULTS AND DISCUSSION
To study the Cr(VI) reduction pathways, A. oxydans
was used as a batch culture grown in liquid medium under
aerobic conditions.
Fig. 1A presents the usually obtained growth curve
for A. oxydans characterized by atypical growth that was
connected with the growth phase morphological changes
of the cells. At the exponential phase of growth A. oxydans cells have rod form varying in size and shape, and
include straight, bent and curved, wedge-shaped and clubshaped forms. As the exponential growth proceeds the
rods become shorter and are eventually replaced by coccoid forms [24, 25].

The cell wall
was isolated by modification of the method of Strashinskaya et al. [18]. The acidic cell wall extract was prepared
by adding 0.25 N HCl, 6 M urea to the centrifuged cell
wall for 1 hour followed by centrifugation (15,000 rpm,
20 min, 4 0C). The acid soluble proteins were pelleted
from supernatant by adding 6 volumes of acetone. The
cell wall protein composition was analyzed by sodium
SDS-PAGE. The charge of the protein was determined by
urea polyacrylamide gel electrophoresis on 15% (w/v)
acrylamide gel according to the method of Panyim and
Chalkley [19].
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FIGURE 1A – Growth curve of A. oxydans.

Microcalorimetry study of melting process of biological structures of A. oxydans cells has been fulfilled using
the differential scanning calorimeter (DSC) designed at
the Institute of Physics, Georgian Academy of Sciences
[20]. The initial analysis of the thermal spectra (the temperature dependence of the increase of heat capacity of
the sample that resulted from the melting processes of cell
structural elements) was made by original programs and
subsequent use of the program Origin 6.0. A.oxydans
cells, growing as a batch culture, were rinsed with buffer
(50 mM Tris, 0.1 M NaCI, 0.1 mM PMSF (phenylmethylsulfonyl fluoride), 0.1 mM benzamidine) where the measurements were made. Thermal spectra were normalized
relative to the dry weight of the sample.
Capillary electrophoresis (CE) was performed on a homemade instrument with the detector modifications [21 – 23].
Detection was monitored at 220 nm. The samples were
separated at 10 kV in the buffer 20 mM Tris/HCl, pH 7.5.
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FIGURE 1B – The protein composition after 21 (1), 40 (2),
88 (3), and 136 (4) growth hours; M - protein marker).
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FIGURE 2 - The concentration effect of chromium on the total protein extract from A. oxydans. (The different
concentrations (3.5 - 210 ppm) of chromium were added into the culture medium at the early stationary growth.
Lane 0 - total protein extract of cells grown without chromium. The cells were not subcultured up to 72 hrs).

The protein composition of A. oxydans did not
change during the cell growth until 140 growth hours
(Fig. 1B). Administration of Cr(VI) as potassium chromate K2CrO4 (35 ppm) into the medium at different
phases of bacterial cell growth caused partly the growth
retardation and the extent of Cr(VI) toxic effect was depended on the time of Cr(VI) addition to the cell culture.
The concentration of 35 ppm was chosen according to our
biochemical data (Fig. 2).
To establish a connection between Cr(VI) uptake and
a protein composition of cells we investigated both the
changes of total cell protein composition and the
composition of the cell wall protein of A. oxydans under
Cr(VI) action.
The dose-dependent effect of Cr(VI) on the total
protein composition was studied by addition of Cr(VI)
to the culture medium at the early stationary phase (initial concentrations changed from 3.5 up to 210 ppm)
(Fig. 2). The time of chromium influence without subculture was 72 hours. As it follows from this Figure, the

significant increase of quantity of protein with molecular
mass about 80 kDa started from 28 ppm chromium concentration in the culture medium (marked by ⇐). Besides,
the quantity of the protein with molecular mass 45 kDa
(marked by à) increased from the 35 ppm chromium concentration.
The time-dependent effect of Cr(VI) on the total protein composition was studied by addition of Cr(VI) to the
culture medium (concentration 35 ppm) at the early stationary phase (time of action from 1 to 72 hours without
subculture) (Fig. 3). The changes of protein composition
started from 40 hours. The changes of total protein composition was similar to those observed above: the quantity of
proteins with molecular mass of 45 kDa and 80 kDa was
significantly increased. It should be noted that the concentration of proteins decreased on the whole, whereas the
concentration of some proteins increased. These proteins
are increasing in response to the toxic action of chromium
in the medium. The increased synthesis of these proteins
can be attributed to the defense mechanisms.

FIGURE 3 - The time-course effect of chromium on the total protein extract from A. oxydans (35 ppm chromium was added to
the culture medium at the early stationary growth phase. The time-course of chromium action was from 1 hour up to 72 hours.
Lane 0 - total protein extract of cells grown without chromium. The cells were not subcultured up to 72 hrs).
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DPPH

The cell wall protein (CWP) composition was analyzed by SDS-PAGE and its charge was characterized by
urea polyacrylamide gel electrophoresis. The study has
shown that the cell wall contained the acid-soluble, positively charged protein with molecular mass 60 kDa. The
positive charge of this protein was confirmed by CE as
well. The gel electrophoretic data has shown that the
quantity of this protein significantly increased under
Cr(VI) influence (Fig. 4).
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FIGURE 6
ESR spectrum of Cr(V) in A. oxydans (T=77K, ν =9240,5 Mhz,
microwave power~12 mW, amplitude of modulation ~8 Gauss).
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FIGURE 4 - Separation on 10% SDS-PAGE A. oxydans cell
wall acidic extracts (Lane 1 – acidic extract of cell wall of
A. oxydans, growing in the standard culture medium without
chromium; lane 2 – acidic extract of cell wall of A. oxydans,
growing in the presence of 35 ppm Cr(VI) in the culture medium; lane 3 – molecular weight markers).
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Using Affinity CE Method the change of the CWP
mobility was observed as a result of its binding to chromium (Fig. 5).
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FIGURE 7
Melting spectra of DNP complex of A. oxydans (a - the stationary growth-phase cells grown without Cr(VI); b - the same cells
grown under Cr(VI) action. Cr(VI) was added in the exponential growth-phase).

FIGURE 5 - Effect of chromium action on the migration of
CWP in ACE (The concentration of proteins used was 0.2 mg/ml
and the chromium concentrations in the buffer are indicated
(0 µM, 18.8 µM, 150 µM). The peak with constant mobility is due
to the internal marker).

Considering the decrease of positively charged protein
mobility in the cell wall in response to the chromium action, we carried out ESR study of A. oxydans bacterial cells
in the presence of chromium. Compared with rinsed cells,
where too little quantity of Cr(V) was detected (data not
shown), much more quantity of Cr(V) was found in the
unrinsed cells (Fig. 6). So, we can suppose, that a great part
of Cr(VI) reduced at least up to Cr(V) on the cell wall,
followed by reduction up to Cr(III), but it does not exclude
an intracellular incorporation of Cr(V) from the cell wall.
The fact of the reduction of Cr(V) signals in the rinsed cells
can be explained by washing out Cr(VI) absorbed, which is
the source of Cr(V). Gram-positive bacteria contained
different constituents in the cell wall, e.g. polycarbo-
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hydrates, teichoic acids etc., which contain diol groups. It is
suggested, that Cr(VI) as (CrO4)2- can be bound to diol
containing components generating Cr(V) complexes. A
typical ESR spectrum of Cr(V) -diol complexes is centered
at g=1.980 (26-27). So, according to our data (the Cr(V)
line with g factor 1.980 and width 12 Gauss (Fig. 6) we can
suppose, that Cr(V) is in the complex form.

Both the composition changes of total cell and cell
wall proteins of A. oxydans under Cr(VI) influence were
investigated. The significant quantitative changes were
observed for several defined protein fractions only. According to the results obtained, the main part of chromium
is transformed on the cell wall.

This work was supported by International and Technology Center (ISTC) Grant G-348.
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EFFECTS OF TBT ON FUNCTIONAL RESPONSES OF
COELOMOCYTES IN THE MARINE WORM Sipunculus nudus
Valerio MATOZZO, Loriano BALLARIN, Marcello DEL FAVERO, Francesca CIMA
Dipartimento di Biologia, Università di Padova, Via Ugo Bassi 58B, 35131 Padova, Italy

SUMMARY
We investigated the effects of TBT on some functional responses of cultured coelomocytes from the marine worm Sipunculus nudus, a sediment-feeding sipunculan common in the littoral zone of the North Adriatic Sea
(Italy), in order to evaluate the possibility of using these
animals as sentinel organism in biomonitoring studies. At
10 µM TBT, the viability of coelomocytes, measured by
Trypan Blue dye exclusion test, was 70%, so that concentrations in the range 0.01-10 µM were considered to be
sublethal. At 10 µM TBT, cytolysis of haemerythrocytes
was also observed. After TBT exposure, the cell spreading
index, i.e., percentage of coelomocytes with amoeboid
shape, and the endocytotic index, i.e., percentage of coelomocytes with ingested Neutral Red dye, were significantly
(p<0.001) inhibited even at 1 µM TBT. The apoptotic
index, i.e., percentage of coelomocytes with chromatin
condensation detected with Acridine Orange, showed a
significant (p<0.001) increase at 1 µM after 60 min exposure to the xenobiotic. The lysozyme activity index, was
significantly (p<0.05) reduced at 0.05 µM TBT. All these
indexes may be proposed as biomarkers, being sensitive,
rapid, reproducible, and useful tools for monitoring TBTcontaminated marine sediments.

Acute and chronic TBT toxicity is well-known in
several species of aquatic organisms [6, 7]. The detrimental effects of TBT on embryonic and larval development
have been observed in both bivalves and tunicates [8-10].
The immunotoxic effects of TBT have been reported in
invertebrates. Inhibition of cell-mediated immune responses was observed in organotin-exposed haemocytes
of the oyster Crassostrea gigas [11], the clam Tapes philippinarum and the colonial ascidian Botryllus schlosseri [1214]. Apoptotic events were also observed in TBT-exposed
haemocytes from B. schlosseri [15]. However, the most
well-known and documented effect of TBT on marine
organisms is "imposex", i.e. the development of male
characters in females, particularly studied in the dogwhelk
Nucella lapillus [16].
In the present study, the effects of TBT on some functional responses of coelomocytes from the marine worm
Sipunculus nudus, a sediment-feeding sipunculan common in
the littoral zone of the North Adriatic Sea (Italy), were studied. Results suggest the use of these cell responses as biomarkers of organotin exposure in future studies.

MATERIALS AND METHODS
KEYWORDS: tributyltin, biomarkers,
coelomocytes, Sipunculus nudus.

apoptosis,

lysozyme,
Animals

INTRODUCTION
Tributyltin (TBT) was extensively used during recent
decades as an effective biocides in antifouling paint and
pesticide formulations [1]. Although its use as an active
component of antifouling paints is today restricted to
ships longer than 25 m [2], significant amounts of TBT
are still present in marine sediments [3], where TBT has a
half-life from few months to years (see 4, for a review).
As TBT is highly soluble in lipids [5], TBT-contaminated
sediments represent a risk for benthic organisms, which
may rapidly accumulate it [4].

Specimens of Sipunculus nudus (15-20 cm in length)
were collected from the sandy bottom of the littoral zone
of the North Adriatic Sea (5-6 m depth), maintained in the
laboratory in large aquaria containing abundant sand on
the bottom and aerated sea water at salinity of 35 ± 1‰,
at temperature of 17 + 0.5 °C, fed with Liquifry Marine
(Liquifry Co., Dorking, U.K.).
Coelomocyte collection and cell cultures

Coelomic fluid (CF) was collected from the coelomic
cavity with a 1-ml plastic syringe containing 300 µl of 10 mM
L-cysteine (Fluka) in filtered sea water (FSW), pH 7.5, to
avoid coelomocyte clotting, placed in Eppendorf tubes
and centrifuged at 780 x g for 10 min. Cells were then
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resuspended in FSW, at a final concentrations of 8-10 x
106 cells ml-1, and short-term coelomocyte cultures were
prepared according to Ballarin et al. [17]. Sixty microliters of coelomocyte suspension (106 cells/ml) were
placed in the centre of the culture chambers, obtained by
gluing teflon rings (15 mm internal diameter, 1 mm thick) to
siliconized glass slides, and covered with coverslips. Chambers were kept upside down for 30 min at 25 °C to allow
cells to settle and adhere to the coverslips.
Coelomocytes exposure to TBT

A stock solution of 10 mM TBT chloride (Sigma)
was made by dissolving the chemical in 95% ethanol.
Test solutions (from 0.01 to 10 µM) were obtained by
diluting the stock solution in FSW. After adhesion of
coelomocytes, FSW was discarded from culture chambers
and replaced with equal volumes of TBT test solutions. In
controls, coelomocytes were resuspended in FSW containing 0.1% of 95% ethanol. Cells were then incubated
for 60 min at 25 °C. After exposure, coelomocyte monolayers were gently washed several times in FSW.
Trypan Blue exclusion test

To estimate the lethal effects of TBT on coelomocytes, cell monolayers were incubated with 0.25% Trypan
Blue in FSW for 5 min at 25 °C and observed in vivo
under a Leitz Dialux 22 light microscope at 1250 x. The
percentage of coelomocytes positive to the dye was then
estimated.
Cell spreading index

TBT-exposed coelomocytes were fixed in a solution
of 1% glutaraldehyde and 1% sucrose in FSW at 4 °C for
30 min, washed in PBS (PBS: 1.37 M NaCl, 0.03 M KCl,
0.015 M KH2PO4, 0.065 M Na2HPO4, pH 7.2) for 10 min,
stained with 10% May-Grünwald-Giemsa for 5 min,
mounted on glass slides with Acquovitrex, and observed
under a light microscope at 1250 x. The cell spreading
index was expressed as the percentage of coelomocytes
showing an amoeboid shape.
Endocytotic index

After exposure, TBT was discarded from the culture
chambers and substituted with equal volumes of 8 mg ml-1
Neutral Red (Merck) solution in FSW. Living coelomocytes were then observed under a light microscope and
the endocytotic index was expressed as the percentage of
coelomocytes showing red cytosol.
Apoptotic index

The cytochemical assay proposed by Cima and Ballarin [15] was used to assess the fraction of senescent
cells. TBT-exposed coelomocytes were stained in vivo

with Acridine Orange (Sigma) (0.1 mg ml-1 in FSW) for
90 s and then immediately observed under a Leitz Dialux
22 fluorescent microscope at 1250 x equipped with I2/3
filter block (450-490 nm). The apoptotic index was expressed as the percentage of coelomocytes showing
chromatin condensation, as revealed by Acridine Orange
nuclear staining (yellow and orange nuclei).
Lysozyme assay

Lysozyme activity was quantified in cell lysate (CL).
In this case, CF was collected from coelomic cavity with
a 1-ml plastic syringe without L-cysteine, placed in Eppendorf tubes, and centrifuged at 780 x g for 10 min.
Coelomocytes were then resuspended in TBT test solutions at a final concentrations of 8-10 x 106 cells ml-1 and
incubated at 20 °C for 60 min. In controls, coelomocytes
were resuspended in FSW containing 0.1% of 95% ethanol.
Coelomocytes were then centrifuged at 780 x g for 10 min,
resuspended in 1 ml of distilled water, sonicated at 0 °C for
2 min with a Braun Labsonic U sonifier at 50% duty cycles, and centrifuged at 12000 x g for 15 min at 4°C. Supernatant, corresponding to CL, was collected for the lysozyme assay. Fifty µl of CL, from both controls and
treated coelomocytes, were added to 950 µl of a 0.15%
suspension of Micrococcus lysodeikticus (Sigma) in 66 mM
phosphate buffer, pH 6.2, and the decrease in absorbance
(∆A min-1) was continuously recorded at 450 nm for 5 min at
20 °C, according to Santarém et al. [18]. Standard solutions
containing 1, 2.5, 5 and 10 µg lysozyme per ml in phosphate
buffer were prepared from crystalline hen egg white lysozyme (Sigma). The average decrease in absorbance per
minute was determined for each enzyme solution and a
standard curve of enzyme concentration versus ∆A min-1
was drawn. One unit of lysozyme was defined as the amount of
CL equivalent to 1 µg of lysozyme, in the conditons described
above. Results are expressed as µg lysozyme·mg protein-1.
Protein concentration in cell lysate was quantified according
to Bradford [19] using bovine serum albumin (BSA) as
standard.
Statistical analysis

All experiments were performed in triplicate. Results
of cytochemical assays were compared using the χ2 test;
Student' t test was used for lysozyme assay. Data are
expressed as means + s.d.

RESULTS
At the end of the treatments, the viability of coelomocytes, as monitored by Trypan Blue dye exclusion test,
was 70% at 10 µM TBT, so that concentrations used,
ranging from 0.01 to 10 µM were considered to be sublethal. At 10 µM TBT, cytolysis of haemerythrocytes was
also observed.
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FIGURE 1 - Sipunculus nudus coelomocytes. Untreated fixed spreading coelomocytes stained with May-Grünwald-Giemsa dye (a); untreated spreading coelomocytes stained in vivo with Acridine Orange, showing green fluorescent nucleus (arrow) (b); 1 µM TBT-treated
coelomocytes showing yellow fluorescent nuclei with chromatin condensation (c). Bar length: 5 µm.
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FIGURE 2 - Effects of TBT exposure on cell morphology and physiology of Sipunculus nudus coelomocytes. Fraction of amoeboid
cells expressed as "cell spreading index" (a); number of cells containing ingested Neutral Red expressed as "endocytotic index"
(b); percentage of coelomocytes showing chromatin condensation following in vivo staining with Acridine Orange ("apoptotic index") (c); lysozyme activity in CL (d). Significant results, in comparison with controls, are indicated by asterisks. Values are means
± s.d. (n=3); * p<0.05, ** p<0.01, *** p<0.001.

In the presence of TBT, the cell spreading index, i.e.,
percentage of spreading coelomocytes (Fig. 1a) and the
endocytotic index, i.e., percentage of coelomocytes containing Neutral Red dye, were significantly (p<0.001)
inhibited at 1 µM TBT (Fig. 2a, b). The apoptotic index,
i.e., percentage of coelomocytes with chromatin condensa-

tion detected with Acridine Orange (Fig. 1b, c), showed a
significant (p<0.001) increase at 1 µM after 1 h (Fig. 2c).
Lysozyme activity, measured spectrophotometrically on
coelomocytic lysate, was significantly (p<0.05) reduced
at 0.05 µM (Fig. 2d).
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DISCUSSION AND CONCLUSION
The potential toxic effects of pollutants on immune
functions may affect the survival of animals. In this regard, various immunological parameters have been used
in many in vitro bioassays to estimate the negative effects
of xenobiotics on both wellbeing of organisms and of
their habitat [20]. Sipunculan coelomocytes are known to
be involved in immune defence reactions against foreign
particulate and pathogens [21, 22].
In the present study, exposure to TBT caused alterations of all physiological parameters analysed in S. nudus
coelomocytes, although the assayed TBT concentrations
did not significantly affect cell viability, which reached
70% in the presence of 10 µM TBT. In a recent study, a
significant mortality was detected only after 2 h exposure to 10 µM TBT in haemocytes of the compound ascidian B. schlosseri [15]. However, diffuse cytolisis of S.
nudus haemerythrocytes was observed in cells exposed to
10 µM TBT, in agreement with results reported for trout
erythro-cytes [23]. In the presence of TBT, coelomocytes
also exhibited several morphological changes: spreading
cells lost their amoeboid shape, since withdrew their
pseudopodia. Similar alterations in cell morphology were
observed in TBT-treated haemocytes from the clam T.
philippinarum [14]; however, in that study, the "amoebocytic index" was already inhibited at 0.01 µM TBT. According to Chow and Orrenius [24] and Cima et al. [25],
these morphological changes in spreading coelomocytes
could be due to alterations in cytoskeletal organisation,
either by direct TBT interaction with cytoskeletal structural proteins or by indirect alterations of Ca2+ homeostasis.
In TBT-exposed coelomocytes, endocytotic index (an
indicator of phagocytic ability of cells) measured by Neutral Red uptake, resulted inhibited at the highest TBT
concentrations tested. Dye uptake may occur by pinocytosis or passive diffusion [26]. Therefore, alterations in its
uptake may reflect damage to the cell membrane [26].
Also in this case, impairment in cytoskeletal organisation
may explain our results. In the bivalve Mya arenaria,
diseased haemocytes were unable to adhere and ingest
yeast particles, presumably owing to modifications in
cytoskeletal organisation [27] and reduced phagocytic
activity was found in T. philippinarum and Crassostrea
virginica haemocytes exposed to organotins [13, 28].

immunosuppression, resulting in lowered resistance to
bacterial challenge. Inhibition of the degradative enzyme
β-glucuronidase was also found in bivalve haemocytes
exposed in vitro to TBT [14].
Apoptosis was observed in coelomocytes exposed to
the highest TBT concentrations tested. Apoptotic events
include chromatin condensation, nuclear fragmentation
and translocation of phosphatidylserine (PS) to the outer
surface of cell membrane. In this study, coelomocyte nuclei
were apoptotic after 60 min exposure to 1 µM TBT, indicating rapid loss of nuclear functions. Recently, TBT was
reported to cause apoptosis in tunicate haemocytes, as
revealed by chromatin condensation, DNA fragmentation
and PS translocation [15]. In the latter study, the authors
suggested a relationship between observed apoptotic
events and activation of endonuclease (Ca2+-dependent
DNA lytic enzymes) via cytosolic Ca2+ increase.
In conclusion, these preliminary results demonstrate
that in vitro exposure to TBT may affect the functional
responses of Sipunculus nudus coelomocytes, although
improved knowledge of the mechanisms of action of TBT
is required to explain better the observed effects on cell
components. However, proposed bioassays are sensitive,
rapid, reproducible and may be considered as useful tools
in biomonitoring studies to screen xenobiotic toxicity,
although their responsiveness must be better evaluated in
coelomocytes collected from both field and laboratory
exposed animals.
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Significant inhibition of lysozyme activity was observed in CL from coelomocytes exposed to TBT, confirming previous data concerning the capability of organotins to
alter enzymatic activity [14], probably through specific
interactions with intracellular targets. Lysozyme is one of
the most important bacteriolytic agents against several
species of Gram-positive and Gram-negative bacteria
[29]. Lysozyme is a lysosomal enzyme which may be
secreted by haemocytes in the haemolymph during
phagocytosis, thus participating in inactivating invading
pathogens. Therefore, reduced lysozyme activity suggests
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INFLUENCE OF TRIBUTYLTIN ON ACTIVITY OF DETOXIFYING
ENZYMES FROM HAEMOCYTES OF A COLONIAL ASCIDIAN
CIMA Francesca, DOMINICI Debora, BALLARIN Loriano, BURIGHEL Paolo
Dipartimento di Biologia, Università di Padova, Via Ugo Bassi 58B, 35131 Padova, Italy

SUMMARY
Filter-feeding invertebrates are used as bioindicators
of organotins in coastal areas, because they are known to
concentrate these xenobiotics and suffer many toxic effects, the most important of which is severe immunosuppression. As antioxidant enzymes have often been proposed as biomarkers of oxidative stress following exposure to contaminants, it was of interest to investigate
whether the activities of glutathione S-transferase (GST)
and glutathione peroxidase (GPX) in cultured haemocytes
of the colonial ascidian Botryllus schlosseri are influenced by exposure to tributyltin (TBT). Results suggest
the presence, in ascidian haemocytes, of the above enzymes involved in detoxification processes since positivity to both GST and Se-dependent GPX antibodies was
observed. The immunocytochemical location of GST and
GPX disappeared by incubation in the presence of 0.1 and
1 µM TBT, respectively, as a possible consequence of
conformational changes due to direct interaction of TBT
with the antioxidant enzymes. Moreover, spectrophotometric assays on haemolysate showed that TBT can
inhibit the activities of both GST and Se-independent
GPX, the latter in a more effective manner than Sedependent GPX, suggesting that ascidians possess a detoxifying defence system similar to that reported by other
authors for bivalve molluscs.
KEYWORDS: ascidian, haemocytes, antioxidants, glutathione
peroxidase, glutathione S-transferase, tributyltin.

INTRODUCTION
In recent years, there has been much interest in enzyme activities involved in the metabolism of xenobiotics.
Since the biochemistry of filter-feeding organisms varies
in response to pollution, these animals are frequently used
as bioindicator species in aquatic environments. Many
environmental contaminants, such as trace metals and
organotin compounds, cause alterations in levels of specific biomolecules, induction of particular proteins and

changes in oxidative status. Previous studies have demonstrated, in both vertebrates and invertebrates, antioxidative enzyme activities, such as that exerted by glutathione S-transferase (GST) and glutathione peroxidase
(GPX), which have been often proposed as biomarkers of
exposure to pollutants.
GST (EC 2.5.1.18) plays a multiple role in xenobiotic
metabolism, catalysing the conjugation reactions of reduced glutathione (GSH) and aryl halides, organic
isothiocyanates, α,β-unsaturated carbonyls and, generally,
electrophilic xenobiotics or their derivatives [1]. Its activation provokes a decrement in GSH levels, without a
parallel increase in content of oxidised glutathione
(GSSG) [2]. This enzyme, which acts as a mediator of
xenobiotic detoxification even in the liver and kidney of
marine fish, has recently been successfully used as a biomarker, since it is significantly inhibited by organotin
compounds [3]. GST also appears to be important in oxidative stress protection since it catalyses the activity of
GPX, to which it is often associated [4]. In the bivalve
mollusc Mytilus edulis, GST is under seasonal control,
and is always more abundant in the gill than in the digestive gland as part of a powerful, internal, antioxidant
defence system against xenobiotics, although its concentration in the gill seems to occur in a manner which is
independent of oxidative stress [5]. The appearance of
sulphur-containing metabolites such as mercapturic acid
in the urine of rats intraperitoneally treated with tributyltin (TBT) supports the hypothesis of the activation of
GST, which can cleave the tin-carbon bond of the organotin compound [6]. However, this metabolite has not been
observed in bivalves, suggesting that these invertebrates
do not possess a detoxification route comparable to that of
mammals [7].
GPX is an antioxidant enzyme present in all metazoans at both intra- and extracellular level in two forms, Sedependent (EC 1.11.1.9) and Se-independent (EC 2.5.1.18).
High concentrations of GPX have been found in the blood
of many vertebrates [8]. It protects from the effects of
reactive oxygen species through reduction of hydrogen
peroxide (or organic peroxides) to water (or alcohols),
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respectively, requiring GSH consumption [9]. The GSSG
produced in this way is then re-converted to GSH by the
activity of glutathione reductase (EC 1.6.4.2). GPX also
protects phagocytes from the deleterious effects of reactive oxygen species produced during the respiratory burst.
The cytoplasmic location of GPX has been demonstrated
in mammalian and bivalve phagocytes [10]. In M. edulis,
its activity has been revealed in blood cells, haemolymph
[10], gill [11], and digestive gland [5], and, in the latter, it
is associated with glutathione reductase activity [12].
At the light microscope level, we examined the distribution of the above enzymes in the blood cells of the
colonial ascidian Botryllus schlosseri, in normal conditions and after exposure to TBT, using immunocytochemical techniques. We also studied changes in the levels of enzyme activity in the presence of TBT, for preliminary data supporting their use as biomarkers in biomonitoring programs.

MATERIAL AND METHODS
Animals

Colonies of B. schlosseri from the Venetian lagoon
were brought to the laboratory, attached to glass slides,
kept in aerated sea-water renewed every other day, and
supplied with Liquifry Marine (Liquifry Co., Dorking,
England) and microalgae.
Chemicals

3’,3-Diaminobenzidine (DAB), ethylenediaminetetraacetic acid (EDTA), glutathione reductase, reduced
glutathione (GSH) and tributyltin chloride (TBT) were
obtained from Sigma, H2O2, L-cysteine, KPO4, reduced βnicotinamide adenine dinucleotide phosphate (NADPH)
from Fluka, 1-chloro-2,4-dinitrobenzene (CDNB), cumene hydroperoxide from Aldrich, NaCl and Tris from
BDH, and NaN3 from Merck.
TBT was dissolved in 95% ethyl alcohol at 10 mM
concentration and then diluted to final concentrations
from 0.01 to 10 µM in filtered sea-water (FSW).
Enzyme assays

Blood, collected by puncturing the marginal vessel of a
large colony with a fine tungsten needle, was centrifuged at
780 g for 10 min. Pelleted haemocytes were resuspended at a
final concentration of 108 cells ml-1 in FSW containing 0.01,
0.05 and 0.1 µM TBT, and incubated for 60 min at 25 °C. In
controls, 0.1% of 95% ethyl alcohol was added instead of
the TBT solution. After incubation, the haemocytes were
centrifuged again, resuspended in 20 mM Tris-HCl buffer,
pH 7.5, and sonicated at 4 °C in a Braun Labsonic U sonifier at 50% duty cycles for 5 min. The haemolysate was
analysed immediately for enzyme activities. Spectrophotometric measurements were carried out at 25 °C on a Kontron Uvikon 930 spectrophotometer.

GST activity was determined according to the
method of Habig et al. [13] using CDNB and GSH as
substrates. The reaction was performed with a final volume of 1 ml containing 700 µl of 100 mM KPO4, pH 7.0,
70 µl of 20 mM CDNB, 70 µl of 20 mM GSH and 160 µl
haemolysate, and measurements were carried out at 340 nm
(ε = 9.6 mM-1 cm-1).
GPX activity was measured by the decrease in
NADPH at 340 nm (ε = 6.22 mM-1 cm-1) according to the
method of Gunzler and Flohe [14]. Activity with H2O2 as
substrate represents Se-dependent GPX, whereas that with
cumene hydroperoxide represents total (i.e., Se-dependent
plus Se-independent) GPX activity. The reaction was
performed with a final volume of 1 ml containing 500 µl of
0.1 M phosphate buffer, pH 7.0, plus 1 mM EDTA and
0.1% NaHCO3, 100 µl of glutathione reductase (2.4 U/ml),
100 µl of 10 mM GSH, 100 µl haemolysate, and initiated
by the addition of 100 µl of 0.03% H2O2 in distilled water
or 100 µl of 25 mM cumene hydroperoxide in ethyl alcohol, respectively.
Assays were performed in triplicate. Absorbances
were read at 10 s intervals for 2 min, and enzyme activities expressed as nmoles mg protein-1 min-1 of mean ± SD.
Six colonies were investigated separately for each enzyme
activity. Protein concentration was measured according to
Bradford [15] using bovine serum albumin (BSA) as
standard.
Immunocytochemistry

Haemocytes were collected with a glass micropipette
containing 10 mM L-cysteine to prevent clotting. After
centrifugation at 780 g for 10 min, they were resuspended in
FSW at a final concentration of 106 cells ml-1 and left to
adhere in culture chambers according to the method of Cima
et al. [16]. Haemocyte monolayers were fixed in 4% paraformaldehyde (Serva) in isotonic sea buffer (2.82 g L-1 Tris,
29.25 g L-1 NaCl, pH 7.5) for 30 min at 4 °C, washed in
phosphate-buffered saline (PBS: 8 g L-1 NaCl, 0.2 g L-1 KCl,
0.2 g L-1 KH2PO4, 1.15 g L-1 Na2HPO4), pH 7.4, permeabilised with 0.1% Triton X-100 (Merck) in PBS for 5 min,
and pre-incubated in methyl alcohol plus 0.15% H2O2 for
20 min and then in 10% normal goat serum (Vector) in
PBS for 30 min at 25 °C to block endogenous peroxidase
and non-specific antibody interactions, respectively. After
several washings in PBS, haemocytes were incubated
with monoclonal mouse anti-GST antibody (Sigma) (dilution 1:200 in PBS) or monoclonal mouse anti-Sedependent GPX (MBL) (dilution 1:100 in PBS) for 60 min
at 25 °C. After rinsing in PBS, haemocytes were incubated for 30 min in peroxidase-labelled goat anti-mouse
IgG (Sigma) (dilution 1:200 in PBS) and then postincubated for 5 min in 0.05% DAB aqueous solution plus
0.15% H2O2, mounted with Acquovitrex (Carlo Erba) and
observed at a magnification of 1250 under a Leitz Dialux
22 light microscope (LM). Controls were made by replacing the primary antibody with PBS. Each experiment was
repeated in triplicate and data were expressed as the mean
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percentage of cells positive to antibody reaction ± SD, in
ten fields per coverslip, with at least 500 cells. Comparisons between percentages of controls and exposed
haemocytes were analysed using χ2 test with the FREQ
procedure of the SAS statistical package (SAS Institute
Inc. Cary, NC).

tive reaction, resulting in very dense staining of cytoplasm for GST (Fig. 1c) and phagosomes for Sedependent GPX (Fig. 1b). Controls showed no staining
(Fig. 1a). Positivity to both anti-GST and GPX antibodies
disappeared by incubation in the presence of 0.1 µM and
1 µM, respectively (Fig. 1d).
Spectrophotometric enzyme assays

RESULTS
Immunocytochemistry on haemocyte monolayers

LM observations revealed a positive reaction to both
GST and Se-dependent GPX antibodies in unexposed
phagocytes in the form of both hyaline amoebocytes and
macrophage-like cells [17]. Most of the latter gave a posi-

Table 1 lists the observed activities of GST, Sedependent and Se-independent GPX in B. schlosseri haemolysate. We infer that TBT is able to inhibit GST activity
1.5 times at 0.01 µM and 4.3 times at 0.1 µM. In addition, Se-independent GPX activity was inhibited 5.4 times at
0.01 µM TBT and 400 times at 0.1 µM; Se-dependent
GPX activity was inhibited 1.5 times at 0.05 µM TBT.

FIGURE 1 - Light micrographs of cultured macrophage-like cells of Botryllus schlosseri, demonstrating immunocytochemical location of antioxidant enzymes. Incubations were in primary antibody followed by peroxidase-labelled secondary antibody. (a) Control haemocytes incubated in PBS. (b) Haemocytes incubated with anti-Se-dependent GPX
and (c) anti-GST. (d) Haemocytes exposed to 1 µM TBT for 60 min and incubated with anti-GST. Bar length = 2 µm.

TABLE 1 - Effects of TBT on GST and GPX activities in Botryllus schlosseri haemolysate.

TBT concentration
(µM)

GST activity
(nmol·mg protein-1·min-1)

Se-independent
GPX activity
(nmol NADP+·mg protein-1·min-1)

Se-dependent
GPX activity
(nmol NADP+·mg protein-1·min-1)

-

78 ± 6.4

398 ± 6.2

289 ± 2.2

0.01

51 ± 4.7

74 ± 2.6

267 ± 3.7

0.05

37 ± 2.3

50 ± 3.5

190 ± 1.4

0.10

18 ± 1.5

1 ± 1.6

180 ± 1.1
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DISCUSSION AND CONCLUSION
TBT is the most abundant and persistent pesticide in
coastal environments, able to provoke severe impoverishment of benthic biocenoses. In recent decades, many
authors have hypothesised that both Ca2+-dependent and
Ca2+-independent mechanisms of action are responsible
for the immunosuppression observed in both vertebrates
and invertebrates. Ca2+-independent effects are probably
mediated by changes in sulphydryl groups of both proteins
and GSH [18] and the involvement of GSH-dependent
antioxidant enzymes [3] has been proposed. Although
oxidative stress, caused by environmental variations, is a
general chemical threat to all biological systems, this
action is still debated for organotin compounds. Generation of reactive oxygen species after exposure to
triethyltin or trimethyltin has been reported in C6 glial
cell line, accompanied by increases in GST activity [19].
Triphenyltins cause a decrement in superoxide radical
production during the respiratory burst in cultured phagocytes of ascidians [20] and significantly inhibit both GST
and Se-dependent GPX activities in mammalian liver and
kidney [21]. TBT is known to interfere with reactive oxygen species generation in bivalve haemocytes [22] and to
inhibit GST activity in chicken [23] and marine fish [3].

which enhance sensitivity to reactive molecular species,
initiating membrane lipid peroxidation and affecting resistance to disease.
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Phagocytes of B. schlosseri contain antioxidant enzymes such as GST and GPX, which were clearly demonstrated in the present study using both biochemical and
immunocytochemical techniques. GST shows a typical
cytoplasmatic distribution, whereas the immunocytochemical location of Se-dependent GPX inside the phagosomes of macrophage-like cells was in general agreement
with previously published findings for bivalves, where it
appears to be associated with the granules of granulocytes
[10] which correspond to lysosomes [24]. The immediate
disappearance of positivity to antibodies observed after
TBT exposure indicates that conformational changes
occur, probably due to direct interaction of the xenobiotic
with these enzyme molecules.
Our spectrophotometrical data confirm that GST and
GPX activities involved in detoxification processes occur
in ascidian blood cells and that Se-independent GPX and
GST activities appear to be very sensitive to stressful conditions triggered by TBT, indicating that ascidians probably
possess a detoxifying system similar to that of bivalves, in
which GST activity has been reported to be associated with
Se-independent GPX activity in the gill [25].
Although TBT does not directly cause any oxidative
stress, our results suggest that its strong inhibitory effect on
the antioxidant defence system makes exposed organisms
more vulnerable to oxidative stress, as a consequence of
alterations in the complex interactions between exogenous
factors such as food availability and climatic variations,
and endogenous factors such as reproductive activities.
Moreover, TBT may aggravate the toxicity of other
chemical pollutants present in the marine environment,
due to a simultaneous decrease in GPX and GST activities,
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PERSISTENCE OF CHLORPYRIFOS AND ENDOSULFAN IN SOIL
J. Castro*, C. Sánchez-Brunete*, J.A. Rodríguez** and J.L. Tadeo*
* Dpto de Medio Ambiente (INIA). Apdo. 8111, 28080 Madrid (Spain)
** E. de Ingenierías Agrarias, Universidad de Extremadura, 06071 Badajoz (Spain)

SUMMARY
The effect of different factors, such as temperature and
soil moisture content, in the degradation of chlorpyrifos
and endosulfan in soil was studied under laboratory conditions. In addition, field experiments were conducted in the
Spanish region of Badajoz to determine the levels of chlorpyrifos and endosulfan throughout the growing season and
the residual levels of these chemicals after harvest of tomato. In general, an increase of the pesticide degradation
rate with temperature was observed while correlation of the
degradation rate with the soil moisture content was only
observed for chlorpyrifos and α-endosulfan. The presence
of rhizosphere soils did not change the pesticide degradation rate under the conditions assayed.

KEYWORDS: chlorpyrifos, endosulfan, soil, temperature, degradation, rhizosphere.

INTRODUCTION
Horticultural crops may be affected by different pests
causing serious damages to plants and, consequently, important yield reductions. Several insecticides are applied to
tomato crops to control pests. Chlorpyrifos and endosulfan are widely used in Spain, the third largest producer
of tomatoes for preserved food in Europe. Chlorpyrifos is a
broad-spectrum organophosphorus insecticide controlling

a wide range of soil insect and arthropod pests [1], while
endosulfan, a mixture of α- and β-isomers, is an organochlorine insecticide used for the control of sucking
and chewing insects on fruits and vegetables [2]. Fig. 1
shows the chemical structure of both the insecticides. In
the application of endosulfan to tomato plants one part of
the insecticide reaches the target, while the other is deposited on the soil, whereas chlorpyrifos is usually soilapplied. Therefore, both pesticides are found in the soil,
where they are subjected to different processes that will
determine the fate of these agrochemicals. Temperature,
soil moisture content and soil microorganisms have been
reported to be important factors in the degradation of
chlorpyrifos [3-7] and endosulfan in soil [8-10]. In addition, soil microorganisms are influenced by the presence
of plant roots, and an increase in the microbial cell number and the microbial activity has been reported [11].
The aim of this work was to study the effect of different factors, such as temperature and soil moisture content,
in the degradation of chlorpyrifos and endosulfan in soil
under laboratory conditions. The influence of rhizosphere
soils in the degradation of these pesticides was also studied. Plants used in this assay were tomatoes and several
weeds usually found in tomato crops (Amaranthus retroflexus, Chenopodium album and Solanum nigrum). In
addition, field experiments were conducted in the Spanish
region of Badajoz to determine the levels of chlorpyrifos
and endosulfan throughout the growing season and the
residual levels of these chemicals after harvest of tomato.
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FIGURE 1 - Chemical structure of chlorpyrifos and endosulfan.
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MATERIALS AND METHODS
Soils

The main physical-chemical properties of the soil
used in the degradation studies were: organic matter
1.75 %, pH 6.7, field capacity 13.3 % (at –33 kPa), density 1.4 g/cm3, clay 11.54 %, sand 64.81 % and loam
23.65 %. Soil samples were collected from the tilled layer
(0-10cm) of an experimental plot located in the region of
Madrid (Spain). These samples were sieved (2 mm) and
stored at room temperature until treated.
Reagents and solvents

Thimul (α-endosulfan + β-endosulfan 70:30, 35 % w/v
suspensible liquid) and Dursban 48 % w/v suspensi-ble
liquid (chlorpyrifos), obtained from Rhône Poulenc
Química (Madrid, Spain), were used as commercial formulations. Ethyl acetate for pesticide residue analysis and
anhydrous sodium sulfate were purchased from Scharlau
(Spain) and Merck (Germany).
Laboratory assays

Soil was treated with an aqueous suspension of Thimul
and Dursban to reach a final concentration of endosulfan
and chlorpyrifos of 1 µg/g. After 24 h of homogenisation,
individual samples (24) of 300 g were weighed into screwtop glass jars and distributed in different incubation chambers according to the experimental design to achieve four
replicates for each combination of temperature and soil
moisture content. To study the temperature effect appropriate amounts of water were added to reach 8 % of soil moisture content (60 % of field capacity) and samples were
incubated at different temperatures (5, 15, 25 and 35 ºC).
To study the soil moisture effect the temperature was fixed
at 25 ºC and samples were incubated at 4, 8 and 13 % of
soil moisture content. All the samples were incubated for
four months and all the treatments were sampled at intervals of about 20 days. These samples were extracted by a
previously described method [12], and the residual concentration of insecticides was determined by means of a
Hewlett-Packard Model 5890 gas chromatograph, equipped
with an electron-capture detector and automatic injection.
A fused silica capillary column, HP-1 (30 m x 0.25 mm i.d.
x 0.25 µm film thickness) was employed, with helium as
carrier gas at 1 ml/min. The column temperature was maintained at 150 ºC for 1 min, then programmed at 25 ºC/min
to 230 ºC, held 0.5 min and programmed at 12 ºC/min to
280 ºC, held 3 min. Injector port and detector temperatures were 270 and 300 ºC, respectively.
Assays with rhizosphere and non-rhizosphere soils

To evaluate the influence of rhizosphere soils in the
degradation of the selected insecticides several weeds
usually found in tomato crops, Amaranthus retroflexus,
Chenopodium album and Solanum nigrum, together with
tomato plants were planted in individual pots (four replicates). Other four replicates of non-rhizosphere soil sam-

ples were also placed in pots. All the samples were placed
in a growth chamber under controlled conditions (24 ºC
and 70 % air humidity) during two months before used in
these assays. Plants were removed and the soil remaining
was sieved (2 mm) and treated with an aqueous suspension of Thimul and Dursban to reach a final concentration
of endosulfan and chlorpyrifos of 1 µg/g. After 24 hrs of
homogenisation, individual samples (20) of 300 g were
weighed into screw-top glass jars and placed in an incubation chamber at 25 ºC and 8 % of soil moisture content for
3 months. Sampling, extraction and determination of the
insecticide residues were performed as described above
for the degradation study at different temperatures and
soil moisture contents. In addition, microbial biomass was
measured in all the soils at the beginning and at the end of
the degradation assay by the fumigation-extraction
method as described by Joergensen [13].
Field assays

Two tomato fields selected from the Spanish region
of Badajoz were periodically sampled from the beginning
of the season (May) to the harvesting date (SeptemberOctober). In addition eighteen commercial fields of the
same region were also sampled two months after tomato
harvest. Sampling was carried out by taking 10 points
from the surface layer (0-10 cm) following the diagonal
of the plot and leaving the borders without being sampled.
Pesticide residues were determined using the analytical
method described above.

RESULTS AND DISCUSSION
Laboratory assays

Various conditions of temperature and soil moisture
content were assayed to determine the pesticide degradation rate (Table 1). Results obtained for each treatment
fitted well to the first-order kinetic equation C = Co. e-kt,
where Co is the initial concentration of pesticide, C is the
concentration at time t and k is the degradation constant.
The determination coefficients (r2) and the insecticide
half-life were calculated by linear regression analysis of
the logarithms of the concentration against the incubation
time. Half-lives, in the range of temperatures studied at 8 %
of soil moisture content, varied from 85 to 25 days for
chlorpyrifos, 40 to 27 days for α−endosulfan and 513 to
89 days for the β-isomer (Table 1).
The half-lives obtained for chlorpyrifos and endosulfan are in the range of those reported by other authors
[1, 14]. An increase of the pesticide degradation rate
with temperature was observed for chlorpyrifos and βendosulfan, but for the α-isomer a certain decrease in
the degradation rate was observed when temperature
changed from 25 ºC to 35 ºC.
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TABLE 1
Degradation constants (K), half-lives (t 1/2) and determination coefficients (r2) obtained for the insecticides studied a.

Treatment
T1
T2
T3
T4
T5
T6

T Mb
(ºC) (%)
5
15
25
35
25
25

8
8
8
8
4
13

α-Endosulfan

Chlorpyrifos
(K ± SD)x10-2
(day-1)
0.81 ± 0.04
1.38 ± 0.09
2.46 ± 0.18
2.82 ± 0.18
2.15 ± 0.15
2.72 ± 0.27

r2

t 1/2
(days)
85
50
28
25
32
26

(K ± SD)x10-2
(day-1)
1.74 ± 0.08
2.15 ± 0.24
3.42 ± 0.26
2.58 ± 0.18
2.68 ± 0.34
3.62 ± 0.34

0.985
0.970
0.972
0.981
0.976
0.951

β-Endosulfan

t 1/2
(days)
40
32
20
27
26
19

r2
0.984
0.932
0.983
0.974
0.900
0.974

(K ± SD)x10-2
t 1/2
r2
-1
(day )
(days)
0.13 ± 0.03
513 0.768
0.27 ± 0.04
255 0.813
0.57 ± 0.04
121 0.925
0.77 ± 0.07
89
0.967
0.70 ± 0.11
98
0.909
0.70 ± 0.11
98
0.895

a

Values obtained by linear regression analysis of the logarithms of the concentrations against the incubation time considering eight samplings for
each replicate ± standard deviation,
b
Soil moisture content

TABLE 2 - Effect of temperature and soil moisture content on degradation.

Compounds

Temperature
-1

Moisture

Ea ± SD (Kjmol )

r

2

Log A ± SD

A

B ± SD

r2

Chlorpyrifos

30.8 ± 4.5

0.960

3.7479 ± 0.0096

42.4

-0.1976 ± 0.0046

0.999

α-Endosulfan

11.9 ± 7.3

0.572

3.5948 ± 0.1317

36.4

-0.2612 ± 0.0637

0.944

β-Endosulfan

42.8 ± 4.3

0.980

4.6208 ± 0.4130

101.6

-0.0182 ± 0.1997

0.008

A decrease of the pesticide degradation rate with
temperature is a phenomenon not usually observed, and
this fact might be explained by differences in the conversion rate of endosulfan isomers at those temperatures. In
fact, a positive correlation of the endosulfan degradation
rate with temperature was observed when the α and β
isomers were considered together. The effect of temperature on the rate of insecticide degradation was studied
using the Arrhenius equation (k=A0.e-Ea/RT). The activation
energies (Ea) were calculated by linear regression analysis of the logarithm of the half-life against the reciprocal
of the absolute temperature using the results obtained for
the treatments, where the moisture content was constant
(Table 2).

measure of degradation dependence with soil moisture
content. α-Endosulfan showed the highest negative value,
thus degradation of this compound in the soil studied was
the most sensitive to the moisture content.

The influence of the soil moisture content on the degradation of these compounds was studied using the empirical equation H = A.M –B, where H is the half-life of the
insecticide at moisture content M, and A and B are constants. A linear regression analysis of the logarithm of the
half-life against the logarithm of the moisture content was
accomplished with the data of treatments where temperature was constant (T3, T5 and T6). Results obtained with
chlorpyrifos and α−endosulfan fitted well with that equation, while no correlation with soil moisture content was
observed for β−endosulfan (Table 2). Constant B gives a

Field assays

The various rhizosphere soils studied did not affect
degradation (at 25 ºC and 8 % of soil moisture content) of
pesticides, the half-lives obtained being around 21, 32 and
80 days for chlorpyrifos, α−endosulfan and the β-isomer,
respectively. The soil biomass was measured, both at the
beginning and the end of the assay, in all the assayed soils
and no significant differences (α = 0.05) were found
among them (Fig. 2). This fact could explain the similar
behaviour observed for the different soils studied.

The levels of these chemicals in the soil throughout
the season, determined in two tomato fields, varied from
0.15 ± 0.04 to 0.008 ± 0.002 µg/g for chlorpyrifos, from
0.07 ± 0.04 to 0.008 ±0.002 µg/g for α−endosulfan and
from 0.15 ± 0.08 to 0.011 ± 0.005 µg/g for β−endosulfan.
Pesticide half-lives in the field, determined with these
levels, ranged from 14 to 17 days for chlorpyrifos, 21 to
22 days for α-endosulfan and 34 to 73 days for βendosulfan. These values are lower than those obtained
under laboratory conditions. Several factors, such as vola-
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tilization, photodegradation and transport, not affecting
soil samples during laboratory experiments, may explain
the lower half-lives obtained under field conditions. The
field half-lives obtained are within the range of those
reported by other authors for these compounds [15]. The
β-isomer of endosulfan showed the highest half-life both
under laboratory and field conditions.
Initial

Results obtained under field conditions pointed out
that the half-lives of the insecticides studied were always
lower than those obtained under laboratory conditions. βEndosulfan was the most persistent compound under field
and laboratory conditions. No residual levels of chlorpyrifos were detected after tomato harvest, while levels between 0.001 µg/g and 0.18 µg/g were found for endosulfan isomers.
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FIGURE 2 - Microbial biomass measured by the fumigationextraction method in rhizosphere soils (Amaranthus retroflexus, Chenopodium album, Solanum nigrum and tomato) and
in the non-rhizosphere soil.

A study of residual insecticide levels two months after harvest was carried out in 18 commercial fields. No
chlorpyrifos residues were detected, while residual levels
of α−endosulfan varied from 0.03 ± 0.02 to 0.0014 ±
0.0007 µg/g and those of β−endosulfan ranged from 0.18 ±
0.06 to 0.009 ± 0.006 µg/g .

CONCLUSIONS
Results obtained in this work indicate an increase of
the pesticide degradation rate with temperature for chlorpyrifos and β-endosulfan. The degradation rate of the αisomer decreased somewhat at the highest temperature
assayed. Nevertheless, when the α− and β−endosulfan
isomers were considered together, an increase of the degradation rate in the whole range of assayed temperatures was
observed. A positive correlation between the pesticide
degradation rate and the soil moisture content was found
for chlorpyrifos and α-endosulfan, while no correlation
between these variables was found for the β-isomer. The
rhizosphere soils studied did not affect the insecticide degradation under the conditions assayed.
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KINETIC BEHAVIOUR AND DEGRADATIVE CAPABILITY
OF Lentinula edodes LACCASE ISOENZYMES WITH
DIFFERENTLY SUBSTITUTED CHLORINATED SUBSTRATES
S. R. Stazi, A. D’Annibale, G. Giovannozzi Sermanni
Agrobiology & Agrochemistry Department, University of Tuscia, V. San Camillo de Lellis snc., 01100 Viterbo (Italy)

SUMMARY
Partially purified Lentinula edodes laccase was tested
for its ability to oxidize several putative mono-, di- and
tri-chlorinated substrates. Both the initial reaction rate and
removal efficiency were remarkably affected by the nature of substituents and their position on the aromatic
ring. Chlorinated phenols and/or anilines bearing an additional substituent with at least one lone pair electrons
adjacent to the benzene ring were preferentially oxidized
by the enzyme. In contrast, chlorinated substrates bearing
an electron-withdrawing substituent, such as the nitro
group, were not oxidized at all. The extent of removal of
the most reactive chlorinated compounds after 1 h incubation with laccase was in the following order: chlorohydroquinone > 4,6-dichlororesorcinol > 2-amino-4-chlorophenol > 2,6-dichlorophenol > 2,4-dichlorophenol > 2,4,6trichlorophenol > 2-chlorophenol > 4-chlorophenol.

KEYWORDS:
laccase, chlorophenols, white-rot fungi, wastewater, treatment.

INTRODUCTION
Chlorinated phenols and anilines are hazardous compounds usually found both in manufacturing wastes and
as degradation intermediates of the microbial metabolism
of several pesticides. Chlorophenols, in particular, are
present in effluents arising from bleaching processes of
paper pulps using elemental chlorine or chlorine dioxide
and, owing to their toxicity, are on the list of priority
pollutants defined by the US Environmental Protection
Agency [1]. In alternative to the microbial mineralization
of these compounds via catabolic or co-metabolic processes, they can undergo phenoloxidase-mediated coupling
reactions in terrestrial ecosystems, leading to their polymerization. Among phenoloxidases, laccase (E.C. 1.10.3.2

para-benzenediol:oxygen oxidoreductase), an ubiquitous
enzyme amongst basidiomycetes, is a multi-copper oxidase able to bring about the oxygen-dependent oxidation
of a wide array of substrates including substituted phenols, anilines, benzidines and benzenethiols [2]. Laccase
acts on phenolic substrates by a one-electron abstraction
from the hydroxyl group giving rise to aryloxyradicals,
which undergo non-enzymatic coupling reactions. The
polymerized reaction products are characterized by a low
water-solubility. Consequently, they can be removed from
solution by centrifugation or simple filtration. The low
substrate specificity exhibited by this enzyme in conjunction with appreciable intrinsic stability properties has
suggested its use in wastewater treatment applications.
Wastewater treatments using oxidoreductive enzymes
could be a promising alternative to conventional methods
such as adsorption on activated carbon, extraction and
chemical oxidation [3, 4]. Though, despite their low substrate specificity, the catalytic efficiency of phenoloxidizing enzymes is widely varying according to the source.
For this reason, an appropriate activity screening with
several substrates could be of help in taking rational decisions about the possible use of a given phenoloxidase
preparation in wastewater treatment applications. In the
present study, laccase was partially purified from solidstate cultures of the white-rot fungus Lentinula edodes
Berk Pegler (strain SC-495) and substrate specificity studies were performed using several chlorinated phenols and
anilines. The results obtained in terms of initial reaction
rate and removal efficiency are discussed in relation to the
different structural characteristics of the substrates tested.

MATERIALS AND METHODS
Production and partial purification of laccase: Extracellular laccase from Lentinula edodes SC-495 was produced
under solid-state fermentation conditions carried out on
wheat straw. Solid-state experiments were performed at
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30° C for 11 days on a tumbling drum bioreactor (25 l
working capacity), as already described [5]. The colonized substrate was squeezed out with the aid of a hydraulic press. The liquid phase, containing the enzyme, was
clarified by polyethyleneimine addition (0.5% w/v) and
centrifuged at 10,000 x g for 20 min. Proteins in the supernatant were precipitated by ammonium sulphate up to
75% saturation, centrifuged as above, concentrated and
dialysis-filtrated against 10 mM imidazole buffer pH 6.0
(buffer A) on a stirred Amicon ultrafiltration cell
equipped with a Diaflo PM 10 flat membrane (cut-off
10,000). The retentate was subjected to anion-exchange
chromatography on a Q-Sepharose Fast Flow (Pharmacia,
Sweden) column (1.5 i.d. x 15 cm), previously equilibrated with buffer A at a flow rate 2 ml min-1. The enzyme
was eluted by a linear gradient from 0 to 0.3 M NaCl in
225 ml. The pooled active fractions were loaded on a
Concanavaline-A-Sepharose column (1.0 i.d. x 6 cm)
previously equilibrated with buffer A containing 0.5 M
NaCl, 1 mM MnCl2 and 1 mM CaCl2 (buffer B). The
enzyme was eluted by a single step elution with buffer B
containing 0.5 M α-D-methylmannopiranoside. The pooled

A

active fractions were concentrated and dialysis-filtrated
against buffer A and subjected to anion-exchange chromatography on a Mono-Q HR 5/5 and laccase was eluted
by a 40 ml NaCl linear gradient from 0 to 0.3 M. The
laccase preparation thus obtained contained three active
protein bands as assessed by denaturing gel electrophoresis
(Figure 1 B) and native polyacrylamide gel electrophoresis
followed by activity staining with o-tolidine (Figure 1 A)
and displayed a specific activity of 250 IU mg-1 protein
using 2,6-dimethoxyphenol as a substrate.
Initial reaction rate measurements: Initial velocity
measurements of laccase-catalyzed oxidation of putative
chlorinated substrates were performed by measuring the
oxygen uptake rate along the first 3 min incubation using a
SA-520 Orion Clark electrode. The reaction mixture (9 ml)
including the substrate (10 mM) dissolved in acetate buffer
pH 4.5 containing 20% ethanol (v/v) was equilibrated at
25° C in the electrode chamber and the reaction initiated by
the addition of the enzyme (35 IU). One International Unit
(IU) was defined as the amount of enzyme required to
consume one µmole O2 min-1 under the assay conditions.

B
MW
(kDa)

112

84

53

35

28.7

1

2

3

4

5

6

FIGURE 1 - [A] (1) Native polyacrylamide gel electrophoresis (PAGE) followed by activity staining with o-tolidine.
[B] Sodium dodecyl sulfate polyacrylamide gel electrophoresis of the proteic patterns after: (2) ammonium sulphate
precipitation; (3) Q-Sepharose fast flow chromatography; (4) affinity chromatography on Con-A-Sepharose (5);
Mono-Q HR 5/5 chromatography (6); prestained Biorad (Richmond USA) low-molecular weight standards.
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FIGURE 2 - Time course of removal efficiency of laccase-catalyzed oxidation of mono- (A) and poly-chlorinated (B) compounds.
The following compounds were investigated: 3-chloroaniline (3-CA); 3-chlorophenol (3-CP); 4-chloro-2-nitrophenol (4-C-2NP),
2-chloro-4-nitrophenol (2-C-4-NP); 4 chloroaniline (4-CA); 2-chloroaniline (2-CA); 4-chlorophenol (4-CP); 2-chlorophenol (2-CP);
2-amino-4-chlorophenol (ACP); 2-chlorohydroquinone (CHQ); 2,4-dichlorophenol (2,4-DCP); 2,6-dichlorophenol (2,6-DCP);
2,5-dichlorophenol (2,5-DCP); 2,3-dichlorophenol (2,3-DCP); 3,4-dichlorophenol (3,4-DCP); 4,6-dichlororesorcinol (4,6-DCR);
3,5-dichlorosalycilic acid (3,5-DCS); 3,5-dichloro-4-hydroxybenzoic acid (DC-4-HB); 2,4,6-trichlorophenol (2,4,6-TCP);
2,4,5-trichlorophenol (2,4,5-trichlorophenol); 2,3,5,-trichlorophenol (2,3,5-TCP).
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Enzyme incubations: Typical reaction mixtures (10 ml)
contained the putative chlorinated substrate (10 mM)
dissolved in 100 mM acetate buffer pH 4.2 containing
20% ethanol (v/v) and 35 IU laccase. Incubations were
performed at 30° C and samples withdrawn at fixed time
intervals (1, 3, 6 and 12 h). Appropriate controls were
performed with heat-denatured laccase in order to assess
eventual phenomena of non-enzymatic oxidation. Incubation mixtures were stopped by acidification (pH 2.0), centrifuged at 11,000 x g for 5 min, filter-sterilized (0.22 µm)
and stored at –20°C prior to chromatographic analysis.
Residual substrate concentration was determined by reversed-phase (RP-HPLC) chromatographic analysis on a
Varian Star HPLC system (Palo Alto, USA) equipped with
a model 9010 solvent delivery system and a model 9065
diode-array detector. A 150 x 4.0 mm i.d. Micropak S C18
column (5 µm) was used. The mobile phase (70% methanol: 30% 50 mM KH2PO4 at pH 3.5 with phosphoric acid)
was pumped at a flow rate 0.5 ml min-1 and the absorbance profiles were recorded at 282 nm. Data were performed in triplicate and expressed in terms of removal
efficiency, defined as the percentage of pollutant removed
from solution. Chloride ion determination was made by
the mercury (II) thiocyanate method [6]. Reaction mixtures were treated as above except that an additional step
of filtration through Sep-Pak cartridges (Waters, Millipore)
was done to remove soluble coloured reaction products
which could interfere with the spectrophotometric determination of released chloride ions, as already described [7].

RESULTS
Comparison of initial reaction velocity with different
chlorinated compounds: The initial velocity of laccase-

catalyzed oxidation of several mono-,di- and trichlorinated phenols was determined by measuring the
oxygen uptake in order to facilitate comparisons. Reactions were conducted in a buffered medium containing
20% ethanol (v/v) in order to avoid artefacts due to the
low water-solubility of chlorophenols. Results are summarized in Table 1. These experiments showed that the
reaction rate widely varied depending on the nature of
substituents and their reciprocal positions on the aromatic
ring. The initial rates of laccase-catalyzed oxidation of the
chloro-substituted benzenediols, 4,6-dichlororesorcinol
and chlorohydroquinone were higher by more than one
order of magnitude than the major part of the other chlorinated phenols under study. In addition, the halogenation
pattern appeared to heavily affect the initial oxidation
velocities of mono- and dichlorinated isomers. In fact, the
meta-substituted 3-chlorophenol and 3-chloroaniline were
oxidized at a lower rate than their related ortho- and parasubstituted isomers. Among dichlorophenols, 2,4- and
2,6-dichlorophenol were oxidized at a higher rate than the
other isomers, where the chlorine substituent was either at
the C3 or the C5 position on the aromatic ring. This was
also observed when comparing the initial velocities of

laccase-catalyzed oxidation of 2,4,6-trichlorophenol,
2,4,5- and 2,3,5-trichlorophenol, the former compound
being oxidized at a higher rate than the latter phenols. The
enzyme failed to oxidize nitro-substituted chlorophenols.
Laccase-catalyzed removal of chlorinated phenols and
anilines: Reversed-phase HPLC analyses performed to

assess the efficiency of the enzymatic treatment in the
removal of the tested compounds appeared to confirm the
previously observed structure-reactivity relationships. No
removal of nitro-substituted chlorophenols was obtained
after 12 h incubation with laccase (Fig. 2A). The extent of
removal of the chloro-substituted benzenediols 4,6-dichloro-resorcinol and chlorohydroquinone was higher than
80% (Fig. 2B). Lower removal efficiency was obtained with
the meta-substituted substrates 3-chlorophenol and 3-chloroaniline (22 and 20%, respectively) with respect to their related ortho- and para-isomers. Similar results were observed
when comparing the removal efficiency of 2,4,5- and 2,3,5
with that obtained with 2,4,6-triclorophenol (Fig. 2B),
regardless of the incubation time. In the present study, a partial dechlorination of some chlorinated substrates was observed, the highest dechlorination yields being obtained with
2,4-dichlorophenol (35%), 2,4,6-trichlorophenol (16,8%) and
4,6-dichlororesorcinol (28%) (data not shown).

DISCUSSION AND CONCLUSIONS
Fungal laccases, despite their rather broad substrate
specificity, are greatly affected by the nature of substituents and their reciprocal position on the benzene ring. In
particular, substituents can affect the initial reaction rate
either by modifying the stabilization of radicals generated
by the enzymatic action (resonance effect) and/or by
influencing the electron density at the phenoxy group
(field effect). In fact, laccases, regardless of their sources,
preferentially oxidize phenols and/or anilines bearing an
additional substituent adjacent to the benzene ring with at
least one lone-pair electrons, such as hydroxyl, amino and
methoxyl groups [8, 9, 10]. This explains, for example,
why chlorohydroquinone, 4,6-dichlororesorcinol and 2amino-4-chlorophenol were oxidized at a remarkably
higher rate than the other compounds. In contrast, the
presence of the nitro substituent, displaying a strong electron-withdrawing character, impaired the oxidation of 2chloro-4-nitrophenol and 4-chloro-2-nitrophenol. Other
compounds, such as 3,5-dichlorosalycilic and 3,5dichloro-4-hydroxybenzoic acids displayed a low susceptibility to laccase-catalyzed oxidation, presumably due to
the slight electron-withdrawing character of the carboxyl
group. An increase in the number of chlorine atoms in the
aromatic ring would be expected to reduce the rate of
reaction due to the electron-withdrawing characteristics of
this substituent. Nevertheless, 2,4- and 2,6-dichlorophenol
were oxidized at a higher rate than monochlorinated phenols and 2,4,6-trichlorophenol was oxidized at comparable rate with the aforementioned dichlorophenols. These
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TABLE 1 - Initial velocity of laccase-catalyzed oxidation of several chlorinated compounds, which have
been divided according to the number of chlorine substituents. Within each group, data are sorted according to increasing reaction velocity. Relative activity is referred to chlorohydroquinone assumed equal
to 100. Data are the mean of triplicate determinations ± standard deviation.

Compound

Initial reaction velocity

Relative activity

[µmoles O2 min (mg protein) ]

(%)

2-chloro-4-nitrophenol

0

0

4-chloro-2-nitrophenol

0

0

3-chloroaniline

0.6

0.23

2-chloroaniline

2.6 ± 0.1

1.02

3-chlorophenol

4.3 ± 0.9

1.70

4-chloroaniline

5.1 ± 0.3

2.01

2-chlorophenol

38 ± 3.6

15.0

4-chlorophenol

49.2 ± 4.5

19.4

75 ± 3.7

29.6

253 ± 0.22

100

2.22 ± 0.01

0.87

2,5-dichlorophenol

8.88

3.50

3,4-dichlorophenol

11.11 ± 2.3

4.39

2,3-dichlorophenol

19.7 ± 1.23

7.78

16.66

6.56

2,4-dichlorophenol

90 ± 0.05

35.57

2,6-dichlophenol

108 ± 7.3

42.68

4,6-dichlororesorcinol

218 ± 8.2

86.16

2,3,5-trichlorophenol

0

0

2,4,5-trichlorophenol

4.08 ± 0.02

1.61

2,3,6-trichlorophenol

6.38 ± 0.49

2.52

2,4,6-trichlorophenol

93.8 ± 4.9

37.0

-1

-1

Monochlorinated

2-amino-4-chlorophenol
2-chlorohydroquinone
Dichlorinated
3,5-dichlosalycilic acid

3,5-dichloro-4-hydroxybenzoic acid

Trichlorinated

data are in agreement with other studies conducted with
Coriolus versicolor laccase [11] and suggest that proteinligand interaction could mitigate the adverse chemical
characteristics of a putative substrate. As a matter of fact,
the Km values for 4-chlorophenol, 2,4-dichlorophenol and
2,4,6-trichlorophenol of the laccase preparation used in
the present study were 2.4, 1.2 and 1.4 mM. In addition,
laccase is able to catalyze the oxidative dechlorination at
C-4 of 2,4 and 2,4,6-trichlorophenol leading to the formation of the corresponding hydroquinones, which, in turn,
being highly prone to enzyme oxidation, are readily converted to p-benzoquinones [12]. This study confirms that

the enzyme-mediated oxidative coupling of chlorinated
phenols and anilines is accompanied by a partial release
of chloride ions from the benzene ring and this oxidative
dehalogenation has been suggested to contribute to the
overall detoxification effect exerted by oxidoreductive
enzymes [8, 13].
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UPTAKE AND DISTRIBUTION OF ARSENIC IN
Amaranthus blitoides GROWING ON CONTAMINATED SOILS
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SUMMARY
A pot experiment was conducted to investigate the
phytoextraction efficiency of Amaranthus blitoides to
extract and accumulate As gradually added to soil, and,
therefore, to establish the suitability of this species for
remediation of As polluted soils. The experiment was
performed with the plants at three levels of As: 1, 3 and
10 mg As kg-1 (added as Na2HAsO4 7H2O) in the surface
soil, together with the corresponding control plants. Arsenate significantly increased total dry biomass production
compared to control plants at the highest level of As after
six weeks of growth in contaminated soil. The As concentration in root and shoot was significantly increased by
increasing As levels and time of exposure in the contaminated soil. The implications of these results for phytoremediation are discussed.
KEY WORDS: Amaranthus blitoides, arsenic uptake, Aznalcóllar,
biomass production, phytoremediation.

INTRODUCTION
The presence of As in the environment may be due
both to background and anthropogenic sources. Because
of the known toxicity of As to humans and animals, and
the presence of contaminated sites throughout the world,
there has been increasing interest in the possibility of
using plants to remediate contaminated soils [1].
A small number of plant species have been identified,
that are not only capable of growing on soils containing high
levels of As, but also accumulating this pollutant to high
concentrations in the shoots. Grass on contaminated soils in
Cornwall (UK) contained up to five times more As than
herbage from control sites elsewhere [2]. Some plants of
Agrostis species collected from mine spills accumulate As to
extreme levels (>1000 mg kg-1): Agrostis capillaris [3] on
mine waste (U.K.) contains 3470 mg kg-1, Agrostis castellana [4] on mine sites (NE Portugal) contains 1900 mgKg-1

and Agrostis truncatula [5] on mine sites (Salamanca,
Spain) contains 3475 mg kg-1. In recent studies, Ma et al. [6]
have discovered in a site in Central Florida contaminated
with chromated copper arsenate that the fern Pteris vittata is extremely efficient in extracting arsenic from
soils and translocating it into its above-ground biomass.
Brake fern extracted arsenic efficiently from these soils
(18.8-1603 mg As per kg of dry soil) into its fronds:
plants growing in the contaminated sites contained 14427526 mg kg-1of arsenic. All this evidence suggested that
other species collected on contaminated soils might be
equally effective for phytoremediation.
On 25 April 1998 a pyrite slurry occurred in the
Guadiamar river (Aznalcóllar, Seville, Southern Spain)
contaminating a wide area (40 km. in length, 0.5 km.
wide) in the proximity of the Doñana National Park
(southern Spain), the largest reserve of bird species in
Europe. Immediately after the spill, the Autonomous
Council of Andalucía began soil-reclamation activities, in
order to reduce the potential impact to a minimum due to
leaching of the toxic heavy metals in the affected area.
After physically removing the sediments the soils have
remained polluted by trace metals such as Pb, Cu, Zn, Cd,
Tl, Sb and As [7], and many wild plant species were able to
grow in the contaminated lands, despite high amounts of
heavy metals and As present in the soil. De Haro et al. [8]
collected 93 plant species in the area affected with total As
concentrations in plants ranging from 0.05 to 114.2 mg kg-1.
Amaranthus blitoides was one the most important weed
species present in soils with As concentrations ranging
from 35-1204 mg As kg-1. These authors reported the potential of this species for tolerating and accumulating high
As concentrations with a maximum value of 114.2 mg As
kg-1 in shoots, but also for accumulating others heavy
metals as Pb, Zn and Cu. Our field observations and measurements on natural populations have shown that plants of
A. blitoides growing in contaminated soils of Aznalcóllar
(with a mean value of 224 mg As per kg of dry soil) with
high biomass production (approximately 620 g dry weigh
per plant), similar to biomass produced by plants of the
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same species collected at uncontaminated soils. Figure 1
shows a view of A. blitoides growing on contaminated soils
of Aznalcóllar. Jonnalagadda and Nenzou also have reported on the ability of other Amaranthus species for accumulating high concentrations of As. In this sense, Amaranthus hybridus collected in As mine dumps in Zimbabwe
contained 3700 mg kg-1 in leaves, 1520 mg kg-1 in stem and
890 mg kg-1 in root [9].

assess their biomass. To prepare the samples for arsenic
analysis, the lyophilised sample (0.25 ±0.01 g) was
weighed, and 1 ml of ashing aid suspension and 5 ml of
50% (v/v) HNO3 were added, and the mixture was evaporated on a sand bath until total dryness. The ash from the
mineralised samples was dissolved in 5 ml of 50 % (v/v)
HCl and 5 ml of reducing solution (KI-ascorbic acid).
After 30 min the resulting solution was diluted to volume
with 50 % (v/v) HCl and filtered through Whatman No. 1
filter paper into a 25 ml calibrated flask. The arsenic concentration was determinated by FIA-HG-AAS [10].
Statistical analyses were performed using ANOVA
procedure. Differences among treatments were compared
with Duncan multiple range test. A probability of 0.05 or
less was considered to be statistically significant.

RESULTS AND DISCUSSION
Biomass production of Amaranthus blitoides

FIGURE 1 - View of Amaranthus blitoides
growing on contaminated soils of Aznalcóllar.

The objective of this work was to determine the efficiency of Amaranthus blitoides to extract and accumulate
As, which was gradually added to soil, and, therefore, to
establish the suitability of this species for remediation of
polluted soils by As.

MATERIALS AND METHODS
Amaranthus blitoides plants were grown under greenhouse conditions in pot cultures, in the presence of
different As concentrations. Seeds were collected in an
area with high As concentration around the Aznalcollar
mine. Seeds were germinated in Petri dishes and when the
plants had reached an adequate growth (15-20 cm in
height), they were transplanted to plastic pots containing
3 kg dry matter commercial potting mixture. After 40 days
As treatments started by adding As as Na2HAsO4 7H2O
(sodium hydrogen arsenate) to the surface of soil. The
solution with As was added every 7 days to initiate the
first treatment.
In order to study the time-dependent As accumulation, a complete random design was used with three concentrations of As (1, 3 and 10 mg kg-1 dry matter per pot)
for 3, 6 and 8 weeks of exposure. Controls without added
As were also included. All treatments were in triplicate
for all experiments. At each harvest, three plants were
collected from each experimental unit. The plants were
separated into shoots and roots, washed with tap water,
rinsed several times with distilled water and weighed to

The plant biomass after 3, 6 and 8 weeks cultivation in
pots supplemented with various contents of As is presented
in Table 1. The mean shoot biomass after three weeks
culture in the As-supplied medium was not significantly
different from the control under any treatment (P>0.05). It
is interesting to note that the plant biomass showed an
increasing tendency after six-week culture with increasing
of As content in the pots. Other authors [11] have also
reported an increase in the growth of rice (hydroponic
culture), after treatments with dimethylarsinic acid at
concentrations of 0.05 and 0.2 mg of As L-1. CarbonellBarrachina et al. [12] reported an increase in tomato plant
growth, after arsenite and arsenate treatments at concentrations of 2 and 5 mg L-1. Carbonell-Barrachina et al. [13]
observed that applications of arsenate at concentrations of
0.2 and 0.8 mg L-1 (hydroponic culture) significantly increased root, shoot and total dry matter production of
Spartina patens. The positive growth of A. blitoides may
be linked with P nutrition. There is a series of antecedents
that indicated arsenic, as arsenate, competes with phosphate as a substrate for the phosphate uptake system in a
wide variety of plant species [1, 4]. The phosphate/ arsenate carrier is reported to have a much higher affinity for
phosphate than arsenate [14]. Arsenate/ phosphate uptake
can be suppressed in plant roots if the plants are P sufficient, resulting possibly in an increased plant growth [13].
Carbonell et al. [13] also reported a significant decrease in the total biomass production of Spartina patens
compared to the control when plants were grown in hydroponic culture with 2 mg L-1 of arsenate during 30 days.
In our work, A. blitoides plants treated with arsenate for
42 days showed an increase in the total dry biomass
production including the highest As treatment (1, 3 and
10 mg kg-1) (Table 1). Probably, S. patens plants could
have been also more dramatically affected if the study had
been of a longer duration.
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TABLE 1 - Shoot and root dry biomass (means±s.d.) of Amaranthus blitoides after 3, 6 and 8 weeks of growth
affected by various concentrations of soil-applied As (For each period of growth, means followed by a
common letter are not significantly different(p<0.05) from each other using Duncan Multiple Range Test).

Weeks of growth

As Treatment
(mg kg-1 pot-1 )

Shoot dry biomass
(g pot-1)

Root dry biomass
(g pot-1)

3
3
3
3

0
1
3
10

15.8 a± 5.3
14.2 a± 1.0
18.5 a± 4.6
16.3 a± 4.2

0.4 a± 0.1
0.8 a± 0.1
1.2 a± 0.4
0.9 a± 0.3

6
6
6
6

0
1
3
10

28.6 a ±0.9
22.1 a± 5.1
21.0 a± 6.9
34.0 b± 0.6

1.5 a± 0.1
1.2 a± 0.4
1.2 a±0.5
1.5 a±0.3

8
8
8
8

0
1
3
10

23.7 a± 2.3
11.8 b± 6.9
13.6 b± 3.5
6.5 c± 1.9

1.6 a± 0.3
2.4 a± 1.3
0.9 a± 0.4
0.8 a± 0.2

s.d. = standard deviation

On the other hand, in our experiment, after 8 weeks of
growth affected by As treatments a significant decrease in
the total dry biomass production was observed in A. blitoides compared to the control and reached its minimum at
the highest treatment of As (10 mg kg-1) (Table 1).
The mean root biomass after various weeks showed
not significant differences from control in all As treatments (Table 1).
Accumulation of arsenic by Amaranthus blitoides plants

The As concentrations in the roots and shoots of A.
blitoides grown in pots supplemented with As are listed in
Table 2. The A. blitoides plants accumulated mainly in the
root systems (more of 80% of total As) and relatively low
quantities were translocated to shoots (less of 18% of total
As). Arsenic concentrations in roots increased significantly with increasing As levels in the pots. The As contents in the root after three, six and eight-week periods of
growth were 12.4 to 23, 31.7 to 37, and 38 to 61 times
higher than those in the corresponding soil, respectively.
In the case of shoots, the As contents were 1.4 to 1.8,
2.6 to 3.2 and 4.8 to 9 times higher than those in the corresponding soil, respectively. In the present study, A. blitoides demonstrated an high capacity in extraction of As
via root system, especially after 8 weeks growth at the
highest treatment (10 mg kg-1). According to the pattern of
As concentration in both root and shoot, from 1 mg kg-1 to
10 mg kg-1 treatments (see Table 2), the plant ability to
accumulate As does not seem to have reached its maximum

at the 10 mg kg-1 treatment. Higher As concentration in the
plant would be expected, when the As content in the
growth medium were further elevated.
Carbonell et al. [13] also reported high As concentrations in Spartina patens plants growing in hydroponic
culture with 2 mg L-1 of arsenate during 30 days. This
species mainly accumulated As in the root system (approximately 280 mg kg-1) and only minor amounts of As
were translocated to the shoots (approx. 21 mg kg-1). In
our work, A. blitoides plants treated with 3 mg kg-1 of As,
after 21 days, accumulated 51.7, and 5.2 mg As kg-1 in
root and shoot, respectively.
The potential usefulness of a species for phytoextraction depends not only on the concentration of As in its
tissues, but also on the shoot biomass production. S. patens [13] produced less that 1/20 the biomass of A. blitoides under similar conditions of As treatments. When the
biomass values are taken into account, A. blitoides was more
effective in removing As from soil that S. patens. Shoots of
A. blitoides removed 19.8 and 86.1 µg As pot-1, when plants
were treated during 21 days with 1 and 3 mg kg-1 of As,
respectively. However, S. patens removed only 18 and 23 µg
As pot-1, when plants were treated during 30 days with 0.8
and 2 mg kg-1 of As.
A. blitoides removed a significantly larger amount of As
in shoots (56.4, 130.9 and 1115.6 µg As pot-1), when plants
were treated during 42 days with 1, 3 and 10 mg kg-1 of As,
respectively, because of an increase of the plant biomass
compared to plants with 21 days of growth (Fig. 2).
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TABLE 2 - Arsenic concentrations (mg kg-1 dry matter) in roots and shoots (means± s.d.) of Amaranthus blitoides
after 3, 6 and 8 weeks of growth affected by various concentrations of soil-applied As (Means followed by a
common letter are not significantly different (p<0.05) from each other using Duncan Multiple Range Test).

Weeks of growth

shoots

As Treatment
(mg/ kg-1 pot-1 )
0
1
3
10
0
1
3
10

roots

a

3

6

8

0.1 a± 0
1.4 b± 0.1
5.2 c± 1.2
17.9 d± 5.7

0.1 a± 0
3.0 b± 1.0
7.9 b± 2.7
32.4 c± 9.8

0.2 a± 0
4.8 b± 1.6
15.0 c± 3.9
89.7 d± 7.4

0.9 a± 0
23.3 b± 6.6
51.7 c± 10.5
125.7 d±22.7

1.0 a± 0
37.3 b± 2.7
95.0 c±2.0
348.0 d±3.0

1.8 a± 0.6
60.7 b± 9.3
114.7 c± 40.6
419.0 d± 44.5

a

Zero indicates standard error was too low to report; s.d. = standard deviation

CONCLUSIONS
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As removal µg As pot-1

Further research could maximise the efficiency of this
species, i.e., improving the agronomic practices, which
could lead to a higher increment of the plant biomass.
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FIGURE 2 - Arsenic concentrations (µ
µg pot-1) removed by
the shoots of Amaranthus blitoides after 3, 6 and 8 weeks of
growth affected by various concentrations of soil-applied As
(Bars represent mean and standard deviations of three replicates).
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DIVERSITY AND ABUNDANCE OF PHYTOBENTHIC COMMUNITIES
ON THE COASTS OF THE AEGEAN VOLCANIC ARC:
NISYROS AND MILOS ISLANDS (GREECE)
A. Diapoulis, A. Conides and P. Panayiotidis
National Centre for Marine Research, Agios Kosmas, Hellinikon 166 04 Athens, Greece

SUMMARY
Seasonal variations of the 3 major phytobenthic
groups (Chlorophyceae, Paeophyceae and Rhodophyceae)
are studied on the coasts of two volcanic islands in the
Central Aegean Sea. The results are compared with other
Greek coastal areas, in order to reveal the impact of the
geothermal potential on marine vegetation.

KEYWORDS:
volcanic islands, phytobenthos, abundance, diversity, ecology.

INTRODUCTION
Although the marine vegetation of the Greek coasts received an increasing scientific interest during the three last
decades of the 20th century [1 –3], the problem of a possible impact of the geothermal potential on the phytobenthic
composition and abundance has not been raised yet.
Nisyros and Milos are two typical islands of the Aegean volcanic arc, presenting active terrestrial and underwater volcanic and hydrothermal activity [4].
The aim of this study is to define the community
structure and quantify the seasonal variations of the phytobenthos, using standard ecological methods. Additionally, an attempt will be made to compare the results of the
present study with the results of similar studies on the
Greek coastline (volcanic as well as calcareous), in order
to depict differences and formulate hypothesis about the
special characteristics of the marine vegetation on volcanic coasts.

MATERIALS AND METHODS
Description of the study areas

Nisyros is a volcanic island (Fig.1) with two nonactive craters, but with high geothermal potential and that

is the reason the Public Electric Company of Greece has
planned the installation and operation of a power plant
based on geothermal energy transfer. However, this results in stable thermal conditions nearshore, eventhough
the island does not exhibit sheltered coastal areas and the
south side is directly in front of Suez canal, unsheltered
from islands or other geomorphological formations and
therefore, weather directly affects the water masses there
(wind-driven currents). The island has an almost circular
shape with an area of 40 km² and a shoreline of 28 km in
length. It was created during the last 100.000 years after
3 different volcanic eruptions. Most petrification found
around the island is lava, volcanic tuffs and pyroclastics.
The climate is dry during April to October and humid for
the rest year.
Milos island is irregular in shape, with a coastline of
100 km in length (Fig. 1). The central caldera is submerged forming a long gulf open towards the north side
of the island. There is an operational geothermal power
production plant of the Public Electric Company of
Greece with a production capacity of 2 MWatts. The
geothermal potential of Milos Island is one of the most
important in the Greek territory. The substrate of the
coastal zone of Milos island is diverse. The north and east
sides exhibits coarse sediments and small to medium
sized reefs, while the southern coast exhibits medium to
fine sediments.
Samplings and analysis

For the field work a small fishing vessel (6m length,
120HP) was used. The sampling was destructive, on a
quadrate 20cm X 20cm (400 cm2), which is considered to
be the minimal sampling area for the infralittoral communities for the Mediterranean [5, 6] Experienced divers
collected samples from depths varying between 0 and
30m. The samples were immediately immersed in 4.5%
formalin solutions and brought to the laboratory for further study.
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FIGURE 1 - Map of the Milos and Nisyros islands showing the studied locations.

The identification of the marine algae was carried out
following the classification and authorities proposed by
the Mediterranean checklists for the Phaeophyceae or
Fucophyceae [7] and the Chlorophyceae [8] and according Athanasiadis [9] for the Rhodophyceae. The Relative
Qualitative Dominance has been calculated for each of the
3 major taxonomic groups.
Dominance has been calculated for each of the 3 major taxonomic groups.
The quantitative study was performed according to the
methodology proposed by Boudouresque and developed by
Verlaque [10, 11]. Each sample was carefully sorted and
the surface covered by each species, in horizontal projection, was quantified as absolute coverage of the sampling
surface (1% of the sampling surface = 4 cm2). As the absolute coverage values can exceed 100%, the data were also
standardized, and expressed (for each of the 3 major taxonomic groups) as percentage coverage (Relative Quantitative Dominance).
The statistical analysis (ANOVA) was carried out on
the number of species per sampling and the coverage.

RESULTS
The obtained results on species abundance and coverage are summarized in Figs. 2 and 3.
Nisyros island

In total 114 species were identified through the samples (13 Chlorophyceae, 19 Phaeophyceae and 82 Rhodophyceae). From the Chlorophyceae group, the most abundant species were Pseudochlorodesmis furcellata, Valonia
utricularis and Dasycladus clavaeformis. From the Phaeophyceae the most abundant species were Cystoseira sp.,
Padina pavonica, Zonaria turnefortii and Sargassum
vulgare and from the Rhodophyceae Boergeseniella fruticulosa, and Jania sp. Corallina elongata.
The data in Figs. 2A and 3A show clearly that all
phytobenthic groups exhibit similar number of species
and coverage during all seasons and this is proved by the
ANOVA based on species abundance (F=0.66, d.f.=2,9,
a=5%) as well as coverage (F=1.24, d.f.=2,9, a=5%). Also
Dunnet control mean comparison test showed that all
seasonal means are not statistically different.
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Milos island

In total 119 species were identified through the samples (21 Chlorophyceae, 20 Phaeophyceae, and 78 Rhodophyceae). From the Chlorophyceae group the most abundant species found were Chaetomorpha capillaries,
Cladophora prolifera, and Pseudochlorodesmis furcellata. From the Phaeophyceae the most abundant species
were Cystoseira corniculata, Cystoseira crinita, Dilophus
mediterraneus, and Padina pavonica and from the
Rhodophyceae Ceramium tenuissimum, Corallina granifera, Ceramium rubrum, Jania rubens, Lithothamnion spp.
and Lithophyllum incrustans.
The data on species number and coverage are summarized in Figs. 2B and 3B. The number of Chlorophyceae
and Phaeophyceae present slight seasonal differences, but
for the Rhodophyceae there is a gradual decrease from au-

tumn to summer. As far as the coverage is concerned, the
pattern of seasonal differences is irregular.
Comparing the two study areas the results show also
some differences in the structure of the phytobenthic
communities: In Nisyros Island, the Rhodophyceae are
dominant while in Milos Island, the Phaeophyceae in
terms of number of species appearing in the samples. In
terms of coverage, the opposite profile was observed.
However, in both islands, the Chlorophyceae appear in
identical numbers and coverage. It is also worth mentioning that the number of species and the coverage scales are
similar (Figs. 2 and 3). In addition, the general aspect of
the vegetation shows resemblance since the same species
are dominant in both areas such as Padina, Pseudochlorodesmis, Cystoseira and Jania.
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FIGURE 2
Seasonal variability of the number of species of the
3 major phytobenthic groups from Milos and Nisyros islands.

FIGURE 3
Seasonal variability of the coverage (%) of the
3 major phytobenthic groups from Milos and Nisyros islands.
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TABLE 1 - Number of species, coverage and percentage coverage (%) of
phytobenthos at Nisyros and Milos coasts, compared with other Greek coastal areas.

Nisyros
island
(Present study)

Kalloni Bay,
Milos
Lesvos island
island
[13]
(Present study)

West
Greece
[12]

South Euvikos Gulf
[3]

VOLCANIC substratum

Maliakos
Bay
[14]

Rhodos
island
[1]

Saronikos
Gulf
[2]

CALCAREOUS substratum

Total Number
of Species

114

119

87

176

87

186

140

197

Coverage
(%)

163-229

120-241

259-345

97-224

92-227

14-159

20-175

118-324

Relative
Chlorophyceae
Quantitative
Dominance Phaeophyceae

11

18

16

19

21

25

22

21

17

17

22

19

22

21

19

19

Rhodophyceae

72

66

62

61

57

53

58

60

Relative
Chlorophyceae
Quantitative
Dominance Phaeophyceae

1-5

1-3

1-26

7-33

1-10

5-50

5-40

10-32

30-40

68-69

53-98

25-55

53-91

14-70

5-85

8-51

Rhodophyceae

58-68

27-29

1-32

24-69

7-40

25-57

5-40

42-79
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SUMMARY
In a closed aerated laboratory system 14C-monochlorobenzene (14C-MCB) was incubated with sieved soil,
amended with different substrates, to investigate the behavior of this compound in an arable soil. The volatilized
14
C-compounds and 14CO2 were trapped separately thus
allowing a clear differentiation between volatilization and
mineralization of MCB. At the end of the experiment
extractable and non-extractable residues were determined
and a 14C-mass balance was established. The results show
clearly, that volatilization is the main loss mechanism of
MCB from soils whereas mineralization is of minor importance. Additional nutrition sources could not increase
the mineralization process.

KEYWORDS:
Monochlorobenzene, soil, volatilization, mineralization.

INTRODUCTION
The extensive use of monochlorobenzene (MCB) as a
solvent, degreaser and intermediate in chemical synthesis
resulted in its widespread occurrence in the environment.
Since chlorinated benzenes are chemically stable, recalcitrant compounds, which can have negative side effects to
the biosphere, public and scientific concern focused on
strategies to remove them from the environment. In the
last years numerous studies on the aerobic microbial degradation of chlorobenzenes have been performed. These
studies indicated that benzenes with a low degree of
chlorination are mineralized under appropriate conditions
in the laboratory by bacteria or fungi isolated from soil
and water. Even relatively high chlorinated benzenes like
1,2,4,5- and 1,2,3,4-tetrachlorobenzene have been shown
to be mineralized by Pseudomonas strains [1,2]. The
mineralization of 1,2,3- and 1,2,4-trichlorobenzene in soil
and pure cultures has also been reported [1, 3, 4]. However, in soil slurry [5] and activated sludge [6] 1,2,4-tri-

chlorobenzene was not degraded, but after inoculation of
the soil slurry with a Pseudomonas aeruginosa strain
1,2,4-TCB degradation occurred [5]. Several bacterial
species were isolated, e. g. Pseudomonas and Alcaligenes strains, which could use all three dichlorobenzene
isomers as a sole carbon and energy source [1, 4, 7, 8,
9, 10]. In soil columns flooded with primary wastewater
[11] and in activated sludge [6] 1,4-dichlorobenzene was
not degraded.
A range of microorganisms were idenitified which are
able to mineralize MCB [1,5,12,13]. Biodegradation and
mineralization studies of monochlorobenzene in pure cultures and environmental samples were also be performed.
The results from these laboratory experiments are diverse.
In aquifer solids samples from a pristine aquifer no significant mineralization was found for monochlorobenzene
after eight months of incubation [14]. Similar findings are
reported by Roberts et al. [15] and Wilson et al. [16].
Monochlorobenzene was not biodegraded in an aquifer
during groundwater recharge [15] and in microcosms containing aquifer material the biodegradation rates were very
low [16]. However, in soil slurries (29% suspended solids,
w/w) the indigenous soil population was able to degrade
monochlorobenzene when incubated at 27°C [5]. The
degradation was faster in the slurries of soil with higher
organic carbon content. In soil-groundwater-slurries (1:5)
obtained from monochlorobenzene contaminated sites and
supplemented with ammonium and phosphate approximately 54 % of monochlorobenzene was mineralized by
the natural consortium within seven days [13]. A pure
culture of the white rot fungus Phanerochaete chrysosporium mineralized up to 25 % of monochlorobenzene
within 21 days under nutrient rich culture conditions [17].
Beside the identification of MCB-degraders, the
available data describe the biodegradation of monochlorobenzene in aquifer materials, soil slurries and batch cultures, but information about the fate of monochlorobenzene
in a natural surface soil is lacking. In the present study we
investigated therefore the behavior of 14C-monochlorobenzene in an arable soil to test the ability of the indige-
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nous microbial community for the required degradation
reactions as well as to evaluate the contribution of different
processes like transformation, mineralization and volatilization to the overall behavior of monochlorobenzene in a
terrestrial environment. Since monochlorobenzene is a
highly volatile substance, quantitative experimental studies
have to cope with several technical difficulties. For measuring the mineralization, normally the headspace above the
soil is flushed to trap the evolved 14CO2. In the case of
MCB, the atmosphere above the soil not only contains
14
CO2 from mineralization but also substantial amounts of
volatilized 14C-MCB and/or volatile 14C-degradation compounds. If there is no strict differentiation between volatilized radioactivity and mineralized radioactivity, the process
of mineralization is considerably overestimated. In addition, another difficulty is that MCB may be lost from the
system leading to a poor recovery and an insufficient record of the volatilization process. To overcome these difficulties we used in our study a specially designed laboratory
system. This closed system, consisting only of glass and
viton components, allows an effective trapping of the volatilized 14C in a cooled organic liquid, a strict separation
between volatilized and mineralized radioactivity and the
establishment of a 14C-mass balance. These laboratory
conditions are a prerequisite for a clear evaluation of the
measured processes.

MATERIALS AND METHODS
Monochlorobenzene

Uniformly 14C-ring-labeled monochlorobenzene (purity
>98 %, specific radioactivity 5 mCi/mMol) was obtained
from International Isotope, Germany. Monochlorobenzene
was purchased from Dr. Ehrenstorfer, Germany. The 14Cmonochlorobenzene standard solution was prepared ac-

cording to Wang and Jones [18]: 14C-monochlorobenzene
was dissolved in hexane, then mixed with non-labeled
MCB in acetone. This mixture was diluted with distilled
water at a rate of 0,06:1:12 (hexane:acetone:water, v/v).
Soil sampling

Soil samples were collected at the FAM Research Station Scheyern, situated in the tertiary hills, 40 km north of
Munich, at an altitude of 445 to 498 m above sea level.
The samples were taken from the upper 0-30-cm soil horizon. The main soil characteristics were: pH (CaCl2) 7.1,
1.56 % Corg., 23.9 % clay, 60 % silt, 16.1 % sand. Immediately after sampling, the soil was sieved (< 2 mm)
and stored at 10 °C. Prior to starting the laboratory experiments, pure soil samples, and soil samples amended
with different substrates, were equilibrated for 10 days at
20±1 °C and at 50 % of the maximum water holding capacity (WHC).
Laboratory experiments

The behavior of MCB in soil was studied in a closed
aerated laboratory system, as shown in Figure 1. Soil equal
to 50 g dry weight was filled in each incubation flask.
10 days prior to start of experimentation, the soil was
brought to 50% of WHC (see above). To enhance the process of MCB-mineralization, in parallel experiments ground
and sieved (< 2 mm) wheat straw (10 mg/g soil) - as a
slowly available C source - and (NH4)2HPO4 (2 mg/g soil) as an easily available additional nutrition source for the soil
microorganisms – were added to the soil. 1,5 ml of the
14
C-monochlorobenzene standard solution (corresponding
to 6,6 kBq in total or 5 µg MCB /g soil) was applied directly to the soil and soil-substrate mixture with a Hamilton syringe, mixed very well with a spatula, closed immediately, and connected to the laboratory system.

FIGURE 1 - Closed laboratory system: 1 = humidifier (distilled water), 2 = incubation flask with soil sample,
3 = cryostate (20°C), 4 = cryostate (-10°C), 5 = traps for volatile organic substances (10 ml ethyleneglycolmonomethylether), cooled, 6 = trap for volatile organic substances (10 ml ethyleneglycolmonomethylether), not cooled,
7 = trap for 14CO2 (15 ml 0.1N NaOH), 8 = gas flow meter, 9 = Woulfe‘s bottle, 10 = charcoal filter, 11 = pump.
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At the end of experimentation the soil samples were
extracted. Three different methods were tested for extraction: column extraction, soxhlet extraction and accelerated solvent extraction. For each extraction technique a
mixture of acetone:hexane (1:3, v/v) was used. Column
extraction was performed in a 50 x 2.5 cm glass column.
Soxhlet extraction was carried out for 8 h in a soxhlet
apparatus at 60 °C. The cooler was kept at a temperature
of –10 °C to minimize losses of MCB. Accelerated solvent extraction was performed in an ASE 200 (Dionex,
Germany). The extraction experiments were conducted in
three replicates. The residual radioactivity in the soil
samples after extraction (bound residues) was determined
by combustion (Oxidizer 306, Packard, Germany) trapping the 14CO2 in Carbo-Sorb E (Packard, Germany) and
mixing it with Permafluor E (Packard, Germany) prior to
scintillation counting. A 14C-mass balance was established
at the end of the experiment.

sample was taken. In the next three days sampling was
carried out daily, followed by sampling periods of three
times per week (Monday, Wednesday, Friday). In total,
69.2 to 70.9 % of the initially added radioactivity was
volatilized. Within the first three days the highest volatilization rates (volatilization per day) could be measured.
After that time the volatilization curve reached a plateau
and volatilization was negligible. The addition of straw or
(NH4)2HPO4 had no influence on the volatilization process.
80
70
60
radioactivity)

Cum. 14C-MCB (% of appl.

During the application procedure the incubation flask
and the standard solution were put in ice to minimize 14CMCB-losses. The 14C-losses during application amounted
to 15%, as measured in preliminary experiments. The results were corrected according to the application losses.
After the application the incubation flasks were covered
with aluminium foil to avoid any photodegradation of
MCB. The soil samples were incubated at 20±1 °C for
24 days. Humid and CO2-free air (0.8 l h-1) was sucked
three times a week (Monday, Wednesday, Friday) for
1 hour through the incubation flasks to avoid the drying of
the soil during experimentation and to flush volatile 14Ccompounds and 14CO2 to the traps. Ethyleneglycolmonomethylether was used to adsorb volatile 14C-compounds
(parent compound and metabolites), this solvent was
mixed (1:1 v/v) with a scintillation cocktail (Hionic fluor,
Packard, Germany) and measured by liquid scintillation
counting (Tricarb 1900 TR, Packard, Germany). The first
two traps were cooled to –10 °C for an effective trapping
of the volatilized 14C-compounds. In preliminary experiments we found that the major portion (98 – 99 %) of the
volatilized compounds were trapped in the first trap. The
following two traps were used to ensure a complete trapping of the volatilized compounds and to get a strict separation of volatile 14C-compounds and 14CO2. The 14CO2
originating from the mineralization of 14C-MCB was
trapped in 15 ml 0.1 N NaOH; an aliquot of 3 ml was
taken and mixed with 15 ml scintillation cocktail (Ultima
Flo FA, Packard, Germany) to determine the radioactivity
by liquid scintillation counting. The experiments were
conducted in four replicates.
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FIGURE 2 - Volatilization of 14C-MCB
from soil and soil, amended with substrates.

Mineralization of MCB

The production of 14CO2, resulting from the total degradation of 14C-MCB amounted to 4.6 % of the initially
applied radioactivity in pure soil, 4.5 % in soil +
(NH4)2HPO4 and 3.9 % in soil + straw after 24 days
(Fig. 3). No significant difference could be observed
between the mineralization of 14C-MCB in soil and in
soil, amended with substrates. The mineralization process
started in all three variants immediately after application
of 14C-MCB without a lag phase. After 6 days the mineralization rates decreased continuously and after 15 days,
only a negligible 14CO2 production was detected.
6
Cum. 14CO2 (% of appl.
radioactivity)
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The volatilization of 14C-MCB from pure soil, soil +
straw and soil + (NH4)2HPO4 was followed over a period
of 24 days (Fig. 2). Two hours after application the first
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Formation of 14C-residues

In preliminary tests the efficiency of three different extraction methods was tested. The extraction efficiency of
14
C-MCB from soil was lowest with soxhlet extraction
(71.4±3.9%). With accelerated solvent extraction and column extraction similar recoveries (88.0±5%, and 86.2±6%,
respectively) were measured. Since column extraction is
time and solvent consuming, the accelerated solvent extraction technique was used to extract monochlorobenzene
from soil. After 24 days the extractable 14C-residues were
between 1.7 and 2.5%, whereas the amount of non extractable (bound) residues was two times higher (5.0 –
5.9%, Fig 4). The total recovery of 14C-MCB after the end
of the experiments was about 82 %.

The mineralization experiments have shown that
monochlorobenzene is mineralized to a significantly higher
extent than higher chlorinated benzenes, e.g. hexachlorobenzene. Within seven days hexachlorobenzene was mineralized to <0,01 % [19], whereas in our investigations
monochlorobenzene was mineralized to 2.9 – 3.5 % within
seven days. Several bacteria [1, 5, 12] and even a fungi [13]
are known to be able to mineralize monochlorobenzene
under aerobic conditions, whereas the aerobic degradation
of higher chlorinated benzenes like hexachlorobenzene
seems to be negligible. However, reductive dechlorination
of hexachlorobenzene has been well demonstrated under
anaerobic conditions [20, 21].
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85
80
75

5,9

5,5

5

1,7

1,8

2,5

4,6

3,8

4,5

70

Bound Residues
Extractable Residues
Mineralization

65

Volatilization

60

70,1

70,9

69,2

55
50
Soil

Soil+straw

late these natural conditions by flushing the incubation
flasks with air; the high sampling frequency during the
first days simulated a relative high air velocity. Under
these conditions volatilization was unequivocally the most
important process in the behavior of monochlorobenzene
in soils. This is in accordance with the findings of Wang
and Jones [18] who also reported that volatilization was
the main loss pathway of chlorobenzenes from soils. The
volatilization pattern of monochlorobenzene followed a
two-step process: rapid volatilization during the first three
days and very slow volatilization during the following
days so that the volatilization process was almost finished
after three days. For higher chlorinated benzenes similar
volatilization kinetics were found [18].

Soil+N,P

FIGURE 4 - Distribution of 14C-residues in soil and mass
balance of applied 14C-MCB after 24 days of incubation

DISCUSSION
Monochlorobenzene has a very high vapour pressure,
therefore laboratory biodegradation studies are complicated by the volatility of this compound. Volatility can
lead to high losses during the investigations resulting in a
poor mass balance and an overestimation of degradation
and mineralization when there is no stringent differentiation between these processes and the process of volatilization. We succeeded in overcoming these difficulties by
using a specially designed laboratory system. The volatilized 14C and the 14CO2 from mineralization could be
trapped separately thus allowing a clear discrimination
between these two processes. The trapping efficiency for
the volatilized radioactivity was improved by cooling the
traps to –10 °C. Although it was not possible to avoid the
losses completely, the established mass balance of ~82 %
is acceptable for this highly volatile compound, taking
into account that in our experiments the air above the soils
was exchanged at regular intervals thus leading to a higher
volatilization in contrast to static experimental setups.
Since under outdoor conditions the air above the soil
surface is removed by circulation of air we tried to simu-

In our study after 24 days 4 – 4.5 % of the applied
monochlorobenzene was mineralized, indicating that the
autochthonous microorganism population of the used
arable soil was able to degrade monochlorobenzene. The
reported data in the literature about monochlorobenzene
mineralization in different substrates are as well lower as
very much higher than our findings. In aquifer materials
no significant mineralization was found [14, 15, 16]
whereas in soil-groundwater-slurries from monochlorobenzene contaminated sites 54 % of the monochlorobenzene was mineralized within seven days [13] and a pure
culture of Phanerochaete chrysosporium mineralized up
to 25 % of monochlorobenzene within 21 days under
nutrient-rich culture conditions [17]. Since in the study of
Nishino et al. [13] volatilization was not measured, the
high mineralization rate of 54 % seems doubtful. It cannot
be expelled, that in phenethylamine, which was used for
trapping 14CO2, the 14C-parent compound is present. In a
previous study Marinucci and Bartha [22] also supposed
that volatile 14C organic compounds could be adsorbed in
phenethylamine. Thus, a separation between volatilized
and mineralized radioactivity is not possible and the mineralization will be overestimated. Another reason, which
does not allow a direct comparison of our results with that
of Nishino et. al. [13] are the different experimental conditions. In contrast to Nishino et al. [13] we used a dynamic flow through system and we did not have special
MCB-degraders from a contaminated site in our soil.
Since we investigated the potential of the indigenous
microbial community in an arable soil for MCB minerali-
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zation our data are also not comparable with the relatively
high mineralisation rates in a pure culture of Phanerochaete chrysosporium [17]. The main reason for the low
mineralization rates in our study is the high volatilization:
due to the high volatilization rates during the first days the
content of monochlorobenzene in the soil decreased substantially and therefore less monochlorobenzene was
available for degradation and mineralization. Although in
literature is reported that in batch culture experiments the
degradation capacity for MCB could be increased by
addition of nutrients [13], in our experiments supplementation of the soil with straw and N, P fertilizer failed to
increase the monochlorobenzene mineralization rates in
soil. Marinucci and Bartha [3] who reported high volatility and slow mineralization of 1,2,3- und 1,2,4- trichlorobenzene in soils could also not increase the biodegradation rate of the trichlorobenzenes by addition of mineral
fertilisers or co-substrates to the soil.
Our study about the behavior of monochlorobenzene
in an arable soil has shown, that volatility is the dominating process. After a few days most of the monochlorobenzene is eliminated from soil by volatilization. Other processes like mineralization or formation of soil residues are
of minor importance. As the air exchange rates above soil
surfaces are usually higher under outdoor conditions - due
to a higher wind speed – than in laboratory systems [23],
it can be assumed, that in a natural environment the MCB
volatilization from soil surfaces is higher than the data we
found in our study. Therefore the MCB mineralization at
soil surfaces may play a smaller role under environmental
conditions compared to our laboratory results. However in
deeper soil layers where volatilisation is of minor importance the degradation and mineralization of MCB may be
higher when an active microbial community is present.
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EROD INDUCTION IN SEA BASS (Dicentrarchus labrax L.)
AND CRAB (Carcinus maenas L.)
C. Gravato and M. A. Santos
Animal Physiology/Ecotoxicology Sector, Department of Biology, University of Aveiro, 3810-193 Aveiro, Portugal

SUMMARY
The sensitivity of ethoxyresorufin-O-deethylase
(EROD) activity induction was evaluated in sea bass liver
and crab (male and female) hepatopancreas after 3 days
exposure to 0, 0.1, 0.3, 0.9 and 2.7 µM ß-naphthoflavone
(BNF). The results reveal that both species can be used as
sensitive bioindicators to assess aquatic contamination by
polynuclear aromatic hydrocarbons (PAHs) and PAHrelated compounds, measured as EROD induction.

vone (BNF, a potent PAH-like EROD inducer). Furthermore, sea bass commercial importance increased in the
past few years due to its aquaculture industry in the
Aveiro Lagoon. The aim of this study was to compare the
EROD inducibility in both species. It was also intended to
compare the EROD induction responses in male and female crabs, since steroid hormones appear to modify
P450 1A induction by BNF [4].

MATERIAL AND METHODS
KEYWORDS:
P450 monooxygenases; EROD; sea bass; crabs; BNF.

Test Animals

INTRODUCTION
The cytochrome P450 (P450) system plays an essential role in the biotransformation of many foreign compounds, including environmental pollutants [1]. The P450
1A subfamily is known to play a key role in the biotransformation of a variety of toxicants [2], which makes this
subfamily especially suitable for ecotoxicological and
biomonitoring studies. Increased P450 1A protein and
associated enzyme activities reflect high levels of contaminants in aquatic animals and the environment [3]. The P450
associated monooxygenase, ethoxyresorufin-O-deethylase
(EROD), is currently considered as a simple and reproducible tool to assess the presence of polynuclear aromatic hydrocarbons (PAHs) and related organic compounds in the environment. However, it is necessary to
define relevant indicator species and to investigate their
responses to pollutants in relation to other factors, such as
sex, age, feeding status and temperature.
The importance of juvenile sea bass, Dicentrarchus
labrax L., and crab, Carcinus maenas L., as estuarine representative species justifies the relevance of this research
work concerning EROD activity induction by ß-naphtofla-

Juvenile sea bass (Dicentrarchus labrax L.) were obtained from a commercial fish farm in the Aveiro Lagoon
(Ílhavo, Portugal) and crabs (Carcinus maenas L.) were
caught at the Aveiro Lagoon. All the animals were acclimated to laboratory conditions. The animals were kept in
aerated and filtered saltwater (35 g/l) in 70-liter aquaria
for 7 days at 20 ºC, and they were not fed during recovery
or experimental periods.
Experimental Protocol

The animals were exposed in laboratory during
3 days to the ß-naphthoflavone (BNF) concentration
range of 0, 0.1, 0.3, 0.9 and 2.7 µM.
Biochemical Analysis

Microsomes were obtained according to the methods of
Monod and Vindimian [5] and Lange et al. [6], as adapted
by Pacheco and Santos [7]. Ethoxyresorufin-O-deethylase
(EROD) activity was measured as described by Burke and
Mayer [8]. Microsomal protein was determined according
to the Biuret method [9], using bovine serum albumin as
standard.
Statistical Analysis

The results were expressed as mean±SE (standard error)
and statistical analyses were performed using a two-tailed
Student t test [10].
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RESULTS AND DISCUSSION
Liver EROD activity was significantly increased in
sea bass after 3 days exposure to 0.9 (p<0.01) and 2.7 µM
(p<0.001) BNF, compared to control (Fig. 1). The maximal sea bass liver EROD activity induction was observed
after 3 days exposure to the highest BNF concentration
tested (2.7 µM) and the NOEL (no-observed effect level)
was recorded at 0.3 µM (Fig. 1). These results are in
agreement with other studies, where BNF was demonstrated to be a potent liver EROD inducer in many fish
species, such as eels [11], rainbow trout [12], and sea bass
[12 - 14]. However, except our previous studies [15], all
the research work performed with sea bass, BNF was
always administered by intraperitoneal injection.

The EROD activity significantly increased in the crab
hepatopancreas, after 3 days exposure to 0.9 µM (p<0.001)
BNF (Fig. 2). Therefore, the NOEL was observed at 0.3 µM
and maximal EROD induction after 3 days exposure to
0.9 µM BNF (Fig. 2). According to Fossi and co-workers
[16], EROD, benzo(a)pyrene hydroxylase and reductase
activities are suitable responses for chemical stress
evaluation by Carcinus aestuarii exposure to lipophilic
contaminants. In invertebrates, several other investigators
reported a correlation between cytochrome P450 increase
and tissue concentrations of environmental pollutants [1722]. However, little attention has been paid to crab`s biotransformation induction, particularly EROD activity.

FIGURE 1 - Liver EROD activity induction in sea bass after 3 days exposure to
0, 0.1, 0.3, 0.9 and 2.7 µM BNF. Statistic significant differences: ***p<0.01; ****p<0.01.

FIGURE 2 - Hepatopancreas EROD activity induction in crab after 3 days exposure
to 0, 0.1, 0.3, 0.9 and 2.7 µM BNF. Statistic significant differences: ****p<0.01.
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TABLE 1
Relative EROD increases in sea bass and crabs exposed during 3 days to 0, 0.1, 0.3, 0.9 and 2.7 µM BNF.
Values are presented as percentage (%) of control. The standard error is shown in parenthesis.

BNF (µM)
0 (Control)
0.1
0.3
0.9
2.7

Dicentrarchus labrax

Carcinus maenas

Liver EROD activity

Hepatopancreas EROD activity

100
160
130
400
440

(5.5)
(37.1)
(30.5)
(67.1)
(47.7)

100
160
170
410
360

(22.3)
(45.9)
(43.9)
(70.9)
(134.5)

FIGURE 3 - Comparison between EROD responses in male (--∆--) and female (-●-)
crab hepato-pancreas after 3 days exposure to 0, 0.1, 0.3, 0.9 and 2.7 µM BNF.

Constitutive EROD activity is much higher (37 times)
in sea bass liver (0.547 pmol/min/mg protein) than in crab
hepatopancreas (0.0148 pmol/min/mg protein). The constitutive EROD activity difference between sea bass (fish) and
crabs (invertebrate) is supported by previous works performed separately either with fish [11, 12]; including sea
bass [12 - 15], or other invertebrate aquatic species [16]. In
fact, marine invertebrates exhibited always a very low EROD
activity. Nevertheless, the present comparison between
EROD induction in sea bass and crabs (Table 1) showed
that this activity after 3 days BNF exposure was similarly
increased in both species. It was observed a ~ 1.5-fold
EROD increase after 3 days exposure to low concentrations (0.1 and 0.3), and a significant ~ 4-fold EROD increase to high concentrations (0.9 and 2.7 µM) of BNF
either in sea bass or crabs.
The results in Fig. 3 showed that the EROD induction
in crabs is not significantly different in males and
females. Ishizuka and colleagues (1998) also could not
find any clear sex difference in benzo(a)pyrene 3-hydroxy-

lase and glutathione-S-transferase activities as well as
planar halogenated aromatic hydrocarbon compounds
accumulated in crabs. Our present results also agree with
Livingstone (1985), where no sex differences were
observed in the mussel (Mytilus edulis) cytochrome P450
specific content and NADPH-independent ethoxycoumarin-O-deethylase (ECOD) activity. However,
further analyses are required to assess sex-related EROD
responses in crabs collected over different seasons,
because in some occasions during the year benzo(a)
pyrene 3-hydroxylase activities are higher in female than
male mussels [23, 24].
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BIOTRANSFORMATION AND GENOTOXICITY RESPONSES
TO PAHs IN TWO TELEOST SPECIES
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INTRODUCTION

SUMMARY
Eels (Anguilla anguilla L.) were exposed for 8 hours to
2.7 µM naphthalene (Naph), 7-isopropyl-1-methyl-phenanthrene (retene), benzo(a)pyrene (B(a)P), and β-naphthoflavone (BNF), whereas sea bass (Dicentrarchus labrax L.)
was exposed for the same duration to the same molar concentration of BNF. Liver biotransformation responses were
measured as cytochrome P-450 (P450), 7-ethoxy-resorufinO-deethylase (EROD) activity and liver EROD/P450 coefficient. The genotoxic effects were determined as erythrocytic micronuclei (EMN test), erythrocytic nuclear abnormalities (ENA test) and DNA strand-breaks from
either hepatocytes or blood cells.
Eels exhibited a significant liver EROD activity as
well as liver EROD/P450 coefficient after 8 hour exposure to 2.7 µM Naph, retene and BNF, whereas the other
biomarkers studied were not significantly different when
compared to their controls. Eels exposed to B(a)P exhibited an increased liver EROD/P450 coefficient. Liver
EROD activity, P450 content, liver DNA strand-breaks,
EMN and ENA were significantly increased in sea bass
after 8 hours exposure to BNF, whereas liver EROD/P450
was similar to the control. The sea bass results seem to
indicate an association between liver biotransformation
activity increase, liver DNA integrity decrease as well as
EMN and ENA increase. However, liver EROD increase
was not associated with those genotoxic effects in eels,
probably due to an efficient phase II conjugation and/ or
DNA repair mechanism. Therefore, the results show different responses depending on fish species.

KEYWORDS:
Dicentrarchus labrax, Anguilla anguilla, PAHs, EROD, P450,
micronuclei, nuclear abnormalities, DNA-strand-breaks.

Polynuclear aromatic hydrocarbons (PAHs) are an
important class of chemicals widely dispersed in the
aquatic environment, mainly derived from anthropogenic
sources [1]. Water contamination by PAHs is a matter of
great concern, because of their toxic effects on aquatic
organisms, particularly by virtue of their mutagenic
potential [2 – 4] and carcinogenic properties [5, 6].
The cytochrome P450 1A subfamily (P450) is highly
inducible by PAHs and PAH-like compounds. Among the
P450 1A associated monooxygenases, there is a particular
interest on the ethoxyresorufin-O-deethylase (EROD)
activity induction [6 – 8]. EROD activity has been employed as a sensitive biomarker of fish exposure to several pollutants, including PAHs [10 – 14].
The biotransformation process of most chemical
compounds is generally understood as a detoxifying
mechanism. However, certain biotransformation steps are
responsible for the conversion of foreign chemicals to
reactive intermediates, that ultimately prove to be toxic,
mutagenic, or carcinogenic [15]. The carcinogenicity of
PAHs is a consequence of their previous biotransformation, especially the initial oxidative metabolism effected
by cytochrome P450-dependent monooxygenases. PAHs
metabolization frequently converts these xenobiotics into
reactive highly toxic intermediates mutagenic or carcinogenic to fish [6, 16]. According to Miller [17], who established the relationship between DNA modification and
carcinogenesis, short-term tests for mutagens can serve as
simple indicators for cancer risk assessment. Cytogenetic
techniques and assays to determine DNA damage have
been proposed as useful short-term biomarkers to assess
mutagenicity and genotoxicity of environmental contaminants [12 - 14, 18 - 22]. Among the genotoxicity biomarkers most commonly used, there is a particular interest in the erythrocytic micronucei (EMN) and nuclear
abnormalities (ENA) tests [12 - 14; 23 - 25] as well as the
DNA strand-breaks assay [22]. According to Robbiano
and co-workers [26], DNA lesions are the first event of a
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carcinogenic process induced by a genotoxic agent, and
the formation of micronuclei gives information about the
promutagenic character of these lesions.
The present research work was intended to examine
and compare a set of biotransformation and genotoxicity
biomarkers in Anguilla anguilla L. (eel) and Dicentrarchus
labrax L. (sea bass), since the biological responses can be
conditioned by several factors, including species differences. Thus, eels and sea bass were exposed to β-naphthoflavone (BNF; PAH-like liver EROD inducer). Eels were
also exposed to the PAHs naphthalene (Naph), 7-isopropyl1-methylphenanthrene (Retene), and benzo(a)pyrene (B(a)P).
Liver EROD activity, cytochrome P450 content and
EROD/P450 coefficient were determined as biotransformation biomarkers, whereas erythrocytic micronuclei
(EMN), erythrocytic nuclear abnormalities (ENA), as well
as, liver and blood DNA strand-breaks were measured as
genotoxicity biomarkers.

at 37 ºC overnight in TNES-urea buffer with proteinase K
(16U/ml) for DNA isolation (Genomic DNA Purification
Kit, Fermentas).

Biotransformation Biomarkers

Microsomes were obtained according to Lange et al.,
[27], Monod and Vindimian [28], as previously adapted
by Pacheco and Santos [29].Liver ethoxyresorufin-Odeethylase (EROD) activity was measured as described
by Burke and Mayer [30]. P450 content was quantified by
measuring the 490-450 nm absorbance spectra as described by Hermens et al. [31]. Liver EROD/P450 coefficient was calculated as previously adapted by Gravato and
co-workers [14]. Microsomal protein concentration was
determined according to the Biuret method [32] using
bovine serum albumin as a standard.

Genotoxicity Biomarkers

MATERIALS AND METHODS
Fish

Anguilla anguilla L. (eel) with an average weight of
40 g, were collected from the Aveiro lagoon. The eels
were transported in anoxia and acclimated to laboratory
conditions in aerated, filtered, and dechlorinated tap water
in 70-liter aquaria for 1 week, at 20 ºC. Juvenile Dicentrarchus labrax L. (sea bass), from the Ílhavo (Portugal)
saltwater fish farm Materaqua, with an average weight of
40 g, were transported in aerated saltwater and acclimated
to laboratory conditions in 70-liter aquaria filled with
aerated and filtered saltwater for one week at 20 ºC. The
fish were not fed during the acclimatization period.

Genotoxicity was tested as erythrocytic micronuclei
(EMN), nuclear abnormalities (ENA) and DNA alkaline
unwinding assay. EMN and ENA tests were carried out in
fish mature erythrocytes, according to the procedures of
Schimd [33], Carrasco et al. [34] and Smith [21] as
adapted by Pacheco and Santos [35]. Blood and liver
DNA integrity measurement (%) was performed according to Rao, S. S. et al. [36], as adapted by Maria and coworkers [22]. Data from blood and liver DNA alkaline
unwinding technique are expressed as an F-value (%) =
ds/(ds+ss), which represents the fraction of doublestranded DNA following alkaline unwinding.

Statistical Analysis

The results are expressed as means ± standard errors
(SE) and statistical analysis was performed using a twotailed Student t test [37].

Experimental Protocols

The fish were not fed during the experimental protocol. In the experiment 1, the eels and sea bass were exposed for 8 hours to 0 (control) and 2.7 µM BNF. In the
experiment 2, eels were exposed for 8 hours to 0 (control)
and 2.7 µM Naph, Retene and B(a)P. Each experiment
was carried out using test groups of five fish (n=5). Xenobiotics were previously dissolved in 1ml of dimethyl sulfoxide
(DMSO) and added to the water of the experimental aquaria,
whereas 1 ml DMSO was added to the control aquaria. The
fish were killed by decapitation and their blood and liver
were sampled. Blood smears were carried out. Fresh blood
samples were centrifuged (11500 r.p.m.) and their pellets
stored in TNES buffer (Tris-HCl 10 mM, NaCl 125 mM,
EDTA 10 mM, SDS 1%, pH 7.5) with urea (8 M) at 4 ºC
for DNA isolation. Each liver was divided into halves.
One half was stored at –20 ºC after being immediately
frozen in liquid nitrogen, while the other half was stored

RESULTS
Liver EROD activity was significantly increased either in eels (p<0.01) or in sea bass (p<0.001) exposed for
8 hours to 2.7 µM BNF (Fig. 1A). A 8-fold and 9-fold
liver EROD activity increase over control was observed,
respectively, in eels and sea bass, suggesting a similar
biotransformation capacity (Fig. 1A). Liver P450 content
was significantly induced (p<0.01) after 8 hours sea bass
exposure to 2.7 µM BNF, exhibiting a 7-fold increase over
control (Fig. 1B). However, a slight liver P450 decrease
was observed with eels exposed for 8 hours to 2.7 µM BNF
(Fig. 1B). Thus, the liver EROD/P450 coefficient was
increased in eels, but not in sea bass, after 8 hours exposure to 2.7 µM BNF (Fig. 1C) suggesting a similar bio-
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FIGURE 1 - Liver EROD activity (A), liver P450 (B), and liver EROD/P450 coefficient (C) in eel and sea bass exposed
during 8 hours to 0 (Control) and 2.7 µM BNF (BNF). Statistical significant differences: ***p<0.01; ****p<0.001.

bass exposure to 2.7 µM BNF, compared to their controls
(Figs. 2B and 2C).

transformation capacity (Fig. 1A). Liver P450 content
was significantly induced (p<0.01) after 8 hours sea bass
exposure to 2.7 µM BNF, exhibiting a 7-fold increase over
control (Fig. 1B). However, a slight liver P450 decrease
was observed with eels exposed for 8 hours to 2.7 µM BNF
(Fig. 1B). Thus, the liver EROD/P450 coefficient was
increased in eels, but not in sea bass, after 8 hours exposure to 2.7 µM BNF (Fig. 1C).

Genotoxicity biomarkers comparison showed significant differences between control eels and control sea bass
concerning liver DNA integrity and ENA frequency.
Control eels exhibited a liver DNA integrity significantly
higher than sea bass (Fig. 2A). Moreover, ENA frequency
observed in control eels was significantly lower than in
sea bass (Fig. 2C).

Liver EROD activity and liver P450 content is not
significantly different between control eels and control
sea bass (Figs. 1A and 1B).

Eels exposed for 8 hours to 2.7 µM Naph and Retene
exhibited a significant (p<0.05) liver EROD activity increase, whereas this enzymatic activity was not significantly
different in eels exposed for 8 hours to 2.7 µM B(a)P, compared to control (Fig. 3A). Though not significantly, liver
P450 content decreased in eels exposed to 2.7 µM Naph,
Retene and B(a)P for 8 hours (Fig. 3B). As a consequence
of the above results, liver EROD/P450 coefficient was
increased in eels exposed to 2.7 µM Naph, Retene and
B(a)P during 8 hours (Fig. 3C).

Liver DNA integrity, EMN and ENA frequencies were
not significantly different from control, in eels exposed for
8 hours to 2.7 µM BNF (Figs. 2A, 2B and 2C). However,
our results demonstrated in sea bass a different genotoxic
response to BNF. Sea bass liver DNA integrity was
significantly decreased (p<0.01) after 8 hours exposure
to 2.7 µM BNF, compared to control (Fig. 2A).
Furthermore, EMN (p<0.001) and ENA (p<0.01)
frequencies were significantly increased after 8 hour sea

B
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FIGURE 2 - Liver DNA integrity (A), erythrocytic micronuclei (B), and erythrocytic nuclear abnormalities (C) in eel and
sea bass exposed for 8 hours to 0 (Control) and 2.7 µM BNF (BNF). Statistical significant differences: ***p<0.01; ****p<0.001.
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to 0 (Control) and 2.7 µM Naphthalene (Naph), Retene, and benzo(a)pyrene (B(a)P). Statistical significant differences: *p<0.05.
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FIGURE 4 - Liver DNA integrity (A), blood DNA integrity (B), erythrocytic micronuclei (C), and erythrocytic nuclear abnormalities (D)
in eel exposed for 8 hours to 0 (Control) and 2.7 µM Naphthalene (Naph), Retene, and benzo(a)pyrene (B(a)P).

DISCUSSION
The genotoxicity effects, measured either as blood
and liver DNA integrity assay or EMN and ENA, were
not significantly different in eels exposed for 8 hours to
2.7 µM Naph, Retene and B(a)P, compared to their controls (Figs. 4A, 4B, 4C and 4D).

Eels and sea bass have been widely used as bioindicators of water contamination by several pollutants, including PAHs or PAH related compounds. These fish species
were particularly used in laboratory experimental work
concerning biotransformation and genotoxicity responses
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to PAHs, such as B(a)P [12, 13, 23] or Naph [23, 38], and
BNF, a potent liver EROD inducer [12 - 14, 23 - 25, 38].
However, a simultaneous comparison between eels and
sea bass xenobiotic-induced responses was until now not
performed.
Our current results showed that eels and sea bass
controls liver EROD activity and P450 content were not
significantly different. Furthermore, liver EROD activity
was similarly induced in eels and sea bass after 8 hours of
exposure to BNF, increasing, respectively, 8- and 9-fold
over control. These results agree with several previous
studies that demonstrated a strong liver EROD activity
induction after eel induction after eel [12, 13] and sea
bass [39, 40, 14, 23 – 25] exposure to BNF. Liver P450
content was increased in sea bass exposed to BNF as
previously observed [14, 24], also supported by previous research work performed with BNF injected sea
bass [39] and channel catfish [38]. However, BNF did
not induce liver P450 despite liver EROD activity increase in eels and, consequently, liver EROD/P450
coefficient was strongly increased. Therefore, these
results seem to suggest differences between sea bass
and eel specimens in regard to BNF biotransformation,
despite the similar liver EROD activity increase promoted by BNF in both species.
Sea bass specimens are more sensitive than eels when
we consider genotoxic responses to BNF, since it was
able to decrease liver DNA integrity and increase the
EMN and ENA frequencies in sea bass, whereas no significant differences were observed in eels. The BNF
genotoxic effects in sea bass seem to be a consequence of
previous biotransformation induction. According to Vyas
and co-workers [41], BNF is metabolized to form putative
arene oxide intermediates. Arene oxide intermediates
have been incriminated as active metabolites responsible
for DNA covalent binding, mutagenicity and carcinogenicity [42]. Our current results also agree with previous
sea bass studies, where increased ENA and EMN frequencies induced by BNF were associated with high liver
EROD activity [24, 25], and were due to liver phase II
conjugation failure or exhaustion [25]. On the other hand,
eels were probably able to conjugate BNF metabolites
and/ or to repair the BNF-induced DNA lesions, since no
significant genotoxic effects were observed after 8 hour
exposure despite the biotransformation induction. According to Pacheco and Santos [29], the delayed ENA frequency increase in eels at 6 day exposure to BNF, suggested an early higher conjugation and DNA repair capacities in eels compared to sea bass.
Naph and Retene promoted an increased biotransformation capacity in eels measured as EROD activity or
liver EROD/P450 coefficient with no genotoxic effects.
Previous research work performed with eels confirmed
liver EROD activity induction after 8 hours exposure to
Naph [43]. A significant ENA increase was observed

after 16 hour exposure [43] suggesting that exposures
longer than 8 hours are required to detect Naph genotoxicity effects in eels. The genotoxic potential of Naph
and Retene to fish, related to ENA and EMN frequency
induction, was previously reported in sea bass [23, 44].
Several studies have reported B(a)P [12, 45, 46] as a
liver EROD inducer. B(a)P is also a progenotoxin, i.e. a
chemical substance that must be metabolically activated
to become a DNA-damaging agent [47]. However, our
current results showed neither liver EROD activity induction by B(a)P nor its genotoxic effects in eels. Furthermore, liver P450 content seems to decrease in B(a)P exposed eels, suggesting a biotransformation inhibition by
high B(a)P concentrations and short-time exposures.
Teles and co-workers [43] showed that short-term exposures (2-8 hours) to Naph also inhibited liver EROD activity in eels, whereas exposures longer than 8 hours increased EROD. Previous studies demonstrated that high
PAHs doses, such as B(a)P, can inhibit liver EROD catalytic activity [48, 49]. It is also known that several inducers of CYP1A synthesis could also inhibit the MFOs catalytic activity (EROD or aryl hydrocarbon hydroxylase AHH) [11]. These compounds act either by competitive
inhibition or by a mechanism-based inactivation, in which
the inhibitor is metabolised by the P450 into a product
that covalently modifies the active site and thereby inactivates the enzyme [48, 49].
Our results suggest that eels can be used as good bioindicators to assess the PAH presence in water, in terms
of liver biotransformation induction, and sea bass as a
good bioindicator in assessment of genotoxicity induced
by short-term exposures to PAHs. Nevertheless, genotoxicity studies can also be performed with eels using more
prolonged exposures. Therefore, the use of different exposure durations, as well as several xenobiotic concentrations are recommended for a better biomarker evaluation,
since the absence of a specific response at a specific exposure time to a particular concentration does not always
reflect the absence of contamination. Furthermore, the
capacity to assess PAH effects can be improved by the
use of different species. Further studies are required to
determine and compare eel and sea bass enzymatic
conjugation activities with DNA repair mechanisms.

CONCLUSIONS
Eels are sensitive species to assess the impact of
PAHs water contamination, in terms of liver biotransformation responses. However, sea bass seems to be more
sensitive than eels to genotoxic assessment after exposure
to water contaminated by PAHs. These results suggest
species differences between sea bass and eels in regard to
enzymatic conjugation activities and/ or DNA repair
mechanisms.
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Address: ...................................................................

Online journal

...................................................................

200 EURO

...................................................................

Minimum subscription period: 1 year

e-mail: ...................................................................

Cancellation must be generally effected
3 months before end of subscription period.

o

Will be paid in full

o

50% will be paid (postage/ handling full) because…

o
o
o

Methods of Payment

Member of MESAEP/ SECOTOX
contributor from developing country
students

o

Please send me a pre-payment invoice

o

I enclose a cheque made payable to PSP

25 reprints are only free of charge for subscribers without discount.

Special-Offer to Subscribers- back issues at reduced rates!

Value Added Tax

Subscribers in 2002 are entitled to receive back issues
at reduced rates (while stocks last).

In certain circumstances we may be obliged to charge Value
Added Tax (VAT) on sales to other EU member countries.
To avoid this, it is therefore essential to provide us your
VAT number if you have one.

(6 double issues/ less 50%:Euro 125,00 + postage and handling).

To take advantage of this offer please tick the boxes
below when ordering a subscription to FEB for 2002.

o
o

1996
1999

o
o

1997

o

o I am not registered for VAT

1998

o My VAT number is ..............................................

2000

Signature: ...................................................................
Date:

..............................

Invoice address

Name:...................................................................

Please complete this form and return to:

Position:...................................................................
FEB – Fresenius Environmental Bulletin
c/o PSP – Parlar Scientific Publications
Angerstr. 12 - 85354 Freising – GERMANY

Organization:...................................................................
Address:...................................................................
...................................................................

Phone: ++ 49 (0) 8161 48420
Fax: ++ 49 (0) 8161 484248
e-mail: parlar@psp-parlar.de

...................................................................
e-mail:...................................................................
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